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First-Degree AV Block—An Entirely Benign Finding
or a Potentially Curable Cause of Cardiac Disease?
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First-degree atrioventricular (AV) block is a delay within the AV conduction system and is defined
as a prolongation of the PR interval beyond the upper limit of what is considered normal (generally
0.20 s). Up until recently, first-degree AV block was considered an entirely benign condition. In
fact, some complain that it is a misnomer since there is only delay and no actual block in the AV
conduction system (usually within the AV node). However, it has long been acknowledged that
extreme forms of first-degree AV block (typically a PR interval exceeding 0.30 s) can cause symptoms
due to inadequate timing of atrial and ventricular contractions, similar to the so-called pacemaker
syndrome. Consequently, the current guidelines state that permanent pacemaker implantation is
reasonable for first-degree AV block with symptoms similar to those of pacemaker syndrome or with
hemodynamic compromise, but also stresses that there is little evidence to suggest that pacemakers
improve survival in patients with isolated first-degree AV block. Recent reports suggest that it may
be time to revisit the impact of first-degree AV block. Also, several findings in post hoc analyses of
randomized device trials give important insights in possible treatment options. The present review
aims to provide an update on the current knowledge concerning the impact of first-degree AV block
and also to address the issue of pacing in patients with this condition.
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First-degree atrioventricular (AV) block is a delay
within the AV conduction system and is defined
as a prolongation of the PR interval beyond the
upper limit of what is considered normal (generally
0.20 s).1–3 The PR interval tends to lengthen
with increasing age and is on average longer
(approximately five to 10 ms) in men compared
to women.2,3 The electrophysiological properties
of first-degree AV block may vary and can be
due to delay within several different structures of
the heart (i.e., intra atrial delay, AV nodal delay,
delay in His-bundle or in the branches).4,5 Up until
recently, first-degree AV block was considered
an entirely benign condition.6–10 In fact, some
complain that it is a misnomer since there is only
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delay and no actual block in the AV conduction
system (usually within the AV node). However, it
has long been acknowledged that extreme forms
of first-degree AV block (typically a PR interval
exceeding 0.30 s) can cause symptoms due to inad-
equate timing of atrial and ventricular contractions,
similar to the so-called pacemaker syndrome.11

Consequently, the current guidelines state that
permanent pacemaker implantation is reasonable
for first-degree AV block with symptoms similar
to those of pacemaker syndrome or with hemo-
dynamic compromise (Class IIa indication), but
also stresses that there is little evidence to suggest
that pacemakers improve survival in patients with
isolated first-degree AV block.1
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Recent reports suggest that it may be time to
revisit the impact of first-degree AV block. Also,
several findings in posthoc analyses of randomized
device trials give important insights in possible
treatment options.

FIRST-DEGREE AV BLOCK IN
HEALTHY POPULATIONS

The incidence of first-degree AV block was
initially reported in apparently healthy, relatively
young, male populations such as aviators.6,7,10 In
good accordance, the incidence was reported to be
somewhere between five and 10 in 1,000 in most
of these studies6,7,10,12 and no association with
age, height, weight, heart rate, or blood pressure
was found in these very homogenous populations.7

Packard et al. investigated 1,000 aviators (all men,
mean age 23.7 years, range 20 to 30) at baseline
and at follow-up after 10 to 12 years.6 Over time
the PR interval seemed to lengthen somewhat,6

but none of the individuals with prolonged PR
interval at baseline or “marked prolongation” of the
PR interval during follow-up, showed any clinical
evidence of heart disease at the end of the study.6

However, in addition to the fact the population as
a whole was healthy and young, the number of
patients with first-degree AV block in the study
was low (n = 11).6

A somewhat older, but still healthy and all male,
population was studied by Blackburn et al. in
the International Study (12,770 men between the
ages of 40 and 59).13 Baseline ECG parameters
were recorded and their predictive properties for
coronary heart disease were explored during a
5-year follow-up. Although the event-rate was
low, a small, but significant excess of subsequent
coronary heart disease was seen in individuals with
first-degree AV block.13 This was the first data
indicating that first-degree AV block may actually
not be an entirely benign finding but the authors
concluded that the finding “varies somewhat from
insurance and military data, showing that it [first-
degree AV block] is of little consequence in
mortality prediction at younger age.”

Another healthy population of 1,832 men, with
identical age span as in the International Study
was investigated and followed for 7 years by
Erikssen et al.9 A higher prevalence of first-
degree AV block than previously reported was
seen (about 5%), but progression to higher degrees

of AV nodal block was very rare.9 Moreover,
almost half of the patients with prolonged PR
interval at baseline normalized their value during
follow-up.9 Surprisingly, and in stark contrast
to the findings reported by Blackburn et al.,
the incidence of coronary heart disease during
follow-up was, if anything (a nonsignificant trend),
lower among patients with first-degree AV block at
baseline, yet again suggesting that first-degree AV
block was an essentially benign condition.9

In 1986, Mymin et al. reported findings in
3,983 healthy male aviators (the Manitoba cohort),
initially evaluated right after the second world-war
and subsequently followed over a 30-year period.10

Again it was shown that over time the PR interval
prolongs, with a higher incidence of first-degree
AV block in the cohort at the later stages of follow-
up.10 In contrast to the finding by Erikssen et al.9 it
was shown that the intraindividual variation in PR
interval was small, with the vast majority of the
individuals (84%) exhibiting no more than 0.04 s
change over time.10 During the 30-year follow-up,
the highest rates of morbidity or mortality from
heart disease were seen in individuals with first-
degree AV block. However, these trends did not
reach statistical significance.10 This together with
the fact that very few of the patients with first-
degree AV block at entry progressed to second- or
third-degree AV block (as reported by Erikssen), led
the authors to conclude that first-degree AV block
was a benign condition.10

In summary, the early studies, primarily an-
alyzing young, healthy and very homogeneous
populations indicate that first-degree AV block is a
relatively rare condition with no apparent clinical
meaning.6–9 However, the few studies including
older subjects and/or with extended follow-up
indicate that the lack of association between first-
degree AV block and variables of outcome, may
primarily be due to lack of statistical power.10,13

STUDIES IN COMMUNITY-BASED
POPULATIONS

In a study published 1971, Perlman and
colleagues explored the impact of first-degree
AV block in a community-based health study.14

From the Tecumseh Community Health Study,
4,678 individuals were studied with respect to
the prevalence of first-degree AV block.14 None
of the individuals younger than 20 years had a
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PR interval exceeding 0.22 s. The prevalence was
then rather stable (about 10–15 per 1000) until the
sixth decade in life after which the prevalence
rose linearly (to about 145 per 1000 among
individuals older than 80 years).14 Like Erikssen et
al. later reported.9 the authors noted that on many
occasions PR-prolongation in younger individuals
resolved during follow-up. However, primarily in
the elderly, the prevalence of concomitant heart
disease was higher among patients with first-
degree AV block.14 Moreover, in patients with
pronounced PR-prolongation (exceeding 0.24 s)
a higher mortality rate was observed.14 Since
this was primarily seen in elderly individuals,
the authors concluded, “In otherwise healthy
persons less than 60 years of age, a prolonged PR
interval appears to be a benign and often transient
finding.”14

The first report to address possible ethnic differ-
ences in PR interval studied healthy employees and
their relatives of a major oil company in the Middle
East.15 The study population (n = 597) included
individuals from the Middle East (65%), Asia (26%),
and of European ancestry (9.5%) and did not show
any significant differences in PR interval between
the ethnic groups.15

In another study, by Upshaw, 2,123 patients
attending an urban hospital between the ages
of 20 and 99 years were investigated and the
findings were analyzed separately based on race
(African American and Caucasian).16 Concomitant
diseases or reason for hospital visit was not
reported. Overall, the differences were small and
both races showed a similar pattern with an
increasing prevalence of first-degree AV block
after the age of 50.16 African-Americans tended to
have a somewhat higher incidence of first-degree
AV block, most clearly seen among the oldest
individuals (90 to 99 years).16 Another population-
based epidemiological study later confirmed these
findings. In the Atherosclerosis Risk in Communi-
ties (ARIC) study African Americans were found
to have a higher proportion of individuals with
abnormal PR duration (defined as longer than
the 95th percentile in the study population) than
individuals with European ancestry.17

Two studies from the Framingham cohort shed
further light on the potential impact of first-degree
AV block on morbidity and mortality.18,19 In the
study by Schnabel et al., a risk score for atrial
fibrillation development was created. Alongside
classical risk factors, such as increasing age,

hypertension, heart failure etc., PR prolongation
turned out to be predictive of atrial fibrillation
development.18 The magnitude of difference be-
tween having a “short” PR interval (less than 0.16
s) and a “prolonged” (greater than or equal to
0.20 s) was in the same order as adding 10 years
of age or having hypertension and being obese.18

In the second study, Cheng et al. investigated
7,575 individuals (mean age 47 years, 54% women)
included in the Framingham cohort, without a
history of atrial fibrillation, anti-arrhythmic treat-
ment or pacemaker treatment.19 At baseline, 124
individuals (1.6%) were found to have a PR interval
exceeding 0.20 s.19 Individuals with first-degree
AV block were found to have a higher incidence
of atrial fibrillation (approximately doubled risk),
pacemaker implantation (approximately tripled
risk) and a moderately increased risk of all cause-
mortality. These numbers held true also after
adjusting for conventional risk factors, excluding
patients using nodal-blocking agents and excluding
patients with wide QRS-complexes.19 Additionally,
there was no evidence of sex interactions.19

Interestingly, 27% of the patients with first-
degree AV block at baseline developed higher-
grade conduction abnormalities (second- or third-
degree AV block and/or complete bundle-branch
block), 13% developed further PR-prolongation
(additional prolongation exceeding 0.04 s).19 These
findings led the authors to question the previous
notion of first-degree AV block being an entirely
benign condition.19

Using the National Health and Nutrition Ex-
amination Survey, Magnani et al. investigated
7486 individuals in sinus rhythm (mean age 60
years, 52% women, 50% ethnic minorities).20 Their
objective was to explore the association between
“P wave indices” (i.e., P wave duration, P wave
amplitude, and PR interval) and clinical outcome.
As before, the PR interval was reported to be longer
in men and to increase with increasing age.20 In
the univariate analysis PR interval was found to
be associated with mortality, but P wave duration
was the only P wave parameter to be independently
associated with mortality.20

In a subsequent study, in an older population
included in Health ABC (mean age 74 years),
Magnani et al. reported that PR-prolongation
(exceeding 200 ms) was associated with an 46%
increase in incident heart failure over a 10-year
period.21 However, the increased risk of heart
failure was not confined to those individuals with
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first degree AV block (i.e., PR interval exceeding
200 ms), instead every SD increase in PR interval
was associated with an 13% increased risk of
incident heart failure. In contrast with previous
studies, no association between race and PR-
interval was found.21

The community-based studies have shown that
first-degree AV block is more common than
first assumed and that it becomes increasingly
prevalent with increasing age regardless of race
or gender.14,16,21 The thorough reports from the
Framingham population shows without any doubt
that first-degree AV block is associated with worse
outcome.18,19 The key question that remains open
is whether first-degree AV block is merely a sign
of increased risk or if it is part of the problem in
itself.

FIRST-DEGREE AV BLOCK IN
PATIENTS WITH CORONARY

HEART DISEASE

Crisel et al. investigated 938 patients with stable
coronary artery disease using data from the Heart
and Soul Study.22 As expected, the prevalence
of first-degree AV block was substantially higher
than observed in the healthy populations, with a
prevalence around 9%.22 Patients with first-degree
AV block were shown to be older (mean of 73 vs.
65 years), more likely to be male (91 vs. 81%),
had a higher prevalence of heart failure history
(26 vs. 16%) and were less likely to smoke (11 vs.
21%), than patients with normal AV conduction.22

In addition, they had a lower ejection fraction
(mean 59 vs. 62%), were more likely to have
inducible ischemia and more often had a QRS
duration exceeding 100 ms.22 Well in keeping
with the Framingham data, during follow-up (mean
6.2 years) patients with first-degree AV block
were more than twice as likely to be hospitalized
for heart failure and/or die from cardiovascular
causes and had a more than 50% increased risk
of dying from any cause.22 The only covariates to
be significantly associated with the observed risk
estimates were lower ejection fraction or a history
of heart failure, which led the authors to speculate
that first-degree AV block may indeed be a cause of
heart failure in patients with stable coronary artery
disease.22

In the Finnish cardiovascular study, 1979
patients (mean age in the late fifties) referred

for clinically motivated exercise testing were
studied.23 Roughly a third of the patients had
coronary heart disease and a fifth had a previous
myocardial infarction. First-degree AV block (PR
interval exceeding 0.20 s) pre- and postexercise
were both shown to be predictive of mortality
during the 47 months follow-up, but the post
exercise measure was the only independently
predictive factor.23 The authors suggested that
the postexercise assessment of first-degree AV
block may offer improved prediction because of
functional abnormalities that become manifest
only during this physiologic challenge to the
heart.23

The two studies available focusing on first-
degree AV block in patients with known22 or
suspected23 coronary heart disease reinforces the
findings from the larger community-based studies
that first-degree AV block is associated with worse
outcome, but they do not answer the question
whether or not the PR prolongation is the cause of
the problem. The findings regarding the prevalence
and possible impact of first-degree AV block are
summarized in Figure 1.

INSIGHTS FROM DEVICE STUDIES
INCLUDING PATIENTS WITH

CONGESTIVE HEART FAILURE

The modern era of cardiac resynchronization
trials have not only generated a lot of data on
optimal treatment of patients with congestive
heart failure and dyssynchrony,24–27 but also some
additional information on the possible prognostic
meaning of first-degree AV block.28–30

The first piece of information in this patient
category came from a much smaller study,
though. Tedrow et al. studied 75 patients from
a database of patients receiving cardiac resyn-
chronization therapy (CRT) (mean age 66 years,
mean left ventricular ejection fraction LVEF]
about 20%) and explored possible predictors of
poor outcome (the combined end point of death,
cardiac transplantation or left ventricular assist
device implantation) during a 1-year follow-up.31

Although, a prolonged PR interval was shown
to be associated with a worse clinical state, it
was not independently predictive of poor clinical
outcome.31

The Multicenter InSync Randomized Clinical
Evaluation (MIRACLE)24 and Multicenter InSync



A.N.E. � May 2013 � Vol. 18, No. 3 � Holmqvist and Daubert � First-Degree AV Block � 219

Figure 1. A summary of the prevalence and impact of first-degree AV
block in various populations. Findings in studies including healthy individuals,
community-based studies and studies including patients with concomitant
diseases. Notably, the prevalence of first-degree AV block seems to increase
with age and more advanced clinical state. Likewise, the affect of first-
degree AV block on outcome and clinical state is primarily seen in the older
and/or more comorbid populations. AF = atrial fibrillation; AVI = first-degree
AV block; CHD = coronary heart disease; CRT = cardiac resynchronization
therapy; HF = heart failure; PM = pacemaker.

ICD Randomized Clinical Evaluation (MIRACLE-
ICD)25 trials included very similar patient popula-
tions (LVEF less than 35%, QRS duration exceeding
130 ms, New York Heart Association NYHA]
class III or IV) who were randomized to optimal
medical therapy or CRT (MIRACLE) or CRT-D,
respectively (MIRACLE-ICD). In a subanalysis of
these two trials Pires et al. identifies predictors
of CRT response (defined as improvement in
NYHA-class).30 In spite of the similar patient
populations, the identified predictors differed
substantially between the two trials, with virtually
no overlap.30 First-degree AV block was identified
as an independent marker for poor CRT response
in the MIRACLE trial.30 The fact that this was
not seen in MIRACLE-ICD (P = 0.64), although

the study populations were very similar, raises the
question whether the finding is genuine or merely
a chance finding.

On the other hand, although the approach was
slightly different, a similar finding was seen in
a subanalysis of the Cardiac Resynchronization –
Heart Failure (CARE-HF) trial.26,28 In a similar
patient population (e.g., left ventricular ejection
fraction less than 35%, QRS duration exceeding
120 ms, NYHA-class III or IV) a prolonged
PR interval was identified as being a predictor,
not of nonresponse as in the MIRACLE trial,
but of unfavorable outcome (death, unplanned
hospitalization for management of a major cardiac
event).28 This held true also after adjusting for
CRT treatment or not, i.e., PR prolongation was
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associated with unfavorable outcome regardless of
treatment arm.28

Moreover, the findings in CARE-HF and the
finding in MIRACLE are both supported by
findings in Danish registry study from Kronborg
et al.32 In this study 659 patients who received
either a clinically indicated CRT-P or CRT-D
were studied (mean age 66 years, mean LVEF
25%).32 After adjustment for relevant covariables,
a prolonged PR interval (exceeding 0.20 s) was as-
sociated with nonresponse (left ventricular ejection
fraction improvement less than 5%) as well as with
a poor clinical outcome (all-cause mortality and
cardiac mortality).32

Hence, it seems as if the earlier findings of
first-degree AV block being a predictor of worse
clinical outcome hold true also in heart failure
patients with clinical indication for CRT.28,30–32

However, there was an additional finding in CARE-
HF that warrants further notice. Not only was
a PR prolongation found to be a predictor of
poor clinical outcome, a shortening of the PR
interval from baseline to 3-month follow-up was
a strong predictor of favorable outcome, indicating
that applying CRT to patients with PR prolongation
may improve their prognosis.28 This brings us
closer to the remaining question, is first-degree
AV block more than just a sign of advanced
disease?

FIRST-DEGREE AV BLOCK—SIGN OF
DISEASE OR THE PROBLEM ITSELF?

At least three substudies of large, randomized
clinical trials on patients with congestive heart
failure treated with ICD or CRT address this
question, with somewhat diverging results.29,33,34

Another study the Danish Multicenter Random-
ized Trial on Single Lead Atrial Pacing versus
Dual Chamber Pacing in Sick Sinus Syndrome
(DANPACE) randomized patients with sick sinus
syndrome to either AAIR or DDDR pacing.35

The dual chamber and VVI implantable defib-
rillator (DAVID) trial randomized patients (mean
age in the mid-sixties, more than 80% men,
mean LVEF circa 27%) with standard indications
for implantable defibrillator but without pacing
indication, to either DDDR pacing or to standard
backup ventricular pacing.36 The authors showed
that DDDR pacing did not offer any advantages
over backup ventricular pacing, in fact it seemed to

be associated with an increase in the combined end
point of heart failure hospitalization or death.36 In
a subsequent subanalysis it was further explored
if patients without formal pacing indications, but
with sinus bradycardia (heart rate less than 60
beats per minute) and/or first-degree AV block
(PR interval exceeding 0.20 s), did benefit from
pacing.33 Consistent with the main findings in
DAVID, Kutalek et al. showed that the 169
patients with “soft indications” for pacing (91
of whom had first-degree AV block, median PR
interval 0.22 s) did not differ from the study
group as a whole, i.e., DDDR pacing was still
detrimental.33

In the Managed Ventricular pacing versus
VVI 40 Pacing (MVP) trial, patients (mean age
62 years, 80% male) with an indication for
ICD according to current guidelines but without
significant bradycardia were randomized to either
atrial pacing with ventricular backup at 60 beats
per minute or only ventricular backup pacing
at a lower rate (40 beats per minute).34 The
vast majority of the randomized patients (80%)
received the ICD as primary prevention, 84%
had dilated cardiomyopathy (of whom three
quarters had ischemic heart disease) and the
mean ejection fraction in the study population
was 35%.34 Overall, the primary end point of all-
cause mortality or worsening heart failure favored
ventricular backup pacing.34 But of particular
interest for the current review, was the finding in
a posthoc analysis of the subgroup of patients with
prolonged PR interval (exceeding 0.23 s, 10% of
the entire population). In that subgroup, patients
randomized to atrial pacing was found to do
significantly worse than patients with ventricular
backup pacing, with a substantially higher rate
of death or heart failure events. In contrast,
the event rate of patients with PR prolongation
with ventricular pacing was similar to that of
patients without PR prolongation and when looking
only at patients with normal AV conduction (PR
interval less than 0.23 s) no differences were
seen between patients randomized to either pacing
strategy.34 That is, the overall difference observed
in the MVP trial was primarily due to a high
event rate in patients with first-degree AV block
randomized to atrial pacing.34 However, a word
of caution is warranted, the prespecified cutoff for
PR prolongation was 0.22 s and using this value
patients with PR prolongation did not differ from
the study population as a whole.34
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In DANPACE, where 1415 patients (mean age
circa 73 years, two-thirds female, 10% of the
population had subnormal LVEF) with sick sinus
syndrome were randomized to either AAIR or
DDDR pacing, it was reported that the incidence
of AF was higher among patients treated with
AAIR pacing.35 Interestingly, a subsequent posthoc
analysis revealed that the AAIR associated risk-
increase was predominately seen in patients with
baseline PR longer than the mean (exceeding
0.18 s), well in keeping with the findings in the
MVP trial.37 Moreover, in patients randomized to
DDDR pacing no association between percentage
ventricular pacing or the programmed AV interval
and risk of AF could be seen.37 There was a
nonsignificant trend toward a difference between
patients with prolonged PR interval randomized
to AAIR versus DDDR, with a better outcome in
the DDDR group, indicating that DDDR pacing
may attenuate the negative effects of first-degree
AV block or at least, not be as harmful as AAIR
pacing.37 The findings in MVP and DANPACE
suggest that atrial pacing may amplify the negative
effects of having a first-degree AV block. This in
turn, may indicate that first-degree AV block is not
merely a “sign” of advanced disease, it may in fact
be a problem in itself.

The most recent piece of information of this
sort comes from the recently published posthoc,
subanalysis of the Comparison of Medical Ther-
apy, Pacing, and Defibrillation in Heart Failure
(COMPANION). The COMPANION trial included
patients with congestive heart failure (ischemic
or nonischemic) and QRS duration exceeding 120
ms who were randomized to either CRT (-D
or -P) or optimal medical therapy (mean age
67 years, two-thirds men, mean LVEF around
20%).27 In a subanalysis by Olshansky et al.,
patients with prolonged PR interval (exceeding
or equal to 0.20 s, 52% of the population) were
compared with patients with normal PR interval.29

In striking resemblance with the Heart and Soul
Study.22 patients with prolonged PR interval were
older, more likely to be male and had somewhat
wider QRS complexes.29 In addition, they were
more likely to have heart failure of ischemic
etiology and renal disease was more prevalent.29

In the patient subset treated with optimal medical
therapy, patients with first-degree AV block had a
significantly higher event-rate (all-cause mortality
or heart failure hospitalization) than patients with
normal AV conduction, again emphasizing the fact

that first-degree AV block is to be considered
as a negative prognostic factor.29 In contrast, in
the subset of patients treated with CRT, there
were no significant differences between patients
with first-degree AV block and patients with
normal AV conduction.29 Unlike the findings in
the DAVID and MVP trials, these findings indicate
that the negative effect inferred by the AV-block
may possibly be attenuated, is this case using
biventricular pacing.

According to these reports, treating first-degree
AV block with pacing could either amplify (AAI
pacing in the MVP and DANPACE trial),34,37 not
affect (DDDR pacing in DAVID)33 or attenuate
(CRT pacing in COMPANION)29 the negative
effects inferred by the PR prolongation. Although
seemingly conflicting, at least the difference
between DDDR and CRT pacing may be explained
by the fact that right ventricular pacing has
been shown to worsen congestive heart failure
and increase the risk of atrial fibrillation.38–41

It may be, that the magnitude of the negative
effects inferred by the PR prolongation is not
enough to balance the harm induced by right
ventricular pacing only, but may be enough to
balance the less detrimental effects of biventricular
pacing. At this stage this is pure speculation and
the concept needs to be proven in prospective,
randomized trials. In any case, the findings in
DAVID, MVP and COMPANION corroborate the
notion that first-degree AV block is not merely a
sign of disease. Clearly, it is a factor in itself that
could be influenced, either amplified or attenuated,
depending on treatment strategy. The findings
regarding first-degree AV block and pacing are
summarized in Figure 2.

CONCLUSIONS AND FUTURE
PERSPECTIVES

In the literature, there is now overwhelming ev-
idence that first-degree AV block is not an entirely
benign condition. Instead, the more interesting
question seems to be whether a prolonged PR
interval primarily identifies high-risk patients or if
the prolonged PR interval is a part of the problem
per se (e.g., via delayed ventricular activation). The
data from the studies discussed above, support the
hypothesis that first-degree AV block may, at least
in part, be a part of the problem in itself (e.g.,
atrial pacing augments the negative effects, while
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Figure 2. A summary of pacing and outcome in patients with first-degree AV block. The gray boxes comprise data
regarding patients with first-degree AV block compared with patients with normal AV conduction. The white boxes
comprise data regarding different pacing methods in patients with first-degree AV block. AF = atrial fibrillation; AVI =
first-degree AV block; HF = heart failure; SSS = sick sinus syndrome.

CRT attenuates it).29,34,37 If first-degree AV block
were simply a sign of advanced disease, one would
not expect the effect to be modulated by different
pacing modalities.

The proof of this concept in its purest form
would be if first-degree AV block were induced
in otherwise healthy subjects and the outcome
of these subjects was monitored and compared
with controls. For obvious reasons this cannot
be done, but one potentially important piece of
information with respect to this question was
given by a small study by Wang et al.42 In that
study the authors explored the long-term impact
of PR prolongation following ablation of AV nodal
reentrant tachycardia. Seventeen patients (mean

age 43 years, nine female; 3.9% of the entire
cohort) developed first-degree AV block following
the ablation. During a follow-up of three to 6 years
none of these patients’ AV conduction deteriorated
further, they all remained symptom free and
their left ventricular ejection fraction, measured
using echocardiography, remained unchanged.42

Although the study actually provides some support
for the notion that first-degree AV block in itself
may not be the problem, there is an obvious
risk to once again having to rely on studies that
are underpowered to detect clinically relevant
differences.

Should PR interval be considered a useful
predictor and more broadly used, it is probably
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necessary to look into more detail regarding the
rate and age dependence of PR prolongation. It is
likely that some kind of correction formula needs
to be developed.43

Another open question is how to optimally pace
in first-degree AV block. As briefly mentioned
above there is compelling evidence that right
ventricular pacing may be detrimental at least in
patients with heart failure.38–41 Due to the PR
prolongation, these patients will require continual
forced pacing when paced.44 At least in patients
with concomitant heart failure it may seem
reasonable to consider CRT in those case pacing
is initiated 1.29 In a small pilot study, Iliev et al.
compared AAI and DDD pacing in 19 patients with
SSS and first-degree AV block. Using echocardiog-
raphy, the study showed that the optimal pacing
method (as measured using the aortic flow time
velocity integral) depended on intrinsic AV interval
and desired pacing frequency.45 This indicates that
the optimal pacing method may well vary between
individuals.

Recently, a heritable component to atrioventric-
ular conduction was described, with a substantial
portion of variability in PR interval duration
attributable to heritable factors46,47 and genetic
studies have begun to unravel genetic variants
which cause prolonged PR duration.47–52 Interest-
ingly, several of these genetic variants have been
associated with increased risk of atrial fibrillation,
heart block, and pacemaker implantation.

First-degree AV block is without any doubt a
sign of worse clinical prognosis. This may or may
not be partly instituted by the PR prolongation in
itself, but the truth is most probably somewhere
in between. The predominantly retrospective,
posthoc findings in the device trials that have given
us most of the information regarding the potential
to “correct” the delay in AV conduction needs to be
confirmed in future, prospective studies.
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