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Preface

Early in my career, I was given a great piece of ad-
vice with respect to paced ECGs. I was told, “You see 
only what you look for, you recognize only what you 
know!” I heard it from one of my fi rst mentors, Dr. 
Michael Chizner, but the original quotation comes 
from W. Proctor Harvey, MD, a pioneer of cardi-
ology and professor of medicine at Georgetown 
University in Washington, D.C. I suspect that many 
young device specialists struggling to interpret a 
paced ECG heard that same bit of advice.

It is my privilege, as author of this book, to hand 
down this sage bit of advice. Don’t let the simplic-
ity of the saying deceive you. It’s a powerful insight 
that will help you very well as you master the art and 
science of paced ECGs. “You see only what you look 
for, you recognize only what you know!”

By the way, paced ECGs (or any tracing) can be 
surprisingly controversial. That’s one reason they 
call it ECG interpretation! I have frequently observed 
formal and informal sessions where respected, 
knowledgeable, expert colleagues have vigorously 
disagreed with each other about what a paced ECG 
might actually mean. The truth is, sometimes we do 
not know for sure what is going on from an ECG 
(particularly just one short section of a tracing and 
viewed apart from the patient). As we developed the 
workbook section of this book, I saw many ECGs 
that my colleagues might interpret differently than 
I do. In the event that you disagree with my inter-
pretations, that’s not entirely unexpected! For my 
part, I tried to provide evidence for my conclusions 
so that you can at least follow my thinking. In a few 
instances, my interpretation is based on “the most 
likely” interpretation, which, as we all know, may 
not always be the true one.

I must thank my very wonderful editor at Black-
well, Gina Almond, for her patience and willingness 
to share my passion for this admittedly unusual sub-
ject, and to Kate Newell at Blackwell who does the 

It seems that every time I start to talk about cardiac 
pacing and how devices work and how clinicians 
can better care for the device patients they see, it 
always comes back to the paced ECG. As much as 
we like to talk about advanced device features or 
describe the wonders of downloadable diagnostic 
reports, I am increasingly convinced that the key to 
really understanding device behavior is contained 
in the paced ECGs.

And yet paced ECGs are surprisingly intimidat-
ing, even to clinicians who navigate around non-
paced ECGs all day long. Pacemakers can behave in 
unusual and unexpected ways and even when they 
are behaving themselves appropriately, they can 
leave a mysterious paced ECG behind for clinicians 
to deal with.

I wrote this book to supplement the fi rst book 
in The Nuts and Bolts series, The Nuts and Bolts of 
Cardiac Pacing. That book, recently revised and up-
dated, contains a lot of good and useful information 
about how pacemakers work, but it does not take 
the time to delve thoroughly into the mysteries of 
the paced ECGs. 

Rather than tack this onto the pacing book, I decid-
ed to make it a stand-alone volume. Much of the ma-
terial in this book applies to ICDs with pacing func-
tion as well as pacemakers. And because it is its own 
volume, it can be as thorough as I wanted it to be.

While some clinicians may cringe at seeing a 
paced ECG, I always like to see them. I like them be-
cause most of the time, they tell me that a person is 
getting improved quality of life and possibly better 
functional capacity because of a tiny implanted de-
vice. I also like them because they can sometimes be 
a bit of a puzzle. Yet by knowing the basics, keeping 
it as simple as possible (when in doubt, look at the 
most obvious solutions), and evaluating everything 
in a steady, systematic way, most clinicians can learn 
to interpret tracings accurately.
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magic of putting these books together. This is the 
fi rst time Kate and I have worked together, and it has 
been a pleasure. As usual, thanks to my creative team 
who helps translate my ideas into book form. I am 
indebted to Jo Ann LeQuang (who helps guide the 
project from my fi rst phone call when I announce, 
“hey, I’ve got an idea” through the fi nal printing) 
and Belinda Kinkade (who is one of the few profes-
sional artists in the world who can now read paced 
ECGs). I would also like to thank all of my colleagues 
at St. Jude Medical who have been overwhelmingly 
supportive of these books and who are always glad 

to hear about how useful these volumes have been in 
your own practice.

As always, I am indebted to my family for their 
patience as they provided encouragement for me 
and “another book.” Much of the material for this 
book has been taken from work done here at St. Jude 
Medical and I thank my many colleagues for their 
support and suggestions to make this the best pos-
sible book.

Tom Kenny
May, 2009

Austin, Texas
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Before We Start …

quite clear-cut. Because looks can be deceiving, the 
systematic approach is invaluable. It will help you 
uncover troublespots in ECGs that look – at a glance 
– to be quite normal and it will give you confi dence 
to interpret unusual tracings.

The fi rst portion of this book is going to train you 
to recognize some of the key landmarks on paced 
rhythm strips. We’ll go over pacing spikes, paced 
events, timing cycles, fusion and pseudofusion, and 
how to determine pacing rates. This entire fi rst sec-
tion of the book is my attempt to show you the many 
things that you are going to need to be able to fi nd 
and distinguish on a paced ECG.

You’ll learn with visual examples. These fi rst 
chapters are roughly arranged in order of diffi culty, 
but it is my experience as a teacher that those rank-
ings are subjective. If you fi nd a topic particularly 
challenging, stay with it until you learn the basics.

And with paced ECGs, it always comes back to the 
basics! It’s all about pacing spikes, sensing, capture, 
and timing cycles. Just keep those four principles in 
mind. From there, we’ll build up to rates and special 
features. It’s a matter of building from the ground 
up – because you can’t really begin to understand 
hysteresis behavior until you understand the basics. 
So please do not rush through the fi rst part of this 
book, and do not hesitate to revisit it periodically as 
a refresher.

You’ll also see examples of pacemaker features 
in action that can complicate the paced ECG. For 
instance, it’s not unusual in paced patients to see 
a paced rhythm at a rate above or below the pro-
grammed base rate! Oversensing and undersensing 
are not uncommon on paced rhythm strips. Fusion 
and pseudofusion have puzzled many clinicians! 
And if the patient has high-rate intrinsic atrial ac-
tivity, the pacemaker can demonstrate what we call 
“upper-rate behavior” or mode switching, all of 
which show up on the ECG.

I wanted to start out this book at ground zero! 
Whether you are an old hand at ECG interpretation 
or brand new to the clinical world, ECG interpre-
tation is a challenging practice that can keep you 
studying – and learning – for an entire career! Paced 
ECGs are even more of a challenge since the electri-
cal representation of what’s going on in the heart 
refl ects not only intrinsic activity (which can be dif-
fi cult enough to interpret at times) but also device 
activity. Device activity changes intrinsic activity 
and intrinsic activity changes device activity. It can 
be exciting to see how devices can restore a heart 
rhythm, but it does not make interpreting paced 
tracings any easier.

Your job in evaluating a paced ECG is to deter-
mine not only what’s going on but to offer a clini-
cal assessment as to the value of what’s going on. Is 
it helping? Could the device be programmed more 
appropriately? Is the patient benefi ting from the 
therapy as well as he might? Is the device not “see-
ing” all that it should see?

The fundamental rule in paced ECG interpreta-
tion is this: you see only what you look for, you rec-
ognize only what you know.

A secondary rule is that you need to approach 
any paced ECG systematically. Over the years, I have 
developed my own system and I am going to infl ict 
that on my readers in this book. But the actual sys-
tem itself is not as important as the fact that you take 
a careful, point-by-point approach to looking at any 
ECG. Don’t skip over things or look at any ECG hap-
hazardly. Too much is at stake for you to approach 
a paced tracing casually. It can be very tempting to 
home in on some unusual aspect of a tracing and 
miss the big picture. That’s why you can’t beat the 
system when it comes to paced ECGs.

Many of the seemingly simple ECGs you encoun-
ter in the clinical setting can turn out to be very 
challenging, and sometimes an odd-looking ECG is 

The Nuts and Bolts of Paced ECG Interpretation, 1st edition. By Tom Kenny. 
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2  The Nuts and Bolts of Paced ECG Interpretation

Once you know what to look for, you can evaluate 
most paced ECGs without much trouble, because 
you are going to recognize what you know.

The second part of the book is my favorite. I’ve 
found about 100 paced ECGs that I have collected 
over the years. Most of them are not particularly 
unusual ECGs. In fact, I’d venture to say that if you 
worked full-time at a pacing clinic, you’d run into 
the things illustrated in these strips routinely over 
the course of a year. I saved these particular strips 
because they illustrate the very things that clini-
cians ought to look for (and that means these are 
the things clinicians must know!). They’re assem-
bled in a workbook format so you can try your hand 
at evaluating the paced ECG yourself and then read 
through my systematic analysis on the next pages.

I divided the workbook into sections, rather sub-
jectively classifi ed as easy, moderate, and tough. Then 
at the very end, I offer a section I called “scramble,” 
which takes strips of all diffi culty levels and offers 
them in random order. That’s actually the way they 
will be handed to you if you work in a clinic! You just 
never know what you will see next.

One last caution. For the purposes of this book, 
we had an artist re-draw all of our ECGs. We did this 
mainly for the sake of allowing you to focus on the 
principles of paced ECG interpretation rather than 
the vagaries of real-world ECG equipment. In prac-
tice, you’ll see strips at different speeds, in different 
sizes, and you’ll see stuff that can be grainy or blurry. 
In the real world, you’ll see device artifacts and ECGs 
that seem to want to fl y off the page. Don’t be put off 

by the fact that the paced ECGs in this book look a 
little bit too polished or too “perfect.” We did this so 
you can focus on the basic principles and then apply 
them to your real-world clinical practice.

Finally, I want to say that I called this book The 
Nuts and Bolts of Paced ECG Interpretation because 
“interpretation” is all you can do with an ECG. The 
clues or evidence that appears on a tracing has to be 
put together with other factors in order to arrive at 
a “likely explanation” for what appears on the trac-
ing. Tracings don’t lie, but they aren’t always outspo-
ken with the truth, either. I fully expect that you or 
other colleagues may occasionally disagree with my 
interpretation or at least consider a possible ECG 
interpretation that I dismiss. My interpretation is 
just that – my interpretation. But it’s based on many 
years of clinical and industry experience. Over that 
time, primarily as an educator, I gained a keen ap-
preciation of what seems to trip clinicians up when 
confronting a paced ECG. Many of these strips were 
selected with that in mind.

An ECG is just one piece of the puzzle in the care 
of a pacemaker patient and most ECGs can only tell 
us about how the patient and device interacted over 
a few moments of time. Patient symptoms, history, 
and a routine physical exam are all important in 
the care of a pacemaker patient. Thus, this book is a 
bit lopsided in that you will get my interpretations 
based solely on a strip – something I would not do 
in the clinic if the patient was available!

And remember: you see only what you look for, 
you recognize only what you know!



I PART I

Timing Cycles and 

Troubleshooting 

Review
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1 SECTION 1

Calculating Rates and Intervals

The T-wave represents the ventricular repolariza-
tion, that is, the time period where the ventricles go 
back to baseline, in other words, from depolariza-
tion to repolarization.

Standard ECG paper has a grid on it that can 
help you “eyeball” timing. The gridwork is made up 
of many tiny blocks that are 1 mm square. Each of 
these tiny boxes is 40 ms duration. Heavier lines are 
used to make larger squares of fi ve boxes tall and 
fi ve boxes wide. Each larger square has a duration of 
200 ms. Five of these larger squares (200 × 5) equals 
1000 ms or 1 sec.

By counting out the grids, you can get a fast ap-
proximation of the duration of a particular cardiac 
cycle or timing cycle. This is going to become in-
creasingly important as we get into paced ECGs. 
With the heart, timing is everything!

Test your knowledge

1 Looking at this non-paced ECG, would you 
say that this patient has a regular or an irregular 
rhythm?
2 Using just this tracing, approximate how long 
(in ms) the duration is from one P-wave to the next 
P-wave.

Few clinicians can escape their training without 
having to learn to read a basic ECG. The illustration 
above is a textbook-type ECG, a perfect example of 
an ECG that you would probably never see in real-
life clinical practice. That’s fi ne, since you should 
learn from textbooks and then apply your knowl-
edge to the messier ECGs you’ll come up with in 
the clinic.

A surface ECG is a graphic representation of elec-
trical energy. The electricity that generates this trac-
ing is obtained from the surface of the skin of the 
patient. It’s amazing that the heart (about the size of 
a clenched fi st) can generate enough electricity so 
that it can be picked up on the skin.

The smallest rounded bumps on the ECG are 
the P-waves, which graphically depict the atrial de-
polarization. This is followed closely by the largest 
waveform on the ECG, a pointed wave that goes 
both below and above the baseline. Called the QRS 
complex (also sometimes nicknamed an R-wave), 
this sharp, pointed waveform depicts the depolari-
zation of the ventricles. It’s much larger on the trac-
ing because the ventricles are much larger than the 
atria and produce more electricity as they squeeze 
together to pump out blood. After a short pause is 
another rounded waveform known as the T-wave. 

Figure 1.1

The Nuts and Bolts of Paced ECG Interpretation   Tom Kenny
© 2009 St. Jude Medical.  ISBN: 978-1-405-18404-5
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This rhythm is regular. Once your eye gets trained 
to reading ECGs, it is easy to look at a rhythm and 
appreciate something that is regular or irregular. 
What makes this rhythm regular, however, is not 
that the QRS amplitudes are the same or the T-
waves have the same morphology (shape). (Those 
things matter, but for different reasons that we’ll get 
into later on.) The regularity of this rhythm refers to 
its even timing. Notice that the complexes all have 
the same duration. It doesn’t matter whether you 
measure from P-wave to P-wave, R-wave to R-wave, 
or T-wave to T-wave, you’ll see the same results. In 
fact, if you go to the very last complex on the strip, 
and then added some blank grid paper, you would 
know enough to draw in where the next P-wave and 
QRS complex would fall.

In this tracing, we can see that the distance be-
tween one P-wave and the next consecutive P-wave 
is about 1040 ms. That’s based on 4 big squares (4 
× 200 = 800) plus 6 little boxes (6 × 40 = 240). You 
could also measure QRS to QRS or any other com-
plexes. The trick is to measure from the one wave-
form to the next consecutive waveform of that type.

When clinicians talk about heart rate, we gener-
ally use terms like “70 beats per minute” or “82 bpm” 
or we might say a patient’s heart rate is 120/min. 
In fact, pacemakers almost always program rate in 

terms of pulses per minute (ppm) even though this 
information is not obvious on the ECG. While we 
humans tend to prefer beats per minute as a way to 
express rate, pacemakers (and ECG machines) use 
durations or intervals. That is, this strip does tell us 
the rate in the form of an interval value (1040 ms). 
But what rate is that?

Clinicians who work with pacemakers have to 
be able to convert intervals to rates and vice versa. 
There are conversion tables that do this and many 
pacemaker programmers will assist you as well. 
However, it can also be done with some basic arith-
metic or a simple calculator. If one cardiac cycle 
(i.e., one beat) took 1040 ms, how many beats would 
occur in a minute? First, we know that 1 minute = 60 
seconds or 60,000 ms (60 × 1000). By dividing 1040 
(the interval duration) into 60,000 ms (1 minute), 
you arrive at the rate (57.69 beats a minute, which 
you would probably state as 58 bpm).

The formula works backward, too. For instance, if 
you know that a patient’s heart rate is right around 
80 bpm, you could expect to see a cardiac cycle in-
terval duration on the ECG of about 750 ms (80 di-
vided by 60,000). That’s three big boxes on the ECG 
paper and almost four little boxes (3 × 200 = 600 
and 4 × 40 = 160).

P-wave 

QRS Complex 

T-wave 

200 ms 

40 ms 

1040 ms 

Figure 1.2
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• A regular rhythm refers to the timing of 
the events on the ECG (not necessarily the 
consistency of waveform shapes).

• Grid paper on an ECG can help you rapidly 
approximate intervals. Each tiny box is worth 40 
ms, the heavier-lined squares count as 200 ms.

• When calculating the interval of a cardiac cycle, 
measure from one type of event (P-wave or QRS 

complex or T-wave) to the next consecutive such 
event.

• Devices tend to “think” in intervals, people tend 
to think in rates, but they are really just two 
different ways of expressing the same thing. 
Convert rate to interval by dividing 60,000 by the 
rate; convert interval to rate by dividing 60,000 
by the interval. For example, 60 ppm converts to 
a pacing interval of 1000 ms.

The nuts and bolts of rates and intervals
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2 SECTION 2

Pacing Spikes

output pulse. All electricity travels in a circuit, and 
all circuits have two poles (an anode or positive pole 
and a cathode or negative pole). A unipolar pace-
maker has a lead that forms its electrical circuit using 
the electrode on the lead itself and the pacemaker 
can. A bipolar system has a lead with two electrodes 
that forms a circuit. Thus, the terms “unipolar” and 
“bipolar” really refer to how many poles are in use on 
the lead. A unipolar pacemaker has electricity that 
travels over a wider area than a bipolar pacemaker. 
As a result, you can expect unipolar pacemakers to 
show larger pacing spikes than bipolar pacemakers.

The fi rst two QRS complexes on this strip are non-
paced. The pacemaker spike appears before the QRS 
complex in the rest of the complexes. Note that the 
pacing spike changes the morphology or shape of the 
QRS complex. This occurs to varying degrees by pa-
tient and by the lead observed, but a clinician can often 
“see” the difference between a paced ventricular depo-
larization and an intrinsic ventricular depolarization.

There is also an odd-looking event in the middle 
of the strip. It’s an upward defl ection with notches.

Test your knowledge

1 Can you see atrial activity on this rhythm strip? Is 
there atrial pacing going on?

This is a paced ECG. You can immediately see it starts 
to look quite different than a non-paced ECG! The 
large vertical lines on the strip are pacemaker “spikes,” 
sometimes called pacing artifacts. This is an electri-
cal signal left on the ECG from the pacemaker output 
pulse. The output pulse leaves a straight line rather 
than a more fi lled out space because a pacemaker out-
put pulse has a very short duration. On average, pace-
maker output pulses are about 0.4 ms (that’s less than 
one thousandth of one second)! That sort of ultra-
short but strong energy will just make a line on the 
tracing rather than a curved or even pointed shape.

These output pulses are quite large. A pacing 
expert might look at this tracing and tell you the 
pacemaker was “unipolar.” You’ll also encounter 
pacemaker spikes that are much shorter (bipolar 
systems). There can be other reasons for prominent 
pacing spikes or less visible ones. For instance, the 
gain control on the ECG monitor may affect the size 
of the pacing artifact. As a rule of thumb, unipolar 
pacing involves larger, more visible spikes compared 
to bipolar pacing. However, new ECG equipment 
can help adjust the spikes so that unipolar and bi-
polar spikes appear equivalent.

Unipolar and bipolar are pacing terms that are 
actually a little bit misleading. They refer to the elec-
trical circuit formed when the pacemaker emits an 

Figure 2.1

The Nuts and Bolts of Paced ECG Interpretation   Tom Kenny
© 2009 St. Jude Medical.  ISBN: 978-1-405-18404-5
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2 How many pacing spikes do you see on this strip? 
Which chamber of the heart is being paced?
3 Using the grid, approximately how long is the in-
terval between the last pacemaker spike and the one 
before it?
4 Is that the same as the interval between the fi rst 
pacemaker spike and the one immediately following 
it? What rate would this be?
5 What is that odd-looking event in the middle of 
the strip?

Atrial activity does show up on this ECG but it is 
not consistent. An imperfect atrial rhythm is noth-
ing unusual, since patients with pacemakers have 
serious cardiac rhythm problems! The P-wave in-
dicated in the illustration marks an intrinsic atrial 
depolarization, that is, there is no pacemaker spike 
to show that a pacemaker output pulse was in any 
way associated with that atrial event.

There are four pacemaker spikes on this strip. 
They are large spikes and they show up in associa-
tion with ventricular events. You can also see that 
the paced ventricular beats look noticeably differ-
ent than the intrinsic ventricular events that appear 
at the beginning of this strip. If you get ECGs with 
lots of paced and non-paced ventricular activity, it 
is often possible to use morphology alone to distin-
guish paced from intrinsic beats.

Looking at the fi rst ventricular spike and the one 
immediately following it and the last ventricular spike 
and the one immediately preceding it, the grid work 
gives us an approximate interval duration of 1000 ms 
(5 large squares × 200 ms). Converting 1000 ms to a 

rate is the easiest of all of the interval values: 1000 ms 
equals 60 beats per minute. The intervals between the 
two sets of pacing spikes we measured are the same, 
which shows a nice, consistent pacing rate. (In the 
clinic, you should check this against how the device 
was programmed. For this particular patient, expect 
to see a ventricular pacing rate of 60 ppm.)

In the middle of this strip, there is an odd-looking 
upward defl ection. It looks a lot like a paced ven-
tricular event, but it has a different morphology 
(shape) and there is a noticeable absence of pace-
maker spike. Since this depolarization is not paced, 
it has to be intrinsic. It appears that about 600 ms (3 
large squares × 200 ms) after the previous ventricu-
lar output pulse, the ventricles contracted on their 
own. This is a premature ventricular contraction 
or PVC. They are not uncommon to see in clinical 
practice, and they show up on paced ECGs just like 
non-paced ECGs.

The question with the PVC is this: what does the 
pacemaker do with it? All pacemakers do only two 
things: they sense and they pace. We see evidence of 
ventricular pacing in this strip. Here, with the PVC, 
we also have good evidence of ventricular sensing. 
If you try to calculate the interval from the previ-
ous pacemaker spike to the PVC, you’ll see that it is 
much shorter than 1000 ms. That’s because this was 
a PVC, that is, it occurred much earlier in the car-
diac timing cycle. However, once the PVC occurred, 
the pacemaker should have “sensed” it and used it 
to reset the pacemaker timing. That is, the distance 
between the PVC and the next ventricular output 
pulse should be 1000 ms.

Figure 2.2

Spike 

P-wave 

Spike Spike Spike 

1000 ms 1000 ms 



10  The Nuts and Bolts of Paced ECG Interpretation

this case, the intrinsic ventricular event (premature 
ventricular contraction or PVC) caused the pace-
maker to withhold a pacemaker output until 1000 
ms after the PVC. Had the PVC not occurred, the 
next pacemaker spike would have occurred much 
earlier, that is, 1000 ms after the previous spike. The 
ability of the pacemaker to withhold pacing when 
events are sensed is known as “inhibition.” Here, a 
PVC occurred which inhibited the ventricular out-
put until the appropriate interval timing could be 
restored.

If you measure from the initial upward defl ection of 
the PVC to the next pacemaker spike, you will get fi ve 
large squares or 1000 ms. This means the pacemaker 
sensed the PVC, counted it as an intrinsic ventricular 
event (which it was) and then timed its next pacemak-
er output to occur 1000 ms later. That is good evidence 
of appropriate ventricular sensing.

When a pacemaker senses intrinsic cardiac activ-
ity that occurs in certain time periods (called “alert 
periods”), the pacemaker counts the event and uses 
it as a “landmark” on which to base future timing. In 

• Pacemaker output pulses appear on the ECG as 
spikes, vertical lines. They can be large or small, 
depending on the pacemaker system and ECG 
equipment but will be consistent within the strip.

• Unipolar devices tend to leave larger spikes on 
the ECG than bipolar systems. Both unipolar 
and bipolar devices provide excellent pacing 
reliability. The difference is the size of the 
electrical “antenna.” A unipolar device delivers 
an output pulse that makes a larger circuit 
through the body than a bipolar device.

• Unipolar and bipolar in pacing are actually 
misnomers. All electrical circuits have two poles! 
A unipolar device has one pole on the lead, a 
bipolar device has two poles on the lead.

• When pacing at the programmed base rate, you 
should see spikes appear at precisely timed and 
consistent intervals. However, if intrinsic events 
occur between paced events, it can reset the 
timing.

• Pacemakers can only do two things: sense and 

pace. One evidence for pacing is the tell-tale 
spike. You cannot “see” sensing as obviously, 
but you can measure it. When an intrinsic event 
resets timing, that is good evidence that it has 
been seen or sensed by the pacemaker.

• Inhibition occurs when a pacemaker withholds 
(“inhibits”) an output pulse because of intrinsic 
cardiac activity.

• Paced QRS complexes tend to have a different 
morphology than intrinsic QRS complexes. 
Paced ventricular beats tend to be wider and 
might have a notch. This is not always the case, 
but is common.

• Pacing at the right-ventricular (RV) apex 
typically causes a wider QRS complex and a QRS 
morphology that resembles left bundle-branch 
block (LBBB). Most patients with conventional 
pacemakers are paced from the RV apex.

• Seeing a pacemaker spike followed by a wider 
notched QRS complex is good evidence of 
ventricular capture.

The nuts and bolts of pacing spikes
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3 SECTION 3

The Basics of Capture and Sensing

they are not synchronized or working with the in-
trinsic activity.

This strip is an example of what we would call an 
asynchronous pacing mode. It’s AOO pacing. The 
device paces the atrium but it does not sense; in fact, 
is has no regard for intrinsic activity.

In clinical practice, you won’t see asynchronous 
pacing very much, but it can be used for testing, 
backup pacing, and may be used in certain unusual 
situations. You should be aware of what asynchro-
nous pacing looks like, though! In this strip, it is ap-
propriate since the device is programmed to AOO 
pacing, and this is clearly AOO pacing. In most in-
stances, however, clinicians would want to avoid this 
kind of pacing.

By the way, “appropriate” is a favorite word for 
pacing experts because it refers to what the de-
vice “ought to do.” Since this pacemaker was pro-
grammed to AOO pacing, the above strip is abso-
lutely appropriate. However, if the pacemaker was 
programmed to AAI pacing and this strip appeared, 
there would be a problem. That’s why, as a clinician, 
it is always useful (even if not always possible) to 
know the pacing mode and other programmed set-
tings.

By the way, appropriate means the expected be-
havior of the device as programmed. Sometimes a 

This paced ECG shows atrial and ventricular activ-
ity, but notice where the pacing spikes fall. This is an 
ECG from a device pacing the atrium. In the very 
fi rst complex, there is an atrial spike, an atrial event, 
and an intrinsic ventricular event. It happens again 
in the second complex. But now look at the third 
complex.

In this particular complex, the pacing spike falls 
right in the middle of the ventricular complex. The 
QRS complex is not paced; it has the same morphol-
ogy as the intrinsic QRS complexes that preceded 
it. What’s going on? The spike occurs on the atrial 
channel and although it occurs at the same time as 
the ventricular event, it is unrelated to the intrinsic 
ventricular event.

The next pacing spike occurs after an intrinsic 
ventricular event. Then there is another “displaced” 
spike. In terms of what is going on in the heart, the 
spikes seem to just occur at random. But take a clos-
er look! It isn’t random at all. Measure the distance 
between the spikes. You can eyeball it or get out the 
calipers. You’ll be able to count out 840 ms between 
spikes (4 large squares and 1 small box or 4 × 200 
= 800 + 40 = 840 ms) which converts to about 71 
beats a minute.

This pacing behavior is not random at all; the 
atrial spikes appear at precise intervals. However, 

Figure 3.1
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pacemaker performs appropriately, but it is not nec-
essarily the optimal pacing therapy for the patient. 
This strip might be a good example of pacing that is 
appropriate, but not optimal!

Test your knowledge

1 Would you say that there is atrial capture going on 
in this strip? If so, where?
2 Would you say that there is atrial sensing going on 
in this strip? If so, where?
3 How would you explain the last complex in this 
strip?
4 Is there any ventricular pacing going on in this 
strip?
5 If somebody were to ask you to “prove” this strip 
showed asynchronous pacing, how would you prove 
it?

Atrial capture occurs when there is an atrial pacing 
spike that causes an immediate atrial depolariza-
tion, which would show up on the strip as an atrial 
event (P-wave). The fi rst, second, and next-to-last 
complex all show an atrial pacing spike and an im-
mediate atrial depolarization. But was it capture? It 
is what a pacing specialist might call “apparent cap-
ture.” That is, it looks like capture but it is hard to 
know for certain.

The reason that it is “apparent capture” rather 
than “defi nitely capture” is that the strip shows 
other intrinsic atrial activity for this patient. The 
atria are beating on their own, although not regu-
larly and not every complex. So it is possible that a 

pacing spike just happened to occur precisely at the 
moment the atria depolarized. From this tracing by 
itself, it is just not possible to be sure there was true 
capture.

Atrial sensing means that the pacemaker would 
“see” intrinsic atrial activity and then adjust pac-
ing behavior. That is not happening. For instance, 
the fourth pacing spike falls relatively quickly after 
an intrinsic atrial event. Had the pacemaker “seen” 
that intrinsic atrial event, it would have inhibited 
the atrial output.

You can also get a clue that there is no sensing 
going on by the fact that although the patient’s 
rhythm is a bit erratic, the pacing spikes appear with 
military precision every 840 ms. When a pacemaker 
is sensing, you will only see such exact pacing spikes 
when the patient has a very stable rhythm. (By the 
way, since this is AOO or asynchronous atrial pac-
ing, you also know from the mode that there is no 
sensing. This is covered in the next “In Depth” sec-
tion.)

The last complex in this strip looks a bit strange. 
The event is a PVC. However, the device delivers an 
atrial output pulse at the same time. On the ECG, 
they appear together, but the PVC is an intrinsic 
ventricular event while the spike occurs on the atrial 
channel.

If you were to just have one or two complexes 
of this tracing, it might be hard to say if the pacing 
spikes were atrial or ventricular. That’s because the 
ECG captures all electrical activity in both cham-
bers and reports it in one tracing. You can’t readily 
see whether the spike is coming from an electrode 

Figure 3.2
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If you knew the patient had an atrial pacemaker 
but you did not know the mode and suspected asyn-
chronous pacing, you could demonstrate AOO mode 
by measuring the distance between pacing spikes. 
Since asynchronous pacemakers do not sense, there 
is nothing to change the timing cycles. Pacing spikes 
appear at regular intervals with no deviation, even 
if the patient’s rhythm is unstable. Further evidence 
is the fact that intrinsic atrial events do not seem 
to impact the timing of atrial pacing. If the device 
could sense atrial activity (and was not sensing in-
appropriately), the fourth pacing spike would have 
been greatly delayed. This is almost “textbook” atrial 
asynchronous pacing!

in the atrium or the ventricle! But if you look at the 
larger picture of several complexes, you can see that 
there is apparent atrial capture in three of the com-
plexes and no examples of apparent or even possible 
ventricular capture in the rest of the strip.

But the real clincher that shows this is an AOO 
and not a VOO system is the third complex. If a 
ventricular output pulse actually occurred in the 
middle of a ventricular intrinsic beat, it would very 
likely distort the QRS morphology. The distortion 
may not be dramatic, but the QRS would show 
some electrical impact. Since that isn’t going on 
here, the evidence strongly suggests that the spike 
is atrial.

• Capture is strongly suggested when a 
pacing spike is followed immediately by a 
depolarization.

• When pacing spikes occur at exact intervals with 
no variation in timing, even when the patient’s 
own rhythm is somewhat unstable, this means 
the pacing is asynchronous. Asynchronous 
means pacing occurs without sensing.

• Asynchronous pacing will pace without regard to 
what is going on in the patient’s native rhythm. 

That means you may see pacemaker spikes 
falling in unusual places!

• If you look at isolated events on an ECG, it is not 
always possible to determine if a pacemaker spike 
was atrial or ventricular in origin; you need to 
consider all the evidence presented in the strip.

• It is not common to see asynchronous 
pacing in the average pacemaker patient, but 
asynchronous pacing may be used for testing 
situations, backup pacing, or other special 
circumstances.

The nuts and bolts of capture and sensing
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4 Section 4

In Depth: Modes

bers (D) and when it senses something may either 
inhibit or track (D for dual response) and it has rate 
response (R).

The “either inhibit or track” response conveyed 
by the third D in DDD is a bit tricky. If the pacemak-
er senses an intrinsic atrial event, it will inhibit an 
atrial output pulse; likewise, if it senses an intrinsic 
ventricular event, it will inhibit a ventricular output 
pulse. However, if the DDDR pacemaker senses an 
atrial event, it will force a ventricular output if an in-
trinsic ventricular event does not occur at the proper 
time (“tracking”). The purpose of atrial tracking is 
to allow the pacemaker to provide 1:1 AV synchrony 
(one atrial event matched to one ventricular event), 
even if the patient’s intrinsic atrial rate goes above 
the programmed pacing rate. Thus, a DDD pace-
maker that senses an atrial event will withhold the 
next atrial output pulse (inhibition) but may pace 
the ventricle in response (tracking).

All of these types of pacing could be called “syn-
chronous” pacing. An older term for synchronous 
pacing was “demand pacing” (the pacemaker paced 
when the patient’s heart required or demanded it). 
Synchronous pacing means that the pacemaker 
senses cardiac activity and attempts to fi ll in the 
missing beats only if necessary. Synchronous pacing 
(VVI, VVIR, AAI, AAIR, VVT, AAT, DDD, DDDR, 
DDI, DDIR, etc.) might be thought of as pacing that 
tries to sync up or time itself to work with the pa-
tient’s intrinsic activity. Synchronous pacing always 
involves both pacing and sensing.

Asynchronous pacing is pacing without sensing. 
When you see asynchronous pacing, there will be 
regular pacing spikes but they may fall in strange 
places with regard to the patient’s own rhythm. 
There is no attempt to sync pacing activity to the 
patient’s intrinsic cardiac activity. As a general rule, 
asynchronous pacing is not benefi cial for most 
patients and is rarely, if ever, used. Asynchronous 
modes are available for testing purposes and special 

Whenever you see paced ECGs, it is always a good 
idea to get as much information as possible about 
how the pacemaker is programmed. One of the 
most basic and useful bits of information to know is 
the pacing mode. Mode refers to how the pacemaker 
is set up to pace and sense cardiac activity.

Single-chamber modes have pacing function 
only in one chamber, typically the ventricle. Atrial 
single-chamber pacemakers do exist, but are not 
as common to see in clinical practice as ventricular 
single-chamber pacemakers. Dual-chamber pace-
makers pace in both chambers. In many practices 
today, dual-chamber pacemakers are the most typi-
cal device you will encounter. Dual-chamber pacing 
is a bit more complex than single-chamber pacing 
and will be covered in more detail in later chapters.

The pacemaker code in common use provides 
three or four letters that are shorthand for how the 
device functions. The fi rst letter shows where the 
device paces, the second letter shows where the de-
vice senses, and the third letter shows what it does if 
it senses an event. If the device offers rate response 
(covered in a later chapter), the fourth letter will be 
an R. If there is no fourth letter, you should assume 
the device is not rate responsive.

A VVI pacemaker paces in the ventricle (V), 
senses in the ventricle (V) and when it senses in the 
ventricle, its response is to inhibit (I) or withhold 
an output pulse.

An AAI device is the same thing, but in the atri-
um.

VVT pacing refers to a device that paces in the 
ventricle (V), senses in the ventricle (V), but when 
it senses something in the ventricle, its response will 
be to track (T) or pace in response. Tracking means 
that an output pulse is required of the device. AAT 
is the atrial counterpart to VVT mode.

For dual-chamber devices, the most common an-
notation is DDD or DDDR. A DDDR device paces 
in both chambers (D or dual), sensed in both cham-

The Nuts and Bolts of Paced ECG Interpretation   Tom Kenny
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circumstances. They are AOO, VOO, and DOO plus 
their rate-responsive counterparts, AOOR, VOOR, 
DOOR.

How do you fi nd out the mode? If you have ac-
cess to a pacemaker programmer and can download 
programmed settings, the pacemaker’s mode will 
be prominently displayed in most diagnostic and 
general reports. If the patient carries a pacemaker 
ID card or other information from his or her doc-
tor, the pacemaker mode may be stated. Pacemaker 
ID cards state the highest mode to which the pace-
maker can be programmed, and this is usually (but 
not necessarily) how the device is programmed. (A 
DDDR pacemaker can be programmed to pace as a 
DDD or DDI or even a VVIR or VVI device! How-

ever, a VVI device cannot be programmed “up” to 
DDD since it only has one lead.)

If you cannot fi gure out the mode but know the 
manufacturer, you can call the Technical Services 
hotline of the manufacturer and ask about the mode 
for that particular model of pacemaker. Otherwise, 
the clinician has to “deduce” the mode by looking 
at clues on the ECG. Believe it or not, with some 
practice, most clinicians get fairly adept at recog-
nizing classic pacemaker behavior. By far the most 
common pacing modes are VVI and VVIR for sin-
gle-chamber devices and DDD and DDDR for dual-
chamber devices.

Modes are programmable, which means that 
physicians are free to program what they deem the 

Mode What it does What to expect on the ECG

VOO Asynchronous ventricular pacing Regular ventricular pacing spikes without any regard to intrinsic activity

VVI Paces and senses the ventricle Ventricular capture (with widened QRS morphologies), ventricular inhibition 
when a ventricular depolarization occurs on its own

VVT Paces the ventricle at regular 
intervals or when an intrinsic 
ventricular event occurs

Ventricular capture (with widened QRS morphologies) at regular intervals – 
this happens when there is no intrinsic ventricular depolarization. If intrinsic 
ventricular depolarizations occur, you’ll see a somewhat different QRS 
morphology with a spike in it. These may occur at more irregular intervals 
(matching the patient’s intrinsic ventricular rate)

AOO Asynchronous atrial pacing Regular atrial pacing spikes without any regard to intrinsic activity; it may not 
be immediately clear if the spikes are atrial or ventricular unless you can see 
several complexes

AAI Paces and senses the atrium Apparent atrial capture and atrial inhibition when an intrinsic atrial event 
occurs 

AAT Paces the atrium at regular 
intervals or when an intrinsic 
atrial event occurs

Apparent atrial capture at regular intervals – this happens when there is no 
intrinsic atrial depolarization. If intrinsic atrial activity occurs, you’ll see atrial 
events with a spike. These may occur at more irregular intervals (matching the 
patient’s intrinsic atrial rate)

DOO Paces and senses both atrium and 
ventricle but does not sense

Two spikes per complex, with atrial and ventricular spikes occurring at exact 
intervals with no relation to the patient’s own rhythm

DDI Paces and senses both atrium and 
ventricle but will inhibit pacing 
when an intrinsic depolarization 
occurs

This is a fairly complex ECG which should show atrial capture or sensed atrial 
activity and ventricular capture or sensed ventricular beats. If the patient has 
intrinsic atrial activity above the programmed base rate, the ventricles will not 
be paced to keep up with the native atrial rate.

DDD Paces and senses both atrium and 
ventricle but will inhibit pacing 
when an intrinsic depolarization 
occurs in one chamber; if 
it senses an atrial event, it 
will require the ventricle to 
depolarize, either by pacing it or 
sensing an intrinsic event within 
a certain timing cycle

This paced ECG is both complex and quite common in clinical practice. It 
will usually show pacing activity going on in both atrium and ventricle. You 
will often see paced atrial events and paced ventricular events. If sensed 
events appear, you should see how they were “taken into account” by the 
pacemaker; in other words, the device inhibits a ventricular spike if there was 
a native ventricular event. One unique feature of a DDD-paced ECG is that 
in the presence of rapid intrinsic atrial activity, you may see rapid ventricular 
pacing, even at rates above the base rate! This is atrial tracking – and we’ll 
cover it more in depth in later sections
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grammed to VVI pacing if he has atrial fi brillation. 
Thus, even if you think you know the mode of the 
device, you should still look carefully at the paced 
ECG.

most appropriate mode for a patient. While this is 
not common practice, it is not unusual for a mode 
to be changed in response to a clinical situation. For 
instance, a patient with a DDD device may be repro-

• Most of the time, pacemakers you see in clinical 
practice will be VVI, VVIR or DDD, DDDR 
systems. It is rare to see the other modes.

• If you know the name or model number of the 
device, you can get the mode by going online 
or calling the manufacturer’s Tech Services 
department. Modes stated are the highest modes 
available, which is usually what is programmed. 
However, modes can be changed. You will 
sometimes encounter patients with a pacemaker 
that has been programmed to a different mode 
(i.e., a DDD device set to DDI or VVI).

• Asynchronous pacing is not common but it is 
usually easy to identify: you’ll see pacing spikes 
at exact intervals without any regard to intrinsic 
events.

• Synchronous pacing is much more common 
and it tries to synchronize pacing events with 
the patient’s own cardiac activity. As a result, 
the pacing spikes can be anything but at exact 
intervals!

• Inhibition occurs when the device senses an 
intrinsic event and, in response, withholds (or 
“inhibits”) a pacing spike.

• Tracking means that when the device senses 

an intrinsic event, it requires the device to 
pace. Tracking may occur in a single-chamber 
pacemaker (VVT or AAT) but those modes are 
fairly unusual to see in clinical practice. Tracking 
is most commonly observed in dual-chamber 
pacemakers (DDD and DDDR). In such cases, 
when an atrial event is sensed, the device is then 
“required” to deliver a ventricular output pulse 
if no intrinsic ventricular depolarization occurs 
within the proper timing window.

• The pacemaker code is a common shorthand 
used to describe how devices function. It is used 
across all manufacturers and in all countries.

• You may sometimes see SSI or SSIR 
as a pacemaker code. This is actually a 
manufacturer’s designation (not part of 
the offi cial pacemaker code) but is widely 
understood. The S means “single.” An SSI 
pacemaker is a single-chamber system which 
can be implanted in the ventricle (where it 
would then be known as a VVI pacemaker) or 
in the atrium (where it would become an AAI 
pacemaker). Until it is implanted, it may be 
called an SSI device.

The nuts and bolts of modes in depth
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5 SECTION 5

Ventricular Sensing

pacemaker “adds” ventricular events where they 
might have been missing naturally, synchronizing 
them to intrinsic activity.

Inhibition is also proof that the pacemaker is 
sensing.

Test your knowledge

1 Counting the very fi rst ventricular complex on 
the strip, how many sensed ventricular events are 
there on this strip?
2 How many paced ventricular events are there on 
the strip?
3 At what rate (pulses per minute) is this pacemak-
er pacing?
4 Based on this strip, would you say this VVI pace-
maker was sensing properly?

There are three sensed ventricular events on this 
strip. The premature ventricular contraction (PVC) 
in the middle of the strip may be an unusual ven-
tricular event, but it counts as a sensed ventricular 
event the same as a more “normal” ventricular con-
traction. Notice the QRS morphology of the differ-
ent types of ventricular events:
• The pointy, narrow sensed “normal” intrinsic 

ventricular depolarization

With the exception of unusual mode programming, 
most pacemakers are set up so that they “fi ll in the 
blanks” or “put in the beat that is missing” in the 
patient’s own intrinsic cardiac rhythm. That means 
they listen to the heart (sense) and pace when the 
heart does not beat within a programmable time 
limit. If the heart does beat within that timing cycle 
on its own, the pacemaker withholds or inhibits the 
pacemaker spike.

Let’s come back to this example of VVI pacing. 
When intrinsic ventricular activity occurs, the pace-
maker goes on standby, that is, it inhibits the output 
pulse. When the patient’s heart does not respond in 
the right timing, the pacemaker delivers an output 
pulse.

In clinical practice, it is very common to see 
sensed and paced events occur together. This can be 
perfectly appropriate pacing behavior in that it in-
dicates that the patient’s heart rate is suffi ciently fast 
some of the time, but not all of the time.

Notice the premature ventricular contraction 
(PVC) about midway on the tracing. When it oc-
curred, it was sensed. If you take calipers and meas-
ure the distance spike to spike, you’ll see that the 
timing from the premature ventricular event to the 
next ventricular pacing spike is exactly the same as 
the timing from spike to spike. This shows how the 

Figure 5.1
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• The wider, notched, paced ventricular depolari-
zation (which follows the pattern of left bundle-
branch block or LBBB)

• The wider, notched non-paced premature ven-
tricular contraction (PVC)

There are four paced ventricular events on this strip, 
evidenced by the large ventricular pacing spike im-
mediately preceding the ventricular depolariza-
tion.

If you measure the distance between two ven-
tricular pacing spikes (with no intervening sensed 
events), it measures 1000 ms, which converts to a 
rate of 60 ppm. The VP-VP interval is also known 
as the ventricular pacing interval and is sometimes 
called the “automatic interval.” This is a VVI pace-
maker pacing at 60 ppm. Notice that the premature 
ventricular event resets the interval timer so that the 

timing from the premature ventricular contraction 
to the next paced ventricular event is also 1000 ms 
(or 60 ppm).

This strip shows capture (a pacing spike that 
causes a depolarization) and sensing (an intrinsic 
event that inhibits the pacemaker from delivering 
an output pulse).

Sensing appears to be appropriate in that every 
intrinsic ventricular event has caused the pacemaker 
to respond by inhibiting the output pulse and reset-
ting the time cycle. If the sensed ventricular events 
had not inhibited the ventricular output pulses, 
there would be pacing spikes at inappropriate 
places. The fact that the 1000 ms (60 ppm) tim-
ing marches through the strip indicates sensing is 
 appropriate.

Figure 5.2

Paced 

Sensed Sensed 

Paced Sensed Paced Paced 

1000 ms (=60 ppm) 1000 ms (=60 ppm) 

• Pacemakers are designed to “fi ll in the missing 
beats” in a patient’s own rhythm. This means 
they stay on standby when the patient’s heart 
beats on its own, but they pace when a natural 
beat does not occur within the proper timing 
interval.

• You can check sensing by noticing if the device 

resets its timing in the presence of intrinsic 
events.

• For most commonly used modes, an intrinsic 
event will inhibit the pacemaker’s output.

• As far as the pacemaker is concerned, a 
premature ventricular contraction is a sensed 
ventricular event.

The nuts and bolts of ventricular sensing



19

6 SECTION 6

Pacing Intervals

However, when sensed events occur, they will 
deviate from this strict timing. The time from two 
sensed atrial events can be anything less than 1000 
ms (once the 1000 ms timer times out, the device 
paces). The time from one paced atrial event to the 
next sensed atrial event can be anything less than 
1000 ms (again, once the timing cycle times out, the 
pacemaker spike is delivered).

The time from one sensed atrial event to a paced 
atrial event is going to be 1000 ms. Why? It’s because 
the pacemaker waited for the patient’s own heart to 
beat and when the timing cycle expired (at exactly 
1000 ms), the pacemaker paced.

Test your knowledge

1 How many sensed atrial events do you count on 
this strip?
2 How many sensed ventricular events are there on 
the strip?
3 Using calipers or another system, mark off the 
pacing intervals.
4 Are all of the pacing intervals the same length? Is 
that a problem?

This strip shows four sensed atrial events (atrial 
contractions with no associated pacing spike) and 

This pacing strip shows atrial pacing and sensing. 
The patient’s atrial rate is not always fast, but he 
appears to have good AV conduction in that every 
atrial event (sensed or paced) conducts across the 
AV node and down to the ventricle.

This pacemaker could be an AAI device or it 
might even be a DDD pacemaker. A dual-cham-
ber pacemaker sometimes functions like an AAI 
device when the patient has good AV conduction 
and the ventricles beat in response to the atrial 
depolarization, regardless of whether it is sensed 
or paced.

The pacing interval or automatic interval is a 
timing cycle in pacing that is defi ned as the time 
between two consecutive paced events in the same 
chamber without an intervening sensed event. To 
fi nd the pacing intervals in this strip, you would 
measure from one paced atrial event to the next 
paced atrial event. (As there is only atrial pacing, 
we’re going to have to measure the atrial pacing in-
terval.)

When you measure off pacing intervals with cali-
pers, you should fi nd that in non-rate-responsive 
devices, the timing between one paced event and 
the next paced event is exactly the rate interval. A 
pacemaker set to pace at 60 ppm should have pacing 
intervals of 1000 ms.

Figure 6.1
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four paced atrial events (atrial contractions with a 
pacing spike … counting the last event that nearly 
runs off the page). Note that the pacing interval can 
also be called the “automatic interval.”

There is no ventricular pacing going on; every 
ventricular event is sensed (seven total). The pacing 
mode shown on this strip is AAI mode. While AAI is 
not a common mode, there are a couple of reasons 
why this might happen. First, the pacemaker could 
be an AAI device. With no ventricular pacing lead, 
an AAI device will only ever exhibit atrial sensing 
and pacing and never offer ventricular sensing and 
pacing.

But AAI-type pacing can occur in DDD devices. 
In fact, this is more likely in that DDD devices are 
more commonly seen in clinical practice than AAI 
devices. Here’s how this happens in a DDD pace-
maker: the pacemaker fi nds that the atrium does not 
always beat in the proper timing, so it “fi lls in” with 
atrial pacing. However, AV conduction is good so 
every time the atrium depolarizes (whether on its 
own or thanks to a pacemaker spike), the ventricles 
depolarize. A DDD device would then withhold (in-
hibit) ventricular pacing.

Since this strip shows only atrial pacing, the pac-
ing intervals run from atrial event to atrial event. 
You can see that using the notations AP (for atrial 
paced event) and AS (for atrial sensed event) the 
pacing intervals include

• AS-AS
• AP-AP
• AS-AP
• AP-AS
When the pacing intervals are AP-AP or AS-AP, the 
timing will match the programmed rate. In this case, 
those pacing intervals are about 840 ms (about 70 
ppm). Unless the device has rate response or other 
special features that can affect the rate, the rate 
should remain very consistent in these kinds of pac-
ing intervals.

However, in AS-AS or AP-AS intervals, the con-
cluding sensed event means that the timing cycle 
did not expire, so the interval will be shorter than 
the programmed interval (i.e. < 840 ms). The fi rst 
two sensed atrial events occurred very close to the 
pacing interval; in fact, unless you really get in with 
calipers, it’s hard to tell that this interval is just a hair 
shorter than 840 ms. However, the last two sensed 
atrial events are good examples of an AS-AS pac-
ing interval that is obviously shorter than the pro-
grammed pacing rate.

Every atrial event “resets” the pacing or escape 
interval. You’ll notice from the bars below the ECG 
that sometimes a pacing interval is “cut off” before 
it can naturally expire by the presence of a sensed 
event. This is not a problem; it is the expected be-
havior of the device.

Figure 6.2
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• The pacing interval is the time between two 
consecutive paced events in the same chamber 
without an intervening event. Another name for 
the pacing interval is automatic interval.

• If the device is not programmed with rate 
response or other features that can affect 
rate timing, the pacing interval between two 
consecutive paced events in the same chamber 
should be consistent and equivalent to the 
pacing rate. For instance, a device programmed 
to 60 ppm should have pacing intervals between 
paced events of 1000 ms.

• The interval from a sensed event to a paced event 

is called the “escape interval.” The escape interval 
should match the programmed rate interval.

• Intervals that terminate in a sensed event will be 
shorter than the programmed rate interval.

• The presence of pacing intervals of varying 
length on a rhythm strip is not abnormal and 
is actually quite typical, particularly when the 
patient has a mixture of paced and sensed events.

• Other causes of rate variation will be addressed 
later but include such special features as rate 
hysteresis, rate response, and AF Suppression™ 
pacing.

The nuts and bolts of pacing intervals
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7 SECTION 7

Loss of Capture

This strip shows that the pacemaker is not captur-
ing the heart and the cause should be investigated 
quickly. After all, capture is one of the main things 
that a pacemaker has to do in order to provide the 
patient with pacing therapy!

Test your knowledge

1 It is clear that this pacemaker is not capturing. But 
is it sensing?

A pacemaker senses when it “sees” an intrinsic event 
and allows that event to reset timing. If we look at 
the pacing intervals on this strip, we end up with two 
main types of intervals. The fi rst is from a ventricu-
lar paced event (VP) to a ventricular sensed event 
(VS) and the other is from a ventricular sensed 
event (VS) to a ventricular paced event (VP). If you 
use calipers and look at the VS-VP pacing intervals, 
they are consistent in duration. The VS-VP intervals 
are all 840 ms (about 70 ppm).

That means that the pacemaker “saw” the VS and 
used it to reset the timing. When the ventricles did 
not depolarize on their own within the 840 ms tim-
ing cycle, the pacemaker responded with a ventricu-
lar pacing spike. That is good evidence that those 
intrinsic ventricular events were sensed.

Notice the timing cycles that end with a VS. They 
are all shorter than the 840 ms timing cycle. This is 

This rhythm strip comes from a patient with a VVI 
pacemaker. You can see large ventricular pacing 
spikes “marching through” the strip. But these spikes 
appear disconnected from any cardiac activity. The 
ventricles are beating on their own. Although these 
ventricular complexes are wide and notched, they 
are not captured ventricular events. This is an idio-
ventricular rhythm with a slow, wide QRS from a 
point of origin in the ventricle. In other words, this 
is a ventricular escape rhythm.

If the pacemaker were capturing the ventricles, 
the ventricular spikes would be immediately fol-
lowed by a ventricular depolarization. The distance 
between spike and ventricular depolarization alone 
demonstrates clearly that capture is not occurring.

Loss of capture can occur for several reasons; 
it can be consistent (as in this example) or inter-
mittent. One common reason for loss of capture is 
insuffi cient energy, that is, the output pulse is too 
weak to capture the heart. A capture threshold test 
is performed at implant and should be performed 
at every follow-up. However, the patient’s capture 
threshold is not constant and can change with many 
factors, including drug therapy and disease progres-
sion. Capture thresholds can also change if pacing 
lead impedance changes. For that reason, the pace-
maker that captured reliably one day may lose cap-
ture in the future; that is why frequent pacemaker 
follow-up is so important.

Figure 7.1
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also further evidence (though not conclusive in and 
of itself) that the pacemaker was sensing in that the 
VS event “inhibited” the output pulse and reset the 
interval timing.

This strip is a good example of a pacemaker that 
is not capturing at all but appears to be sensing ap-
propriately.

Figure 7.2
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• Capture is vitally important to a pacing 
system; capture is really what pacing is all 
about! Therefore, it’s always crucial to check 
appropriate capture.

• Loss of capture is often the result of insuffi cient 
energy in the pacing spike. This is governed by 
the output parameters (pulse width and pulse 
amplitude).

• To increase the output pulse energy, you need 
to increase the “output parameters.” Output 
parameters are pulse amplitude (in volts) and 
pulse width or pulse duration (in milliseconds). 
As a general rule, it is usually more effi cient and 
more common to increase pulse amplitude.

• Loss of capture can occur even in a patient who 
had good capture previously. Capture can be 
lost if the patient’s capture threshold changes or 
if pacing lead impedance changes.

• Capture thresholds in a patient are not fi xed 
values. They change for many reasons and are 
affected by many factors. Two of the main factors 
that can change a patient’s capture threshold are 
drug therapy and disease progression.

• Good evidence for capture on a paced ECG 
is a pacing spike followed immediately by a 
depolarization.

• In the case of ventricular depolarizations, 
paced morphology is different than sensed 
morphology. Specifi cally, most paced 

ventricular beats create a wider, more notched 
waveform than a sensed ventricular beat. (While 
paced ventricular events almost always have a 
different morphology than sensed ventricular 
events, a “wider notched” QRS is just one 
common form of that distinct morphology. It is 
possible for paced ventricular events to appear 
narrower or without the notch.)

• A capture threshold test should be performed at 
every follow-up session to provide the capture 
threshold value. This is the smallest amount of 
energy required to consistently capture the heart.

• When programming output parameters, 
always use the capture threshold and a 
safety margin (for example, 2 to 3 times the 
threshold voltage). Thus, a patient with a 
capture threshold of 1 V at 0.4 ms should be 
programmed to output settings of 3 V at 0.4 ms.

• Capture problems can also be caused by problems 
with the leads. This is rare and occurs more 
often in the acute phase than in chronic systems.

• Capture problems need not be constant. Some 
patients will experience only intermittent 
capture problems (which are harder to identify 
but must also be addressed).

• To evaluate sensing, you need to fi gure out if 
the pacemaker is “seeing” intrinsic events. This 
involves determining if the intrinsic events have 
inhibited outputs and/or reset timing cycles.

The nuts and bolts of loss of capture
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8 SECTION 8

Oversensing

Since there are no intrinsic ventricular events on 
this strip, it is not clear if they would have inhibited 
ventricular pacing.

Test your knowledge

1 Can sensing be evaluated on this strip at all?
2 Why are there big gaps between paced ventricular 
events in some places and not in others?

One way to evaluate proper sensing is to look for 
evidence that an intrinsic event was “seen” by the 
pacemaker. Since this strip (like many you’ll run 

This tracing comes from a VVI pacemaker. There 
are clear pacing spikes followed immediately by 
ventricular depolarizations. The wider, notched 
ventricular waveform morphology suggests that 
these output spikes are indeed capturing the ventri-
cle. In fact, from this strip, it is pretty clear that the 
pacemaker is capturing appropriately.

There are no intrinsic ventricular events in this 
strip. So why are the pacing spikes at uneven inter-
vals? There are a few examples of pacing intervals 
(VP to VP) of 840 ms (which is equivalent to 70 
ppm), but there are also two instances in this strip 
of pacing intervals that are much longer.

Figure 8.1

Figure 8.2
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into at the clinic) does not show any intrinsic ven-
tricular activity, it cannot be determined if a sensed 
ventricular event would have inhibited pacing.

However, something is throwing off the pace-
maker timing. The fi rst three complexes are paced at 
840 ms pacing intervals (70 ppm). That same timing 
is shown again in the middle of the strip. But some-
thing has extended two of the pacing intervals.

This is a classic example of “oversensing.” The 
pacemaker in this case has “seen” what it believes 
to be intrinsic ventricular activity that is simply not 

there! Oversensing is typically the result of sensitiv-
ity settings that are too sensitive. The pacemaker 
may be picking up muscle noise or other extraneous 
signals and mistakenly thinking that they represent 
ventricular depolarizations.

You should always suspect oversensing when 
you see “under-pacing.” In this case, there is a sens-
ing problem, namely the device is so sensitive it is 
seeing signals that simply do not correspond to 
cardiac activity! The sensitivity settings should be 
adjusted.

• One type of evidence for appropriate sensing is a 
sensed event that inhibits the pacemaker output 
pulse. In real life, rhythm strips do not always 
offer that kind of evidence!

• When sensed events reset the timing, that 
provides another form of evidence of 
appropriate sensing. In fact, even when you don’t 
see intrinsic events, the timing on the paced ECG 
can still provide important clues about sensing.

• Oversensing occurs when the pacemaker is so 
sensitive, it thinks it “sees” cardiac events that are 

not there. Oversensing is caused by sensitivity 
settings that are too high.

• Sensitivity is programmable; it is programmed 
in millivolts (mV).

• To make a pacemaker less sensitive, increase the 
mV value. Conversely, to make a device more 
sensitive, decrease the mV value.

• Oversensing leads to under-pacing! When you 
see pauses or gaps in the rhythm strip where 
you expected to see paced events … investigate 
possible oversensing!

The nuts and bolts of oversensing
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9 SECTION 9

In Depth: Sensing

• Oversensing (the device senses signals that do not 
represent intrinsic cardiac events)

• Undersensing (the device misses signals that do 
represent intrinsic cardiac events)

When you look at the rhythm strips, you’ll see that:
• Oversensing leads to under-pacing (look for 

pauses)
• Undersensing leads to over-pacing (visible as “too 

many spikes”)
In order to correct the problem, you need to ad-
just the sensitivity setting. Pacemakers allow you 
to program the sensitivity (in millivolts or mV) so 
that sensitivity can be adjusted for each individual 
patient. However, programming sensitivity settings 
can seem counterintuitive, because increasing the 
mV setting decreases sensitivity, while decreasing 
the mV setting increases sensitivity.

To understand this better, you have to visualize 
how the device “sees” signals. Setting sensitivity is like 
creating a wall that blocks out signals. You build the 
wall to a certain height defi ned in mV. If you build a 
wall that is 5 mV tall, the only signals that the device 
can “see” are those that are taller than 5 mV. On the 
other hand, if you build a wall that is just 1 mV tall, 
the device can see any signal taller than 1 mV.

Thus, if you set sensitivity to 5 mV, the pacemaker 
is fairly insensitive. It takes a pretty large signal to 

If you are new to pacing and cardiac rhythm man-
agement devices, it can be a bit of a hurdle to make 
sense out of sensing. The concept of sensing is sim-
ple: the pacemaker has to be able to “see” or sense 
intrinsic cardiac activity. When a pacemaker senses 
intrinsic events appropriately, it knows when to in-
hibit pacemaker outputs (and remain on standby) 
and when to pace the heart. Appropriate sensing as-
sures that the pacemaker does not pace unnecessar-
ily, but it also makes sure that the pacemaker does 
not remain on standby when pacing is required.

A pacemaker senses electrical activity in the heart 
through electrodes on the pacing lead. This sounds 
easier than it really is. On the one hand, the pace-
maker has to be sensitive enough that it picks up 
even very small cardiac signals. Many patients have 
intrinsic electrical signals that are fairly low ampli-
tude. If the pacemaker isn’t sensitive enough, it can 
easily overlook those signals.

On the other hand, if you make the pacemaker 
too sensitive, then it may start picking up extrane-
ous signals. Believe it or not there is a lot of electrical 
noise in the body. Muscle noise, for instance, can be 
picked up by an overly sensitive pacemaker – which 
then counts it as an intrinsic cardiac event!

The two main problems that clinicians encounter 
with sensitivity will be:

Figure 9.1
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get the device’s attention. On the other hand, set-
ting the sensitivity to 2 mV makes it more sensitive; 
a lot more signals have the potential to be seen by 
the pacemaker.

Before programming sensitivity settings, it is a 
good idea to do a sensing threshold test. This is a 
semi-automatic and/or automatic test by the pace-
maker and programmer which determines the sens-
ing threshold by fi nding the point at which sensing 
is lost. The sensing threshold can change with time, 
disease progression, drugs, and many other things, 

so it should be checked at every follow-up, even if 
the rhythm strip reveals appropriate sensing.

The normal safety margin for sensitivity is 2:1. If a 
patient has a 2 mV sensing threshold in the ventricle, 
sensitivity should be 1 mV. Many programmers will 
automatically recommend a good sensitivity setting 
value after you run the sensing threshold test.

When adjusting sensitivity, go slowly. Big changes 
in the mV settings may solve one problem, but they’ll 
cause new problems! For most cases, undersensing or 
oversensing can be corrected with small adjustments.

• Sensing is governed by the programmable 
sensitivity setting, which can be adjusted in 
millivolt (mV) value. Increasing the mV setting 
decreases sensitivity and vice versa.

• A pacemaker that is too sensitive will lead to 
oversensing (seeing intrinsic cardiac events that 
are not there) and under-pacing (not pacing 
when required).

• When you see pauses in the paced ECG, suspect 
oversensing. When you see too may spikes on a 
paced ECG, suspect undersensing.

• A pacemaker that is not sensitive enough will 
lead to undersensing (not seeing intrinsic cardiac 
events) and over-pacing (pacing even though an 
intrinsic event had just occurred).

• Check sensing threshold and capture threshold 

at every follow-up. These thresholds are vitally 
important to pacing system operation and they 
are not static values. They can change over time, 
with disease progression, with drug interaction, 
and even during the course of the day.

• Sensing problems are one of the most common 
reasons for pacemaker troubleshooting. Always 
be vigilant about sensing disorders.

• While sensing problems on an ECG mean you 
should defi nitely conduct a sensing threshold 
test and adjust sensitivity settings, just because 
sensing looks normal on the ECG is no reason 
not to run a sensing threshold test during a 
check-up.

• Sensing problems can be constant or 
intermittent.

The nuts and bolts of sensing in depth
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QRS Morphologies

paced and sensed beat – narrower than a paced beat, 
wider than a sensed beat.

The fi rst and last complexes are paced ventricular 
events, the third and sixth beats are “fused” ventricu-
lar beats. A fused beat is not unusual; they turn up a 
lot on paced ECGs. A fused beat counts as capture; 
after all, the pacemaker output “helps” the heart to 
depolarize. Fused beats are not harmful, and they 
are not noticeable to the patient. However, they are 
wasteful in that a pacemaker output pulse was deliv-
ered when one was probably not necessary.

But what about the strange-looking fourth beat? 
There is a pacemaker spike but the QRS complex 
looks intrinsic. This phenomenon is called “pseudo-
fusion” in that it might look like fusion, but it really 
is not. Pseudofusion occurs when the pacemaker 
spike collides with an intrinsic depolarization. The 
output pulse has no effect on the heart, which de-
polarized on its own (and that’s why the beat looks 
intrinsic). The pulse was wasted energy; it did not 
help the depolarization.

Pseudofusion does not confi rm capture (nor does 
it refute it). It is simply a case of “bad timing” where 
the pacemaker delivered energy as the heart was 
depolarizing on its own. Pseudofusion is not dan-
gerous to the patient, is not uncommon on ECGs, 

This tracing shows some intrinsic atrial activity, 
some intrinsic ventricular activity, and some ven-
tricular pacing. It is quite normal to see different 
QRS waveform morphologies for sensed and paced 
events. But look closely at this strip and you’ll see 
four different morphologies! The fi rst and last com-
plexes have one morphology. The second and fi fth 
beats have another QRS morphology. The third and 
sixth beats look alike in terms of QRS shape. And the 
fourth beat looks unique.

Clearly, the second and fi fth ventricular beats are 
sensed events. There is no pacing spike and the QRS 
waveform has a narrow, pointed look.

The fi rst, third, sixth and seventh beat all are paced; 
you can see the widened QRS and the characteristic 
notch. But why are the fi rst and last beats “wider” 
than the other two? The answer is a phenomenon 
called “fusion.” Fusion occurs when the pacemaker 
spike is delivered at precisely the moment the heart 
was going to beat on its own. When a pacemaker 
output and a natural contraction occur at once, the 
result is a “fused beat.” The pacemaker output actu-
ally contributes to the contraction; that’s why you’ll 
see the widened, notched look. However, the heart 
was going to beat intrinsically anyway. In this case, 
the fused beats look sort of like a cross between a 

Figure 10.1
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but when it is frequent, it can be a good reason to 
reprogram pacemaker timing cycles.

Test your knowledge

1 Would you say from this strip that the device is 
sensing appropriately?
2 Is there proper capture?
3 Why is there no atrial event preceding the last 
QRS complex on this strip?
4 What is the functional mode of this pacemaker?

Using calipers, fi nd the pacing interval from paced 
ventricular event to paced ventricular event (using 
the last two complexes). If you apply that interval 
to the other complexes, you can see from the fi rst 
event (paced) to the next event (sensed), the dura-
tion is less than the pacing interval. Going from that 
sensed ventricular event, the pacing interval exactly 
lands on the pacing spike in the next complex. This 
means the pacemaker “saw” the sensed ventricular 
event and used it to reset the timing. If you look at 
the pseudofusion complex, it is clear that the next 
sensed event occurs before the pacing interval times 
out and it inhibits the ventricular output and resets 
timing. These are all examples of proper sensing.

The fi rst and last complexes defi nitely indicate 
proper capture: a ventricular pacemaker spike causes 
a ventricular depolarization. Although the third and 

sixth depolarizations are fused, they also confi rm 
capture. Fused beats indicate capture. The fourth de-
polarization (pseudofusion) does not confi rm cap-
ture; neither do the two sensed events on the strip. 
However sensed events and pseudofusion do not 
disprove capture, either! They merely indicate that 
the heart depolarized on its own. Thus, from this 
segment of the ECG, you can see appropriate cap-
ture. There is no time when the pacemaker should 
have captured the heart that it failed to do so.

This patient appears to have intrinsic atrial activ-
ity, although the distance of the atrial event to the 
ventricular event is a bit variable. However, the atria 
do not depolarize before the last ventricular event 
on this strip. This indicates the patient has some 
sort of atrial arrhythmia, although you would need 
more than just these few complexes to better under-
stand that rhythm disorder.

This pacemaker is pacing in the ventricle, and the 
absence of any pacing spikes in the atria – even when 
there is a missing atrial beat – indicates that there is 
no pacing in the atrium. The pacemaker’s response 
to sensed events is inhibition. This means the device 
is a VVI system. This does not necessarily mean the 
pacemaker is VVI; it means the functional mode (the 
way the device is currently performing) is VVI. It 
may be a dual-chamber device programmed to VVI 
or a VVIR device with rate response turned off or 
otherwise inactive. However, it is functionally VVI.

Fusion Fusion 

Pseudofusion 

This event was sensed and 
inhibited the ventricular output 

Pacing Interval Pacing Interval 

Figure 10.2
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• Fusion occurs when a pacemaker output 
pulse and an intrinsic depolarization occur 
simultaneously; the pacemaker contributes to 
the heartbeat but it does not totally cause it, since 
the heart is naturally trying to depolarize on its 
own.

• Fused beats look like a cross between a truly 
paced event and a sensed depolarization.

• Fusion confi rms capture!
• Although fusion is not necessarily desirable, it is 

not uncommon to see on paced ECGs and is not 
harmful to the patient.

• Pseudofusion occurs when a pacemaker spike 
falls on top of a cardiac depolarization. In this 
case, the pacemaker output pulse has no effect 
on the cardiac depolarization. A pseudofusion 
ventricular event looks like an intrinsic 
ventricular event with a pacemaker spike.

• Pseudofusion neither confi rms nor refutes 
capture.

The nuts and bolts of QRS morphologies
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11 SECTION 11

Fusion and Pseudofusion

very short periods of time. However, most pace-
maker patients are not device dependent. The 
“typical pacemaker patient” has enough underly-
ing rhythm that the device is on standby at least 
some of the time.

To evaluate sensing, the clinician needs to inhibit 
pacing long enough for intrinsic events to break 
through and then to see if those intrinsic events are 
sensed. For the non-dependent patient, this may be 
done by temporarily changing pacing parameter 
settings to the point that the patient’s own rhythm 
starts to prevail.

However, there are many clinical situations where 
you simply cannot “force” intrinsic events to occur. 
Thus, there will be times when you cannot evaluate 
proper sensing function.

In this particular patient, the fi rst step would 
be to run more ECG to see if evidence of sensing 
might be found. If there was none, the chart should 
be checked and, if the patient had a strong enough 
underlying rhythm, the pacing rate could be re-
duced for a brief period to allow intrinsic activity 
to occur. A sensing test could be conducted using 
the programmer’s automatic sequence or the clini-
cian could look at the strip and see if sensed events 
inhibited pacing output pulses.

This VVI tracing shows examples of fusion, pseudo-
fusion, and pacing. The paced complex (fi rst one) 
and the fused beats confi rm proper capture. The 
pseudofusion beats neither confi rm nor refute cap-
ture. Using just this much of the ECG, most pace-
maker specialists would say the device appears to be 
capturing the heart appropriately.

What is unclear from this strip is sensing. In order 
to evaluate sensing, you need intrinsic activity to 
appear on the strip. In this case, there is intrinsic 
activity in the form of pseudofusion. But since the 
pacemaker paced into these intrinsic events, the 
pacemaker counted them as paced events and used 
them to reset device timing. In other words, sensing 
cannot be assessed!

There may be other clinical scenarios that pre-
vent you from evaluating appropriate sensing. 
Some patients have such slow underlying rhythms 
(or no underlying rhythm) that the device paces 
100% of the time. Such patients may be called 
pacemaker-dependent in that they rely on the 
pacemaker to keep their heart beating. There are 
actually degrees of pacemaker dependence and lots 
of opinions on the subject. It may not be prudent 
to subject a pacemaker-dependent patient to sens-
ing tests that involve withholding pacing even for 

Figure 11.1
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Test your knowledge

1 Locate the fused beat(s) on this strip.
2 Locate the captured beat(s) on this strip.
3 Locate the pseudofusion beat(s) on this strip.
4 Locate the sensed event(s) on this strip.

The fi rst beat is a normal paced beat and demon-
strates capture. The ventricular spike causes a wider, 
notched QRS complex indicating energy from the 
pacemaker depolarized the ventricles.

The second and seventh beats on this complex are 
fused beats. The pacemaker spike contributes but 
does not totally cause the ventricular contraction. 
Fused beats confi rm capture.

Since both the fi rst and second beats show a pac-
ing spike followed immediately by a depolarization, 
how do we know to classify one as a paced event 
(capture) and the other as a fused event? The mor-
phology of the two events is clearly different, which 
means the events are different. A spike followed im-
mediately by a depolarization can be one of three 
things: true capture (paced event), fusion, or pseu-
dofusion. Both the fi rst and second events show a 
widened, notched QRS characteristic of capture: 
this means the events are paced or fused (pseudofu-

sion is an intrinsic event with a spike on top, so the 
QRS morphology is not going to show evidence of 
capture). The two reasons to label the fi rst event a 
paced event and the second event a fused event are:
• The fi rst event looks “more paced,” that is, wider 

and with a more prominent notch, than the sec-
ond

• The spike is closer to the depolarization on the 
second event (a fused event is a timing problem 
in which the spike gets “too close” to an intrinsic 
event)

The third, fourth, fi fth and sixth beats of this com-
plex show pseudofusion. The pacemaker spike and 
the intrinsic ventricular contraction collide. The 
ventricular spike does nothing to contribute to the 
contraction; that’s why it looks intrinsic. Pseudofu-
sion does not confi rm capture, but it does not dis-
prove it, either. If you were to remove the spike, the 
morphology of pseudofusion resembles the mor-
phology of an intrinsic event.

Although this strip shows four intrinsic contrac-
tions, there is no way to use this strip to confi rm 
proper sensing function. That’s because the pace-
maker output spike caused the device to “see” these 
events as paced events; it does not see the intrinsic 
contraction or use it to reset timing.

Figure 11.2
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• To confi rm capture, you have to force the device 
to pace and see if pacing spikes cause immediate 
depolarizations.

• To confi rm sensing, you have to force intrinsic 
events to occur and see if the pacemaker can 
“see” them and whether or not they inhibit the 
pacemaker output.

• Sensing is sometimes diffi cult (and even 
impossible) to confi rm if you cannot force 
intrinsic events to occur. This can happen when 
the patient’s own heart rate is extremely low, 
the underlying rhythm is weak, or the patient 
becomes symptomatic without pacing at lower 
rates.

• Pacemaker-dependent patients have virtually no 
reliable underlying rhythm. There are degrees 
of pacemaker dependence; it is not a black-and-
white diagnosis.

• It is a good idea to fl ag or sticker charts of 
extremely pacemaker-dependent patients so that 

clinicians know that their pacing rates should 
never be reduced, even for testing purposes.

• While pacemaker dependency is not easy to 
defi ne, it is an easy concept to understand. 
Warning signs that suggest pacemaker 
dependency: the patient is paced 100% of the 
time, has a very severe arrhythmia, or has an 
underlying rhythm of 30 beats a minute or 
below.

• Most pacemaker patients are not dependent on 
their devices, in that the device may be inhibited 
some of the time and the patient can endure 
brief periods of non-pacing without symptoms.

• When comparing paced events to fused events, 
paced events will look “more paced” in terms of 
waveform morphology. Fused events will have 
a spike that occurs in closer proximity to the 
depolarization than a true paced event; this may 
be discernible on the ECG (if you know enough 
to look for it).

The nuts and bolts of fusion and pseudofusion
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In Depth: Single-Chamber Timing 
Cycles

(shorter) timing cycle called the relative refractory 
period or noise-sampling period. Sometimes these 
two cycles are combined and called the “refractory 
period.” In simplest terms, the device does not sense 
during the refractory period.

That is actually a bit oversimplifi ed. During the 
absolute refractory period, the device is literally 
“blind” to all incoming signals. It does not see, count, 
or record any electrical signals at all. During the rela-
tive refractory period, the device can see signals, but 
it will not respond to them. Intrinsic events can be 
counted during the relative refractory period but no 
matter what the device senses during the relative re-
fractory period, it will not affect its behavior.

The pacemaker will not pace during any portion 
of the refractory period (absolute or relative).

When the refractory period expires, the device 
goes into an alert phase. During the alert period, 
the device senses intrinsic cardiac events. In fact, it 
is on the lookout for intrinsic events. An intrinsic 
event that occurs in the alert period will be sensed 
and the pacemaker will respond to them.

Timing cycles refer to the internal “clocks” within 
the pacemaker that govern how the device functions. 
Many pacemaker timing cycles are programmable, 
which gives the clinician great control over how the 
device paces. Most timing cycles start because of a 
specifi c type of event and then count down until ei-
ther something specifi c happens to terminate them 
or they expire. Sometimes the expiration of a timing 
cycle will trigger something or launch a new timing 
cycle.

For instance, the pacing interval is an example 
of a timing cycle. A paced event launches that tim-
ing cycle, and the cycle starts to count down. If an 
intrinsic event occurs before it expires, it inhibits 
the output and resets the timer. If no intrinsic event 
occurs before the pacing interval expires, a pacing 
output spike is delivered.

There are also timing cycles on the sensing cir-
cuits that govern how the device performs. When-
ever a paced or sensed event occurs, the device 
launches a timing cycle known as the absolute re-
fractory period followed immediately by another 

Figure 12.1

Absolute Refractory Period Relative or Noise-Sampling Period Alert Period
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• Timing cycles are vitally important to pacemaker 
operation.

• Single-chamber timing cycles at their most basic 
include a refractory period and an alert period.

• The refractory period is likely to be 
programmable but the alert period is not. 
However, other parameter settings (such as rate) 
affect the alert period.

• During the alert period, the device tries to sense 
intrinsic events and respond to them.

• During the refractory period, the device will not 
respond to intrinsic events.

• The refractory period is actually subdivided 
into an absolute refractory period and a relative 
refractory period, which may or may not be 
independently programmable. During the 
absolute refractory period, the device is blind to 
intrinsic signals. During the relative refractory 
period, it can see (and can even count) intrinsic 
events but it will not respond to them.

The nuts and bolts of single-chamber timing cycles in depth
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Intermittent Oversensing

Test your knowledge

1 Using the pacing interval, indicate the spot on the 
strip where the pacemaker oversensed.
2 How would you suggest correcting this kind of 
problem?
3 Why did oversensing occur only in one place on 
this strip?

This is functional VVI pacing with a consistent pac-
ing interval. If you mark them out, you can see the 
point (circled) where the device inappropriately 
“sensed” a ventricular event. While this inhibition 
indicates that the device is indeed trying to sense, 
the sensing is not appropriate because the pace-
maker is too sensitive. It’s seeing things that are not 
there! What appears to be atrial activity might actu-
ally be noise on the ventricular channel leading to 
ventricular oversensing.

The clinician should run a sensing threshold test 
and then reprogram the sensitivity setting (in mV). 
The device should be made somewhat less sensitive, 
which means increasing the millivolt setting. Most 
programmers offer a semi-automatic or automatic 
way of evaluating sensing.

Although the pacemaker oversensed one ven-
tricular beat (and thus missed a beat), the rest of the 

This tracing shows VVI pacing with apparent ven-
tricular capture. There are ventricular pacing spikes 
immediately preceding what appear to be ventricu-
lar paced beats. All of the QRS morphologies look 
similar, indicating capture and no fusion.

This patient seems to have a lot of intrinsic atrial 
activity going on, as evidenced by the multiple atrial 
waves preceding each QRS complex. This would be 
typical of a pacemaker patient with atrial fi brilla-
tion or at least atrial tachycardia. Many pacemaker 
patients have atrial tachyarrhythmias. While there 
are different ways to approach pacing a patient with 
atrial tachyarrhythmias, one way is to simply ignore 
the atrial activity and pace the ventricle. This may 
be an example of that approach since the device is 
functioning as a VVI system.

Look at the pacing interval. If you measure the 
interval from paced event to paced event in the 
middle of the strip, you get a consistent value that 
marches through the strip. Except there is a beat 
missing! The span between the fi rst and second pac-
ing spikes is very long. In fact, it’s nearly twice as 
long as the others.

This is an example of “oversensing.” Somewhere 
between the fi rst and second spikes, the pacemaker 
thought it saw an intrinsic ventricular event and in-
hibited the pacemaker output pulse.

Figure 13.1
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pacing looks appropriate. Many sensing problems 
in pacemakers are intermittent. It may be that the 
slightly larger than normal atrial wave on the trac-
ing was so large that the device inappropriately per-
ceived its signal as ventricular in origin. There may 
have been muscle noise or some other electrical sig-

nal in the body that caused the system to oversense 
here but not in other cases.

Because sensing problems can be intermittent, it 
is always good clinical practice to evaluate sensing 
thresholds (if possible) at every check-up.

• Sensing problems can be intermittent; in fact, 
they usually are. This is why clinicians need to 
be on the lookout for them and to check sensing 
and sensitivity at every check-up (if possible).

• Oversensing leads to under-pacing. When you 
see a “skipped” beat that really ought to be there, 

you should fi rst suspect oversensing since it is a 
likely culprit.

• Likewise, when you see “extra” beats, you should 
suspect undersensing.

• A good way to check on sensing is to measure 
out pacing intervals.

The nuts and bolts of intermittent oversensing

Figure 13.2
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Undersensing

4 How would you troubleshoot this sort of situa-
tion?

If you use calipers to measure out a nice clean 
pacing interval from two clearly captured paced 
events in the middle of the strip, you can see that 
the pacing intervals show the points at which pac-
ing spikes were delivered. But should they have oc-
curred there?

If the device was a VOO system, that is, if it did 
not sense, this would be appropriate. However, we 
know that this is a VVI device and should be sens-
ing. The fi rst intrinsic event in this strip should have 
been sensed. As a sensed ventricular event, it would 
have reset the pacing interval. Likewise, the second 
intrinsic ventricular event should have inhibited 
the ventricular output pulse and reset the pacing 
interval. Even the third intrinsic ventricular event 
should have inhibited the ventricular output pulse 
and reset the timing interval.

This indicates a sensing problem. The device is 
not sensing intrinsic events that it ought to see. This 
is “undersensing” and it causes too much pacing.

The output pulse can capture the ventricle when 
it occurs in the right timing. But why do the fi rst 
two spikes fail to capture the heart? They occur 

This tracing comes from a VVI pacemaker. The 
complexes in the middle of the strip show what 
appears to be normal ventricular capture. The ven-
tricular pacing spike is followed immediately by a 
wider, notched QRS complex.

The fi rst three ventricular complexes in this strip 
are intrinsic events. They are narrower and not pre-
ceded by a ventricular pacing spike.

The “problem” in this strip is that there are two 
ventricular pacing spikes that appear on this strip 
“unconnected” to any other events. They also ap-
pear in unexpected places. The fi rst intrinsic event is 
followed quickly by a ventricular pacing spike. The 
second intrinsic event is also followed by a ventricu-
lar pacing spike.

The third intrinsic event is followed by a ven-
tricular pacing spike that captures the ventricle.

Test your knowledge

1 Map out the pacing intervals for this strip. What 
does this tell you?
2 Would you say that there is a sensing problem on 
this strip? Why?
3 Would you say that there is a capture problem on 
this strip? Why?

Figure 14.1
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right after a ventricular depolarization during the 
heart’s physiological refractory period. This means 
that no electrical pulse, not even a very large one, 
would be capable of causing a cardiac depolariza-
tion. Thus, these spikes would never be capable of 
causing a ventricular depolarization. They are not 
evidence of non-capture, but rather of undersens-
ing. This is sometimes called “functional non-
capture.”

The fourth through eighth complexes on this 
strip show good capture. The fi rst three complexes 
are intrinsic and the two stray pacemaker spikes nei-
ther confi rm nor disprove capture. Thus, it appears 
that capture is normal.

The best way to troubleshoot this sort of strip is to 
run a sensing threshold test and adjust the sensitiv-
ity. It is very likely the device should be made more 
sensitive (decrease the mV setting).

• If a pacemaker spike falls during the heart’s 
physiological refractory period, it cannot cause 
a cardiac depolarization. This does not prove 
or disprove the ability of the pulse to capture 
the heart; it just shows the pulse occurred at the 
wrong time.

• Undersensing can cause too much pacing; it may 
look like there are too many spikes on the strip or 

it can cause the strip to look like asynchronous 
pacing.

• Undersensing can be dangerous in that it may 
cause asynchronous pacing; some patients 
do not tolerate asynchronous pacing well 
and pacing onto a T-wave may induce a 
tachyarrhythmia.

• Sensing problems should be addressed fi rst and 
foremost by evaluating the device’s sensitivity.

The nuts and bolts of undersensing

Figure 14.2
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Hysteresis Intervals

Test your knowledge

1 Would you say that there is appropriate capture in 
this strip?
2 Is sensing appropriate?
3 How would you attempt to fi gure out what is 
going on in the last complex? What kind of infor-
mation would you like?
4 Why is the last interval on this strip longer than 
the programmed pacing interval?

This strip shows good evidence of capture. Notice 
the pacing spikes all result in an immediate ven-
tricular depolarization with a different and distinct 
QRS morphology consistent with a paced ventricu-
lar event. There is evidence of appropriate sensing. 
The intrinsic ventricular depolarizations in the 
middle of the strip inhibited the ventricular pac-
ing output. Every pacing interval but the last one is 
consistent with the programmed pacing rate of 60 
ppm or 1000 ms.

Rate variations (even in relatively simple strips 
like this one) do turn up in paced ECGs more often 
than you would think! Whenever you’re confronted 
with a rate variation, the best source of information 
is to look at how the device is programmed. This 

This strip comes from a VVI pacemaker that has 
been programmed to pace at 60 ppm, which trans-
lates to a pacing interval of 1000 ms (60 divided by 
60,000 = 1000). If you look at the fi rst two pacing 
spikes, you can see just from the tracing that there 
are fi ve big blocks on the grid paper between spikes 
(5 × 200 ms = 1000 ms which converts back to 60 
ppm). If you get out your calipers, you’ll see that the 
next few paced beats are textbook perfect: the spikes 
appear in the right places and produce nice, wide, 
notched QRS complexes.

In the middle of the strip, an intrinsic ventricular 
event occurs. The timing from the previous pacing 
spike to the next intrinsic event is less than 1000 ms. 
That’s why the intrinsic event can break through 
and inhibit the pacemaker output. The timing be-
tween the next intrinsic events is less than the pacing 
interval of 1000 ms.

But look at the last two complexes. The time be-
tween the last intrinsic ventricular event and the 
next paced ventricular event is quite long! It’s ap-
proximately 1200 ms! If the pacing interval is 1000 
ms, why didn’t the spike appear sooner? Everything 
else on this strip makes it seem like the pacemaker is 
capturing and sensing appropriately. What is going 
on?

Figure 15.1
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information may not always be available, but when 
it is, it can tip you off to programmed settings that 
can infl uence rate behavior.

In this case, the VVI pacemaker had hysteresis 
programmed on. Hysteresis automatically extends 
the pacing interval to a “hysteresis rate interval” pe-
riodically. This means that every so many minutes, 
the device will pace at a longer pacing interval than 
the programmed rate. This slower rate is intended 

to encourage intrinsic cardiac activity to break 
through and inhibit pacing.

If you evaluate a pacemaker that has hysteresis, 
expect to fi nd occasionally longer-than-normal in-
tervals. Likewise, if you don’t know how a device is 
programmed but see something like an occasional 
longer interval, hysteresis should be the fi rst thing 
you think of.

• Hysteresis is a programmable feature in 
pacemakers that periodically extends the pacing 
interval in an effort to extend the alert period to 
look for intrinsic cardiac activity. If an intrinsic 
event is found, the pacemaker will keep the 
extended pacing interval in place.

• The goal of hysteresis is to encourage intrinsic 

cardiac activity and, in that way, to reduce 
pacing.

• Hysteresis is a fairly common feature in most 
pacemakers and ICDs today; it is not unusual to 
see hysteresis appear on paced ECGs.

• Hysteresis works best in patients whose native 
cardiac rate is close to the pacing rate.

The nuts and bolts of hysteresis intervals

Figure 15.2
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In Depth: Hysteresis

50 bpm hysteresis rate for one interval every fi ve 
minutes. Every fi ve minutes, the pacemaker would 
impose the hysteresis interval and “search” or look 
for intrinsic activity. If no intrinsic events occurred, 
the device would deliver a pacing spike and pacing 
would resume at the programmed rate.

On the other hand, if an intrinsic event did occur 
during the hysteresis interval, the hysteresis inter-
val would remain in effect. Different manufacturers 
offer different ways for hysteresis to work, but gen-
erally the hysteresis interval remains in effect until 
it is clear that there is no more intrinsic activity. At 
that point, the device goes back to the programmed 
pacing rate until it is time for the search to begin 
again.

To really understand hysteresis on the ECG, you 
have to understand the different kinds of intervals 
that appear on a paced ECG. Two paced events in the 
same chamber without an intervening sensed event 
at the base rate is sometimes called the automatic 
interval (it’s what happens automatically when the 
heart needs rate support) or pacing interval. The 
escape interval occurs when a sensed event occurs 
followed by a paced event. The sensed event launch-
es an alert period but it times out before another 
intrinsic event occurs; as a result, the pacemaker 
is forced to pace (and “escape” out of the intrinsic 

Hysteresis is a commonly used feature in most pace-
makers on the market today. The goal of hysteresis is 
to encourage the patient’s intrinsic cardiac activity 
to inhibit the pacemaker. The thought behind this 
is that unpaced cardiac activity is always benefi cial, 
providing the patient still gets adequate rate sup-
port. Besides that, any time the pacemaker does not 
have to pace, there is less drain on the device bat-
tery.

Hysteresis works best in patients who have an 
intrinsic rate near the programmed base rate. For 
instance, let’s say a pacemaker is programmed to 60 
ppm. This means that unless the patient’s own heart 
beats more rapidly than 60 ppm, the pacemaker is 
going to pace. Even if the patient’s heart could beat 
59 beats a minute on its own, the pacemaker would 
still take over and pace.

The idea with hysteresis is to impose a sort of 
“secondary” or interim rate known as the hysteresis 
rate. The hysteresis rate is always lower than the pro-
grammed rate but it is not vastly lower. If a pace-
maker was programmed to pace at 60 ppm, a typical 
hysteresis rate would be 50 bpm.

Hysteresis works by extending the escape interval 
to the slower hysteresis interval at periodic intervals. 
These periodic intervals are programmable, usually 
in minutes. A typical set-up for hysteresis might be 

Figure 16.1
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rhythm). The best evidence of hysteresis in a device 
is the appearance of pacing intervals or escape inter-
vals at a rate below the programmed base rate.

Because hysteresis is a fairly common feature and 
because it usually imposes a search interval every 

few minutes, it is not unusual to see an occasional 
extended pacing interval on a rhythm strip! This is 
one of the main (but certainly not the only) causes 
of rate variations on a paced ECG.

• Hysteresis extends the pacing interval at periodic 
intervals to look for intrinsic cardiac activity, 
with the goal that intrinsic activity at rates near 
the base rate will inhibit pacing.

• Hysteresis is one of the main reasons for 
seemingly confusing “rate variations” you’ll 
encounter on paced ECGs. If possible, check 
device settings when looking at a paced ECG.

• The best evidence for hysteresis will be pacing 
intervals at rates below the base rate.

• Hysteresis requires the programming of a 
hysteresis rate, which is slightly lower than 
the pacing rate, and a search interval, usually 
programmed in minutes.

• Hysteresis works well in patients who have an 
underlying rhythm (even if intermittent) that is 
in the vicinity of the programmed pacing rate.

• It is generally not recommended that there be 
a big gap between the hysteresis rate and the 
pacing rate; if you program a pacing rate of 80 
ppm, the hysteresis rate should be 70 ppm or 
possibly 65 ppm. A bigger differential than that 
can result in uncomfortable “rate bumps” for the 
patient.

• The idea behind hysteresis is that it is generally 
benefi cial for the intrinsic rate to inhibit the 
pacemaker if the patient still gets adequate rate 
support.

• Other reasons hysteresis is programmed include 
reducing battery drain, encouraging intrinsic 
activity (even if intermittently) while protecting 
the patient from sharp rate drops.

• If a patient has a very slow underlying rhythm, it 
can make sense for hysteresis to be programmed 
off. However, in clinical situations you may 
see such patients with hysteresis programmed 
on. In such cases, hysteresis will never go into 
effect (that is, you’ll never see runs of extended-
interval intrinsic activity) but you may see 
periodic extended search intervals on the rhythm 
strip.

• If a patient has an underlying rhythm that can 
support him or is fairly close to the paced rate 
(even if it is not consistent), hysteresis may be 
of great benefi t. However, in clinical situations, 
you may see such patients with hysteresis 
programmed off. In such cases, programming 
hysteresis on is probably a good idea.

The nuts and bolts of hysteresis in depth
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Rate Response

This strip contains automatic intervals (paced 
event to paced event) and escape intervals (sensed 
event to paced event).

Test your knowledge

1 What is unusual about the pacing rate?
2 How would you explain the rate?

You can measure the pacing rate by looking at the 
distance between ventricular pacing spikes. The fi rst 
two spikes on the strip cover two big boxes and four 
little boxes on the grid (200 × 2 = 400 plus 4 × 20 
= 80 results in 480 ms). That converts to 125 ppm, 
which might not be ominous if the heart were beat-
ing on its own – but this is a paced rate! It is highly 
unlikely that the pacemaker would be programmed 
to a pacing rate of 125 ppm.

The pacemaker appears to be capturing normally 
(pacing spikes result in ventricular depolarizations) 
and sensing appropriately (sensed ventricular 
events inhibit the output) and escape intervals look 
like they match the pacing intervals (480 ms or 125 
ppm). But why so fast?

If you had access to information about the device, 
you would have seen that the pacemaker is VVIR. 
Rate response (the R in VVIR) means that the pace-
maker will speed up the rate according to sensor 

This strip comes from a single-chamber ventricular 
pacemaker. The wider downward ventricular com-
plexes are paced events (you can see a little notch 
where a small bipolar pacing spike appears), while 
the three narrow upward ventricular events are 
sensed ventricular events. Although it is not typical 
for paced and sensed events to have opposite defl ec-
tions, it is something that may be seen in the clinic 
from time to time. This has to do with the angles of 
the signals, however, not the fact that one is paced 
or sensed.

The pacing interval is a general term given be-
tween any two cardiac events in the same chamber, 
but it often is useful to look at it in terms of the du-
ration between two consecutive paced events in the 
same chamber (this is the automatic interval). Those 
intervals that start with a sensed event but end with 
a paced event can be called an escape interval.

Paced intervals should match the programmed 
pacing interval (calculated from the programmed 
pacing rate). Escape intervals should also match the 
programmed pacing interval. Only when an inter-
val ends with a sensed event will the interval dura-
tion be different than the programmed interval; in 
fact, when an interval ends with a sensed event, the 
interval should be shorter than the programmed pac-
ing interval since the sensed event interrupted it and 
inhibited the output.

Figure 17.1
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input. Unfortunately, the ECG does not tell us that 
the rate at this moment is sensor driven, but it is the 
most likely explanation for a rapid paced rate in a 
VVIR device.

Rate response may cause some unusual-looking 
things to appear on the paced ECG. You may see 
pacing at rates above the programmed base rates or 

rate variations (even from beat to beat) or both. In 
this case, the rate remained relatively stable at 125 
ppm, it is just rapid. The idea behind rate response 
is that pacing at 125 ppm allows the patient enough 
cardiac output to meet the metabolic demands of 
his activity level at that moment.

• Rate response may cause the paced ECG to show 
pacing at rates above the pacing rate. This can 
be consistent or intermittent. If the device is rate 
responsive and under sensor control, these rate 
variations are quite likely to be appropriate.

• Rate response is also called rate modulation 
and rate adaptation. It is indicated by an R in 
the fourth position of the mode code (VVIR, 
DDDR). Rate response is governed by a sensor 
and the rate-responsive rate is sometimes called 
the sensor rate or the sensor-driven rate. These 
terms all mean the same thing.

• The goal of rate response is to pace more rapidly 
when the patient is active (as indicated by the 
sensor) so that the patient’s heart can provide 
suffi cient cardiac output to meet his or her 
metabolic demand at that moment.

• Expect to see a lot of rate-responsive pacing 

in the clinic; this feature is very common and 
frequently programmed on.

• Some devices allow rate response to be 
programmed to a PASSIVE setting so that the 
clinician can download diagnostics and assess 
how rate response might have performed had the 
sensor truly been in control. A device with the 
sensor set to PASSIVE will not actually pace in a 
rate-responsive manner. It allows for diagnostic 
information only.

• When the sensor does not show suffi cient 
activity to invoke a faster pacing rate, the 
pacemaker will behave like a non-rate-
responsive device. Just because you’re looking 
at a paced ECG strip from a rate-responsive 
pacemaker does not mean that you will observe 
faster-than-base-rate pacing.

The nuts and bolts of rate response

Figure 17.2
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Annotated ECGs

above the VP annotations) but these are very small 
spikes characteristic of bipolar pacing.

If you just looked at the annotations, you would 
see pacing intervals 750 ms (80 ppm) and escape in-
tervals (VS-VP) at 750 ms. This would be consistent 
with a VVIR device with a pacing rate of 80 ppm.

However, the tracing shows a different story!

Test your knowledge

1 Is there capture?
2 Is there sensing?
3 Knowing the device is VVIR with a pacing rate of 
70 ppm, is sensor drive active?
4 How would you troubleshoot this situation?

There is no capture on this strip, although the pace-
maker “thinks” that there is capture (VP). Notice 
that the small pacemaker spikes do not cause a ven-
tricular depolarization. The only ventricular events 
on this strip are the four intrinsic ones marked VS 
on the annotation. Annotations can be great time 
savers, but you should always compare them against 
the ECG!

This strip comes from a VVIR pacemaker pro-
grammed to a base rate of 70 ppm (about 857 ms). 
The marks at the bottom are annotations, which 
many programmers automatically place on ECGs 
produced through the device programmer. Al-
though every pacemaker company annotates a bit 
differently than the others, most annotations are 
intuitive and easy to follow. In this case VP stands 
for a ventricular paced event and VS stands for a 
ventricular sensed event. The numbers indicate 
the milliseconds that elapse between the vertical 
line just to the left and the next vertical line to the 
right.

When looking at annotations, it is crucial to real-
ize that annotations are the device’s interpretations of 
what is going on. Annotations may not match what 
is going on in the ECG but they always tell you what 
the pacemaker “thinks” is going on! When annota-
tions do not match the strip, it is cause to adjust the 
pacemaker. (When the ECG and the annotations 
disagree, the ECG is presumed correct.)

This strip shows four intrinsic ventricular events 
(VS), which are the largest events on the tracing. 
There are also some pacing spikes on the strip (right 

Figure 18.1
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The pacemaker appears to be sensing normally. 
When an intrinsic event (VS) appears on the strip, 
it inhibits the output pulse. If you check the pacing 
intervals (VP-VP), you see they are 750 ms. If you 
look at the escape intervals (VS-VP) you see they 
are also 750 ms. This indicates that the pacemaker 
truly sees ventricular events and uses them to reset 
the timing. By comparing the VS annotation to the 
actual intrinsic ventricular event on the strip, you 
can tell that the pacemaker is seeing what is actually 
happening as far as intrinsic activity is concerned.

However, 750 ms correlates to 80 ppm, which is 
faster than the programmed base rate. Since the de-

vice is rate responsive, the most likely explanation 
for the higher-than-base-rate pacing is that the sen-
sor is driving the rate.

The problem on this strip is a clear loss of capture. 
In fact, there is not even one captured ventricular 
event on the whole strip! The most likely cause of 
loss of capture is that the output pulse is not “big” 
enough to capture the ventricle. The best course of 
action is to conduct a pacing threshold test (which 
may be automatic or semi-automatic on the pro-
grammer) and reprogram the output parameters 
(pulse amplitude and pulse width) to greater set-
tings.

Figure 18.2
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• Annotations are letter codes, symbols, and 
numbers that the programmer automatically 
puts on paced ECGs and intracardiac 
electrograms to help aid clinicians in evaluating 
a tracing.

• The real value of annotations is that they show 
you exactly what the pacemaker “thinks.”

• Always check to see if annotations match what 
is going on in the rhythm strip! Never use 
annotations without double-checking with 
the tracing. If the tracing disagrees with the 
annotations, assume the tracing is right.

• Just because annotations show VP or ventricular 
paced events, do not assume that there is capture. 
The pacemaker only annotates pacing spikes, not 
resultant depolarizations.

• Interval durations on the rhythm strip are 
valuable to help you see pacing intervals and 
escape intervals. The interval duration measures 
what has elapsed between the two vertical lines 
that enclose it.

• You may sometimes encounter events on the strip 
that do not appear in the annotations. This tells 
you the pacemaker did not “see” those events.

• You may sometimes see annotations that do 
not correspond to anything on the strip or do 
not match the type of event on the strip. This 
tells you the pacemaker counted these events 
inappropriately.

• Capture problems are very serious and should 
be resolved whenever encountered. The best 
method is to run a pacing threshold test (also 
called a capture threshold test) and to reprogram 
the pulse amplitude and/or pulse width 
accordingly (increase them).

• The most likely cause of capture problems is an 
insuffi cient output. However, loss of capture may 
also be caused by lead problems.

• Capture thresholds are not static; they change 
not only over time, but even over the course of 
the day! Many things can affect them, including 
drugs and disease progression. For these reasons, 
it is important to check capture thresholds at 
every follow-up. Capture problems can occur 
suddenly, even in a patient who never had such 
problems previously.

• Capture problems may also be intermittent. That 
is another good reason to always review pacing 
threshold values and output settings at every 
follow-up.

• It is not unusual for clinicians to have to adjust 
the output settings (pulse amplitude and pulse 
width) on a device many times over its life. 
This kind of fi ne-tuning is not indicative of any 
problem with the device or the patient. In fact, 
it’s actually indicative of good pacemaker patient 
management!

The nuts and bolts of annotated ECGs
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19 SECTION 19

AV Synchrony

Test your knowledge

1 Is there appropriate atrial and ventricular cap-
ture?
2 Is there appropriate atrial and ventricular sens-
ing?
3 What is the pacing rate, measured from atrial 
event to atrial event?
4 What is the pacing rate, measured from ventricu-
lar event to ventricular event?
5 How long is the delay between atrial pacing spike 
and ventricular pacing spike? Is it consistent?

On any dual-chamber strip, you have to evaluate 
appropriate capture and sensing twice: once for the 
atrium and once for the ventricle. In terms of cap-
ture, there is clearly atrial capture; every spike is fol-
lowed by a P-wave or atrial contraction. On the ven-
tricular channel, every spike is followed by a QRS 
complex that looks like a typical “paced QRS.”

You cannot evaluate sensing from this strip, sim-
ply because the only thing the device is doing here 
is pacing. Intrinsic (sensed) events must be present 
in order to evaluate sensing. If this patient were in 
the clinic, you might be able to force intrinsic ac-
tivity to appear on the strip by making temporary 
adjustments to the pacemaker’s settings. This is only 

This is a textbook perfect ECG from a dual-chamber 
(DDD pacemaker). In fact, this ECG shows a lot of 
what’s right with great DDD pacing.

First, notice that there is atrial pacing going on. 
You see big atrial pacing spikes followed each time 
by an atrial depolarization, suggesting appropriate 
atrial capture. Each atrial paced event is followed 
by a ventricular pacing spike and a resulting depo-
larization with the widened, notched morphology 
characteristic of a paced ventricular event.

This strip exhibits 1:1 AV synchrony which means 
that there is one atrial beat for every ventricular 
beat. One-to-one AV synchrony is highly desirable 
in paced patients because it closely mimics the be-
havior of the healthy heart. With 1:1 AV synchrony, 
the patient is more likely to derive the benefi ts of 
the atrial contribution to ventricular fi lling, which 
could result in better hemodynamics. Anecdotally, 
many patients seem to prefer dual-chamber pacing 
and report feeling better when 1:1 AV synchrony can 
be achieved.

Dual-chamber pacing is a bit more complicated 
than just atrial pacing on top of ventricular pacing. 
The atrial channel interacts with the ventricular 
channel and vice versa, creating some new (and 
sometimes challenging) timing cycles to contend 
with. For now, let’s stick with the basics.

Figure 19.1
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advisable in patients who can tolerate brief periods 
of no pacing, that is, patients with a relatively strong 
underlying rhythm. In some cases, it may literally be 
impossible for the clinician to evaluate appropriate 
sensing.

The pacing interval is the time between two con-
secutive paced events in the same chamber. In this 
case, the atrial pacing intervals are all 1000 ms (fi ve 
big boxes) which translates to a pacing rate of 60 
ppm. You can also measure the ventricular pacing 
intervals; again, you arrive at 1000 ms (60 ppm). 
This rate consistently marches through the strip.

If you were to fi nd out that this patient had a 
DDD pacemaker set to a pacing rate of 60 ppm, you 

would literally have to concede this is a picture-per-
fect strip! Of course, we drew this strip … this kind 
of perfect ECG is something you don’t often see in 
actual practice.

Notice that there is a pause between the atrial 
paced event and the ventricular paced event. It 
measures 200 ms and it’s consistent across the strip. 
This is a timing cycle in dual-chamber systems 
known as the paced AV delay. The paced AV delay 
mimics the pause in the cardiac cycle between atrial 
depolarization and ventricular depolarization. This 
is a very important timing cycle in proper dual-
chamber function. Think of the AV delay interval as 
the “electrical PR interval”!

• For dual-chamber pacemakers, base-rate pacing 
means pacing at the programmed pacing rate in 
a single channel (atrial or ventricular).

• Dual-chamber pacing allows for pacing and 
sensing in both the atrium and the ventricle. 
However, it’s a bit more complicated than 
just two single-chamber pacemakers working 
independently. The atrial and ventricular 
channels actually interact.

• One way that atrial and ventricular channels 
interact has to do with the “AV delay.” This is 
a timing cycle between an atrial event and the 
next paced ventricular event. The purpose of 
the AV delay is to impose a pause (similar to 
the physiologic pause that occurs in the healthy 
unpaced heart) between atrial contraction and 
ventricular contraction.

• Think of the AV delay as an electrical PR interval.
• When evaluating a dual-chamber strip, you still 

look for appropriate capture and appropriate 
sensing, but you do it twice: once for the atrium 
and once for the ventricle.

• The atrial and ventricular channels in dual-
chamber pacing are independent in that they 
involve separate leads, separate electrodes, 
and separate portions of the heart. As such, it 
is possible to have appropriate capture in one 
chamber but a loss of capture in the other. The 
same applies to sensing.

• When calculating pacing rate from a dual-
chamber paced rhythm strip, measure atrial 
pacing intervals or ventricular pacing intervals. 
(This will get a bit more involved later on, but 
this is a good basic principle.)

The nuts and bolts of AV synchrony

Figure 19.2
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20 SECTION 20

Atrial Tracking

ever any atrial activity occurs (sensed or paced), the 
ventricle requires pacing. This suggests that the pa-
tient has some degree of heart block, in other words, 
the atrial depolarization has diffi culty conducting 
across the AV node and down to the ventricles.

Test your knowledge

1 Does this strip show 1:1 AV synchrony? Why or 
why not?
2 What is the ventricular pacing interval? What rate 
does that translate to?
3 Is the ventricular pacing interval consistent?

One-to-one AV synchrony means there is one atrial 
event for each and every ventricular event. It does 
not matter if those events are sensed or paced. In 
this case, there is one atrial contraction for every 
ventricular contraction although some of the atrial 
events are intrinsic and some are paced. Thus, this 
patient is deriving the benefi ts of 1:1 AV synchrony.

The ventricular pacing interval would be meas-
ured from one ventricular spike to the next ven-
tricular spike. If you look at the fi rst ventricular 
pacing interval on the strip, it amounts to about 880 
ms, which converts to a rate of about 68 ppm (880 
into 60,000 = 68.18). The second pacing interval is 

If you were presented with this ECG and no infor-
mation on the patient or pacemaker, you should be 
able to conclude that this comes from a dual-cham-
ber pacemaker. The reason is that you’re seeing both 
ventricular pacing spikes and atrial pacing spikes, 
although they are not showing up in every single 
complex. However, the presence of atrial and ven-
tricular pacing means dual-chamber pacing.

There are no sensed ventricular events on the 
strips but there are fi ve sensed atrial events. The 
presence of intrinsic atrial events without spikes 
around them indicates appropriate sensing. The 
presence of atrial spikes (the last two complexes) 
with a resulting immediate atrial depolarization 
suggests appropriate atrial capture.

Another way to determine atrial capture in a 
 dual-chamber system is to look for consistent 
AP-VS intervals. The theory is that in a patient with 
intact AV conduction, an atrial depolarization (if it 
truly occurred) would be able to elicit a ventricular 
response (depolarization). If that atrial event were 
paced, the AP-VS interval would be consistently 
timed. This is a moot point for this strip, since there 
are no AP-VS intervals, but it is another good way to 
assess atrial capture in a dual-chamber strip.

This particular patient has some good intrinsic 
atrial activity, but it is not reliable. Note that when-

Figure 20.1
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a bit shorter. But the third pacing interval is much 
shorter. (You can see this very clearly if you have 
calipers and try to “march” through the intervals.) 
The third interval is about 840 ms (71 ppm). Now 
look at the next-to-last ventricular pacing interval. 
It’s 1000 ms (60 ppm)!

Why is the ventricular rate interval bouncing 
around like that? This illustrates an important point 
about dual-chamber timing. The ventricular spike 
is timed to work with the preceding atrial event. In 
the case of sensed atrial events, the pacemaker sens-
es the intrinsic atrial depolarization, imposes the AV 
delay, and then paces the ventricle. If the patient has 

a consistent intrinsic atrial rate, you’ll see relatively 
consistent ventricular pacing intervals (which are 
shown at the beginning of this strip). However, if 
the intrinsic atrial rate becomes too slow, atrial pac-
ing occurs and the ventricle will time itself against 
the paced atrial event.

In a strip with consistent atrial and ventricular 
pacing, you may actually see consistent pacing in-
tervals. In a strip like this with some sensed and 
some paced events, you are unlikely to see rock-sta-
ble intervals. The ventricular spike is going to take 
its timing cue from the preceding atrial event.

• When a dual-chamber pacemaker paces both 
chambers of the heart consistently, it is possible 
to see stable pacing intervals on the rhythm strip. 
If there are sensed events on the strip, pacing 
intervals may show some variation. In fact, you 
should expect it.

• A dual-chamber pacemaker times events based 
on the activity in the preceding chamber. For 
instance, an atrial event (sensed or paced) 
launches a timing cycle (the AV delay) and 

the next ventricular pacing spike will be 
synchronized to that atrial event.

• Likewise, a ventricular event launches a timing 
cycle (refractory period) which will only allow an 
atrial event to be sensed or paced after a specifi c 
time period.

• As a result, intrinsic atrial or ventricular activity 
on a dual-chamber paced ECG will likely cause 
you to see variations in the pacing rate.

The nuts and bolts of atrial tracking

Figure 20.2
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AV Conduction

This patient appears to have intrinsic AV conduc-
tion in that once the atria depolarize, the electricity 
conducts reliably out over the AV node and down 
into the ventricles. Thus, this patient does not seem 
to suffer from AV block, but does have unreliable 
atrial activity.

Test your knowledge

1 Does this patient have 1:1 AV synchrony? Why or 
why not?
2 Is there a pacing interval that can be measured? If 
so, where is it and what is its duration?

One-to-one AV synchrony occurs when the patient 
has one atrial event for each ventricular event, re-
gardless of whether the events are sensed or paced. 
In this case, the patient always has one atrial event 
followed by one ventricular event. Thus, this patient 
has 1:1 AV synchrony.

There are two pacing (or “automatic”) intervals 
(paced event to next consecutive paced event in the 
same chamber) that can be measured on this strip. 
They are both 1000 ms, which converts to a rate of 
60 ppm. There is also one atrial escape interval that 

A quick look at the ECG reveals some atrial pacing 
spikes (plus some intrinsic atrial events) and sensed 
ventricular events. If you did not know anything 
about the pacemaker, you would not be able to de-
termine whether this patient had an AAI pacemaker 
(or possibly AAIR) or a DDD (DDDR) device. This 
particular strip is from a dual-chamber (DDD) de-
vice that at this moment happens to be function-
ing in AAI mode. In truth, single-chamber atrial 
pacemakers are quite rare so if you see this kind of 
strip, it is much more likely a dual-chamber device 
functioning as AAI than a single-chamber atrial 
pacemaker.

This strip has four atrial pacing spikes and it ap-
pears by the atrial depolarization immediately after 
the spike that there is atrial capture. There are two 
sensed atrial events on the strip and the inhibition of 
an atrial pacing spike around these intrinsic events 
suggests appropriate atrial sensing.

This strip shows only intrinsic ventricular events. 
Since there are no ventricular pacing spikes delivered 
nearby, ventricular sensing appears to be appropri-
ate. You cannot assess ventricular capture from this 
strip since there is no pacing going on at all. Ven-
tricular capture may or may not be appropriate.

Figure 21.1
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can be measured (atrial sensed event to next con-
secutive atrial paced event) and it is 1000 ms, the 
same rate as the atrial pacing interval.

The time between the atrial event and the sensed 
ventricular event varies; this is because we’re seeing 
intrinsic events, which can be erratic in a pacemaker 
patient.

• When the patient has intact AV conduction, an 
atrial event (paced or sensed) will likely conduct 
reliably out over the AV node and down into the 
ventricles. This will depolarize the ventricles and 
result in a sensed ventricular event.

• For patients without intact conduction (e.g. 
heart block, also called AV block), you should 
expect to see a lot of ventricular pacing, even if 
there is intrinsic atrial activity.

• One-to-one AV synchrony can occur with 

paced or sensed events or a mixture of both. 
The important thing is that every atrial event is 
followed by a ventricular event.

• Paced atrial events may or may not look the 
same as sensed atrial events. One common way 
that paced and sensed atrial events may vary in 
morphology is by defl ection (one is positive or 
above the line and the other is negative or below 
the line).

The nuts and bolts of AV conduction

Figure 21.2
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22 SECTION 22

States of Dual-Chamber Pacing

put pulse, so that suggests appropriate atrial sensing. 
Likewise, the two sensed ventricular events in the 
middle of the strip inhibit ventricular pacing spikes. 
This again suggests appropriate ventricular sensing.

The base rate can be measured from atrial paced 
event to atrial paced event. It is consistent and meas-
ures 1000 ms or 60 ppm.

The paced AV delay on this strip (distance from 
paced atrial event to paced ventricular event) is con-
sistent at 200 ms.

Test your knowledge

1 What do you think the third atrial event is?
2 What would you do to troubleshoot this third 
atrial event?
3 What is the value of the sensed AV delay?
4 What, if any, determinations might be made 
about this patient’s underlying rhythm?

The third atrial event in this strip is atrial fusion. 
Fused atrial beats are sometimes harder to identify 
than their ventricular counterparts, simply because 
the atrial waveform morphology is much smaller 
and differences between captured and fused atrial 
beats can be more subtle than such differences in 
ventricular beats. However, in this example, this 
third atrial beat resembles neither a paced atrial 

This is a dual-chamber ECG. The fi rst two complex-
es are the AP-VP pacing state; this state occurs again 
at the end of the strip. In the middle of the strip is 
an AS-VS pacing state. Preceding that there appears 
to be an AP-VS pacing state. Thus, this strip shows 
pacing and sensing in both chambers.

There are only four states in dual-chamber pac-
ing: AP-VP, AP-VS, AS-VS, and AS-VP. This strip ex-
hibits three of those states. In most patients, one or 
two pacing states tend to dominate pacing behavior. 
It is unusual to see three states so closely together.

To evaluate this strip, we fi rst need to confi rm 
capture in both chambers. Atrial capture is present 
in the fi rst two complexes and in the last four com-
plexes. Notice the morphology of the paced atrial 
beat, which looks altogether different from the mor-
phology of the one sensed atrial beat in the middle 
of the strip. But now look at the third atrial event. 
There is an atrial pacing spike, but the resulting atri-
al beat looks strange. It does not look like a paced 
atrial beat, nor does it look like a sensed atrial beat.

Ventricular capture is present in the fi rst two and 
the last three complexes. Notice the morphology 
is different than that of the two sensed ventricular 
events in the middle of the strip. All of this suggests 
appropriate ventricular capture.

Is sensing appropriate? The one sensed atrial 
event in the middle of the strip inhibits an atrial out-

Figure 22.1
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event nor a sensed atrial event. The atrial spike oc-
curs simultaneously with the native atrial contrac-
tion, causing a sort of hybrid event that is neither 
truly paced nor truly intrinsic. The spike contrib-
utes to the beat and like any fused beat, this event 
confi rms capture.

Fused beats are not necessarily problematic, so 
there is no urgency to address this, unless the pa-
tient is experiencing long runs of fused beats. If 
you were to try to address fusion, you should bear 
in mind that it is a timing problem, not a capture 
problem. Fusion occurs because the patient’s intrin-
sic rhythm is very close to and competing with the 
programmed base rate. To deal with fusion, either 
program hysteresis on or lower the base rate slightly 
or both.

The paced AV delay on this strip is 200 ms. To 
measure a sensed AV delay you need to fi nd an 

AS-VP pacing state (sensed atrial event followed 
by a ventricular paced event). There is none on this 
strip, so you cannot measure the sensed AV delay.

Sometimes a paced ECG reveals a lot about a pa-
tient’s underlying rhythm. In this case, the patient’s 
rhythm is erratic. There is a nearly textbook-perfect 
cardiac complex in the middle of the strip, but most 
of the time, the atria do not beat reliably on their 
own. There appears to be some degree of conduc-
tion (two complexes show an atrial event conduct-
ing over the AV node to the ventricles, causing an 
intrinsic ventricular depolarization), but it is not 
reliable, either. Like most pacemaker patients, this 
patient has intermittent rhythm problems. The pa-
tient has sick sinus syndrome and some degree of AV 
block. Despite these problems, with the pacemaker, 
this patient is still getting 1:1 AV synchrony!

• The four states of DDD pacing are AS-VS, 
AS-VP, AP-VS, and AP-VP. Those are the only 
complexes possible on a paced dual-chamber 
ECG.

• Most patients tend to have one or two “favorite” 
states of DDD pacing. Patients who experience 
a lot of AS-VS and AP-VS activity demonstrate 
intact AV conduction but intermittent sinus 
node function. Patients who have mostly AS-VP 
or AP-VP activity have slow AV conduction.

• If possible, try to measure sensed and paced AV 
delays on a paced dual-chamber ECG. Not all 
strips will show them.

• Fusion and pseudofusion both mean that the 
patient’s intrinsic rate is competing with the 
programmed base rate. Fusion and pseudofusion 
are timing issues. If they occur frequently, adjust 
the base rate so that it does not give the patient’s 
native rate so much competition! This can be 
accomplished by programming hysteresis on or 
lowering the base rate slightly or both.

• Fusion and pseudofusion will sometimes 
occur no matter how well the pacemaker 
is programmed. Occasional fusion and 
pseudofusion events are no cause for alarm.

The nuts and bolts of states of dual-chamber pacing

Figure 22.2
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23 SECTION 23

Maximum Tracking Rate

pacemaker will pace the ventricle in response to in-
trinsic atrial activity.

Test your knowledge

1 What is the ventricular pacing interval?
2 Does the intrinsic atrial rate match the ventricu-
lar pacing interval?
3 Looking at this DDD paced strip, what do you 
know about the Max Track setting in this particular 
case?
4 Why is the sensed AV delay so short?
5 Would you troubleshoot this situation and, if so, 
how?

This particular strip shows a very consistent high 
intrinsic atrial rate of about 100 bpm (600 ms). In 
clinical practice, you may also see high-rate intrinsic 
atrial activity at more irregular rates. Using calipers 
from one ventricular pacing spike to the next, the 
ventricular pacing interval in this example turns out 
to be 600 ms as well. The intrinsic atrial rate and the 
paced ventricular rate are identical, which is one of 
the characteristics of atrial tracking.

The purpose of atrial tracking in DDD devices is 
to provide for 1:1 AV synchrony, even in cases where 
the patient may experience high intrinsic atrial 

This ECG comes from a patient with a DDD pace-
maker (no rate response) programmed to pace at 
60 ppm (equivalent to a 1000 ms interval). A pac-
ing rookie might be tempted to think that this could 
actually be a ventricular pacemaker (after all, there’s 
no atrial pacing going on) that just happens to be 
set at a high rate. However, most experienced pace-
maker clinicians would think this is far more likely 
to be a dual-chamber device.

Notice the intrinsic atrial activity. This patient 
has a pretty rapid natural atrial rate. If you measure 
the distance of one P-wave to the next consecutive 
P-wave, you can see that the intrinsic atrial rate is 
about 600 ms (100 bpm). Every intrinsic atrial de-
polarization is followed by a paced ventricular event 
(AS-VP pacing).

That’s not likely to be an accident! This patient 
has maintained 1:1 AV synchrony, despite the fact 
that his atrial rate is faster than the programmed 
pacing rate. This is a good example of atrial track-
ing. The pacemaker will try (within limits) to match 
each intrinsic atrial event to a paced ventricular 
event, even if it means pacing the ventricle at rates 
above the programmed base rate. However, there is 
a speed limit. It’s called the maximum tracking rate 
(or Max Track, for short, sometimes also called just 
MTR) and it defi nes the highest rate at which the 

Figure 23.1
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rates. This patient may be susceptible to atrial tachy-
arrhythmias at the lower end of the tachy arrhythmia 
spectrum (intrinsic atrial rates of 80, 90, 100 bpm). 
This patient might also have been doing something 
strenuous, and the increased atrial rate could be a 
natural sinus tachycardia in response to exertion. 
High intrinsic atrial rates can also occur during fever. 
Whatever the cause, the purpose of atrial tracking is 
to maintain the benefi ts of 1:1 AV synchrony, even 
when the intrinsic atrial rate goes up.

Like anything else in pacing, moderation is the 
key! Atrial tracking would be extremely dangerous 
if the patient experienced atrial fi brillation and the 
pacemaker tried to pace the ventricle at rates of 200 
ppm or higher! For that reason, it is important to 
program the Max Track setting to a ventricular pac-
ing rate that the patient can tolerate. To fi nd out the 
Max Track setting for this particular patient, you 
would need to check the programmed parameter 
settings shown on the programmer. Since the de-
vice is tracking the atrium at a rate of 100 ppm, one 

thing we know for sure is that the Max Track is set to 
a value over 100 ppm! (A typical setting that works 
for most patients is around 120 ppm.)

The sensed AV delay is very short on this ECG. 
In fact, you may have trouble using your calipers to 
measure it! That is because many pacemakers have 
algorithms that automatically shorten the sensed 
AV delay as the intrinsic atrial rate goes up. In the 
healthy non-paced heart, the pause between atrial 
and ventricular contractions naturally shortens as 
the heart rate increases. Pacemakers are designed to 
mimic this very behavior!

Far from troubleshooting this scenario, what you 
are seeing here is expected behavior of the device. 
The patient is getting 1:1 AV synchrony at a rate he 
can presumably tolerate well. If you saw this ECG 
and the patient complained of having a racing heart, 
being out of breath, or other symptoms that would 
lead you to think he cannot tolerate 100 ppm ven-
tricular pacing, you would be well advised to repro-
gram the Max Track value to a lower setting.

Figure 23.2
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• Atrial tracking occurs when the pacemaker paces 
the ventricle to keep up with an intrinsic atrial 
rate that is higher than the programmed base 
rate but lower than the programmed maximum 
tracking rate.

• Atrial tracking is a good thing (up to a point) 
because it maintains 1:1 AV synchrony.

• Atrial tracking only occurs in DDD and DDDR 
devices. A DDI device does not track the atrium 
(the third D in DDD stands for “dual” meaning 
it inhibits and/or tracks in response to sensed 
activity; the I in DDI stands for “inhibited” 

meaning it will only inhibit in response to sensed 
activity and not track intrinsic atrial events).

• The maximum tracking rate (MTR) or Max 
Track is a programmable value that defi nes 
how fast the ventricle will be paced in order to 
keep up with a higher-than-base-rate intrinsic 
atrial rate. Think of it as a speed limit on atrial 
tracking. It should be set to the highest paced 
ventricular rate the patient can tolerate well.

• Expect to see sensed AV delays shorten 
automatically as the intrinsic atrial rate increases; 
this is common in most recent devices and 
mimics the behavior of the healthy heart.

The nuts and bolts of maximum tracking rate
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24 SECTION 24

Pacemaker Multiblock

Test your knowledge

1 What would make the paced ventricular rate sud-
denly slow down?
2 Why does the pacemaker not “see” all of the atrial 
events on this strip?
3 How do you think the patient would respond to 
being paced in this way?
4 Would you troubleshoot this situation and, if so, 
how?

Not only can a pacing expert explain how multi-
block occurs, he or she can actually predict the rate 
when it will happen! To do this, you have to under-
stand some dual-chamber timing cycles. The sensed 
AV delay is already a familiar concept: it’s the pro-
grammable amount of time between a sensed atrial 
event and the following paced ventricular event. 
The PVARP (which stands for post-ventricular atri-
al refractory period) is a timing cycle that starts with 
any ventricular event and simply times out. During 
PVARP, the atrial channel will not respond to any 
signals. Atrial events that occur during PVARP will 
not provoke a device response. (PVARP is designed 
to help prevent retrograde P-waves from possibly 
triggering a pacemaker-mediated tachycardia.)

If you look at the timing cycles on the ECG, you 
can see that at fi rst, the atrial signals fell in the alert 

This very unusual-looking strip is actually a typi-
cal example of one type of upper rate behavior in 
a dual-chamber pacemaker. Upper rate behavior is 
a general term for how a DDD pacemaker responds 
when the patient’s intrinsic atrial rate goes above 
the programmed maximum tracking rate or MTR. 
(This is not unusual!)

In this case, the patient’s intrinsic atrial rate is 
high but remains fairly stable. Yet notice how the 
device paces the ventricle. At fi rst the pacemaker 
paces the ventricle fairly rapidly – in fact, at the 
beginning of the strip, there is 1:1 atrial tracking. 
Then the paced ventricular rate slows down. When 
it slows down, the patient loses 1:1 AV synchrony! 
You can notice two atrial sensed events for every 
one paced ventricular event (look for atrial events 
on the T-wave, which indicate the atria depolarized 
during ventricular repolarization). However, every 
ventricular paced event was immediately preceded 
by a sensed atrial event, so there is some degree of 
AV synchrony and a discernible pattern.

This type of behavior is called 2:1 multiblock. 
It’s a form of what is collectively called pacemaker 
multiblock. The 2:1 reference means that this pa-
tient experiences two sensed atrial events for every 
one paced ventricular event (by the same token, 3:1 
multiblock would mean three sensed atrial events 
for every one paced ventricular event).

Figure 24.1
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period but eventually, atrial signals started to occur 
during PVARP. Any atrial signal that occurs during 
PVARP will simply not cause a device response. The 
pacemaker is not “seeing” any intrinsic atrial events 
that occur during PVARP.

You can predict the rate at which 2:1 multiblock 
will occur. This is useful information for device pro-
gramming and can be crucial if your patient does 
not tolerate 2:1 multiblock well. To calculate when 
2:1 multiblock is going to occur, you need to under-
stand TARP.

TARP (which stands for total atrial refractory 
period) is the name given to the sensed AV delay 
plus the PVARP. TARP is not a programmable set-
ting on the programmer screen (but the sensed AV 
delay is and so is PVARP, so TARP is indirectly pro-
grammable) but it is a useful way of talking about 
dual-chamber timing. In this particular example, 
the sensed AV delay is set to 200 ms, the PVARP is 

240 ms and so the TARP would be 440 ms (200 + 
240).

If you divide TARP into 60,000, you will get the 
intrinsic atrial rate which will force the device to go 
into 2:1 multiblock. In this example, 440 divided 
into 60,000 equals 136 bpm. As soon as the intrinsic 
atrial rate hits 136 bpm, 2:1 multiblock will occur.

Patients have varying responses to multiblock. 
Some may not notice it, but to others, the abrupt 
rate transition can be disturbing or unsettling. Two-
to-one multiblock cuts the pacing rate in half in one 
beat, so this patient went from 136 ppm ventricular 
pacing to 68 ppm ventricular pacing in about one 
second! For this reason, many clinicians will try to 
use other programming options to avoid multiblock 
with its abrupt rate transitions. However, when 
multiblock occurs, as in this strip, it is appropriate 
and expected DDD device behavior. The device is 
doing exactly what it is supposed to do.

Figure 24.2
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• Two-to-one multiblock means that the patient 
experiences two intrinsic atrial events for every 
one paced ventricular event. Multiblock pacing 
can occur in other patterns (3:1 multiblock, for 
example).

• Multiblock involves an abrupt rate slowdown 
which some patients fi nd unpleasant or 
uncomfortable. However, multiblock is not 
a device “problem.” It’s the expected and 
appropriate behavior of DDD or DDDR systems 
in certain situations.

• Multiblock occurs when some intrinsic atrial 
events fall in the PVARP and are not counted. 
Sensed atrial events in the alert period will be 
“seen” and responded to, but atrial events in the 
PVARP will not cause a device response.

• PVARP is a programmable timing cycle. It starts 
with any ventricular event (sensed or paced) and 
times out. A typical setting for PVARP is 250 ms.

• Clinicians often fi nd it useful to talk about 
TARP or the total atrial refractory period. TARP 
is not directly programmable. It refers to the 
total period of time that the atrial channel is 
unresponsive to incoming signals. It starts with 
the AV delay (sensed or paced) and runs through 
the PVARP. To calculate the TARP, just add the 
AV delay and the PVARP.

• Although you can’t program the TARP, you can 
program the AV delay and the PVARP. Thus, you 
can indirectly control how long the TARP is.

• The length of TARP determines when 2:1 
multiblock will occur. To fi nd the intrinsic atrial 
rate that will result in 2:1 multiblock, divide 
TARP into 60,000.

• Multiblock is expected device behavior. It is not a 
device error or a programming problem!

The nuts and bolts of pacemaker multiblock



63

25 SECTION 25

Pacemaker Wenckebach

maker would have to pace the ventricle above the 
Max Track rate – and it will not do that).

In about the middle of the strip, a sensed atrial 
event falls in the PVARP and is not counted. The 
next sensed atrial event occurs in the alert period, is 
sensed, and the ventricular pacing resumes.

Pacemaker Wenckebach is the expected and ap-
propriate behavior of a DDD device when high-rate 
intrinsic atrial activity occurs.

Test your knowledge

1 Which of the atrial events on this strip were 
sensed? Which were not?
2 Look at the long complex in the middle of the 
strip. Why did the ventricular rate not come in at 
120 ppm? What was the pacemaker waiting for?
3 If you knew this pacemaker was set to a sensed AV 
delay of 150 ms and a PVARP of 250 ms, at what rate 
would 2:1 multiblock occur? Is that faster or slower 
than this strip?

All but one atrial event on this strip was sensed 
(see downward-pointing black arrows). The only 
intrinsic atrial beat that fell in the PVARP occurred 

If you are familiar with non-paced ECGs, this paced 
DDD strip may remind you a bit of Wenckebach be-
havior, which occurs naturally when the PR interval 
gradually lengthens until an atrial beat is dropped. 
This strip is a good example of so-called “ pacemaker 
Wenckebach.” This is another case of the pacemaker 
mimicking what the non-paced heart will do in the 
presence of intrinsic high-rate atrial activity.

The ventricular pacing spikes on this strip show 
a lot of pacing at about 500 ms (120 ppm), which 
happens to be the Max Track rate for this particular 
device. Every ventricular event launches the PVARP 
timing cycle, which is shown here as a box to give 
you a clearer picture of the timing cycles. Intrinsic 
atrial events that occur during the PVARP are not 
counted by the device, but intrinsic atrial events 
outside the PVARP are sensed.

This pacemaker is trying to do two things. First, 
it is trying to maintain 1:1 AV synchrony even in the 
presence of high intrinsic atrial activity. Second, it 
is observing the 120 ppm (500 ms) “speed limit” on 
ventricular pacing imposed by the maximum track-
ing rate. The result is that the programmed sensed 
AV delay value of 150 ms cannot consistently be 
maintained (to keep the 150 ms interval, the pace-

Figure 25.1

= PVARP

The Nuts and Bolts of Paced ECG Interpretation   Tom Kenny
© 2009 St. Jude Medical.  ISBN: 978-1-405-18404-5



64  The Nuts and Bolts of Paced ECG Interpretation

in the middle of the strip. Although the P-wave ap-
pears on the paced ECG, the pacemaker will not re-
spond to it because it occurred during PVARP.

In the fi rst portion of this strip, the pacemaker 
will not exceed the Max Track rate of 120 ppm. Al-
though atrial events occur earlier and earlier, the 
pacemaker will not impose the sensed AV delay be-
cause, if it did, the paced ventricular rate would ex-
ceed the 120 ppm limit. (It may be useful for you to 
see how this would look by using calipers; maintain-
ing the sensed AV delay would result in very rapid 
ventricular pacing.) However, in the middle of the 
strip, an intrinsic atrial event is not sensed. Thus, the 
pacemaker goes on “alert” and starts to look for an 
intrinsic atrial event. At this point, the pacemaker is 
going to do whichever of these occurs fi rst:
• The programmed pacing interval (1000 ms or 60 

ppm) times out
• An intrinsic atrial event occurs.

Well before the 1000 ms pacing interval can ex-
pire, an intrinsic atrial event occurs in the alert pe-
riod. This launches the sensed AV delay timing cycle 
(150 ms) and after that, the device delivers a ven-
tricular output pulse. The next intrinsic atrial event 
occurs so soon afterward, that if the pacemaker were 
to pace after the 150 ms sensed AV delay, the ven-

tricular paced rate would exceed the programmed 
Max Track limit of 120 ppm. The pacemaker will not 
break the speed limit, so the device senses the atrial 
event and delivers a ventricular pacing output just as 
soon as possible (at the 120 ppm rate). The pacemak-
er is willing to adjust the sensed AV delay duration in 
order to maintain the Max Track speed limit.

In this example, the TARP equals the sensed AV 
delay (150) plus the PVARP setting (250), so TARP 
would be 400 ms. Using the formula of dividing 
TARP into 60,000 results in 150 bpm. Thus, 2:1 
multiblock can be expected to occur in this particu-
lar device when the patient’s intrinsic atrial rate hits 
150 bpm.

Pacemaker Wenckebach occurs when the pa-
tient’s intrinsic atrial rate exceeds the Max Track 
rate but has not yet reached the multiblock rate. In 
other words, the various stages of upper-rate behav-
ior for this particular patient would be:
• 1:1 AV synchrony at intrinsic atrial rates below 

120 bpm (Max Track rate)
• Pacemaker Wenckebach at intrinsic atrial rates of 

121 bpm to 149 bpm (higher than Max Track but 
lower than the multiblock rate)

• 2:1 pacemaker multiblock when the intrinsic atri-
al rate meets or exceeds 150 bpm

Figure 25.2
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• Pacemaker Wenckebach looks a lot like 
physiological Wenckebach, in that you’ll see 
a progressive lengthening of the PR interval 
(distance from an intrinsic atrial event to the 
next ventricular event) until eventually an atrial 
event is missed.

• During pacemaker Wenckebach, the pacemaker 
will pace the patient’s ventricle at the Max 
Track rate. It will not be able to maintain the 
programmed sensed AV delay value because to 
do so would violate the Max Track rate.

• Pacemaker Wenckebach occurs because 
eventually an intrinsic atrial event will occur 
during PVARP and be missed.

• When a DDD patient has intrinsic high-

rate atrial activity, he or she will have 1:1 AV 
synchrony up to the Max Track rate; at intrinsic 
atrial rates above the Max Track rate but below 
the multiblock rate, pacemaker Wenckebach 
will occur. Once the intrinsic atrial rate hits the 
multiblock rate (TARP divided into 60,000), 
2:1 pacemaker multiblock will occur. This is 
sometimes called the “atrial rate continuum” for 
DDD pacing.

• Upper rate behaviors such as shown in this 
example are not problems, but are the normal 
and appropriate behavior of the device. If the 
patient does not tolerate them, steps can be 
taken to help avoid them. However, the device is 
functioning exactly as programmed.

The nuts and bolts of pacemaker Wenckebach
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Pacemaker-Mediated Tachycardia

The pacemaker does not “realize” that it’s trying to 
track retrograde P-waves. The result is that the retro-
grade P-wave drives up the ventricular pacing rate. 
Ventricular pacing will not go on indefi nitely fast. 
The maximum tracking rate or MTR will eventually 
set a limit on how fast the ventricle can be paced in 
response to intrinsic atrial activity. A typical MTR 
programmed setting is around 120 ppm.

This cascade of events is known as a pacemaker-
mediated tachycardia because it is a tachycardia 
(too-rapid heart rate) that is facilitated in part by 
the pacemaker. A PMT does not just happen out 
of the blue; it is usually precipitated by a triggering 
event, typically a loss of atrial capture. Most devices 
have special protective algorithms that can be set up 
to go into effect to break a suspected PMT.

Test your knowledge

1 What is the programmed Max Track rate of this 
device?
2 Why did the loss of atrial capture cause a PMT?
3 How long would this PMT likely last?

The loss of atrial capture in the middle of the strip 
precipitated a PMT that quickly attained and main-
tained at the MTR. The MTR interval is 460 ms 
which means the MTR was programmed to 130 

The fi rst few complexes on this DDD pacemaker 
strip show AS-VP activity. The pacemaker is pac-
ing the ventricle above the programmed base rate 
in an effort to preserve 1:1 AV synchrony (one atrial 
event for every ventricular event). These fi rst few 
complexes are textbook examples of “atrial track-
ing” and that is the expected and appropriate behav-
ior of a dual-chamber pacemaker in the presence of 
high-rate intrinsic atrial activity.

A pause follows. Notice there are suddenly no in-
trinsic atrial events at all. If you measure the atrial 
pacing spike backward to the previous intrinsic 
atrial event, it measures 1000 ms or 60 ppm. This 
atrial spike has timed itself to the previous intrinsic 
atrial event.

The immediately apparent problem on this strip 
is that the atrial spike did not capture the atrium. 
The loss of atrial capture results in a pacemaker-me-
diated tachycardia or PMT. In fact the abrupt loss of 
atrial capture is the most common cause of PMT.

Let’s see how it happened. The atrial pacing spike 
is delivered; it fails to capture but the pacemaker 
launches a paced AV delay interval and paces the 
ventricle. The stage is set for this ventricular event 
to conduct in a retrograde manner and launch what 
is known as a “retrograde P-wave.” The pacemaker 
senses the retrograde P-wave and continues to try to 
maintain 1:1 AV synchrony by tracking the atrium. 

Figure 26.1

The Nuts and Bolts of Paced ECG Interpretation   Tom Kenny
© 2009 St. Jude Medical.  ISBN: 978-1-405-18404-5



SECTION 26 Pacemaker-Mediated Tachycardia  67 

ppm. Notice that during the PMT portion of the 
strip, the patient is subjected to consistent ventricu-
lar pacing at a rate of 130 ppm. This rate may not 
be well tolerated by the patient, particularly for a 
prolonged period of time.

A PMT requires a trigger. Typical triggers are a 
premature ventricular contraction (PVC) or sud-
den loss of atrial capture – something that gets the 
rhythm out of sync! PMTs can be treacherous be-
cause neither PVCs nor a loss of atrial capture are 
all that unusual in a paced rhythm.

The trigger for this particular PMT was the loss 
of atrial capture. Had the atrial output captured 
the atrium, the atrium would have depolarized and 
then repolarized normally. It would not have been 
physiologically capable of depolarizing again so 
soon after the ventricular paced event.

A PMT requires several things in order to occur: a 
dual-chamber pacemaker, a patient with retrograde 

conduction, and a triggering event. Not all patients 
have retrograde conduction. If this patient did not 
have retrograde conduction, the intrinsic atrial 
event could not have gotten caught in the endless 
loop that perpetuates the PMT.

A PMT can last for a long period of time unless 
there is a special PMT algorithm to help break it. 
In the “olden days” of pacing, PMTs could be very 
troublesome. Today there are many automatic and 
programmable algorithms to help break a suspected 
PMT. But left alone, this PMT would last until the 
patient’s intrinsic atrial rate slowed down.

Most PMT algorithms work by automatically 
extending the PVARP (so that the retrograde atrial 
events can “fall into the refractory” and thus do not 
get sensed, breaking the cycle). If this strip was long-
er, we might be able to see the PMT algorithm go 
into effect, and a normal paced rhythm return.

Figure 26.2

• A pacemaker-mediated tachycardia (PMT) is a 
ventricular tachycardia facilitated and sustained 
by the pacemaker! It usually occurs when a 
triggering event, such as loss of atrial capture, 
precipitates rapid tracking of the retrograde 
P-wave at rates typically quickly approaching 
and staying at the MTR.

• PMTs can be automatically detected and even 
corrected by pacemakers today. Many years ago, 

technology had fewer ways of handling this, 
so PMTs posed more of a problem for dual-
chamber pacing patients than today.

• Most PMT algorithms work by automatically 
extending the PVARP when a PMT is suspected. 
This prolonged PVARP will cause some atrial 
activity to be “fall into the PVARP” and not be 
sensed. This will break the PMT.

The nuts and bolts of pacemaker-mediated tachycardia
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Mode Switching

literally changes mode by turning off atrial tracking 
(in this example, it goes from DDD to VVI).

Actually, there are two fi ne points about AMS to 
bring up. First, during AMS episodes, the pacemak-
er still “sees” and counts atrial events; it just won’t 
respond to them. That’s the reason that you can still 
get diagnostic information on intrinsic atrial activ-
ity during an AMS episode. The pacemaker counts, 
it just doesn’t react to atrial events. (The pacemaker 
needs to count intrinsic atrial events during AMS 
episodes to know when it’s safe to turn AMS off!)

Second, although this example shows a mode 
switch from DDD to VVI pacing, in many devices, 
clinicians can program the mode change desired. For 
instance, it may be possible to switch from DDD to 
DDI instead (which turns off atrial tracking). Mode 
switches from DDD to VVI or DDDR to DDIR or 
VVIR are often possible. The programmable op-
tions will depend on the particular pacemaker.

AMS was introduced in the 1990s and quickly be-
came a “must-have” device feature. Today, all com-
mercially available pacemakers have AMS and it is 

It doesn’t take a lot of experience with DDD pace-
makers to see that high intrinsic atrial activity, par-
ticularly atrial tachyarrhythmias, can be problemat-
ic for pacemaker patients. High-rate intrinsic atrial 
activity may trigger ventricular pacing at the Max 
Track rate, which is probably too high to be com-
fortable for long-term use. That was the impetus 
behind a dual-chamber pacemaker feature known 
as mode switching or automatic mode switching 
(AMS).

In this DDD paced strip, it is clear that the patient 
is experiencing high-rate atrial activity. Some of the 
intrinsic atrial events are “falling into” the PVARP 
and being missed. However, enough atrial activity 
is occurring that it is causing relatively rapid ven-
tricular pacing.

Toward the end of the strip, the ventricular pac-
ing rate slows down. There is still a lot of atrial activ-
ity, but the device seems oblivious to what’s going 
on in the atrium. This is AMS in action. AMS essen-
tially turns off the atrial channel. During AMS, the 
pacemaker will not respond to any atrial activity. It 

Figure 27.1
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relatively uncommon to see pacemakers in clinic 
that do not have this feature.

Test your knowledge

1 Which atrial events appear to be sensed?
2 If you were to draw a line on the ECG where you 
think AMS kicked in, where would that line be?
3 For what type of underlying rhythm(s) would 
you want to use AMS? For what type of patients 
would AMS not matter?

Early in the strip only a few of the many atrial events 
were sensed, as indicated by the AS (atrial sense) an-
notations. The other atrial events fell in the PVARP 
and were not sensed or annotated. Ventricular pac-
ing tried to keep up with the sensed high-rate intrin-
sic atrial activity but ended up just bumping into the 
Max Track rate.

After a fl urry of sensed rapid atrial events, the pa-
tient entered AMS (this is frequently called “AMS 
entry”). Although the annotations call out a rapid 
series of AS events, these are not events that the 
pacemaker will respond to. It will count them and 
annotate them, but they have no impact on how the 

device paces any more, since atrial tracking has been 
temporarily shut down. The device is now pacing 
the ventricle like a VVI system. This allows ventricu-
lar pacing to go back to the programmed base rate.

Mode switching remains in effect until the high-
rate intrinsic atrial activity stops (that’s why the al-
gorithm allows the atrial events to be seen, so they 
can still be counted). When the atrial rate returns 
to normal (and there are programmable settings to 
determine what this rate would be and how long it 
must last), the device will do an “AMS exit” and re-
store the originally programmed mode, in this case, 
DDD pacing.

Mode switching is a great algorithm for pace-
maker patients with known or suspected atrial 
tachy arrhythmias, including atrial fi brillation 
(AF). In fact, even patients with just short runs of 
high-rate intrinsic atrial activity can benefi t from 
AMS. The algorithm is not useful in patients with 
no high-rate intrinsic atrial activity. However, since 
atrial tachyarrhythmias can develop suddenly, even 
in patients who had no previous history of them, 
the AMS algorithm is a good safety net to program 
on, even if it is not used by every DDD pacemaker 
patient.

Figure 27.2
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• Mode switching or automatic mode switching 
(AMS) is a very popular, frequently used feature, 
that switches off atrial tracking in the presence of 
high-rate intrinsic atrial activity.

• Mode switching is governed by a number of 
programmable features which vary slightly by 
manufacturer. Basically, the clinician can set up 
the atrial cutoff rate (when the intrinsic atrial 
rate is high enough to mode switch), what mode 
the device switches to, and how long it stays in 
AMS before exiting. Some devices also allow 
the clinician to set up an interim AMS base 
rate, a pacing rate during AMS episodes that 
is slightly higher than the normal base rate (to 

prevent abrupt and possibly uncomfortable rate 
transitions).

• The AMS algorithm goes into effect when the 
device detects a too-high intrinsic atrial rate. It 
turns off atrial tracking, such as switching from 
DDD to DDI or DDD to VVI pacing.

• Mode switch algorithms also work for rate-
responsive settings. You can switch DDDR to 
VVIR or DDIR.

• During an AMS episode, the pacemaker will not 
track any atrial events. Technically, it will still 
“see” and even count sensed atrial events, but it 
will not track them.

The nuts and bolts of mode switching
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In Depth: Upper-Rate Behavior in 
Dual-Chamber Pacemakers

to resort to other types of behavior to cope with the 
rapid intrinsic atrial rate without violating the Max 
Track limit.

Wenckebach/multiblock

Once the intrinsic atrial rate hits the Max Track rate, 
the device will have to abandon any hope of keep-
ing up 1:1 AV synchrony. It will then use pacemaker 
Wenckebach (sometimes called pseudo-Wencke-
bach), which resembles physiologic Wenckebach 
behavior. The PR interval will extend progressively 
until an atrial event is missed because it falls into 
the PVARP. This allows the pacemaker to “catch its 
breath” and a longer-than-Max-Track ventricular 
interval will occur.

If the intrinsic atrial rate gets too rapid, the pace-
maker may go into 2:1 multiblock where every other 
atrial beat is missed. The rate at which multiblock 
will occur may appear automatically on the pro-
grammer whenever you program the device.

If it does not appear, it is easy to calculate. The 
formula: TARP divided into 60,000 will equal the 
rate at which multiblock will occur. TARP may or 
may not appear on the programmer screen as an 
independent value; it is not programmable as such. 

DDD and DDDR pacemakers try to maintain 1:1 
AV synchrony by tracking the atrium. As long as the 
patient’s intrinsic atrial rate behaves itself (or is too 
slow), this works well. But if the patient experiences 
intrinsic atrial activity at high rates, this poses a 
problem. Should the pacemaker try to pace the ven-
tricle more rapidly to maintain 1:1 AV synchrony, or 
should it abandon attempts at 1:1 AV synchrony and 
just try to synchronize chambers as best it can? Or 
should it forget 1:1 AV synchrony altogether?

Those are actually the three main ways DDD(R) 
devices manage high-rate intrinsic atrial activity 
(tracking, Wenckebach/multiblock, mode switch-
ing). Upper-rate behavior in pacemakers is very im-
portant to understand because, unfortunately, atrial 
tachyarrhythmias are not at all uncommon.

Tracking

The maximum tracking rate or Max Track rate is 
the fastest rate at which the ventricle can be paced 
in response to atrial activity (i.e., atrial tracking). 
By programming the Max Track rate carefully, you 
can prevent the patient from experiencing unpleas-
ant runs of rapid ventricular pacing. On the other 
hand, the Max Track rate will cause the pacemaker 

Figure 28.1
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TARP consists of the sensed AV delay value (in ms) 
plus the programmed PVARP value (in ms). For in-
stance, if the sensed AV delay is set to 180 ms and 
the PVARP is 250 ms, the TARP is 430 and multi-
block will occur at atrial rates of about 140 beats per 
minute. If you extend the PVARP by just 30 ms to 
280 ms, TARP becomes 460 (180 + 280) and multi-
block will occur at atrial rates of about 130 beats 
per minute. Adjusting the PVARP or the sensed AV 
delay setting will impact TARP and thus impact the 
multiblock rate.

While pacemaker Wenckebach and 2:1 multiblock 
are reasonable ways to approach high-rate intrinsic 
atrial activity, not all patients tolerate them well. In 
fact, many patients need a relatively low Max Track 
rate to feel comfortable, since ventricular pacing at a 
high Max Track setting can cause symptoms.

Mode switching

Since pacemaker Wenckebach and pacemaker multi-
block are not always the ideal solutions to managing 
high-rate intrinsic atrial activity, dual-chamber pace-
makers usually offer a mode switching feature which 
turns off atrial tracking in the presence of intrinsic 
atrial activity exceeding a programmable atrial cutoff 
rate. By carefully programming the atrial cutoff rate 
for a mode switch, it may be possible to pre-empt 2:1 
multiblock episodes even if the atrial rate gets very 
high. Using the previous example, if you know the 
pacemaker will go into 2:1 multiblock at an atrial rate 
of 140 bpm, programming the atrial cutoff rate for 
mode switching to 130 bpm will cause the device to 
mode switch (turn off atrial tracking, usually result-
ing in VVI-type pacing) before multiblock can occur.

• It is not unusual for DDD(R) pacemaker 
patients to have occasional episodes of atrial 
tachyarrhythmias. The most common approach 
to manage this situation is to program a mode 
switch algorithm which allows the device to turn 
off atrial tracking when the intrinsic atrial rate 
exceeds a programmable limit (usually called an 
atrial cutoff rate or atrial tachycardia detection 
rate).

• During a mode switch episode, the pacemaker 
stops atrial tracking. It “sees” and counts intrinsic 
atrial events, but it will not try to track them by 
pacing the ventricle to keep pace with them.

• Mode switching got its name because it changes 
the mode in which the device operates. The 
switch is automatic and temporary; when the 
high-rate atrial episode is over, the device will 
automatically restore the previously programmed 
mode. Originally, the mode switch algorithm 
changed from DDD to VVI or DDDR to VVIR. 
Many devices available today allow even more 
latitude in selecting which mode is used for mode 
switch. It may be DDI, DDIR, VVI, or VVIR.

• When a mode switch goes into effect, the pacing 
rate will drop abruptly. Typically, the pacemaker 
had been pacing at the Max Track rate and will 
go, usually in one beat, to the programmed base 
rate. This may involve a change from, say, 120 
ppm to 60 ppm! For that reason, some devices 

offer a programmable interim “mode switch 
base rate,” which is the temporary pacing rate 
during mode switch episodes. Using the previous 
example, a temporary mode switch base rate of 
80 ppm might be set up so that the patient would 
go from 120 ppm to 80 ppm and then back to 60 
ppm upon mode switch exit.

• Mode switch data are contained in the 
device diagnostic reports which can be easily 
downloaded from the programmer.

• The Max Track rate is a very important 
parameter to program. It determines the fastest 
rate at which the ventricle will be paced in 
response to intrinsic atrial activity. It must be 
a ventricular pacing rate that the patient can 
tolerate well. It also sets the boundary at which 
1:1 AV synchrony will be lost.

• Pacemaker Wenckebach will occur before 2:1 
block.

• Pacemaker Wenckebach is the normal expected 
behavior of the device. Many patients tolerate it 
well. Two-to-one block may be more challenging 
for patients.

• All of these upper rate behaviors involve the 
loss of 1:1 AV synchrony and usually involve an 
abrupt rate drop (which some patients do not 
notice but others fi nd bothersome). However, 
even the non-paced heart has to struggle to deal 
with atrial tachyarrhythmias!

The nuts and bolts of dual-chamber upper rate behavior in depth
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Troubleshooting the Paced ECG

2 What would you guess is this patient’s underlying 
rhythm?
3 Would you troubleshoot or change anything 
based on this strip?

This strip shows three of the four DDD pacing 
states: AP-VP, AP-VS, and AS-VS. The one state that 
does not occur here is AS-VP. The type of pacing 
state that occurs most frequently in a patient can 
often provide clues as to the patient’s diagnosis or 
underlying rhythm. In this strip, it is clear that the 
patient has some degree of intrinsic activity in both 
chambers and some conduction.

This strip is just a snapshot of this patient’s paced 
rhythm. But if it were a good sample, more than half 
of the time (four complexes out of seven), the pa-
tient is subject to AP-VP pacing. This indicates sinus 
node dysfunction (the intrinsic atrial rate is slow) 
and slow conduction. However, the patient some-
times has good AV conduction because two of the 
seven complexes showed a paced atrial event con-
ducting successfully over the AV node down to the 
ventricles. Thus the slow conduction is intermittent 
and not too severe.

There is even one event of the seven shown here 
that is a completely normal, almost textbook per-
fect, intrinsic complex (AS-VS). To whatever extent 
possible, this kind of event should be encouraged. 
Since some intrinsic ventricular events did manage 

This is a dual-chamber paced strip which shows 
both intrinsic and paced activity in the atrium and 
ventricle. There is good evidence of capture and 
sensing in both chambers. The best way to deter-
mine the pacing rate on a strip like this is to meas-
ure the atrial automatic interval, that is, the time 
between two consecutive paced atrial events. That 
turns out to be 1000 ms, which converts to a pacing 
rate of 60 ppm.

It is important to measure the atrial automatic 
interval, if available, because dual-chamber pace-
makers base their pacing rate decisions on what’s 
going on in the atrium rather than what’s going on 
in the ventricle.

In this example, the ventricular automatic interval 
is also 1000 ms and the escape interval (sensed event 
to next paced event in one chamber) is also 1000 ms. 
This presents a nice example of a stable rate.

The paced AV delay can be measured on this strip. 
Using calipers, it appears to be 200 ms. (Calipers are 
a great tool and I highly recommend getting adept 
with them, but they are less exact than programmer 
annotations.) There is no example of a sensed AV 
delay on this strip to measure.

Test your knowledge

1 How many of the four pacing states are evident 
on this strip?

Figure 29.1
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• When measuring rates in dual-chamber 
pacing strips, focus on atrial intervals since the 
pacemaker bases its rate decision on what is 
going on in the atrium rather than what is going 
on in the ventricle.

• There are four states in DDD pacing and 
knowing their relative frequency in a patient can 

provide clues in terms of the patient’s underlying 
rhythm and insights for programming particular 
features.

• Patients with some degree of intrinsic activity 
at or near the base rate can benefi t from 
programming rate hysteresis on because it allows 
the intrinsic rate more opportunity to prevail.

The nuts and bolts of troubleshooting the paced ECG

to break through on the strip (three out of seven 
ventricular events are sensed rather than paced), 
this suggests that the patient probably has a native 
ventricular rate that may be near the programmed 
base rate.

For this reason, it would probably be a good idea 
to program a feature like rate hysteresis for this kind 
of patient to encourage more intrinsic activity to 
prevail.

Figure 29.2
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More Troubleshooting the Paced 
ECG

Test your knowledge

1 Is everything really functioning appropriately in 
this paced ECG?
2 Why is the baseline smooth in some parts but not 
in others?
3 Would you troubleshoot the pacemaker para-
meters for this patient? If so, how?

This rhythm strip like the others in this book is a bit 
artifi cial, in that we only have a very small amount 
of information to work with. In the clinic, you can 
and should get longer strips which offer more data. 
But based on what we have, it appears that capture 
and sensing are appropriate.

Whenever you evaluate a paced ECG, rely on the 
tracing to do as much of the work for you as pos-
sible. On a dual-chamber rhythm strip, you need to 
evaluate capture in both chambers and sensing in 
both chambers. This strip provides that informa-
tion along with showing appropriate rate and noth-
ing unusual. Based on what we have to go on, this 
strip shows a pacemaker working properly.

The baseline on this strip may seem a bit wob-
bly to some, but that is likely a result of the ECG 
machine or even the way the paper was fed through 
the printer.

Troubleshooting usually involves trouble and 
there is no trouble apparent on this paced ECG. 

This DDD tracing shows AS-VS states at the be-
ginning, progressing to AP-VS, and then AP-VP 
complexes. There appears to be good atrial capture 
(notice the different morphologies between paced 
and sensed atrial events); the same is true for the 
ventricle.

Atrial sensing looks appropriate. When intrinsic 
atrial events occur at the outset of the strip, they in-
hibit the atrial output pulse. Using calipers to meas-
ure the atrial pacing interval (AP-AP), it appears 
that the fi rst paced atrial event times itself to the 
previous intrinsic atrial rate (AS-AP) at the atrial 
pacing interval. That means atrial sensing is func-
tioning properly.

Ventricular sensing also appears to be appropri-
ate, in that intrinsic ventricular events inhibit the 
ventricular output.

Based on this strip, it is diffi cult to say what the 
patient’s real underlying rhythm is. Intrinsic events 
occur in both chambers and there is clearly some 
degree of intact AV conduction, but the atrial rate is 
not reliably rapid and sometimes the ventricle does 
not depolarize in response to an atrial depolariza-
tion. Since this strip provides us with so little data 
(just seven complexes, about evenly split by AS-VS, 
AP-VS, AP-VP) it is clear the patient requires a pace-
maker, but his dominant underlying rhythm is not 
apparent.

What is going on in this strip?

Figure 30.1
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However, it is clinically prudent to check capture 
and sensing in both chambers … even though there 
is evidence on the strip that things are appropri-
ate. Capture tests involve forcing the pacemaker to 
pace. In a single-chamber pacemaker, the best way 
to force pacing is to increase the base rate. Do this 
gradually, in 10-ppm increments and making sure 
the patient knows that you are adjusting the device. 
In dual-chamber pacemakers, you can force atrial 
pacing by increasing the base rate in steps but there 
is a much better way to force ventricular pacing. In-
stead of changing the base rate, shorten the AV delay 
interval. You don’t need to do this in steps; you can 

simply shorten the AV delay interval to 120 or 130 
ms. This is likely to cause ventricular pacing.

When it comes to sensing tests, you have to get 
intrinsic activity to emerge. For single-chamber 
pacemakers or the atrial channel on dual-chamber 
pacemakers, just lower the pacing rate. Again, do this 
in 10-ppm steps, monitoring the patient as the rate 
decelerates. Even if no intrinsic activity appears on 
the strip, do not drop the rate below 30 or 40 ppm.

Ventricular sensing is best performed by extend-
ing the AV delay interval. Temporarily program the 
AV delay interval to 300 ms or higher. This often 
causes intrinsic ventricular activity to emerge.

Figure 30.2

• ECGs machines are not perfect and do not 
always work perfectly; as a result, you will 
sometimes see uneven or wavy or odd-looking 
baselines or artifacts. While it is imperative to 
check out the tracing carefully, not everything 
that looks unusual on a strip is really important 
– or even a real cardiac event.

• Focus on the steps of the system: rate, capture, 
sensing, and underlying rhythm.

• While comparing morphologies of sensed and 
paced waveforms may seem like an imperfect 
art, it is actually surprisingly reliable. In fact, 
late-generation devices are trying to imitate the 
human ability of matching patterns in waveform 
morphologies as an aid to detection.

• Even a small section of paced ECG can provide 
tremendous insight into a patient’s paced 
activity and underlying rhythm, but be wary of 
generalizing too much based on short snippets 
of information.

• Let the tracing do as much work for you as you 
can but if you have only a very short tracing or 
limited data, it is prudent to test capture and 
sensing, even if you have some evidence that 
everything is appropriate.

• To test sensing, intrinsic activity has to emerge. 
The best way to do this for single-chamber 
devices or the atrial channel of dual-chamber 
devices is lower the base rate in 10-ppm steps 
(but not below 30 or 40 ppm). The best way to 
do this for the ventricular channel of a dual-
chamber device is to extend the AV delay interval 
temporarily to 300 ms or more.

• To test capture, pacing must occur. For single-
chamber devices or the atrial channel of a dual-
chamber device, increase the base rate in 10-ppm 
increments while monitoring the patient. To 
force pacing on the ventricular channel of a 
dual-chamber device, temporarily shorten the 
AV delay interval to about 120 ms.

More nuts and bolts of troubleshooting the paced ECG
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Automatic Capture Algorithms

is followed by another spike and a paced ventricular 
event.

The other trouble spot is the fi fth complex. An 
intrinsic atrial event occurs, but the sensed AV delay 
is much too long. What’s going on?

Based on morphologies and the visible pacing 
spikes, it appears that most of these complexes are 
AS-VP events. The odd appearance of the fourth 
and fi fth complexes stands out. We need to fi gure 
out what is going on but based on how orderly the 
rest of the strip is, it looks like some kind of pacing 
algorithm or special pacemaker feature is in play.

The ventricular output spike appears in the fourth 
complex, fails to capture the ventricle, and then, al-
most immediately after it, a second ventricular spike 
occurs which successfully captures the ventricle. 
This is a very unusual paced ECG. Is this normal or 
is there a problem?

Test your knowledge

1 Is atrial capture and sensing appropriate?
2 Is ventricular capture and sensing appropriate?
3 Why do two pacing spikes appear rapidly, one 
right after the other, with only one capturing the 
ventricle?
4 Are both of these pacing spikes intentional?

This paced ECG shows intrinsic atrial activity fol-
lowed by a paced ventricular event in response in 
such a way as to preserve 1:1 AV synchrony. The 
ventricular pacing spikes on this particular strip are 
very small and almost imperceptible. While you can 
see a bit of a notch on the third, fourth and fi fth 
ventricular events, the spike is all but invisible in 
some of the other complexes. So how do you know 
it’s there?

The main reason to call all of the ventricular 
events paced is that the morphologies match and 
some of the events are clearly paced. The morphol-
ogy shows distinctly that these ventricular events 
are all of the same type and originating from the 
same focus (or source). Thus, it looks like they are 
all paced.

However, looking at the pacing rate tells us an-
other story. Normally, we would measure atrial au-
tomatic intervals but on this strip we do not have any 
examples of that. Measuring the fi rst ventricular au-
tomatic interval (VP-VP) shows that the automatic 
interval is around 840 ms or 70 ppm. This interval 
marches through the strip with two exceptions.

The fi rst exception is in the fourth complex. The 
pacing spike occurs at the right timing, but the fi fth 
paced ventricular event is not timed to the fourth 
ventricular event or the preceding spike. The spike 

Figure 31.1
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5 Why is the sensed AV delay in the next complex so 
long?
6 How can you troubleshoot this particular situa-
tion?

No matter how confusing a paced ECG may appear 
to you, it is always good practice to go through the 
basics systematically. First, we should check on atrial 
capture and sensing. There are no examples of atrial 
pacing in this strip, so it is not possible to evaluate 
atrial capture.

However, the presence of 1:1 AV synchrony and 
the fact that the atrial intrinsic beats appear to in-
hibit the atrial outputs indicate appropriate atrial 
sensing. This confi rms that this is a dual-chamber 
device (because it times ventricular activity to the 
atrium and is therefore “seeing” what’s going on in 
the atrium).

Ventricular capture appears appropriate in all of 
the complexes except the fourth one. Let’s home in 
on the fourth complex. Based on the pacing rate, 
the fi rst ventricular spike in the fourth complex (the 
one that fails to capture) was delivered appropri-
ately, that is, it was timed to the preceding intrinsic 
atrial event. A second spike is delivered. This second 
ventricular output pulse is actually timed to the pre-
ceding, failed pulse. It is likely a higher-energy pulse 
because it is able to capture the ventricle while the 
fi rst spike could not.

If this confuses you, you are not alone. Many cli-
nicians seeing this kind of thing for the fi rst time do 
not know what to make of the unusual appearance 
of a double ventricular pacing spike, one failed, one 
capturing. This strip comes from a patient with a 
device that offers the AutoCapture Pacing System™. 
This is an automatic capture algorithm that verifi es 

capture on a beat-by-beat basis. Should a ventricu-
lar output fail to capture the heart, the pacemaker 
immediately delivers a backup safety pulse of suf-
fi cient amplitude to reliably capture the heart.

There are many automatic capture algorithms 
on the market and you will see such algorithms in 
paced ECGs. The big “tip off” that this is a capture 
algorithm is the pair of ventricular spikes, one fail-
ing and one succeeding. A capture algorithm uses 
a low amount of energy to capture the heart but, 
should capture not be achieved, the pacemaker au-
tomatically delivers another spike at a higher energy 
output.

That is exactly what is happening here. This strip 
shows the AutoCapture™ algorithm in action, and 
performing exactly as it ought to. Since the algo-
rithm keeps pacemaker output parameter settings 
relatively low (which saves on battery life and may 
extend device longevity), the algorithm offers cap-
ture verifi cation (for every beat) with the safety of a 
backup safety pulse.

Capture thresholds (the minimum amount of en-
ergy required to depolarize the heart) are not static 
and can change without warning. Sometimes even a 
subtle shift in capture threshold can be sudden and 
cause loss of capture in a patient who had capture 
previously. That’s why capture was lost abruptly. 
The backup safety pulse was a larger-energy pulse 
and subsequent pacing reset the pacing output pa-
rameters to higher, more appropriate values.

That brings us to the other puzzling thing in this 
strip. Why is the sensed AV delay so long in fi fth 
complex? The fi rst clue is that the only time the AV 
delay is prolonged like this occurs right after Auto-
Capture™ pacing systems had to activate a backup 
pulse. That suggests this is part of the algorithm. 

Figure 31.2

Ventricular Pacing Spike Fails to Capture the Ventricle 

Ventricular  
Backup  
Pulse Captures  
Ventricle 
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Whenever AutoCapture™ systems have to provide 
a backup safety pulse, the algorithm automatically 
extends the next AV delay in an effort to prevent pos-
sible fusion of the next beat. This so called “fusion 
avoidance algorithm” is automatic and temporary; 
by the sixth complex, the programmed AV delay in-
terval is back in force.

When confronting any unusual strips of this na-
ture, you may not always be able to fi gure out this 
sort of behavior on your own. Absent colleagues to 

help you fi gure out strips of this sort, you should 
feel free to access the technical support services of 
pacemaker companies or the pacemaker company 
representative. All major pacemaker companies op-
erate round-the-clock telephone support services. 
Describing or faxing this sort of strip in to them 
would have resulted in a quick clarifi cation of what 
is going on.

And, yes, this strip is normal. The device is per-
forming appropriately.

• When dealing with very unusual or puzzling 
ECGs, approach them with the same systematic 
style you use for more routine strips: analyze 
pacing and sensing in both chambers, check on 
the rate, and then explore unusual events.

• Bipolar pacemakers have characteristically small 
spikes that can be diffi cult to see on tracings.

• The AutoCapture Pacing System™ algorithm 
automatically checks for proper ventricular 
capture on a beat-by-beat basis and delivers an 
automatic backup safety pulse if capture is lost.

• The benefi t of the AutoCapture Pacing System™ 
(which has been around for over a decade) is 
that it allows the pacemaker to use less energy 
to capture the heart while still providing patient 
safety. The net result is less battery drain, which 
can extend the service life of the device.

• The typical appearance of the AutoCapture™ 
Pacing Systems algorithm on an ECG is a 
ventricular pacing spike that does not capture 

followed immediately by a paced ventricular 
event.

• After the AutoCapture™ Pacing Systems, the 
next AV delay interval is extended as part of a 
“fusion avoidance algorithm.”

• Pacemaker companies all operate 24/7 
telephone technical support services that can 
help you interpret an unusual or confusing 
ECG or provide other information relevant to 
a specifi c type of device. Another good source 
of information is the representative of that 
particular pacing company. When in doubt, dig 
up the manual.

• It’s a good idea to have the telephone technical 
support numbers for all companies handy if you 
deal with pacemakers, even occasionally. If you 
do not know them, they can also be obtained 
by calling the main number of the pacemaker 
manufacturer or from the manufacturer’s 
website.

The nuts and bolts of automatic capture algorithms
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Capture Testing

If you measure the distance between ventricular 
pacing spikes (spike to spike), you get a pacing inter-
val of 640 ms (about 94 ppm). The device is trying 
to pace at an appropriately high pediatric rate, but 
without capture, the patient is having to rely on his 
slower ventricular escape rhythm.

What about ventricular sensing? To check on 
ventricular sensing, you need to fi nd the ventricular 
paced interval (from spike to consecutive spike) and 
then see if the escape intervals (from sensed event 
to next spike) are equal to or less than that. In other 
words, will a ventricular event get sensed and inhibit 
the output? The interval from an intrinsic ventricu-
lar event to next consecutive paced ventricular event 
should also be the same as the pacing interval. While 
that’s true in a couple of places on the strip, look at 
the two complexes in the center.

These two complexes are completely intrinsic 
events (AS-VS). They are at the patient’s underlying 
ventricular escape rate. But if the device was sensing 
appropriately, the fi rst ventricular event would have 
been sensed and started the pacing interval timer. 
The next ventricular pacing spike should have ap-
peared 640 ms later. It does not. It means some 
other event inhibited the pacemaker, which means 
the device sensed something that wasn’t there (over-
sensing). There are also places that suggest under-

This is a paced ECG taken from a pediatric patient 
with a single-chamber pacemaker. Pacemakers are 
sometimes implanted in children, even neonates. 
One unique aspect to pediatric pacing that a cli-
nician should know prior to an ECG evaluation is 
that pediatric heart rates are higher than adult heart 
rates. Thus, pacemakers in very young patients 
are often programmed to base rates of 90 ppm or 
above, much higher than you would see in an adult 
patient.

When looking at any strip, we need to remember 
the systematic approach. This is a single-chamber 
device, so we need only concern ourselves with the 
appropriateness of ventricular sensing and ven-
tricular capture. The big pacing spikes indicate that 
the pacemaker is clearly generating output pulses. 
However, they never capture the ventricle. There 
is no spike followed immediately by a ventricular 
depolarization. This indicates a pretty serious prob-
lem: loss of capture.

However, there are some intrinsic ventricular 
events going on. If you put calipers to the intrinsic 
ventricular events only, it is apparent that the pa-
tient has a relatively stable (albeit imprecise) intrin-
sic ventricular rate that maps out to about 820 ms 
(73 bpm). This would be a good rate for an adult, 
but it is much too slow for a child.

Figure 32.1
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sensing. So there is an intermittent problem with 
sensing, too.

Test your knowledge

1 How would you describe this patient’s underlying 
rhythm?
2 How would you troubleshoot the loss of cap-
ture?
3 How would you troubleshoot the inappropriate 
sensing?

Not all paced ECGs reveal a lot about a patient’s un-
derlying rhythm, but this one does. This particular 
patient has a ventricular escape rhythm of about 73 
beats per minute. This is the rate the heart would 
beat if it was not paced. This is much too slow for a 
pediatric patient.

However, loss of capture can be a devastating 
problem if the patient’s underlying escape rhythm 
is very slow, erratic, or practically nonexistent. For 
so-called pacemaker-dependent patients, even a 
short episode of non-capture can provoke serious 
symptoms. While not all of the experts agree on 
how to defi ne pacemaker dependency, the fact is 
that most pacemaker patients are going to suffer if 
they experience loss of capture, particularly for any 
length of time!

While the programmed rate is appropriate for 
this patient, there is no capture.

Troubleshooting capture is best done by conduct-
ing a threshold test (sometimes called a pacing test 
or pacing threshold test). This may be automatic or 
semi-automatic using the programmer. Basically, 
such tests use a step-down protocol, starting with 
a high output setting and gradually reducing it in 
small increments until capture is lost and then step-
ping it up to restore capture. The device reports the 
threshold value and recommends a safety margin. 
Conventional safety margins are 2:1 or 3:1. For ex-
ample, if a patient has a ventricular pacing threshold 
of 1.5 V, then a good pulse amplitude value to pro-
gram would be 3.0 V (2 × 1.5) or 4.5 V (3 × 1.5).

However, it’s easy to see how you can sometimes 
get into some pretty high output settings to be sure 
to capture. If that is the only alternative, that’s what 
you have to do. Nothing is more important in a 
pacemaker than capture.

Patients with high or erratic pacing thresholds 
can benefi t from an automatic capture algorithm 
(see Section 31). The algorithm would verify cap-
ture every single beat and if a loss of capture oc-
curred, an immediate higher-energy backup safety 
pulse would be delivered. There are two advantages 
to a system like this: fi rst, it uses less battery energy 
than consistently pacing at a fairly high output set-
ting and, second, the patient never “misses a beat” 
because of the safety net of the backup pulse.

If this patient had a device with an automatic cap-
ture algorithm, it would be useful to activate it. Not 

Figure 32.2
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all devices are so equipped, but, when the tools are 
there, clinicians should take advantage of them.

What if this capture problem had nothing to do 
with the output settings? Rarely, loss of capture can 
be caused by other things. Those other “suspects” in 
a loss of capture problem are:
1 Lead problems (order a chest X-ray if this is sus-
pected). A lead could become dislodged or pull out 
of the pulse generator. This is almost unheard of in 
a chronic system, but may happen rarely with acute 
devices. The lead might also be damaged in some 
way; that can happen in both acute and chronic sys-
tems.
2 There may be some sort of component issue. If 
you can rule out other causes of loss of capture, 
call the technical services hotline of the pacemaker 
manufacturer.

There appears to be inappropriate sensing on 
this strip as well. Using the programmer, conduct a 

sensing threshold test and then use the value to pro-
gram the sensitivity. Since it looks like this device 
is oversensing (sensing events that are not there), 
you might be tempted to say the pacemaker is likely 
too sensitive. However, there is also undersensing. 
It is rare to encounter both as a sensitivity setting 
problem. 

While many sensing problems can be managed by 
adjusting the sensitivity setting, but what about that 
rare case where sensitivity does not seem to be the 
issue? Sensing problems can sometimes be tracked 
back to a problem with the lead or a device com-
ponent. Order a chest X-ray to determine if a lead 
has become dislodged or has visible damage. Call 
the technical services hotline of the manufacturer 
to discuss suspected component issues.

As this tracing shows both capture and sensing 
trouble, a lead problem could be the cause.

• Yes, pediatric patients can have pacemakers! 
These are the same devices adults use, but expect 
to see much higher programmed base rates.

• When looking at any ECG, approach it 
systematically and look at capture, sensing, and 
rates. It can be tempting to want to pursue the 
“oddity” on the strip rather than approaching 
the entire strip systematically.

• To troubleshoot any problem, look for the 
most likely culprit fi rst. Most capture problems 
trace back to an insuffi cient pacemaker output 
pulse. That’s why you should always run a 
pacing threshold test and look carefully at how 
the output parameters of the device (pulse 
amplitude and pulse width) are programmed.

• The most likely culprit for sensing problems 

is the sensitivity setting. Conduct a sensing 
threshold test and adjust the mV setting 
appropriately.

• Much rarer causes of sensing and capture 
problems are lead problems or (even rarer) 
component problems. These are so unlikely that 
you should exhaust the more obvious causes fi rst 
before considering them.

• Lead problems are quite rare, but if a lead 
problem was to occur (which can impact proper 
sensing and pacing), it is more likely to occur in 
the acute phase of a device implant. A sudden 
problem in a chronic (and previously well 
performing) lead system is very, very unusual.

• When capture and sensing problems occur 
simultaneously, check the pacing lead.

The nuts and bolts of capture testing
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In Depth: Basic Troubleshooting 
Guide

drugs, disease progression, age, even whether or 
not the patient has just eaten and his posture! Since 
thresholds are notoriously variable, the threshold 
value obtained in a pacing test cannot be assumed to 
be the average. Instead, clinicians err on the side of 
caution and guess that this is the lowest threshold. A 
safety margin of 2:1 or 3:1 is typically built in to give 
an extra electrical “cushion” and assure capture.

I am a big fan of automatic capture algorithms for 
the simple reasons that they use less energy and still 
check up on every paced beat. There are a number of 
ventricular capture algorithms out there and there is 
a new atrial capture confi rmation algorithm. These 
algorithms offer patient safety, can extend device 
longevity (by not unnecessarily taxing the battery 
with larger-than-necessary output pulses), and can 
help streamline follow-up because a lot of the “cap-
ture problem” are left to the device to regulate.

However, sometimes capture problems will occur 
that cannot be resolved by simply programming 
higher output parameter settings. The next likely 
suspect in capture loss is a lead problem. In new im-
plants (acute systems) compared to older systems, 
it is far more likely that a lead will dislodge from 
where it has been fi xated in the heart or that the lead 
will loosen or pull out of the pulse generator. Both 
situations, as you may suspect, can cause some loss 
of capture!

Chronic or long-term pacemaker systems are 
less likely to experience that kind of lead problem. 
Typically, once a lead is fi xated and has several weeks 
to mature, fi brosis at the point where the lead in-
terfaces with cardiac tissues will serve to secure the 
lead permanently. Leads fi rmly plugged into the 
generator do not suddenly pull away. Thus, it would 
be extremely unlikely to see that kind of thing in a 
chronic system. But one thing I know as a clinician: 
never say never!

However, acute and chronic pacing systems can 
experience problems if a lead is damaged. Lead dam-

Evaluating paced ECGs today goes hand-in-hand 
with device troubleshooting, a subject that can strike 
fear in the heart of an otherwise competent clini-
cian. It is true that some troubleshooting involves 
very challenging and unusual case studies, and it is 
likely that those are the war stories you have heard 
from your colleagues. However, most troubleshoot-
ing involves “playing the odds,” that is, looking at the 
most likely problems and the most likely solutions.

By far the two biggest troubleshooting problems 
a clinician will encounter when dealing with pacing 
are capture and sensing problems. Besides being the 
most typical problems, they can also be the most se-
rious because devices that do not appropriately sense 
and pace cannot provide reliable pacing support.

Capture

The most severe capture situation you will ever see is 
a consistent loss of capture on a rhythm strip. If the 
patient has some underlying rhythm, this may not 
provoke serious symptoms, but total loss of capture 
(LOC) can be a very serious, even deadly, problem 
in a pacemaker-dependent patient. It is far more 
likely that patients experience intermittent LOC, 
that is, capture does not occur consistently. It can 
be hit-or-miss as to whether or not you will see this 
on a rhythm strip. For that reason, every pacemaker 
check-up should include a capture threshold test 
and a re-evaluation of pacemaker output settings. A 
pacemaker patient may be suffering from intermit-
tent loss of capture that you do not see on a rhythm 
strip. Adjusting pacemaker output parameters is 
nothing out of the ordinary. It is not unusual for 
pacemaker output parameters to be adjusted many 
times over the patient’s life.

Pacing thresholds (also known as capture thresh-
olds) are not static values. They are known to fl uc-
tuate, even over the course of a day in a single pa-
tient. A lot of things can affect the pacing threshold: 
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age includes nicks to the lead (insulation breach) or 
broken wires (conductor fracture). Older leads may 
be more likely to experience things like stress ero-
sion cracking or fatigue. These problems are rare, 
but they can occur.

If you suspect a lead problem, it is good clinical 
practice to order a chest X-ray before proceeding. 
The X-ray may reveal if the lead is damaged, but it 
takes a trained eye to see such detail in the fi lm. Then 
again, the problem may not show up on an X-ray. In 
such instances, it is typical to troubleshoot by ruling 
out the other causes and then deducing that the lead 
is damaged.

When leads are suspected as being the cause of 
a problem, check the impedance values of the pac-
ing leads. These are available from the programmer 
and may also be contained in the patient’s chart. 
Lead impedance values are typically stated as broad 
ranges for the particular lead with any value in the 
range technically “normal.” For instance, many pac-
ing leads will state that 300 to 1200 Ohms resistance 
is within specifi cation. For that lead, an impedance 
value of 500 and an impedance value of 1100 would 
both be “normal.”

Damaged leads are often out of 
specifi cation
If you do not know the impedance value range for 
the lead(s) of a particular patient, check with the 
lead manufacturer (manual, representative, techni-
cal support line) to fi nd out what values are accept-
able.

However, don’t assume that just because lead 
impedance values fall within range that all is well. 
A large or sudden change in impedance values 
also can suggest a lead problem. While there is no 
hard science to this, a good rule of thumb is that an 
abrupt change (up or down) of 200 Ohms or more 
is cause to investigate. “Abrupt” here means that the 
change happened since the last follow-up. Changes 
of less magnitude (say 50 Ohms) between follow-
ups are not that unusual and do not suggest trouble. 
In fact, you will see variation in impedance values 
from check-up to check-up. If they are small, this is 
probably perfectly appropriate.

Sensing

When it comes to sensing problems, the best course 

of action is to begin your troubleshooting with a 
sensing threshold test and a re-evaluation of the 
sensitivity setting. By far the vast majority of sensing 
problems can be solved with those basic steps. One 
caution with sensitivity adjustment: do not make 
big changes. If 2 mV is too sensitive, don’t assume 
that 8 mV is the answer! It’s true that 8 mV will solve 
your oversensing problems, but it will almost assur-
edly introduce undersensing problems.

When sensing problems persist, the next “likely 
culprit” is something going on with the lead. The 
same sorts of lead problems that can impact cap-
ture can also mess up sensing. In fact, if the lead is 
really at the root of the problem, it is likely that cap-
ture and sensing problems will appear together on 
one strip. (However, just because lead and capture 
problems occur on one strip does not mean it has to 
be a lead problem – it could be a sensitivity setting 
problem and too-low output parameters that hap-
pen together.)

Sensing problems may also be caused by inap-
propriate device programming. For instance, look 
at the refractory periods that are programmed. 
It is possible that the heart is contracting and the 
device is even seeing the events but the refractory 
periods prohibit device response. Look at PVARP 
and ventricular refractory period settings; it may be 
that you can program your way out of some sensing 
problems.

Do take advantage of contacting the representa-
tives of the pacemaker manufacturer in tough cases 
of troubleshooting devices. Most manufacturers 
invest a lot of money maintaining a highly trained 
fi eld force that is put in place specifi cally to help re-
spond to situations like this.

Other problems

Other troubleshooting problems you can encoun-
ter include rate variations and pauses. When you see 
unusual rate activity (that is, pacing at a rate other 
than the programmed base rate), fi nd out how the 
device is programmed. These features can cause pac-
ing at rates other than the programmed base rate:
• Rate hysteresis (will often result in lower-than-

base-rate pacing)
• Rate response (will often result in higher-than-

base-rate pacing)
• Rest rate (lower than base rate)
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• Atrial tracking (DDD and DDDR devices only, 
will cause the ventricle to be paced to maintain 
1:1 AV synchrony with a rapidly beating atria up 
to a programmable maximum tracking rate)

Pauses sometimes show up mysteriously on paced 
ECG. The causes of pauses include:
• Loss of capture (the device thought it was pacing, 

but nothing happened)

• Oversensing (the device thought the heart was 
beating, but nothing happened)

When in doubt about troubleshooting, remember 
to keep it systematic. Look at capture, sensing, and 
the rate. Check out any unusual-looking activity. 
Consider the most likely causes and try to rule them 
out before you look at more unusual sources of the 
behavior. Most troubleshooting involves the basics.

• Troubleshooting devices means looking at what 
is possibly inappropriate and trying to track 
down a cause and fi nd the solution. When doing 
this, proceed systematically and play the odds. 
Look at the most likely causes fi rst!

• The most common troubleshooting problems in 
the pacemaker clinic involve loss of capture and 
sensing problems (oversensing and undersensing). 
These sensing problems can occur consistently, 
but it is more likely that they will be intermittent.

• Don’t assume that because a problem did not 
show up on a paced ECG that it could not 
be lurking in the background. During every 
pacemaker check-up in the clinic, evaluate 
pacing and sensing thresholds and check how 
these key parameters are programmed: pulse 
amplitude, pulse width, sensitivity, and rate.

• The most common cause of capture problems 
is that the pacemaker output pulse parameters 
(pulse amplitude and pulse width) are 
insuffi cient. They may need to be increased. It 
is more effi cient to increase the pulse amplitude 
than the pulse width.

• The most common cause of sensing problems 
is an inappropriate sensitivity setting. Check the 
sensing threshold and reprogram the sensitivity, 
if necessary.

• When programming sensitivity, remember 
that a lower mV value makes the device more 
sensitive. Conversely, a higher mV value makes 
the pacemaker less sensitive.

• Other causes of pacing and sensing problems 
can be lead issues. Order a chest X-ray and look 
at recent lead impedance data if a lead problem 
is suspected. Damaged leads may require 
replacement (surgery).

• Rate variations can be puzzling. If you see paced 
activity at unexpected rates, check if the features 
such as rate response, hysteresis, rest rate, or 
atrial tracking (DDD or DDDR mode) are on.

• Pauses can appear on rhythm strips owing to 
oversensing or loss of capture.

• When in doubt about troubleshooting, do not 
hesitate to confer with a colleague or contact a 
representative of the device company.

The nuts and bolts of troubleshooting in depth
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34 SECTION 34

Navigating the Intracardiac 
Electrogram

tracing independently. In most cases, happily, the 
tracing will match the annotations. But sometimes 
it will not, and when there is a discrepancy, clini-
cians need to realize that the tracing is indicative of 
what the heart is doing while the annotations are, at 
most, indicative of what the pacemaker is “thinking” 
or “doing.”

Since this is an electrogram, you would typically 
see it annotated (we have deleted those for this fi rst 
exercise). However, one special marking remains. 
The longest vertical line in the center of the strip is 
the “trigger.” Electrograms are snapshots taken by 
the pacemaker when triggered by a specifi c event. 
In this case, something happened at that line that 
caused the electrogram to get recorded and stored in 
memory. The tracing to the left of the trigger line is 
called “pre-trigger.” These are the events that led up 
to the triggering event; the post-trigger events are 
what happened afterward. In most cases, the pre-
trigger waveforms are the more useful and interest-
ing to the clinician.

There is one other bit of information you need to 
know to analyze an electrogram: the chamber. This 
particular electrogram happens to be an atrial elec-
trogram (you know this from the annotations, which 
we’ll go over in the next section). This means it is 
the view from the atrial electrode of a dual-chamber 
system. A dual-chamber pacemaker will also provide 
ventricular electrograms. Many pacemakers offer si-
multaneous atrial and ventricular electrograms (two 
tracings, one from each chamber, taken at the same 
time) and some will blend atrial and ventricular data 
in a way that produces one tracing but with informa-
tion from both chambers. Electrograms have to be 
set up and programmed in advance; you cannot, for 
instance, program the pacemaker to record only the 
atrial electrogram but later obtain the ventricular 
electrogram for the same episode.

In this example, however, we have a conventional 
atrial electrogram from a dual-chamber pacemaker.

Figure 34.1 is an atrial electrogram from a pace-
maker patient with a relatively recent implant (<1 
year) of a dual-chamber pacemaker. If you work 
with pacemaker patients for any length of time, you 
are going to encounter this sort of tracing, known as 
an intracardiac electrogram (also called an IEGM, 
EGM, electrogram, or even e-gram). In theory and 
form, it resembles the surface ECG. Like a surface 
ECG, an electrogram is a graphic depiction of the 
heart’s electrical activity. While a surface ECG gets 
its electrical information from the heart through the 
skin, an EGM gets its electrical information from 
within the heart. Data for the EGM are picked up 
from the electrodes on the pacemaker leads.

Many clinicians unfamiliar with EGMs may fi nd 
them a bit confusing. They look somewhat famil-
iar, but start to study them, and you’ll see they can 
be “different.” Most electrograms tend to generate 
tracings that look more condensed, smaller, tighter, 
and more “smushed together” looking. Bear that in 
mind as you examine any EGM; it is rare to see large, 
crisp events that might occur on a surface ECG.

Since you can only get an electrogram from a 
pacemaker programmer (either in real-time, that is, 
“live,” or downloaded as a stored EGM from the de-
vice’s memory), they never appear the way you see 
this one. All EGMs you will work with in the clinic 
will be fully annotated and have even more device 
information at the top.

Thus, what we are going to start with here is a bit 
artifi cial. You won’t get something like this in the 
clinic to work with. However, it is vitally important 
in working with paced tracings to view the tracing 
independently and in isolation from the annotations.

Annotations are markers on the tracing that show 
you what the pacemaker “saw” or how the pacemak-
er responded. Annotations are accurate in that they 
accurately tell you what the pacemaker “thinks” is 
going on. However, the pacemaker may not always 
be right! That’s why you need to be able to assess the 
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Using the trigger to get oriented in the electro-
gram, the next step is to approach this rhythm strip 
systematically. First we want to look for appropriate 
capture and sensing. At fi rst glance, you may not be 
able to see anything that looks like a pacing spike! 
Electrograms usually show only small bumps or 
notches for spikes, even with unipolar systems.

Looking at the run of similar-looking post-trig-
ger events, these complexes are actually paced atrial 
events that conduct down to the ventricle. Remem-
ber, this is an atrial electrogram, so we are going to 
see atrial events appear much larger than they would 
on a standard surface ECG. In fact, atrial events may 
appear as large as ventricular events! (This is not a 
hard and fast rule; just anticipate larger atrial events 
on an atrial electrogram than on a ventricular elec-
trogram or a surface ECG.) The vertical lines are 
atrial output pulses and the large upward defl ec-
tions are paced atrial events resulting in conducted 
ventricular beats.

These atrial events do not round out smoothly 
back to baseline. You’ll notice a sort of notch or pro-
trusion about one third down the downward slope. 
This is actually indicative of a sensed ventricular 
event. Thus, on the triggered half of the EGM, there 
is a run of paced atrial events that conduct down to 
the ventricle (AP-VS).

Bearing in mind that this is what a paced atrial 
event/sensed ventricular event looks like, you can see 
another one of them right before the trigger line.

On the post-trigger side, you may notice some 
bumps between complexes. If this were a surface 
ECG, those bumps might indicate rapid intrinsic 
atrial activity or interference. However, on an atrial 
electrogram, they indicate some sort of noise that is 
being picked up. Atrial events would show up as big 
events on this strip. These bumps might be distant 
ventricular noises, myopotentials, or (most likely) 
artifacts or stray signals generated by the electro-
gram.

Going to the pre-trigger side of the strip, starting 
at the trigger line, back up one complex. This is a 
wider event with a sharp notch at the top. If you back 
up another two events, you’ll see a similar-looking 
complex. Back up two more, and there it is again. In-
between these notched events are narrower, tighter, 
un-notched complexes. In fact, there is a pattern 
here of notched, unnotched complexes.

You can also see four downward “bumps” on 
the ECG that look almost like traditional P-waves. 
These downward rounded defl ections are actually 
ventricular pacing spikes! The ensuing complex (tall 
but a bit wider than the others) is a paced ventricu-
lar event. The next very narrow complex after the 
paced ventricular event is a paced atrial event.

Thus, we’re seeing a run of ventricular spike, ven-
tricular depolarization, atrial spike, atrial depolari-
zation. This is classic AP-VP behavior.

Coming back to basics, is there appropriate atrial 
sensing? We cannot determine that from this strip 
because there is only atrial pacing. Is there appro-
priate atrial capture? Yes, it looks like atrial pacing 
spikes consistently depolarize the atrium.

Is there appropriate ventricular sensing? Yes, intrin-
sic ventricular events appear to inhibit the ventricular 
output pulse. What about ventricular capture? Ven-
tricular pacing spikes seem to be immediately fol-
lowed by ventricular depolarizations. Note that on the 
pre-trigger side there is a bit of a lag between spike and 
depolarization, but this interval (fractions of a sec-
ond) has more to do with how the electrogram is set 
up than time elapsing from spike to depolarization.

Here’s how it works. When a spike is delivered, 
the device annotates it immediately and the electro-
gram responds with a pacing artifact called a spike. 
The sensed event on the tracing and on the anno-
tations occurs after depolarization starts to occur. 
Since there is more distance for the signal to travel 
from ventricle to atrial electrode than ventricle to 
ventricular electrode, there will be a tiny time lag 
from ventricular output pulse to ventricular con-
traction on an atrial electrogram.

What about the pacing rate? On the post-trigger 
side, there are very consistent, easy-to-measure pac-
ing intervals. The same pacing interval also “march-
es through” on the pre-trigger side. The rate is about 
640 ms (94 ppm) which is somewhat rapid.

Test your knowledge

1 What are some reasons you might suggest for the 
patient’s heart to be paced so rapidly? Is there any 
appropriate reason for this?
2 What was going on in the pre-trigger portion that 
triggered an electrogram?
3 Was this triggering appropriate?
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This is a bit more like the typical electrogram 
you would see in the clinic (minus the circles and 
notes we added to the tracing). You’ll notice some 
useful information spelled out at the top of the elec-
trogram. Below the tracing and to the left, it says 
Atip-Aring which means the electrogram was taken 
from the perspective of the atrial tip electrode to the 
atrial ring electrode. It is always a good idea to verify 
the type of electrogram you’re evaluating from the 
tracing itself; an atrial electrogram looks different 
than a ventricular one!

By the way, the type of electrogram available for 
download depends on how the device was pro-
grammed. If you did not program a particular trig-
ger or set up a certain type of electrogram, it will 
not be available in memory later on. For that rea-
son, it is good practice to think about what types 
of electrograms might be useful for a patient and 
to program them carefully. It is tempting to want 
to program everything just so all electrograms will 
be handy if you need them – but electrograms con-
sume memory in the pacemaker. If you program too 
many triggers, you may wind up with more electro-
gram data than the pacemaker can store. In such 
cases, the pacemaker will either overwrite old data 
(this is called “continuous,” where the oldest data 
are overwritten by the newest data) or simply stop 
recording once it’s full (this is called “freeze”). A new 
option in advanced pacemakers from St. Jude Medi-
cal allows the clinician to prioritize electrograms so 
that high-priority electrograms are saved while low-
priority ones get overwritten if the memory reaches 
capacity.

Off to the right, the device reports what the trig-
ger line was. For now, we will ignore this and see if we 
cannot fi gure out from the tracing what is going on. 
This information is good for verifi cation purposes, 
but we do not need it for our systematic analysis.

First, let’s look at the pacing rate, which we already 
determined to be about 90 ppm. This patient does 
not have an intrinsic rate of 90 ppm (which might 
occur in the event of a sinus tachycardia, an atrial 
tachycardia, or exertion which sped up the intrinsic 
atrial rate); he has a paced rate of 90 ppm.

Although we have no notation to this effect on the 
top of the strip, the fi rst thing to suspect is that the 
device is rate responsive. The patient may have been 
active enough at that time to drive up the sensor rate 
to 90 ppm. That is not a particularly high sensor-

driven rate and would be appropriate in many pa-
tients doing ordinary things like household chores, 
going up steps, taking a walk, and so on. Checking 
on the device parameters, it is found that the pace-
maker is indeed a rate-responsive device. Thus, this 
rate appears to be appropriate.

Now let’s look at what the pacemaker thought 
the heart rate was doing. Paced atrial events on the 
pre-trigger side are properly annotated and recog-
nized as paced events. The ventricular output pulses 
(spikes) are annotated as VP, again appropriate. But 
after the ventricular output pulse, the ensuing ven-
tricular contraction is annotated AS in a black box 
(meaning it occurred in the refractory period).

This means the pacemaker “thought” that paced 
ventricular activity was actually an intrinsic (non-
paced) atrial event!

This kind of behavior does show up in some 
dual-chamber systems. In fact, it even has a name. 
It’s called far-fi eld R-wave sensing (or far-R). Far-R 
occurs when something on the ventricular channel 
(even something paced) shows up on “atrial radar” 
and is inappropriately counted as an intrinsic atrial 
event.

While the tracing showed the patient had 1:1 AV 
synchrony (one atrial event for each and every ven-
tricular event), the pacemaker “thought” there were 
two atrial events for each ventricular event. In other 
words, the pacemaker was seeing atrial activity at 
about twice the paced rate or around 180 bpm! Any 
time events are miscounted in this pattern, it can 
be termed double-counting. Double-counting can 
cause the pacemaker to make inappropriate deci-
sions.

The pacemaker thought that there was high-rate 
intrinsic atrial activity which ended up causing the 
device to mode switch, triggering the electrogram. 
But it is an inappropriate mode switch! Look closely 
and you’ll see that the patient’s paced rate does not 
drop when he enters AMS (and it would if there was 
genuinely high-rate intrinsic activity going on).

The problem traces back to the device seeing 
ventricular events as atrial events. Troubleshooting 
this kind of problem should start with a test of atrial 
sensitivity. It may be that the atrial channel is overly 
sensitive. Sometimes making the atrial channel less 
sensitive can reduce far-fi eld R-wave sensing, but 
not always. (And it may not be appropriate to re-
duce sensitivity! It is possible for the atrial lead to 
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be programmed to an appropriate sensitivity setting 
and still pick up far-fi eld signals.)

Another troubleshooting approach might be to 
make the ventricular output pulse less powerful. 
Run a ventricular capture test and verify that the 
output parameters are not overly high. If you can 
safely reduce them, that might reduce far-R sensing. 
It is possible that the ventricular output is appropri-
ately programmed.

What next? In some cases, the reason that far-fi eld 
R-wave sensing occurs in the fi rst place has to do 
with the physical proximity of the atrial electrodes 
and the ventricular electrodes. Although it is a seri-
ous step, lead revision may be required to rectify a 
particularly stubborn far-R problem.

There is a new atrial bipolar lead on the market 
with 1.1 mm spacing between the atrial tip electrode 
and the atrial ring electrode. This unique spacing 
has been shown to help dramatically reduce the in-
cidence of far-R sensing because it narrows the “an-
tenna” that the atrial signal has to pick up signals. If 
a lead revision is required, the leads might be repo-
sitioned or the atrial lead could be replaced with this 
new type of atrial lead.

One last thing. If you look on the pre-trigger side 
of this electrogram, you may notice the annotations 
show AS and then AP in very close proximity. Does 
the nearness of a paced atrial event so soon after a 
sensed atrial event indicate a problem with atrial 
sensing as well?

The answer is: not necessarily. After any ven-
tricular event, the pacemaker automatically starts 
a special post-ventricular atrial refractory period 

(PVARP) timing cycle. A typical PVARP setting is 
250 ms, but it is programmable. During PVARP, the 
atrial channel is refractory to atrial activity. Using 
calipers set to 250 ms, it is clear that these sensed 
atrial events fall in the PVARP. This means that the 
pacemaker was prohibited from responding to these 
atrial events.

But don’t think that an AS event in the PVARP 
does not count. It does count! The pacemaker still 
“saw” the AS event and counted it toward legitimate 
atrial activity. It just could not respond to it, that is, 
it could not use it to inhibit the next atrial output 
pulse.

The PVARP timing cycle is actually divided into 
two sections. The PVARP actually starts out with 
the post-ventricular atrial blanking period (PVAB). 
During PVAB, no atrial events can even be seen by 
the pacemaker. Any atrial event that occurs during 
PVAB will not get annotated or counted or respond-
ed to. Once PVAB expires, however, the pacemaker 
starts to see and count atrial activity, even if it does 
not respond to it.

This EGM shows AMS entry. However, upon 
careful analysis (and viewing the tracing as distinct 
from the annotations) it is clear that it is inappropri-
ate mode switching and that far-fi eld oversensing 
is going on.

By the way, this mode switch was from DDDR to 
DDIR, which explains the presence of atrial paced 
beats. Many older systems mode-switched to VVIR, 
but it is more common today to see atrial tracking 
(but not atrial pacing) turned off, thus, the switched 
mode is likely to be DDI or DDIR.
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• Electrograms (EGMs) are “inside” looks at 
cardiac activity. They resemble surface ECGs but 
they are taken using the electrodes on the pacing 
leads. Expect to see more condensed, tighter, 
smaller looking complexes.

• EGMs can be atrial, ventricular, both together, 
or both blended, depending on how the 
device is programmed. Devices can be easily 
reprogrammed for different types of electrogram 
storage.

• EGMs can be obtained “live” (in real time) or 
stored in device memory and downloaded. 
When electrograms are stored, a trigger is 
needed to launch the storage. Triggers may 
be automatic (default values in the device) or 
programmable or both. Typical EGM triggers 
are premature ventricular contractions (PVCs), 
high-rate intrinsic atrial activity, ventricular 
tachycardia, and mode switch entry and exit.

• On an atrial electrogram, atrial activity will 
appear as large or larger than ventricular activity!

• EGMs typically show very small pacing spikes; 
in fact, they may look more like bumps or 
protrusions than the spikes commonly seen on 
surface ECGs.

• When evaluating an annotated EGM or any 
annotated rhythm strip, never rely on the 
annotations alone. Always view the tracing in 
isolation. If the tracing does not line up with the 
annotations, count on the tracing to show you 
what the heart is actually doing.

• Atrial events that occur in the PVARP can be 
counted even if the device is prohibited from 
responding to them. Only atrial events that occur 
during the PVAB portion of the PVARP are not 
seen.

• This particular example shows an inappropriate 
mode switch but it is one that the patient was 
unlikely to have noticed. That’s why a thorough 
understanding of paced ECGs and EGMs can 
help clinicians solve problems before they 
become symptoms!

The nuts and bolts of navigating the intracardiac electrogram
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Tracings from a Programmer 
(Combining E-grams with the ECG)

events can be seen. Look down on the ventricu-
lar strip and you’ll notice these same sensed atrial 
events appear as vertical lines on the ventricular 
strip. Atrial sensing seems appropriate because the 
atrial events inhibit atrial output pulses.

There is only one atrial paced event on the strip, 
best viewed as the downward-defl ecting P-wave on 
the upper strip. The pacing spike is not clear here 
(it often is not easy to see spikes on electrograms) 
but the different morphology coupled with the AP 
annotation show that the device delivered an atrial 
spike which caused an immediate atrial depolariza-
tion. This is evidence of appropriate atrial capture.

On the ventricular channel, there are mostly paced 
ventricular events. Large ventricular pacing spikes 
are evident on the lower tracing and confi rmed by 
the VP annotations. The immediate ventricular de-
polarization is good evidence of capture.

There is only one sensed ventricular event, and it 
occurs in the middle of the strip. Ventricular sensing 
appears appropriate in that this ventricular event 
inhibited a ventricular output.

Measuring the interval from one consecutive 
ventricular pacing spike to the next, the interval ap-
pears consistent at 880 ms (about 68 ppm) with one 

This is an electrogram from a dual-chamber pace-
maker. The top tracing shows the atrial electrogram 
and the bottom tracing shows the ventricular elec-
trogram. Dual electrograms like this can be pro-
grammed for most dual-chamber pacemakers but 
they use up a lot of memory space for storage. How-
ever, they provide the most comprehensive data of 
what was actually going on in the heart. This elec-
trogram was stored in the pacemaker memory, so 
some sort of remarkable event triggered it.

In this electrogram, the annotations appear be-
tween the tracings. While annotations are useful, 
it is important in electrogram analysis to allow the 
tracings to tell the story of what is going on in the 
heart, while the pacemaker annotations report how 
the device perceived the events.

As is typical with electrograms, atrial events ap-
pear larger on the atrial electrogram (top) and ven-
tricular events appear large on the ventricular elec-
trogram (bottom). In fact, it is somewhat hard to 
see atrial activity at all on the ventricular strip. That 
is fi ne, since we have the atrial electrogram above to 
fi ll in the gaps.

Atrial sensing appears appropriate on the strip. 
On the atrial electrogram, distinct atrial sensed 

Figure 35.1

VP VP VP VP VP VP VP VP VS 

AS AS AS AS AS AS AS AP 

149 149 148 148 148 181 148 149 
734 
883 

734 
882 

735 
883 

711 
859 

734 
882 

735 
884 

734 
882 

820 
1001 

 
664 

The Nuts and Bolts of Paced ECG Interpretation   Tom Kenny
© 2009 St. Jude Medical.  ISBN: 978-1-405-18404-5



94  The Nuts and Bolts of Paced ECG Interpretation

exception. The sensed ventricular event should have 
caused a paced ventricular event to come in at 880 
ms. Instead, the interval from sensed ventricular 
event to the next paced ventricular event is about 
1000 ms. This is too long for the programmed base 
rate.

Furthermore, right after this overly long inter-
val, the pacemaker paces the atrium although the 
patient otherwise appears to have a steady intrinsic 
atrial rate.

This “odd beat” in the middle of the strip is the 
trigger for the electrogram.

Test your knowledge

1 Is there anything unusual about the ventricular 
event in the middle of the strip (the one with the VS 
annotation)?
2 What would cause the pacemaker to generate one 
overly long interval?
3 Was the pacemaker performing appropriately?
4 Would you troubleshoot this situation, and, if so, 
how?

The event circled on the EGM is a premature ven-
tricular contraction (PVC) rather than just an ordi-
nary sensed ventricular event. Some programmers 
would even have annotated it PVC (or also PVE for 
premature ventricular event) rather than just VS. 
A pacemaker defi nes a PVC as any two ventricular 
events without an intervening atrial event. Since the 

earlier portion of this strip showed good 1:1 AV syn-
chrony, suddenly having a ventricular beat appear 
without a preceding atrial beat caused the device to 
treat it as a PVC.

PVCs are not all that unusual; they appear on 
paced and non-paced rhythm strips and occur all 
of the time, even in otherwise healthy patients. An 
abundance of PVCs can be a cause for concern, but 
an occasional PVC is not necessarily indicative of 
anything in particular. However, in a pacemaker, a 
sudden PVC can sometimes trigger a pacemaker-
mediated tachycardia. For that reason, many pace-
makers have special algorithms to help manage 
PVCs.

In this device, the pacemaker responds to a PVC 
by extending the PVARP timing cycle. Upon PVC, 
the PVARP is automatically set to 480 ms for that 
one cycle. The PVARP actually consists of two phas-
es: the fi rst portion is the post-ventricular atrial 
blanking period or PVAB (150 ms in this case) and 
the second portion is sometimes called the relative 
refractory period or RRP. In this case, the RRP is 330 
ms. The PVAB and RRP are shown in Figure 35.3 
(PVAB is the lighter bar, RRP the darker).

A normal PVARP is about 250 ms, with a PVAB 
and an RRP. This prolonged PVARP occurs only 
right after a PVC if this particular PVC option algo-
rithm is programmed on.

During the PVAB, the pacemaker will not see or 
respond to an atrial event. During the RRP, however, 
the pacemaker will not respond to atrial activity al-

Figure 35.2
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though it can see it and will count it. The reason 
for the extended PVARP is that a PVC is likely to 
initiate a pacemaker-mediated tachycardia only if 
an atrial event manages to begin the cycle. These 
are sometimes called “retrograde P-waves” and can 
result in a pacemaker-mediated tachycardia. An 
extended PVARP means the device will ignore any 
atrial events in a fairly long period of time.

The algorithm is also set up to automatically pace 
the atrium if an intrinsic atrial event is sensed dur-
ing the RRP portion of the pacemaker. The RRP 
means the pacemaker will not respond to it, but if 
the intrinsic atrial event is perceived it will launch 

the automatic atrial paced event. In this particular 
case, no atrial activity was perceived during the RRP 
portion of the PVARP.

When the prolonged PVARP expires, the device 
goes into its atrial alert mode. When no intrinsic 
atrial event occurs in the atrial alert mode, the de-
vice paces the atrium at a rate which, if the paced 
AV delay were applied, would maintain the VP-VP 
rate.

Although this algorithm will sometimes au-
tomatically pace the atrium after a PVC and pro-
longed PVARP (only if a sensed atrial event occurs 
in the RRP portion of the PVARP), in this particu-
lar case it did not. The paced atrial event occurred 
because the PVARP timed out and the atrial alert 
period timed out.

If you see from the chart or programmer that 
a PVC option is programmed on, this is certainly 
appropriate device behavior. Even without such 
verifi cation, this is likely the cause of such a precise 
deviation from otherwise classic paced activity. No 
troubleshooting is required.

The one caveat to that last remark is that PVCs are 
not worrisome unless they occur frequently. If the 
patient is known to be susceptible to PMTs, PVCs 
can be more serious, in that they are a common trig-
ger for PMTs in susceptible patients. Most pacemak-
ers offer downloadable diagnostic reports that can 
give you a count (absolute or percentages) of total 
PVC activity since the last follow-up.

• Pacemakers defi ne a PVC as two consecutive 
ventricular events (the second one sensed) 
without an intervening atrial event.

• Some EGMs will annotate PVCs as such, but not 
all of them do that. Sometimes the device will 
count a PVC but annotate just VS.

• PVCs are usually not in and of themselves 
harmful (unless they are very abundant) but they 
can trigger pacemaker-mediated tachycardias 
(PMTs) in some pacemaker patients.

• Most pacemakers offer PVC options to help 
manage PVCs automatically. When you see a 
PVC on a paced strip and then unusual device 
behavior for one cycle, you should suspect that a 
PVC option is in play.

• There are several different PVC options on the 
market; they differ slightly by manufacturer 
and even by device by one manufacturer. When 
in doubt, consult the manual, manufacturer 
website, or manufacturer’s representative.

• In this example, the PVCs automatically 
extended the PVARP to help “blot out” any atrial 
activity following too closely in the wake of the 
PVC. When the PVARP timed out, the atrial alert 
period followed.

• However, had an atrial event been picked up 
during the RRP (relative refractory period) or 
latter portion of the PVARP, the pacemaker 
would have automatically paced the atrium.

The nuts and bolts of combining e-grams with the ECG
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Stored Electrograms

PMT diagnosis was reached after the eighth complex 
on this strip. At that point, the pacemaker responded 
by withholding a ventricular output after the intrin-
sic (retrograde) atrial event and paced the atrium 
330 ms after the intrinsic atrial event. This resulted 
in a paced ventricular event after the paced AV delay 
expired. The PMT was broken and it is quite likely 
the patient never noticed anything unusual.

Test your knowledge

1 The EGM shows an atrial and a ventricular chan-
nel. Which is which?
2 Do the annotations match up with what is going 
on in the tracing?
3 Based on a PMT algorithm as described above, 
did the device perform appropriately?
4 Would you leave this PMT option programmed 
on in this patient? Why or why not?

This is one of those “expensive” EGMs with a sepa-
rate atrial and ventricular tracing. These sorts of 
EGMs use up a lot of memory (which is getting 

In the clinic, electrograms are typically downloaded 
only when you already know what has triggered 
them. In this particular case, this dual-channel elec-
trogram from a DDDR pacemaker was downloaded 
as a PMT option algorithm. PMT stands for pace-
maker-mediated tachycardia. In this case, a PMT is 
already going on as the strip begins.

A PMT is a special type of tachycardia which is 
abetted by the pacemaker. It sets up an endless loop 
which causes a “backward” relationship of ventricu-
lar event to atrial event; in fact, the atrial events are 
sometimes called retrograde. For the pacemaker, a 
PMT is diagnosed when it sees a stable VP-AS rela-
tionship at an interval of around 666 ms (90 ppm). 
The pacing should be higher than base rate (nomi-
nally, the PMT rate cutoff is 90 ppm but can be pro-
grammed differently) and the VP-AS pattern should 
be very stable. The device actually looks to see that 
the variation in these intervals is less than 16 ms! 
(That’s less than half of one little box on the grid!)

The PMT algorithm works by counting a pro-
grammable number of such fast, stable VP-AS in-
tervals and then goes into effect. In this example, the 
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larger with each new generation of devices but still 
is fi nite) but offer the clinician the most informa-
tion. The ventricular channel is on top and the atrial 
channel is on the bottom.

The atrial channel will show large atrial events, 
sometimes (as in this example) larger than the ven-
tricular activity. The bottom strip shows large atrial 
sensed events followed by more rounded, smaller 
ventricular events. The upper strip shows very large 
ventricular events that obscure the atrial events. Had 
a clinician only had the ventricular electrogram to 
work with, it would have been very hard to see what 
was going on.

The annotations align well with the tracings. Atri-
al sensed events appear, ventricular pacing spikes 
and resulting depolarizations are evident. Every-
thing looks to be in the right place. This is typical 
for an electrogram; most of the time, the pacemaker 
“sees” what is going on and interprets it properly. 
Nevertheless, a clinician should always check out 
the EGM carefully.

This particular example required eight intervals 
with a stable, fast VP-AS interval to diagnosis PMT. 
Using fewer events is not recommended, since vari-
ability requires a run of several complexes to as-
certain, plus an occasional unusual event does not 
necessarily mean the patient is experiencing a PMT. 
On the other hand, a prolonged PMT can subject 
the patient to symptoms. A run of eight complexes 
at this rate (about 480 ms or 125 ppm) would last 

less than 4 seconds (480 × 8 = 3840 ms or 3.84 sec-
onds). That brief a period of rapid pacing is unlikely 
to provoke severe symptoms.

Once PMT is diagnosed, the next retrograde AS 
event (circled) will cause the pacemaker to withhold 
a ventricular output pulse. This essentially breaks 
the PMT because the pacemaker ceases to contrib-
ute to it! A timing cycle of 330 ms is launched, start-
ing with the retrograde AS event (circled). After 330 
ms, an atrial output pulse is automatically delivered. 
The 330 ms timing cycle is long enough to allow the 
atrium (which just depolarized) to emerge from 
its refractory period and become vulnerable again. 
This means the atrial pacing output that is deliv-
ered will fi nd responsive tissue and cause an atrial 
depolarization which, in fact, is exactly what has oc-
curred.

The atrial output pulse launches the paced AV 
delay. When that expires (which it does), a ventricu-
lar output pulse is delivered, causing a ventricular 
contraction. The patient has come out of the PMT.

In this example, the pacemaker performed ap-
propriately and as expected. Although the EGM cuts 
off here, it is likely that this terminated the PMT suc-
cessfully.

Not all patients are susceptible to PMTs, but many 
are. PMTs can occur suddenly, without warning, 
even in pacemaker patients that had never had them 
previously. In this particular case, the clinician has 
proof positive that this particular patient is indeed 
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susceptible to PMTs. For that reason, the algorithm 
should be left programmed ON. In fact, unless there 
are compelling reasons to do otherwise, it is good 
clinical practice to program PMT options ON for 
most patients. If the patient never develops a PMT, 

the algorithm will simply never go into effect. On 
the other hand, if the patient gets a PMT, having an 
automatic termination algorithm launch into effect 
can spare the patient (and clinician) some pain!

• A pacemaker-mediated tachycardia (PMT) is 
an endless loop tachycardia that is sustained, in 
part, by the pacemaker. It involves a backward 
relationship of the ventricular paced event 
(VP) to the sensed atrial event (AS). The 
VP-AS interval in a PMT is fast and very stable 
(variation is less than 16 ms from cycle to cycle).

• Although a PMT is sustained in part by the 
pacemaker, it feels like a real VT to the patient 
and can provoke symptoms.

• Many dual-chamber pacemakers offer automatic 
PMT options to help diagnose PMTs and 
terminate them. There are variations in these 
algorithms, of course, but in our example the 
pacemaker evaluated a run of VP-AS intervals 
for rate (> 90 ppm) and stability (variation < 
16 ms) and count (eight such events in a row). 
When PMT was diagnosed, the pacemaker 
responded by withholding a paced ventricular 
event after a sensed atrial event and then, 330 ms 

following the sensed atrial event, delivering an 
atrial output pulse.

• There may be a lot of programmability in the 
PMT algorithm including rate, interval stability 
variation, and how many consecutive intervals 
must occur for the diagnosis. PMT algorithms 
should be programmed ON unless there is good 
reason not to use them.

• Not all patients are susceptible to PMTs, but it is 
impossible to know who is and who is not until a 
patient gets a PMT. A patient who has ever had a 
PMT can get another one.

• Stored electrograms are usually downloadable 
from the device by trigger; in other words, the 
clinician knows the triggering event before 
even seeing the EGM. Despite having advance 
information, view the EGM with unbiased eyes 
to determine if the events are really what the 
pacemaker says they are!

The nuts and bolts of stored electrograms
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In Depth: Electrograms

tions of pacemaker products hit the market with 
expanded memory capacity. EGM storage is much 
greater now than it was even 5 years ago. However, 
no matter how you slice it, memory capacity is still 
limited.

Thus, pacemaker clinicians have to balance the 
need for complete information (dual-channel 
EGMs for every possible trigger) versus memory ca-
pacity. EGMs are recorded based on triggering type 
events (such as PMT, PVC, mode switching, high-
rate activity, and so on). Programming a trigger will 
cause all such events to store an EGM. Thus, the 
more triggers you program, the more electrograms 
are likely to be stored. For some patients, this can use 
up memory capacity quickly.

What happens when the memory fi lls up? Most 
devices are set up so that the oldest information 
is overwritten with the newest information (this 
is called “continuous” storage). Thus, when stored 
EGMs are retrieved from memory, the clinician gets 
the latest EGMs only. Although it is not as frequent-
ly programmed, some pacemakers let the clinician 
“freeze” electrograms. This means when memory 
fi lls up, the device stops recording electrograms.

A new device now offers preferential EGM stor-
age. This feature allows clinicians to fl ag which types 
of EGMs (based on triggers) are of greater value and 
which are of lesser value. Then when the memory 
fi lls up, the device overwrites lower-priority electro-
grams fi rst.

For a patient with known atrial tachyarrhyth-
mias, mode switching and high-rate intrinsic atrial 
activity is likely of more interest than PVC or PMT 
activity. By programming the proper mode switch 
triggers and using preferential storage, the clinician 
can minimize the risk that an especially valuable 
EGM is discarded in favor of a less-useful one.

Another factor infl uencing EGM storage is pre-
trigger data. Most EGMs allow the clinician to 
record a specifi c amount of pre-trigger data (buffer 

If you have much exposure to pacemakers and other 
implantable cardiac rhythm management devices, 
you will eventually run into EGMs or electrograms. 
Many clinicians take an instant dislike to EGMs, 
particularly those healthcare professionals who 
have spent a lot of time working with classic surface 
ECGs.

An intracardiac electrogram or EGM is the same 
thing as a surface ECG in theory, it is just that the 
heart’s electrical information is transmitted from 
electrodes inside the heart rather than electrodes 
stuck on the skin. Because of memory constraints 
and how the device works, EGMs tend to be more 
condensed, grainier, and can seem squashed togeth-
er. Pacing spikes almost disappear on an EGM. You 
can sometimes see them as little tabs or notches but 
often they are all but invisible.

An EGM is recorded from a pacing lead. A dual-
chamber pacemaker can transmit an atrial elec-
trogram, a ventricular electrogram, or both. Some 
devices offer ways to blend atrial and ventricular 
information together into one tracing that actually 
tends to more closely resemble a surface ECG. When 
viewing an atrial or ventricular electrogram, realize 
that the tracing’s point of view can cause events to 
look disproportionately large. For example, on an 
atrial electrogram, atrial events may be as large or 
larger than ventricular events.

The type of EGM recorded is the result of how 
the device is programmed. Clinicians can set up 
the device to record a certain type of EGM. Unfor-
tunately, you cannot switch formats when you are 
ready to download data. If you previously set up the 
pacemaker to provide you with ventricular EGMs, 
you will not get atrial information. (By the way, you 
need a lead to get an electrogram. A VVI pacemaker 
cannot provide atrial electrograms because it does 
not have an atrial lead.)

EGMs are stored in pacemaker device memory, 
which is fi nite. Every year, it seems, new genera-
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data). These are the events immediately preceding 
the point at which the trigger is reached. In most 
cases, pre-trigger data are actually more useful 
than post-trigger data. The post-trigger data show 
you how the device responds (which is important). 
The pre-trigger data tell you what was going on in 
the patient’s heart that provoked a device response 

(very useful for diagnostic purposes). Most EGMs 
allow you to set up how many seconds of pre-trigger 
data are desired, but pre-trigger data cost memory. 
Again, it is a balancing act to weigh the benefi ts of 
many seconds’ worth of pre-trigger data against the 
limitations of memory capacity.

• The terms electrogram, intracardiac 
electrogram, IEGM, EGM or even e-gram all 
mean the same thing. It’s an electrical recording 
or tracing of cardiac activity taken from within 
the heart courtesy of the pacemaker’s electrodes.

• A dual-chamber pacemaker can provide atrial 
electrograms, ventricular electrograms, both 
together (dual), or sometimes even blended 
electrograms (one tracing with data blended 
from the atrial and ventricular channels). 
However, you are limited to what you can 
download by the type of electrograms previously 
programmed. Thus, if you programmed 
ventricular electrograms to be stored, you 
cannot download atrial electrograms at the next 
follow-up.

• Electrograms store cardiac data in device 
memory, which has limited capacity. This can 
be managed by continuous storage (oldest 
electrograms are overwritten by newest ones 
when memory capacity is reached) or by freezing 
the electrograms (when the memory is full, 
nothing more is recorded). New devices from St. 
Jude Medical allow for preferential electrogram 
storage, that is, tracings can be designated as 
higher or lower priority so that high-priority 

electrograms are preserved but lower priority 
ones may be overwritten.

• Electrograms can be challenging for clinicians 
used to surface ECGs. Electrograms can be 
more compact and grainier than standard 
surface ECGs. Pacing spikes are small or even 
imperceptible. The electrogram also takes on the 
viewpoint of where it is recorded. For example, 
on an atrial electrogram, atrial events may 
appear as large or larger than ventricular events.

• Triggers are events that launch electrogram 
storage. Typical triggers include AMS entry, 
AMS exit, PVC, ventricular tachyarrhythmias, 
high-rate atrial activity, PMTs, and so on. 
The more triggers you program, the more 
likely electrograms will be stored (and fi ll up 
memory). Careful programming of triggers can 
go a long way to easing memory problems with 
electrogram storage.

• Pre-trigger or “buffer” data are the events 
immediately preceding the trigger. For most 
cases, pre-trigger data are more interesting and 
useful for diagnostic purposes than post-trigger 
data. The amount of pre-trigger data recorded is 
programmable.

The nuts and bolts of dual-chamber electrograms in depth
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Conclusion

pacemaker clinician, you need to be able to translate 
one to the other quickly and fl uently.

Rate variations occur more often than you might 
think. The most likely reasons for rate variations are 
special features, like rate hysteresis, rate response, 
mode switching, overdrive pacing, and rest rate.

Pauses can sometimes confound a clinician, but 
on a paced ECG, a pause is likely to be the result of 
loss of capture or oversensing (sensing something 
that is not there). Pauses should always make you 
suspect a sensing problem, specifi cally oversensing.

DDD and DDDR devices are very sophisticated 
but also quite common. In the US, it is the most 
frequently implanted pacing system and global 
popularity of DDD(R) devices is on the rise. These 
devices can sometimes cause unusual-looking (but 
appropriate) upper-rate behavior if the patient’s in-
trinsic atrial rate gets high and the pacemaker tries 
to track the atrium by pacing the ventricle at the 
same rate to maintain 1:1 AV synchrony.

If you see such odd-looking paced ECGs, check 
out the intrinsic atrial rate and see if the device is 
just encountering problems as it tries to keep up 
with a rapid native atrial rate.

This book purposely does not discuss a great deal 
about device programming or troubleshooting, 
although those topics are briefl y introduced since 
they go hand-in-hand with paced ECG evaluation. 
For those working more closely with pacemakers 
or other implanted devices, I recommend my other 
books: The Nuts & Bolts of Cardiac Pacing, The Nuts 
& Bolts of ICD Therapy, and The Nuts & Bolts of 
Cardiac Resynchronization Therapy. Those books 
describe a great deal about the features and func-
tionality of those devices but not so much about 
analyzing paced ECGs.

Remember: you see only what you look for, you 
recognize only what you know.

Whether you are the rookie in a pacemaker clinic 
or work in a general practice, it is hard to avoid 
coming into contact with paced ECGs. With device 
implantation on the rise all over the world, paced 
ECGs will soon become fairly common fare for all 
healthcare professionals. Yet most of us are mildly 
(or extremely) disconcerted when we fi rst run into 
these strange-looking paced ECGs.

Even if you eventually get used to them, that feel-
ing of being on familiar ground will soon slip away! 
That’s because with advanced device features and 
some unusual device behavior patterns, even ex-
perienced pacemaker clinicians can sometimes get 
tripped up.

In fact, if you ever attend a specialty society meet-
ing or pacing symposium, you may notice that a 
very favorite topic on the roster always appears to 
be something like “Challenging ECGs” or “Diffi cult 
Tracings.” Even experts can sometimes disagree 
about what is going on in a paced ECG.

My approach has always been to keep your ap-
proach systematic, stick with the basics, and to look 
for the most likely causes before going out on a limb 
with some exotic scenario. I realize unusual cases 
happen all of the time in medicine, but what makes 
them unusual is the fact that they are infrequent. 
Day in and day out, most paced ECGs deal with the 
same basic issues.

It is crucial to paced ECG interpretation that you 
can properly observe capture and sensing and de-
termine if it is appropriate or inappropriate. Pace-
makers really can do only two things: capture and 
sense. Always check those two functions out very 
carefully.

Look at the rate next and remember to convert 
intervals to ppm and back again. Pacemaker pro-
gramming is done in pulses per minute, but the 
pacemaker (and the ECG) “think” in intervals. As a 
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Introduction to Workbook

may fi nd this a bit repetitious, but my purpose is 
to make this become second nature when you ap-
proach an ECG. You want to assess:
• Mode
• Rate
• Capture
• Sensing
• Underlying rhythm
• What to do next

This is my particular favored order. The actual 
order is not as important as the fact that you use a 
systematic approach.

“What to do next” covers the next step following 
ECG analysis. We’re assessing these tracings with a 
purpose in mind, namely to provide the patient with 
optimal pacemaker therapy. When it comes to “next 
steps,” you must be able to verify proper function of 
capture and sensing. Many programmers offer au-
tomatic or semi-automatic tests for these functions, 
but I think it is still important to know how to test 
manually or at least understand how the program-
mer conducts one of these tests.

The table below provides a good overview of how 
to “set the stage” to test for proper atrial and ven-

In this next section, I’ve compiled 100 tracings from 
a variety of sources to challenge you and continue the 
learning experience. First, you’ll see the large tracing 
without a lot of extraneous information. The idea is 
to let the tracing speak for itself. By going through 
the systematic approach and applying many of the 
things you’ve learned in this book so far, you should 
be able to analyze the tracing.

I admit that some of these tracings are pretty 
challenging. Many were selected specifi cally to in-
troduce certain concepts. As you make your way 
through the workbook, I want to encourage you to 
keep at it, even if you are occasionally stumped by 
something you have not seen before.

We’ve grouped the tracings by diffi culty into Easy, 
Moderate, and Tough tracings, but our categoriza-
tions are subjective. No doubt, some people will disa-
gree with how I’ve arranged them. In the last section, 
Scramble, we present a whole range of ECGs, from 
the easiest to the most challenging in no particular 
order. In some ways, I think the Scramble section best 
mirrors what actual clinical practice can be like!

To help reinforce the systematic approach, we 
organized the workbook analysis into six steps. You 

Desired Test Steps

Atrial capture To verify atrial capture, you must see atrial pacing. If there is no atrial pacing, increase the base 
rate in 10 ppm increments until atrial pacing occurs.

Ventricular capture To verify ventricular capture, you must see ventricular pacing.
Dual-Chamber Pacemakers: shorten the AV delay to about 120 or 130 ms.
Single-Chamber Pacemakers: increase the base rate in 10 ppm increments until ventricular 
pacing occurs.

Atrial sensing To verify atrial sensing, you must have intrinsic atrial activity. Decrease the base rate in 10 ppm 
increments until intrinsic atrial activity appears. This may or may not happen. Some patients 
have such compromised sinus nodes that it may not be possible to observe intrinsic atrial activity. 
Do not go below 30 or 40 ppm.

Ventricular sensing To verify ventricular sensing, you must have intrinsic ventricular activity.
Dual-Chamber Pacemakers: extend the AV delay to 350 ms.
Single-Chamber Pacemakers: decrease the base rate in 10 ppm increments until intrinsic 
ventricular activity occurs. Do not go below 30 or 40 ppm.
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tricular capture and sensing. Despite the clinician’s 
best efforts, sometimes it is not possible to see atrial 
pacing or intrinsic ventricular activity or force some 
other condition to occur temporarily for testing 
purposes. In such instances, that should be noted in 
the chart and the clinician should do his or her best 
to work around the situation. Pacemaker patients 
may have severely compromised hearts with limited 
cardiac function. Not all tests will be possible in all 
patients.

During testing in the clinic, remember you are 
treating the patient, not treating the pacemaker! If 
you decide to drop the pacing rate in a VVI pace-
maker to see if you can coax intrinsic ventricular ac-
tivity to occur, lower the base rate in gentle 10-ppm 
increments and check with the patient to see how 
well he or she tolerates it. Most pacemaker clinicians 
would never go below 30 or 40 ppm base rate set-
tings for such testing, but don’t jump from 60 ppm 
to 30 ppm; that’s too sharp a transition, even for a 
temporary test.

Obviously, single-chamber pacemakers require 
testing in only one chamber. If you are dealing with 
a dual-chamber pacemaker, please resist the temp-
tation to temporarily program it to VVI or AAI to 
run the atrial and ventricular tests. A dual-chamber 
pacemaker is more than just an atrial and a ventricu-
lar single-chamber pacemaker slapped together. In 
dual-chamber systems, it is crucial that the atrial 
and ventricular channels interact and work togeth-
er. If you temporarily program a DDD device to VVI 
and run ventricular capture and sensing tests, you’re 

really not seeing how the ventricular channel of a 
dual-chamber pacemaker functions. You’ll only be 
testing how the device works in VVI mode.

The tracings we are presenting in this section 
were all redrawn by an artist. We did that in part 
to assure that nothing detracted from the tracing 
itself and that you could see everything clearly. In 
the clinical setting, you may have to work with trac-
ings that look rougher or grainier. Furthermore, for 
the purposes of this book, we only provide you with 
very brief snippets of an ECG. You will be making 
your evaluation based on about 6 seconds of ECG. 
This is far less than you’ll usually be working with in 
the clinic, so please accept this as an artifi cial device 
we had to use to create a book like this.

Last of all, I want to stress that ECG interpretation 
is well named in that clinicians take the evidence on 
the strip and “interpret” it. There are many strips 
in the workbook section that could be interpreted 
more than one way. In such instances, I tried to 
state the likely interpretations and to give reasons 
to support my interpretation. By and large, my in-
terpretations are based on likelihood. Knowing the 
most likely causes of certain pacemaker behavior is 
something that clinicians gain only with experience. 
So please accept my encouragement that the more 
intensely you are involved with paced ECGs and 
pacemaker patients, the better your interpretative 
skills will become. This is largely a matter of learn-
ing some of the telltale clues for the most common 
pacemaker issues. In this workbook, I tried to intro-
duce you to “all of the usual suspects.”
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Mode

There are pacemaker spikes associated with atrial 
activity. There is apparent association between atri-
al pacing and ventricular activity. In fact, at a glance, 
it looks like the atrial pacing is driving the rate. This 
pacemaker is functioning in AAI mode and could 
be either a single-chamber pacemaker or a dual-
chamber pacemaker that just does not need to pace 
the ventricle at this time.

Rate

To measure the rate, use calipers to assess the atrial 
pacing interval (AP-AP).

The nuts and bolts of paced ECG 
interpretation: measuring the 
pacing rate

• Pacing rate in a DDD or AAI device refers 
to the rate of pacing in the atrium. Find the 
pacing rate by measuring the atrial pacing 
interval (AP-AP).

• Pacing rate in a VVI device refers to the rate of 
pacing in the ventricle. Find the pacing rate by 
measuring the ventricular pacing interval (VP-
VP).

We don’t know if this is an atrial pacemaker or a 
dual-chamber pacemaker, but we do know that the 
pacing interval in this case is the distance between 
two consecutive atrial paced events. Dual-chamber 
devices are more common, so this is more likely (in 
terms of probability) to be a dual-chamber system. 

However, at this point in our analysis we have no 
“hard evidence” either way.

With calipers, the atrial pacing interval measures 
to 840 ms. That converts to a pacing rate of about 
71 ppm. Since calipers are always a bit inexact, this 
would reasonably correspond to a base rate of 70 
ppm. The pacing rate is consistent throughout the 
strip.

The nuts and bolts of paced ECG 
interpretation: appropriate rate 
ranges

In the clinic, you’ll frequently be confronted 
with rhythm strips and have no information 
on the programmed base rate. So how do you 
assess appropriate rate if you don’t even know 
what it is supposed to be?

As a rule of thumb, the most common base 
rates are:
• 60 ppm (1000 ms) for dual-chamber devices
• 70 ppm (857 ms) for single-chamber devices

If rates out of this range occur, that should 
make you suspicious. Keep digging!

While it is possible to program pacemak-
ers to other base rates, they are uncommon. 
The exception to this rule is pediatric pacing, 
where it is not unusual to see permanently pro-
grammed base rate pacing at 100 ppm (600 ms) 
or higher.

Capture

Atrial capture appears appropriate in that every 
atrial pacing spike is followed by an immediate 
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atrial depolarization. These depolarizations all 
have a similar morphology, indicating they are the 
same “type” of event. While that suggests appropri-
ate capture, we should take a step further. It appears 
that each paced atrial event conducts and leads to 
a sensed ventricular event. If these atrial events are 
truly captured and conducting over the AV node 
and causing a ventricular depolarization, then we 
are going to see consistent PR intervals. In this case, 
the PR interval is actually measured from the atrial 
paced event to the onset of the intrinsic ventricular 
event (AP-VS interval).

Using calipers, this PR interval (AP-VS) measures 
240 ms consistently. It’s the consistency rather than 
the exact length that’s important. This is evidence 
that the ventricles are timing themselves to the atrial 
activity. That gives us stronger evidence to say that 
we have appropriate atrial capture.

Ventricular capture cannot be assessed in this 
strip, since there is no ventricular pacing.

Sensing

Atrial sensing cannot be evaluated from this strip, 
because there is only atrial pacing going on.

Ventricular sensing is a bit more tricky. We know 
the pacemaker is functioning in AAI mode and we 
know it is possible that this is a single-chamber 
AAI device. However, what if it was actually a dual-
chamber device acting in AAI mode? In that case, 
the pacemaker should sense the ventricles.

In a dual-chamber pacemaker, the atrial pace-
maker spike would start the paced AV delay interval. 
If no intrinsic ventricular event occurred during the 
paced AV delay interval, the pacemaker would de-
liver a ventricular pacing spike. A typical paced AV 
delay interval setting is around 200 ms. We already 
know the PR interval (which would correspond to 
the sensed AV delay) is 240 ms.

It could be that this is a dual-chamber pacemaker 
with a long programmed AV delay. If the patient 
has intact AV conduction but a long PR interval, it 
would be wise to program a long AV delay. Here’s 
why:
• A long AV delay would give the patient’s ventricles 

maximum opportunity to contract on their own; 
this encourages intrinsic activity and avoids un-
necessary right-ventricular pacing

• A long AV delay is only prudent if the patient has 
reliable intact native conduction; that seems to be 
the case here
If this device is indeed a dual-chamber pace-

maker with a long AV delay, ventricular sensing is 
appropriate because the intrinsic ventricular events 
inhibit ventricular pacing spikes. However, it can-
not be stated with certainty whether this is a dual-
chamber or single-chamber pacemaker.

Underlying rhythm

Since the paced atrial events seem to be driving the 
rhythm and there is an intrinsic ventricular event 
at a consistent interval after each paced atrial event, 
this patient has intact AV conduction. The PR in-
terval suggests that the patient might have a form 
of delayed AV conduction, which is accommodated 
nicely in this rhythm strip by allowing a slightly lon-
ger-than-normal interval between atrial event and 
corresponding ventricular event. If this patient is 
paced in DDD mode with a paced AV delay interval 
of 200 ms, there would be consistent AP-VP pacing. 
Since the patient is likely getting the rate support he 
needs plus avoiding unnecessary right-ventricular 
pacing with the longer AV delay, this looks good. If 
this is indeed a DDD device, it is an example of good 
programming to meet the individual needs of the 
patient.

What to do next

Use the programmer to get more details on the 
pacemaker; the programmer should report if this is 
a dual-chamber or single-chamber pacemaker.

If it is a dual-chamber pacemaker, ventricular 
capture should be assessed. To do that, ventricu-
lar pacing must occur. The best way to encourage 
ventricular pacing is to shorten the AV delay (while 
you’re at the programmer, verify the AV delay set-
ting, namely that it is at or above 240 ms). Shorten 
the AV delay to 120 or 130 ms. Ventricular sensing 
seems appropriate, but a ventricular sensing thresh-
old test is prudent.

Regardless of whether this is a dual-chamber or 
single-chamber pacemaker, an atrial sensing test 
should be performed. For an atrial sensitivity evalu-
ation, intrinsic atrial activity must occur. The best 
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way to try to get intrinsic atrial activity to appear 
is to lower the base rate. Do this in gradual 10-ppm 
steps to avoid abrupt rate transitions. Talk to the 
patient about what you’re doing as you temporar-
ily lower the pacing rate, since patients may feel any 
number of symptoms during such programming 
changes (even brief ones). Lower the pacing rate 
until one of three things happens:
1 Intrinsic atrial activity (even intermittent) occurs

2 The patient does not tolerate the rate
3 You reach 30 or 40 ppm

It is my opinion that for the purposes of an atri-
al sensing test, the pacemaker should not be pro-
grammed – even temporarily – to a rate lower than 
30 or 40 ppm for any patient. Some patients are 
pacemaker dependent and may not tolerate a rate 
of even 40 ppm. Lower the base rate gradually and 
with special attention on the patient!
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Mode

Ventricular pacing is evident from the prominent 
pacemaker spikes. There are intrinsic atrial events 
on the strip as well. But do the atrial events have 
a relationship with the ventricular events? If they 
do, this is a dual-chamber pacemaker. To assess a 
possible relationship between atrial and ventricular 
activity on this strip, measure the sensed AV delay 
interval (AS-VP) on the strip. If it is consistent, 
then the pacemaker is sensing the atrial activity and 
timing the ventricular spikes to the intrinsic atrial 
events. Using calipers, you can see that the sensed 
AV delay measures roughly 120 ms … consistently 
across the strip. This is a dual-chamber pacemaker.

Rate

The ideal way to measure the base rate in a dual-
chamber pacemaker is to measure the atrial pacing 
interval (AP-AP). In this particular strip, we don’t 
have any atrial pacing intervals! We will have to 
make do with the ventricular pacing interval (VP-
VP), which on this particular strip will serve us just 
as well. Using calipers, the ventricular pacing inter-
val is about 920 ms (that’s four large boxes on the 
grid and three small ones or 800 + 120 = 920). A 
pacing interval of 920 ms translates into a pacing 
rate of about 65 ppm. That falls within the range of 
appropriate rates for a dual-chamber pacemaker.

Capture

Atrial capture cannot be assessed from this strip be-
cause there is no atrial pacing.

Ventricular capture appears to be appropriate. 
Every time a ventricular output pulse occurs (spike), 

there is an immediate ventricular depolarization 
with the characteristic widened, bizarre morphol-
ogy of a paced ventricular event. Notice that every 
ventricular event shares the same morphology; they 
are all the same type of event.

Sensing

Atrial sensing is appropriate on this strip. The key 
reason for this determination is the fact that all 
of the ventricular pacing spikes are timed to the 
atrial event. The pacemaker sensed the intrinsic 
atrial event, inhibited the atrial output pulse, and 
launched the sensed AV delay. The sensed AV delay 
appears to be about 120 ms. This is short but within 
the range of programmable AV delay values.

Ventricular sensing cannot be assessed from this 
strip because no intrinsic ventricular events occur.

Underlying rhythm

This patient appears to have reasonably good sinus 
node function but AV conduction is compromised.

What to do next

To approach this systematically, we need to conduct 
tests to verify appropriate atrial capture (increase 
the base rate in 10-ppm steps to force atrial pacing) 
and ventricular sensing. The best way to try to en-
courage intrinsic ventricular activity to appear to 
test ventricular sensing is to extend the sensed AV 
delay. Right now, the AV delay appears to be set to 
about 120 ms; I would extend it to 300 or higher for 
testing purposes.

If a longer AV delay interval allows intrinsic ven-
tricular activity to appear, it may be that this pa-



Easy Tracing #2  115 

tient has intact AV conduction but at a rate slower 
than the programmed sensed AV delay of 120 ms. 
For such patients, it is a good idea to observe native 
conduction times and adjust the AV delay appropri-
ately. For instance, if this patient conducts reliably 
at around 220 ms, I would program the sensed and 
paced AV delay to 250 ms. This gives the ventricles 
ample opportunity to contract on their own and 
may actually help avoid some unnecessary right-
ventricular pacing.

On the other hand, this patient may not exhibit 
intrinsic ventricular activity even at an AV delay 
of 350 ms. If that is the case, the next way to try to 
encourage some intrinsic ventricular activity to ap-
pear is to program the device temporarily to VVI 
mode and then lower the programmed base rate. Do 

not do this abruptly. Tell the patient what you are 
doing and decrease the rate in steps of 10 ppm down 
to 30 or 40 ppm. As the rate slows, intrinsic ven-
tricular activity may appear. One word of caution: 
only lower the base rate if you have already extended 
the AV delay and failed to see intrinsic ventricular 
activity!

What happens if you try both methods and you 
cannot get intrinsic ventricular activity to appear? 
In such cases, note it on the chart, check the pro-
grammed output settings (pulse amplitude and 
pulse width) and confi rm that they seem adequate. 
There will be times in the clinic when you cannot 
conduct all of the desired tests because the patient 
“won’t allow it.”



117

3

The Nuts and Bolts of Paced ECG Interpretation, 1st edition. By Tom Kenny. 
Published 2009 by Blackwell Publishing, ISBN: 978-1-4501-8404-5.

EASY TRACING #3

1.
0 

S
ec

on
d

 

S
ur

fa
ce

 E
C

G
 

O
n 

 
P

os
iti

on
 

1 
 

G
ai

n 
1 

 
Fi

lte
r 

O
n 

M
ar

ke
rs

 
O

n 
 

P
os

iti
on

 
2 

A
. E

G
M

 /
 V

. E
G

M
 

O
n 

/ 
O

n 
 

P
os

iti
on

 
3 

/ 
4 

 
G

ai
n 

5 
/ 

5 
 

C
on

fig
ur

at
io

n 
A

tip
-A

rin
g 

/ 
V

tip
-V

rin
g 

S
w

ee
p

 S
p

ee
d

 
25

 
E

G
M

 F
ilt

er
 

O
n 

  m
V

/c
m

 
     m

V
/c

m
 

 m
m

/s
 

E
C

G
 C

o
nt

ro
ls

 

M
od

e 
D

D
D

B
as

e 
R

at
e 

60
P

ac
ed

 A
V

 D
el

ay
 

16
0

S
en

se
d

 A
V

 D
el

ay
 

14
0

M
ag

ne
t 

R
es

p
on

se
 

B
at

te
ry

 T
es

t
A

ut
oI

nt
rin

si
c 

C
on

d
uc

tio
n 

S
ea

rc
h™

 
O

ff
N

eg
at

iv
e 

A
V

/P
V

 H
ys

te
re

si
s/

S
ea

rc
h 

O
ff

H
ys

te
re

si
s 

R
at

e 
O

ff

19
 M

ar
 2

00
7 

11
:4

9 

 p
p

m
 

m
s 

m
s 

 m
s 

m
s 

p
p

m
 

P
ro

g
ra

m
m

ed
 P

ar
am

et
er

s 

T
   

Te
m

p
or

ar
y 

p
ro

g
ra

m
m

ed
 v

al
u

e 

 



118  The Nuts and Bolts of Paced ECG Interpretation

Mode

If you had only the tracing to evaluate, it would be 
impossible to say for sure whether or not this patient 
even had a pacemaker, much less what type of pace-
maker it was! The strip shows only native cardiac 
activity. However, from the printout information at 
the top, it is clear this patient has a DDD pacemaker 
set to 60 ppm.

The annotations are very helpful in that they 
report what the pacemaker has done and how the 
pacemaker interprets various events. In this case, 
the AS and VS annotations indicate the pacemaker 
has sensed atrial and ventricular activity.

Rate

Annotated tracings are both a blessing and curse to 
clinicians. They are a great help because they give 
us a fast, easy way to get information. They can 
be liabilities when clinicians tend to “read the an-
notations” and forget about the tracing. As far as 
I’m concerned, the annotations only report what 
the pacemaker interprets. The tracing itself tells us 
what the heart is doing. For that reason, focus on the 
tracing and see if it matches what’s going on in the 
annotations … not vice versa.

There is no pacing interval at all to measure, but 
there is an atrial interval (AS-AS) which measures to 

be around 920 ms with calipers. This is confi rmed 
by the more accurate intervals at the bottom of the 
strip which show values ranging from 921 to 930 ms. 
That translates to a rate of around 65 ppm.

From the printout, we know that the base rate has 
been programmed to 60 ppm. Even if we did not have 
the printout, that is the “most likely” rate for a dual-
chamber pacemaker. Since the intrinsic activity is oc-
curring at around 65 ppm, it inhibits the pacemaker.

Capture

Capture cannot be assessed for either chamber be-
cause there is nothing but intrinsic activity on the 
strip.

Sensing

Atrial sensing is likely to be appropriate because the 
intrinsic atrial events inhibit the atrial output pulse 
and show up on the annotations as AS. Every intrin-
sic atrial event seen on the tracing can be accounted 
for on the annotations.

Ventricular sensing is also appropriate for the 
same reasons.

Underlying rhythm

This patient has a very good-looking rhythm! Many 
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pacemaker patients have intermittent arrhythmias, 
that is, they may have one or more serious cardiac 
arrhythmias but nothing that affects them perma-
nently. It is likely that this patient is between ar-
rhythmic episodes. The patient has intact AV con-
duction and good sinus function – at least at this 
moment. This strip provides no solid clues as to this 
patient’s rhythm disorder.

What to do next

To run through our basic checklist, it is important to 
evaluate proper atrial and ventricular capture. Both 
require pacing in order to make an evaluation. To 
observe atrial pacing, increase the base rate fi rst to 
90 ppm and, if that doesn’t work, continue to in-
crease it in 10-ppm steps until the pacemaker starts 
to pace the atrium.

In order to force ventricular pacing, the preferred 
method is to shorten the programmed AV delay. It 
is currently set to a paced AV delay of 160 ms and a 
sensed AV delay of 140 ms. Reduce these to around 
110 ms.

If that does not cause ventricular pacing to occur, 
temporarily program the pacemaker to VVI mode 
and then increase the base rate, starting at 90 ppm 
and, if that doesn’t force pacing, ramp up the base 
rate in 10-ppm steps. One important caution for 
ventricular pacing: shorten the AV delay fi rst and 

only increase the base rate if shortening the AV delay 
fails.

Does this patient even need a pacemaker? It is un-
clear from this strip, but not every patient with an 
arrhythmia has an arrhythmia every moment of the 
day. Information from the patient’s chart or previ-
ous check-ups may give you clues as to the nature of 
the rhythm disorder. The best interpretation of this 
strip is that whatever this patient’s arrhythmia(s) 
happen to be, they are intermittent.

The nuts and bolts of paced ECG 
interpretation: normal rhythm

The short snippets of rhythm strips in this 
book are a convention we used to demonstrate 
basic principles of paced ECG interpretation. 
In actual clinical practice, you can and should 
look at much longer tracings to determine 
cardiac rhythm. Since many patients have in-
termittent arrhythmias, you will frequently see 
normal-looking ECGs from device patients. Try 
to look at as much ECG as is reasonable to give 
you a good overview of the patient’s rhythm 
and how the patient and device are interact-
ing. While a few cardiac events can often give 
you major clues about what’s going on with a 
pacemaker patient, avoid basing your complete 
evaluation on just a few waveforms!
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Mode

The presence of both atrial and ventricular pacing 
spikes means that this is a dual-chamber pacemaker. 
However, in the fi rst few complexes of this strip (AS-
VP events) you can see that this is a dual-chamber 
device in that the ventricular spike is clearly being 
timed to the intrinsic atrial event. The proof of that 
is in the consistent sensed AV delay interval.

Rate

In a dual-chamber device, pacing rate is measured 
by the atrial pacing interval (AP-AP). There is one 
atrial pacing interval (AP-AP) on this strip and it 
measures 1000 ms (60 ppm), which is an appropri-
ate rate for a dual-chamber device.

Capture

While there are two atrial pacing spikes on the strip, 
neither captures the atrium.

On the other hand, ventricular capture looks ap-
propriate. Every ventricular pacing spike is followed 
by an immediate ventricular depolarization with 
the characteristic widened bizarre morphology of 
a paced event.

Sensing

When evaluating atrial sensing in a dual-chamber 
device, it is a good idea to review the sensed AV delay. 
This is the timing cycle imposed by the pacemaker 
for AS-VP events. This strip has several AS-VP com-
plexes and they should all be using the same sensed 
AV delay interval. In other words, we should see a 
consistent interval between the atrial sensed event 
and the ventricular pacing spike (the “electronic PR 
interval”) if the atrial event is being properly sensed. 
While calipers are not the most precise measuring 

tool for such small intervals, even with calipers it 
appears that the sensed AV delay is consistent, mea-
suring about 200 ms. That, along with the fact that 
the sensed atrial events inhibit atrial output pulses 
makes a strong case for appropriate atrial sensing.

The nuts and bolts of paced ECG 
interpretation: AV delay

Dual-chamber pacemakers impose a forced 
time delay between an atrial event and the next 
ventricular event, known as the AV delay. There 
are two types of AV delay: the sensed AV delay 
(which follows a sensed atrial event and creates 
an AS-VP complex) and the paced AV delay 
(which follows a paced atrial event and creates 
an AP-VP complex).

The sensed and paced AV delays may be 
the same length or they may differ; it is often 
recommended that the sensed AV delay be pro-
grammed to a slightly shorter value than the 
paced AV delay, usually about 25 ms less. The 
reason for a shorter sensed AV delay is that the 
pacemaker takes about 25 ms from the true onset 
of an intrinsic atrial event before it can properly 
sense it and launch the AV delay timing cycle. An 
atrial paced event launches the paced AV delay 
immediately

When AS-VP complexes appear on a strip, 
one way to verify if the device is sensing the 
atrium correctly is to see if the pacemaker is 
taking its timing cues from the atrial event and 
imposing the sensed AV delay. With proper atri-
al sensing, you should see a consistent AV delay 
interval. Typical AV delay settings are around 
200 ms but can range from 150 to 350 ms.

Ventricular sensing cannot be assessed from this 
strip since there are no intrinsic ventricular events.
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Underlying rhythm

This patient appears to have some atrial activity, but 
it does not conduct via the AV node down to the 
ventricles. This indicates the patient has slow AV 
conduction.

What to do next

Atrial capture must be restored, which means an 
atrial threshold test should be conducted. This will 
result in determination of the required atrial out-
put parameters (pulse amplitude and pulse width) 
necessary for reliable, consistent capture. (The atrial 
pacing threshold is determined and then a “safety 
margin” of 2:1 or 3:1 is typically applied; many pro-
grammers will show recommended programmed 
settings on the screen.)

If the currently programmed atrial output set-
tings are too low, reprogramming new, higher out-
put settings will likely restore proper atrial capture. 
This should be verifi ed before moving on.

But what if the currently programmed output 
settings are already appropriate? Too-low output 
settings are one of the most likely causes of loss of 
capture, but they are certainly not the only ones! You 
may need to troubleshoot the source of loss of atrial 
capture (see box).

While lead problems are comparatively rare, they 
are always important to consider (and hopefully rule 
out). In this case, the fact that atrial sensing seems 
reliable makes a lead problem less likely. When leads 
are compromised, it usually affects both sensing and 
capture. In fact, when you see both capture and sens-
ing problems on the atrial or ventricular channel, it 
should make you suspect a lead problem.

In this case, loss of capture is most likely caused 
by inappropriately low output settings. This may 
not be inappropriate programming. Pacing thresh-
olds are not static values; they can change over time, 
with disease progression, as a result of drug interac-
tions or changes in pharmacotherapy, or even just 
over the course of the day!

As a rule of thumb, pacing output parameters 
should be set to at least a 2:1 safety margin. That 
means if the pacing threshold is 1.3 V at 0.4 ms, the 
device should be programmed to at least 2.6 V at 0.4 
ms. Safety margins should be generous, so in this 
case, I would probably set the pacemaker to 3 V at 
0.4 ms. The patient’s capture threshold should be 

given some room for the normal fl uctuations that 
are bound to occur.

If the pacemaker has an automatic capture func-
tion (such as A-Cap Confi rm), that can be enabled. 
This is one of the safest and most reliable ways to 
manage capture.

Ventricular sensing should also be evaluated. In 
order to do this, intrinsic ventricular activity has to 
emerge. In a dual-chamber device, the better way to 
force ventricular intrinsic events to appear on the 
ECG is to temporarily prolong the AV delay. As a 
rule of thumb, I would extend the sensed and paced 
AV delay to 300 ms or higher and see if any intrinsic 
ventricular events occurred. If that worked, a sens-
ing test could be conducted.

If (and only if) that fails, the next choice is to pro-
gram the device temporarily to VVI mode and then 
lower the base rate in 10-ppm steps while telling the 
patient what you are doing. Go down to about 30 
or 40 ppm (no lower) and see if ventricular activity 
starts to occur on its own.

It is not always possible to evaluate sensing for all 
patients; however, every reasonable attempt should 
be made to do so before throwing in the towel!

The nuts and bolts of paced ECG 
interpretation: troubleshooting 
capture problems

Capture problems are very serious and demand 
our immediate and full attention. Finding the 
solution to a capture problem means identify-
ing what is at the root of the problem. When it 
comes to capture, these are the “usual suspects”:

Lead problems
• Lead dislodgment is more likely in acute 

implants
• However, lead fractures or damage to 

insulation can occur at any time

Output problems
• The output parameter settings (pulse 

amplitude and pulse width) may not be 
adjusted to high enough values either from 
improper programming or the fact that the 
pacing threshold may have changed

• There may be a problem with the output from 
the device (hardware problem)
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Mode

This is a VVI strip. 

Rate

The ventricular pacing interval (VP-VP) measures 
880 ms with calipers (about 70 ppm), which is an 
appropriate rate. However there are two large un-
usual-looking intrinsic ventricular events on the 
strip (premature ventricular contractions or PVCs). 
The escape interval following these events is longer 
than the pacing interval. Measuring with calipers 
from the onset of the PVC to the next ventricular 
pacing spike, the interval is 1200 ms (50 ppm). The 
most common reason for an escape interval to be 
longer than pacing interval is hysteresis. Since both 
intervals time out to rates that would be quite ap-
propriate for base rate and hysteresis rate, hysteresis 
is very likely activated.

Capture

Ventricular capture looks appropriate.

Sensing

Ventricular sensing is appropriate in that intrinsic 
ventricular activity (whether “normal” or in the 

form of a PVC) inhibits the ventricular pacing spike 
and resets device timing.

Underlying rhythm

This patient has sinus node dysfunction and may 
have AV block. He is also prone to PVCs.

What to do next

This pacemaker appears to be functioning appro-
priately and is well programmed to meet this partic-
ular patient’s needs. Ventricular capture and sensing 
are the two most important things to evaluate and 
both can be seen to be working appropriately from 
this strip.

The nuts and bolts of paced ECG 
interpretation: let the strip do the 
work!

There are many things to keep in mind during a 
systematic evaluation of paced ECGs. The more 
work the strip can do for you, the better. Use 
the strip to get all of the information you can. 
In some cases, like this example, you can evalu-
ate both sensing and capture from the tracing.
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Mode

The presence of both atrial and ventricular pacing 
spikes means that this has to be dual-chamber pac-
ing.

Rate

Dual-chamber devices measure their rate based on 
the atrial pacing interval (AP-AP). Using calipers 
from one atrial pacing spike to the next reveals 1000 
ms pacing intervals (60 ppm), which run consis-
tently through the strip. The rate is appropriate for 
a dual-chamber system.

Capture

Atrial pacing spikes are consistently followed by an 
atrial depolarization. All of these atrial events have 
the same morphology. While these suggest appro-
priate atrial capture, atrial capture can be confi rmed 
in AP-VS pacing by a consistent interval (represent-
ing the conduction time of the AP event to the ven-
tricles). The last four complexes on this strip show 
a consistent AP-VS interval of about 160 ms. Atrial 
capture is appropriate.

Ventricular activity is a little bit more unusual. 
Notice that there are three different ventricular 
morphologies on this small section of strip! The 
fi rst two ventricular events are wide, notched com-
plexes right after a ventricular output spike. The last 
four events on the strip are smaller, narrow ventric-
ular complexes without a spike; these are intrinsic 
ventricular events. So what are the third and fourth 
ventricular events?

When you evaluate ventricular waveform mor-
phology, consider the T-wave as well as the QRS 
complex. Looking at the T-waves, it is clear that the 
fourth complex on this strip more closely resembles 
the two paced ventricular events than the third 

event. That makes me think that the third event is 
fusion (a cross between true capture and intrinsic) 
but the fourth event is a paced ventricular beat.

Fusion occurs when an output spike occurs just 
as the heart was depolarizing on its own. Both the 
pacemaker spike and the intrinsic depolarization 
contribute to the event. Fused beats are not uncom-
mon to see in clinical practice, but do require some 
special awareness.

Fusion is not just one kind of event; fused beats 
occur over a spectrum. Thus, it is not unusual to 
see fused beats that look slightly different from each 
other. For that reason, it is possible that both the 
third and fourth beats are indeed fusion, just that 
one is more intrinsic (the third) and the other more 
paced (the fourth).

The nuts and bolts of paced ECG 
interpretation: fusion

Fusion is a timing issue; it happens when a 
pacemaker output occurs just exactly at the 
same moment that the heart was starting to de-
polarize on its own. Both the pacemaker output 
pulse and the native depolarization contribute 
to the beat. That’s why fused beats look like a 
cross between a true paced and a true sensed 
event.

Although fused beats may look a bit unusual, 
if they occur occasionally, they are not a source 
of concern. The patient does not feel fusion 
when it occurs and it does not harm the natu-
ral cardiac contraction. At worst, it is wasteful 
of pacemaker battery energy since the output 
pulse was not needed.

One thing many clinicians do not always 
realize: fused beats confi rm capture. The output 
pulse “changed” the intrinsic morphology, indi-
cating capture.
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Ventricular capture in this strip seems to be ap-
propriate. The paced ventricular events and the 
fused beat(s) confi rm capture.

Sensing

Atrial sensing cannot be evaluated from this strip 
because all of the atrial events are paced.

Ventricular sensing appears appropriate in that 
the intrinsic ventricular events at the end of the strip 
inhibit the ventricular output. To confi rm ventric-
ular sensing, use the AV delay. Measure the paced 
AV delay at the beginning of the strip with calipers; 
it is 200 ms. If the pacemaker sensed the last three 
ventricular events, it means they had to have oc-
curred within that 200-ms window. Using calipers, 
it is clear that all three ventricular events at the end 
of the strip occurred just before the paced AV delay 
timed out. Thus, ventricular sensing is appropriate.

Underlying rhythm

This patients has sinus node dysfunction and slow 
AV conduction.

What to do next

First, atrial sensing should be tested. This requires 
intrinsic atrial events to emerge. By temporarily re-
ducing the base rate in 10-ppm steps, intrinsic atrial 
events should appear on the ECG and atrial sensi-
tivity testing can be conducted. Some patients have 
very erratic or even no atrial activity (silent atria) 
so it may not always be possible to evaluate atrial 
sensing.

The patient also has at least one fused complex on 
this strip. Occasional fusion beats are not uncom-
mon and no reason for concern. In fact, it would 
be tough to fi nd a pacemaker patient who did not 
occasionally experience a fused beat. But fusion is 
something we should always investigate a bit.

Fusion is a timing issue – it is not a capture or 
sensing issue. Since we know this patient has inter-
mittent AV conduction, the fusion occurs because 
an intrinsic ventricular event is happening just at 
the moment the pacemaker’s timing cycles are tell-
ing it to beat. In other words, the pacemaker is com-
peting with the patient’s AV conduction.

The best fi x for this situation is to extend the AV 
delay. With calipers, it looks like the AV delay is ap-
proximately 200 ms. Extending that to 240 ms or 
even longer will give the ventricles more opportu-
nity to depolarize on their own before delivering the 
pacemaker spike.
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Mode

Atrial and ventricular spikes mean this is a dual-
chamber pacemaker.

Rate

Measure the rate in a dual-chamber pacemaker 
based on the atrial pacing interval (AP-AP); in this 
case it is 1000 ms (60 ppm), which is appropriate. 
This is a very consistent strip; every complex is the 
same.

Capture

Every atrial spike is followed by an atrial depolariza-
tion with the same morphology; this suggests ap-
propriate capture. Likewise, every ventricular spike 
is followed by a ventricular depolarization with the 
same morphology, also suggesting appropriate cap-
ture. This particular QRS morphology is typical of a 
paced beat in that it is widened, notched, and bizarre 
looking.

Sensing

Neither atrial nor ventricular sensing can be evalu-
ated from this strip because all of the events shown 
are paced.

Underlying rhythm

This patient has sinus node dysfunction (he re-
quired consistent atrial pacing) and slow AV con-
duction.

The nuts and bolts of paced 
ECG interpretation: pacemaker 
dependency

The term pacemaker dependency is complex 
and a bit controversial, but the concept is sim-
ple. There are patients who simply depend on 
the presence of a pacemaker. The controversy 
over pacemaker dependence is based on how 
dependency is determined. Patients who may 
be pacemaker dependent are those who are very 
frequently, if not 100 percent, paced. As such, 
a patient presenting with this ECG might well 
turn out to be pacemaker dependent.

My own rule of thumb for pacemaker depen-
dency is that any patient whose escape rhythm 
is under 40 bpm should be treated as pacemak-
er dependent.

Such patients should be monitored closely 
and their devices replaced in plenty of time to 
assure there is no interruption in pacing sup-
port. Pacemaker tests that temporarily suspend 
pacing or slow it down may be inappropriate 
for such patients.

In some clinics, the fi les of pacemaker-
 dependent patients are stickered or promin-
ently labeled to that effect to avoid pacemaker 
tests that might temporarily interrupt their 
needed pacing support.

What to do next

Sensing in both chambers should be evaluated. I al-
ways start with atrial sensing, not because there is 
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any scientifi c reason to review atrial sensing prior 
to ventricular sensing, but because it keeps things 
systematic. The systematic approach actually makes 
things faster and helps avoid errors of omission.

To test atrial sensing, intrinsic atrial activity has 
to emerge. The best way to encourage this is to slow 
the base rate in 10-ppm steps, which will reduce 
the rate at which the pacemaker paces the atrium. 
Reduce the base rate in small steps until intrinsic 
atrial activity occurs. Explain to the patient what 
is going on; some patients become symptomatic at 
even slightly reduced pacing rates. Even if no intrin-
sic atrial activity appears, do not go lower than 30 
or 40 ppm.

Reducing the base rate may be inappropriate if 
the patient is pacemaker dependent. Furthermore, 
there will be some cases in which atrial sensing sim-
ply cannot be evaluated.

Assuming you can evaluate atrial sensing, you 
would then go back and check the atrial sensitiv-
ity settings and be sure that they are appropriate in 
view of the atrial sensing threshold. Any changes in 
the sensitivity should be carried out in small, incre-
mental steps. Big swings in sensitivity settings can 
sometimes solve one problem but cause new ones.

Next, evaluate ventricular sensitivity. Again, the 
theory is to encourage intrinsic ventricular activ-

ity. The preferred method to accomplish this is to 
extend the paced AV delay. The atrial rate will pace 
at the normal rate, but you can temporarily allow 
the paced AV delay to be 300 ms or more. (There is 
really no need to extend the AV delay in increments; 
change it to 300 or 350 ms and observe whether or 
not intrinsic ventricular events appear.) If that does 
not cause intrinsic ventricular activity to appear on 
the ECG, you may temporarily program the pace-
maker to VVI mode and reduce the base rate in 10-
ppm steps down to about 30 or 40 ppm (providing 
the patient can tolerate it).

In my opinion, the AV delay extension should al-
ways be done fi rst and is by far the better method. 
Always try to evaluate dual-chamber pacemakers in 
dual-chamber modes. (There is another advantage 
to extending the AV delay. If you see that the patient 
has intrinsic ventricular activity with a prolonged 
AV delay setting, measure the AV conduction inter-
val. You may be able to reprogram the permanent 
AV delay interval setting to something that will en-
courage more intrinsic conduction – good for the 
patient and good for the pacemaker battery.)

Presuming the ventricular sensing threshold can 
be ascertained, this threshold should be used to ad-
just the ventricular sensitivity setting, if necessary.
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Mode

The atrial and ventricular pacing spikes show that 
this is a dual-chamber strip.

Rate

Dual-chamber rates are measured by the atrial pac-
ing interval (AP-AP). In this case, the atrial pacing 
rate is about 68 ppm (880 ms). This is an appropri-
ate rate.

Capture

Atrial spikes are followed by atrial depolarizations 
with similar morphology, so atrial capture seems 
appropriate. Ventricular spikes are followed by 
ventricular depolarizations with the same mor-
phology, so ventricular capture seems appropri-
ate, too.

But notice the pause on the strip. The third paced 
atrial event is followed by a long pause, after which 
AP-VP pacing resumes. There is not a loss of capture 
because although we can see where the paced ven-
tricular event should appear, there is no ventricular 
pacing spike. For now, let’s note this pause and pro-
ceed with the systematic review.

Sensing

Every atrial event on this strip is paced, so it is not 
possible to evaluate atrial sensing.

We cannot evaluate ventricular sensing based on 
the series of paced ventricular events, but there is 
one spot on the strip where the pacemaker inhibited 

the ventricular output – it’s the “missing ventricular 
event” from the pause. The pacemaker withheld a 
ventricular output pulse, and we need to fi gure out 
why that happened.

There are actually any number of possible rea-
sons that this could happen. The fi rst, and most 
common, is a phenomenon called oversensing.

The nuts and bolts of paced ECG 
interpretation: oversensing and 
undersensing

Oversensing occurs when the pacemaker senses 
something that is not there. Undersensing oc-
curs when the pacemaker fails to sense some-
thing that is there.

The concept is pretty easy to understand. 
However, it shows up on a paced ECG this way:

Oversensing leads to under-pacing
Undersensing leads to over-pacing

But there are other causes for pauses. They in-
clude intermittent lead fracture (that is, a problem 
with the lead that only manifests some of the time); 
crosstalk inhibition (when the pacemaker’s ventric-
ular channel “hears” something it thinks is a ven-
tricular event but which, in truth, is an atrial event); 
or it could be noise.

Noise is a general term given to all kinds of pace-
maker interference. Notice how wavy the baseline is 
during the pause. That may be an artifact from the 
ECG machine, or it could be that the pacemaker is 
picking up stray signals.
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The nuts and bolts of paced ECG 
interpretation: noise

Noise or interference refers to stray signals 
picked up by the pacemaker. The body is actu-
ally a pretty noisy place in terms of electrical 
signals, so all pacemakers are equipped with 
standard fi lters to help block out regular body 
and muscle noise. However, some patients will 
experience myopotential noise (muscle noise) 
that the pacemaker can pick up and inappro-
priately “sense” as cardiac activity.

Interference can also come from outside the 
body. Certain electronic devices and environ-
mental atmospheres can produce noise that 
interferes with pacemakers. Common culprits 
include high-power lines, arc welding equip-
ment, very large magnets, and certain in-store 
theft detection systems.

Noise will show up on an ECG in several 
ways. Most commonly, it causes oversensing 
which appears on the ECG as paused or “miss-
ing beats.” If you had an annotated strip, you 
would see annotations for sensed activity that 
does not appear on the actual tracing. Noise 
can show up as bumps or odd, very low ampli-
tude waves on the tracing.

When the pacemaker is in the presence of 
noise for an extended period of time, the device 
may automatically revert to a safety pacing 
mode. Manufacturers have different names for 
this reset function, but basically the pacemaker 
reverts to basic asynchronous ventricular pac-
ing in the presence of noise. The purpose of 
this is to make sure the patient is being paced 
even in the presence of what appears to be noise 
(which can cause the device to not pace at all). 
The originally programmed parameters can be 
restored in a simple programming step.

From the information we have, it appears that the 
pacemaker is oversensing as a result of noise or in-

terference. The evidence of oversensing is the pause; 
I suspect interference is involved because of the ap-
pearance of the tracing.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction.

What to do next

Atrial sensing should be evaluated, which means 
dropping the base rate in 10-ppm increments to 
force intrinsic atrial activity to emerge, if possible. 
Drop the base rate gradually and make sure the pa-
tient tolerates it, but do not go below 30 or 40 ppm, 
even if no intrinsic activity appears and the patient 
seems to be doing fi ne.

Ventricular sensitivity should also be tested, but 
the best way to do that is to prolong the AV delay to 
300 ms or more and see if native ventricular events 
appear.

The real “issue” on this strip is fi guring out the 
cause of the “missing ventricular event.” If possible, 
obtain an annotated strip to see if the pacemaker 
“thought” it saw one or more VS events in the pause 
area. That would prove that the pacemaker was 
oversensing. The bumpy baseline would lead me to 
believe that there was some kind of noise or inter-
ference going on. If this strip was obtained in-clinic, 
the source of the interference would likely be muscle 
noise.

A good basic test for muscle noise involves ob-
serving the ECG as you have the patient do some 
upper-body isometric exercises. Moving the arms 
around is likely to produce some myopotentials. 
If this shows up as more missed ventricular beats 
(oversensing leading to under-pacing), then that 
would confi rm this is oversensing due to noise.

On the other hand, if you cannot simulate myo-
potential noise, this is cause to suspect some kind of 
lead problem. The likely next step is to order a chest 
X-ray to verify lead integrity.
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Mode

This has to be a dual-chamber pacemaker because 
there are atrial and ventricular spikes on the ECG.

Rate

The atrial rate “drives” pacing in a dual-chamber 
system. The atrial pacing interval (AP-AP) here 
measures 1000 ms (60 ppm). The rate is appropri-
ate.

Capture

Atrial pacing spikes are followed by downward-de-
fl ecting P-waves that differ in morphology from the 
lone intrinsic atrial event that appears on the middle 
of the strip. Atrial capture seems appropriate.

Ventricular capture is a little more complex. 
There are three very distinct QRS morphologies 
on this strip! In the middle of the strip there is an 
intrinsic ventricular event. Note its typical narrow, 
sharp morphology.

The fi rst two and last three complexes on the strip 
show a ventricular output pulse followed by a wider, 
notched, bizarre looking QRS complex. These are 
paced ventricular events and they all share the same 
QRS and T-wave morphology. These events show 
appropriate capture.

The unusual-looking third beat is ventricular fu-
sion (where both spike and intrinsic activity con-
tribute to a single depolarization), even though 
some clinicians might be inclined to call it pseudo-
fusion (where the spike lands on an intrinsic event 
but makes no contribution to the depolarization). 
In general, pseudofusion morphology resembles an 
intrinsic event with a spike. Fusion looks like a cross 
between a paced and sensed event.

If intrinsic QRS morphology changes to any de-
gree, then the beat is fusion. Fusion exists across a 
spectrum, so some beats can looked “more fused” 
than others … but since this QRS morphology in 
this third complex is not identical to the intrinsic 
morphology of the fourth complex, this is an ex-
ample of fusion rather than pseudofusion.

When confronted with fusion and pseudofusion 
events, the T-wave can also provide valuable clues. 
Pseudofusion beats should have T-wave morphol-
ogy identical to intrinsic T-waves. Fused beats have 
T-waves that look like a hybrid between the T-waves 
of an intrinsic and paced complex. That convinces 
me the third beat is fused.

This strip shows appropriate ventricular capture 
with one fused ventricular event. Remember that 
fusion confi rms capture.

Sensing

Atrial sensing is appropriate in that the intrinsic 
atrial event inhibits the atrial output and resets de-
vice timing. Of course, this is based on one single 
event, but that is all we have to work with.

Ventricular sensing is also based on one single 
intrinsic event; it appears to be appropriate because 
the ventricular event inhibits ventricular pacing and 
resets device timing.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction.

What to do next

Besides mode and rate, there are four things to check 
when evaluating a dual-chamber pacemaker (sens-
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ing and capture in both chambers). This strip has 
evidence of appropriate behavior for all four catego-
ries. However, it would be prudent to test atrial and 
ventricular sensitivity in that our initial evaluation 
is based on one single event. Sensing problems can 
be intermittent and may not show up in every single 
sensed complex.

The presence of fusion should also be investigat-
ed. In strict clinical terms, fusion is not a problem. 
It does not hurt the patient and is, at most, wasteful 

of device battery energy. Many pacemaker patients 
occasionally experienced fused beats. However, fu-
sion occurs because the patient’s intrinsic rate is 
competing with the programmed base rate. In other 
words, fusion is a matter of timing. If the patient 
experienced frequent fusion, it might be worthwhile 
to program hysteresis on or even lower the base rate 
slightly. However, if fusion is an occasional event, no 
special steps need be taken.
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Mode

This is a VVI pacemaker; that’s clear from the fact 
that there are neither intrinsic nor paced atrial 
events.

Rate

The ventricular pacing interval (VP-VP) provides 
the rate in a VVI strip and on the left end of the strip, 
it measures to be 840 ms (about 70 ppm), which is 
an appropriate rate. But the rate is inconsistent. 
There are pauses (of different lengths) between the 
third and fourth complexes and between the fi fth 
and sixth complexes.

Capture

Since this is a VVI device, we can only evaluate cap-
ture in the ventricle. Every single ventricular event 
on this strip is paced and judging from the spike and 
the QRS morphology, it appears as if ventricular 
capture is appropriate.

Sensing

With nothing but ventricular pacing, we cannot 
evaluate appropriate ventricular sensing using this 
strip. However, the pauses suggest something is in-
appropriate about ventricular sensing. To evaluate 
this strip, the pauses must be explained.

Set calipers to the ventricular pacing interval 
(840 ms). Putting one leg on the fourth ventricu-
lar spike, use the calipers to measure backward 
toward the third spike and place the other caliper 
leg on the spot where the pacemaker “thought” it 
sensed a ventricular event. It occurs on the QRS 
complex.

This is an example of oversensing or sensing a 
ventricular event that really was not a true ventricu-
lar event.

Using this same technique for the second pause, it 
appears that the pacemaker also oversensed a non-
existent event that occurred during the baseline!

The nuts and bolts of paced ECG 
interpretation: the causes of pauses

Pauses occur in both the intrinsic and paced 
cardiac rhythm, but they are often indicative of 
some kind of problem. When pauses occur in a 
paced rhythm strip, the clinician must account 
for them and it is likely that corrective action 
will be warranted.

The main causes of pauses are oversensing 
(sensing something that really isn’t there and 
resetting the device timing); variations caused 
by hysteresis; or a problem with the hardware 
(device or leads) such that the output is not 
delivered.

Lead or hardware problems (such as no-output 
from the pulse generator) can cause pauses, but such 
events are quite rare. When they do happen, there is 
usually more evidence of problems than occasional 
pauses. Since this strip shows good ventricular pace-
maker function except for these pauses, I would rule 
out a lead or hardware problem.

Hysteresis can cause pauses, but hysteresis goes 
into effect after intrinsic events, not after paced 
events. Thus, this is ventricular oversensing.

Underlying rhythm

This patient has silent atria. It is possible he is 
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 pacemaker dependent. My working defi nition of 
pacemaker dependency is a patient without an es-
cape rhythm of 40 bpm or higher. Therefore, I would 
treat this patient as pacemaker dependent.

What to do next

Ventricular sensing should be evaluated to eliminate 
oversensing. Since the strip already shows one inter-
val of 1520 ms (40 ppm), it is probably impossible to 
provoke intrinsic ventricular activity in this patient. 
The pacing rate could be lowered in 10-ppm incre-
ments, but since it should never be dropped below 
30 or 40 ppm, I suspect that it may not be possible to 
evaluate ventricular sensing in this patient.

If it is possible, obtain the ventricular intracardi-
ac electrogram. This will reveal what the pacemaker 
is seeing and where.

In cases like this, we may want to approach the 
ventricular sensitivity issue from a different angle. 
Even if we cannot force intrinsic ventricular activity 
to appear, we may still be able to improve ventricular 
sensing. Make the ventricular sensitivity of the de-
vice slightly less sensitive (increase the mV setting) 

and observe the patient’s ECG. Keep making small 
changes to see if it clears up the sensing problem.

When making adjustments to sensitivity, take 
very small steps. Large changes in sensitivity values 
can solve one problem but cause another.

The nuts and bolts of paced ECG 
interpretation: sensitivity

Sensitivity defi nes the size an intrinsic cardiac 
signal has to be before the pacemaker can detect 
it. If a pacemaker is set to 2 mV sensitivity, that 
means that an intrinsic cardiac waveform has 
to be 2 mV or greater for the pacemaker to “see” 
and sense it.

The higher the mV setting, the more insensi-
tive the pacemaker. For example, a pacemaker 
set to a sensitivity value of 5 mV would only 
sense signals that were 5 mV or greater.

This creates the sometimes confusing pro-
gramming situation where to increase sensitiv-
ity, you have to lower the mV setting. To decrease 
sensitivity, you have to increase the mV setting.
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Mode

This is a dual-chamber pacemaker.

Rate

In a dual-chamber system, the atrial channel “sets 
the pace.” The atrial pacing interval (AP-AP) pro-
vides the rate. Here that interval is 1000 ms (60 
ppm). This rate is appropriate for a dual-chamber 
pacemaker.

In evaluating rate, it is always a good idea to check 
out the AV delay setting. This is particularly im-
portant when there is a lot of AP-VP activity, since 
sometimes a change to the AV delay interval can en-
courage more intrinsic ventricular activity (AP-VS 
activity), which is generally agreed to be better for 
the patient. A typical AV delay value might be any-
where from 150 to 250 ms. Using calipers, it appears 
that this AV delay interval is about 110 or 120 ms. 
That is very short and bears further scrutiny.

Capture

Every atrial spike is followed by an atrial depolariza-
tion with a similar downward-defl ecting morphol-
ogy. Atrial capture seems appropriate.

Ventricular capture also looks appropriate; note 
that every ventricular spike is followed by a ventric-
ular depolarization and all the ventricular events 
share the same widened, notched morphology.

Sensing

With nothing but constant atrial and ventricular 
pacing, we cannot evaluate appropriate sensing in 
either chamber.

Underlying rhythm

This patient has sinus node dysfunction. It is unclear 
from this strip whether the patient has slow AV con-
duction since the AV delay interval is so short that 
even a patient with normal AV conduction would be 
paced at these parameter settings.

What to do next

Atrial and ventricular sensing should be evaluated. 
To test atrial sensitivity, decrease the base rate in 10-
ppm steps to cause intrinsic atrial activity to emerge. 
Monitor the patient as you decrease the rate gradu-
ally and do not go below 30 or 40 ppm.

For ventricular sensitivity, temporarily extend 
the paced AV delay to 300 ms or more and see if na-
tive ventricular events appear.

While the AV delay is temporarily set to a long 
value, observe whether or not the patient has in-
trinsic conduction. If the patient has intrinsic 
ventricular activity at, say, about 200 ms following 
the atrial paced event, the paced AV delay could be 
programmed to 240 or 250 ms to encourage more 
intrinsic ventricular activity and discourage unnec-
essary right-ventricular pacing.

Why is the AV delay interval so short? While 
a very short AV delay might be permanently pro-
grammed (very unusual but possible), this is more 
likely the result of a special algorithm like safety 
pacing to ensure ventricular pacing in the presence 
of noise or interference. Verify whether or not the 
pacemaker is pacing in a safety mode. If so, program 
the device back to normal pacing and the originally 
programmed AV delay interval. You may still need 
to adjust the AV delay to better suit the patient’s in-
trinsic conduction timing, if possible.
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Mode

The printout reveals that this is a dual-chamber 
strip, but that is evident looking at the atrial and 
ventricular pacing spikes. If the exact nature of the 
events confused you, the annotations and strip re-
veal that there is one atrial pacing spike, some in-
trinsic atrial events (AS), some ventricular pacing 
spikes (VP), and fi ve intrinsic ventricular events, of 
which only three are annotated (VS).

Rate

In a dual-chamber device, the rate is controlled by 
the atrial channel. However, this strip does not offer 
any atrial pacing intervals (AP-AP) to measure the 
rate. We could measure ventricular pacing intervals 
(VP-VP), but the presence of intrinsic atrial events 
keeps resetting the timing. (Remember, a dual-
chamber device takes its rate cues from what’s going 
on in the atrium.)

Capture

There is only one atrial paced event with appropri-
ate atrial capture. However, I would hesitate to pro-
nounce atrial capture appropriate based on just one 
event.

The ventricle is more problematic. The wider, 
larger QRS complexes are intrinsic ventricular 
events. The sharp narrow downward defl ections on 
the strip that align with the VP annotations are not 
ventricular events at all; they’re just pacing spikes. 
There is no ventricular capture on this strip. (This is 
a great example of why you can’t trust annotations 
to tell you the whole story; look at the tracing and 
then check it against the annotations. Whenever 
they don’t agree, the tracing wins!)

How can we be sure these rather large spikes aren’t 
just unusual-looking paced ventricular events? Look 
at the third ventricular pacing spike and notice that 
right after the spike, the ventricles depolarized on 
their own. Had the fi rst spike captured the ventricle, 
the ventricles would have been physiologically re-
fractory and could not have depolarized. There is no 
appropriate ventricular capture on this strip at all.

Sensing

Atrial sensing appears to be appropriate in that 
intrinsic atrial events inhibit the atrial output and 
reset device timing. When an intrinsic atrial event 
occurs, a ventricular output pulse is delivered (in 
the case of AS-VP events) at the point at which the 
sensed AV delay times out (150 ms). Atrial sensing 
is functioning properly.

AS AP AS AS AS AS AS AS AS 
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Ventricular sensing is more complicated. Go to 
the fi rst sensed ventricular event on the strip. There 
is an annotation VS, indicating it was sensed. This 
resets timing because the next VP occurs about 950 
ms after that sensed event (which is compatible with 
a 60 ppm rate). Thus, this VS event was properly 
sensed and reset timing.

The second intrinsic ventricular event is more 
problematic. It occurs right after the VP annotation 
and there is no VS annotation to indicate that the 
pacemaker “saw” it. An intrinsic atrial event occurs 
right after it, which is properly sensed and launches 
the sensed AV delay. So the second intrinsic ventric-
ular event is not properly sensed.

Whenever something is not sensed, you must 
ask, “Should it have been sensed?” There are times 
when a pacemaker is behaving appropriately and 
not sensing events, for example, during a refractory 
period. The pacemaker imposes a refractory period 
right after a pacing spike. The second intrinsic ven-
tricular event occurred within 200 ms of the ven-
tricular pacing spike. That means this ventricular 
event “fell into the refractory” and was not sensed. 
This is called functional non-sensing and it actually 
is not a sensing problem at all.

These examples repeat themselves across the 
strip; there are fi ve intrinsic ventricular events in 
this strip and the fi rst is properly sensed; the second 
is not sensed (functional non-sensing); the third is 
properly sensed; the fourth is not sensed (functional 
non-sensing); and the fi fth one is properly sensed. 
Functional non-sensing is not a sensing problem, in 
that the pacemaker is sensing appropriately. For that 
reason, ventricular sensing is actually appropriate.

Underlying rhythm

This patient has intrinsic atrial activity at an erratic 
but relatively fast rate. AV conduction is slow or 
 delayed.

What to do next

Although there is one example on this strip of ap-
propriate atrial capture, atrial capture should be 
evaluated. It is quite possible that everything is fi ne 
and atrial output settings are appropriate. Increase 
the base rate in 10-ppm increments (starting at 
about 90 ppm) to force pacing. This will likely work 
well in this patient, in that there is already an ex-
ample of atrial pacing on the strip.

Ventricular capture is more urgent; it must be 
restored. Ventricular capture should be tested by 
conducting a ventricular pacing threshold test and 
reprogramming output parameters (ventricular 
pulse amplitude and pulse width). It is likely that 
increasing the energy of the output pulse can re-
store proper ventricular capture. When capture is 
restored, the issue of functional non-sensing will 
become a non-issue.

The nuts and bolts of paced ECG 
interpretation: functional non-
sensing

Whenever the pacemaker does not sense some-
thing properly, it is important to determine 
“should it have sensed this event?” The reason 
to ask this question is that events that occur 
during refractory period timing cycles are, by 
defi nition, appropriately not sensed. When an 
intrinsic events “falls into the refractory period” 
and is not sensed, the proper term for this is 
“functional non-sensing,” meaning the non-
sensing is actually the appropriate function of 
the device.

Functional non-sensing is not a sensing 
problem at all. (Depending on the situation, it 
may be a timing problem.)
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Mode

This is a VVI strip.

Rate

In a VVI strip, rate is measured from the ventricular 
pacing interval (VP-VP) which is about 880 ms as 
measured with calipers (around 68 ppm). This is an 
appropriate rate.

The nuts and bolts of paced ECG 
interpretation: types of intrinsic 
ventricular events

This strip has two different types of intrinsic 
ventricular events: there is a narrow, pointed 
morphology of a true intrinsic ventricular 
depolarization and there are four examples on 
this strip of upward-defl ecting tall widened 
intrinsic ventricular events that are actually 
premature ventricular contractions of PVCs.

The reason that the PVC has a different mor-
phology from the other intrinsic ventricular 
event is that the narrow ventricular events are 
conducted from an intrinsic atrial impulse and 
depolarization, while the PVCs originate from a 
ventricular focus.

While many pacemaker patients experience 
occasional PVCs, PVCs are of concern to the 
clinician in that they can trigger a pacemaker-
mediated tachycardia or PMT in susceptible 
patients and may trigger potentially lethal ven-
tricular tachyarrhythmias.

Capture

Ventricular capture appears appropriate in that 
every ventricular spike is followed by a ventricu-
lar depolarization with the characteristic widened, 
bizarre look of a paced QRS. Notice that the ven-
tricular depolarizations following spikes have a 
completely different morphology from the intrinsic 
ventricular events on the strip.

Sensing

As far as the pacemaker is concerned, a PVC is an 
intrinsic ventricular event. The fi rst event on this 
strip is a PVC and it is properly sensed in that it re-
sets device timing (the fi rst ventricular spike on this 
strip is timed to the preceding PVC). However the 
second PVC is not sensed; notice that the interval 
between the two ventricular pacing spikes before 
and after the second PVC is about 880 ms or the 
pacing interval. That means the second PVC was 
not sensed.

The clinician might ask whether this intrinsic 
ventricular event should have been sensed or if it 
“fell into” the refractory period initiated by the ven-
tricular pacing spike. Although we don’t know the 
refractory period parameter settings, calipers show 
that there is about a 440 ms interval from the ven-
tricular spike to the onset of the PVC. It is highly 
unlikely the ventricular refractory period is that 
long! This PVC did not occur during the device’s 
refractory period and should have been sensed. This 
is undersensing.

The other intrinsic ventricular events on this 
strip are properly sensed with the exception of the 
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last PVC. A ventricular sensed event occurs, then a 
PVC, and then a pacing spike. The spike is timed to 
the fi rst ventricular sensed event. That means the 
pacemaker did not properly sense the PVC, which 
occurred well outside of the refractory period.

Diagnosis: intermittent ventricular undersens-
ing.

Underlying rhythm

This patient has sinus node dysfunction, slow AV 
conduction, and appears prone to PVCs. While oc-
casional PVCs are normal in both paced and non-
paced patients, the presence of frequent PVCs is of 
concern for pacemaker patients in that PVCs can 
trigger pacemaker-mediated tachycardias (PMTs) 
and lead to potentially lethal ventricular tachy-
arrhythmias.

What to do next

Ventricular sensing should be evaluated and repro-
grammed, if necessary. From the rhythm strip, it 
appears that PVCs are very large events, so it may 
seem odd to you that the pacemaker seems to be able 
to reliably sense the relatively small “true” intrinsic 
ventricular events that conduct down over the AV 
node from the atrium, yet it undersenses the large 
PVCs. This may be a matter of perspective.

Bipolar pacemakers sense cardiac events by de-
tecting the difference between electrical potential 
picked up at the two electrodes on the pacing lead. If 
the ventricular wavefront travels through the heart 
in such a way that there is a large differential, the 
signal is sensed. However, a PVC and a conducted 
ventricular depolarization originate from different 
points in the heart and travel along different path-
ways. If the PVC hits the bipolar electrodes “head 
on,” there may be very little potential difference on 
the two electrodes even though the electrical energy 
of the waveform can be quite substantial.

Actually, it is not at all unusual to see bipolar pace-
makers undersense PVCs. While sensitivity should 
defi nitely be checked and possibly reprogrammed, 
there is another strategy that can sometimes help 
when PVCs are not properly sensed. If the patient 

has a bipolar system, the ventricular pacing lead po-
larity could be changed. For instance, if the patient 
has a bipolar ventricular lead programmed to uni-
polar, it can be programmed to bipolar; likewise, if 
the lead is programmed to bipolar, it can be changed 
to unipolar. Changes in polarity confi guration may 
improve sensitivity.

The nuts and bolts of paced 
ECG interpretation: polarity 
confi gurations and sensing

The polarity of a pacing lead is defi ned by the 
number of electrodes that are on the lead tip 
itself; a unipolar lead has only one tip electrode 
(and forms a circuit with the pulse generator 
can), while a bipolar lead has one tip electrode 
and a ring electrode, both of which are on the 
end of the lead.

The lead senses the cardiac waveform by 
measuring the difference in electrical poten-
tial from one pole of its circuit to the next. 
While this is normally pretty straightforward, 
sometimes the way the electrical energy travels 
through the heart and the relative position of 
the lead make it so that some signals are missed. 
This is sort of like an electrical “blind spot” 
because the wavefront hits the poles so head-on 
that there is not suffi cient potential difference 
to measure. In such cases, a change in polarity 
(that is, a change in how the electrical poles on 
the circuit are arranged) may restore proper 
sensing. This can only be done with a bipolar 
lead (a unipolar lead only has one electrode on 
the lead tip and so cannot be reprogrammed to 
operate as a bipolar lead).

While changing polarity confi gurations can help 
make the device more sensitive to PVCs, it may also 
make the pacemaker too sensitive to other signals, 
such as myopotential noise or interference. If you 
do decide to change polarity settings to better sense 
PVCs, make the change and observe as much device 
function as you can to verify appropriate opera-
tion.
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Mode

This is a VVI strip.

Rate

Rate is measured on a VVI strip by the ventricular 
pacing interval (VP-VP). The best spot to measure 
on this strip would be the third and fourth spikes. It 
measures a pacing interval of 1000 ms (60 ppm), an 
appropriate rate.

Capture

Moving from left to right, the fi rst ventricular pac-
ing spike appears to capture the ventricle; a widened, 
notched QRS complex follows the spike. The second 
spike is a different story; it does not capture. How-
ever, is it reasonable to expect it to have captured? 
Notice that it falls right after an intrinsic ventricular 
event. The myocardium is physiologically refracto-
ry at this point; no amount of electrical stimulation 
could cause a depolarization at that particular mo-
ment. This is an example of functional non-capture, 
which is actually an issue we will revisit when we 
look at sensing below. (Functional non-capture is 
usually the result of a sensing problem.)

The third spike appears to be appropriate cap-
ture, but the fourth spike is a bit of a puzzle. There 
is a spike with an immediate ventricular depolariza-

tion, but the QRS morphology is not the same as the 
previous two ventricular paced events.

This fourth spike is an example of fusion, which 
occurs when both an intrinsic depolarization and a 
pacing spike contribute to one event. The result is 
a QRS morphology that looks like a cross between 
a true paced ventricular event and a true intrinsic 
ventricular event. Fusion actually confi rms capture, 
in that the pacing spike clearly played a part in the 
depolarization. However, fusion is a coincidence of 
timing; the spike and the patient’s intrinsic depolar-
ization happened almost simultaneously.

The fi fth spike shows functional non-capture and 
the last spike captures properly. Overall, this strip 
reveals intermittent functional non-capture, which 
suggests a sensing problem.

Sensing

Starting at the left, there is a paced ventricular 
event followed by an intrinsic ventricular event 
and then a spike. The spike is an example of func-
tional non-capture, but the real question for the 
clinician is: why is that spike there? If you set the 
calipers to 1000 ms and measure the fi rst and 
second spikes, it is clear the intrinsic ventricular 
event was not properly sensed and, therefore, did 
not reset the device timing. This is an example of 
ventricular undersensing. This occurs again with 
the fi fth spike.
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The nuts and bolts of paced ECG 
interpretation: things that go 
together

While a systematic approach is by far the best 
way to interpret a paced rhythm strip, it can 
also be useful to think of certain things that “go 
together” as you work through the steps.
• Pauses go together with oversensing
• Too much pacing goes together with 

 undersensing
• Functional non-capture suggests 

 undersensing
• PMTs are associated with loss of atrial 

 capture and PVCs
• Fusion and pseudofusion are timing 

 problems (base rate is competing with the 
intrinsic rate)

Underlying rhythm

This patient has slow AV conduction and may be 
prone to PVCs.

What to do next

Functional non-capture is not a capture problem; 
here, like most cases, it’s actually a sensing problem. 
Ventricular sensing should be checked and adjust-
ed so that intrinsic ventricular events are properly 
sensed. With proper ventricular sensing, the prob-
lem of functional non-capture should disappear.

This patient has some intrinsic activity, so it would 
be useful to activate hysteresis. Since the base rate is 
60 ppm, setting hysteresis to 50 bpm would encour-
age more intrinsic ventricular activity to occur. No-
tice that this patient’s native ventricular activity is not 
slow. It is likely that hysteresis could help reduce the 
total amount of ventricular pacing in this patient.

The nuts and bolts of paced ECG 
interpretation: hysteresis

The pacing rate is the rate at which the pace-
maker will pace the heart in the absence of 
intrinsic activity. Hysteresis sets a second limit, 
below the base rate, that allows the patient’s 
intrinsic rate to prevail. Typically the pacing 
rate and the hysteresis rate are close, usually no 
more than 10 or 15 beats apart. If a patient had 
a pacing rate of 60 ppm and a hysteresis rate of 
50 bpm, the pacemaker would be inhibited as 
long as the patient’s intrinsic rate was 50 bpm 
or higher. As soon as the patient’s intrinsic rate 
dipped below 50 bpm, the pacemaker would 
resume pacing at the programmed pacing rate 
of 60 ppm.

One advantage of hysteresis is that it allows 
suffi ciently fast pacing for the patient but still 
defers to the intrinsic rate, if the intrinsic rate is 
reasonably close to the pacing rate. If the base 
rate was programmed to 50 bpm, that might be 
too slow for the patient over the course of the 
day.

Thus, hysteresis is a “best of both worlds” al-
gorithm in that it allows the patient to be paced 
at an appropriate pacing rate but still encour-
ages the intrinsic rate to take over. Generally 
speaking, pacemaker patients are better off 
with an intrinsic rhythm than a paced rhythm, 
so every effort should be made to encourage 
intrinsic activity. (This does not apply to car-
diac resynchronization patients, who should be 
paced as much as possible.)

Another reason to activate hysteresis is that 
the algorithm only goes into effect if the patient 
has a suffi ciently fast intrinsic rhythm.
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Mode

This is a VVI strip.

Rate

Rate is measured on a VVI strip by the ventricular 
pacing interval (VP-VP). However, this strip has 
no ventricular pacing intervals. The intervals here 
are ventricular escape intervals (VS-VP). Because 
this strip is so symmetrical, you may be tempted 
to measure the distance between spikes; that would 
come up to a 1520 ms interval or a pacing rate of 
40 ppm. That is a very unlikely pacing rate! Instead, 
measure from the onset of one intrinsic ventricular 
event to the next pacing spike. That yields an 840 
ms interval or a 70 ppm pacing rate. That’s an ap-
propriate rate.

Capture

Every single ventricular spike on this strip fails to 
capture. The next question to ask is whether we 
ought to expect such spikes to capture. Do they “fall 
into” the physiological refractory period? Looking 
at the strip, it is clear that they should have cap-
tured. Thus, we have consistent loss of ventricular 
capture.

Sensing

The intrinsic ventricular events on the strip are all 
properly sensed, in that they all reset the timing. 
Ventricular sensing is appropriate.

Underlying rhythm

This patient is currently relying on a ventricular es-
cape rhythm of about 40 bpm. He has no intrinsic 
atrial activity at all.

What to do next

The consistent loss of ventricular capture is an ur-
gent problem, so a ventricular capture test must be 
performed. The two most likely causes of the loss of 
ventricular capture are insuffi cient energy delivered 
to the heart (output parameters are too low) or a 
lead problem. The former is the more likely scenario 
and can be addressed by increasing the output set-
tings (pulse amplitude and pulse width). Lead prob-
lems are less likely but are very serious and should 
always be considered. However, in this particular 
case, there is another reason to think that the real 
issue is output. If the problem was a lead, it would 
typically affect both capture and sensing. In this pa-
tient, sensing appears consistently appropriate.
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When a pacing lead is compromised in some 
way, it typically will manifest in unusual device 
behavior. Crushed, fractured, or otherwise dam-
aged leads will often result in a loss of capture 
and inappropriate sensing. Such problems may 
be intermittent, particularly if the lead damage is 
not extensive. While lead problems are relatively 
uncommon, they do occur; since the fi rst clues of 
lead compromise usually appear on the ECG, it is 
important to consider the integrity of the pacing 
lead when you see sensing and capture problems.

Lead problems often affect both capture and 
sensing. It is not typical to have a lead problem 
impair capture but allow appropriate sensing or 

vice versa. Other signs of possible lead damage 
include sudden changes in capture or pacing be-
havior, sudden changes in lead impedance values, 
or very large changes in lead impedance.

If the sensing or capture problems can be ad-
dressed by adjustments to parameter settings, 
that suggests that lead problems can be ruled out.

If the problems persist despite such adjust-
ments or if you see further evidence of damaged 
leads, a chest X-ray should be ordered.

Lead problems are more common in acute 
than chronic implants but can occur at any time 
over the life of a pacing system.

The nuts and bolts of paced ECG interpretation: lead issues
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Mode

Even without the annotations and the lack of a 
prominent pacemaker spike, there is good evidence 
that this strip comes from a dual-chamber pace-
maker. Notice that the intrinsic atrial events have a 
consistent sensed AV delay interval before the wid-
ened ventricular events. This strongly suggests that 
the atrial events are being sensed and used to time a 
ventricular output pulse.

Rate

A dual-chamber device takes its timing cues from 
the atrium, but all of the atrial activity on this strip is 
sensed. That means the device is tracking the atrium 
or timing ventricular pacing to accommodate the 
patient’s intrinsic atrial rate. A dual-chamber pace-
maker will track the atrium up to the programmed 
maximum tracking rate (MTR), which is typically 
set to about 120 ppm. Thus, the pacing rate cannot 
be ascertained from this strip. If you measure the in-
terval between sensed atrial events, it’s about 760 ms 
(78 bpm), which is well above the base rate to which 
the pacemaker would be programmed. However, 
this would be appropriate for atrial tracking.

Capture

Atrial capture cannot be assessed from this strip, 
since all atrial events are intrinsic.

Evaluating ventricular capture may seem diffi cult 
because there is no clear ventricular pacing spike. 
However, the annotations serve the same function 

as a spike in that it tells you when a pacemaker out-
put pulse was delivered. Thus, pacing can be con-
fi rmed by checking out whether the VP annotations 
align with the ventricular events on the strip.

A further confi rmation that ventricular pacing 
occurred is found in the QRS morphology. The QRS 
here has the characteristic widened, bizarre look of a 
paced complex. Every VP annotation (spike) aligns 
with a QRS complex of the same morphology. Thus, 
even without spikes, it is clear that the pacemaker is 
pacing the ventricle and that capture is appropri-
ate.

The nuts and bolts of paced ECG 
interpretation: spikes

When it comes to paced ECGs, the old rule of 
thumb was that unipolar devices had big pacing 
spikes and bipolar devices had smaller (maybe 
even scarcely visible) pacing spikes. While this 
is still true of paced ECGs obtained from a 
programmer, many ECG monitors and other 
equipment today offer spike enhancement. 
This enlarges the pacemaker output spike so 
that even bipolar systems offer clinicians very 
prominent pacing spikes.

Sensing

Atrial sensing is appropriate. The intrinsic atrial 
events in the strip inhibit atrial pacemaker outputs 
and launch a consistent sensed AV delay interval of 
about 170 ms. Since the pacemaker inhibited atrial 
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outputs and timed ventricular pacing to these in-
trinsic atrial events, atrial sensing is functioning 
properly.

Ventricular sensing cannot be evaluated from this 
strip since all ventricular events are paced.

Underlying rhythm

This is a classic example of atrial tracking. This pa-
tient currently has a reliable intrinsic atrial rhythm 
that fails to conduct over the AV node to the ven-
tricles. The use of a dual-chamber device provides 
this patient with 1:1 AV synchrony.

What to do next

Atrial capture must be assessed. To do this, atrial 
pacing must occur which can generally be forced by 

increasing the base rate (starting at about 90 ppm) 
in small 10-ppm steps.

Ventricular sensing also should be evaluated. To 
evaluate ventricular sensing, extend the AV delay 
(temporarily program the AV delay to 300 ms or 
more) and observe if ventricular activity occurs.

Right now, the intrinsic atrial rate is not very high 
and the patient probably tolerates this atrial track-
ing well. However, it is possible that the patient will 
experience occasional episodes of high-rate intrin-
sic atrial activity. It would be worthwhile to evalu-
ate the setting of the maximum tracking rate (Max 
Track Rate or MTR). Typically, the MTR is set to 120 
ppm. It can be set to whatever value the patient can 
reasonably tolerate. If 120-ppm ventricular pacing 
is uncomfortable for the patient, it should be pro-
grammed to a lower setting than 120 ppm.
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Mode

The presence of atrial and ventricular spikes means 
that this is a dual-chamber pacemaker.

Rate

To assess rate in a dual-chamber paced strip, mea-
sure the atrial pacing interval (AP-AP). The atrial 
pacing intervals measures 1000 ms or 60 ppm, an 
appropriate rate.

Capture

The atrial pacing spike is followed by an atrial depo-
larization and morphologies are consistent across 
the strip. Atrial capture is appropriate.

There is a prominent ventricular spike followed 
by a ventricular depolarization. All of these ventric-
ular events share the same morphology. Ventricular 
capture seems appropriate.

Sensing

Neither atrial nor ventricular sensing can be evalu-
ated using this tracing since all of the events are 
paced.

Underlying rhythm

The patient has sinus node dysfunction and slow AV 
conduction.

What to do next

This strip shows classic dual-chamber paced activ-
ity (AP-VP events), but we still need to check some 
pacemaker functions.

Atrial sensing should be evaluated. The best way 
to do that is to reduce the base rate in steps of 10-
ppm until intrinsic atrial activity breaks through. 
Lower the base rate gradually and monitor the 
patient for any signs of discomfort. Even if native 
atrial activity fails to appear, do not drop the base 
rate below 30 or 40 ppm.

Ventricular sensing can be evaluated by extend-
ing the AV delay to 300 ms or higher and then ob-
serving the ECG to see if native ventricular activity 
occurs. While some clinicians try to encourage ven-
tricular activity by temporarily programming VVI 
mode and then lowering the base rate, in my opin-
ion, that should be avoided except as a last-ditch at-
tempt to try to coax ventricular activity to emerge. 
An extended AV delay is not only easier, it will also 
provide good information on the patient’s intrin-
sic conduction interval which may be used to bet-
ter program an appropriate AV delay interval. Test 
the dual-chamber pacemaker in the dual-chamber 
mode!
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Mode

From the atrial and ventricular spikes, it is clear that 
this pacemaker is dual chamber.

Rate

The atrial pacing interval (AP-AP) measures 1000 
ms (60 ppm), which is an appropriate rate for this 
kind of system.

Capture

There are four atrial pacing spikes, all of which result 
in an atrial depolarization with the same morphol-
ogy. The fi rst two conduct, leading to AP-VS events. 
The AP-VS interval is consistent in both, measuring 
approximately 160 ms with calipers. A stable AP-VS 
interval is further proof of appropriate capture.

The next two atrial paced events do not conduct 
(AP-VP events) but still appear to have captured the 
atrium properly. Thus, atrial capture is appropri-
ate.

There are just two ventricular pacing spikes 
and both are associated with a widened, notched, 
“paced-looking” QRS complex that differs marked-

ly from the intrinsic ventricular events on the strip. 
Ventricular capture is appropriate, too.

Sensing

Atrial sensing seems appropriate in that the intrin-
sic atrial events in the fi rst three complexes inhibited 
the atrial output and reset device timing.

Ventricular sensing also looks appropriate, in 
that ventricular intrinsic activity inhibited pacing 
and reset timing.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction.

What to do next

This strip indicates everything is functioning ap-
propriately. This is one of those rare examples where 
the strip demonstrates appropriate capture and 
sensing in both chambers. However, if possible, it 
would be good clinical practice to evaluate capture 
and sensing thresholds for both chambers as part of 
a routine check-up.
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Mode

Sometimes it can be tough to even tell what mode the 
device is operating in! This is one of those strips.

If this was a dual-chamber pacemaker, we would 
see consistent dual-chamber activity, that is, if there 
was an atrial spike there would be a closely related 
sensed or paced ventricular event. If there was a 
ventricular spike, we would expect to have a preced-
ing paced or sensed atrial event. These spikes occur 
alone, so this is a single-chamber system.

But is it an atrial or ventricular pacemaker? Ven-
tricular single-chamber pacemakers are far more 
common, but AAI pacemakers still turn up at the 
clinic. To evaluate what kind of pacemaker this is, 
the best tactic is to look at each individual pacing 
spike and see what it did.

In the fi rst two complexes, the spike occurs be-
fore an atrial depolarization which is followed by 
an intrinsic ventricular event. Later on in the strip, 
the spike occurs in closer proximity to ventricular 
activity. How can we tell if this really atrial pacing? 
Evidence of atrial capture includes an atrial wave-
form morphology that differs from the morphology 
of an intrinsic atrial event, an atrial depolarization 
immediately after the spike, and a consistent AP-VS 
interval in the case of AP-VS pacing. All three of 
these are present in the fi rst two complexes. This 
spike has to be atrial.

In the next four complexes, the pacing spike oc-
curs on top of, after, and between ventricular events 
and the sixth spike again captures the atrium. That 
means the last output pulse is not the dangerous R-
on-T phenomenon, but rather harmless atrial pac-
ing during the T-wave.

This pacemaker has to be a single-chamber atrial 
pacemaker.

Rate

The atrial pacing interval (AP-AP) gives us the rate; 
it’s 880 ms or 68 ppm, measured with calipers.

Capture

The fi rst two atrial spikes capture the atrium; note 
the morphology of these two events compared to 
the upward-defl ecting of the intrinsic atrial events 
in the middle of the strip. These are two examples 
of proper atrial capture (distinctive waveform mor-
phology, depolarization after the spike, and consis-
tent AP-VS intervals).

The third atrial spike is a bit puzzling. If you look 
at the other waveforms, you can see that this third 
event is unique. My interpretation of this event – and 
this may be subject to disagreement among my col-
leagues – is that the ventricles depolarized intrinsi-
cally at the same moment that the pacemaker paced 
the atrium, resulting in an aberrant-looking QRS. 
This would be what I would call pseudo-pseudofu-
sion (it looks like pseudofusion but it really isn’t!)

Moving on, the fourth atrial spike fails to capture. 
The atrium was not physiologically refractory at this 
point. The spike should have captured the atrium, 
so we will have to call this inappropriate.

The fi fth spike may look like it might be atrial 
capture, but do not let it fool you. If this was true 
atrial capture, it would have conducted down over 
the AV node to the ventricles, and the AP-VS inter-
val would be consistent with the AP-VS intervals 
of previous atrial capture events. It is not, so this is 
atrial non-capture.

The sixth atrial spike did capture properly; notice 
the P-wave morphology and AP-VS interval match 
previous captured atrial events.
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The seventh pacing spike looks like it is “R-on-T” 
or pacing into the T-wave. That’s actually an optical 
illusion. An atrial spike happens to occur simultane-
ously with the T-wave portion of a premature ven-
tricular contraction (PVC). The PVC is so large that 
it overwhelms the ECG. Even if this atrial spike cap-
tured the atrium, the resulting atrial depolarization 
would have been too small to show up on the ECG. 
We cannot really tell what happened in the atrium 
with the seventh spike.

There is intermittent loss of capture in the atrium.

The nuts and bolts of paced ECG 
interpretation: why it’s called ECG 
interpretation

Reading a paced ECG may seem like science, 
and certainly there is a lot of science behind it, 
but it also involves the ability of the clinician 
to interpret or give meaning to what the strip 
shows. Paced ECGs show remarkable variability 
and, at times, the best we can do is say what we 
think is the most likely event that is represented 
on the ECG.

Many scientifi c meetings have lively sessions 
during which experts debate what specifi c 
tracings might mean. Even some of the key 
opinion leaders in the world in cardiac rhythm 
management can disagree heatedly on specifi c 
ECGs or electrograms. I do not expect all of my 
colleagues to always agree with my assessments 
in this book or in my classes. My approach is to 
look at strips systematically and to try to have 
solid reasons for my interpretations. But some-
times that’s all they are: my interpretations!

Sensing

There are two prominent intrinsic atrial events in 
the middle of this strip and neither one is sensed 
properly. If you measure out the pacing spikes, you 
can see that atrial pacing “marches through” at the 
pacing rate and without resetting to accommodate 
sensed events. Thus, there is atrial undersensing. In 
fact, the functional mode is actually AOO.

Underlying rhythm

This patient has sinus node dysfunction and what 
appears to be intact AV conduction. The large event 
at the end is a premature ventricular contraction or 
PVC.

What to do next

Atrial capture and sensing have to be restored.
Since intrinsic atrial events appear even on this 

strip, it should not be diffi cult to conduct an atrial 
sensing threshold test and adjust atrial sensitivity.

Atrial capture should also be evaluated. Atrial 
pacing must occur, which should not be diffi cult to 
achieve.
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Mode

This is a VVI pacemaker. There is no relationship 
between the intrinsic atrial activity and the ventric-
ular pacing spikes.

Rate

The ventricular pacing interval (VP-VP) is consis-
tent at about 920 ms (65 ppm), an appropriate and 
expected rate for a single-chamber system.

Capture

Ventricular capture appears to be appropriate; no-
tice that all of the ventricular complexes have simi-
lar morphology.

The nuts and bolts of paced ECG 
interpretation: morphology

Waveform morphology on a tracing varies 
greatly depending on where the electrical en-
ergy causing the depolarization originates. A 
paced ventricular event is a beat that originates 
from the pacemaker electrode. That’s why a 
paced ventricular complex looks different than 
an intrinsic ventricular event, which originates 
from energy conducted over the AV node from 
the atrium.

Morphology also varies by patient. For some 
patients, sensed and paced beats will look ex-
tremely different, but for others, the differences 
will be more subtle. While you cannot interpret 
paced versus sensed complexes solely from 
waveform morphology, the morphology is a 
great clue.

Sensing

Ventricular sensing cannot be evaluated since there 
are no intrinsic ventricular events.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction.

What to do next

Test ventricular sensing by reducing the pacing rate 
in 10-ppm increments so that intrinsic ventricular 
events appear. Drop the rate gradually, observing 
the patient, and do not go below 30 or 40 ppm even 
if no intrinsic activity occurs.

The nuts and bolts of paced ECG 
interpretation: help – I can’t make 
intrinsic events show up!

It may be that you want to evaluate ventricular 
sensing in a patient who is consistently paced 
but even when you reduce the pacing rate (VVI 
or AAI device) or extend the AV delay (DDD 
device), intrinsic activity does not occur.

The fact is that some patients do not have 
a reliable intrinsic rate, even a very slow one. 
Other patients may have an escape rhythm you 
could test but they become highly symptomatic 
even experiencing short spells of such slow 
rates. There will be cases where you will not be 
able to evaluate sensing. In these cases, check 
the sensitivity settings and everything else you 
can check, and note in the chart that sensing 
function could not be assessed and why.
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Mode

This is a strip from a patient with a VVI pacemaker.

Rate

The ventricular pacing interval (VP-VP) is about 
880 ms or 68 ppm. (Since this was measured with 
calipers, it is approximate.) That is appropriate and 
expected for VVI pacing.

Capture

The fi rst two spikes on the strip do not capture the 
ventricle. Whenever we observe unexpected device 
behavior, we have to ask how we expected the device 
to behave. Should these output pulses have captured 
the ventricle? Since both of them occur right after 
an intrinsic ventricular event (while the ventricular 
myocardium would still be physiologically refrac-
tory), the answer is no. This is an example of func-
tional non-capture. Functional non-capture is not a 
true capture issue; it’s almost always an indication of 
something not right with sensing. This is something 
we can revisit when we look at sensing.

After the two functional non-capture events, 
there is a series of paced ventricular activity. Since a 
depolarization of distinct morphology immediately 
follows the pacing spikes, these refl ect appropriate 

capture. This patient has appropriate capture with 
functional non-capture.

Sensing

A ventricular spike occurs right after an intrinsic 
ventricular event in the fi rst two complexes. This 
would only happen if those intrinsic ventricular 
events were not sensed. The third complex shows 
an intrinsic ventricular event which also does not 
reset device timing or inhibit the output pulse (note 
that the third ventricular spike is timed to the prior 
spike, not the intervening intrinsic ventricular 
event). Clearly, this is ventricular undersensing.

Underlying rhythm

This patient has some intrinsic atrial activity and 
slow AV conduction.

What to do next

The most crucial fi rst step is to restore appropriate 
ventricular sensing. Conduct a ventricular sensing 
threshold test, adjust ventricular sensitivity settings, 
and observe how the ECG activity responds. This 
should solve both the undersensing and the func-
tional non-capture, which are both symptoms of 
inappropriately programmed sensitivity.
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Mode

This is VVI pacing.

Rate

The ventricular pacing intervals (VP-VP) in the 
middle of the strip are about 880 ms or 68 ppm, 
which is appropriate. However, there are some 
pauses. Note the long interval between the fi rst and 
second pacemaker spikes and the long pause after 
the last spike on this strip and the next sensed ven-
tricular event. We will need to investigate the causes 
for these pauses.

Capture

Every ventricular spike is associated with an im-
mediate ventricular depolarization of similar mor-
phology. These events have a different morphology 
than that of the intrinsic ventricular event at the end 
of the strip. Capture is appropriate.

Sensing

The pauses tip us off to a potential issue with sens-
ing. Set calipers to 880 ms (the ventricular pacing 
interval) and then put one leg of the calipers on the 
second spike and measure backward. The calipers 
will show where the pacemaker “thought” it sensed 
something and reset its timing. This same thing 
happened at the end of the strip. The pacemaker 
inhibited a ventricular output and reset its timing 

because it “sensed” a ventricular event that actually 
was not there. This is classic ventricular oversens-
ing.

What caused the oversensing? The ECG does 
not always reveal what the pacemaker oversenses. It 
might be tempting to look at the bumpy baseline 
and wonder if the pacemaker oversensed that. This 
baseline indicates the presence of a lot of high-rate 
intrinsic atrial activity. The patient has atrial tachy-
cardia, perhaps even atrial fi brillation (AF). It is not 
at all unusual to observe AF in pacemaker patients. 
However, the AF did not contribute to the ventricu-
lar oversensing. Atrial activity like this would almost 
never be misinterpreted by the pacemaker’s ventric-
ular electrode as possible ventricular activity.

Underlying rhythm

This patient has some form of atrial tachyarrhyth-
mia. He also has slow AV conduction.

What to do next

Ventricular sensing should be evaluated and ven-
tricular sensitivity adjusted. That should solve the 
oversensing problem and get rid of the pauses.

The atrial activity, though problematic, is not 
something for this pacemaker to address. The fi rst 
line of defense for this sort of atrial arrhythmia 
is drug therapy, which is beyond the scope of this 
book. The pacemaker is doing its job, which is pro-
viding reliable ventricular pacing support.
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Atrial fi brillation (AF) is a common rhythm dis-
order, which means you will see it in the clinical 
setting, probably more often than you would care 
to.

AF is a complex and progressive condition 
that often starts out in paroxysmal form (starting 
suddenly, resolving on its own) but deteriorates 
over time to a chronic arrhythmia. AF is appro-
priately fi rst treated with pharmacological ther-
apy. More persistent cases may require chemical 
or electrical cardioversion. There are also surgical 
as well as RF ablation approaches to AF, but such 
interventions are considered more invasive steps 

to a troublesome arrhythmia that resists other 
treatments.

Some pacemakers offer special algorithms to 
help suppress high-rate atrial activity before it 
starts.

Ironically, most AF symptoms are not caused 
by the rapid beating of the atria but rather by the 
ventricular rate. When AF conducts to the ven-
tricles, it results in “rapid ventricular response,” 
which shows up on an ECG as a characteristically 
erratic but rapid rhythm.

In this particular case, the patient’s VVI pace-
maker can – by nature of the device – only ignore 
the atrial rhythm and pace the ventricle.

The nuts and bolts of paced ECG interpretation: atrial fi brillation in paced patients
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Mode

This is single-chamber pacing but it may take a mo-
ment to fi gure out in which chamber the spike be-
longs (AAI or VVI device).

Notice the two arrows, indicating pauses in the 
strip where the pacemaker timing was reset by an 
intrinsic complex. Using calipers, it is apparent that 
the rate is setting itself to the intrinsic QRS complex, 
not the intrinsic atrial event. Although there are a 
couple of spots on this strip where it appears that 
the spike “captures” the atrium, that is just a coin-
cidence. This is a ventricular single-chamber pace-
maker. Another clue that there is no atrial pacing 
going on is the fact that the intrinsic P-wave mor-
phology does not vary between “seemingly paced” 
and intrinsic events.

Rate

The ventricular pacing interval (VP-VP) is very 
short, about 680 ms or 88 ppm. Pacing at such a 
high rate would be typical in pediatric patients or 
with a rate-responsive system (VVIR). If this is 
an adult who is not exercising, it could also be an 
example of an inappropriately high programmed 
pacing rate.

Capture

The pacing spike never once captures the ventricle 
on the whole strip. Ventricular capture is not appro-
priate.

Sensing

The two intrinsic ventricular events shown by the 
arrows are properly sensed in that they inhibit the 
ventricular output pulse and reset device timing. 
However, all of the other intrinsic ventricular events 
on this strip are not sensed. This is intermittent ven-
tricular undersensing.

Underlying rhythm

This patient actually has a pretty good-looking 
intrinsic rhythm. He has consistent atrial activity 
which reliably conducts down and over the AV node 
to the ventricles, resulting in a consistent ventricular 
depolarization. The patient’s intrinsic rate is about 
800 ms (75 bpm).

What to do next

Ventricular sensing must be evaluated and restored. 
Ventricular capture must be tested and restored. 
This most likely will result in the reprogramming 
of ventricular sensitivity (making the device more 
sensitive or lowering the mV setting) and repro-
gramming of the ventricular output settings (pulse 
amplitude and pulse width) to deliver more energy 
in the output pulse.

The pacing rate is also inappropriately high. Un-
less there is a good reason for such a fast pacing rate, 
it should be reduced to a base rate of 60 or 70 ppm. 
Since the patient has an intrinsic rhythm of around 
75 bpm, a base rate of 70 ppm would result in device 
inhibition – which is a good thing because it means 
the patient’s intrinsic rhythm would be encouraged 
to take control.
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The pacing threshold is defi ned as the minimum 
amount of energy required to reliably pace the 
heart. It is typically obtained in a pacing thresh-
old test (sometimes called a capture threshold 
test) and reported as a single setting in two pa-
rameters (a pulse width and a pulse amplitude).

This is a bit misleading, because the pacing 
threshold is not a static value.

Even in one patient, even in a brief period 
like the course of one day, the pacing threshold 
fl uctuates. Furthermore, many factors, including 

drugs and disease progression are known to af-
fect the pacing threshold.

For that reason, pacing thresholds should be 
checked routinely at every follow-up session. 
Adequate safety margins should be allowed to 
provide a “cushion” for threshold variations (2:1 
or 3:1 safety margins are standard).

This is why loss of capture can sometimes 
occur intermittently and loss of capture may 
occur suddenly in a patient even when output 
settings had not been changed.

The nuts and bolts of paced ECG interpretation: pacing threshold fl uctuations
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Mode

If you only had the tracing, you could not say with 
certainty if the patient even had a pacemaker. But 
the printout reveals it’s a DDD device. The annota-
tions reveal that the pacemaker is sensing events on 
both channels.

Rate

The printout reveals the pacing rate is set to 60 ppm, 
an appropriate rate. The intrinsic atrial rate is about 
800 ms (75 bpm) which is doing what one would 
expect – inhibiting the output pulses.

Capture

Capture cannot be evaluated from this tracing.

Sensing

Atrial sensing is appropriate in that every atrial 
event inhibits the atrial output spike. Evaluate sens-
ing by looking fi rst at the tracing and then verifying 
that the annotations agree with what appears on the 
rhythm strip.

Ventricular sensing is likewise appropriate.

Underlying rhythm

This patient has a good and stable underlying 
rhythm as seen by the AS-VS complexes at around 
70 ppm.

What to do next

Capture should be evaluated in both chambers. To 
do so, it will be necessary to force the device to pace. 
For atrial capture, increase the base rate in small 
steps of 10 ppm, starting at 90 ppm. Monitor the 
patient and keep increasing the rate gradually until 
the device starts to pace.

To evaluate ventricular capture shorten the AV 
delay setting. This need not be done incrementally; 
a temporary setting of 110 or 120 ms is fi ne. If that 
does not work, the device can be temporarily pro-
grammed to VVI and the base rate increased in 10-
ppm steps starting at 90 ppm. The fi rst method is far 
superior in that it allows you to evaluate the device 
as a true DDD system, not in a different mode. In my 
opinion, testing ventricular capture by temporarily 
programming a faster rate in VVI mode should only 
be done if shortening the AV delay fails to result in 
ventricular pacing.

Mode DDD
Base Rate 60 ppm

Programmed Parameters
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Sometimes in the clinic, you will encounter pace-
maker patients with ECGs that show no pacing 
and no apparent need for pacing. Before you 
wonder why this patient ever got a pacemaker in 
the fi rst place, remember that many arrhythmias 
are intermittent. If you download pacemaker di-
agnostics, you will often fi nd that pacemaker pa-

tients are paced only a percentage of the time. For 
a great many patients, this percentage may be as 
low as 30% or 40% of the time … which means 
that the majority of the time, such patients re-
quire no pacing. In fact, patients who are paced 
100% of the time are rare.

The nuts and bolts of paced ECG interpretation: does this patient even need a 
pacemaker?
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Mode

This is a single-chamber pacemaker and, since the 
spikes affect the ventricular complex, it must be a 
VVI pacemaker.

Rate

The ventricular pacing interval measures 800 ms (75 
ppm). While this is a bit faster than most strips you’ll 
encounter in the clinic, the rate is still appropriate.

Capture

There are four ventricular pacing spikes on this strip 
that fail to capture, and there is no physiological rea-
son they should not have resulted in a ventricular 
depolarization. Thus, ventricular capture is inap-
propriate.

Notice that two ventricular spikes in this strip 
occur on top of a ventricular event that has the gen-
eral morphology of an intrinsic ventricular depo-
larization. Is this capture or failure to capture? Actu-
ally, it is pseudofusion.

The spike occurs after the ventricle has already 
depolarized on its own. While this does not “hurt” 
the heart rhythm, it is wasted energy from the device 
since the ventricular spike makes no contribution to 
the depolarization. Pseudofusion is a timing issue 
(the intrinsic rate is bumping into the pacing rate). 
Since the pacemaker output does not contribute to 
the depolarization, it neither confi rms nor refutes 
appropriate capture.

Pseudofusion, like fusion, is not a capture prob-
lem – it has to do with timing. The pacemaker spike 
and the patient’s intrinsic rate are competing with 
each other.

The nuts and bolts of paced ECG 
interpretation: fusion, pseudofusion 
and mass confusion

Fusion occurs when both a spike and an in-
trinsic beat occur together in such a way that 
both of them contribute to the depolarization. 
On a paced ECG, a fused beat looks like a cross 
between a sensed and paced event. Fusion is the 
result of a timing issue and it actually confi rms 
capture.

Pseudofusion is something else. Pseudofu-
sion occurs when the heart was depolarizing on 
its own and the pacemaker spike collides with 
this event in such a way that the depolarization 
is entirely intrinsic and the spike is just wasted. 
On a paced ECG, pseudofusion looks like an in-
trinsic event with a spike. Pseudofusion is also 
a timing issue. Pseudofusion neither confi rms 
nor contradicts appropriate capture.

Sensing

Ventricular sensing seems appropriate because in-
trinsic ventricular events reset device timing and 
inhibit the ventricular output spike.

Underlying rhythm

The patient appears to have sinus bradycardia with 
intact AV conduction.

What to do next

The loss of ventricular capture should be addressed 
with a ventricular pacing threshold test and check of 
the output parameters (pulse amplitude and pulse 
width).
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Restoring appropriate ventricular capture will 
likely address the pseudofusion events this pa-
tient has been experiencing. Most pacemaker pa-
tients will occasionally experience both fusion and 
pseudo fusion. Should such events be frequent and 
persistent, this is likely because the patient’s intrin-
sic rate is competing with the programmed base. 

Programming hysteresis or lowering the base rate 
slightly is the most common troubleshooting tactic 
for frequent fusion and pseudofusion. In this par-
ticular case, no such steps are necessary since the 
patient’s native rate is clearly too slow to compete 
consistently with the programmed base rate.

Pacemaker output or the amount of energy ac-
tually delivered to the myocardium is governed 
by two parameters: the pulse amplitude (stated 
in volts) and the pulse width (stated in millisec-
onds). Increasing either one will increase device 
energy, but it is much more energy effi cient to 
adjust the pulse amplitude (voltage).

Many pacemaker programmers will help the 
clinician by suggesting appropriate output set-
tings, but all pacemaker clinicians should under-
stand how this is done. First, the pacing threshold 
must be determined. This is the lowest amount 
of energy (stated as pulse amplitude and pulse 
width) that will reliably capture the heart.

The pacemaker output settings are based on 
the threshold plus a safety margin which is typi-
cally 2:1 or 3:1. For example, if a patient has a 
pacing threshold of 0.8 V at 0.4 ms, a good out-
put setting would be 2.0 V at 0.4 ms (0.8 V plus a 
2:1 safety margin would be 1.6 V, rounded up for 
good measure).

Why not just maximize all output settings? 
Output settings affect battery longevity; the 
higher the output, the faster the battery is used 
up, at least in theory. Thus, clinicians try to strike 
the right balance to assure patient safety but still 
conserve battery life.

The nuts and bolts of paced ECG interpretation: how do you actually adjust 
pacemaker output?
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Mode

Although the pacing spike is not prominent, it is evi-
dent in the second downward-defl ecting ventricular 
depolarization. These wide downward ventricular 
depolarizations are paced events. There is also some 
apparent intrinsic atrial activity but no atrial pac-
ing. If the pacemaker could sense atrial activity, then 
the sensed AV delay (AS-VP) would be consistent in 
the strip; it is not. Further, if this pacemaker were a 
dual-chamber device, it would have tried to pace the 
atrium after the third and before the fourth paced 
ventricular event. In the absence of both sensed and 
paced atrial activity, this pacemaker has to be a VVI 
system.

Rate

The ventricular pacing interval (VP-VP) can be 
measured with calipers from the onset of the sec-
ond paced ventricular event to the onset of the third 
ventricular pacing event (or from third to fourth 
ventricular paced events or using the last two paced 
ventricular events). They all measure about 880 ms 
(68 ppm). The printout states that the rate is 70 ppm 
and that “matches” the caliper reading of 68 ppm in 
that calipers are always an approximation.

The nuts and bolts of paced ECG 
interpretation: caliper “rounding”

Calipers should not be underestimated. They 
are a handy tool and when you get adept with 
them, they can be quick and easy to use. The 
main drawback to calipers is that they are ap-
proximate. For instance, a pacing rate of 70 
ppm corresponds to a pacing interval of 857 
ms. Since the smallest unit measured by cali-
pers is 40 ms (and it’s hard to interpret units 
less than 40 ms), clinicians with calipers will ei-
ther measure pacing intervals of 840 or 880 ms 
and never hit exactly 857 ms. In this example, 
the calipers looked like 880 ms. Technically that 
would mean the pacemaker was set to 68 ppm, 
which is possible. However, we know from the 
printout information on the top of the tracing 
that this pacemaker was set to 70 ppm. That 
means the pacing interval should be 857 ms 
long. Was our reading wrong? No, it was just 
approximate. So when using calipers, allow for 
“rounding” or “approximation” errors.

By the way, pacing rates like 68 ppm are pos-
sible to program but are not very common. 
Most pacemakers are set to rates such as 60, 65, 
70, 75, and so on.

1.0 Second 

Mode VVI 
Base Rate 70 
Magnet Response Battery Test 
Hysteresis Rate Off 

7 Mar 2007 23:20 

 
ppm 
 
ppm 

Programmed Parameters 

T   Temporary programmed value 
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Capture

There are six paced ventricular events of the same 
morphology (widened, downward defl ection) on 
this strip. Ventricular capture is appropriate.

Sensing

There are four intrinsic ventricular events on the 
strip (they are the narrow, upward-defl ecting ven-
tricular events). Each intrinsic ventricular event in-
hibited a ventricular output spike and reset device 
timing. If you measure the VS-VP interval (the es-
cape interval), it corresponds to the pacing interval. 
Sensing is appropriate.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction with some intermittent intrinsic 
ventricular activity.

What to do next

Capture and sensing appear appropriate, but this 
patient might have a lot more intrinsic activity if 
the pacing rate could somehow be slowed down to 
allow more opportunity for the ventricles to depo-
larize on their own. One approach might be to lower 
the programmed base rate, but that has an obvious 
drawback. What if the patient sometimes needs to 
be paced at the current rate of 70 ppm? A rate of 
60 ppm might allow more intrinsic activity but it 
might not provide adequate pacing support all of 
the time.

The best solution is to turn on hysteresis. The 
printout mentions that hysteresis is currently off. 
Hysteresis programmed to 60 bpm would allow 
the heart’s intrinsic rate to take over as long as it 
was above 60 bpm but, if pacing is ever required, 
the pacing rate can remain at 70 ppm. From what 
we can observe about the patient’s underlying 

rhythm, hysteresis would encourage more intrinsic 
rhythm.

This patient has some intermittent intrinsic atrial 
activity. It is possible that when his device needs to 
be replaced, an upgrade to a dual-chamber pace-
maker might provide him with 1:1 AV synchrony 
and better rate support.

The nuts and bolts of paced ECG 
interpretation: modes

Arrhythmias are not static conditions. A pa-
tient’s rhythm disorders can change, even dra-
matically, over time, with disease progression, 
because of drug interactions, or other factors. It 
is quite common for a pacemaker patient to de-
velop new and different arrhythmias over time. 
For that reason, you may encounter patients in 
the clinic who are paced in modes or with pac-
ing systems that may seem less than optimal for 
their condition. Bear in mind that the patient 
you see today may present with entirely differ-
ent rhythm strips than the patient who, 5 years 
ago, fi rst got a pacemaker.

Most pacemaker patients will need frequent 
adjustment to their pacemakers over the life of 
the device. This is not unusual or abnormal.

Many physicians opt for dual-chamber sys-
tems with special features to be able to upgrade 
a patient to more advanced settings and modes, 
if required. That is, even if a patient does not 
need a full-featured device today, it can make 
sense to implant one to accommodate future 
conditions. (After all, pacemakers can last up to 
10 years or more!)

All pacemaker patients will require pace-
maker revision at some point, and for some 
patients, this provides a welcome opportunity 
for a device upgrade to better meet their needs. 
This tracing is a good example of a patient who 
would benefi t from a dual-chamber device.
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Mode

The presence of atrial and ventricular spikes (for 
instance, in the fi rst complex) mean that this is a 
dual-chamber pacemaker.

Rate

To measure the dual-chamber pacing rate, use cali-
pers to measure the atrial pacing interval (AP-AP). 
On this strip, there are a couple of examples of the 
atrial pacing interval. They both measure 1000 ms 
(60 ppm). That is an appropriate and expected 
rate.

Capture

There are four atrial spikes on this strip and each 
one is associated with an atrial depolarization that 
has a different morphology than the intrinsic atrial 
events. Atrial capture looks appropriate.

Most of the strip shows ventricular pacing. 
Each ventricular paced event is associated with the 
ventricular pacing spike and a characteristically 
“paced look,” that is, a widened, bizarre, notched 
morphology. The next-to-last ventricular event on 
the strip is intrinsic and has a completely different 
waveform morphology, which would be typical of 
an intrinsic event. Ventricular capture seems to be 
appropriate.

Sensing

There are four intrinsic atrial events in the middle 
of the strip. When they occur, they inhibit the atri-
al output spike and reset device timing. Another 

verifi cation that atrial sensing is appropriate is a 
consistent sensed AV delay (the timing cycle from 
the onset of an intrinsic atrial event and the next 
paced ventricular event). Although it is diffi cult to 
measure it too precisely with calipers, it looks to be 
about 160 ms; at any rate, it is consistent across the 
strip, even in the last complex on the tracing. Thus, 
we have good evidence that atrial sensing is func-
tioning appropriately.

There is only one intrinsic ventricular event on 
this strip (next-to-last complex) but it inhibits the 
ventricular output spike, resets device timing, and 
appears appropriate. From what we have to work 
with, ventricular sensing seems appropriate.

Underlying rhythm

This strip starts with AP-VP pacing (pacing both 
chambers), then transitions to atrial tracking (AS-
VP), and, at the end moves to atrial pacing that 
conducts (AP-VS). It is rather unusual to see three 
different pacing states on such a short snippet. The 
patient has some intrinsic atrial activity and slow 
AV conduction.

What to do next

This strip shows appropriate atrial sensing and 
capture and appropriate ventricular sensing and 
capture, but it would still be prudent to check these 
functions. In particular, ventricular sensing should 
be checked since we based our determination on 
just one single event.

It is almost always good clinical practice in car-
diac pacing to encourage intrinsic activity and to try 
to minimize unnecessary pacing. The AV delay of 
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160 ms may be too short for this particular patient’s 
intrinsic conduction. That is based on the fact that 
this strip provides one example of intact AV con-
duction and that an AV delay of 160 ms is generally 
considered “short.” By extending the AV delay to 200 
or even 250 ms, the atrial event (whether sensed or 
paced) will have more opportunity to conduct via 
the AV node to the ventricles and cause an intrinsic 
ventricular depolarization. The best way to evaluate 
that is to extend the AV delay and observe what hap-
pens on the ECG. In my opinion, this patient will 
likely show more intrinsic conduction, either in the 
form of AS-VS or AP-VS complexes.

If this particular patient has an advanced pace-
maker system with a special feature, such as VIP® 
technology (Ventricular Intrinsic Preference® 
technology), that can be activated as well. Such al-
gorithms are designed to help accommodate the 
patient’s rhythm in a way that encourages intrinsic 
ventricular activity.

The nuts and bolts of paced ECG 
interpretation: specialty algorithms

Ventricular Intrinsic Preference® technology 
is just one of many special algorithms that are 
available in the latest-generation of pacemak-
ers. Even older devices may offer atrial over-
drive algorithms, automatic capture features, 
and algorithms to help manage pacemaker-
 mediated tachycardia, high-rate intrinsic atrial 
activity, and premature ventricular contrac-
tions. While this book does not go into detail 
about such features (which vary by manufac-
turer and even by device model), they are worth 
getting to know. Many of them automatically 
adjust to the patient’s needs. They are all de-
signed to be easy to set up and program. While 
we will not delve into them here, I encourage 
you to learn what you can about these algo-
rithms. The time you spend learning about 
them will be more than repaid by the time they 
can save you in the clinic over the long run.
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Mode

The strip shows ventricular pacing and there are in-
trinsic atrial events on this strip, but they appear er-
ratically. There does not seem to be atrial pacing on 
this strip, because spikes or paced events would have 
occurred in several places. (A dual-chamber device 
will try to achieve 1:1 AV synchrony and we see no 
evidence of that on this strip.)

This is a VVI pacemaker. The printout and the 
annotations confi rm this. Using a systematic ap-
proach, you can still confi rm this as VVI pacing even 
in the absence of annotations, printouts, and visible 
pacing spikes.

Rate

Ventricular pacing is measured by the ventricular 
pacing interval (VP-VP). With calipers the ventric-
ular pacing interval measures to be about 880 ms 
but the annotations call it out as 859 ms. Either way, 
this matches the 70 ppm programmed rate stated 
on the strip. (Remember, caliper readings are always 
approximate.) This is an appropriate rate for a sin-
gle-chamber pacemaker.

The nuts and bolts of paced ECG 
interpretation: appropriate rate

When we talk about appropriate pacing rates, 
we need to distinguish that “appropriate” 
means appropriate for the patient. If a patient 
comes to the clinic and his pacemaker has been 
programmed to pace at 90 ppm, pacing at this 
fast rate is the expected behavior of the device 
… but it is probably too fast for the patient 
and, thus, not appropriate. Whenever unusual 
rates or rate variations occur, you should try 
to account for them and then recognize that 
sometimes the pacing rate is inappropriate not 
because something is wrong with the pacemaker, 
but rather because the pacemaker was pro-
grammed to an inappropriate rate.

While it is relatively rare to see a pacemaker 
programmed to an inappropriately high or low 
base rate, it can happen. Always consider it as 
a possibility if you check out the rate and can 
fi nd no other explanation.

VP 
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Capture

Although there are no visible pacing spikes on this 
strip, the VP annotations serve the same purpose; 
they tell us when the pacemaker delivered a ventric-
ular output pulse. Every single VP annotation cor-
responds to a paced ventricular event. While these 
paced events vary a bit in morphology (some are 
“taller” than others), they are all examples of ven-
tricular fusion beats. Fusion occurs across a con-
tinuum; in other words, some fusion beats can be 
“more fused” than others.

Since fusion confi rms capture, ventricular cap-
ture is appropriate across the strip. Every ventricular 
output is associated with a captured event.

The nuts and bolts of paced ECG 
interpretation: fusion confi rms 
capture

Fusion beats occur when both an intrinsic de-
polarization and a pacemaker output combine 
to depolarize the heart. As such, they actually 
confi rm capture because the fused beat shows 
that the pacemaker output contributed to the 
depolarization.

Pseudofusion beats occur when the heart 
depolarizes on its own and then, at the very last 
minute, a pacemaker output is delivered right 
on top of the intrinsic depolarization. Pseudo-
fusion looks like an intrinsic beat with a spike. 
Pseudofusion neither confi rms nor contradicts 
capture.

Sensing

The third, seventh, and eleventh events are all in-
trinsic but they did not inhibit the next ventricular 

output pulse. There is consistent ventricular under-
sensing.

Underlying rhythm

The patient has sinus node dysfunction and slow AV 
conduction. The presence of so many fused beats 
means that the programmed base rate is competing 
with the patient’s own intrinsic rate. The patient’s 
intrinsic ventricular rate has to be quite close to the 
base rate of 70 ppm.

What to do next

Ventricular undersensing must be addressed by 
evaluating the sensing threshold and then adjusting 
ventricular sensitivity. To assess ventricular sensing, 
lower the base rate in 10-ppm steps until ventricular 
intrinsic events appears. Since they already appear 
occasionally on this strip, this should not be diffi -
cult.

Although capture looks appropriate, the presence 
of so many fused events would make me want to test 
ventricular capture as well. This time, increase the 
rate (start at about 90 ppm) to get consistent ven-
tricular pacing. It may or may not be necessary to 
adjust ventricular output parameters (ventricular 
pulse width and ventricular pulse amplitude).

The string of ventricular fused beats in this strip 
indicates that the patient’s intrinsic ventricular rate 
is close to 70 bpm. The most effi cient and easiest 
way to address this is to add hysteresis. The print-
out shows that hysteresis is available but not pro-
grammed. The patient’s pacing rate could be left at 
70 ppm but hysteresis turned on and set to 60 bpm. 
The programmed base rate could also be lowered, 
but, in my opinion, the better fi rst step is to add hys-
teresis and observe how the patient responds. It is 
probably not necessary to lower the base rate.
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Mode

Atrial and ventricular spikes mean this is a dual-
chamber strip.

Rate

In a dual-chamber device, the atrial channel drives 
the rate. The atrial pacing interval (AP-AP) is 1000 
ms (60 ppm), an appropriate rate.

Capture

There are several atrial pacing spikes, all of which 
are associated with an atrial depolarization of a 
similar morphology (and this morphology is unlike 
the morphology of the lone intrinsic atrial event on 
the strip). Atrial capture is appropriate.

Both intrinsic and paced ventricular events ap-
pear on this strip. The fi rst two and last three ventric-
ular events have a widened, bizarre-looking, typical 
“paced” look to them. However, looking closely at 
them, the fi rst two events appear smaller and tighter 
than the last three events. For that reason, the fi rst 
two events could be ventricular fusion – the colli-
sion of an intrinsic event and a pacing spike. Fused 
waveform morphology usually resembles a hybrid 
between an intrinsic and a paced beat, and that 
makes me suspect the fi rst two events are fusion and 
the last three are “true” paced ventricular events.

However, fusion confi rms capture (because the 
spike contributes to the depolarization). There are 
fi ve ventricular pacing spikes and fi ve paced events 
(either fi ve true paced events or three true paced 
events and two fusion events). In terms of capture 
analysis, that distinction is not important. Ventricu-
lar capture is appropriate.

The nuts and bolts of paced ECG 
interpretation: when colleagues 
disagree

It does not take much time in the clinic before 
you and your colleagues will fi nd rhythm strips 
that are “subject to interpretation.” This strip 
is a great example of an ECG that two equally 
competent colleagues could interpret two dif-
ferent ways. The fi rst two ventricular events 
might be true paced events or they might be 
fused.

In the clinic, I would probably treat these as 
ventricular fusion for a couple of reasons. First, 
they look different than the three ventricular 
paced beats at the end. The differences may 
seem very subtle to some, but they look clearly 
different to me. Second, the patient has intrin-
sic ventricular activity right after these fi rst two 
questionable fusion events and that suggests his 
or her ventricular rate might very well be fast 
enough to provoke fusion. Thus, I see two beats 
that are probably fusion in a patient who could 
defi nitely support fusion.

However, I am not entirely certain that I 
am right! With ECG interpretation, you try to 
“build a case” based on evidence. I think there is 
good evidence for fusion … but a strip like this 
can provoke some discussion in the clinic!

Sensing

There is only one intrinsic atrial event on this strip 
and it appears to be properly sensed, in that it inhib-
its the atrial output and resets device timing.
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There are three intrinsic ventricular events and 
they inhibit the ventricular output and reset device 
timing. Thus, ventricular sensing is appropriate.

Underlying rhythm

This patient has sinus node dysfunction, slow AV 
conduction, and may have an intrinsic rate that is 
competing with the paced rate – at least when this 
strip was recorded.

What to do next

While atrial sensing appears appropriate on this 
strip, that determination is made from just one atri-
al event. It would be wise to evaluate atrial sensing. 
Decrease the base rate in 10-ppm steps until intrin-
sic atrial activity emerges for testing purposes. Since 
one intrinsic atrial event appears on the strip, it 
should be fairly easy to get intrinsic atrial activity by 
lowering the base rate even slightly. Once the atrial 
sensing threshold can be measured, atrial sensitivity 
should be adjusted, if needed.
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Mode

This is a single-chamber pacemaker. The spikes are 
associated with the ventricular activity, so this is a 
VVI pacemaker.

Rate

The ventricular pacing interval (VP-VP) is 840 ms, 
or about 68 ppm (roughly 70 ppm), an appropriate 
rate.

Capture

There are seven ventricular events on this strip, 
which are numbered to make it a bit easier to navi-
gate.

There are fi ve ventricular spikes on this strip (in 
complexes 2, 3, 5, 6, and 7) and not one of them cap-
tures the ventricle. The next logical question: should 
they have captured the ventricle? Spikes 2 and 6 were 
delivered during the heart’s physiologic ventricular 
refractory period. These are examples of functional 
non-capture. The spikes did not capture, but there is 
no way they could have captured. (Functional non-
capture is not really a capture problem; it is likely 
related to sensing.)

However, spikes in complexes 3 and 5 were de-
livered to the heart at a time when the ventricular 
myocardium could have depolarized. Thus, these 
are true failures to capture. There is a loss of ven-
tricular capture.

The spike in complex 7 is pseudofusion, which 
neither confi rms nor contradicts appropriate cap-
ture.

Sensing

The presence of functional non-capture always sug-
gests a sensing problem.There are seven intrinsic 
ventricular events on this strip. Setting the calipers 
to the ventricular pacing interval (measure VP-VP 
on the strip or 840 ms), put one leg of the calipers 
on the fi rst spike and measure backward to the fi rst 
intrinsic ventricular event on this strip. The other 
caliper leg lands on the outset of this fi rst intrin-
sic ventricular event. This means that fi rst intrinsic 
ventricular event was properly sensed and reset de-
vice timing.

The problem is the pacemaker clearly did not 
sense the second intrinsic ventricular event. The 
fourth intrinsic ventricular event is properly sensed 
and resets device timing, but the sixth ventricular 
event is not appropriately sensed. There is intermit-
tent ventricular undersensing.

Underlying rhythm

The “bumpy” baseline indicates a lot of high-rate 
atrial activity. The irregular intrinsic ventricular 
rate further suggests that the patient may have atrial 
fi brillation (AF).

What to do next

Ventricular capture and sensing must be restored. 
For ventricular capture, conduct a capture threshold 
test and reset device output parameters (ventricular 
pulse width and ventricular pulse amplitude) to an 
appropriately high setting.

Ventricular sensing can be checked by the sensing 
threshold test and reprogramming device sensitiv-

1 2 3 4 5 6 7
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ity. Since the pacemaker is undersensing, it should 
be made more sensitive (lower mV setting).

If changing the output and sensitivity parameter 
settings of the pacemaker fail to resolve these mat-
ters, consider that the problems could relate to a 
lead problem. The fact that this pacemaker seems 
to be experiencing simultaneous pacing and sensing 

problems is a clue that the lead might be involved. 
Since parameter settings are the more likely reason 
for what occurs on the strip and they are easy to ad-
just, make parameter changes fi rst but be prepared 
that if those changes do not have the desired effect, 
a chest X-ray should be ordered to evaluate lead in-
tegrity.
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Mode

The atrial and ventricular spikes mean that this is a 
dual-chamber pacemaker.

Rate

The atrial pacing interval (AP-AP) in this strip – 
which provides us with the best point to measure 
the pacing rate in dual-chamber pacing – is 1000 ms 
or 60 ppm. This is an appropriate rate.

Capture

There are three atrial waveform morphologies on 
this strip. Atrial spikes occur before downward-
defl ecting atrial depolarization waveforms. In the 
middle of the strip is an upward-defl ecting intrinsic 
atrial event. The third atrial spike appears to col-
lide with an intrinsic atrial event in what looks like 
fusion (a cross between a sensed and paced mor-
phology). Atrial capture appears to be appropriate. 
(Remember fusion is not a capture problem, it’s a 
timing issue. Fusion actually confi rms capture.)

There are two ventricular waveform morpholo-
gies on the strip. Ventricular pacing spikes appear 
before wider, bizarre-looking QRS waveforms 
(characteristic for paced beats). These waveform 
morphologies differ from the smaller, tighter, nar-
rower waveforms of intrinsic ventricular depolar-
izations. Ventricular capture looks appropriate.

Sensing

There is only one intrinsic atrial event on the strip, 
but when it occurs, it inhibits the atrial output and 
appears to reset the atrial timing. If you set the cali-

pers to the pacing interval (1000 ms), the intrinsic 
event is timed to the next atrial paced event. Thus, 
atrial sensing is appropriate.

There are only two intrinsic ventricular events on 
this strip and they both inhibit the ventricular pac-
ing spike and reset device timing. Ventricular sens-
ing also seems to be functioning appropriately.

Underlying rhythm

This strip is interesting because in a short span of 
time, the patient goes from AV pacing (AP-VP) to 
conduction (AP-VS then AS-VS) and back to AV 
pacing. This suggests that the patient has both sinus 
node dysfunction and slow AV conduction, but that 
these problems are intermittent.

What to do next

At a glance, it seems like everything is functioning 
appropriately. However, this is just a short snippet 
of strip and we are basing the decision on appro-
priate sensing, for instance, on a single event. It is 
prudent to run pacing and sensing tests anyway, if 
possible, even when things look like they are func-
tioning appropriately.

The presence of two conducted ventricular de-
polarizations in the middle of this strip strongly 
hints that more intrinsic ventricular activity could 
be encouraged. The paced AV delay appears to be 
about 200 ms. If that were extended to 250 ms, it 
would give the atrial event more opportunity to 
conduct via the AV node down to the ventricles. If 
an algorithm to encourage intrinsic ventricular ac-
tivity (such as VIP® or Ventricular Intrinsic Prefer-
ence® technology) were available, it could also be 
programmed.
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Right-ventricular or RV pacing has come under 
scrutiny in the past years. In one landmark 
clinical trial, the DAVID study, it was found that 
unnecessary right-ventricular pacing in certain 
heart failure patients not indicated for bradycar-
dia pacing worsened systolic function.

Based on the DAVID study, many clinicians 
began to seek out ways to minimize right-ven-
tricular pacing. This becomes a bit of a balancing 

act between providing adequate pacing support 
and avoiding unnecessary RV pacing.

The key is not to avoid all RV pacing, but to 
minimize unnecessary RV pacing. For that rea-
son, programming longer AV delays, program-
ming appropriately low pacing rates, and taking 
advantage of algorithms to encourage intrinsic 
ventricular activity are all excellent strategies that 
should be considered in patients with some de-
gree of underlying ventricular activity.

The nuts and bolts of paced ECG interpretation: what about RV pacing?
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Mode

The atrial spikes are apparent on the tracing, but the 
ventricular spikes are a bit harder to see (look at the 
fi rst ventricular event). The annotations can serve 
as “spikes” and tell where the pacemaker delivered 
output pulses. This is a dual-chamber pacemaker.

Rate

The atrial pacing interval (AP-AP) provides the rate 
in a dual-chamber pacing strip; here it is 1000 ms 
or 60 ppm. This can be measured with calipers, and 
it is also called out by the bottom numbers on the 
annotations.

The nuts and bolts of paced ECG 
interpretation: interval notations on 
the strip

While calipers will probably never go out of 
use, intervals noted on the rhythm strip can 
quickly provide exact measurements in the 
clinic. In this strip, the pacing interval (AP-AP) 
is stated in the bottom row (1000). The two 
upper numbers describe the AV delay (AP-VP), 
which is 195 ms, and the V-A interval (VP-AP), 
which is 805 ms. These numbers appear on the 
annotations with lines to help distinguish the 
atrial from the ventricular timing segments.

Capture

Every event on this strip is AV pacing (AP-VP). The 
atrial pacing spikes result in atrial depolarizations, 
so atrial capture seems to be appropriate. Likewise, 
ventricular outputs (as seen on the annotations) 
result in depolarizations and reset device timing. 
Ventricular capture is appropriate as well.

Sensing

Neither atrial nor ventricular sensing can be evalu-
ated from this strip since every event is paced.

Underlying rhythm

The patient appears to have sinus node dysfunction 
and slow AV conduction. This strip is 100% paced, 
so it is unclear what, if any, intrinsic activity this pa-
tient might have.

What to do next

Sensing should be evaluated, which means forcing 
intrinsic events to appear on the ECG. To test atrial 
sensing, lower the pacing rate in 10-ppm steps until 
intrinsic atrial activity appears. To avoid patient dis-
comfort, explain to the patient what is going on and 
lower the rate gradually. Do not go below 30 or 40 
ppm, even if intrinsic atrial events do not show up 
on the tracing. If intrinsic atrial activity cannot be 
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coaxed to appear on the ECG, it may be necessary to 
forego an atrial sensing test.

To test ventricular sensing, begin by increasing the 
paced AV delay setting. A gradual stepwise increase 
is not needed; adjust the paced AV delay temporarily 
to 300 ms or more and observe if native ventricu-
lar activity appears. If no ventricular native activ-

ity occurs, an alternate (but less desirable) method 
of testing ventricular sensing involves temporarily 
programming the device to VVI mode and lowering 
the base rate in small 10-ppm steps. In my opinion, 
the extended AV delay method is by far superior and 
should always be used fi rst so that you can test this 
dual-chamber device in a dual-chamber mode.
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Mode

Clear atrial and ventricular spikes on this strip mean 
that it is a dual-chamber pacemaker.

Rate

The atrial pacing interval (AP-AP) provides the pac-
ing rate in a dual-chamber pacemaker; it measures 
960 ms or about 62 ppm, an appropriate rate.

Capture

The atrial spike appears before several atrial events, 
all of which share the same distinct morphology. 
Atrial capture is appropriate.

The ventricular spike appears before ventricular 
events of the same wide, notched, bizarre look typi-
cal of paced events. This suggests that ventricular 
capture is functioning properly.

Sensing

There are three intrinsic atrial events on this strip, 
each of which inhibits the atrial output and resets 
device timing. Measured with calipers, the sensed 
AV delay appears to be about 160 ms (AP-VS inter-
val). This is further evidence of appropriate atrial 
sensing.

If you compare the paced AV delay (AP-VP) to the 
sensed AV delay (AS-VP), it is clear that the paced 
AV delay in this patient is longer (about 200 ms). 
It is not unusual for a pacemaker patient to have 
different sensed and paced AV delay intervals with 

the paced AV delay typically slightly longer than the 
sensed AV delay.

Ventricular sensing cannot be assessed from this 
strip since there are no intrinsic ventricular events.

The nuts and bolts of paced ECG 
interpretation: sensed and paced AV 
delays

The AV delay interval is the pacemaker timing 
cycle between a paced or sensed atrial event 
and the next paced ventricular event in a dual-
chamber pacemaker.

A sensed AV delay is the AV delay following 
an atrial sensed event (AS-VP interval) while a 
paced AV delay is the AV delay following a paced 
atrial event (AP-VP interval).

These parameter settings are independently 
programmable and it is actually good clini-
cal practice for the sensed AV delay to be a bit 
shorter than the paced AV delay in most dual-
chamber pacemaker patients. The typical dif-
ferential is around 25 ms.

The reason for a longer paced than sensed AV 
delay is that the paced AV delay interval timer 
starts the instant the pacing spike is delivered; 
the sensed AV delay interval timer does not start 
until the intrinsic atrial event is actually sensed, 
which means it must occur and be almost done 
(about 25 ms) before the pacemaker initiates 
the timing cycle. This particular strip is a good 
example of how different values for the paced 
versus the sensed AV delay are used.
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Underlying rhythm

The patient has intermittent sinus node dysfunc-
tion and consistently slow AV conduction.

What to do next

Ventricular sensing should be evaluated, which 
means native ventricular activity must appear on 
the tracing. To force intrinsic ventricular activity to 
emerge, extend the AV delay temporarily to about 
300 ms or even a bit higher. Note that it is not al-
ways possible to evaluate sensing in patients who are 
100% paced.
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Mode

There are only ventricular pacing spikes on this strip. 
While there is some atrial activity, there is not an atri-
al event (paced or sensed) to match every ventricular 
event, which would have happened in a dual-cham-
ber device. This must be a VVI pacing system.

Rate

The ventricular pacing interval (VP-VP) provides 
the rate measurement in a VVI device. It measures 
840 ms with calipers, approximately, which works 
out to a pacing rate of around 70 ppm. This rate is 
expected and appropriate for a VVI patient.

Capture

Although it is tempting to regard single-chamber 
ventricular rhythm strips as “easy,” this particular 
tracing reveals four distinct ventricular waveform 
morphologies.

There are intrinsic ventricular events on the strip 
(second and fi fth events). Notice they are small, 
tight, “sharp-looking” events.

There are true paced ventricular events on the 
strip, too. They are the fi rst and last complexes.

There are fused ventricular events here: they look 
like a cross between the paced and sensed events. 
They are the third and sixth events.

There is also one example of pseudofusion: the 
fourth event. The spike occurs on top of what other-
wise looks like an intrinsic ventricular event.

Appropriate ventricular capture is confi rmed, 
but we have to take into account that we have some 
ventricular fusion and one pseudofusion event.

Sensing

The intrinsic ventricular events on this strip inhibit 
the ventricular output and reset device timing. Ven-
tricular sensing looks appropriate.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction.

What to do next

Ventricular capture and sensing both seem appro-
priate, but the presence of two fusion beats and one 
pseudofusion event is a bit of a concern. Fusion is 
a timing issue; it occurs when the base rate starts 
to compete and even collide with the intrinsic rate. 
The fused beats and the intrinsic beats on the strip 
offer good evidence that this patient has an intrinsic 
rate around the programmed base rate (which hap-
pens to be 70 ppm).

To allow the patient’s intrinsic rate more opportu-
nity to take over, hysteresis should be programmed 
(for example, leave the base rate at 70 ppm but set up 
a hysteresis rate of 60 bpm). While it is also possible 
to program a lower base rate, hysteresis is the bet-
ter option for most patients because it delivers the 
best of both worlds – appropriate device inhibition 
and a suffi ciently rapid base rate. Program hysteresis 
to 60 bpm, leave the base rate at 70 ppm, and ob-
serve on the ECG in the clinic how the patient does 
with this change. If it seems to eliminate fusion and 
allow intrinsic activity, no further changes would be 
needed.

1 2 3 4 5 6 7
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Your intuition might tell you that if a small 
change is helpful, a bigger change could be even 
more benefi cial. That’s not true when it comes to 
pacemakers. Even slight changes in pacemaker 
parameter settings can have signifi cant effects. 
For that reason, make small, incremental changes 

in parameter settings and observe the effect on 
the ECG in the clinic. Since parameters are inter-
related and seemingly subtle changes can make a 
big difference, a big change in a parameter value 
may solve one problem but introduce several new 
ones.

The nuts and bolts of paced ECG interpretation: small steps
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Mode

The presence of atrial and ventricular spikes (even 
in just one complex) mean that this is a dual-cham-
ber pacemaker.

Rate

The atrial pacing interval (AP-AP) determines the 
pacing rate. Using calipers, it measures to 1000 ms 
(60 ppm), an appropriate and expected rate.

Capture

There is consistent atrial pacing in this strip and all 
of the resulting atrial depolarizations show a similar 
morphology. This indicates appropriate atrial cap-
ture. Atrial capture is also supported by the fact that 
in the several AP-VS events in the strip, there is a 
consistent AP-VS interval.

There is only one ventricular pacing spike on 
the strip and it fails to capture, although it is fol-
lowed (after a pause of about 200 ms) by an intrinsic 
 ventricular event. Ventricular capture is not appro-
priate.

Sensing

Atrial sensing cannot be evaluated from this strip 
since all atrial events are paced.

The fi rst three and last three intrinsic ventricu-
lar waveforms all share the same morphology, in-
hibit the ventricular output, and reset timing. They 
refl ect appropriate ventricular sensing. But what 
about the fourth event?

This ventricular event is intrinsic but has a differ-
ent morphology, indicating that it is an escape beat, 
that is, a beat that originates from a focus within the 
ventricle.

However, the pacemaker should still sense this 
ventricular event and use it to reset the timing. That 
has not happened; the atrial pacing interval remains 
constant. Had the fourth intrinsic ventricular event 
been sensed, it should have reset device timing. 
Whenever something like this is suddenly not prop-
erly sensed, the obvious question is: should this 
event have been sensed? If an intrinsic event occurs 
during a refractory period, the pacemaker will not 
sense it or respond to it.

The ventricular spike would have initiated a 
ventricular refractory period. Did this ventricu-
lar event “fall into” the refractory and get missed? 
Measuring with calipers, it appears that this intrin-
sic event occurs about 160 ms after the ventricular 
spike. Since a typical ventricular refractory setting 
is about 250 ms, this event may well have been 
missed because it occurred during the refractory 
period. That would mean ventricular sensing is ap-
propriate.

Underlying rhythm

The patient has sinus node dysfunction but with 
reasonably good AV conduction.

What to do next

Atrial sensing should be evaluated; reduce the pro-
grammed base rate in small steps of 10-ppm to 
encourage intrinsic atrial activity to appear on the 
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ECG. Do this gradually, observing the ECG, and 
checking on the patient that the lower rate is well 
tolerated. Even if it is well tolerated and no intrin-
sic atrial events occur, do not drop the rate below 
30 or 40 ppm. It may not be possible to test atrial 
sensing.

Ventricular capture should be restored. To test 
ventricular capture, ventricular pacing must occur. 
Temporarily shorten the programmed AV delay to 
“force” ventricular pacing. It is likely that ventricu-
lar output parameters (pulse amplitude and pulse 
width) will have to be reprogrammed to slightly 
higher values.

As far as a pacemaker is concerned, a premature 
ventricular contraction (PVC) is defi ned as the 
presence of two ventricular events without an in-
tervening atrial event. That is not always the same 
thing as the clinical defi nition, but it can help you 
understand pacing annotations.

An escape beat is not annotated as such on 
the rhythm strip, but it may be defi ned as an 
unexpected depolarization with a different 
morphology from a “typical” intrinsic event. An 
escape beat has a different waveform morphol-
ogy because the beat originates from a different 
focus in the myocardium than a typical intrinsic 
depolarization. Escape beats originate from the 

ventricle itself while a classic intrinsic ventricular 
event originates from an atrial impulse that con-
ducts properly over the AV node and down into 
the ventricles.

Escape beats and PVCs are not uncommon on 
ECGs of both paced and non-paced patients. De-
pending on how frequently they occur, they may 
be of little concern or they could pose a problem. 
For a paced patient, the main issue with such 
beats is not the event itself but the fact that it can 
sometimes launch a pacemaker-mediated tachy-
cardia (PMT) or might even trigger a potentially 
lethal ventricular tachyarrhythmia.

The nuts and bolts of paced ECG interpretation: escape rhythms and PVCs
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Mode

There are some ventricular pacing spikes on this 
pacing strip but it is not clear whether the device is 
a VVI pacemaker or perhaps a dual-chamber device 
that is simply sensing atrial activity. If the latter were 
the case, the intervals in the last two complexes be-
tween the intrinsic atrial event and the ventricular 
pacing spike (the sensed AV delay) would be con-
sistent – which they are. However, we only have two 
such events. That is really not enough from which 
to draw a conclusion. If possible, turn on annota-
tions or get printout information about the device. 
From that, we know that the device is actually a VVI 
system.

Rate

The pacing rate can be measured on this strip be-
tween the last two ventricular spikes. It turns out to 
be about 840 ms or around 70 ppm, an appropriate 
rate, particularly for a single-chamber pacemaker.

Capture

Atrial capture cannot be evaluated from this strip 
since it’s a ventricular pacemaker.

The strip has three ventricular pacing spikes, 
but look at the QRS morphology. These “paced” 
ventricular events look remarkably similar in mor-
phology to the intrinsic ventricular depolarizations. 
These events are pseudofusion, which occurs when 

the pacing spike happens to land on an intrinsic 
depolarization; the ventricle depolarizes on its own 
and the pacing spike makes no contribution to the 
event. Pseudofusion neither confi rms nor refutes 
capture. Ventricular capture on this strip cannot be 
assessed.

Pseudofusion events may be controversial. After 
all, how can we be sure that the event was really in-
trinsic with a spike and not a fused event, where the 
spike contributes to the depolarization? A good rule 
of thumb for evaluating any ventricular morphol-
ogy is to look not only at the shape of the QRS com-
plex but also at the shape of the resulting T-wave. 
The T-wave after a pseudofusion event is going to 
have the same general morphology as a T-wave after 
an intrinsic event. This is indeed the case.

Sensing

Ventricular sensing appears appropriate in the fi rst 
four intrinsic ventricular events; each inhibits the 
ventricular spike and resets device timing. The ques-
tion is whether the large ventricular escape beat in 
the middle of the strip is properly sensed.

Using calipers, a distinct sensing problem comes 
to light. The escape event was sensed in that it in-
hibits a ventricular output spike. But if you set the 
calipers to the ventricular pacing interval (840 ms) 
and use them to measure the outset of the escape 
beat to the next ventricular pacing spike, a problem 
appears. The calipers don’t reach, in other words, 
the escape interval (VS-VP) is too long.

Mode VVI
Base Rate 70
Magnet Response Battery Test

ppm

Programmed Parameters
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The calipers reveal that the pacemaker “sensed” 
something that coincided with the trailing edge of 
the ventricular escape beat. This is not a case of un-
dersensing at all, but rather that the pacemaker did 
not sense this event until the downward slope. While 
most of the time, pacemakers sense cardiac activity 
at the outset of the beat, it is sometimes possible for 
the device to miss a portion of the waveform and 
sense it on the downslope.

Actually, such sensing peculiarities are particu-
larly common with ventricular escape beats like 
this. A pacemaker with a bipolar lead senses cardiac 
activity by the difference in electrical potential of 
the wavefront energy as it passes by the two elec-
trodes on the distal end of the electrode. Almost 
all of the time, the pacemaker is on the lookout for 
“normal” intrinsic activity rather than escape beats, 
so the pacemaker’s sensitivity is programmed spe-
cifi cally for such events. “Normal” intrinsic events 
travel in a certain direction over the electrodes. An 
escape beat is a horse of a different color, in that it 
originates from a different site in the myocardium 
and its wavefront travels a different path through 
the heart. The result is that the electrical differen-
tials recorded on the distal electrodes of the bipolar 
lead may be deceptively small.

It may seem counterintuitive, but an escape beat 
that appears quite large on the surface ECG may be 

a barely noticeable electrode differential as far as the 
pacemaker’s sensing circuits are concerned. For that 
reason, it is not at all unusual for ventricular escape 
beats to be undersensed. In this case, the ventricular 
event was not undersensed, just sensed much later 
in the course of the depolarization than usual. That 
accounts for the long escape interval.

Ventricular sensing is appropriate.

Underlying rhythm

This patient has sinus node dysfunction but conduc-
tion appears to be intact. His intrinsic rate is around 
70 bpm, which is why the pseudofusion occurs.

What to do next

Ventricular capture must be assessed. It is likely that 
the ventricular output parameters (pulse ampli-
tude, pulse width) will have to be increased to de-
liver more energy to capture the ventricle.

The patient’s intrinsic rate is close to the pro-
grammed base rate. Hysteresis is a good option for 
this patient, because it would allow for a hysteresis 
rate (for example, 60 bpm) to prevail without hav-
ing to decrease the base rate below 70 ppm for those 
times when this patient required pacing.
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Mode

This pacemaker is a VVI system. While there is some 
intrinsic atrial activity evident on the tracing, the 
absence of atrial spikes at the beginning of the strip 
shows that it is a single-chamber ventricular pace-
maker.

Rate

The pacing interval (VP-VP) is 1000 ms (60 ppm), 
an appropriate rate for a single-chamber system.

Capture

This is a VVI strip, so there is no atrial capture. Ven-
tricular capture appears to be appropriate; ventric-
ular spikes are followed by wider, notched, bizarre 
QRS complexes. All of the paced events have the 
same morphology, and there is no sign of fusion or 
pseudofusion.

Sensing

Ventricular sensing appears to be appropriate in the 
fi rst three intrinsic ventricular events. Each of them 
inhibits the ventricular pacing spike. However, there 
is a long pause between the last intrinsic ventricu-
lar event on this tracing and the fi nal pacing spike 
(VS-VP). The VS-VP interval is also known as the 
escape interval (sensed event to next paced event in 
the same chamber). Whenever an escape interval 
occurs that is longer than the pacing interval … we 
should consider the possibility of hysteresis. This 
escape interval measures 1200 ms (50 bpm), a very 
typical hysteresis rate.

Ventricular sensing is appropriate and hysteresis 
is programmed to 50 bpm.

The nuts and bolts of paced ECG 
interpretation: why would you 
program hysteresis on?

Hysteresis is a very useful feature in pacemakers 
and other cardiac rhythm management devices, 
but, in my opinion, it is often not used as much 
as it ought to be. The purpose of hysteresis is 
to encourage intrinsic activity to prevail. This 
might be accomplished by simply program-
ming a low base rate, like “backup pacing” at 30 
or 40 ppm.

However, for many patients a lower base rate 
would not provide adequate rate support dur-
ing other times of the day when they needed 
more rapid pacing.

Hysteresis provides the best of both worlds. 
It allows the normally programmed base rate 
to prevail when the device starts pacing in the 
absence of intrinsic activity. Thus, during times 
when the patient’s heart would not be beating 
very rapidly, the pacing rate takes over and pro-
vides appropriate support at rates of 60 or 70 
ppm. However, when intrinsic activity occurs, 
the pacemaker allows it to take control as long 
as it stays above the programmed hysteresis 
rate, typically programmed to about 10 ppm 
less than the base rate.

Use hysteresis for patients with reasonably 
fast intrinsic activity, even if it is intermittent. 
There is no harm in programming hysteresis 
on, even if the patient has little intrinsic activ-
ity in that hysteresis remains on standby until 
some intrinsic events occur.
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Underlying rhythm

This patient has sinus node dysfunction and some 
evidence of intact AV conduction.

What to do next

Ventricular capture and sensing are working prop-
erly and hysteresis is programmed on and function-
ing as expected. Since this patient appears to have 
intermittent intrinsic atrial activity and intact con-
duction, he should be a candidate for an upgrade to 
a dual-chamber system at the next revision.
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Mode

This is a single-chamber ventricular pacemaker 
(VVI).

Rate

Normally, the rate could be measured from the pac-
ing interval (VP-VP) but there is no such interval on 
this rhythm strip. The next best thing to measure is 
the escape interval (VS-VP) which occurs between 
the third and fourth complexes and again between 
the sixth and seventh complexes. The escape inter-
val is 800 ms (75 ppm). That rate would be appro-
priate.

Capture

There are several different types of ventricular events 
on this strip. The fi rst, third, fi fth, and sixth com-
plexes are intrinsic ventricular depolarizations.

The second complex has the same morphology 
but with a pacing spike added. This is an example of 
pseudofusion; pseudofusion has intrinsic morphol-
ogy but with a spike.

The fourth complex has the typical widened bi-
zarre look of a paced event.

The last event on the strip looks like a blend of 
intrinsic morphology and paced morphology. This 
is an example of fusion, where an intrinsic depolar-
ization occurs at the same time as a pacing spike and 
both contribute to the resulting event.

Both the paced ventricular event and the fused 
event confi rm appropriate ventricular capture.

The nuts and bolts of paced ECG 
interpretation: when rates compete

Fusion and pseudofusion are timing issues. 
They occur because the pacemaker is delivering 
output pulses almost on top of intrinsic events. 
This occurs when the patient’s own intrinsic 
rate “competes” with the programmed base 
rate.

Occasional fusion or pseudofusion is nearly 
unavoidable, in that patients may have rates 
that approach or even exceed the base rate 
from time to time. However, lots of fusion and 
pseudofusion events indicate rates are compet-
ing. The best approach is to program hysteresis, 
lower the base rate, or both.

Technically, fusion and pseudofusion do not 
“harm” the patient. The heart still depolarizes. 
The patient will not experience symptoms. At 
most, fusion and pseudofusion waste battery 
energy by sending output pulses where none 
are needed. Nevertheless, they are indications 
that the intrinsic rate is “bumping into” the 
base rate.

Sensing

Ventricular sensing is appropriate in that intrinsic 
ventricular events inhibit the pacing spike and reset 
device timing.
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Underlying rhythm

This patient has sinus node dysfunction; in fact, in 
this snippet of ECG there is no intrinsic atrial activ-
ity at all.

What to do next

Since fusion and pseudofusion are likely frequent 
events for this patient, it means that the pacemaker 
timing should be adjusted. Fusion and pseudofusion 
occur when the patient’s intrinsic heart rate starts to 

compete or “bump” into the programmed base rate. 
Typically, I recommend using the hysteresis algo-
rithm in cases of a competing intrinsic rhythm, but 
remember this patient’s programmed base rate is set 
to 75 ppm. Most of the time, base rates are set to 60 
to 70 ppm. While 75 ppm is not exceedingly high, 
the fact that it is a bit above “normal” would make 
me want to drop the base rate to 70 ppm fi rst. After 
making that programming change, I would observe 
the paced ECG and decide whether or not to activate 
the hysteresis algorithm, programming a hysteresis 
rate of 60 bpm.
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Mode

Normally, pacing mode is easy to determine, but 
this strip presents some challenges. There are spikes 
that “march through” this strip at a consistent rate. 
This is clearly a single-chamber pacemaker operat-
ing asynchronously – but is it ventricular or atrial? 
At fi rst glance, it is very tough to know if the spikes 
are connected to the atrial or ventricular channel!

Rate

The pacing interval (spike-to-spike) is approxi-
mately 840 ms (70 ppm), which is appropriate for a 
single-chamber system.

Capture

The spikes run through the strip without any rela-
tionship to intrinsic activity. But before we can as-
sess capture, we need to ask: should the spikes have 
captured? The fi rst spike occurs toward the latter 
portion of a T-wave. If this is a VVI device, it should 
have captured. The second, third, and fourth spikes 
should have captured if this was a ventricular sys-
tem. Thus, there is evidence of non-capture if the 
device is a ventricular single-chamber pacemaker.

But what if this was an atrial pacemaker? In that 
case, the fi rst and second spikes also should have 
captured. Thus, no matter what type of pacemaker 
(atrial or ventricular) we’re dealing with, there is a 
failure to capture.

Since VVI pacemakers are more common in 
practice than atrial pacemakers, I am going to make 
a leap and assume this is a single-chamber ventricu-
lar device. If my assumption is true, then the fi fth 
spike is an example of pseudofusion (spike on top of 

an intrinsic depolarization). If this is a VVI device, 
the sixth spike could not have captured the heart be-
cause it occurs too soon after the intrinsic ventricu-
lar depolarization; in fact, the spike occurs during 
the heart’s physiological refractory period. This is 
an example of functional non-capture, that is, there 
is no capture but it is a sensing problem rather than 
an energy problem.

However, no matter how you look at it, this strip 
shows non-capture.

Sensing

The automatic interval (spike-to-spike) is consistent 
and appears unrelated to intrinsic events. This is a 
good indication that there is no sensing going on! 
The intrinsic events do not appear to ever inhibit 
the spikes and reset timing. If this was an AAI pace-
maker, the fourth intrinsic atrial event should have 
reset timing and inhibited the pacing spike. If this 
was a VVI pacemaker, the fi rst intrinsic ventricular 
event should have inhibited the fi rst pacing spike. 
Thus, sensing is inappropriate as well or the device 
is programmed to an asynchronous (non-sensing 
mode), such as VOO or AOO. Since permanent pro-
gramming to an asynchronous mode is very rare, it 
is much more likely that this represents inappropri-
ate sensing.

Underlying rhythm

This patient is fortunate in that his underlying 
rhythm is reasonably good; there is good sinus node 
function and what appears to be intact AV conduc-
tion. It would be interesting to fi nd out if this patient 
even had symptoms, despite the troublesome-look-
ing rhythm strip!
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What to do next

In many cases when the mode is questionable, I 
recommend trying to use annotations or fi nding 
the programmed parameters to verify the mode. It 
would also be interesting to check how the device is 
programmed. Magnet application can induce asyn-
chronous pacing; however, magnet mode often in-
volves higher-than-base-rate pacing which is not the 
case here. Devices can sometimes enter into a reset 
or backup mode in the presence of interference; that 
would force the device to pace asynchronously.

While I would investigate those possibilities fi rst, 
the total lack of proper capture and sensing (regard-
less of what kind of device this is) strongly suggests 

that there is a problem with the pacing lead. Cap-
ture and sensing problems that show up simultane-
ously are a good indicator that there is something 
more profoundly amiss in the pacing system than 
just improperly programmed parameters. Once you 
can rule out magnet mode, noise reversion (backup 
mode in the presence of interference), or a perma-
nently programmed asynchronous mode, a chest 
X-ray should be ordered to see if there is some ob-
servable problem with lead integrity. Further testing 
of the device may also be conducted. While I would 
try to rule out other causes of the asynchronous 
pacing with failure to capture, this rhythm strip is 
almost a classic example of how a compromised 
pacing lead shows up on a paced ECG.
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Mode

This strip comes from a VVI pacemaker.

Rate

The pacing interval (spike-to-spike) is around 880 
ms (68 ppm), which is appropriate for a single-
chamber system.

Capture

The fi rst ventricular pacing spike results in a “clas-
sic” example of ventricular capture; notice the wid-
ened, notched, bizarre QRS morphology right after 
the spike. The third and fourth ventricular events 
are intrinsic. The second ventricular spike looks like 
a cross between a paced and intrinsic event. This is 
ventricular fusion. The fi rst and second ventricular 
spikes both confi rm appropriate capture.

The third spike on the strip (fi fth complex) is 
pseudofusion, in that the spike does not change QRS 
morphology; this is an intrinsic depolarization and 
the spike simply occurred on top of it. This neither 
confi rms nor refutes capture.

The fourth ventricular spike is another example 
of ventricular fusion, the fi fth is another example 
of ventricular capture. Although there are three dis-
tinct QRS morphologies on this short rhythm strip, 
capture appears to be appropriate.

Sensing

Ventricular sensing appears to be functioning prop-
erly in that the third and fourth events inhibit the 
ventricular output spike and reset timing. You can 
verify this by measuring the escape interval from 

the onset of the fourth event (a sensed ventricular 
event) to the next pacing spike (VS-VP): it’s exactly 
the same as the pacing interval (880 ms).

Underlying rhythm

This patient has atrial fi brillation (AF). The biggest 
“clue” to AF is not the bumpy baseline, but rather 
the erratic ventricular rate in response to the atrial 
activity. Although this is a short strip (just a few 
seconds of time), the ventricular rate ranges from 
slow enough to require pacing (less than 68 bpm) 
to as fast as 94 bpm (640 ms, the interval between 
the third and fourth ventricular intrinsic events). Ir-
regular ventricular response to AF is often the most 
visible sign of AF on the ECG. Further evidence of 
AF appears in the bumpy baseline, which attempts 
to represent the presence of a lot of low-amplitude 
intrinsic atrial activity. This patient also has slow AV 
conduction.

What to do next

This patient should be treated for atrial fi brillation, 
which should fi rst be done by pharmacological 
therapy. More severe cases of AF may require elec-
trical or chemical cardioversion. Some dual-cham-
ber pacemakers offer atrial overdrive algorithms or 
other device-based features to help suppress rapid 
atrial activity before it can develop.

However, a VVI pacemaker is quite appropriate in 
a patient like this. AF and fusion go hand-in-hand; 
an erratic ventricular rate can result in occasional 
fused beats.
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Atrial fi brillation (AF) is a common arrhythmia 
and one that presents special challenges to the 
paced population.

Atrial tracking (such as occurs in DDD or 
DDDR modes) is inappropriate in the presence 
of AF, since the device will try to force the ven-
tricle to keep up with the rapid intrinsic atrial 
rate, at least up to the maximum tracking rate. 
Patients with known AF should be programmed 
to non-tracking modes; VVI pacing is often used.

Patients with suspected AF or at risk of AF may 
benefi t from mode switching algorithms which 
temporarily turn off atrial tracking (“mode 
switches”) in the presence of intrinsic high-rate 
atrial activity.

Some pacemakers offer an AF Suppression™ 
algorithm or other features to suppress AF be-
fore it can develop. While these are very useful 
algorithms in certain patients, not all pacemaker 
patients with AF will have devices that offer such 
algorithms.

The treatment of AF is outside the scope of 
this book, but the fi rst line of defense is typically 
pharmacological therapy, followed by cardiover-
sion (chemical or electrical) and possibly surgery 
or catheter ablation. AF is a progressive disorder, 
that is, it gets worse over time, so AF patients 
must be closely followed so that therapy can be 
adjusted as their condition changes.

The nuts and bolts of paced ECG interpretation: managing AF in a pacemaker 
patient
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Mode

This strip comes from a dual-chamber pacemaker.

Rate

In a dual-chamber system, the rate is measured 
using the atrial pacing interval (AP-AP). Here the 
atrial pacing interval is 1000 ms (60 ppm), an ap-
propriate rate for dual-chamber pacing.

Capture

Six times on this strip, an atrial pacing spike occurs 
right before an atrial depolarization. In my opinion, 
they all show appropriate atrial capture. The might 
be a bit controversial in that there is no obvious dif-
ference on this strip between intrinsic and captured 
atrial event morphology; intrinsic atrial events in 
this strip look a lot like paced events! The third atrial 
spike (fourth complex) also occurs slightly “apart” or 
away from the atrial depolarization, but, in my opin-
ion, atrial capture is appropriate. I say that cautiously 
– but I think the spikes and depolarizations provide 
suffi cient evidence of proper atrial capture.

There are six ventricular paced events on this 
strip with the same morphology, and this time the 
morphology differs from that of an intrinsic ven-
tricular depolarization. There is appropriate ven-
tricular capture.

The third and sixth complex on this strip are a 
bit puzzling. There is a pacing spike right after an 
intrinsic ventricular event. In my opinion, these 
are not examples of pseudofusion which occurs 
when an intrinsic depolarization occurs and a spike 
lands, ineffectively, right on top of it. Pseudofusion 
is a simultaneous event. The spikes, in these two ex-
amples, occur slightly after the intrinsic ventricular 
event.

In both instances, the spike fails to capture the 
heart. But the question whenever there is such an 
obvious failure to capture must be this: should that 
spike have captured the heart? The answer, in this 
case, is no. The ventricular myocardium had just 
depolarized and was physiologically refractory. The 
third and sixth ventricular spikes could not have 
captured the heart, no matter how powerful the 
pulses were. These are two examples of functional 
non-capture (which suggests a sensing problem).

Therefore, ventricular capture appears to be ap-
propriate.

Sensing

Any time functional non-capture occurs, we should 
be on the lookout for undersensing. But before we 
look at the ventricular channel, let’s verify appro-
priate atrial sensing. There are two intrinsic atrial 
events on this strip (in the third and sixth com-
plexes). If these intrinsic atrial events were properly 
sensed, they would have inhibited the atrial output 
pulse and reset device timing. But in order to deter-
mine if that was what happened, we have to double-
check the spike that occurs right after the intrinsic 
ventricular depolarization in the third and sixth 
beat. Was it an atrial spike or a ventricular spike?

There are several ways to investigate this.
• If the spike was atrial, it would time itself to the 

previous atrial event. That means a 1000 ms atrial 
pacing interval. If you use calipers on the strip, it 
is clear the third and sixth spikes are not timed to 
the previous atrial event. That means these spikes 
were not on the atrial channel.

• We should also check the sensed AV delay interval 
(AS-VP). In the third event, it measures out to be 
around 280 ms. That same measurement applies 
to the sixth event. The presence of a consistent and 
appropriate sensed AV delay is evidence that the 
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spike is sensing the atrial event and timing itself 
to that.

• While we’re looking at AV delay intervals, mea-
sure the paced AV delay interval (AP-VP), too. It is 
around 200 ms. The fact that the paced AV delay is 
shorter than the sensed AV delay is also appropri-
ate.
Thus, we can be confi dent the third and sixth 

spikes are ventricular. The intrinsic atrial event did, 
indeed, inhibit the atrial output pulse. Atrial sensing 
is appropriate.

Ventricular sensing is another matter. There are 
just two intrinsic ventricular events on this strip and 
both are followed almost at once by a ventricular 
pacing spike. This is ventricular undersensing.

Underlying rhythm

The patient has sinus node dysfunction and slow AV 
conduction.

What to do next

The most urgent need is to correct ventricular sens-
ing which would require a ventricular sensing test 
and then appropriate reprogramming of ventricu-
lar sensitivity.

The nuts and bolts of paced ECG 
interpretation: functional non-
capture and undersensing

As a general rule of thumb, whenever you see a 
spike that fails to capture, you should fi rst ask 
whether or not that spike could have captured 
the myocardium. If the spike occurs during the 
physiological refractory period of the myocar-
dium, the pulse could never capture the heart, 
no matter how powerful it was. That’s func-
tional non-capture.

Despite its name, functional non-capture 
is not actually a capture problem. Nearly al-
ways it relates to a sensing problem. Functional 
non-capture occurs during the physiological 
refractory period of the heart, that is, after an 
intrinsic beat. However, if sensing were working 
appropriately, the beat would have been sensed 
and the pacing output spike would have been 
withheld. Whenever you have functional non-
capture, look for undersensing!
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Mode

Look carefully at this strip and you’ll see it’s from 
a VVI pacemaker; the complexes on the strip are 
mostly ventricular with only some sporadic intrin-
sic atrial events.

Rate

The ventricular pacing interval (VP-VP) may be a 
bit challenging to fi nd. Since we do not have pacing 
spikes to go by, a good idea is to turn on annota-
tions, if possible, and use them like spikes. We did 
that here, but a skilled reader of paced ECGs could 
actually interpret this strip pretty accurately with-
out benefi t of annotations. Here is how it would be 
done.

Notice that there are three distinct ventricu-
lar morphologies on this strip. The fi rst complex 
shows a large downward-defl ecting morphology; 
the second complex is a smaller upward-defl ecting 
complex; the third complex is a very large, pointed 
ventricular complex. Every ventricular event on this 
strip is one of those three distinct morphologies.

That means there are three types of ventricular 
events going on. The smaller upward-defl ecting 
complexes are intrinsic. The very large, very pointed 
ventricular events are paced; these are the “tallest” 
waveforms on the strip. The ones that look like hy-

brids between intrinsic and paced events are fused 
beats, which count as capture.

When confronting various different morpholo-
gies on a single strip, fi rst identify the type of event 
that is most obvious to you. For me, the smaller, up-
ward-defl ecting events (the second, fi fth, and eighth 
complexes) are clearly intrinsic. (This is confi rmed 
by the annotations.) The other two morphologies 
on this strip look similar but are distinct. One is a 
“true” paced event and the other one has to be fu-
sion, a combination of intrinsic and paced beat. The 
“true” paced event is the event less like the intrinsic 
beat, while the fusion beat has to be the beat that 
looks more like the intrinsic beat. The third, sixth, 
and ninth complexes are “true” paced ventricular 
events, while the fi rst, fourth, and seventh events 
are fused.

Knowing the types of events, measure the in-
terval between the onset of the third and fourth 
complexes (or also the sixth and seventh) to get the 
ventricular pacing interval (VP-VP). It measures to 
be about 880 ms (70 ppm) with calipers. That rate 
is confi rmed by the annotations (859) and on the 
printout at the top.

Capture

The ventricular pacemaker spikes do not appear as 
spikes, but we can see them as annotations. Every 
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spike results in a ventricular depolarization but there 
are two distinct morphologies. The larger complex-
es are paced events, the smaller but similar-looking 
complexes are fused events. Both confi rm capture. 
Ventricular capture is actually appropriate.

Sensing

Ventricular sensing looks appropriate in that sensed 
ventricular events (the upward complexes) inhibit 
the output spike. But look what happens with tim-
ing! The ventricular escape interval (VS-VP) is lon-
ger than the ventricular pacing interval of 880 ms. 
Measure it from the onset of the QRS to the next 
pacing spike; it turns out to be about 1200 ms (50 
ppm).

Whenever the escape interval (sensed event to 
paced event in the same chamber) is longer than 
the pacing interval (paced event to paced event in 
the same chamber), it is very likely that hysteresis 
is in force. Hysteresis automatically prolongs the 
escape interval in the presence of intrinsic activity. 
Evidence of hysteresis includes:
• An escape interval that is longer than the paced 

interval
• An escape interval that times out to be a “likely” 

hysteresis rate (here the pacing rate is 70 ppm and 
the escape interval works out to be a hysteresis rate 
of 50 bpm)

• Confi rmation on the printout that hysteresis is 
on!

Underlying rhythm

This patient has sinus node dysfunction and an in-
trinsic ventricular rate that is competing with the 
programmed base rate.

What to do next

Hysteresis is defi nitely appropriate for this patient, 
but it might be a good idea to lower the programmed 
base rate as well. The device is programmed to a base 
rate of 70 and a hysteresis rate of 50 bpm. A gap of 
20 bpm between hysteresis and base rate is actually 
quite large; a 10 bpm differential is typical. For that 
reason, I would lower the base rate to 60 ppm or at 
least 65 ppm and leave hysteresis at 50 bpm.

The nuts and bolts of paced ECG 
interpretation: difference between 
ppm and bpm

Pacemakers measure rates in intervals, but 
clinicians like to talk about rates in terms of 
pulses per minute or ppm. However, some-
times, in particular with hysteresis, it is typical 
to see the abbreviation bpm, which stands for 
beats per minute.

Although not everyone does this rigorously, 
there is actually a method for deciding when 
to use ppm versus bpm. Pulses per minute 
refers to what the pacemaker does – it delivers 
so many spikes or pulses per minute. The base 
rate of a pacemaker is typically stated as 60 or 
70 ppm. Beats per minute refers to the patient’s 
intrinsic rate. A person with an intrinsic cardiac 
rate of 30 bpm should get a pacemaker.

Since the hysteresis kicks in when the pa-
tient’s intrinsic rate hits a cutoff, hysteresis rates 
are rightly stated in bpm – the patient’s intrin-
sic rate. A 50 bpm hysteresis rate means that 
hysteresis goes into effect when the patient’s 
own native heart rate hits 50 bpm.
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Mode

This comes from a VVI pacemaker.

Rate

The pacing interval (VP-VP) measures out with cal-
ipers to around 880 ms, which translates to a pacing 
rate of 70 ppm.

Capture

There are three distinct ventricular morphologies 
on this strip. Even without annotations, they can be 
identifi ed. The fi rst beat is the most obvious to me; 
it is a “true” ventricular paced event.

The third through sixth events on this strip look 
like intrinsic events but there is a pacing spike in the 
middle; these are pseudofusion events. These four 
pseudofusion events neither confi rm nor deny cap-
ture, they merely indicate that the patient’s intrinsic 
ventricular rate is competing with the programmed 
base rate.

The second and last ventricular events are fused 
ventricular beats, in that they look like a cross be-
tween the intrinsic and the paced morphologies. 
The fi rst “true” paced event and the two fused ven-
tricular events confi rm capture. Pseudofusion nei-
ther confi rms nor denies capture. Thus, from what 
we have to work with, ventricular capture is appro-
priate.

Sensing

Sensing cannot be evaluated from this strip.

The nuts and bolts of paced ECG 
interpretation: don’t you forget 
about T (T-waves, that is)

Evaluating QRS complexes in terms of mor-
phology is somewhat of an inexact science, 
particularly when it is practiced by rookies or 
those who don’t have a lot of experience with 
paced ECGs.

On this strip, it might appear to some clini-
cians that the third ventricular spike distorted 
the third ventricular complex more than the 
fourth, fi fth, and sixth spikes distorted their 
resulting QRS complexes. Someone else might 
notice that the fourth ventricular spike resulted 
in a kind of notch on top, which didn’t happen 
on some of the other beats. In other words, 
maybe these four consecutive “pseudofusion 
events” aren’t really the same event at all. There 
are some subtle morphology differences.

I think all four of these complexes (third 
through sixth on the strip) are pseudofusion, 
and here is why. You should always include the T-
wave when comparing morphologies. Just as this 
strip has three different events, there are three 
different types of T-waves. The fi rst T-wave in 
the fi rst complex (true paced event) is quite large 
and rounded; the second and last T-waves (fused 
events) are rounded but lower. The T-waves as-
sociated with what I am calling pseudofusion are 
all similar: very wide, low, and fl at.

Based on that, I would say that the third 
through sixth events are all the same type of 
event and that type of event has to be pseudofu-
sion. However, that is subject to “interpretation” 
and I suspect some colleagues might disagree.
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Underlying rhythm

This patient has what appears to be good sinus node 
function and slow AV conduction. His intrinsic 
ventricular rate is competing with the programmed 
base rate.

What to do next

Despite some evidence of appropriate capture, cap-
ture should be verifi ed by increasing the base rate to 
force pacing. To me, this is prudent because there 
is just not enough evidence on this strip to give me 
confi dence that capture is reliably appropriate.

Ventricular sensing should be evaluated. To do 
this, decrease the base rate gradually, in 10-ppm in-
crements, to allow intrinsic activity to occur. This 
patient will likely exhibit intrinsic ventricular activ-
ity readily. If necessary, ventricular sensitivity may 
have to be adjusted.

Since this patient’s intrinsic rate competes with 
the base rate, program hysteresis on. With a pro-
grammed base rate of 70 ppm, a good starting place 
for hysteresis is 60 bpm. That should clear up the 
persistent pseudofusion.
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Mode

This is single-chamber ventricular pacing. It might 
look like atrial tracking, but there are no intrinsic 
atrial events to track!

Rate

The ventricular pacing interval (VP-VP) on the left 
is approximately 840 ms (70 ms), but it changes to 
610 ms (98 ppm) to the right. Something is “driv-
ing” the ventricular pacing rate to exceed the base 
rate. The only thing that could accelerate a rhythm 
in this manner is rate response. This is a VVIR de-
vice under sensor drive.

Capture

Ventricular capture is consistently appropriate.

Sensing

Ventricular sensing cannot be evaluated from this 
strip.

Underlying rhythm

The patient has silent atria and likely has chronotro-
pic incompetence.

What to do next

First, check appropriate ventricular sensing. This 
will require temporarily disabling rate response, 
which may be done by temporarily programming 

the sensor to PASSIVE or OFF. Evaluate ventricular 
sensing by encouraging intrinsic activity; in order 
to do that, drop the base rate gradually in 10-ppm 
steps until intrinsic events occur. Monitor the pa-
tient’s response to the lower rate and do not go 
below 30 or 40 ppm.

Ask the patient if he feels that the pacemaker’s 
rate is appropriate for his activities. You may also 
want to download diagnostic reports about rate re-
sponse that can tell you how much time the sensor 
drove the pacing rate and at what rates.

The nuts and bolts of paced ECG 
interpretation: chronotropic 
incompetence

The healthy human heart has the ability to 
adjust its rate according to the body’s need for 
cardiac output. During periods of exertion 
or physical exercise, the heart automatically 
speeds up its rate to meet the metabolic burden 
placed on the body under stress. When the 
exertion is over, the heart gradually resumes its 
resting rate.

Chronotropic incompetence occurs in pa-
tients whose heart has lost the ability to self-
regulate its rate. Rate-responsive pacemakers 
help compensate for chronotropic incompe-
tence by allowing a sensor to help determine 
when and how much the heart rate should 
increase.

The main types of sensors are accelerom-
eters, which sense motion or activity, and min-
ute ventilation which senses respiration.
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Mode

The presence of atrial and ventricular spikes means 
that this is a dual-chamber pacing system.

Rate

The atrial pacing interval (AP-AP) is 1000 ms (60 
ppm), an appropriate rate for this kind of device.

Capture

This strip shows just AP-VP events, but there are 
some differences in the complexes.

The fi fth atrial pacing spike (see arrow) does not 
capture. The rest of the atrial spikes all exhibit ap-
propriate atrial capture. With this fi fth spike, it is 
important to ask: could it have captured? Notice 
that an intrinsic atrial event appears immediately 
prior to the atrial pacing spike. This means the atria 
depolarized on their own before the spike and the 
atrial tissue was physiologically refractory. That 
fi fth atrial spike could not have captured the atrium 
at that time, no matter how much energy it deliv-
ered. This is an example of functional non-capture, 
which is not actually a capture problem – it’s a sens-
ing problem. Thus, atrial capture seems appropri-
ate, but we’ll have a sensing issue to tackle.

Ventricular capture seems appropriate. Every 
ventricular spike is followed by a ventricular de-
polarization with a characteristic widened, bizarre 
“paced” look. Even more compelling evidence is the 
fact that all ventricular morphologies are identical.

Sensing

The atrial functional non-capture (as indicated by 
the arrow) occurred right after an intrinsic atrial 

event. The pacemaker did not “see” this intrinsic 
atrial event and tried to pace right after it occurred. 
This indicates atrial undersensing.

Ventricular sensing cannot be evaluated from 
this strip since all of the ventricular events here are 
paced.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction. In the whole strip, there is only one 
lone intrinsic event – this is a patient who is paced 
much of the time.

What to do next

Atrial sensing should be evaluated by reducing the 
programmed base rate in 10-ppm increments to en-
courage intrinsic atrial activity. It is likely that atrial 
sensitivity will have to be adjusted (the pacemaker 
should be made more sensitive, that is, the mV set-
ting should be decreased). Since the patient has some 
intrinsic atrial activity, there is a very good chance 
this can be done in the clinic. Even if no intrinsic 
atrial events occur, do not drop the rate below 30 or 
40 ppm and make sure the patient can tolerate the 
stepwise reduction in pacing rate. Frequently paced 
patients, like this one, may fi nd lowering the rate 
uncomfortable.

Ventricular sensing should also be evaluated. 
The preferred method for assessing ventricular 
sensitivity in a dual-chamber pacemaker is to ex-
tend the AV delay to allow more “lag time” for an 
intrinsic event to occur. As a rule of thumb, an AV 
delay of 300 ms or higher should be temporarily 
programmed.
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A pacemaker set to a ventricular sensitivity set-
ting of 1 mV means that an intrinsic ventricular 
event has to be at least 1 mV before the pace-
maker will “see” it. If the ventricular sensitivity 
is changed to 2 mV, the intrinsic waveform now 
has to be at least 2 mV high before the pacemaker 
can see it. Thus, the higher the mV setting, the less 
sensitive the pacemaker.

As a rule of thumb, when the pacemaker is 
undersensing, it should be made more sensitive 
and the mV setting should be decreased. Con-
versely, when the pacemaker is oversensing, it 
should be made less sensitive and the mV setting 
increased.

The nuts and bolts of paced ECG interpretation: is 1 mV more or less sensitive 
than 2 mV?
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Mode

This is dual-chamber pacing.

Rate

For dual-chamber pacing, measure the atrial pacing 
interval (AP-AP) to assess the pacing rate. In this 
case, the atrial pacing interval (AP-AP) is 1000 ms 
(60 ppm), an appropriate rate.

Capture

At fi rst glance, atrial capture appears to be appropri-
ate. Every atrial output spike results in a depolar-
ization, inhibits the atrial output, and resets device 
timing. But there is an even better way to confi rm 
appropriate atrial capture in this strip. The AP-VS 
intervals will be consistent across the strip when 
there is true atrial capture. That’s the case here, so 
atrial capture is defi nitely appropriate.

There is only one ventricular spike on this strip 
and it does not capture. However, it is followed by 
a ventricular escape beat. Was that beat the result 
of the spike or an independent event? Actually, this 
is a case of a loss of ventricular capture followed by 
a ventricular escape beat. Here is how I reached my 
conclusion:
• The interval between the spike and the event is 

quite long. With calipers, it looks like just a bit 
under 200 ms. While I cannot tell you a specifi c 
number for how many milliseconds might elapse 
between a spike and a resulting captured beat, the 
timing should be virtually immediate. The 200-
ms “gap” between pacemaker spike and ventricu-
lar event is far too long for capture.

• The morphology of the event looks more typi-
cal of an escape beat (very large, very tall, wide, 

notched) than a paced event (which is also large 
and wide, but looks more bizarre).

• The timing of the event would be typical for an 
escape beat. The pacemaker has just tried to pace 
the ventricle but did not capture; in the absence 
of ventricular activity, the heart attempts to beat 
on its own. This is an escape beat which typically 
has a very large, widened, and unusual-looking 
morphology. Looking at the waveform, this is 
not a beat that conducted down over the AV node 
to the ventricles; this is a true ventricular escape 
beat.

Sensing

Atrial sensing cannot be evaluated on this strip since 
all atrial events are paced.

Ventricular sensing appears appropriate across 
this strip, if we leave out the escape beat for now. 
Intrinsic ventricular events cause the ventricular 
output to be withheld and reset device timing.

Did the pacemaker sense the escape beat? Mea-
suring out the timing cycles, it appears that it did 
not. This intrinsic event had no effect on timing at 
all. Of course, it occurred within about 200 ms of the 
spike, so it is quite likely that it “fell into” the device’s 
ventricular refractory period. If we had annotations 
on this strip, we would see no VS annotation for 
this event. The pacemaker failed to “see” it, which 
is actually appropriate device behavior. Ventricular 
sensing is appropriate!

Underlying rhythm

The patient has sinus node dysfunction and slow AV 
conduction. Actually, his underlying rhythm looks 
pretty good!



Moderate Tracing #11  279 

What to do next

The most immediate need is to restore ventricu-
lar capture. Conduct a ventricular pacing test. It 
is likely that the ventricular output parameters 

(pulse amplitude and pulse width) will require 
some adjustment. Atrial sensing cannot be evalu-
ated from this strip, so atrial sensing should be 
tested as well and, if necessary, atrial sensitivity 
might be adjusted.
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Mode

This comes from a VVI pacemaker.

Rate

The pacing interval (VP-VP) is 800 ms, which works 
out to be a pacing rate of around 75 ppm. That would 
be appropriate for a single-chamber system.

Capture

This is a VVI strip, so we will only look at ventricu-
lar capture. There are some events on this strip that 
show appropriate ventricular capture (the fi rst, third, 
fourth, seventh, and eighth spikes). However, there 
are three ventricular spikes which do not capture.

Naturally, we have to ask ourselves: should we 
have expected those ventricular spikes to capture 
the ventricle? In the fi fth and sixth cases, the ven-
tricular spike occurs in such close proximity to the 
intrinsic ventricular depolarization that the ven-
tricular myocardium was physiologically refracto-
ry. Capture was impossible. These are two examples 
of functional non-capture, which means that we 
should investigate ventricular undersensing.

However, the second ventricular spike is debat-
able. The spike occurs during the T-wave but if we 
measure where the spike appears with respect to the 
onset of the ventricular depolarization, the interval 
is about 360 ms. After 360 ms following an intrin-
sic event, the spike should have captured the ven-
tricular myocardium. While there are no hard and 
fast rules, in general, the ventricular myocardium is 
physiologically refractory for about 250 to 300 ms 
following the onset of the depolarization. This is an 
example of ventricular non-capture.

Thus, this strip shows several examples of proper 
capture, a couple of instances of functional non-
capture, and one example of failure to capture. It 
only takes one non-capture event to make us say 
that overall, capture is not appropriate.

Sensing

There are only three intrinsic ventricular events on 
this strip, but none of them are properly sensed. 
They neither inhibit the ventricular output (which 
occurs right after the intrinsic event) nor do they 
reset device timing. Ventricular sensing is not ap-
propriate.

Underlying rhythm

The patient has sinus node dysfunction and slow AV 
conduction. Look closely at the paced rhythm – the 
pacemaker is probably a VVI device but with a fail-
ure to sense properly, this pacemaker is operating in 
functional VOO mode.

What to do next

Before we move to our next steps, we need to es-
tablish why this pacemaker is functioning in VOO 
mode. Here are the “usual suspects” for asynchro-
nous pacing.
• Asynchronous pacing is typical when a magnet is 

applied to the device. However, that is very un-
likely in this case, because we would expect to see 
a rate increase with magnet mode.

• Another possibility is that the device might have 
gone into a reset function or safety pacing. This 
occurs in the presence of interference; rather than 
subject the patient to possible device interference, 

1 2 3 4 5 6 7 8



Moderate Tracing #12  283 

the pacemaker will revert to asynchronous pacing 
in such cases to assure that, at a minimum, the 
patient receives some pacing support even in the 
presence of interference.

• Inappropriate programming could explain the 
asynchronous pacing; that is, somebody perma-
nently programmed the pacemaker to VOO. That 
would be highly unusual but could happen if a test 
required VOO pacing and the device was never re-
stored to original parameters.

• Another explanation is persistent inappropriate 
sensing. The device may be programmed to VVI 
but if sensing is always inappropriate, the pace-

maker will operate asynchronously. Although I 
listed this last, it is actually the most likely cause.
First, use a programmer to determine that the 

device is set to VVI pacing (not permanently pro-
grammed to VOO) and that it is not in magnet mode 
or some reset or safety mode. If it is, reprogram it to 
VVI. If the pacemaker is set to VVI pacing already, 
then we know that the issue is persistent ventricular 
undersensing.

Evaluate ventricular sensing and adjust sensitiv-
ity parameter settings. Ventricular capture should 
also be evaluated and output parameters adjusted.

Asynchronous pacing is not a desirable choice 
for pacing except in very specifi c situations. As 
a result, whenever you run into VOO, AOO, or 
DOO pacing in the clinic, you should investigate 
it thoroughly. While asynchronous pacing can be 
appropriate in certain instances, it is only appro-
priate for very short durations. You do not want 
to leave your patients long-term in asynchronous 
modes.

Asynchronous pacing occurs during magnet 
application along with specifi cally defi ned other 
changes (set forth in the pacemaker’s technical 
manual), usually a rate increase.

Asynchronous pacing usually occurs when the 
device is subject to a lot of interference and goes 
into a backup or safety mode. In such cases, the 
device stays in the asynchronous mode until it 
can be reprogrammed at the clinic.

Asynchronous pacing is also useful in some 
testing situations but should usually be pro-
grammed using the “temporary” parameter set-
tings. When you use “temporary” parameters, the 
programmer automatically restores the original 
parameter settings when the test is completed. 
Many clinicians reprogram devices for tests, 
which is fi ne, but it means that the device has 
to be manually programmed back to the origi-
nal parameters when the test is over. Although 
very rare, it has happened that some pacemaker 
patients leave the clinic with devices still func-
tioning at test parameters. That is why I urge 
clinicians to rely on “temporary” programming 
for all tests.

Asynchronous pacing can also occur in the 
presence of persistent sensing problems, which is 
the case with this strip.

The nuts and bolts of paced ECG interpretation: why asynchronous pacing?
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Mode

This comes from a VVI pacemaker.

Rate

The pacing interval (VP-VP) is 800 ms, which works 
out to be a pacing rate of around 75 ppm. That would 
be appropriate for a single-chamber system.

Capture

This is a ventricular single-chamber device, so we 
will only look at ventricular capture. The fi rst ven-
tricular spike fails to capture. However, it occurs 
immediately following an intrinsic ventricular de-
polarization, exactly when the ventricular myocar-
dium would be physiologically refractory. This is 
functional non-capture, which means we are going 
to have to consider ventricular undersensing. The 
other ventricular spikes on this strip appear to cap-
ture the ventricle appropriately, resulting in imme-
diate ventricular depolarizations with the charac-
teristic paced morphology.

Sensing

The functional non-capture tips us off to ventricu-
lar undersensing. The second intrinsic ventricular 
event is not properly sensed; however, subsequent 
intrinsic ventricular events inhibit the ventricular 
output and reset device timing.

Underlying rhythm

This patient has atrial fi brillation (AF) as evidenced 
by the erratic ventricular rate and the appearance of 
high-rate intrinsic atrial activity on the strip. The 
patient has slow AV conduction.

What to do next

Ventricular sensing must be tested and the ven-
tricular sensitivity settings adjusted appropriately. 
The VVI pacemaker is responding appropriately 
and as expected to the atrial fi brillation (AF), but 
the AF should be treated. AF is typically treated with 
pharmacological therapy, at least in the early stages, 
although drug therapy is not always effective par-
ticularly over the long term.
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Mode

This comes from a DDD pacemaker.

Rate

The atrial pacing interval (AP-AP) can be measured 
on the right side of the strip. The interval between 
atrial spikes there is 1000 ms (60 ppm), which is an 
appropriate rate. However, the pacemaker was pac-
ing the ventricle very rapidly at the beginning of the 
strip. The ventricular pacing interval (VP-VP) on 
the left is just 560 ms (107 ppm). This rapid pacing is 
followed by a long pause and then base rate pacing. 
Thus, we have a lot of rate variations to account for.

Capture

Atrial capture is appropriate; so is ventricular cap-
ture.

Sensing

The presence of rapid intrinsic atrial events and 
rapid ventricular pacing indicates atrial tracking. 
The pacemaker was trying to pace the ventricle in 
response to high-rate intrinsic atrial events in such 
a way that 1:1 AV synchrony might be preserved. 
You may notice that the sensed AV delay interval 
(AS-VP) is much longer during atrial tracking than 
during the AP-VP paced events on the right side of 
the strip. In fact, the AV interval varies during the 
atrial tracking and at one point appears to be about 
320 ms. The paced AV delay at the end of the strip is 
around 200 ms. The reason the pacemaker violates 
its own AV delay interval during atrial tracking is 
because of the maximum tracking rate or Max Track 
Rate (MTR), an upper rate limit that sets the highest 

rate at which the ventricle can be paced in response 
to intrinsic atrial activity.

Atrial sensing is actually appropriate. The atrial 
tracking on the left side of the strip and the fact that 
there is a defi nite relationship between intrinsic 
atrial events and the ventricular pacing rate means 
that the pacemaker is “seeing” and sensing atrial ac-
tivity properly.

Ventricular sensing cannot be assessed on this 
strip, since all ventricular events are paced.

Underlying rhythm

The fi rst several events on this strip show pacing at 
an upper rate limit (MTR). This could occur if the 
patient’s own native atrial rate increased. However, 
another possibility is that this is pacemaker-mediat-
ed tachycardia (PMT).

PMT occurs when a retrograde P-wave “falls into” 
an endless loop in such a way that the pacemaker 
actually participates in sustaining a reentry tachy-
cardia. Notice the atrial events on the left side of the 
strip that the pacemaker was tracking. They occur 
during the T-wave portion of the preceding ventric-
ular event. Their position suggests that they could 
be retrograde P-waves. Another hint that that this 
might have been a PMT is the sudden pause, after 
which AP-VP pacing at the base rate occurs.

Pacemakers today have algorithms to try to 
prevent PMTs and then to terminate them if they 
should occur. Such algorithms usually go into ef-
fect after a specifi ed number of PMT events. In this 
case, it is likely this run of MTR pacing met the PMT 
criterion, which caused the pacemaker to force a 
pause and then resume normal base-rate pacing. 
The pause occurs because the pacemaker abruptly 
withholds pacing for a long pause and then resumes 
with an atrial output pulse. (A PMT pause with-



Moderate Tracing #14  289 

holds a ventricular output in response to a sensed 
atrial event, introduces a pause, and then paces the 
atrium.)

This is a PMT that was successfully broken by a 
PMT termination algorithm. It is hard to say what 
this patient’s intrinsic rhythm is, but we know he is 
susceptible to PMTs.

What to do next

Ventricular sensing should be evaluated. The PMT 
termination algorithm programmed for this patient 
worked very well; it should be maintained.

This strip tells us that this patient is susceptible to 
PMTs so, if possible, diagnostic information in the 
pacemaker should be downloaded to fi nd out what 
might have triggered this PMT and if other PMTs 
have occurred recently. The most frequent causes of 
PMT are PVCs or an abrupt loss of atrial capture. 
Although atrial capture looks good on this strip, it 
would be worthwhile to determine if loss of atrial 
capture caused this particular PMT. For that reason, 
I would also evaluate atrial capture for this patient, 
although there are three examples of appropriate 
atrial capture on this strip.

The nuts and bolts of paced ECG 
interpretation: managing PMTs

Pacemaker-mediated tachycardia (PMT) is not 
as common as it used to be, but clinicians still 
need to know about it. Not all paced patients 
are susceptible to PMT. To get a PMT, a patient 
needs to have a dual-chamber pacemaker, 
retro grade conduction, and then some kind of 
triggering event (like a premature ventricular 
contraction or a sudden loss of atrial capture).

Most pacemakers have algorithms to help 
prevent PMT, which work well in most patients. 
Since PMTs can cause symptoms and many pa-
tients do not tolerate them well, it is advisable 
to program PMT termination algorithms to go 
into effect as soon as the pacemaker detects a 
PMT. If the patient never has a PMT, the algo-
rithm will never go into effect.

These algorithms break the PMT by with-
holding pacing and then pacing the atrium; this 
stops the retrograde P-waves from conducting 
backward and “feeding” the endless loop.
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Mode

This comes from a VVI pacemaker.

Rate

The ventricular pacing interval (VP-VP) is around 
840 ms (70 ppm), an appropriate rate.

Capture

Every other ventricular spike (fi rst, third, fi fth, and 
seventh) capture the ventricle. Note the immedi-
ate ventricular depolarization and the widened, 
bizarre-looking resulting QRS complex.

There are three other ventricular spikes on this 
strip that do not capture the ventricle. Before we rule 
non-capture, we need to determine if they should 
have captured the ventricle. If the spike occurred 
during the physiological refractory period following 
depolarization, there is no way the spike could have 
captured the heart. To determine this, use calipers 
to measure the interval between the onset of the in-
trinsic ventricular depolarization and the spike. As a 
rule of thumb – and there is some leeway here – the 
ventricle will be physiologically refractory around 
250 ms. The second, fourth, and sixth pacing spikes 
all occur close enough to the onset of the intrinsic 
event (around 240 ms) to be ruled functional non-
capture. This means that ventricular undersensing 
must be evaluated.

Sensing

The strip shows several intrinsic ventricular events, 
none of which are properly sensed. In fact, this strip 
shows functional VOO pacing. Whenever this kind 
of asynchronous single-chamber mode occurs, we 
should consider the possibility of magnet mode, 
backup-reset or noise reversion, permanently 
programmed asynchronous mode, or persistent 
ventricular undersensing. While the last one is the 
most likely scenario, rule out the others by going to 
a programmer and verifying that the pacemaker is 
not in magnet mode (not likely since magnet mode 
typically increases the base rate), not programmed 
to VOO, and not in backup or safety pacing mode. 
If it is not, the cause of the asynchronous pacing is 
persistent ventricular undersensing.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction.

What to do next

The cause of the asynchronous pacing must be 
determined; most likely this is a case of persistent 
ventricular undersensing. If no other cause of asyn-
chronous pacing can be found, evaluate ventricu-
lar sensing and adjust ventricular sensitivity. Ob-
serve the paced ECG after these changes are made. 
It should resolve the undersensing and functional 
non-capture.
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Mode

This is a dual-chamber strip. The pacing spikes are 
not prominent but the annotations can serve that 
function here. Note that this strip also contains an 
atrial and ventricular electrogram, which are the 
bottom tracings.

Rate

Normally, the atrial pacing interval (AP-AP) would 
be used to measure the rate of a dual-chamber strip, 
but this strip provides no such intervals. The ven-
tricular pacing interval (VP-VP) is around 880 ms 
(70 ppm), an appropriate rate. The rate is consistent 
except for a long pause after the premature ventric-
ular contraction (PVC). There is one escape interval 
(VS-VP)and it is 1040 ms (58 bpm). This rate varia-
tion must be accounted for in our analysis.

The fact that the long escape interval occurred 
after the PVC is a clue. This pacemaker is relying on 
a special algorithm to prevent the PVC from trigger-
ing a pacemaker-mediated tachycardia (PMT). The 
presence of a PVC (which the pacemaker defi nes as a 
sensed ventricular event without a preceding paced 
or sensed atrial event) caused the device to auto-
matically extend the PVARP interval for one cycle. 
This extension can be seen clearly on the horizontal 
bar above the VS annotation, which illustrates the 
duration of the refractory period. This prolonged 
PVARP affects the timing cycles of the pacemaker 
and creates this long escape interval.

This particular algorithm extended the refrac-
tory period in order to be sure that any retrograde 

atrial activity would “fall into” the refractory peri-
od; that means the pacemaker would not respond 
to it. This extended PVARP interval is followed by 
an atrial alert interval which, in this case, times out 
and results in a paced atrial event. Once the atrium 
is paced, the device resumes its previous pattern of 
activity (AS-VP pacing at the base rate).

Capture

There is only one atrial pacing spike on this strip and 
it appears to capture appropriately. Notice that the 
paced atrial event has a different morphology from 
the intrinsic atrial events on the rest of the strip.

Ventricular capture likewise seems to be appro-
priate.

Sensing

Atrial sensing is functioning properly in that the in-
trinsic atrial events inhibit the atrial output pulse 
and reset device timing. The sensed AV delay is con-
sistent at around 150 ms, another indication of ap-
propriate atrial sensing. Last but not least, proper 
atrial sensing is confi rmed by the fact that the an-
notations (AS) match the strip, meaning the pace-
maker is “seeing” things correctly.

There is only one intrinsic ventricular event on 
this strip, the large premature ventricular contrac-
tion (PVC) in the center of the strip. The pacemaker 
senses it, as confi rmed by the fact that the ventricular 
output pulse is withheld, the event resets device tim-
ing, and the pacemaker annotates it as a VS event.
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Underlying rhythm

This patient has relatively good sinus node function 
but slow AV conduction.

What to do next

Atrial capture seems appropriate but should be 
evaluated since there is only one event on the strip 
on which we can base our assessment.

Ventricular sensing should also be tested, al-
though what shows up here seems appropriate. 
This patient experienced a PVC, which launched 
a PMT-termination algorithm. The success of that 
algorithm in preventing PMT and restoring normal 
operation to the pacemaker suggests that it should 
be left as is, since it seems to be protecting the pa-
tient from PMT. If diagnostic reports were acces-
sible, it would be prudent to see how frequently this 
patient experiences PVCs and PMTs.
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Mode

This is a dual-chamber strip. While the annotations 
confi rm it, the strip alone provides some important 
clues. Notice the sensed AV delay (AS-VP) is consis-
tent at around 180 ms across the strip. A consistent 
AV interval suggests proper atrial sensing. The ap-
pearance of the strip looks like a run of atrial track-
ing, followed by a pause, and then the resumption of 
atrial tracking. That would only occur with a DDD 
device.

Rate

There is no atrial pacing interval to measure, but 
the ventricular pacing interval (VP-VP) is quite 
short: 480 ms (125 ppm). This is much too fast for 
a programmed base rate, further indicating that the 
pacemaker is tracking intrinsic atrial activity. In fact, 
125 ppm would be a typical value for the Maximum 
Tracking Rate or MTR.

Notice there is a long pause in the middle of the 
strip of about 1000 ms (60 ppm).This pause was 
likely caused by the pacemaker itself in an effort to 
break what it thought was a pacemaker-mediated 
tachycardia (PMT). The pacemaker extended the 
PVARP interval (notice the long horizontal line 
showing the refractory period); an intrinsic atrial 
event (shown in the annotations as an AS in a black 
box) “fell into” the prolonged refractory period. 
However, after the extended PVARP, atrial tracking 
at the MTR resumed. There are two possible expla-
nations for this: either the PMT termination algo-

rithm failed or this patient did not have a PMT in 
the fi rst place.

Capture

Atrial capture cannot be evaluated from this strip, 
since all of the atrial events are sensed.

Ventricular capture, on the other hand, appears 
to be appropriate.

Sensing

Atrial sensing is appropriate. Atrial events inhibit 
the atrial output and reset device timing, not to 
mention the fact that they appear properly in the 
annotations. The AS event in the black box oc-
curred during the extended refractory period. 
Although the pacemaker did actually “see” this 
intrinsic atrial event (that’s why it’s annotated in 
the black box), the fact that it occurred during the 
refractory period means that the pacemaker will 
ignore it.

Ventricular sensing cannot be evaluated in this 
tracing.

Underlying rhythm

This patient has slow AV conduction. However, the 
rapid atrial tracking is of concern. The pacemaker 
thought this was PMT, which is why it activated a 
PMT-termination algorithm that automatically 
prolonged the PVARP. Just looking at the fi rst half 
of the strip, it does look a lot like a classic PMT.
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However, the fact that it immediately starts up 
again after the pause means that it probably was not 
a true PMT. In fact, it may be sinus tachycardia.

To confi rm this suspicion, look at the VP-AS in-
terval. In a PMT, the VP-AS interval is consistent be-
cause the AS is supported by the pacemaker’s timing 
circuits and thus the VP “drives” the PMT pacing. 
In a sinus tachycardia, there is a bit more variation 
in VP-AS intervals, since the AS activity (the heart’s 
own intrinsic atrial rhythm) drives the pacing. In 
this strip the variation in VP-AS is slight, but notice 
that the VP-AS intervals on the right side of the strip 
are slightly shorter than those at the far left. This 
confi rms that this is sinus tachycardia rather than 
a PMT.

What to do next

Atrial capture and ventricular sensing should be 
evaluated. If necessary, atrial output settings and 
ventricular sensitivity settings may have to be ad-
justed.

If diagnostic reports are available, it would be 
valuable to look at the patient’s history of intrinsic 
atrial rates to see if sinus tachycardia is a common 
occurrence. Furthermore, it would also be wise to 
review prior episodes of PMT (both real and al-
leged). If the events on this strip are typical for this 
patient, the PMT termination algorithm could be 
turned off to prevent it from interrupting physi-
ologically useful atrial tracking.
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Mode

The annotations show that this is a dual-chamber 
strip. But the annotations also show that AMS or 
automatic mode switching is going on! Notice that 
while the pacemaker is sensing intrinsic atrial activ-
ity (AS), the sensed AV delay interval (AS-VP) is not 
being applied; the sensed AV delay interval (AS-VP) 
is quite long, over 600 ms! Although the pacemaker 
is sensing intrinsic atrial activity, the device is pac-
ing the ventricle without any regard to it. Thus, this 
is a dual-chamber device that is not tracking the 
atrium. That would be consistent with AMS.

Rate

Since there is no atrial pacing interval (AP-AP) on 
this strip, the ventricular pacing interval (VP-VP) 
will have to be used to assess the rate. The anno-
tations show that it measures about 1000 ms (60 
ppm), which is an appropriate rate.

Capture

Atrial capture cannot be evaluated from this strip. 
Ventricular capture appears to be appropriate.

The nuts and bolts of paced ECG 
interpretation: ECGs and EGMs

The programmer for most pacemakers will 
often present the clinician with several trac-
ings plus annotations and intervals; it can be 
confusing to orient oneself. This example was 
taken from a device programmer. The top two 
tracings are surface ECGs; the two different 
leads offered show different “views” of the same 
cardiac activity.

The annotations indicate how the pacemaker 
“interpreted” what it saw. Intervals are handy 
tools and replace old-fashioned calipers (which 
I still use, by the way).

The two bottom tracings are intracardiac 
electrograms, giving an “inside view” of the 
heart. The upper EGM is atrial and the lower 
one is ventricular. All events are aligned so that 
you can evaluate at any point in time what the 
two surface ECG perspectives recorded, how 
the pacemaker interpreted the event, and fi nally 
what the intracardiac electrograms reveal from 
inside the heart. While these things should all 
tell the same story, sometimes clues emerge on 
the intracardiac EGM that are not apparent on 
the surface ECG.
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Sensing

Whenever the AMS algorithm goes into effect, it is 
crucial to evaluate whether or not it was launched 
appropriately. Appropriate mode switching occurs 
in the presence of intrinsic high-rate atrial activity. 
Looking just at the surface ECG, only a few intrinsic 
atrial events are annotated. Based strictly on the an-
notations, AMS is inappropriate. However, it may 
occur that not every event the pacemaker interpret-
ed will be annotated on the strip.

That’s where the atrial intracardiac electrogram 
(next-to-last tracing) comes in handy. Here it is ap-
parent that there is a great deal of rapid intrinsic 
atrial activity. While a lot of this intrinsic atrial activ-
ity appears on the uppermost surface ECG, many of 
these events are not evident on the second ECG and 
they are not fully annotated. From the atrial electro-
gram, it is clear that mode switching is appropriate. 
This is a good example why clinicians should make 
use of all of the information available (including an-
notations, intervals, surface ECGs, and EGMs).

What about atrial sensing? Since the device is cur-
rently operating in AMS, appropriate atrial sensing 
cannot be evaluated in this interim mode. A pace-

maker in AMS mode will not track intrinsic atrial 
activity.

Ventricular sensing cannot be evaluated from 
this strip.

Underlying rhythm

This patient has rapid intrinsic atrial activity and 
slow AV conduction.

What to do next

Atrial and ventricular sensing should be evaluated, 
which requires the pacemaker to revert back to a 
“normal” dual-chamber mode. This may not be 
readily possible because of the high-rate intrinsic 
atrial activity going on.

While AMS is appropriate, it may not be the best 
solution if the patient has chronic atrial tachycardia. 
If diagnostic reports can be accessed, evaluate the 
frequency of mode switch episodes and the patient’s 
intrinsic atrial rates. For occasional episodes of atri-
al tachycardia, AMS is a great solution; for chronic 
atrial tachycardia, the patient may be better served 
by permanently programming the pacemaker to a 
non-tracking mode.
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Mode

This is a stored annotated intracardiac electrogram 
from a dual-chamber device. The AMS annotations 
show that this strip was stored in memory because 
the pacemaker initiated mode switching. The main 
question is whether AMS is appropriate.

Rate

The AMS algorithm is governed by the intrinsic atri-
al rate. It is quite rapid at the left of the strip (the in-
trinsic atrial intervals are around 280 ms (214 bpm) 
but the rate is erratic. Measuring with calipers on the 
atrial electrogram (next-to-bottom tracing), there 
are intrinsic atrial intervals ranging from 220 ms to 
560 ms (107 to 273 bpm). This kind of seemingly 
chaotic atrial rhythm is consistent with atrial fi bril-
lation (AF). Considering these rates and the nature 
of the rhythm, AMS was defi nitely appropriate.

Before the device began to mode switch, ventric-
ular pacing was quite rapid because the pacemaker 
was tracking the atrial rate. Ventricular pacing in-
tervals on the left of the strip are around 500 ms 
(120 ppm). The fact that ventricular pacing only oc-
curred up to 120 ppm suggests that the maximum 
tracking rate or MTR upper rate limit was set to 
120 ppm – a very typical parameter setting for the 
MTR.

When the device enters AMS (as shown by the 
annotations), the fi rst complete ventricular pac-
ing interval in AMS is about 720 ms, measured by 
calipers. This works out to be a rate of about 83 
ppm. This is too high for a normal base rate, but it 
is likely this device has a special mode switch base 
rate. Some AMS algorithms allow the clinician to 
program an interim base rate for the duration of the 

AMS episode; this AMS base rate is higher than the 
programmed base rate. An AMS base rate of around 
80 ppm would be typical.

The nuts and bolts of paced ECG 
interpretation: smoothing out mode 
switching with AMS base rates

Some AMS algorithms allow the programming 
of a special interim base rate during the AMS 
episode. This AMS base rate is typically higher 
than the regular base rate but not as high as the 
maximum tracking rate. The purpose of this 
interim AMS base rate is to help smooth out 
the sometimes abrupt rate transitions that can 
occur during AMS.

Consider, for a second, the heart rate before 
and during AMS. Right before AMS goes into 
effect, the patient will be tracking a high intrin-
sic atrial rate right up to the maximum tracking 
rate. This is typically programmed to a value of 
around 100 to 120 ppm.

When AMS goes into effect, in just one beat, 
the device stops tracking the atrium but contin-
ues to pace the ventricle. This can take a patient 
from MTR pacing (100 or 120 ppm) to base 
rate pacing (60 or 70 ppm) in one beat!

Many AMS patients report feeling these “rate 
bumps” and fi nd them unpleasant. The use of 
an AMS base rate allows the device to transition 
to faster-than-base rate pacing during AMS. For 
example, if the AMS base rate had been pro-
grammed to 80 ppm (a typical value), the pa-
tient would experience atrial tracking to about 
120 ppm, then AMS base rate pacing at around 
80 ppm, and fi nally AMS exit to 60 ppm.
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Capture

Atrial capture cannot be evaluated from this strip, 
since all atrial activity is intrinsic.

The intracardiac ventricular electrogram can help 
evaluate ventricular capture. Notice the VP annota-
tions all correspond to events on the ventricular 
electrogram of a particular morphology, while the 
VS annotations align with ventricular events of a dif-
ferent morphology. This presence of VP annotations 
and matching ventricular events of a single mor-
phology indicates appropriate ventricular capture.

Sensing

Atrial sensing appears to be appropriate in that the 
atrial activity is annotated (notice that atrial events 
on the atrial electrogram can all be accounted for in 
the annotations), the atrial activity inhibits the atrial 
output pulse, and the device enters AMS in response 
to the presence of rapid sensed atrial events. The AS 
events in the black boxes are atrial events that occur 
in the refractory period. The pacemaker does not re-
spond to these the same way it would to an AS event 
in the alert period, but they are still counted to help 
the pacemaker decide when to activate AMS.

Ventricular sensing appears to be appropriate. 
There are a few intrinsic ventricular events at the 

end of this strip that are properly annotated (VS), 
inhibit the ventricular output pulse, and reset de-
vice timing.

Underlying rhythm

This patient has rapid intrinsic atrial activity and 
slow AV conduction.

What to do next

Everything on this strip seems to be appropriate. 
The entry into AMS was appropriate, given the 
rapid intrinsic atrial activity, and capture and sens-
ing seemed to be functioning properly. Atrial pacing 
could not be evaluated from this strip (and may be 
diffi cult to test at all, given the patient’s atrial tachy-
arrhythmia) and should be assessed, if possible. 
Otherwise, device function looks fi ne.

The biggest concern in a strip like this is fi nding 
a better way to manage the patient’s atrial tachy-
arrhythmia. Check diagnostic reports to see if this 
patient frequently experiences high-rate intrinsic 
atrial activity and how often mode switching is acti-
vated. If such tachyarrhythmias and rapid ventricu-
lar pacing or AMS occur frequently, this patient 
might be a candidate for anti-arrhythmic drug ther-
apy to better control the atrial tachyarrhythmia.
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Mode

This is stored data retrieved from the programmer. 
The annotations show that the pacemaker is exit-
ing AMS (auto mode switch). Whenever the AMS 
algorithm is in effect, the systematic approach to 
ECG interpretation will help us decide if the AMS 
feature was functioning properly and was deployed 
appropriately.

Rate

Normally, the atrial pacing interval (AP-AP) gov-
erns the rate in a dual-chamber pacemaker, but this 
example shows consistent atrial tracking. The ven-
tricular pacing interval during the AMS algorithm 
is 1000 ms (60 ppm), an appropriate base rate for 
a dual-chamber pacemaker. When the pacemaker 
exits AMS, the device begins tracking the atrium 
at around 550 ms (109 ppm). This is a reasonable 
rate for atrial tracking, and it falls within the usual 
settings of a maximum tracking rate (MTR) upper 
rate limit, which would typically be programmed 
somewhere between 100 and 120 ppm. Thus, rate 
looks appropriate.

This information depicts exit from AMS. AMS 
ends when the patient’s intrinsic atrial rate slows to 
below the MTR. The intrinsic atrial interval length-
ened slightly here and the device exited AMS. Once 
the intrinsic atrial rate slowed to below 110 ppm 

(a likely MTR setting), the pacemaker exited AMS. 
This is appropriate and the expected behavior of the 
device.

The nuts and bolts of paced ECG 
interpretation: appropriate AMS 
entry and exit

Auto mode switching (AMS) is a very use-
ful feature but whenever it goes into effect, 
clinicians should evaluate whether it was 
initiated and ended appropriately. If AMS is 
programmed on, it should go into effect when-
ever the patient’s intrinsic atrial rate exceeds a 
certain rate limit. That rate limit is set by the 
atrial tachycardia detection rate or ATDR. For 
instance, if the ATDR is programmed to 120 
bpm, the pacemaker should mode switch when 
the intrinsic atrial rate exceeds 120 bpm.

The patient should exit AMS whenever his 
intrinsic atrial rate falls below the programmed 
maximum tracking rate or MTR. For example, 
if the MTR was programmed to 100 ppm, then 
the patient will not exit AMS until his intrinsic 
atrial rate is 100 bpm or below.

Inappropriate AMS entry and exit can occur 
in the presence of atrial oversensing, double-
counting, or interference.
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Capture

All of the atrial activity shown here is intrinsic, so 
capture cannot be assessed from this information.

Ventricular capture is functioning properly. 
Using the VP annotations as surrogates for pace-
maker spikes (which are sometimes hard to pick 
out on a programmer screen), ventricular spikes re-
sult in ventricular depolarizations. Every VP “spike” 
results in a depolarization and all of these paced 
events share the same morphology.

Sensing

Atrial sensing is appropriate. In this particular con-
fi guration, I would look at atrial sensing fi rst on the 
atrial intracardiac electrogram (next-to-last trac-
ing). There is nothing but intrinsic atrial activity on 
this strip, and these atrial events are all properly an-
notated as AS events. Knowing where they are, it is 
easier to identify them on the programmer’s surface 
ECG (top tracing). Thus, atrial sensing seems to be 
appropriate.

But notice that there is more than just the tall, 
pointed intrinsic atrial events on the atrial electro-
gram! There are also some lower rounded events. 
This is an example of how the atrial channel is regis-
tering the activity on the ventricular channel. If the 
pacemaker had “seen” these and annotated them, 
this would be an example of far-fi eld T-wave over-
sensing. However, they are too small to be sensed by 
the pacemaker even though they actually do show 
up on the atrial intracardiac electrogram. It is not at 
all unusual for the atrial electrogram to pick up the 
relatively “loud” and large signals from the ventricle. 
If they do not interfere with proper device function, 
as is the case here, this is not a problem. You can 
tell that these far-fi eld signals do not interfere with 
the pacemaker’s function because they do not show 
up on the surface ECG, they are not annotated, and 
they don’t reset timing intervals.

Ventricular sensing cannot be assessed from these 
tracings.

Underlying rhythm

This patient has an atrial tachyarrhythmia and slow 
AV conduction.

What to do next

Atrial capture and ventricular sensing should be 
tested, if possible. AMS seems to be appropriate, but 
it would be useful to check diagnostic reports to see 
how frequently this patient experiences atrial tachy-
arrhythmias. This atrial tachyarrhythmia is not cha-
otic and irregular like classic atrial fi brillation (AF); 
this is good news in that AF is a very challenging and 
serious condition.On the other hand, the regular-
ity of this particular atrial tachyarrhythmia suggests 
that it could be a sinus tachycardia.

Sinus tachycardia is often appropriate intrinsic 
cardiac behavior. For instance, it would be appropri-
ate for a pacemaker patient doing physical exercise 
to have a sinus tachycardia. During a fever or any 
periods of exertion, sinus tachycardia is the body’s 
appropriate and expected cardiac rhythm.

Interview the patient. If this patient is active or 
recently had a fever, this might be a true sinus tachy-
cardia and the body’s appropriate (and needed) 
response. If the pacemaker mode switches during 
such rhythms, the patient is deprived of the natural 
rate support he needs.

It can be diffi cult to distinguish between an ex-
ercise sinus tachycardia and a more pathological 
atrial tachyarrhythmia, particularly when only a 
few complexes are available for analysis. If the pace-
maker is rate responsive, activity should have initi-
ated sensor-driven pacing (rate response) and pre-
cluded the AMS episode. This pacemaker is likely 
not programmed to a rate-responsive mode, but 
if it is, then the rate-responsive parameters should 
be checked. If the pacemaker is rate responsive and 
programmed appropriately, then this episode was 
not initiated by activity and, therefore, is not an ex-
ercise-induced sinus tachycardia. It is likely just an 
atrial tachyarrhythmia that happens to have regular 
intrinsic atrial intervals.

If this patient is active but does not have a rate-
responsive pacemaker, download diagnostic re-
ports on AMS episodes. This patient may be mode 
switching during periods when he actually needs 
more rapid rate support. In that case, AMS should 
be turned off. Active patients are good candidates 
for rate-responsive pacemakers when the device is 
revised.
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Mode

This rhythm strip comes from a DDD pacemaker. 
While only ventricular spikes appear on the tracing, 
the rapid ventricular pacing is being “driven” by the 
rapid intrinsic atrial rate.

Rate

The ventricular pacing interval (VP-VP) is around 
600 ms (100 ppm), which means that the pacemaker 
is pacing the ventricle above the programmed base 
rate. Above-base-rate pacing can occur but only 
in specifi c instances, such as if the sensor (rate re-
sponse) is controlling the rate or if the pacemaker 
is tracking a rapid intrinsic atrial rate. The presence 
of high-rate intrinsic atrial activity here means that 
this is atrial tracking.

Capture

Atrial capture cannot be assessed from this strip.
Ventricular capture is appropriate.

Sensing

Atrial sensing is appropriate, in that the pacemaker 
not only withholds an atrial output in the presence 

of an intrinsic atrial event, it also times the ventricu-
lar pacing spike to the sensed atrial event.

Ventricular sensing cannot be evaluated here.

Underlying rhythm

The patient has a rapid intrinsic atrial rate and slow 
AV conduction.

What to do next

If the patient was in the clinic, it would be an excel-
lent fi rst step to ask the patient how he felt and if he 
had any symptoms. Not every patient tolerates ven-
tricular pacing at 100 ppm. Diagnostic data should 
be downloaded from the pacemaker to evaluate just 
how frequently this kind of pacing occurred. If the 
patient has persistent high intrinsic atrial rates, he 
is going to experience this kind of pacing for pro-
longed periods of time. Even if the patient only 
has atrial tracking with rapid ventricular pacing 
occasionally and tolerates it without complaint, it 
should still be minimized.

The fi rst steps would be systematic. Atrial capture 
and ventricular sensing should be tested and, if nec-
essary, pacemaker parameters adjusted.

A clinical decision must be made in terms of how 
to manage a patient with intrinsic high-rate atrial 
activity.
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There are a few options, each presenting its own 
advantages and drawbacks.
• If high-rate intrinsic atrial activity is relatively 

rare and well tolerated, program the maximum 
tracking rate (MTR) setting to a tolerable rate 
(such as 100 ppm). This keeps ventricular pacing 
within reasonable limits. The drawback is that if 
the patient spends more and more time in high-
rate increasing atrial activity, he will be paced at 
the MTR for longer and longer periods of time.

• Mode switching can be programmed, which 
will automatically turn off atrial tracking when 
a cutoff rate is achieved. This prevents rapid 
ventricular pacing, but can cause some mode 
switching “rate bumps.” If the algorithm allows 
for a mode switch interim base rate, use that 
to prevent abrupt changes in pacing rate as the 
patient enters mode switching. Mode switching 
deprives the patient of 1:1 AV synchrony, but it 
prevents rapid ventricular pacing.

• A non-tracking mode can be permanently 

programmed, but, as is the case with mode 
switching, the patient may lose the benefi ts of AV 
synchrony. On the other hand, it may be the best 
solution if high-rate intrinsic atrial activity is 
frequent and prolonged.

• Many pacemakers offer algorithms to help 
manage rapid atrial rates, such as overdrive 
atrial pacing or the AF Suppression™ algorithm 
from St. Jude Medical. While not all patients 
are candidates for such algorithms, they work 
well in patients with certain types of atrial 
tachyarrhythmias and help “control” the atrium, 
suppress atrial tachyarrhythmias before they can 
start, and avoid rapid ventricular pacing.

• Intrinsic high-rate atrial activity can also be 
addressed with drug therapy. Anti-arrhythmic 
agents can be highly effective but they do not 
work equally well in all patients, and they can 
have serious side effects. Anti-arrhythmic drugs 
should be monitored closely since adjustments 
in dosage are frequently required over time.

The nuts and bolts of paced ECG interpretation: how to manage high-rate 
intrinsic activity in the dual-chamber pacemaker patient
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Mode

This strip comes from a DDD pacemaker. Although 
only ventricular spikes are shown on the tracing, it 
is clear that the spikes are coordinated to the atrial 
events.

Rate

On the left side, the ventricular pacing interval (VP-
VP) is about 520 ms (115 ppm). The rapid rate then 
slows abruptly to 1000 ms (60 ppm). The latter rate 
is an appropriate base rate. Our systematic analysis 
must account for whatever slowed the rapid ven-
tricular pacing to base rate pacing.

Capture

Atrial capture cannot be assessed from this strip.
Ventricular capture is appropriate.

Sensing

Atrial sensing is appropriate in that the intrinsic 
atrial events inhibit the atrial output, and it appears 
that in both the “slow” and “fast” sections of this 
tracing, the pacemaker is trying to coordinate some 
atrial activity to ventricular pacing.

The patient has a rapid intrinsic rate; it is about 
115 bpm and is accelerating slightly as you go from 
left to right on the strip. This is an atrial tachy-
arrhythmia, although it is at the slower end of the 
atrial tachycardia spectrum. At fi rst, the pacemaker 
tracks the atrial rate and paces the ventricle in re-
sponse. However, right before the ventricular rate 
slows down, there is an intrinsic atrial event that 
is not sensed. Had it been sensed, the pacemaker 
would have tried to track it by delivering a ventricu-

lar output spike. In fact, on the right side of the strip 
there are several atrial events that are not sensed. 
They occur right after the T-wave.

Before ruling this a case of atrial undersensing, 
the question must be asked: should the pacemaker 
have sensed these atrial events? The answer is no. 
These atrial events “fell into” the post-ventricular 
atrial refractory period (PVARP) and, thus, it is ap-
propriate and expected that the pacemaker did not 
respond to them.

The nuts and bolts of paced ECG 
interpretation: 1:1 AV synchrony

The healthy heart maintains 1:1 AV synchrony, 
that is, one atrial depolarization for each and 
every ventricular depolarization. This allows 
for the optimal atrial contribution to ventricu-
lar fi lling. Conduction disorders and sinus node 
dysfunction can disrupt AV synchrony, which, 
in turn, can quickly lead to less-than-ideal he-
modynamics for the patient.

DDD pacemakers strive to maintain 1:1 AV 
synchrony as much as possible by allowing 
atrial tracking (pacing the ventricle in response 
to rapid intrinsic atrial activity, at least within 
certain rate limits). However, atrial tracking 
becomes counterproductive at very high rates. 
In such cases, the DDD pacemaker reverts 
to a variety of “upper rate behaviors” to help 
manage the system. These include pacemaker 
Wenckebach (which actually mimics physi-
ological Wenckebach) and pacemaker block. 
Pacemaker block is usually described as 2:1 or 
3:1 block, etc. In 2:1 pacemaker block, there is a 
ventricular paced event for every second intrin-
sic atrial event.
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The nuts and bolts of paced ECG 
interpretation: the world according 
to TARP

TARP or the total atrial refractory period is 
not a programmable parameter for a dual-
chamber pacemaker, yet it is a very important 
timing cycle. TARP is calculated by adding the 
programmed AV delay to the post-ventricular 
atrial refractory period (PVARP). Taken to-
gether, TARP defi nes the total amount of time 
that the pacemaker will not respond to events 
on the atrial channel. For example, if the AV 
delay is programmed to 250 ms and the PVARP 
is set to 200 ms, the TARP value is 450 ms (250 
+ 200 = 450).

TARP defi nes the point at which the pace-
maker will go into 2:1 block (that is, allow two 
atrial events for every one paced ventricular 
event). In the above example, a TARP value of 
450 ms means that when the intrinsic atrial rate 
hits 133 bpm (450 ms), the pacemaker will go 
into 2:1 block.

Many programmers will display the point at 
which 2:1 block is reached, but you can calcu-
late it yourself if you know the paced AV delay 
and the PVARP.

In this example, when the intrinsic atrial rate 
reached a cycle of about 520 ms (115), 2:1 block set 
in. That means the patient’s intrinsic atrial rate ex-
ceeded the TARP value. TARP in this case was about 
520 ms. Although we cannot determine exactly 
what the AV delay and PVARP values were, their 
total was 520.

Ventricular sensing cannot be assessed from this 
strip.

Underlying rhythm

This patient has an atrial tachyarrhythmia and slow 
AV conduction. The atrial arrhythmia may be inter-
mittent and in this strip it’s around 115 bpm.

What to do next

Atrial capture and ventricular sensing must be as-
sessed and, if necessary, parameter changes made 
to assure reliable capture and sensing. If the atrial 
tachy arrhythmia is persistent, it may be diffi cult or 
even impossible to evaluate proper atrial capture.

Of special concern is the 2:1 block. If the patient 
is available, he should be asked about his symptoms. 
Diagnostic data from the pacemaker should be re-
trieved to better evaluate the frequency and nature 
of the atrial tachyarrhythmia.

As a general rule of thumb, it is probably better 
for the patient to experience atrial tracking with a 
rapid ventricular response than 2:1 block … at least 
up to a point. If it seems that the patient could toler-
ate more rapid ventricular pacing, the TARP value 
could be shortened to extend the period of time 
before 2:1 block sets in. This requires good clinical 
judgment. TARP cannot be programmed directly, 
but the result could be attained by reducing either 
the AV delay interval or the PVARP setting or both.

For example, if the clinician decided that 2:1 
block should commence only after atrial tracking 
with ventricular pacing at 120 ppm:
• Calculate the interval (120 ppm = 500 ms)
• Look at the sensed AV delay interval value and 

the PVARP value and reduce them such that their 
total equals 500 ms exactly

• Take care to reduce them appropriately: a too-
short AV delay virtually assures constant ventric-
ular pacing (not desirable if intrinsic conduction 
is present, even intermittently)

Using that example, programming combinations 
that would work include, but are not limited to:
• AV delay 250 ms, PVARP 250 ms
• AV delay 300 ms, PVARP 200 ms
• AV delay 180 ms, PVARP 320 ms
Pacemaker parameters are interrelated and changes 
you make in one area can affect many others. For 
that reason, adjusting TARP requires that you still 
obtain good parameter settings for the AV delay 
(crucial to avoid unnecessary pacing) and PVARP 
(crucial to protect against PMT in patient suscep-
tible to PMT).
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Mode

This is a paced DDD rhythm strip.

Rate

The atrial pacing interval is 1000 ms (60 ppm), 
which is appropriate.

Capture

Atrial capture is appropriate.
Ventricular capture is appropriate.

Sensing

Almost all of the atrial events on this strip are paced, 
with one exception. There is one atrial event that oc-
curs within the large intrinsic ventricular event on 
the strip. Before we tackle this atrial event, let’s fi rst 
go over ventricular activity so we have a better point 
of reference for this intrinsic atrial event.

There is only one intrinsic ventricular event on 
this strip, and it is an unusual one. The large ventric-
ular complex in the middle of the strip is a prema-
ture ventricular contraction (PVC). The pacemaker 
defi nes a PVC a little differently than clinicians do. 
To a dual-chamber pacemaker, a PVC is an intrinsic 
ventricular event without a preceding atrial event 
(either paced or sensed).

This PVC occurs about 400 ms after the onset 
of the prior paced ventricular event. That means it 
should have been sensed. To verify appropriate sens-
ing, measure the VP-AP interval (sometimes called 
the VA interval). It is approximately 800 ms. Still 
using calipers, now measure the interval from the 
onset of the PVC to the next atrial pacing spike (VS-

AP). This turns out to be 800 ms. That means that 
this PVC reset device timing and, therefore, must 
have been appropriately sensed.

This brings us back to the intrinsic atrial event 
that occurs right after the PVC. PVCs are associated 
with pacemaker-mediated tachycardias (PMTs) 
which are triggered by retrograde P-waves. The 
presence of a sudden, lone, intrinsic atrial event so 
tightly associated with a PVC strongly suggests that 
this is a retrograde P-wave.

The nuts and bolts of paced ECG 
interpretation: retrograde P-waves

Premature ventricular contractions (PVCs) can 
be particularly problematic in some pacemaker 
patients because they are associated with ret-
rograde P-waves which, if sensed, can initiate a 
pacemaker-mediated tachycardia.

The PVC breaks the synchrony between the 
atrium and ventricle and allows the patient to 
conduct retrogradely. That sensed retrograde P-
wave initiates the pacemaker-mediated tachy-
cardia. The pacemaker tries to maintain 1:1 AV 
synchrony, but the intrinsic atrial activity enters 
an endless loop.

If a dual-chamber pacemaker patient has 
retrograde conduction (not everyone does) and 
appears susceptible to PVCs triggering PMTs, 
the most typical programming strategy is to 
program an appropriately long PVARP value. A 
long PVARP will cause any resulting retrograde 
P-waves to “fall into” the refractory period and 
not provoke a pacemaker response. That is 
what happened in this particular strip.

VA Interval
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Retrograde P-waves are associated with PVCs, 
although not all patients with PVCs will have ret-
rograde P-waves.

The pacemaker does not sense this particular 
atrial event. If this P-wave had been sensed, the 
pacemaker would have imposed the sensed AV delay 
and then paced the ventricle in response. Using cali-
pers, it appears that the interval between the onset 
of this PVC and the appearance of the retrograde P-
wave is about 280 ms. Therefore, it is very likely that 
this retrograde P-wave “fell into” the pacemaker’s 
refractory period and was not sensed. While this 
atrial event was not sensed, this is the expected and 
appropriate behavior of the device.

Underlying rhythm

This patient required consistent AP-VP pacing, 
which means he has both sinus node dysfunction 
and slow AV conduction. He also has retrograde 
conduction and is susceptible to PVCs. This kind of 
patient is vulnerable to pacemaker-mediated tachy-
cardias (PMTs), so the device must be programmed 
to help prevent them.

What to do next

Atrial sensing should be evaluated, if possible. Re-
duce the pacing rate in increments of 10 ppm until 
intrinsic atrial activity occurs to conduct the test. 
As you reduce the rate, monitor the patient for any 
signs of discomfort or distress. Even if the patient 
appears fi ne and you cannot coax intrinsic atrial 
activity to appear on the ECG, do not drop the rate 
below about 30 or 40 ppm.

Although ventricular sensing was appropriate for 
the PVC, it would be wise to evaluate ventricular 
sensing as well. To force intrinsic ventricular activity 
to appear on the strip, extend the AV delay interval 
to at least 300 ms. The AV interval does not need to 
be extended incrementally. If intrinsic ventricular 
activity does not occur, a less desirable option is to 
temporarily program the dual-chamber pacemaker 
to VVI pacing and then lower the rate in the same 10-
ppm stepwise scheme. However, only use the tempo-
rary VVI method if extending the AV delay fails.

Since this patient has retrograde conduction, 
check the programmed settings of the PVARP.This 
particular strip is a good example of how PVARP 
can prevent a PMT, so it is likely the PVARP setting 
is adequately long.
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Mode

This strip is an excellent example of how important 
it can be to know the pacing parameters! If you just 
saw this strip with no other information, you might 
think the patient did not even have a pacemaker. 
That’s not the case; the printout reports that the pa-
tient has a DDD device.

Rate

You can’t determine the base rate from this strip, but 
it appears on the printout (60 ppm or 1000 ms). If 
you measure the AS-AS or VS-VS intervals, it shows 
that intrinsic activity is occurring at approximately 
800 ms (75 ppm), which would inhibit the pace-
maker spikes.

Capture

Neither atrial nor ventricular capture can be as-
sessed from this strip.

Sensing

There are intrinsic atrial events on this strip and 
no pacing spikes, but are these native atrial depo-
larizations being sensed? If they were appropriately 
sensed, then the sensed AV delay would go into ef-
fect, resulting in a ventricular pacing spike after 150 
ms elapsed. Using calipers, it appears that the in-
terval between atrial sensed event and ventricular 

sensed event (AS-VS) is about 240 ms. The sensed 
AV delay is not imposed. That means the pacemaker 
did not sense the atrial events appropriately!

If the atrial events were not sensed, you might 
wonder why the pacemaker withheld atrial pac-
ing. The answer lies in the intrinsic ventricular rate. 
The intrinsic ventricular rate is about 75 bpm, well 
above the programmed base rate. Not only did it in-
hibit the ventricular output pulse, it inhibited AV 
pacing.

The nuts and bolts of paced ECG 
interpretation: the V-A interval

This pacemaker is programmed to a pacing 
rate of 60 ppm, which means we could expect a 
1000 ms atrial pacing interval (AP-AP).

For this device as currently programmed, 
the paced AV delay (interval between AP-VP) is 
200 ms. This means that during AV pacing, the 
timing interval from a ventricular event to an 
atrial event (VP-AP) would have to be 800 ms. 
The formula for the VA interval (VP-AP) is the 
atrial pacing interval minus the paced AV delay 
(in this case, 1000–200=800).

The pacemaker sensed the intrinsic ventricu-
lar event but then waited 800 ms before pacing 
the atrium. Before the 800 ms could elapse, an-
other intrinsic ventricular event occurred.

In this way, above-base-rate intrinsic ventric-
ular activity can actually inhibit atrial pacing!

Mode DDD
Base Rate 60
Paced AV Delay 200
Sensed AV Delay 150
Magnet Response Battery Test
PVARP 275
Maximum Tracking Rate 120

ppm
ms
ms

ms
ms

Programmed Parameters
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Based on the VA interval of 800 ms (base rate 
minus paced AV delay or 1000 minus 200), the ven-
tricular event is sensed but before the pacemaker can 
send an atrial output pulse, the next ventricular event 
is sensed. This effectively prevents atrial pacing – and 
gives the appearance of appropriate atrial sensing. 
But appearances in paced ECGs can be deceiving!

Underlying rhythm

This patient has good sinus node function and slow 
AV conduction. However, his intrinsic rhythm has a 
good rate and provides 1:1 AV synchrony.

What to do next

Atrial sensing is not appropriate, so atrial sensing 
should be evaluated and suitable atrial sensitivity 
settings programmed. Both atrial and ventricular 
capture threshold tests should be performed and 
output parameters adjusted, if necessary.

Once proper capture is evaluated and proper 
atrial sensing is restored, the AV delays should be 
evaluated. This patient apparently has AV conduc-
tion, although it is slow (about 280 ms). The current 
AV delay settings (150 and 200 ms) are so short that 
once atrial sensing is restored, the patient will expe-
rience consistent right-ventricular pacing (AS-VP). 
It is generally agreed that intrinsic ventricular activ-
ity is preferable to paced ventricular activity, as long 
as it is rapid enough to support the patient’s activity. 
Therefore, long AV delay settings or pacemaker al-
gorithms that encourage intrinsic right-ventricular 
pacing should be used when possible. The AV delay 
intervals should be extended to accommodate the 
patient’s intrinsic PR interval and, if available, other 
algorithms used to encourage more intrinsic ven-

tricular activity and minimize unnecessary right-
ventricular (RV) pacing.

The nuts and bolts of paced ECG 
interpretation: RV pacing and the 
DAVID study

Ever since the DAVID study found that unnec-
essary and frequent right-ventricular (RV) pac-
ing can exacerbate heart failure in patients with 
some degree of systolic dysfunction and no 
standard pacemaker indications, clinicians have 
tried to limit RV pacing in their patients.

It is generally prudent clinical practice to 
allow intrinsic activity to emerge in paced pa-
tients as much as possible. However, this must 
be weighed against the patient’s intrinsic rates, 
his or her need for pacemaker support, and 
symptoms.

Today there are several excellent pacemaker 
algorithms available, including Ventricular 
Intrinsic Preference™ technology from St. Jude 
Medical, that encourage intrinsic ventricular 
activity without compromising pacing support.

On the other hand, some patients truly re-
quire RV pacing. Adequate RV pacing should 
not be withheld from those who need it.

By the way, the DAVID study results should 
not be exaggerated; they do not extend to pa-
tients with a standard pacemaker indication! 
Thus, we cannot assume that RV pacing is bad 
for everyone at all times. The most objective 
but cautious interpretation of DAVID results is 
to minimize unnecessary RV pacing, when pos-
sible, without compromising adequate pacing 
support.
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Mode

The annotations show that this is a dual-chamber 
pacemaker. The appearance of this tracing suggests 
the presence of some kind of interference. For that 
reason, we are going to rely on the annotations for 
this strip more than we usually do. A strip with a lot 
of interference and no annotations may be impos-
sible to interpret.

Rate

The atrial rate “drives” a dual-chamber pacemaker, 
but there is no atrial pacing interval (AP-AP) on this 
strip to measure. The rate cannot be evaluated.

Capture

There is one atrial pacing spike (note the AP event) 
but it is impossible to ascertain from the strip if 
this output pulse captured the atrium. There is too 
much interference going on.

Ventricular pacing looks appropriate in that the 
VP annotations (which we can interpret as “spikes”) 
result in large, widened QRS complexes of the same 
morphology.

Sensing

The annotations reveal many atrial sensed (AS) 
events, but are they all atrial events? Interference 
can make it diffi cult to interpret a paced ECG like 
this, but at least several of the AS annotations align 
with what appear to be intrinsic atrial events. Atrial 
sensing seems to be appropriate.

The nuts and bolts of paced ECG 
interpretation: interference

The pacemaker is designed to sense electrical 
signals within the body. In order to allow it to 
selectively pick up electrical signals from the 
heart and disregard other electrical signals from 
inside or outside the body, pacemakers today 
have very sophisticated fi ltering systems.

However, no system is perfect. Sometimes 
certain electrical appliances, industrial environ-
ments, or myopotential noise within the body 
can generate electrical signals that the pace-
maker not only picks up, but “interprets” (inap-
propriately) as cardiac activity.

When interference is brief, the pacemaker 
reverts back to normal operation as soon as the 
source of interference stops. For example, when 
a pacemaker patient walks through a metal de-
tector, there may be a moment of interference. 
Once the patient is clear of the detector, the 
pacemaker resumes normal operation.

When interference lasts for a longer period 
of time or is particularly severe, it can cause the 
pacemaker to automatically switch to asynchro-
nous safety or backup pacing. In such cases, 
the patient must come back to the clinic for a 
simple reprogramming step to restore normal 
operation.

In this example, the interference is intermit-
tent, but that does not make it less serious.

The real issue in this strip is ventricular sensing. 
The two VS annotations occur during the noisy 
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pause on this strip. The noise is on the ventricu-
lar channel and it inhibited ventricular spikes due 
to ventricular oversensing. While there is clearly 
a problem with ventricular sensing, this is not the 
kind of oversensing that is likely due to an inappro-
priate ventricular sensitivity setting. The root of this 
problem is the interference.

Underlying rhythm

This patient has some degree of intact sinus node 
function and slow AV conduction. However, the 
biggest concern is the interference. In order to man-
age it, we need to know its source.

What to do next

The source of the interference must be determined. 
The usual suspects for interference are myopoten-
tial or muscle noise within the body, outside sources 
of interference, or a problem with the pacing lead. 
To fi nd the source of the problem, we have to start 
ruling out what we can.

First, the patient should be asked about any symp-
toms. In talking to the patient, it is important to fi nd 
out where the patient is when interference occurs. In 
this particular case, the interference occurred at the 
clinic which means the source of the interference 
has to be within the patient himself.

If the problem is muscle noise, then it will be ex-
acerbated when the patient does isometric upper-
body exercises. Have the patient do some isometric 
arm exercises while observing the ECG. If this wors-
ens the interference, the problem is likely myopo-
tential oversensing. This can often be effectively ad-
dressed by programming sensitivity settings to less 
sensitive values to cause the pacemaker to fi lter out 
electrical signals generated by the muscles. If such 
isometrics fail to induce interference, the problem 
has to be the lead.

If you can rule out myopotential oversensing, 
order a chest X-ray to visually examine pacing lead 
integrity. Just looking at the paced ECG, this looks 

like it might be an insulation breach in the ventricu-
lar pacing lead. The problem is not severe enough to 
cause persistent interference, but that sort of noisy 
baseline is defi nitely consistent with an insulation 
problem. While some lead problems (such as loose 
connections) are more common in acute implants, 
an insulation problem may occur at any time over 
the life of the pacing lead.

The nuts and bolts of paced ECG 
interpretation: it’s a lead problem! 
What next?

Damaged leads or poor lead connections can 
manifest on the paced ECG as interference (like 
this case) or in capture and sensing problems 
(typically both together). Although not evident 
on the paced ECG, sudden or very large chang-
es in pacing lead impedance values, as seen 
from the programmer or diagnostic data, can 
also suggest lead problems, sometimes before 
the patient develops symptoms.

Lead problems may be immediate and severe 
or they may manifest gradually and get pro-
gressively worse. When a lead problem is sus-
pected and other likely causes can be ruled out, 
a chest X-ray should be ordered. Sometimes, 
faulty connections or damage to the lead can be 
evident on fi lm.

If there is a lead problem, it usually requires 
lead replacement. This may or may not involve 
the extraction of the indwelling lead. While lead 
extraction is not a procedure to be undertaken 
lightly, recent advances in this surgical ap-
proach and technological developments in lead 
extraction tools have made it safer and faster 
than ever. It is beyond the scope of this book to 
discuss lead extraction, but there will be cases 
in dealing with pacemaker patients when it is 
the best and wisest course of action. Lead prob-
lems do not self-heal and they compromise 
device function.



335

6

The Nuts and Bolts of Paced ECG Interpretation, 1st edition. By Tom Kenny. 
Published 2009 by Blackwell Publishing, ISBN: 978-1-4501-8404-5.

TOUGH TRACING #6



336  The Nuts and Bolts of Paced ECG Interpretation

Mode

Although there are no atrial pacing spikes, the atrial 
tracking behavior in this strip makes it clear that it’s 
a dual-chamber pacemaker.

Rate

The rate cannot be accurately measured here, which 
would require an atrial pacing interval (AP-AP). 
However, the ventricular pacing interval (VP-VP) is 
about 520 ms (115 ppm) at the outset of this strip, 
then it drops in a single beat by almost half to 1000 
ms (60 ppm). A pacing rate of 60 ppm would be ap-
propriate for this system.

Capture

Atrial capture cannot be assessed from this strip.
On the other hand, ventricular capture appears 

to be appropriate. Note that all ventricular events 
share the same morphology.

Sensing

In the slower section of the strip, atrial sensing ap-
pears appropriate in that the intrinsic atrial event 
inhibits the atrial output and the ensuing ventricu-
lar pacing spike is consistently timed to the sensed 
atrial event, with a sensed AV delay that measures 
with calipers to about 160 ms.

The atrial activity in the faster part of the strip 
requires a closer look. The ventricular pacing inter-
val (VP-VP) shows pacing at 115 ppm. This is an 
appropriate value for the maximum tracking rate 
(MTR), which sets the upper rate limit for ven-
tricular pacing in response to atrial tracking. The 
pacemaker will do whatever it can to keep ventricu-
lar pacing at or under the MTR, even violating the 

sensed AV delay. If you measure the sensed AV delay 
in the rapid activity on the left side of the strip, it is 
clear that these sensed AV delays (AS-VP) are lon-
ger than the sensed AV delays in the slower section 
of the strip. That is perfectly normal and expected 
pacemaker behavior.

Notice that the sensed AV delay on the left of the 
strip gets progressively longer. The longest such AV 
delay interval occurs right before the pause. There 
is one more intrinsic atrial event on the T-wave 
right before the pause. Was this intrinsic atrial event 
properly sensed? The next logical question has to be: 
should we expect this intrinsic event to have been 
sensed? Using calipers, it appears that this intrinsic 
atrial event occurs about 320 ms after the ventricu-
lar pacing spike. If the post-ventricular atrial refrac-
tory period (PVARP) was set to 320 ms or longer, 
this atrial event “fell into” the refractory period and 
the pacemaker did not respond to it.

That is exactly what happened. This is pacemaker 
Wenckebach (rapid ventricular response to intrin-
sic atrial activity with a progressively lengthening 
PR interval, that is AS-VP interval) transitioning 
into 2:1 block.

Ventricular sensing cannot be assessed from this 
strip.

Underlying rhythm

This patient has a high intrinsic atrial rate and a 
pacemaker that responded with pacemaker Wenck-
ebach (a pacemaker version of physiological Wenck-
ebach behavior with a progressive lengthening of 
the PR interval) that progressed to 2:1 block (two 
intrinsic atrial events for every one paced ventricu-
lar response). The goal of dual-chamber pacing in 
patients with high-rate intrinsic atrial activity is to 
delay the so-called “Wenckebach window” as long 
as possible, that is, to prolong the time the patient 
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spends in pacemaker Wenckebach and delay the 
onset of 2:1 block. This cannot be done indefi nitely, 
but it looks like this patient might have slipped into 
2:1 block before absolutely necessary.

What to do next

Atrial capture and ventricular sensing should be 
evaluated.

Following that, the patient should be asked about 
his symptoms to see how well he tolerates rapid ven-
tricular pacing. Device diagnostics would be useful 
to see how frequent such high-rate intrinsic atrial 
activity is. One strategy to help manage high intrin-

sic atrial rates is to increase the maximum tracking 
rate (MTR). This provides good upper rate response 
but only if the patient can tolerate higher-than-
base-rate pacing. Increase MTR with caution based 
on the patient’s underlying disease and tolerance for 
above-base-rate-pacing.

It is also benefi cial to delay the onset of 2:1 block 
a bit, which means reducing the TARP. To have the 
patient enter 2:1 block at 120 ppm (500 ms), the 
PVARP and sensed AV delay should total no more 
than 500 ms. While this will not prevent 2:1 block, 
it will allow the patient to experience more time in 
pacemaker Wenckebach, which is probably easier to 
tolerate.

When a pacemaker tracks the atrium, high-rate 
intrinsic atrial activity can cause unusual behav-
ior. Up to a certain point, an atrial-tracking dual-
chamber pacemaker (such as a DDD or DDDR 
device) will respond by maintaining 1:1 AV 
synchrony by pacing the ventricle above the base 
rate. In order to protect the patient from very 
high ventricular pacing rates, particularly since 
such rapid pacing is associated with symptoms, a 
maximum tracking rate (MTR) imposes a “speed 
limit” beyond which the ventricle cannot be 
paced. A typical MTR setting is around 120 ppm, 
but should be adjusted to meet the needs of the 
individual patient.

This rapid ventricular pacing in response to 
high intrinsic atrial rates creates what is known 
as “pacemaker Wenckebach.” It preserves 1:1 AV 
synchrony and most patients feel better with this 
sort of pacing than with 2:1 block. However, at a 
certain point, 2:1 block sets in. It occurs when the 
intrinsic atrial rate exceeds TARP (total atrial re-
fractory period). TARP is not directly program-
mable as a parameter setting but it is composed 
of the sensed AV delay plus the PVARP.

When the patient’s intrinsic atrial rate exceeds 
the programmed base rate, pacemaker Wenck-

ebach sets in. It operates up to the point that 
the intrinsic rate meets the TARP value. Once 
the patient’s native atrial rate exceeds TARP, the 
“Wenckebach window” closes and 2:1 sets in. 
This strip is a great example of how abrupt and 
dramatic the rate change can be. Not all patients 
do well with this rate transition or with 2:1 pac-
ing!

If the patient can tolerate rapid ventricular 
pacing, the best tactic is to open the Wenckebach 
Window. In fact, the goal of upper rate behavior is 
to stall the onset of 2:1 block as long as possible!

To open the Wenckebach Window, the TARP 
value has to be shortened. TARP can be indi-
rectly adjusted by changing the sensed AV delay 
or the PVARP setting or both. In this case, the 
patient’s TARP value was around 115 ms (520 
ms). The settings for the sensed AV delay and/or 
the PVARP should be changed so that their sum 
is less than 520 ms. If 2:1 block should occur at 
an intrinsic atrial rate of 120 ppm (500 ms), this 
patient’s TARP should be reduced by 20 ms. For 
2:1 block to occur at an intrinsic atrial rate of 130 
ppm (462 ms), the patient’s TARP would have 
to be 462 ms, in other words, it would have to be 
reduced by 58 ms.

The nuts and bolts of paced ECG interpretation: opening the Wenckebach 
window
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Mode

This is a dual-chamber rhythm strip. Ventricular 
pacing is tracking intrinsic atrial activity. The strip 
looks very unusual. Note the squared-off looking 
pauses and the perfectly straight baselines during 
pauses. This kind of appearance may be associated 
with a malfunction of the ECG monitor or some 
other kind of recording anomaly.

Rate

There are no atrial pacing intervals on the strip to 
accurately assess the pacing rate, which is erratic. A 
few of the ventricular pacing intervals (VP-VP) ap-
pear to be about 720 ms (around 83 ppm) but that 
is in response to sensed atrial activity. There are also 
a couple of long pauses on the strip – the longer one 
measures 1000 ms (1 second).

Capture

Atrial capture cannot be assessed from this strip.
Ventricular capture appears to be appropriate, 

with consistent (although unusual-looking) QRS 
morphologies across the strip. However, there are a 
couple of pauses. In fact, in the center of the strip the 
interval between ventricular pacing spikes measures 
1400 ms (43 ppm). Unless the base rate was set to 40 
ppm or below, the pacemaker should have paced in 
this period.

Sensing

In much of the strip, atrial sensing appears to be ap-
propriate. Whenever an intrinsic atrial event occurs 
on the strip, the pacemaker responds with a ventric-
ular pacing spike after an interval of about 200 ms, 
an appropriate time for a sensed AV delay. However, 
there are two long pauses in the strip when the ab-
sence of intrinsic atrial activity should have caused 
an atrial pacing spike to be delivered. Such behavior 
could indicate atrial oversensing.

If those pauses indicate atrial oversensing, they 
would also indicate ventricular oversensing since 
no ventricular spike is delivered. In fact, in the fi rst 
pause, the ventricular pacing interval (VP-VP) is 
1400 ms! Is this a case of oversensing?

Not likely! When this alleged “oversensing” oc-
curs, notice that it occurs simultaneously in both 
chambers: atrial oversensing and ventricular over-
sensing occur at the same time not once but twice in 
this short rhythm strip. That alone should cause us 
to get suspicious but coupled with the squared-off 
looking tracing, this makes me fairly certain that we 
are dealing with some kind of ECG monitor mal-
function.

Underlying rhythm

This patient has intrinsic atrial activity with slow AV 
conduction.
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What to do next

The overriding concern for any clinician seeing this 
strip is that the ECG monitor is not working prop-
erly. The reasons for this are the appearance of the 
tracing (particularly the absolutely fl at baselines 
and the odd squared-off look of the complexes) and 
the fact that inappropriate behavior occurs inter-

mittently but simultaneously on the atrial and ven-
tricular channels. Lead problems often manifest as 
noisy baselines and often involve simultaneous cap-
ture and sensing problems – but on the same lead.

If possible, record another ECG using a different 
monitor. That should result in a quite different-
looking tracing and one that could be confi dently 
evaluated.
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Mode

This is a run of AP-VP complexes, so this is a dual-
chamber pacemaker.

Rate

The atrial pacing interval (AP-AP) is about 720 ms if 
you measure the fi rst two complexes (84 ppm) but it 
shortens (faster rate) as the strip progresses. It’s not 
unusual to see above-base-rate ventricular pacing 
when a pacemaker tracks the atrium, but this is a 
case of above-base-rate atrial pacing! This has to in-
volve some kind of specialty pacemaker algorithm. 
Either it is a rate-responsive pacemaker or atrial 
overdrive is going on.

The best way to check this is to evaluate pro-
grammed settings, if available. But what if the de-
vice is both rate-responsive (DDDR) and has an 
atrial overdrive algorithm? If this strip was obtained 
in-clinic with the patient seated and at rest, it is un-
likely to be rate-responsive pacing! Annotations or 
diagnostic reports may help. In this case, the patient 
was at rest at the clinic and the pacing was caused by 
the AF Suppression™ algorithm, an atrial overdrive 
feature.

Capture

Atrial capture appears to be appropriate. Ventricu-
lar capture also looks appropriate.

Sensing

Atrial sensing is appropriate, but ventricular sens-
ing cannot be assessed from this strip.

Underlying rhythm

The dual-chamber pacemaker with AF Suppression 
will pace at the base rate and consistently searches 
for intrinsic P-waves. If it senses two P-waves in a 
16-cycle window, it will drive up the atrial pacing 
rate by approximately 10 bpm. This occurred at the 
end of the top strip and resulted in above-base-rate 
atrial pacing.

This rate acceleration will continue for a pro-
grammable number of beats and continue to search 
for intrinsic P-waves. If two more P-waves in a 16-
cycle window occur, it will accelerate the rate again 
by approximately 10 bpm. If intrinsic P-waves do 
not occur, it will slow the atrial pacing rate back 
down to the programmed base rate.

84 84 84 84 84 84 84 88 90

93 93 93 9393 93 93 93 93 93

Sinus Activity
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The goal is to be pacing the atrium just slight-
ly above the patient’s intrinsic rate. This has been 
proven in clinical studies to suppress atrial fi brilla-
tion (AF).

What to do next

Atrial and ventricular sensing should be evalu-
ated, but if the patient is experiencing persistent 
high-rate atrial activity, this may not be possible. 
Download device diagnostics to determine how fre-
quently the AF Suppression™ algorithm has been 
in use and at what rates. If this algorithm has only 
been recently programmed, it could be interesting 
to compare “before” and “after” diagnostics. Many 

times, patients with high-rate intrinsic atrial activ-
ity experience lots of pacing at MTR and AMS epi-
sodes, which can be reduced with AF Suppression™ 
or other atrial overdrive features. Interview the pa-
tient to fi nd out what symptoms, if any, are associ-
ated with overdrive atrial pacing. For many patients, 
the atrial overdrive algorithm works well. But if the 
patient does not tolerate it or spends prolonged pe-
riods of time at above-base-rate AP-VP pacing or 
both, it may be appropriate to consider treating the 
atrial tachyarrhythmia in a different and more ag-
gressive manner. Drug therapy may be appropriate, 
either new or adjusted from the patient’s previous 
prescription.
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Mode

This is a dual-chamber pacemaker. That is evident 
from the atrial tracking as well as the presence of one 
atrial pacing spike and many ventricular spikes.

Rate

The ventricular pacing interval (VP-VP) varies, 
from about 600 ms (100 ppm) at the outset of this 
tracing and ending with 520 ms intervals (115 ppm) 
at the end. The pause in this strip divides it between 
atrial tracking at around 100 ppm to much more 
rapid pacing with what appears to be retrograde 
atrial activity. It looks like after the pause, a pace-
maker-mediated tachycardia (PMT) occurred.

Capture

There is one atrial pacing spike in this strip but it 
fails to capture. Atrial capture is not working prop-
erly. Loss of atrial capture is a common trigger of 
PMT.

Ventricular capture, on the other hand, is appro-
priate.

Sensing

On this particular strip, we have three areas of in-
vestigation for atrial sensing: before, during, and 
after the pause. Before the pause, it appears that the 
pacemaker is tracking the atrium at or approach-
ing 100 ppm, which means at or near the maximum 
tracking rate (MTR). This indicates appropriate 
atrial sensing. The reason the full sensed AV delay 
interval does not come into play is that in order to 
offer 1:1 AV synchrony, the pacemaker has to pace 
the ventricle too rapidly to allow the full delay in-
terval to be applied.

After the pause, there are what appear to be P-
waves on the strip, but these are most likely retro-
grade P-waves. Tracking these retrograde P-waves 
causes the PMT.

The nuts and bolts of paced ECG 
interpretation: which way is 
retrograde?

The healthy heart has conduction pathways 
that are all one-way streets, moving more or 
less from top to bottom. Pacemaker clinicians 
describe this as antegrade conduction or for-
ward conduction.

Some patients have myocardial tissue that is 
capable of conducting backward (or upward) 
through the heart. Not every patient has retro-
grade conduction.

Being capable of retrograde conduction is 
not necessarily problematic unless a series of 
events occur that can cause a cardiac event to 
“get stuck” and travel around and around in an 
endless loop tachycardia propelled by both an-
tegrade and retrograde conduction. That’s what 
a pacemaker-mediated tachycardia or PMT 
is – PMT happens when retrograde conduction 
that occurs physiologically meets antegrade 
conduction aided by the pacemaker.

In this case, an atrial event travels faster and 
faster in a loop, causing rapid pacing. PMTs 
require three things: a dual-chamber pace-
maker patient with retrograde conduction, an 
adequate “loop” or pathway in the heart, and a 
triggering event such as the abrupt loss of atrial 
capture.

The pause occurs when the patient’s intrinsic atri-
al rate abruptly slows. The patient’s native atrial rate 



Tough Tracing #9  349 

was rapid, then gave out. When no intrinsic atrial 
event occurred the pacemaker waited and applied 
its normal timing intervals. Note that the interval 
from the preceding intrinsic atrial event to the atrial 
pacing spike hit 1000 ms (60 ppm), the likely base 
rate. The problem occurred when this atrial spike 
failed to capture the heart. In my experience, loss of 
atrial capture is the most common trigger for PMT.

Atrial sensing appears to be appropriate.
Ventricular sensing cannot be evaluated from 

this strip.

Underlying rhythm

This patient has sinus node dysfunction and at least 
intermittent high-rate intrinsic atrial activity along 
with slow AV conduction. This particular patient 
also has retrograde conduction and is susceptible 
to PMTs.

What to do next

If the PMT is ongoing, it must be stopped and appro-
priate PMT termination algorithms applied. Most 

dual-chamber pacemakers can be programmed to 
automatically apply a specifi c termination algo-
rithm after a run of PMTs. It is possible that this 
occurred right after this particular PMT started. At 
any rate, the PMT termination algorithm should be 
reviewed.

If available, patient diagnostic data should be 
obtained to see if PMTs were common occurrences 
and to evaluate the effectiveness of any termination 
algorithms already in place.

In addition, atrial capture must be restored. A 
capture test on the atrial channel should be per-
formed and output parameters (atrial pulse width, 
atrial pulse amplitude) adjusted, as necessary.

Ventricular sensing should be evaluated. If the 
patient still has high-rate intrinsic atrial activity, 
ventricular sensing can be tested by temporarily 
programming the pacemaker to VVI mode and, if 
necessary, lowering the base rate. If the patient’s in-
trinsic atrial rate is more normal, ventricular sens-
ing can be evaluated by the leaving the device in a 
dual-chamber mode and temporarily extending the 
sensed and paced AV delay to 300 ms or more. The 
latter method is preferred, but not always possible.
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Mode

The pairs of pacing spikes (atrial and ventricular) 
mean that this is a dual-chamber pacemaker.

Rate

The atrial pacing interval (AP-AP) drives the rate 
in a dual-chamber system and here that interval 
measures 1000 ms (60 ppm). The pacing rate is ap-
propriate.

Capture

Overlooking the strange event in the middle of the 
strip, both atrial and ventricular capture appear ap-
propriate with consistent morphologies.

The unusual looking event appears to be a mix-
ture of an atrial spike, a ventricular spike, and an 
intrinsic ventricular event. So what could this be? 
Using calipers, the interval between the atrial and 
ventricular spikes measures about 120 ms. That is a 
huge clue. Whenever a ventricular spike follows an 
atrial spike by 100 to 120 ms (depending on device 
and manufacturer), safety pacing is involved. This 
happens to be from a St. Jude Medical device with a 
110 ms interval for safety pacing.

Safety pacing involves a few timing cycles. If the 
ventricular lead senses an atrial pacemaker spike and 
inappropriately considers it a ventricular event, that 
phenomenon is called “crosstalk.” Crosstalk causes 
ventricular oversensing, leading to ventricular un-
der-pacing. Thus, after an atrial pacing spike, the 
pacemaker imposes a very short mandatory blank-
ing period, in order to prevent the pacemaker’s ven-
tricular channel from “seeing” the atrial spike and 
inappropriately sensing it as ventricular activity.

After this brief blanking period following the 
atrial pacing spike, the pacemaker imposes a second 

mandatory timing cycle known as the “crosstalk de-
tection window.” If any event is sensed during the 
crosstalk detection window, the pacemaker per-
forms “safety pacing,” sometimes called “ventricu-
lar safety standby.” This means that right after the 
atrial output pulse (in this device, 110 ms after the 
atrial spike), the pacemaker will pace the ventricle. 
It does this even if the ventricles have depolarized or 
are depolarizing on their own.

The nuts and bolts of paced ECG 
interpretation: crosstalk

Modern pacemakers have done a lot to get rid 
of the phenomenon known as crosstalk, which 
occurs when the pacemaker’s ventricular sens-
ing circuitry picks up an atrial pacing spike 
and mistakenly “sees” it as intrinsic ventricular 
activity.

When crosstalk occurs, it can lead to inap-
propriate inhibition of the ventricular pacing 
spike, that is, ventricular under-pacing. It often 
appears on a paced ECG as a pause on the ven-
tricular channel.

To combat crosstalk, pacemakers routinely 
impose a very brief blanking period on the 
ventricular channel whenever an atrial spike is 
delivered. This blanking period “covers” or con-
ceals the pacemaker spike so that the pacemak-
er cannot “see” it and therefore will not respond 
inappropriately. Following the blanking period, 
a very brief “crosstalk detection window” oc-
curs; during this timing cycle, the ventricular 
channel can sense activity, but if it does, the 
pacemaker fi gures it could be crosstalk and 
responds with ventricular safety pacing or the 
automatic delivery of a ventricular spike about 
110 ms after the preceding atrial spike.
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The idea behind ventricular safety pacing is that 
if crosstalk is suspected, rather than allow it to inter-
fere with proper pacing and inappropriately inhibit 
a ventricular output pulse, it triggers a ventricular 
pacing spike. In this case, the spike falls on top of an 
intrinsic event (pseudofusion), but it is appropriate 
pacemaker behavior.

Sensing

Neither atrial nor ventricular sensing can be as-
sessed from this tracing.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction.

What to do next

Atrial and ventricular sensing should be evaluated. 
The presence of one event of safety pacing on this 
strip is expected device behavior and not necessarily 
indicative of any problem.
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Mode

This is a VVI strip.

Rate

The ventricular pacing interval is about 760 ms (80 
ppm). While many clinicians (including me) pre-
fer single-chamber pacemakers be set to rates of 70 
ppm, 80 ppm is not particularly alarming or even 
unusual. For certain patients, depending on symp-
toms, it may be appropriate. For now, the assump-
tion should be that this rate is high but acceptable.

Capture

There are three distinct ventricular morphologies 
on this strip. The fi rst two and last two complexes 
are intrinsic ventricular events; the third through 
seventh events show appropriate capture.

The eighth and ninth events look like a blend 
between the intrinsic and captured ventricular de-
polarizations and are ventricular fusion. Notice the 
different morphology of the T-wave in the “true” 
captured events versus the fusion events. Fusion 
confi rms capture. The fused events show that the 
programmed base rate is competing with the pa-
tient’s intrinsic rate.

At the end of the strip are two ventricular pac-
ing spikes that fail to capture. This is functional 
non-capture. They do not capture because they 
could not possibly capture – they occur right after 
the ventricles depolarized on their own. Functional 
non-capture suggests a sensing problem.

Sensing

The fi rst ventricular event is appropriately sensed; 
it inhibits the ventricular output pulse and resets 
device timing. Using calipers set to the ventricular 

pacing interval (VP-VP), notice that this fi rst intrin-
sic ventricular event times out to the fi rst ventricu-
lar pacing spike (VS-VP). That means the second 
intrinsic ventricular event on this strip was under-
sensed.

The nuts and bolts of paced ECG 
interpretation: intermittent sensing 
problems

Pacemakers have fi xed sensitivity settings but the 
human heart can exhibit quite a variety in terms 
of cardiac signal sizes. For that reason, many 
sensing problems show up on an ECG fi rst as 
intermittent oversensing or undersensing.

It is good practice for clinicians to check sen-
sitivity settings at every follow-up and to take 
even the occasional undersensed or oversensed 
event quite seriously. In this example, the two 
undersensed ventricular events at the end of the 
strip were likely “too small” in terms of signal 
amplitude to be picked up by the device’s fi lters.

The fi rst event was apparently large enough 
to be properly sensed, but the second was not. 
Note that waveform appearance on the ECG 
can be quite misleading; do not assume that 
because signals look to be the same magnitude 
that they are the same size to the pacemaker’s 
sensing circuits. PVCs are a great example of 
this; they can look quite large on the paced 
ECG but are occasionally undersensed because 
of the way the wavefront travels through the 
heart with respect to the pacemaker lead’s sens-
ing electrodes.

Intermittent sensing problems can also occur 
with a lead problem (at least at fi rst before the 
lead problem becomes severe). However, lead 
problems are more likely to manifest as a con-
sistent problem with both sensing and capture.
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Further sensing problems occur at the end of the 
strip. Two more intrinsic ventricular events occur 
which fail to inhibit the ventricular output pulse. 
Ventricular sensing is clearly not appropriate.

Underlying rhythm

The patient has sinus node dysfunction and slow AV 
conduction.

What to do next

Ventricular sensing should be checked and the ven-
tricular sensitivity settings adjusted. When ventric-
ular undersensing is corrected, no more functional 
non-capture events should occur.

The frequent ventricular pacing and the presence 
of fusion indicates that the patient might have more 
intrinsic conduction (and less right-ventricular or 
RV pacing) if pacing was slower. Normally, the best 
way to achieve this is to activate rate hysteresis and 
set a hysteresis rate about 10 bpm below the pro-
grammed base rate. This patient had a programmed 
base rate of 80 ppm, which is on the high side. For 
that reason, in this case, I would fi rst lower the base 
rate to 70 ppm. Hysteresis could also be programmed 
to 60 bpm, but just lowering the base rate to 70 ppm 
is likely to clear up the fusion and encourage more 
intrinsic activity.
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Mode

This is a dual-chamber pacemaker rhythm strip.

Rate

In terms of rate, this strip has two main sections. 
At the outset, the atrial pacing interval is 1000 ms 
(60 ppm), an appropriate base rate. The right-hand 
portion of the strip shows rapid ventricular pacing 
(520 ms or 115 ppm) in what looks to be a pace-
maker-mediated tachycardia (PMT). Between these 
two “zones” on the strip is a premature ventricular 
contraction (PVC), a common trigger for PMTs. 
The PMT is limited by the maximum tracking rate 
or MTR, which appears to be programmed to 115 
ppm, a suitable rate setting for that parameter.

Capture

There are only two atrial spikes on this strip and 
both exhibit appropriate capture.

Ventricular capture looks appropriate as well. 
Notice that all ventricular events share the same 
morphology.

Sensing

The fi rst intrinsic P-wave on this strip occurs in the 
downward defl ection of the PVC and is likely to be a 
retrograde P-wave. This P-wave then perpetuates the 
PMT that follows. Notice that the maximum track-
ing rate (MTR) governs the rate during the PMT, 
which means that atrial events no longer “drive” the 
pacing rate. That is why the sensed AV delay inter-
val is no longer imposed; if the sensed AV delay was 

used to trigger a ventricular pacing spike, the rate 
would have exceeded the programmed MTR.

Although this fi rst P-wave was a retrograde event, 
the pacemaker sensed it – and that is appropriate 
device behavior. Confi rmation of appropriate atrial 
sensing is that 240 ms following this P-wave the 
pacemaker delivered a ventricular pacing spike. 
This means that the pacemaker was programmed 
to a sensed AV delay of about 240 ms, a reasonable 
value.

Ventricular sensing also appears appropriate in 
that the PVC was sensed properly. It reset device 
timing.

Underlying rhythm

The patient has sinus node dysfunction, slow AV 
conduction, and retrograde conduction. He is also 
susceptible to PMTs.

What to do next

This strip reveals a PMT trigger (the PVC), and a 
spell of PMT but not its termination. Most pace-
makers have automatic algorithms to break PMTs, 
typically by extending the PVARP. Steps should be 
taken to assure that this patient has normal pace-
maker function restored. Furthermore, PMT ter-
mination algorithms for this patient should be 
scrutinized to be sure they are adequate. Clinically, 
there is little we can do to stop PVCs and retrograde 
conduction, but we can make sure appropriate PMT 
termination algorithms are activated.

Although there is some slight evidence (one 
event) of appropriate atrial and ventricular sensing, 
sensing tests in both channels are recommended.
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Mode

The printout and annotations make it clear: this 
is a VVI strip. Even without annotations, there are 
clues that point to single-chamber pacing. In a dual-
chamber system, the pacemaker would have paced 
the atrium in the prolonged absence of intrinsic 
atrial activity; yet there are neither spikes nor in-
trinsic atrial events evident. Even if you thought the 
small downward-defl ecting tick marks were atrial 
events, that should have initiated the AV delay in-
terval, resulting in a ventricular pacemaker spike in 
about 200 ms. Thus, the annotations confi rm what 
the strip essentially told us: VVI pacing.

Rate

There is no classic ventricular pacing interval on this 
strip (VP-VP), but ventricular escape intervals (VS-
VP) can be measured. They measure about 880 ms 
with calipers (around 68 ppm) and a bit less on the 
annotations, all of which fi ts with the programmed 
(and appropriate) pacing base rate of 70 ppm.

This strip looks slow, and, in fact, if you measure 
the intervals between the large sensed ventricular 
events, it is about 1560 ms or around 38 ppm. How-

ever, it is not “slow” to the pacemaker, because of 
the presence of the VP events, the little pacemaker 
spikes between the large intrinsic events. This is 
a case where the pacemaker “thinks” it is pacing 
around 70 ppm, but the patient is only getting rate 
support at around 38 ppm!

Capture

The ventricular pacemaker spikes on this strip are 
really just small downstrokes, but not one of them 
captures the ventricle. There is a complete loss of 
ventricular capture.

Sensing

The large ventricular events on this strip are intrin-
sic events and they appear to be properly sensed, in 
that they reset device timing and are annotated as 
VS events.

Underlying rhythm

This patient has sinus node dysfunction, a junction-
al rhythm, and slow AV conduction.

VP VP VP VP VP VP VS VS VS VS VS 

613 867 633 857 633 867 632 838 633 887 
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ppm 
 
ms 

Programmed Parameters 

T   Temporary programmed value 

 



Tough Tracing #13  363 

What to do next

The most urgent concern is to restore appropriate 
ventricular capture by performing a ventricular 
pacing threshold test and adjusting the pacemaker 
output parameters (ventricular pulse width and 
pulse amplitude) appropriately. It is unlikely this 
loss of ventricular capture is due to a faulty lead, 
since ventricular sensing is working well.

Ask the patient about any symptoms or prob-
lems. The patient may notice a change in how he 
feels right in the clinic as proper pacing support is 
restored. If the patient experienced particularly de-
bilitating symptoms, it should be noted in the chart 
so that a generous safety margin is always main-
tained. In this instance, it would be worth checking 
to see if a new drug might have altered this patient’s 
pacing threshold.

Paced ECGs can become every bit as addictive as 
crossword puzzles or sudoku, and many scientifi c 
sessions among cardiologists and electrophysi-
ologists include some meetings where “lively 
debate” occurs as experts go over paced rhythm 
strips to debate what they might mean.

However, in the clinical setting, the patient 
must always be the focal point. The patient’s his-
tory, updated drug information, and symptoms 
are vitally important to any fi nal pacing prescrip-
tion decisions.

Drugs, in particular, should be monitored 
closely. Most pacemaker patients take at least 
one prescription drug and polypharmacy is not 
unusual. Drugs can affect arrhythmias, pacing 

thresholds, and provoke symptoms. For example, 
a long-time pacemaker patient on a new pre-
scription for beta-blockers may be experiencing 
fatigue … but that fatigue is more likely attribut-
able to beta blockade than the pacemaker.

Likewise, drugs are sometimes tolerated better 
by the patient than the pacemaker. Certain drugs 
are known to increase pacing thresholds, which 
may result in loss of capture at the previous out-
put parameter settings. The patient’s response to 
drugs, in particular with regard to pacing thresh-
olds, is highly individual; drugs that increase pac-
ing thresholds in one patient will not necessarily 
have that same effect in another patient.

Treat the patient, not the rhythm strip.

The nuts and bolts of paced ECG interpretation: hey! Don’t forget the patient!
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Mode

This is dual-chamber pacing.

Rate

The ventricular pacing rate in this strip is rapid, but 
it is trying to track rapid intrinsic atrial activity. This 
is an example of pacemaker Wenckebach; note the 
sensed AV delay interval (AS-VP) lengthens until an 
atrial event “falls into” the refractory period and is 
ignored.

The ventricular pacing interval gets as fast as 520 
ms (115 ppm), most likely the maximum tracking 
rate (MTR).

Capture

Atrial capture cannot be assessed from this strip, 
but ventricular capture appears to be functioning 
properly.

Sensing

Atrial sensing is appropriate, in that the pacemaker 
is tracking rapid atrial activity and inhibiting atrial 
output spikes. Ventricular sensing cannot be evalu-
ated from this strip.

Underlying rhythm

This patient has an accelerating atrial tachyarrhyth-
mia.

What to do next

The most pressing concern for this patient is man-
aging the atrial tachyarrhythmia. This is not atrial 
fi brillation (AF) but it can be equally challenging. 
Appropriately programming the MTR and pro-

longing the “Wenckebach window” by extending 
TARP as long as reasonably possible to avoid going 
into 2:1 block too soon are great strategies. But ulti-
mately, this patient is dealing with an intrinsic atrial 
rate that is fast and getting faster.

If available, use device diagnostics to evaluate 
how frequently such rapid native atrial activity 
occurs. If this is not an isolated or unusual occur-
rence, it becomes important to better manage the 
atrial rhythm. This might be accomplished through 
drug therapy (beta-blockers are a good choice). 
Meanwhile, the device can be programmed in ways 
to minimize the impact of high-rate intrinsic atrial 
activity:
• Program an appropriate MTR that the patient 

can tolerate (this kind of patient is likely going to 
be paced at the MTR often); the higher it is, the 
longer the patient retains 1:1 AV synchrony. But 
don’t make it too high or the patient will become 
symptomatic with the rapid ventricular pacing.

• Shorten TARP (total atrial refractory period or 
the combined duration of the PVARP and the AV 
delay interval) as much as reasonably appropriate; 
this will prolong the time the patient spends in 
Wenckebach before going to 2:1 block.

• Activate algorithms like mode switching or AF 
Suppression algorithm (or other atrial overdrive 
algorithm), if they are available. Many patients 
benefi t from such features, but use them cau-
tiously.

• Some patients with this type of rhythm wind up 
programmed to a nontracking mode; this is not 
the best “fi rst choice” option since it sacrifi ces 1:1 
AV synchrony. However, it could be preferable to 
near-constant above-base-rate pacing.

• Set up pacemaker diagnostics to monitor intrin-
sic high-rate atrial activity, mode switch episodes, 
AT/AF burden, and so on, since it can give you 
valuable insight into the patient’s condition (and 
can help tell you if drug therapy is working).
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Mode

This is a dual-chamber pacemaker. The sweep speed 
of this particular tracing makes it look a bit “lon-
ger” than some of the other ones in this book, but 
it’s pacing at around 60 ppm. The previous page 
showed the surface ECG. This image comes from 
the programmer.

Rate

There is a very interesting rate variation going on 
in this strip that warrants some explanation. Mea-
sure the atrial pacing interval on this strip (AP-AP) 
and everything looks fi ne (1000 ms or 60 ppm). But 
measure the ventricular interval between the fi rst 
two AP-VS complexes and it indicates above-base-
rate pacing at 63 ppm.

This is not rate response (that would have accel-
erated the atrial pacing interval). This ECG comes 
from an older device with ventricular-based timing. 
As such, it is set up to allow variations like this to 
occur in order to preserve the fi xed atrial pacing in-
terval. Although ventricular-based timing in pace-
makers is getting rarer all of the time, Holter moni-
tors still rely on ventricular-based timing.

A ventricular-based device uses this formula for 
its timing:

Base rate = AV interval + VA interval

This is easiest to see in AP-VP pacing. If the base rate 
(determined by the atrial pacing interval or AP-AP) 
is 60 ppm or 1000 ms and the programmed paced 
AV delay is 200 ms, then the formula would be:

1000 ms = 200 + 800 ms

When pacing AP-VP, the ventricular-based device 
preserves the programmed base rate. However, the 
pacemaker has to make some adjustments to the 
base rate when intrinsic ventricular activity occurs. 
Thus, in AP-VS pacing, a ventricular-based system 
has to make some adjustments to preserve the AV 
and VA intervals. In the “fast” interval on the strip 
above, the atrial pacing spike was followed in just 
139 seconds by a ventricular intrinsic event. That 
formula is now:

X = 139 + 809 ms

This means the base rate now has to be 948 ms (139 
+ 809) or 63 ppm.

Capture

Atrial and ventricular capture appear to be appro-
priate.

Sensing

Atrial sensing cannot be evaluated from this strip, 
since all of the atrial events are paced.

Ventricular sensing appears appropriate in that 
the presence of intrinsic ventricular activity inhib-
ited the ventricular output and reset device timing.

Underlying rhythm

This patient suffers from sinus node dysfunction 
and slow AV conduction.
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What to do next

Atrial sensing must be evaluated, if possible. Lower 
the base rate of the device in 10-ppm steps down to 
no lower than 30 or 40 ppm. Monitor the patient as 
you lower the base rate incrementally. It may not 
always be possible to get intrinsic atrial activity to 
occur.

The rate variation apparent here is not a device 
malfunction; it’s the normal and expected behav-
ior of a device with ventricular-based timing. Most 
modern pacemakers rely on atrial-based timing, but 
there are older devices and Holter monitors that still 
use ventricular timing. Note that ventricular-based 
devices will only show such rate accelerations in 
AP-VS pacing, not AP-VP pacing.
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Mode

The presence of atrial and ventricular pacing spikes 
indicate that this is a dual-chamber strip. The sweep 
speed of this tracing makes it seem a little “airier” 
than some of the other ones in this book; that’s just 
a function of how the programmer was set. Pacing 
is going on at around 60 ppm.

Rate

The atrial pacing interval (AP-AP) drives the dual-
chamber pacing rate. In this case the atrial pacing 
interval is 1000 ms or 60 ppm, an appropriate rate. 
(As long as we measure the atrial pacing intervals, 
the rate is constant and appropriate.)

But notice that the ventricular escape interval on 
this strip (VS-VP) is 1061 ms long according to the 
interval notation. That converts to a rate of 56 ppm, 
or lower-than-base-rate pacing. Why does it appear 
that the pacemaker is violating the base rate?

The answer is that this is not at all unusual. This 
strip comes from a pacemaker using atrial-based 
timing. That means that the pacemaker regulates its 
timing such that it tries to maintain a constant atrial 
pacing interval (AP-AP). When other events occur, 
such as an intrinsic ventricular event, the pacemaker 
will adjust the ventricular escape interval or VS-VP 
(if it has to) in order to preserve a constant atrial 
pacing interval.

In this case, in order to maintain a constant atrial 
pacing interval, the pacemaker had to make adjust-
ments and it did this by lengthening the ventricular 
escape interval (VS-VP). This caused slower-than-
base rate pacing if you measure the ventricular pac-
ing intervals; if you measure the atrial pacing inter-

vals only, it is not noticeable. You will not observe 
this phenomenon during AP-VP pacing or even 
during consistent AP-VS pacing but when ventricu-
lar escape intervals occur (VS followed by a VP), an 
atrial-based device may vary the ventricular pacing 
interval to preserve a constant atrial pacing inter-
val.

To the best of my knowledge, all pacemakers on 
the market today use atrial-based timing and most 
devices you will see in the clinic are atrial-based 
systems. However, ventricular-based timing was 
once in widespread use and it will also turn up at 
the clinic in older devices and is commonly used in 
Holter monitors.

The important thing to recognize is that this 
seeming “rate variation” is actually the normal and 
proper behavior of a dual-chamber device with 
atrial-based timing.

Capture

Atrial and ventricular capture appear to be appro-
priate.

Sensing

Atrial sensing cannot be evaluated from this strip, 
since all of the atrial events are paced.

Ventricular sensing appears appropriate in that 
the presence of intrinsic ventricular activity inhib-
ited the ventricular output and reset device timing.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction
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The nuts and bolts of paced ECG 
interpretation: atrial- versus 
ventricular-based timing

While most of the time you’ll encounter atrial-
based pacemakers in the clinic, it is important 
to understand that there are two types of tim-
ing systems employed by pacemakers and both 
have their own unique (and sometimes very 
confusing) eccentricities.

A dual-chamber pacemaker with atrial-based 
timing will maintain a consistent atrial pac-
ing interval (AP-AP), adjusting the ventricular 
pacing interval if it has to in order to keep a 
constant atrial pacing interval. This shows up 
in slower-than-base-rate ventricular escape in-
tervals (VS-VP).

When dealing with an atrial-based system, 
measure the atrial pacing interval to get the 
rate and do not be surprised if you occasion-
ally encounter a slightly “too long” ventricular 
escape rate.

What to do next

Atrial sensing should be evaluated; lower the base 
rate by 10-ppm increments to encourage intrinsic 
atrial activity. Even if no intrinsic atrial activity oc-
curs, do not drop the rate lower than 30 or 40 ppm 
or below what the patient can tolerate comfortably. 
It may not be possible to see intrinsic atrial activity.

Otherwise, this pacemaker is functioning appro-
priately.
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Mode

Although intrinsic atrial activity is present on the 
strip, it has no infl uence on the pacemaker’s behav-
ior. This is a single-chamber ventricular pacemaker.

Rate

There are two types of ventricular events on this 
strip. The wider, downward events are paced ven-
tricular events, while the narrower, upward events 
are intrinsic ventricular events. The ventricular 
pacing interval (VP-VP) measures to be about 880 
ms or 68 ppm. The rate marches through the strip 
without regard to the intrinsic activity – that is func-
tional VOO pacing. However, there is a normal es-
cape interval (VS-VP) at the end of the strip. Thus, 
this pacemaker was pacing asynchronously (VOO) 
but ends by pacing in VVI mode.

Capture

The downward ventricular events are paced events; 
the morphology is consistent. There do not appear 
to be any ventricular spikes on the strip that do not 
cause a paced event. Ventricular capture seems to be 
appropriate.

Sensing

Most of this strip reveals consistent ventricular 
undersensing. The intrinsic ventricular events are 
ignored by the pacemaker as the ventricular pac-
ing interval marches through. The last intrinsic 
ventricular event is properly sensed; it inhibits the 
ventricular spike and resets device timing. Notice 
the last paced complex is timed to that last intrinsic 
ventricular event.

It is possible that this strip just shows an extended 
period of ventricular undersensing with a sudden 
resumption of proper ventricular sensing. But since 

the device is performing in VOO mode for so many 
beats, it is very appropriate to ask: what’s going on? 
Why is this VVI pacemaker pacing consistently in 
VOO mode?

One possible answer is that this is some sort of 
magnet mode behavior. Pacemakers are designed to 
revert to specifi c behaviors when they come near a 
magnet. While magnet mode varies by device and 
manufacturer, it generally involves asynchronous 
pacing at a fi xed rate. However, magnet mode pac-
ing rates are often higher than normal base rates.

VOO mode is sometimes used as a temporarily 
programmed parameter for testing purposes. It is 
possible that VOO was temporarily programmed 
and then turned off.

Another explanation for this strip is intermittent 
ventricular undersensing. Rule out magnet mode 
and temporary VOO, if need be, by checking pro-
grammed device settings.

The nuts and bolts of paced ECG 
interpretation: magnet mode

Magnet mode behavior can vary by device and 
manufacturer, but, in general, look for pacing 
at a fi xed and often somewhat high rate without 
any sensing. Magnet mode disables features like 
rate response or other parameters that might 
affect pacing rate, so you should see a constant 
rate as well as asynchronous pacing. Magnet 
mode essentially forces pacing and is typically 
used for specifi c tests. It can validate to the cli-
nician that the pacemaker has suffi cient output 
to capture the heart and that hardware (genera-
tor and leads) is working properly.

Most of the time, magnet mode strips are 
marked or obtained while you yourself are con-
ducting the test. However, if you are assessing 
strips in a patient chart, you may run into mag-
net strips that are maintained on fi le.
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Appropriate ventricular sensing is restored at the 
end of the strip, indicating that the device is capable 
of VVI pacing and capable of properly sensing the 
ventricle.

Underlying rhythm

The patient has sinus node dysfunction and slow 
AV conduction. The intrinsic atrial events seem to 
conduct down over the AV node to the ventricles but 
with a long and slightly variable PR interval (about 
240 ms).

What to do next

If the patient is available, a longer tracing should be 
obtained! Without knowing for certain the cause 
of the asynchronous pacing, ventricular sensing 
should be evaluated and ventricular sensitivity re-
programmed, if necessary.

Since this patient appears to have relatively good 
underlying cardiac function, he should be consid-
ered for a device upgrade to dual-chamber pacing 
at the next generator revision. It is possible that with 
a DDD device and a long AV delay interval, this pa-
tient might have 1:1 AV conduction and less right-
ventricular (RV) pacing.
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The nuts and bolts of paced ECG 
interpretation: using intracardiac 
electrograms (EGMs) with a paced 
ECG

In the clinic, strips like the one shown here are 
quite common. The upper tracing is a surface 
ECG; that is what most of us are trained to eval-
uate. Below that tracing are two intracardiac 
electrograms or IEGMS (sometimes also called 
EGMs). These tracings are taken from the elec-
trodes on the pacing leads within the heart and 
they reveal a somewhat different perspective of 
the heart’s electrical activity.

The middle line on this strip is the atrial 
EGM and the bottom line is the ventricular 
EGM. The tracings align so that the surface 
ECG can be contrasted to what the pacemaker 
electrodes report is going on within the heart.

Use atrial and ventricular intracardiac in-
formation to give you a fuller, more complete 
picture of what is going on in the heart. Some-
times the EGM can help solve diffi cult ECG 
interpretation puzzles.

Mode

Look just at the ECG and you might have trouble 
identifying the mode. There is consistent ventricu-
lar pacing, but it is diffi cult to see if atrial activity 
is present (that’s where the atrial EGM comes in 
… there are indeed atrial events present but they 
are swallowed up in the T-wave of the preceding 
ventricular event). A glance at the printout reveals 
that this is VDD pacing! The T annotation after 
the VDD mode indicates that this is a temporarily 
programmed setting. Although there are dedicated 
VDD pacemakers on the market, this is likely a du-
al-chamber system temporarily operating in VDD 
mode. (If the device’s highest mode was VDD, as 
would be the case in a dedicated VDD pacemaker, 
then it’s unlikely VDD would be used as a “tempo-
rary” setting.)

Rate

The rate in VDD mode is refl ected by the ventricu-
lar pacing interval (VP-VP), which measures to 600 
ms (100 ppm) here. This is a surprisingly high pac-
ing rate. Checking the annotations at the top of this 
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strip, it is clear that 100 ppm was deliberately pro-
grammed, but on a temporary basis. These tempo-
rary settings are clear indications that this rhythm 
strip refl ects some kind of test.

Capture

Atrial capture cannot be assessed on a VDD strip, 
since there is no atrial pacing. Ventricular capture 
on this strip looks appropriate. Notice that you can 
compare the very prominent spikes on the lower 
tracing (ventricular EGM) against the surface ECG 
on the top to confi rm ventricular paced activity.

Sensing

The pacemaker will sense atrial activity in the VDD 

mode, but is atrial activity present in this strip? The 
atrial electrogram confi rms that intrinsic atrial ac-
tivity is going on. Using the atrial EGM, it is pos-
sible to identify atrial events on the ECG. They are 
obscured by the large T-wave but once you know 
where to look, they can be seen as notches or bumps 
at the top of the QRS complex.

The fi rst problem with the intrinsic atrial activity 
is that it is clearly not used to drive the device. In a 
typical VDD system, the intrinsic atrial event would 
launch a sensed AV delay and be followed by a ven-
tricular pacing spike. The interval between AS and 
VP measures to be about 400 ms, which is far too 
long for a sensed AV delay.

However, something interesting shows up. The 
intrinsic atrial event appears consistently 200 ms after 
the ventricular pacing spike. This is most clearly vis-
ible on the two EGMs. Measure the distance from 
the VP event (lower EGM) to the AS event (upper 
EGM) and it marches through consistently at 200 
ms. A constant VA interval (VP-AS) indicates retro-
grade conduction. In this case, you can measure the 
retrograde conduction interval (200 ms).

Underlying rhythm

This is a test strip, so it is not a good idea to misuse 
it to evaluate normal rhythm. Instead, it was used 
to assess retrograde conduction, which it found. 
Not all patients have retrograde conduction, but it 
is good to know if a patient can conduct in retro-
grade manner since it can affect how the device is 
programmed.

What to do next

Although capture and sensing might be evaluated 
from this strip, I hesitate to use a test strip to evalu-
ate device function or underlying rhythm. For this 
patient, more ECG should be recorded to assess the 
basics. This strip does, however, alert us to retro-
grade conduction and even provides us with a way 
to measure the retrograde conduction interval (200 
ms).

Dual-chamber pacemaker patients with retro-
grade conduction are at risk of pacemaker-mediated 
tachycardia (PMT). One of the best defenses against 
PMT is a long PVARP interval. While retrograde 
conduction cannot be prevented, the clinician can 

The nuts and bolts of paced ECG 
interpretation: VDD mode

VDD mode senses both chambers of the heart 
but paces only in the ventricle. When you 
review a VDD strip, you may see ventricular 
pacing timed to intrinsic atrial events, but you 
won’t ever see atrial pacing.

Dedicated VDD or VDDR pacemakers work 
with a so-called “single-pass lead.” This pac-
ing lead anchors in the ventricle, where it can 
both pace and sense. But it has ring electrodes 
in the section of the pacing lead that would 
be located within the blood pool of the right 
atrium. A single-pass lead can sense atrial activ-
ity through the blood in the atrium using these 
special electrodes.

A dedicated VDD or VDDR device would 
be indicated for a patient with reliable sinus 
node function but poor conduction. The ad-
vantages of such a device are less hardware in 
the body and a slightly lower device cost. The 
disadvantage of VDD is that if sinus activity 
quits, the patient is left with a VVI pacemaker. 
Also if atrial pacing is ever required, a device 
revision is needed and an additional lead must 
be implanted.

VDD can also be used as a test mode. It is 
particularly useful to test for retrograde (VA) 
conduction.
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program the pacemaker to prevent it from respond-
ing to that retrograde conduction. In order to do 
that, the pacemaker patient should have a PVARP 
interval that is longer than his retrograde conduction 
interval.This makes it more likely that any retro-
grade P-waves will “fall into” the refractory period 
and not reset device timing.

The PVARP value for this patient is not shown on 
this strip, but we know that his retrograde conduc-
tion interval is 200 ms. A typical PVARP setting is 
250 ms and that is probably acceptable for this pa-
tient. Since retrograde conduction is a known factor 
for this patient, I might be inclined to add a bit of a 
cushion to the PVARP and set it at 280 ms.
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The nuts and bolts of paced ECG 
interpretation: stored electrograms

This is an intracardiac electrogram (IEGM or 
EGM) that was retained in the pacemaker’s 
memory and downloaded during a program-
ming session. While this is not truly a paced 
ECG, pacemaker clinicians must develop skills 
at retrieving and interpreting these recordings, 
which offer a snapshot of remarkable cardiac 
events.

Most EGMS are stored because of some sort 
of triggering event annotated on the strip. In 
this case, it is a mode switch (AMS annotations, 
top right) and notation “Trigger” at the bottom 
right.

The tracing itself is a dual-channel elec-
trogram. This is an intracardiac electrogram 
composed of both atrial and ventricular input. 
It’s neither a true atrial nor a true ventricular 
electrogram – it’s somewhere in the middle. 
Many pacemaker clinicians prefer this kind of 
electrogram, because it looks more like a sur-
face ECG and it is the most economical kind of 
stored EGM in terms of pacemaker memory 
capacity.

Mode

The presence of mode switching (AMS annotations 
at the top right) means that the device has to be a 

dual-chamber system. This could be determined 
even without annotations in that atrial and ventric-
ular activity are clearly timed to each other. Notice 
an intrinsic atrial event occurs (AS) and then about 
100 ms later, a ventricular pacing spike is delivered. 
This indicates a sensed AV delay is in play, meaning 
it is a dual-chamber system. Even if it was unclear 
from the tracing whether these atrial events were 
sensed or paced, this would have to be a dual-cham-
ber system.

After AMS is activated, there is an AP-VP event. 
It seems as if this pacemaker has moved from DDD 
pacing to DDI pacing (dual-chamber, no tracking).

Rate

The rate cannot be determined here because intrin-
sic atrial activity is in control of pacing.

Capture

There is only one atrial output pulse on this strip 
and it appears to capture appropriately. Ventricular 
capture seems consistently appropriate.

Sensing

Events annotated with a plain AS are appropriately 
sensed. The atrial depolarization shows up on the 
ECG and the annotation confi rms that the pace-
maker “saw” it. The pacemaker also “sees” some in-
trinsic atrial events that are just about impossible to 
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read from the tracing; these are shown in the black 
boxes marked AS. On this particular type of device, 
an AS annotation in a black box refers to an intrin-
sic atrial event that “fell into” the atrial refractory 
period. As such, the pacemaker will not recognize 

or respond to it. However, the pacemaker has seen it 
and counts it; it counts toward meeting the criteria 
to initiate the AMS algorithm.

Whenever AMS is activated, the clinician has to 
ask: was AMS appropriate? Inappropriate AMS can 
occur when the pacemaker oversenses atrial activ-
ity. For example, if the pacemaker picks up far-fi eld 
signals from the ventricle and counts them as atrial 
events, this can result in atrial oversensing leading 
to inappropriate AMS. This phenomenon has been 
nicknamed “double counting” or “far-fi eld sens-
ing” (sometimes called “far-R”). Therefore, it is im-
portant to determine whether the pacemaker was 
counting actual atrial events or picking up far-fi eld 
signals.

On this particular strip, it is unclear. The AS 
events in the black box might represent where the 
pacemaker sensed the ventricular pacemaker spike 
(VP) and inappropriately labeled them atrial sensed 
events. On the other hand, they could be genuine in-
trinsic atrial depolarizations that are just obscured 
by the larger ventricular depolarization. An atrial 
intracardiac electrogram would come in handy 
here! Since we do not have access to an atrial EGM, 
the best evaluation to make is that it is unclear if 
this is appropriate atrial sensing and an appropriate 
entry into AMS.

I suspect far-fi eld sensing, in that the AS event in 
the black box occurs so closely in conjunction with 
the ventricular pacing spike and creates pairs of two 
atrial sensed events … with gaps in between. An in-
trinsic high atrial rate is more likely to show up as AS 
events in rapid sequence, not in pairs that have an 
apparent relationship to ventricular pacing.

Ventricular sensing cannot be evaluated from 
this strip, since it is all ventricular pacing.

Underlying rhythm

This patient has slow AV conduction and may have 
rapid intrinsic atrial activity.

What to do next

This is a stored EGM to help the clinician determine 
if AMS entry was appropriate. Unfortunately, it is 
not completely clear from this strip. If we had an 
atrial electrogram, we might have been able to de-
termine it, but if the device offers this kind of stored 

The nuts and bolts of paced ECG 
interpretation: AMS concepts

It is the patient’s intrinsic atrial rate that drives 
a DDD pacemaker; the pacemaker will do what 
it can, within reason, to provide 1:1 AV syn-
chrony even if it means pacing faster than the 
programmed base rate to keep up with a rapid 
intrinsic atrial rate. However, there is a point 
at which the pacemaker will apply the “brakes” 
to the ventricular pacing rate. For instance, 
atrial tracking at a rate of 100 ppm is probably 
benefi cial for most patients, but atrial tracking 
at 200 ppm is never a good idea. The maximum 
tracking rate (MTR) sets the fastest rate at 
which the ventricles can be paced in response to 
intrinsic atrial activity.

One device feature to help dual-chamber 
devices better manage high intrinsic atrial rates 
is mode switching, sometimes called auto mode 
switch (AMS). The concept is simple: when the 
patient’s native atrial rate starts to go faster than 
a programmed atrial cutoff rate, atrial tracking 
is simply turned off until the intrinsic atrial rate 
returns to a lower rate.

This results in a change of pacing mode (for 
example, from DDD to VVI or even DDD to 
DDI), which is where the algorithm gets its 
name. Some pacemakers allow the clinician to 
select the temporary mode that is used when 
AMS goes into effect.

In order to be able to enter and exit AMS ap-
propriately, the pacemaker has to recognize and 
count atrial events, including those that might 
technically “fall into” the refractory period. The 
pacemaker does not respond to such events or 
use them to reset device timing … but the AMS 
algorithm recognizes them and counts them. 
They appear on this particular tracing as black 
boxes with white AS letters. (Other manufac-
turers may use other conventions to represent 
this kind of atrial activity.)
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EGM, it does not offer the option of a simultaneous 
stored atrial and ventricular EGM, too. Instead, I 
would get a surface ECG.

Using the surface ECG, I would do a systematic 
analysis with special attention on possible atrial 

oversensing of far-fi eld signals. If diagnostic reports 
are available, I would check how frequently AMS 
episodes occurred. If frequent AMS occurs, it would 
make me want to look very hard for possible atrial 
oversensing.
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Mode

This is a dual-chamber strip. Note the chart speed 
on this tracing is faster than usual.

Rate

The atrial pacing interval (AP-AP) is around 700 ms 
(85 ppm). This is a bit faster than typical, but not 
inappropriate.

Capture

There are three atrial spikes on the strip and atrial 
capture appears to be appropriate.

There are three ventricular spikes on the strip; 
ventricular capture seems to be appropriate.

Sensing

There are two intrinsic atrial events on the strip, 
both of which inhibited the atrial output pulse, reset 
device time, and show up on the annotations. Thus, 
atrial sensing is appropriate.

Ventricular sensing is more problematic. There 
are no intrinsic ventricular events on the tracing, 
but the annotations show two VS events. This is 
ventricular oversensing. While this might be just 
a simple case of oversensing, we should always ask 
ourselves why this might have occurred.

Notice that both sensed and paced AV delay in-
tervals (AS-VP or AP-VP) are about 180 ms. But 

the oversensed ventricular activity occurs almost 
immediately after the atrial pacing spike (there is 
just 30 ms offset). This indicates that the pacemaker 
is suffering from “crosstalk inhibition.” The atrial 
pacing spike is being picked up by the ventricular 
sensing circuits and inappropriately counted as an 
intrinsic ventricular event. As a result, the pace-
maker withholds the ventricular pacing spike. This 
manifests itself on the ECG as a pause that looks like 
ventricular oversensing.

Underlying rhythm

This patient has sinus node dysfunction and slow AV 
conduction. He also has a case of “crosstalk” which is 
a device-based condition! Notice that crosstalk oc-
curs for two beats but then the pacemaker resumes 
normal operation.

What to do next

A number of things can contribute to crosstalk inhi-
bition, whether working in isolation or in combina-
tion. The fi rst thing to check out is the atrial output. 
While atrial capture is appropriate, the atrial output 
settings may be higher than necessary. If the atrial 
pulse amplitude and/or atrial pulse width can be 
safely reduced, this will minimize one of the causes 
of crosstalk.

Second, ventricular sensing should be evaluated. 
Not only can it not be assessed from the strip, the 
presence of crosstalk should make us at least consid-
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er the fact that the ventricular sensitivity setting may 
be too high (the mV setting too low). This would 
make the ventricular sensing circuits “too alert” to 
electrical signals.

Finally, the blanking period on the pacemaker 
should be extended slightly to help “blind” the pace-
maker to the atrial output.

These three programming strategies can all help 
minimize the occurrence of crosstalk.
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Mode

This is a dual-chamber strip. You can see it in the 
atrial tracking, the way the ventricular pacing rate 
changes as the sinus node slows down, and from the 
presence of paced events in both chambers. The an-
notations confi rm this.

Rate

The atrial rate, whether paced or sensed, typically 
“drives” dual-chamber pacing. The left side of the 
tracing shows atrial tracking with a sinus node that 
is slowing down rapidly (in fi ve beats, the intrinsic 
atrial interval changes from 882 to 1117 ms, that 
is, it drops from 68 ppm to 54 ppm). On the right 
side of the strip, the atrial pacing interval (AP-AP) 
is 625 ms (96 ppm) and 602 (100 ppm). This rela-
tively slow atrial tracking followed by a pause and 
then 100 ppm AP-VP pacing indicates something 
unusual is going on. We should be on the lookout 
for special algorithms or features that might explain 
this behavior.

This rhythm strip is an example of an advanced 
hysteresis function. Ordinarily, hysteresis is a func-
tion that prolongs the escape interval periodically 
to encourage the heart’s intrinsic activity to prevail. 
There are advanced functions of hysteresis which fol-
low hysteresis intervals with periods of above-base-
rate pacing. This is particularly useful in patients 
who experience neurocardiogenic syncope. The idea 

is that when the heart’s intrinsic rhythm slows, rapid 
pacing can help preserve cardiac output.

If this pacemaker had been programmed to a base 
rate of 60 ppm, the atrial tracking behavior seen in 
the fi rst fi ve complexes would be normal and han-
dled appropriately by the pacemaker. After the fi fth 
beat, the escape interval is prolonged as the pace-
maker searches for intrinsic ventricular activity. 
When none occurs, the pacemaker begins AP-VP 
pacing at 100 ppm. That’s caused by the advanced 
hysteresis algorithm. It’s a feature called “rate drop 
response.”

The concept behind “rate drop response” is that 
if a patient’s intrinsic rate starts to slow rapidly and 
abruptly, the pacemaker comes in with above-base-
rate pacing to preserve cardiac output.

Capture

Atrial capture appears to be appropriate, as does 
ventricular capture which occurs consistently across 
the tracing.

Sensing

Atrial sensing is appropriate, in that the left side of 
the strip shows intrinsic atrial events to which the 
ventricular output timed itself. These intrinsic atrial 
events inhibited an atrial output spike, too.

Ventricular sensing cannot be assessed from this 
strip, since it shows consistent ventricular pacing.
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The nuts and bolts of paced ECG 
interpretation: neurocardiogenic 
syncope

Neurocardiogenic syncope is a broad term 
used to describe syncope or dizziness up to and 
including loss of consciousness attributed to 
neural or cardiac causes.

Syncope can be an extremely diffi cult symp-
tom to manage, since it has many potential 
causes and may or may not be indicative of a 
serious health issue. Patients with neurocar-
diogenic syncope experience large and abrupt 
rate drops, that is, their hearts beat at a normal 
rhythm and can slow down suddenly, even 
resulting in asystolic pauses. Neurocardiogenic 
syncope patients are prone to syncope or even 
passing out from this sudden decline in their 
heart rate.

If regular base rate pacing were used, that 
would defi nitely help. But patients with neuro-
cardiogenic syncope may already be in distress 
due to a falling rate. That’s why advanced hys-
teresis can be helpful in such patients. It is not a 
commonly used feature since most patients will 
never need it. But for those who do, it can be a 
very important feature to enable!

Advanced hysteresis with rate drop response 
is not a common way to program a pacemaker, 
but pacemaker clinicians will encounter it. If 
a patient has a history of neurocardiogenic 
syncope or fainting spells, look for this kind of 
programming of a dual-chamber pacemaker.

Underlying rhythm

The patient has sinus node dysfunction and slow AV 
conduction. The sudden, abrupt drop in sinus node 
function strongly suggests that this patient could 
become syncopal (which would be neurocardio-
genic syncope).

What to do next

Ventricular sensing should be evaluated. Temporar-
ily program a long AV delay of 300 ms or higher and 
see if intrinsic ventricular activity occurs. If it does 
not, the device can be temporarily programmed 
to VVI and the base rate lowered in 10-ppm steps 
down to no lower than 30 or 40 ppm. The extended 
AV delay is by far the better method.

Advanced hysteresis is working appropriately 
in that after the sudden rate drop, the pacemaker 
began above-base-rate pacing. This was appropriate 
and expected device behavior and likely helped pre-
serve cardiac output in the patient and prevented a 
dizzy spell or fainting.

While advanced hysteresis with rate drop re-
sponse is very useful for patients with neurocardio-
genic syncope, it is not an appropriate algorithm for 
all patients.
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Mode

The clear atrial and ventricular relationship means 
this is a dual-chamber pacemaker; that is confi rmed 
by the annotations.

Rate

The atrial pacing interval (AP-AP) is 60 ppm (1000 
ms), which is appropriate and typical. Notice the AV 
delay values. The fi rst two complexes show a paced 
AV delay of about 180 ms. The third complex is an 
AP-VS event, that is, the atrial output pulse conducts 
down over the AV node and causes a ventricular de-
polarization. The intrinsic ventricular event inter-
rupts the paced AV delay before it can time out. But 
in the remaining four events on the left of the strip, 
the paced AV delay is considerably shorter (about 
133 ms). Whenever we see such changes in AV delay 
intervals, we have to suspect a specialty algorithm 
of some sort.

Capture

Atrial and ventricular capture are appropriate.

Sensing

Atrial sensing cannot be assessed from this strip. 
Ventricular sensing seems to be appropriate, al-
though this strip only provides us with one example 
of a ventricular sensed event.

Underlying rhythm

This patient is being paced close to 100% of the 
time in both chambers (AP-VP). The one time that 
intrinsic ventricular occurred spontaneously, the 
paced AV delay automatically tightened up to force 
ventricular pacing again.

This is an example of negative AV hysteresis. Reg-
ular hysteresis is an algorithm that promotes intrin-
sic conduction; negative hysteresis is an algorithm 
that does the opposite, that is, it tries to pace the 
patient as much as possible. In this case, the intrin-
sic ventricular event occurred, was properly sensed, 
and launched the Negative AV Hysteresis algorithm, 
which shortened the paced AV delay in a successful 
attempt to restore consistent AP-VP pacing.

The nuts and bolts of paced ECG 
interpretation: negative AV hysteresis

Negative hysteresis, which forces pacing, is an al-
gorithm available in many newer devices. Nega-
tive hysteresis is useful in patients with hyper-
trophic obstructive cardiomyopathy or HOCM. 
These patients have a heart with very thick and 
infl exible ventricular walls. It is believed that 
HOCM patients derive better cardiac output 
and hemodynamics when the heart is artifi cially 
paced than when it beats on its own. As a result, 
negative hysteresis can be used in such patients 
to force-pace the heart as much as possible.
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What to do next

Atrial sensing should be evaluated, if possible, and 
it may be prudent to test ventricular sensing as well, 
although the one intrinsic event that occurs on this 
strip was properly sensed.

The algorithm which intended to force-pace the 
heart worked well and successfully restored AP-VP 
pacing. The patient’s history and symptoms should 

be checked to verify the presence of HOCM. If diag-
nostic reports are available, they should be checked 
to see how much pacing the patient receives. Unlike 
a typical bradycardia pacemaker patient, HOCM 
patients should be paced as close to 100% of the 
time as possible. If this is not happening, it may be 
necessary to permanently program a slightly shorter 
paced AV delay while still maintaining the Negative 
AV Hysteresis algorithm.
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Mode

This is a dual-chamber strip. It might look like a 
single-chamber strip in that pacing is occurring 
only in the ventricle, but notice that ventricular pac-
ing appears to be timed to the atrial activity (atrial 
tracking) with the exception of the fourth and fi fth 
complexes.

Rate

Since atrial tracking is occurring, the programmed 
base rate cannot be assessed. Notice that the sensed 
AV delay is consistent in the strip except for the 
fourth event (which shows an unusual downward 
output spike) and the fi fth event (which has a lon-
ger-than-usual sensed AV delay). These variations 
do not seem random; they most likely indicate the 
presence of a special algorithm at work.

Capture

Atrial capture cannot be evaluated from this strip 
since all of the atrial activity is intrinsic.

Most of the strip shows appropriate ventricular 
capture, except for the fourth complex. Notice an 
intrinsic atrial event occurs, launching the sensed 
AV delay. When it times out, a ventricular output 
pulse is delivered. This output pulse shows up as 
a little downward notch on the strip, but it fails to 
capture the ventricle. About 100 ms after the fi rst 
(failed) ventricular output spike, a second is deliv-
ered … and this time it captures the ventricle.

The presence of two ventricular output pulses so 
close together indicates that a capture algorithm is 
at work. The fi rst spike was insuffi cient in energy to 
capture the ventricle so the device delivered a back-
up safety pulse, which captured the ventricle.

This backup safety pulse affected the next com-
plex in that the sensed AV delay was prolonged by 

100 ms for one cycle only. This temporarily ex-
tended AV delay interval is also known as the fusion 
avoidance feature. It prevents a possible fused beat 
(intrinsic depolarization colliding with a pacemak-
er spike) by extending the AV delay slightly for one 
cycle only.

Ventricular capture in this strip is being con-
trolled by a capture algorithm (in this case, it’s the 
AutoCapture Pacing Systems® algorithm from St. 
Jude Medical) so that even when capture was lost 
for a beat, it was restored in a moment (just 100 ms 
later). The ventricular capture algorithm is working 
appropriately.

The nuts and bolts of paced ECG 
interpretation: automatic capture 
algorithms

Nowadays there are two ways to assure long-
term appropriate capture: program a very large 
safety margin or use a special algorithm to pro-
mote capture.

While capture algorithms may not be right 
for every patient, they can benefi t most patients 
by using lower amounts of energy to pace the 
heart, monitoring the heart to be sure capture 
occurred, and delivering a backup safety pulse, 
as shown in this example, whenever capture is 
lost. Such algorithms frequently state that they 
enhance patient safety while simultaneously 
using less energy.

The energy savings of such an algorithm are 
considerable; pacemakers equipped with the 
AutoCapture Pacing Systems® algorithm can 
last a decade or more. One minor downside of 
these algorithms is that they can create ECGs 
which puzzle clinicians not familiar with these 
features!
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Sensing

Atrial sensing appears to be appropriate in that 
ventricular pacing is being driven by the intrinsic 
atrial events and atrial activity inhibits atrial output 
pulses.

Ventricular sensing cannot be evaluated from 
this strip.

Underlying rhythm

The patient has good sinus node function and slow 
AV conduction.

What to do next

Atrial pacing and ventricular sensing should be 
evaluated.

The AutoCapture® algorithm is working well in 
this strip, but the tests relative to that particular al-
gorithm should be performed as well to assure on-
going appropriate operation of this feature. These 
tests can be conducted semi-automatically from the 
programmer.
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Mode

The presence of atrial and ventricular pacing spikes 
indicates that this is a dual-chamber strip.

Rate

Normally, one would look for an atrial pacing in-
terval (AP-AP) to confi rm the pacing rate, but there 
is no such interval on this strip. Instead, measure 
the atrial escape interval (AS-AP), which occurs on 
this strip. That measures 1000 ms (60 ppm), an ap-
propriate rate.

The great puzzle on this strip is the AV delay in-
terval. The paced AV delay (AP-VP) is 170 ms, which 
is an appropriate setting. The sensed AV delays (AS-
VP), however, are all over the map! The fi rst sensed 
atrial event results in a pause of 226 ms before an in-
trinsic ventricular event occurs; that means the fi rst 
sensed AV delay exceeded 226 ms. The second sensed 
AV delay interval was 147 ms. What’s going on?

Look at the pattern on the strip. The long sensed 
AV delay intervals only occur in close proximity to 
a previous paced atrial event. The pacemaker au-
tomatically overrode the programmed sensed AV 
delay in order to preserve the maximum tracking 
rate or MTR. The fi rst complex on this strip is AP-
VP. The next atrial event occurs so close to the previ-
ous atrial event that the device would have violated 
the MTR (even if it was set as low as 100 ppm or 
600 ms) if it had imposed the programmed sensed 
AV delay of 147 ms. The pacemaker will not pace 
faster than the MTR, so it temporarily suspended 

the sensed AV delay and waited to pace. Before it 
could pace, an intrinsic ventricular event occurred, 
resulting in the second complex (AS-VS).

This pattern repeats itself on the strip and is the 
result of the pacemaker’s preserving the MTR even 
at the cost of sacrifi cing the sensed AV delay. This is 
actually normal and appropriate device behavior.

Capture

There are three atrial pacing spikes on this strip (AP 
annotations) but it is unclear to me if they captured 
the atrium or not. At the very least, they look suspi-
ciously like loss of atrial capture.

On the other hand, ventricular capture looks 
good. Notice that the strip contains ventricular de-
polarizations with the typical “paced morphology” 
following ventricular pacing spikes. The few intrin-
sic ventricular events on the strip have a distinctly 
different shape.

Sensing

Atrial sensing is appropriate. The intrinsic atrial 
events on this strip inhibit the atrial output pulse 
and reset device timing.

Ventricular sensing is likewise functioning prop-
erly.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction.
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What to do next

Atrial capture should be evaluated; while some 
colleagues might say that this strip might show ap-

propriate atrial capture, there is some doubt in my 
mind. When in doubt, test it out! Otherwise, this 
pacemaker is exhibiting appropriate (if somewhat 
unusual) behavior.
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Mode

This is a dual-chamber pacemaker.

Rate

The atrial pacing interval (AP-AP) is 1000 ms or 60 
ppm, an expected and appropriate rate.

Capture

Atrial capture is appropriate.
Ventricular capture is another story. After the 

paced atrial event in each complex, an intrinsic 
ventricular event occurs followed by a ventricular 
pacing spike. In each instance, the ventricular spike 
fails to capture.

In such cases, we need to fi gure out if the ven-
tricular spike ought to have captured the ventricle. 
In every complex in this strip, there is no way that 
ventricular output pulse could have caused a ven-
tricular depolarization, because the ventricular 
myocardium was physiologically refractory. This 
is functional non-capture. Functional non-capture 
goes hand-in-hand with undersensing.

Sensing

Atrial sensing cannot be evaluated from this strip, 
because every atrial event here is paced.

Functional ventricular non-capture suggests 
ventricular undersensing. The intrinsic ventricular 
complexes on the strip are defi nitely “overlooked” 
by the pacemaker. They neither inhibit the output 
pulse, nor reset device timing, nor are they anno-
tated on the tracing. Thus, ventricular sensing is 
inappropriate.

Underlying rhythm

This patient has sinus node dysfunction, but it looks 
like he has intact AV conduction.

What to do next

The most pressing need for this patient is to restore 
proper ventricular sensing. A ventricular sensing 
test should be conducted and the ventricular sensi-
tivity setting adjusted.

Atrial sensitivity should be tested as well.

AP AP AP AP AP AP AP AP

VP VP VP VP VP VP VP VP

344 351 352 352 352 352351 351
648
1000

648
1000

648
1000

649
1000

648
1000

649
1001

648
999

1.0 Second

Surface ECG On
 Position 1
 Gain 1
 Filter On
Markers On
 Position 2
IEGM Off
 Position 3
 Gain 5
 Configuration --
Sweep Speed 25

 
 
mV/cm 
 
 
 
 
 
mV/cm 
 
mm/s 

ECG Controls 

Mode DDD
Base Rate 60
Paced AV Delay 350
Sensed AV Delay 250
Magnet Response Battery Test
AutoIntrinsic Conduction Search™ Off
Negative AV Hysteresis / Search Off
Hysteresis Rate Off

23 May 2007 9:49

ppm
ms
ms

ms
ppm
ppm

Programmed Parameters 

T   Temporary programmed value 

 



409

 Scramble

The Nuts and Bolts of Paced ECG Interpretation   Tom Kenny
© 2009 St. Jude Medical.  ISBN: 978-1-405-18404-5



411

1 SCRAMBLE TRACING #1

The Nuts and Bolts of Paced ECG Interpretation   Tom Kenny
© 2009 St. Jude Medical.  ISBN: 978-1-405-18404-5



412  The Nuts and Bolts of Paced ECG Interpretation

Mode

This strip could be from a single-chamber atrial 
pacemaker (AAI) or a dual-chamber pacemaker 
that is pacing in AAI mode. The latter is more likely, 
since dual-chamber devices are much more com-
mon in clinical practice than atrial pacemakers.

Rate

The atrial pacing interval (AP-AP) is 1000 ms or 60 
ppm, an appropriate rate.

Capture

Atrial capture appears to be consistently appropri-
ate; the atrial output pulse results in a depolarization 
and resets device timing. The atrial depolarization 
conducts via the AV node down to the ventricles. 
The delay between a paced atrial event and the onset 
of the intrinsic ventricular depolarization (AP-VS) 
is consistently about 200 ms, as measured with cali-
pers, which is further evidence of appropriate atrial 
capture.

Ventricular capture cannot be assessed from this 
strip since there is no ventricular pacing evident on 
the tracing.

Sensing

Atrial sensing cannot be evaluated from this strip.
Ventricular sensing is appropriate in that the 

intrinsic ventricular events inhibit the ventricular 
output pulse and reset device timing.

Underlying rhythm

The patient has sinus node dysfunction but intact 
AV conduction.

What to do next

The pacing behavior in this strip is appropriate, but 
provides an incomplete picture. An atrial sensing test 
and a ventricular capture test should be conducted.

To test atrial sensing, the base rate should be re-
duced temporarily in increments of 10-ppm to see 
if intrinsic atrial events break through. Observe and 
talk with the patient as you gradually decrease the 
base rate but even if the rate is tolerated and no in-
trinsic atrial activity emerges, do not go below 30 
or 40 ppm.

Ventricular pacing can be tested by shortening the 
AV delay interval temporarily. That is the preferred 
method. In the event that does not work, temporar-
ily program the device to VVI and then lower the 
base rate in 10-ppm steps (but never below 30 or 40 
ppm) to see if intrinsic ventricular activity appears.

The nuts and bolts of paced ECG 
interpretation: AAI pacing in single- 
and dual-chamber pacemakers

Single-chamber atrial pacemakers have been 
around for years, but are not routinely seen in 
clinical practice. In most instances, AAI pacing 
observed in the clinical setting comes from a 
dual-chamber pacemaker. While I would not 
make an offi cial ruling on whether this par-
ticular strip is a single-chamber atrial system 
or a dual-chamber pacemaker operating in AAI 
mode, in the absence of other data, I would 
proceed in my assessment by assuming that this 
strip comes from a dual-chamber pacemaker. 
Clinicians trying to evaluate a rhythm strip 
with incomplete information must always opt 
for “most likely” situations based on the avail-
able data.
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Mode

This is a VVI pacemaker.

Rate

The ventricular pacing interval (VP-VP) is 800 ms 
(75 ppm), an appropriate rate.

Capture

Ventricular capture is appropriate in the fi rst three 
complexes: the spike leads to a depolarization that 
resets device timing. The QRS morphology exhibits 
the characteristic widened bizarre look of a paced 
ventricular event.

The next three spikes occur on top of what ap-
pear to be intrinsic ventricular events. In fact, if 
you compare the QRS morphology of the last three 
complexes (true intrinsic ventricular events) to 
the preceding three complexes, it is apparent that 
spikes and intrinsic events occurred “on top of each 
other.” This is pseudofusion. Pseudofusion does 
not confi rm capture, but it does not contradict it, 
either. Ventricular capture appears appropriate, but 
pseudofusion suggests that the patient’s intrinsic 
rate is competing with the programmed base rate.

Sensing

Ventricular sensing can only be assessed from the last 
three complexes on this strip. These events appear to 
be properly sensed in that the pacemaker withholds 
a ventricular spike and resets device timing.

Underlying rhythm

The patient has good sinus node function but slow 
AV conduction. His native rate sometimes ap-

proaches the programmed base rate of 75 beats a 
minute.

What to do next

The presence of several pseudofusion complexes 
indicates that the pacing rate sometimes “bumps 
into” the patient’s own intrinsic rate. This could be 
addressed by programming a hysteresis rate of 60 
or 65 bpm.

The nuts and bolts of paced ECG 
interpretation: why program 
hysteresis when you can lower the 
base rate?

When a patient’s intrinsic rate starts to com-
pete with the programmed base rate, fusion 
and pseudofusion appear on the paced ECG. 
The best course of action is to encourage 
more native activity. Lowering the base rate 
may seem more straightforward, but many 
patients have only intermittent periods when 
their intrinsic rate competes with the base rate. 
Furthermore, they may need pacing at the cur-
rently programmed base rate for most of their 
daily activities. Exposing them to permanently 
programmed slower base rates may provoke 
symptoms.

Hysteresis offers a great solution, in that it 
goes into effect only in the presence of intrinsic 
activity and lasts only as long as the patient’s 
intrinsic rate remains above the programmed 
hysteresis rate. Thus, it adjusts automatically 
to the patient’s changing heart rates. It’s a great 
way to give the patient the best of both worlds – 
an adequately high base rate and the benefi ts of 
intrinsic conduction when possible.
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Mode

This is a VVI pacemaker.

Rate

The rate is very confusing! There are two ventricular 
pacing intervals on the strip (VP-VP) that measure 
about 880 ms (around 68 ppm), which is likely to be 
the programmed rate. It is an appropriate rate for 
single-chamber ventricular pacing. However, there 
are three longer-than-normal ventricular pacing 
intervals; two of these long intervals measure about 
1600 ms (38 ppm) and one is 1440 ms (42 ppm). 
The most likely explanation is that the programmed 
base rate is 70 ppm but we need to account for the 
pauses on the strip.

Capture

Ventricular capture is appropriate in the strip.

Sensing

Since there are only ventricular paced events on this 
strip, appropriate ventricular sensing cannot be as-
sessed. However, the pauses suggest ventricular over-
sensing. Setting the calipers to the ventricular pacing 
interval (VP-VP) or 880 ms and measuring backward 
from one spike into the pause, the exact position 
where something was inappropriately sensed can be 
determined. Using this method, sometimes the phe-
nomenon that was oversensed can be determined. 
However, here it is not clear what exactly might have 
caused the oversensing.

Underlying rhythm

This patient has sinus node dysfunction (maybe 

even what is called “silent atria”) and slow AV con-
duction. It is possible he is pacemaker dependent.

What to do next

The ventricular oversensing must be corrected. 
Normally, this would be accomplished by trying to 
force intrinsic ventricular to emerge and then con-
ducting a sensing test. However, this patient could 
be pacemaker dependent. The appearance of the 
tracing suggests to me that intrinsic ventricular ac-
tivity may never appear at all, even if the base rate 
were temporarily set very low. For that reason – and 
for this type of patient only – I would approach the 
oversensing problem backward.

Instead of fi nding intrinsic ventricular activity 
and then adjusting sensitivity, I am going to start off 
by adjusting the sensitivity.

This device is oversensing, so the goal is to make 
the pacemaker less sensitive. To make a pacemaker 
less sensitive, you should increase the mV setting. 
For example, if this pacemaker had a ventricular 
sensitivity setting of 2.0 mV, it should be reduced 
to make the device less sensitive. I would program 
it to 1.0 mV. Then I would observe how the patient 
responded. If it solved the problem with oversens-
ing, I would leave the matter at that. If it did not, 
I would keep making the pacemaker less sensitive 
until I could resolve the oversensing issue.

The downside of adjusting sensitivity fi rst is that 
the fi rst change (from 2.0 mV to 1.0 mV) might 
make the device less sensitive to the point that it 
could miss intrinsic ventricular events. For most 
pacemaker patients, that is a risk the clinician does 
not want to take. But in this kind of patient, intrin-
sic ventricular activity is not the issue at all. In fact, 
intrinsic ventricular activity may never occur. The 
more important concern here is to fi x the over-
sensing.
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Mode

This is a dual-chamber rhythm strip.

Rate

In a dual-chamber system, the rate is best assessed 
by measuring the atrial pacing interval (AP-AP). 
There are two on the strip, both of which measure 
1000 ms (60 ppm), an appropriate rate. There is also 
one atrial escape interval (AS-AP), which also mea-
sures 1000 ms.

Capture

Atrial capture is appropriate; there are four atrial 
pacing spikes on the strip and all of them result in an 
atrial depolarization. Note, in particular, that paced 
atrial event morphology differs from intrinsic atrial 
morphology.

Ventricular capture also looks good. Every ven-
tricular pacing spike is followed by a ventricular de-
polarization with a characteristic widened, bizarre 
look. The paced events have a distinct morphology 
compared to the intrinsic events.

Sensing

Atrial sensing seems to be functioning properly. The 
intrinsic atrial events inhibit the atrial output pulse 
and reset device timing. The paced and sensed AV 
delays are about 200 ms (measured by calipers), an 
appropriate setting. They are consistent across the 
strip.

There are only a couple of intrinsic ventricu-
lar events on this strip, but they are appropriately 
sensed in that they cause the pacemaker to withhold 
ventricular pacing and reset device timing.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction.

What to do next

The pacemaker is working appropriately. No chang-
es are needed.

The nuts and bolts of paced ECG 
interpretation: fi lling in the missing 
beats

This strip is a great example of how pacemakers 
can help “fi ll in the missing beats” as a patient’s 
heart rhythm changes. The strip begins with 
one AP-VP event, but the intrinsic atrial rate 
speeds up, and a couple of atrial tracked events 
occur (AS-VP). Then intrinsic AV conduction 
is restored and there are a couple of textbook-
perfect intrinsic beats (AS-VS), at which time, 
the atrial rate and intrinsic conduction are in-
terrupted and AP-VP pacing returns.

While the patient experienced changes in his 
intrinsic atrial rate and his intrinsic conduc-
tion, the pacemaker made sure that he main-
tained 1:1 AV synchrony on every single beat.
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Mode

This comes from a VVI pacemaker. Do not be con-
fused by spikes that seem to appear on the “atrial 
channel.” They just happen to occur simultaneously 
with an intrinsic atrial event. If this were a dual-
chamber pacemaker, there would be an atrial pacing 
spike in the fl atline area indicated by the arrow.

Rate

The ventricular pacing interval is about 800 ms 
(measured by calipers) which works out to be a pac-
ing rate of 75 ppm. That is appropriate, but not the 
most usual value (70 ppm is more common).

Capture

Ventricular capture is problematic. The fi rst ventric-
ular pacing spike appears to capture appropriately. 
Note that that same typical “paced morphology” 
appears after several other ventricular pacing spikes 
on the strip. However, the second and third pacing 
spikes do not capture the ventricle and are followed 
by intrinsic ventricular events. The sixth pacing 
spike falls on top of an intrinsic ventricular event. 
The sixth event is pseudofusion (simultaneous spike 
on an intrinsic event). The second and third spikes 
are failure to capture rather than pseudofusion be-
cause the spike is clearly distinct from the intrinsic 
event. Ventricular capture is inappropriate.

With failure to capture, we should ask if the sec-
ond and third ventricular spikes ought to have cap-
tured the ventricle. The answer is yes. The myocar-
dium was not refractory.

Sensing

The second and third complex show two ventricular 
intrinsic events which are not sensed, but that is ac-
tually appropriate in that they occurred in the pace-
maker’s refractory period. (You can tell they were 
not sensed because they did not reset device tim-
ing; the ventricular spikes are timed to each other, 
not the intrinsic activity.) A typical ventricular re-
fractory setting is 250 ms and both intrinsic events 
occurred within 200 ms of the ventricular pacing 
spike. The intrinsic events on the right side of the 
strip were appropriately sensed in that they inhib-
ited the output pulse and reset device timing. Thus, 
ventricular sensing is appropriate.

Underlying rhythm

This patient has some sinus node dysfunction and 
slow AV conduction.

What to do next

The most pressing concern is to restore appropri-
ate ventricular capture. Run a ventricular pacing 
threshold test and adjust output parameters (am-
plitude and pulse width) to assure reliable capture.

The presence of one pseudofusion event and 
some intrinsic activity strongly suggests that this 
patient’s intrinsic rate is competing with the pro-
grammed base rate. When this happens, in general, 
the best approach to this is to activate the hysteresis 
algorithm; however, since this patient’s base rate is 
relatively high anyway, in this case, I would bring the 
base rate down to 70 ppm (from 75 ppm) and turn 
on hysteresis (60 bpm).

1 2 3 4 5 6 7 8 9 10
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Pacemakers have to be replaced when their bat-
teries run out. This occurs every 5 to 10 years or 
even longer, depending on the patient and the 
device. Pacemaker revision not only gives the 
patient a fresh battery, it offers the patient the op-
portunity to get a device with the latest features 
and algorithms.

In some cases, it can make sense to change 
the type of pacemaker the patient has. While I 

would hesitate to upgrade this patient from VVI 
to DDD based on this small section of rhythm 
strip alone, a VVI patient who appears to have 
intrinsic atrial activity, no atrial fi brillation (AF), 
and some degree of native conduction is actually 
a good candidate for a DDD pacemaker. A DDD 
device would assure that this patient received 
more consistent 1:1 AV synchrony.

The nuts and bolts of paced ECG interpretation: strategies for generator 
change-outs
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Mode

This is a dual-chamber pacemaker rhythm strip.

Rate

The atrial pacing interval (AP-AP) is 1000 ms or 60 
ppm, an appropriate rate.

Capture

Atrial capture looks appropriate.
Ventricular capture also looks to be working 

properly. Note that paced ventricular events have a 
different morphology than the intrinsic ventricular 
events toward the end of the strip.

Sensing

Atrial sensing cannot be assessed from this strip be-
cause every atrial event shown is paced.

Ventricular sensing seems to be appropriate in 
that the intrinsic ventricular events shown inhibit 
the ventricular output and reset device timing.

Underlying rhythm

This patient has sinus node dysfunction and an AV 
conduction disorder. However, sometimes a paced 
atrial event conducts reliably over the AV node to 
cause an intrinsic ventricular depolarization.

What to do next

Atrial sensing should be evaluated. This requires 
intrinsic atrial activity to emerge. That can best be 
accomplished by temporarily reducing the pro-
grammed base rate. Do this in 10-ppm steps while 
observing the patient. Decrease the rate gradually 
and do not go below the rate at which the patient 
becomes uncomfortable or 30 or 40 ppm, which-
ever comes fi rst.

This patient has intrinsic conduction at least in-
termittently. One way to encourage more intrinsic 
ventricular activity is to lengthen the programmed 
AV delay (sensed and paced AV delay). Some pace-
makers have special algorithms, such as Ventricular 
Intrinsic Preference™ technology, which can offer 
this type of AV delay extension automatically.
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Mode

This is dual-chamber pacing.

Rate

The atrial pacing interval (AP-AP) is 1000 ms or 60 
ppm, an appropriate rate. The paced AV delay (AP-
VP) is consistent at about 200 ms.

Capture

Atrial and ventricular capture are appropriate.

Sensing

Neither atrial nor ventricular sensing can be evalu-
ated from this strip, since it shows consistent AP-VP 
pacing.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction.

What to do next

This strip shows appropriate AP-VP pacing but 
atrial and ventricular sensing should be evaluated. 
Both require intrinsic activity to appear.

For atrial intrinsic activity, lower the programmed 
base rate gradually, in steps of about 10 ppm. Ob-
serve the patient. Stop this process if the patient 
does not tolerate it or if you have to decrease the 
base rate lower than 30 or 40 ppm. It is not always 
possible to get intrinsic atrial activity to appear.

For intrinsic ventricular activity, temporarily 
program a prolonged AV delay. There is no need 
to do this gradually; temporarily set the paced AV 
delay interval to 300 ms or higher. This gives intrin-
sic ventricular activity good opportunity to appear. 
If it does, test ventricular sensing and also observe 
the patient’s intrinsic conduction interval. If it is, 
say, 230 ms, programming the paced and sensed AV 
delay to greater values (for instance, 250 ms) will 
encourage more intrinsic ventricular activity and 
discourage unnecessary pacing.

I do not recommend testing ventricular sensing 
by lowering the base rate unless all else fails. In that 
case, temporarily set the device to VVI mode and 
then lower the base rate in 10-ppm increments. Do 
this gradually and while observing the patient for 
distress. Do not drop the base rate below 30 or 40 
ppm, even if the patient tolerates it and intrinsic 
events do not appear.
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Mode

This is a VVI strip.

Rate

The ventricular pacing interval (VP-VP) is about 
880 ms (around 70 ppm), which is appropriate.

Capture

Ventricular capture looks appropriate. The ven-
tricular spike causes a widened, bizarre-looking 
ventricular morphology that differs markedly from 
the morphology of intrinsic ventricular depolariza-
tions. Every spike is associated with such a ventricu-
lar event.

Sensing

The fi rst intrinsic ventricular event on this strip was 
undersensed; notice the escape interval (VS-VP) is 
just 520 ms. If it had been appropriately sensed, the 
pacing spike would have occurred 880 ms following 
the onset of the intrinsic ventricular depolarization.

The second intrinsic ventricular event on this 
strip was properly sensed; the escape interval is 880 
ms (VS-VP).

The third intrinsic ventricular event was under-
sensed. Since it is close to a paced event, we should 
ask: should the pacemaker have sensed this intrinsic 
event? Measuring from the pacing spike to the in-
trinsic event, the interval is about over 500 ms. That 
is more than enough time for the sensing circuitry 
to be on alert. Thus, the third intrinsic ventricular 
event exhibits inappropriate sensing.

The last event on this strip is an intrinsic ventric-
ular event that was properly sensed in that it inhibits 
the pacemaker output pulse.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction.

What to do next

Consistent ventricular sensing must be restored. The 
pacemaker should be temporarily programmed to a 
lower base rate to allow intrinsic ventricular activity 
to emerge. Based on this strip, that will be relatively 
easy to accomplish. A sensing threshold test can be 
conducted and the ventricular sensitivity setting ad-
justed appropriately.
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Mode

The atrial and ventricular spikes make this easy to 
identify as a dual-chamber strip.

Rate

At fi rst glance, this strip seems very straightforward. 
The atrial pacing interval (AP-AP) drives the dual-
chamber rate in a strip of AP-VP events. However, in 
this strip the atrial pacing interval varies from com-
plex to complex! It progressively shortens, meaning 
the rate is gradually increasing by a small amount.

This kind of rate variation can be challenging to 
interpret, but there is a very likely explanation. If 
this pacemaker had rate response, it is possible that 
the pacing rate is under sensor control. This means 
that the device’s built-in activity sensor has “de-
cided” that the patient’s activity level requires a bit 
faster pacing support than the base rate. This would 
increase the rate; this kind of subtle ramping up of 
the rate is consistent with a rate-responsive device.

Capture

Both atrial and ventricular capture seem to be func-
tioning appropriately.

Sensing

Sensing cannot be evaluated for either chamber 
from this tracing, since every event is paced.

Underlying rhythm

This patient probably has chronotropic incom-
petence, which is why the pacemaker came under 
sensor control to drive up the rate. The patient also 
exhibits sinus node dysfunction and slow AV con-
duction.

What to do next

First, verify that the device is a rate-responsive pace-
maker. If it is, rate-responsive parameter settings can 
be checked to be sure that sensor drive is providing 
adequate rate support. Ask the patient about his ac-
tivity level and symptoms and download diagnostic 
reports on how frequently the pacemaker operated 
in a rate-responsive mode.

Both atrial and ventricular sensing should be 
evaluated. Conduct sensing tests in both chambers 
and adjust sensitivity parameters for each channel, 
if appropriate.
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Mode

The fi rst strip was isolated from this programmer 
screen, and it illustrates just how much faster and 
simpler programmers have made paced ECG in-
terpretation – however, you can’t forget the basics. 
While it is easy to see from the annotations and the 
presence of both an atrial and ventricular intracar-
diac electrogram (bottom two tracings) that this is 
a dual-chamber strip, the strip alone gives us some 
clues.

Notice the timing of the sixth event; it occurred 
more rapidly than the base rate would indicate, sug-
gesting the pacemaker is tracking the atrium.

The last two events look backward: an intrinsic 
ventricular event followed by an intrinsic atrial 
event. The atrial event does not seem to invoke the 
sensed AV delay (which would mean the pacemaker 
would pace the ventricle).

This is a dual-chamber pacemaker going sud-
denly from atrial tracking to non-tracking behavior. 
Whenever the device seems to shift abruptly from 
atrial tracking behavior to non-atrial-tracking be-
havior, mode switching should be suspected. The 
annotations confi rm that this was, indeed, the case.

Rate

Atrial tracking governs the fi rst part of this strip, so 

the programmed base rate cannot be determined. 
The ventricular pacing interval (VP-VP) is about 
758 ms (80 ppm) which is a likely rate for atrial 
tracking.

Capture

There are no atrial pacing spikes on this strip, so 
atrial capture cannot be evaluated.

Ventricular capture appears to be appropriate. 
Using the second ECG tracing, notice that paced 
ventricular morphology is positive, while intrinsic 
ventricular morphology is negative. That helps fa-
cilitate strip interpretation.

Sensing

Mode switching occurs when the pacemaker senses 
rapid intrinsic atrial activity that the pacemaker 
should avoid tracking. For that reason, atrial sensing 
is key to understanding any AMS strip. Whenever a 
pacemaker mode switches, the fi rst question in the 
mind of the clinician should be: was the mode switch 
appropriate? In other words, the presence of high-
rate intrinsic atrial activity should be confi rmed.

The annotations indicate atrial sensed events 
with the AS annotation; those AS annotations in a 
dark box indicate a sensed atrial event that “fell into” 
the refractory period.

AS AS AS AS ASSS ASAS AS AS AS AS AS AS AS AS
AMS AMS
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The nuts and bolts of paced ECG 
interpretation: variations in 
annotations

Annotations have been in widespread use for 
decades and have greatly facilitated the rapid, 
clinical interpretation of paced rhythm strips. 
However, it must be noted that every manufac-
turer has its own system for annotating specifi c 
events. In this example, the manufacturer uses 
a dark box with white AS lettering to indicate 
an atrial event that was sensed but to which no 
response was made because it occurred during 
the refractory period. This is not a universal 
symbol; it is particular to this manufacturer. 
Most annotations are intuitively understand-
able, but if you need help with a “master key” 
of annotations, talk to your device company 
representatives or refer to the programmer 
manual.

Let’s look closely at the fi rst pair of AS events; 
there is one regular AS and one AS in a dark box. 
These annotations tell us the pacemaker “saw” two 
intrinsic atrial events. One of those intrinsic events 
is visible on the top surface ECG (but not the second 
ECG); the second AS, the one in the box, is not vis-
ible on either ECG. However, it is possible the sec-
ond intrinsic atrial event might have been obscured 
by the repolarization represented by the T-wave.

This is where intracardiac electrograms are of 
great help. The atrial electrogram (next-to-last trac-
ing) indeed shows two distinct events, but they have 
different morphologies. There is one event with a 
large, square-looking morphology followed by a 
second event with a smaller, downward-defl ecting, 
pointier morphology. These are not two identical 
events; they are two events from different points of 
origin in the heart.

Moving to the ventricular electrogram (bottom 
tracing), the ventricular electrodes in the heart de-
tected something on the ventricular channel. The 
pacemaker annotates this as a VP or ventricular pac-
ing spike. The surface ECG shows this as a ventricu-
lar depolarization.

And the atrial electrogram represents this as the 
squared-off looking event! Thus, the two events 
that show up on the atrial electrogram are actually 

one ventricular event (that’s the fi rst event with a 
squared-off morphology that aligns with the VP 
annotation and the event on the ventricular elec-
trogram) followed by one genuine intrinsic atrial 
event.

This is an example of far-fi eld sensing, that is, the 
pacemaker’s atrial channel is sensing “far-off” sig-
nals from the ventricle and inappropriately inter-
preting them as atrial events.

But what about the “apparent intrinsic atrial ac-
tivity” that is seen on the top electrogram? It was 
likely a true intrinsic atrial depolarization that got 
obscured on the surface ECG by the ventricular 
event. Thus, a real intrinsic atrial fell into the pace-
maker’s refractory period and got missed, but a ven-
tricular pacing spike was inappropriately labeled as 
an intrinsic atrial event. Moving over to the run of 
atrial sensed events near the middle of the strip, 
there is further evidence of far-fi eld oversensing. 
Atrial sensing is inappropriate and because of the 
double counting, the AMS algorithm was inappro-
priately activated.

Ventricular sensing appears to be functioning 
properly.

Underlying rhythm

This patient has sinus node dysfunction and slow 
atrial conduction. Despite what the strip, the anno-
tations, and the mode switch suggest, the patient is 
not experiencing high-rate intrinsic atrial activity.

What to do next

The most pressing concern for this patient is to 
eliminate far-fi eld R-wave sensing and prevent fu-
ture inappropriate mode switches. The strip shows 
that the patient was in normal sinus rhythm (a 
good thing) as the device mode switches. To pre-
vent far-fi eld oversensing, atrial sensing should be 
evaluated and adjusted to be as insensitive as clini-
cally prudent. Ventricular capture should be tested 
(although it looks appropriate) because it would 
be wise to set ventricular output parameters as 
low as possible without jeopardizing patient safety. 
Finally, the refractory period after the ventricular 
event (PVARP setting) should be extended to help 
prevent the pacemaker from responding to far-fi eld 
signals.
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Mode

The presence of atrial and ventricular spikes indi-
cates that this is a dual-chamber strip.

Rate

This strip is much more challenging than it looks 
at fi rst glance! Although the printout states that the 
pacing rate is 60 ppm, there are no pacing intervals 
available on the strip to confi rm that. However, there 
is a roundabout way to assess proper base rate pac-
ing. The pacemaker reports that the paced AV delay 
interval is 150 ms. If we knew the VA interval (VP-
AP) we could add that to the paced AV delay and 
get the pacing interval. There is actually one such 
interval on the strip (between the third and fourth 
complexes or AP-VP) and the VA interval measures 
about 850 ms with calipers. This confi rms 60 ppm 
base rate pacing (1000 ms = 150 + 850).

Capture

Most of the atrial events on this strip are intrinsic. 
The third complex shows an atrial pacing spike, but 
it is not clear what happened. My interpretation is 
that this spike failed to capture the atrium, but it is 

possible to view this event as pseudofusion or even 
appropriate capture. At the very least, we should be 
very suspicious about atrial capture.

On the other hand, there is a total loss of ven-
tricular capture. Although ventricular pacing spikes 
appear on the strip, none of them captures the ven-
tricle.

Sensing

Atrial sensing appears to be appropriate. Intrin-
sic atrial events inhibit the atrial output pulse; the 
intrinsic atrial event launches the sensed AV delay, 
which times out in about 150 ms to deliver a ven-
tricular pacing spike.

There are fi ve intrinsic ventricular events on this 
strip; the pacemaker senses the fi rst, third, and fi fth 
of them as indicated by the annotations and the fact 
that the ventricular event inhibited the ventricular 
spike and reset device timing.

The second and fourth intrinsic ventricular 
events are not sensed as evidenced by the fact that 
they have no effect on device timing and are not an-
notated. Whenever an event is not sensed, the next 
logical question has to be this: Should it have been 
sensed? In the case of these two non-sensed intrin-
sic ventricular events, the answer has to be no. This 
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is functional non-sensing. The intrinsic event oc-
curs within about 200 ms of the ventricular pacing 
spike, that is likely within the ventricular refractory 
period. Actually, ventricular sensing in this strip is 
appropriate.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction.

What to do next

The most important fi rst step for this patient is to 
restore capture. Begin with atrial capture (although 
some might argue there is appropriate atrial capture 
– I disagree and, at most, there is only one example 
of it on the whole strip).

Next ventricular capture should be restored. Test 
the pacing threshold and reprogram the output set-
tings (pulse amplitude and pulse width).
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Mode

This is a programmer screen showing one surface 
ECG (top tracing) and two intracardiac electrograms 
(atrial and ventricular) from a dual-chamber pace-
maker. Even from just the tracing, the presence of 
two types of ventricular events in close relationship 
to intrinsic atrial activity reveals that this is a dual-
chamber device. The annotations confi rm this.

Rate

The atrial pacing interval (AP-AP) is the best way 
to measure rate on a dual-chamber strip. This atrial 
pacing interval is 860 ms (70 ppm), an appropriate 
rate. Notice how this strip transitions from AP-VP 
pacing to AP-VS pacing. The paced AV delay (AP-
VP) measures about 180 ms but when the strip 
transitions to AP-VS events, the AV interval is 250 
ms. The paced AV delay interval setting of 180 ms 
should have been imposed. This kind of unusual 
behavior is not random; it occurs consistently. That 
strongly suggests some sort of special pacing algo-
rithm is going into effect.

This is an example of AutoIntrinsic Conduction 
Search™ or Ventricular Intrinsic Preference™ tech-
nology or some other type of algorithm designed 
to encourage intrinsic ventricular activity by auto-
matically prolonging the AV delay interval.

Capture

Atrial capture is appropriate.
Ventricular capture is also appropriate; note the 

distinct paced ventricular morphology.

Sensing

Atrial sensing cannot be evaluated from this paced 
ECG, since all atrial events shown are paced. When 
an atrial electrogram is available, it is always a good 
idea to compare what it shows versus what is on 
the surface ECG. Notice the atrial EGM shows four 
examples (right side) of far-fi eld R-wave sensing 
which align with intrinsic ventricular events. The 
pacemaker did not respond to these events because 
they occurred during the ventricular blanking pe-
riod. While this is far-fi eld sensing, it did not affect 
the appropriate atrial sensing behavior of the pace-
maker.

Ventricular sensing appears to be appropriate in 
that intrinsic ventricular events inhibit the ventric-
ular output and reset device timing. The ventricular 
events on the surface ECG align well with what is 
shown on the ventricular EGM.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction.
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The nuts and bolts of paced ECG 
interpretation: variations in the AV 
delay interval

Ever since the DAVID clinical trial, many pace-
maker specialists have been very concerned 
about pacing the right ventricle (the conven-
tional way ventricular pacing is conducted with 
a pacemaker). As a general rule in medicine, 
the less intervention required for a patient, the 
better. That’s true for pacing as well as other 
medical procedures. As much as possible, the 
patient’s intrinsic rhythm should be given 
ample opportunity to emerge, providing it can 
support the patient’s normal activities.

Recently, all major manufacturers of cardiac 
rhythm management devices have introduced 
specialty algorithms designed to encourage 
intrinsic ventricular activity. Most of them 
are based on some method of automatically 
extending the AV delay interval. This often 
allows intrinsic ventricular activity to occur 
without compromising rate support. Clinicians 
will likely be seeing more and more of such 
algorithms in action as new devices help pacing 
physicians attempt to minimize unnecessary 
pacing.

What to do next

Atrial sensing should be evaluated. The presence of 
far-fi eld signals on the atrial intracardiac electro-
gram is not necessarily a cause for alarm, particu-
larly since the device functioned appropriately and 
“blanked them out.” Nevertheless, atrial sensing has 
to be checked and making the device less sensitive 
on the atrial channel would help, providing it could 
be done without compromising patient safety.

Otherwise, this is a great example of how an algo-
rithm can successfully encourage ventricular activ-
ity. (While all algorithms work a bit differently, most 
of them are set up to automatically extend the AV 
delay during periods of ventricular pacing in order 
to “search” for intrinsic activity. Should intrinsic 
activity occur, as it did in this strip, the prolonged 
AV delay remains in effect until ventricular pacing 
is necessary again and resumes.)
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Mode

Looks can be deceiving! If somebody handed you 
this strip with no explanation at all, you would most 
likely assume that this patient does not have a pace-
maker. After all, there’s no evidence on this strip of 
pacing. However, from the printout, we know that 
this is actually an ECG from a VVI pacemaker pa-
tient.

Rate

There is no paced ventricular activity to measure 
since there is no pacing at all in this strip. The print-
out states a programmed base rate of 70 ppm. The 
ventricular activity on this strip is so erratic that it is 
hard to determine the ventricular rate. We can mea-
sure intervals between intrinsic ventricular events 
but every one is different.

One way to calculate the intrinsic ventricular rate 
in a strip like this is to mark off 6 seconds of time 
and multiply the number of ventricular events that 
occur in six seconds and multiply it by ten to arrive 
at how many ventricular events occur in 1 minute (6 
sec × 10 = 60 sec = 1 min). Using the grid paper, you 
can count off fi ve large boxes (5 × 200 ms = 1000 ms 
= 1 sec) to mark off 1 second (see tic marks above). 
This particular strip gives us exactly 6 seconds of 
“data.” There are 10 intrinsic ventricular events that 
occur in these 6 seconds. Multiply that by 10 to get 
the beats per minute and this translates to an intrin-
sic ventricular rate of around 100 bpm (10 events 

in 6 sec × 10 = 100 events in 60 sec = 100 events per 
min). Thus, the patient’s ventricular intervals are er-
ratic but his ventricular rate is around 100 bpm.

Capture

Ventricular capture cannot be evaluated from this 
strip.

Sensing

Ventricular sensing is appropriate in that the pa-
tient’s intrinsic ventricular event inhibits the output 
pulse and resets device timing. No intervals on this 
strip are long enough to cause pacing to occur, that 
is, they are all less than 857 ms (the interval that cor-
responds to 70 ppm).

Underlying rhythm

This patient has atrial fi brillation (AF). This is evi-
dent primarily from two things: the rapid intrinsic 
atrial activity and the resulting erratic but rapid 
ventricular response. The latter – an irregular ven-
tricular rate – is the giveaway that this is AF. The 
patient has some degree of intrinsic conduction in 
that some of the atrial activity seems to conduct 
down over the AV node to the ventricles to cause 
a native depolarization. Although the native ven-
tricular rhythm is erratic, it is fast enough to inhibit 
the pacemaker.

Mode VVI
Base Rate 70 ppm

Programmed Parameters
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What to do next

Based on our systematic analysis, ventricular cap-
ture has to be evaluated.

But the overriding concern at the moment is ad-
dressing this patient’s AF. Device diagnostics may 
reveal how frequently the patient experiences these 
arrhythmias and the patient chart may show what 
has been done (if anything) to treat the AF. AF can 
occur suddenly, even in patients with no previous 
history, so it is quite possible that the AF has not 
been treated. The fi rst line of defense against AF is 

drug therapy, which goes beyond the scope of this 
book. A good example of a drug used against AF is 
the beta- blocker. Some pacemakers offer overdrive 
algorithms or other features to help manage high in-
trinsic atrial rates, including the AF Suppression™ 
algorithm to suppress AF before it can start. Not all 
patients are candidates for such special features, but 
they do work well in some patients. Some patients 
may even be candidates for radio frequency ablation 
of AF or surgical ablation, but that is considered a 
more drastic step.
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Mode

This comes from a programmer and demonstrates 
the value of going beyond the paced ECG for inter-
preting some particularly unusual pacemaker sce-
narios. Looking at just the ECG (top tracing), there 
is clearly ventricular activity on the strip but noth-
ing is going on at all in the atrium. Moving down to 
the annotations, it is clear that this is a dual-cham-
ber device and the AP annotations show the pace-
maker is sending output pulses to the atrium. The 
parameters displayed on the bottom confi rm this is 
a DDDR device.

Moving down to the atrial electrogram (next to 
last tracing), there is consistent activity. But look 
where these events align. The fi rst three events on 
the atrial EGM align with ventricular activity – 
the atrial EGM was simply picking up ventricular 
events. The fourth event on the atrial EGM is an ac-
tual atrial event. As we evaluate this strip, we need to 
account for the inconsistencies across these tracings 
and annotations.

Rate

Using the annotations and intervals on the screen, 
the atrial pacing interval is 1000 ms (60 ppm), 

which is appropriate for the device and matches the 
programmed settings. However, there are no atri-
al events at all on the paced ECG. The pacemaker 
“thinks” it’s pacing the atrium at 60 ppm, but the 
paced ECG shows that the patient is being support-
ed entirely by a native ventricular rhythm slightly 
above the base rate.

Capture

Atrial capture is not appropriate. The many an-
notations on the strip indicate that the pacemaker 
delivered atrial output pulses but the atria did not 
depolarize.

Before we get down to ventricular capture, it is 
important to evaluate the two annotated events 
called VSS. This stands for “ventricular safety stand-
by.” Twice, the patient is paced using the VSS feature. 
Ventricular safety standby occurs when an intrinsic 
ventricular event “falls into” the crosstalk detection 
window (part of the refractory period). The pace-
maker responds to an intrinsic ventricular event 
during the crosstalk detection window by pacing 
the ventricle. This assures that even if the pacemaker 
should fail to see the intrinsic ventricular event, the 
patient still receives ventricular rate support. The 
double lines near the VSS annotation are meant to 
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indicate the intrinsic event and the triggered pace-
maker output. However, look at the paced ECG. The 
only event present is the intrinsic ventricular event. 
The ventricular output pulse fails to capture.

One way to confi rm failure to capture in a situ-
ation like this is to study the QRS morphology as 
well as the T-wave morphology of the intrinsic 
beats and compare them to any event that might 
be paced. Both VSS events have QRS and T-wave 
morphologies that are similar to intrinsic activity. 
Furthermore, the intracardiac ventricular electro-
gram shows one intrinsic event at each of the VSS 
markers, not an intrinsic and a paced event. Thus, 
ventricular capture is not appropriate, either.

Sensing

Atrial sensing cannot be evaluated from this strip.
Ventricular sensing appears to be functioning ap-

propriately. Intrinsic ventricular events inhibit the 
ventricular output pulse and reset device timing.

Underlying rhythm

This patient has sinus node dysfunction and slow 
AV conduction. He also is experiencing crosstalk, 
a phenomenon that occurs when the ventricular 
sensing circuits “overhears” what is going on in the 
atrium (in this case, atrial pacing) and inappropri-
ately thinks it is an intrinsic ventricular event. The 

two crosstalk events on this strip are the ones associ-
ated with the VSS annotation.

What to do next

Both atrial and ventricular capture must be restored. 
Pacing threshold tests should be conducted and 
appropriate output parameters (pulse amplitude 
and pulse width) should be programmed. While it 
would be great to verify appropriate atrial sensing, it 
may not be possible in this patient since we have no 
evidence here of any intrinsic atrial activity.

The fact that atrial and ventricular events are not 
working in sync together is likely a function of the 
loss of capture in both chambers. Right now, the 
atrial event (not captured) occurs almost on top 
of the intrinsic ventricular event. When capture is 
restored, the appropriate AV delay interval (set to 
180 ms in this example) will come into force and 
provide AV synchrony for the patient.

Crosstalk is being handled appropriately by the 
pacemaker’s crosstalk detection window algorithm, 
but steps may be taken to minimize it. It could be 
minimized by extending the blanking period, re-
ducing atrial output (if it can be done safely – which 
is likely not the case here), or making the ventricu-
lar channel less sensitive. Only initiate these actions 
if they can be programmed safely. If they cannot, 
crosstalk is still being managed for this patient 
through the VSS algorithm.
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Mode

The fi rst several complexes on this strip look like 
atrial tracking – intrinsic atrial activity followed 
by ventricular paced events. That suggests the 
pacemaker is a dual-chamber system. The last two 
complexes on the strip tell a different story. There 
is neither sensed nor paced atrial activity present. 
These two complexes look like typical VVI pacing. 
A dual-chamber pacemaker would deliver an atri-
al pacing output in the absence of atrial intrinsic 
activity! This suggests the pacemaker is a single-
chamber ventricular device. For a moment, you 
might be tempted to think the fi rst fi ve complexes 
on the strip were VVI pacing that just happened to 
be preceded by an intrinsic atrial event. Using cali-
pers, you can see that a consistent AV delay of 180 
ms is maintained. Five back-to-back events with a 
split-second perfect AV delay interval would be just 
too great a coincidence! These fi rst fi ve complexes 
are true atrial tracking. There is only one mode that 
can track the atrium but is unable to pace there: 
VDD.

VDD pacing is used mainly for testing today but 
there are dedicated VDD devices that will occasion-
ally show up at the clinic. VDD is rare enough that it 
is not my fi rst assumption when I see a strip like this; 
however, these devices have been and continue to be 
implanted, and this is classic VDD-style pacing.

Rate

The ventricular pacing interval (VP-VP) is 1000 ms 
(60 ppm), an appropriate rate. It can only be mea-

sured from the last two complexes, since the other 
events are tracked.

Capture

Atrial capture is not applicable to VDD pacing. Ven-
tricular capture looks appropriate. Note that the 
ventricular events in this tracing all have the same 
“typically paced” morphology.

Sensing

Atrial sensing is functioning appropriately because 
the fi rst fi ve intrinsic atrial events launch the sensed 
AV delay which times out to a ventricular output 
pulse.

Ventricular sensing cannot be evaluated from this 
strip because all ventricular events are paced.

Underlying rhythm

The patient has slow AV conduction. In the fi rst 
portion of the strip, sinus node function looks good, 
but it suddenly stops in the last two complexes. The 
patient has some form of sinus node dysfunction.

What to do next

Ventricular sensing should be evaluated, if possible. 
For dual-chamber systems, it is always preferable to 
encourage intrinsic ventricular activity by extend-
ing the AV delay. That is unlikely to work in a VDD 
patient, because the “typical VDD” patient has poor 
AV conduction to begin with. It could be attempted 

Mode VVD
Base Rate 60
Sensed AV Delay 180
Max. Track Rate 120

ppm
ms
ppm

Programmed Parameters
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by extending the sensed AV delay (a VDD device has 
no “paced AV delay” because it does not pace the 
atrium) to 300 ms or more.

Probably the more effective way to allow intrin-
sic ventricular activity to appear on the strip is to 
temporarily program the pacemaker to VVI mode 

and then lower the base rate in 10-ppm increments 
until native ventricular events occur. Monitor the 
patient to be sure he tolerates such low rates. Even if 
the patient is doing fi ne and no intrinsic ventricular 
events occur, do not drop the base rate below 30 or 
40 ppm.



455

16

The Nuts and Bolts of Paced ECG Interpretation, 1st edition. By Tom Kenny. 
Published 2009 by Blackwell Publishing, ISBN: 978-1-4501-8404-5.

SCRAMBLE TRACING #16

A
S

A
S

A
M

S
A

M
S

A
M

S
A

M
S

<
-

A
M

S

10
62

11
25

60
1

60
2

60
2

60
1

6

10
01

10
00

61
0

61
0

61
7

61
7

60
1

99
9

6 8 8

7 2 7

6 6 4

5 7 0

5 5
5 5

6 3
6 3

7 8

A
S

A
S

A
S

A
S

A
S

A
S

A
S

V
P

V
P

V
P

V
P

V
P

V
P

V
P

V
P

V
P

A
S

A
S

A
S

A
S

M
ar

ke
rs

A
. B

ip
ol

ar

V.
 B

ip
ol

ar

Tr
ig

g
er



456  The Nuts and Bolts of Paced ECG Interpretation

Mode

These are a pair (atrial and ventricular) of stored in-
tracardiac electrograms from a programmer screen. 
The presence of an atrial and ventricular electro-
gram means that this is a dual-chamber system.

This electrogram was stored in the pacemaker’s 
memory when the trigger event occurred (indicated 
at the top of the screen, near the middle). The an-
notations reveal that this pacemaker was operating 
in the AMS or auto mode switch algorithm until the 
trigger point was reached.

This is an automatically stored electrogram of the 
device exiting AMS and resuming normal operation. 
It is available from the pacemaker’s memory so that 
the clinician can verify if AMS exit was appropriate. 
At fi rst glance, it is a bit hard to tell if the AMS exit 
was appropriate, so let’s examine it systematically.

Rate

The left side of the strip shows the device in AMS, 
so there is no atrial tracking going on. Thus, the rate 
would be assessed by measuring the ventricular pac-
ing interval (VP-VP). It’s consistent at 1000 ms or 60 
ppm, an appropriate rate.

When the device exits mode switching (trig-
ger), the ventricular pacing interval is much faster: 
it’s about 600 ms or 100 ppm. The reason for this 
above-base-rate ventricular pacing is that as the 

device leaves AMS, it resumes tracking the intrinsic 
atrial rate.

The patient has just experienced a rather abrupt 
increase in ventricular pacing rate. However, this is 
the expected and normal behavior of the device.

Capture

Atrial capture cannot be evaluated from this 
screen.

Based on the ventricular electrogram, capture 
seems appropriate. There is a response on the elec-
trogram for every ventricular output (as annotated) 
and the presence of a resulting T-wave suggests de-
polarization.

Sensing

On the atrial electrogram, the taller, upward events 
are intrinsic atrial events while the smaller, slightly 
more rounded events are ventricular events that the 
atrial channel “overheard.” The correlation of atrial 
annotations to atrial events on the electrogram sug-
gests that atrial activity was properly sensed. Fur-
thermore, the rather rapid intrinsic atrial rhythm 
inhibited atrial output pulses. When the device exits 
mode switching, atrial tracking occurs. All of this 
indicates proper atrial sensing.

Notice some atrial events are annotated AS, but 
others have the AS annotation in a little box. The 
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box is a programmer convention and indicates that 
this particular atrial sensed event occurred during a 
refractory period. The pacemaker counted the event 
(for AMS purposes), but because it “fell into” the re-
fractory period, there was no response to it.

Ventricular sensing cannot be evaluated here.

Underlying rhythm

This patient has intrinsic high-rate atrial activity 
and heart block.

What to do next

The big question is whether or not this exit from the 
AMS algorithm was appropriate. The intrinsic atrial 
rate slows down as you move across the strip from 
left to right. After the trigger line, the AS-AS interval 
is around 600 ms (100 ppm).

AMS exit is appropriate when the patient’s in-
trinsic atrial rate drops below the programmed 
maximum tracking rate or MTR. MTR is typically 
programmed to around 100 or 120 ppm. Note that 
even though some atrial events occur in the refrac-
tory period (those in boxes), they are counted for 
determining AMS entry and exit. The atrial rate 
continues to slow down and by the far right section 

of the strip it has already decreased to 100 bpm or 
600 ms.

This is an appropriate AMS exit. However, it 
might be good to talk to the patient to determine if 
he experienced any symptoms or discomfort with 
the “rate bump” that occurred. The device went in 
a single beat from ventricular pacing at 60 ppm to 
ventricular pacing at around 100 ppm. In my ex-
perience, some patients fi nd this unpleasant. To 
mitigate this abrupt rate transition, some devices 
allow you to program a “mode switch base rate.” 
This rate – which is higher than the programmed 
base rate – is the interim base rate during the AMS 
algorithm. Had an interim mode switch base rate of 
say, 80 ppm, been used here, the patient would have 
experienced a much more subtle rate transition in 
and out of AMS.

In addition to possibly programming an interim 
AMS base rate, it would be useful to examine di-
agnostic reports to see how frequently this patient 
experiences AMS episodes. If AMS is a very frequent 
occurrence, the clinician ought to investigate ways 
of dealing with the atrial tachyarrhythmias since the 
patient is not getting full benefi t of dual-chamber 
pacing during AMS episodes.

Furthermore, it is necessary to verify proper atrial 
capture and proper ventricular sensing.
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Mode

Using just the surface ECG, it might be diffi cult to 
determine the pacing mode since spikes are not 
clear. The annotations serve as spikes and show 
that this is a dual-chamber pacemaker. The full 
programmer screen provides a lot of other useful 
information – including an atrial and ventricular 
electrogram at the bottom. When evaluating so 
much information, we still use our systematic ap-
proach but we want to see alignment among the 
paced ECG (top), annotations and intervals, and 
electrograms (bottom). They should all be telling 
the same story!

Rate

The atrial pacing interval (AP-AP) drives the rate of 
a dual-chamber system, and here the atrial pacing 
interval is variable. It ranges from about 507 to 532 
ms (113 to 118 ppm). This is of immediate concern 
since with consistent atrial pacing, one might expect 
the atrial pacing interval to be stable. Furthermore, 
this is a very high pacing rate, almost to the point of 
reaching the maximum tracking rate (MTR). Ven-
tricular pacing is tracking the paced atrial rate to 
provide 1:1 AV synchrony. But the rate is much too 
high to be appropriate as a programmed base rate.

The most likely explanation for this higher-than-
base-rate pacing is rate response. Rate-responsive 
pacemakers use a sensor of some sort to control 

the pacing rate in the presence of patient activity. 
When the sensor detects that the patient is active 
(and thus needs additional rate support), it elevates 
the pacing rate in accordance with the patient’s ac-
tivity level. Rate response is a very common feature 
in pacemakers today, so it is not at all unusual to 
see this kind of rhythm strip in the clinic. Confi rm 
that the device is indeed rate responsive and under 
sensor control.

Capture

Atrial and ventricular capture both appear to be ap-
propriate. Using the annotations as pacing spikes, it 
is evident that each pacing spike causes a depolar-
ization on the surface ECG (top tracing). There is a 
one-to-one match of each annotation (AP or VP) 
and a waveform on the tracing. Notice that atrial 
and ventricular events appear on the intracardiac 
electrogram as well, but the tall narrow complexes 
indicate that the electrodes within the heart “saw” 
and recorded the pacemaker output pulse, not the 
cardiac depolarization. Thus, it is the surface ECG 
that helps confi rm capture. All events on this strip 
are paced and the fact that they all have a similar 
morphology is further proof of proper capture.

Sensing

Neither atrial nor ventricular sensing can be evalu-
ated from this strip.
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Underlying rhythm

This patient has chronotropic incompetence, that 
is, his heart is unable to accelerate as needed to pro-
vide adequate rate support. The patient also has 
sinus node dysfunction and slow AV conduction.

What to do next

Atrial and ventricular sensing should be evaluated 
and sensitivity settings adjusted, if necessary. To 
verify sensing, intrinsic events have to occur. There 
is a different tactic to be used for encouraging atrial 
intrinsic events from encouraging ventricular in-
trinsic events.

Evaluate atrial sensing fi rst by temporarily turn-
ing off rate response (you may be able to set it to 
PASSIVE for this test) and then lowering the base 
rate in small 10-ppm steps. Since the patient may 
feel this, tell him what you are doing and reduce the 
rate gradually. Even if he tolerates it well and even 
if no atrial intrinsic events occur, resist the urge to 
lower the rate below 30 or 40 ppm.

The best way to get ventricular intrinsic activity 
to occur in a dual-chamber system is to disable rate 
response temporarily and then extend the AV delay 
interval to 300 ms or higher. This can be done all 
at once; there is no need to proceed incrementally 

like you do with a base rate change. This often results 
in ventricular intrinsic activity. If it fails, the other 
method is to temporarily program the device to VVI 
and reduce the base rate in the same manner as you 
did for the atrial sensing test. I do not recommend 
this method and use it only as a last resort because 
it evaluates sensing in an artifi cial environment, that 
is, it evaluates sensing as if the device were a VVI 
system. It’s not; it’s a dual-chamber device and dual-
chamber pacemakers have many features where the 
atrial and ventricular channels interact. Thus sens-
ing in VVI does not exactly provide a true picture of 
ventricular sensing in a DDDR pacemaker.

This patient has a rate-responsive pacemaker that 
functions appropriately. Diagnostic reports should 
be downloaded to fi nd out how frequently and to 
what extent (how fast) rate response is used. Rate-
responsive settings may require some adjustment.

For instance, this screen was captured during a 
particular event. If the patient had been exercising 
or exerting himself, this would be perfectly appro-
priate. However, if the pacemaker started doing this 
when the patient was sitting down quietly, then 
there is too much response from the rate response. 
This can be controlled by programming new rate re-
sponse settings. The patient should be asked about 
his activities (for instance, how active or athletic he 
might be) and any symptoms.
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Mode

This comes from a dual-chamber device showing 
entry into AMS or mode switching. When AMS 
occurs, the clinician should always assess whether 
or not it was appropriate. For now, we know that 
the device is a dual-chamber system that is switch-
ing from an atrial-tracking to a non-atrial-tracking 
mode.

Rate

Up until the AMS letters appear, this pacemaker is 
tracking rapid and erratic atrial activity. Normally, 
the atrial pacing interval (AP-AP) would help as-
certain the rate, but no such interval appears on this 
tracing. Since the pacemaker is tracking the atrium, 
the ventricular pacing interval (VP-VP) cannot ver-
ify the base rate. It can only say how fast the device 
is pacing right now in response to intrinsic atrial 
activity.

After entry into AMS, the ventricular pacing in-
terval (VP-VP) is 1000 ms (60 ppm), an appropri-
ate base rate. While atrial activity still occurs during 
AMS, the pacemaker ignores it.

Atrial events can be viewed in clearest detail from 
the atrial intracardiac electrogram (next-to-last 
tracing). The intrinsic atrial rate is fast, but it would 
be hard to measure in that it is so erratic no two 
intrinsic intervals (AS-AS) are alike!

Note that many of the intrinsic atrial events “fall 
into” the atrial refractory period and are annotated 
as AS events in a box. The AMS algorithm counts 
these events, but the pacemaker does not respond to 
them. AMS entry is appropriate.

Capture

Atrial capture cannot be evaluated here, but ven-
tricular capture appears to be appropriate. Notice 
that all events on the surface ECG annotated as VP 
share the same morphology and have the same type 
of T-wave following the QRS complex. This further 
confi rms appropriate ventricular capture.

Sensing

Atrial sensing appears to be appropriate. Every 
event on the atrial intracardiac electrogram can be 
found in the annotations. The atrial activity inhibits 
atrial pacing and, when atrial events fall in the alert 
period, reset device timing.

Ventricular sensing cannot be evaluated from 
this strip.

Underlying rhythm

This patient has some form of atrial tachyarrhyth-
mia with very slow AV conduction. Since the ven-
tricular response is erratic and the atrial events are 
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quite rapid, I suspect this atrial rhythm disorder is 
atrial fi brillation (AF).

What to do next

AMS entry is appropriate.
Atrial capture should be evaluated, which re-

quires atrial pacing to occur. This may or may not be 
possible in this patient. His atrial tachyarrhythmia 
might preclude it.

Ventricular sensing should be tested, and the 
atrial tachyarrhythmia could interfere with that as 
well. If possible extend the AV delay interval to 300 

ms or higher. In cases like this, it may be necessary to 
program the pacemaker temporarily to VVI mode 
and lower the base rate in slow 10-ppm increments 
down to no lower than 30 or 40 ppm.

The larger issue is how to manage the atrial tachy-
arrhythmia. Diagnostic data should be retrieved to 
reveal how much intrinsic high-rate atrial activity is 
going on. If it is occasional, then AMS is a good solu-
tion. If it is very frequent or if the patient does not 
seem to tolerate it, other measures should be taken. 
The most likely next step in such cases is pharmaco-
logical therapy.
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Mode

Even with just the surface ECG and no annotations, 
this has to be a dual-chamber pacemaker. The wid-
ened QRS morphologies indicate ventricular pac-
ing and there is a close relationship of atrial activity 
to the ventricular pacing, indicating tracking. The 
programmer screen confi rms that this is a dual-
chamber device.

Rate

Rate cannot be evaluated here, because the pace-
maker is tracking the atrium. The intrinsic atrial 
rate is stable but high (around 440 ms or 136 bpm).

However, the ventricular paced response shows 
an interesting pattern. This pattern appears on the 
surface ECG but it’s even more striking in the anno-
tations. For every run of four intrinsic atrial events, 
there are just three paced ventricular beats in re-
sponse. Notice, too, that every fourth intrinsic atrial 
event appears in a box, meaning it occurs during the 
refractory period. This is 4:3 pacemaker Wenckebach 
behavior. The pacemaker tracks three atrial events 
but the fourth one occurs in the refractory period, 
and so the device will not respond to it, i.e., track it.

Capture

Atrial capture cannot be assessed from this infor-

mation, because all of the atrial activity shown here 
is intrinsic.

Ventricular capture is appropriate. It is diffi cult 
to discern the ventricular pacing spike in the surface 
ECG (top tracing) but using the VP annotations, 
it is apparent that every ventricular output corre-
sponds to a ventricular depolarization. The paced 
ventricular events on the surface ECG all share the 
same widened morphology.

Sensing

Atrial sensing appears appropriate. Comparing the 
P-waves on the surface ECG to the annotations and 
the atrial electrogram, it appears that the pacemaker 
has “seen” and properly identifi ed all intrinsic atrial 
events.

Ventricular sensing cannot be assessed from this 
strip.

Underlying rhythm

This patient has some kind of high-rate intrinsic 
atrial activity and slow AV conduction.

What to do next

First, atrial capture and ventricular sensing should 
be evaluated. Atrial capture testing may not be pos-
sible in that the pacemaker has to be able to pace the 
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atrium (not desirable and sometimes not even pos-
sible during high-rate intrinsic atrial activity).

Ventricular sensing requires that intrinsic ven-
tricular activity emerge. The best way to provoke 
this is to temporarily program an AV delay interval 
of 300 ms or higher.

The patient’s high-rate atrial activity may be of 
some concern. Obtain diagnostic reports to see how 
frequently this occurs. If it is occasional, then prob-
ably so-called “upper rate behaviors” of the pace-
maker (Pacemaker Wenckebach) may be suffi cient 
to manage it. If it is frequent or causes symptoms, 
it may be necessary to fi nd other ways to manage 
it. There are device-based options (mode switching, 

the AF Suppression™ algorithm, and so on) to con-
sider, but pharmacological therapy is the fi rst-line 
treatment for treating symptomatic atrial tachy-
arrhythmias.

What about the 4:3 pacemaker Wenckebach? 
Pacemaker Wenckebach is the normal and expect-
ed behavior of the device in the presence of high-
rate intrinsic atrial activity. This device appears to 
be programmed appropriately in that even in the 
presence of atrial rates around 136 bpm, the pace-
maker avoids 2:1 block. This is a great example of 
how a pacemaker can help manage occasional high 
intrinsic atrial rates while continuing to deliver AV 
synchrony.
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Mode

The surface ECG from the programmer does not 
exhibit prominent pacing spikes, but the annota-
tions can serve that purpose. Even without anno-
tations, there is a clear relationship between atrial 
and ventricular activity, suggesting dual-chamber 
pacing. Annotations point out that the rounded, 
downward atrial events are paced while the up-
ward, pointed ventricular depolarizations are 
sensed events.

Use all of the information on the screen to get 
the big picture. The atrial pacing spikes (AP anno-
tations) show up on the atrial electrograms as the 
largest spikes and they show up on the surface ECG 
as depolarizations. The intrinsic ventricular events 
appear appropriately on the ventricular electrogram 
but they also show up on the atrial electrogram. This 
is an example of far-fi eld sensing.

Rate

The atrial pacing interval (AP-AP) is about 680 ms 
(90 ppm), which requires some kind of explana-
tion. In the case of atrial tracking (AS-VP events), 
a rate of 90 ppm might be quite normal. But why 
would the pacemaker pace the atrium above the 
base rate? The most likely answer is that this device 
is rate responsive and that the sensor is in control of 

the pacemaker and has accelerated the pacing rate 
somewhat.

Capture

Atrial capture appears appropriate. The surface 
ECG (top tracing) reveals an atrial depolarization 
for every AP event annotated. All of these atrial 
events have the same morphology.

Ventricular capture cannot be evaluated here.

Sensing

Atrial sensing cannot be assessed from this infor-
mation.

Ventricular sensing is a little bit more compli-
cated. Ventricular events on the surface ECG are ac-
curately reported on the annotations as VS events. 
These ventricular events inhibit the ventricular out-
put and reset device timing. On the surface, it looks 
like appropriate ventricular sensing.

Looking at the ventricular intracardiac electro-
gram (bottom tracing), every ventricular event 
from the surface ECG appears here as well as with 
the resulting T-wave. This confi rms appropriate 
sensing of the intrinsic ventricular activity and ap-
propriate ventricular inhibition.

Moving up to the atrial intracardiac electrogram 
(next-to-last tracing), there is a lot more going on! 
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The largest events on this strip (very tall, narrow 
complexes) are the atrial output pulses. Since this 
electrogram is recorded from within the atrium, 
atrial events are going to be the most prominent 
events. These events do not confi rm capture but 
they do indicate that the atrial electrogram picked 
up the atrial output pulses. But notice that there are 
events between the atrial output pulses that map 
onto the ventricular activity exactly. The ventricular 
events (QRS complexes) and the T-waves appear on 
the atrial electrogram as well!

This is a case of far-fi eld sensing. The electrodes in 
the atrium are “eavesdropping” on what’s going on 
in the ventricle. The reason far-fi eld sensing occurs 
is that the ventricle is much larger and also “louder” 
in terms of signal size, so electrodes that are sensitive 
enough to pick up smaller atrial signals often also 
register ventricular signals.

The problem with far-fi eld sensing is that the 
atrial channel cannot distinguish atrial activ-
ity from ventricular activity; all of these signals are 
“perceived” by the atrial channel as atrial events. 
This is the reason why far-fi eld sensing often results 
in double-counting or other forms of oversensing. 
However, this is not occurring here. Except for the 
atrial intracardiac electrogram, one would never 
know that far-fi eld sensing was even going on. So 
why is the atrial channel picking up far-fi eld signals 
… and then ignoring them?

The reason is that these far-fi eld signals are fall-
ing into the refractory period (the PVARP interval). 
This means they are overlooked by the pacemaker. 
By the way, this kind of far-fi eld sensing is not un-
usual and as long as it does not affect proper pace-
maker behavior should be no source of alarm.

Underlying rhythm

This patient has sinus node dysfunction with intact 
AV conduction. He also has some degree of chrono-
tropic incompetence.

What to do next

Atrial sensing should be evaluated. To encourage 
intrinsic atrial activity, lower the programmed base 
rate in gradual 10-ppm steps down to no lower than 
30 or 40 ppm. Be sure to tell the patient what is going 
on, since some patients fi nd these rate decreases un-
pleasant. It may not be possible to evaluate atrial 
sensing in all patients.

Test ventricular capture by forcing the device to 
pace the ventricle. The easiest way to do this is to 
temporarily shorten the programmed AV delay in-
terval to 130 ms or even shorter.

Since this patient uses rate response, it is good 
practice to check on rate-responsive settings. Diag-
nostic reports can reveal how frequently and to what 
extent rate response is used. Combined with a short 
patient interview about his activity level and symp-
toms, this information should be used to adjust 
rate-responsive parameter settings, if necessary.

Far-fi eld sensing is occurring in this device but 
the pacemaker’s own systems and timing cycles are 
managing it in such a way that it does not negatively 
infl uence device operation. While no adjustment is 
required here, it would be prudent to look at things 
that may help mitigate far-fi eld sensing. For instance, 
it would be helpful if atrial sensitivity and the ven-
tricular output could be reduced, but this should only 
be done if it in no way compromises patient safety.



475

Index

atrial depolarization  88
atrial events  88, 90, 92, 93, 96–8
atrial fi brillation (AF)
 AF SuppressionTM algorithm  317, 344–5, 469
 examples of tracings  183, 256–7, 286, 306, 

444–5
atrial pacing  19–21
atrial sensing  20, 105–6, 111–12
 automatic capture algorithms  77, 78
 basics  12
 intracardiac electrograms  93
 troubleshooting paced ECGs  75, 76
atrial tachyarrhythmia  99, 307, 366
atrial tracking  51–2, 57–9, 85
AutoCaptureTM algorithm  78–9, 401
AutoCaptureTM Pacing System  78, 79, 400, 401
AutoIntrinsic Conduction Search  440
automatic capture algorithms  77–9, 81–2, 123, 

400–1
automatic intervals  42–3, 53–4
AV conduction  53–4, 111
AV delays
 automatic capture algorithms  78–9
 dual-chamber pacing states  55, 56
 examples of tracings  111, 122, 226–7
 Maximum Tracking Rate  57, 58
 variations  441
AV hysteresis  396–7
AV synchrony  49–50
 atrial tracking  51
 AV conduction  53, 54
 intracardiac electrograms  90
 Maximum Tracking Rate  57–8
 examples of tracings  320–1

base rate formula  368
base rate programming  414
battery life  421
beats
 escape rhythms/beats  235, 278

AAI mode devices  110, 111
 atrial pacing intervals  19
 dual-chamber pacemakers  412
 modes in depth  14–16
 single-chamber pacemakers  412
AAT mode devices  15
absolute refractory periods  34–5
AF see atrial fi brillation
AF SuppressionTM algorithm  317, 344–5, 469
alert periods  10, 34–5
AMS see automatic mode switching
annotations  46–8
 intracardiac electrograms  86
 right-ventricular pacing  222
 examples of tracings  432–3
 stored electrograms  96, 97
AOO mode devices  11, 12, 15
apparent capture  12–13
appropriate rate  206
AP-VP states  111
 dual-chamber pacing  55, 56
 intracardiac electrograms  88
 troubleshooting paced ECGs  73, 75
AP-VS states  111
 atrial tracking  51–2
 dual-chamber pacing  55, 56
 troubleshooting paced ECGs  73, 75
AS-VP states  55, 56, 73
AS-VS states
 capture testing  80
 dual-chamber pacing  55, 56
 troubleshooting paced ECGs  73–4, 75
asynchronous pacing  12, 14–15, 282–3, 292
Atip-Aring  90
atrial activity  111–12
atrial-based timing  372–3
atrial capture  105–6, 110–11
 automatic capture algorithms  77, 78
 basics  12
 premature ventricular contractions  158, 159

The Nuts and Bolts of Paced ECG Interpretation   Tom Kenny
© 2009 St. Jude Medical.  ISBN: 978-1-405-18404-5



476  Index

 fi lling in missing beats  418
 per minute  265
bipolar systems  8–10, 155, 456–61
blanking periods  91, 94–5, 388
buffer data  100

calculating rates and intervals  5–7
caliper rounding  198
capture  105–6, 110–11
 annotated ECGs  46, 47–8
 automatic capture  77–9, 81–2, 123, 400–1
 AV synchrony  49, 50
 basics  11–13
 dual-chamber pacing states  55–6
 fusion  207
 leads  82, 83–4, 123, 163
 pacemaker-mediated tachycardia  66–7
 QRS morphologies  29, 32, 33
 testing  80–2, 83–4
 thresholds  22–3
  annotated ECGs  47–8
  automatic capture algorithms  78
  sensing thresholds  27
  troubleshooting paced ECGs  83
 troubleshooting paced ECGs  75–6, 83–4, 85
 see also loss of capture
chronotropic incompetence  272, 431
crosstalk  352–3, 388, 448–9

DAVID study  219, 329
DDD mode devices  110, 111
 atrial pacing intervals  19
 automatic mode switching  68–70
 AV conduction  53–4
 AV synchrony  49–50
 modes in depth  14–16
 pacemaker-mediated tachycardia  66–7
DDDR mode devices  14–16
DDI mode devices  15
device programming  84, 111, 253, 414
direction of retrograde P-waves  348–9
DOO mode devices, modes in depth  15
double-counting  90
drug therapy  182, 317, 363
dual-chamber pacemakers  105, 106, 110–12
 AAI pacing  412
 atrial tracking  51–2
 AV conduction  53–4

 AV synchrony  49–50
 high-rate intrinsic activity  316, 317
 intracardiac electrograms  86, 93–100
 modes in depth  14
 pacemaker multiblock  60–2
 states  55–6
 troubleshooting paced ECGs  73–6
 upper-rate behavior  71–2

e-grams see intracardiac electrograms
electrograms (EGM) see intracardiac electrograms
entry, automatic mode switching  310–11
escape intervals
 atrial pacing intervals  20–1
 AV conduction  54
 hysteresis  42–3
escape rhythms/beats  235, 278
exit, automatic mode switching  310–11

far-fi eld R-wave sensing  90–1, 433, 472–3
fi lling in missing beats  418
functional non-capture  158–9, 180, 260–1, 408
functional non-sensing  151
fusion
 atrial fi brillation  256–7
 capture  207
 dual-chamber pacing states  55–6
 examples of tracings  128–9, 140–1, 159, 194, 

207, 248–9, 256–7
 hysteresis  207
 interpretation  210
 QRS morphologies  28–33
 timing issues  159

high-rate intrinsic activity  316, 317
hypertrophic obstructive cardiomyopathy 

(HOCM)  396–7
hysteresis  40–3
 base rate programming  414
 examples of tracings  159, 199, 207, 230–1, 241, 

244–5, 265, 357, 393, 396–7
 fusion  207
 troubleshooting paced ECGs  76, 84

IEGM see intracardiac electrograms
interference  136–7, 332–3
intermittent arrhythmias  191
intermittent oversensing  36–7
intermittent sensing  36–7, 356–7

beats (continued)



Index  477 

interpretation disagreements  210
interval calculation  5–7
interval notations see annotations
intracardiac electrograms (IEGM)
 automatic mode switching  90–1, 100, 385–6, 

456–7, 464–5
 combined with ECGs  93–100
  examples of tracings  302–3, 380–6, 433, 440–

1, 447–9, 456–73
 in depth  99–100
 navigation  86–92
 stored electrograms  96–8, 99–100, 384–9, 456–7
intrinsic activity  154–5, 178, 316, 317
intrinsic atrial activity  111–12, 316, 317
intrinsic atrial rates  57–8
intrinsic events  154–5, 178

leads
 capture  82, 83–4, 123, 163
 examples of tracings  123, 144, 155, 162–3, 253, 

332, 333, 341
 interference  332, 333
 intracardiac electrograms  91, 99
 pauses  144
 polarity confi gurations  155
 sensing  84
 troubleshooting paced ECGs  83–4
loss of capture  22–3
 annotated ECGs  47–8
 capture testing  81
 pacemaker-mediated tachycardia  66–67–7
 troubleshooting paced ECGs  83–4, 85

magnet mode  253, 376
mass, fusion/pseudofusion  194
Maximum Tracking Rate (MTR)  57–9
 examples of tracings  166–7, 288–9, 306, 310–11, 

317, 336–7, 360, 366
 pacemaker multiblock  60
 pacemaker Wenckebach  63, 64, 65, 336–7
 upper-rate behavior DDD devices  71, 72
Max Track see Maximum Tracking Rate
memory  99–100, 456–7
missing beats  418
modes  105–6, 110
 in depth  14–16
 examples of tracings  199, 253
mode switching  68–70
 entry  310–11

 exit  310–11
 intracardiac electrograms  90–1, 99–100, 385–6, 

456–7, 464–5
 examples of tracings  302–3, 306–7, 310–11, 317, 

385–6, 432, 456–7, 464–5
 stored electrograms  456–7
 upper-rate behavior DDD devices  72
morphologies  28–33, 178
MTR see Maximum Tracking Rate
2:1 multiblock see pacemaker multiblock
mV settings  145, 275, 388
myopotential noise (muscle noise)  136–7, 

332

need for pacemaker  191
negative AV hysteresis  396–7
neurocardiogenic syncope  392, 393
noise
 examples of tracings  136–7, 332
 reversion  253
 single-chamber timing cycles  34–5
normal rhythm  119

output settings  123, 195
overpacing  26, 38–9, 136
oversensing  24–7
 examples of tracings  136, 144–5, 159, 182, 340
 intermittence  36–7
 pauses  144–5, 159
 troubleshooting paced ECGs  85
 underpacing  25, 37, 136

paced AV delays  112, 226
pacemaker codes  14–16
 see also annotations
pacemaker dependency  132–3, 145
pacemaker-mediated tachycardia (PMT)  66–7
 examples of tracings  154–5, 288–9, 298–9, 325, 

360
 intracardiac electrograms  95, 96–8, 381–2
 retrograde P-waves  348–9
pacemaker multiblock  60–4
 pacemaker Wenckebach  63–4, 336–7, 366
 examples of tracings  321, 336–7, 366
 upper-rate behavior DDD devices  71–2
pacemaker replacements/revisions  421
pacemaker Wenckebach  63–5
 examples of tracings  336–7, 366, 469
 upper-rate behavior DDD devices  71–2
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pacing artifacts see pacing spikes
pacing intervals
 atrial  19, 20–1
 atrial tracking  51–2
 AV conduction  53–4
 hysteresis  42–3
 intracardiac electrograms  88
 Maximum Tracking Rate  57
 rate response  44–5
 single-chamber timing cycles  34–5
 examples of tracings  328
 ventricular  17–18, 51–2
pacing rates  90, 110–12
pacing spikes  8–13
 automatic capture algorithms  77, 78
 AV conduction  53, 54
 AV synchrony  49, 50
 capture  11–13, 80
 examples of tracings  111, 166
 intracardiac electrograms  88, 93–4
 sensing  11–13
pacing states  73–4
 see also individual states
pacing threshold  187
PASSIVE settings  45
patients as focal point  363
pauses  144–5, 159
pediatric patients  80, 82
pediatric, capture testing  80, 82
PMT see pacemaker-mediated tachycardia
polarity confi gurations  8–10, 155, 456–61
post-trigger events  86, 88
post-ventricular atrial blanking period (PVAB)  91, 

94–5
post-ventricular atrial refractory period see PVARP
premature ventricular contraction (PVC)
 capture and sensing basics  12, 13
 examples of tracings  154–5, 235, 294–5, 324–5, 

360
 escape rhythms/beats  235
 intracardiac electrograms  94–5, 100
 pacemaker-mediated tachycardia  67
 pacing spikes  9–10
 retrograde P-waves  324–5
 ventricular pacing intervals  17–18
pre-trigger events, intracardiac electrograms  86, 

88, 90, 91, 100
programming issues  84, 111, 253, 414
pseudofusion

 base rate programming  414
 examples of tracings  159, 194, 240–1, 248–9
 QRS morphologies  28–33
 timing issues  159
pseudo-Wenckebach see pacemaker Wenckebach
pulses per minute  265
PVAB (post-ventricular atrial blanking period)  91, 

94–5
PVARP (post-ventricular atrial refractory period)
 intracardiac electrograms  91, 92, 94–5, 381–2
 examples of tracings  294, 298, 320–1, 324–5, 

337, 381–2
 pacemaker-mediated tachycardia  67
 pacemaker multiblock  60–1, 62
 pacemaker Wenckebach  63–4, 65, 337
 upper-rate behavior DDD devices  72
PVC see premature ventricular contraction
P-waves
 calculating rates and intervals  5–7
 retrograde P-waves  95, 324–5, 348–9, 360

QRS complex
 calculating rates and intervals  5–7
 capture and sensing basics  13
 morphologies  28–33
 pacing spikes  8, 10
 T-waves  268

rapid intrinsic activity  316, 317
rate adaptation see rate response
rate formula  368
rate modulation see rate response
rate response  44–5, 110
 appropriate rate  206
 AV synchrony  49, 50
 intracardiac electrograms  90, 460–1
 troubleshooting paced ECGs  84
rates  5–7, 90, 105–6, 110–12
 double-counting  90
 interpretation  5–7, 105, 110
 pulses per minute versus beats per minute  265
refractory periods
 examples of tracings  151, 294
 intracardiac electrograms  94, 95
 single-chamber timing cycles  34–5
 see also PVARP; TARP
relative refractory periods  34–5, 94
retrograde conduction  381–2
retrograde P-waves
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 direction  348–9
 intracardiac electrograms  95
 examples of tracings  324–5, 348–9, 360
rhythm  105–6, 111, 119
right-ventricular (RV) pacing  219, 329
RV (right-ventricular) pacing  219, 329
R-waves see QRS complex

safety margins  195
safety pacing  352–3
sensed AV delays  112, 226
sensing  105–6, 110–12
 annotated ECGs  47
 AV synchrony  49, 50
 basics  11–13
 in depth  26–7
 dual-chamber pacing states  55–6
 intermittent oversensing  36–7
 intracardiac electrograms  93
 lead issues  163
 polarity confi gurations  155
 QRS morphologies  31–2
 thresholds  27
 troubleshooting paced ECGs  75–6, 84–5
 see also oversensing; undersensing
sensitivity  26–7, 84–5, 145, 416
sensor drive activity, annotated ECGs  47
single-chamber pacemakers  105, 106, 110–12
 AAI pacing  412
 modes in depth  14
 rate response  44–5
 timing cycles  34–5
states  55–6
 see also individual states
stored data  310–11
stored electrograms  see intracardiac electrograms
synchronous pacing  14

TARP (Total Atrial Refractory Period)
 pacemaker multiblock  61, 62
 pacemaker Wenckebach  337, 366
 examples of tracings  321, 337, 366
 upper-rate behavior DDD devices  71–2
timing issues
 atrial-based timing  372–3
 fusion/pseudofusion  159, 248–9
 single-chamber timing cycles  34–5
 ventricular-based timing  372–3
total atrial refractory period see TARP

tracking
 atrial tracking  51–2, 57–9, 85
 see also Maximum Tracking Rate
trigger events  86, 88–90, 99–100
troubleshooting  111
 capture testing  81–2
 in depth  83–5
 double-counting  90
 intermittent sensing problems  356–7
 intracardiac electrograms  94, 95
 need for pacemaker  191
 paced ECGs  73–6, 81–5
T-waves  5–7, 268

underlying rhythms  105, 106, 111
underpacing  25, 37, 136
undersensing
 functional non-capture  158–9, 180, 260–1, 

408
 overpacing  26, 38–9, 136
unipolar systems  8–10, 155
upper rate behavior
 dual-chamber pacemakers  71–2
 examples of tracings  288–9, 306, 310–11
 pacemaker multiblock  60–2
 pacemaker Wenckebach  65

V-A interval  328–9
VDD mode pacing  380–2, 452–3
ventricular-based timing  372–3
ventricular capture  77, 78, 105–6, 111
ventricular depolarization  39, 88, 111
ventricular events  88, 90, 93–4, 96–8
 types  154–5
Ventricular Intrinsic Preference (VIP)TM 

technology  203, 218, 440
ventricular pacing  111
 atrial tracking  51–2
 capture testing  80
 intervals  17–18, 51–2
 loss of capture  22–3
Ventricular Safety Standby (VSS)  448–9
ventricular sensing  105–6, 111
 automatic capture algorithms  77, 78
 capture testing  80
 loss of capture  22–3
 troubleshooting paced ECGs  75, 76
VIP (Ventricular Intrinsic PreferenceTM) 

technology  203, 218, 440
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VOO mode devices
 asynchronous pacing  282–3
 capture and sensing basics  13
 modes in depth  15
 examples of tracings  376
VP-AP states  328
VP-AS states  96, 97–8
VSS (Ventricular Safety Standby)  448–9
VVI mode devices  106, 110
 annotated ECGs  46–8
 automatic mode switching  68

 hysteresis  40–1
 intermittent oversensing  36–7
 loss of capture  22–3
 modes in depth  14–16
 oversensing  24–5
 QRS morphologies  29, 31–2
 undersensing  38–9
 ventricular pacing intervals  17–18

Wenckebach see pacemaker Wenckebach




