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The relationship of the prolonged PR interval with the long-term survival 
in patients with heart failure undergoing cardiac resynchronization therapy

Soldatova A. M., Kuznetsov V. A., Gizatulina T. P., Malishevsky L. M., Dyachkov S. M.

Aim. To assess the relationship between the prolonged PR 
interval (≥200 ms) and the long-term survival of patients 
undergoing cardiac resynchronization therapy (CRT).
Material and methods. A total of 85 patients (mean age — 
55,1±9,9 years; men  — 81,2%) with NYHA class II-IV heart 
failure (HF) were examined. The mean follow-up was 
34,0±21,2 months. Patients with PR<200 ms (n=52) made up 
group I, with PR≥200 ms (n=33) — group II. Then the patients 
were divided into subgroups depending on the QRS duration: 
≥150 ms (n=33 in group I and n=14 in group II, respectively) 
<150 ms (n=19 in group I and n=19 in group II, respectively).
Results. In patients of group II, a history of myocardial 
infarction (MI) was more often registered (p=0,005), left 
ventricular ejection fraction (LVEF) was lower (p=0,032). In a 
multivariate analysis, MI (OR 3,217; CI 95% 1,188-8,712; 
p=0,022) and LVEF value (OR 0,869; CI 95% 0,780-0,968; 
p=0,011) had a significant relationship with the PR interval 
prolongation (≥200 ms). The survival of patients of group I 
was 59,6%, group II  — 18,2% (Log-rank test p<0,001). 
According to Cox regression model, the initial left ventricle 
end-systolic volume (OR 1,012; 95% CI 1,006-1,017; p<0,001), 
inferior wall MI (OR 1,690; 95% CI 1,131-2,527; p=0,011) and 
PR interval ≥200 ms (OR 2,179; 95% CI 1,213–3,915; p=0,009) 
were associated with long-term mortality. In patients with 
PR≥200 ms, survival rate was low, regardless of the QRS 
duration (21,4% in patients with QRS≥150 ms, 15,8% in 
patients with QRS<150 ms; Log-rank test p=0,698) In patients 
with PR<200 ms, the survival rate of patients with QRS≥150 

ms was 72,7%, and for patients with QRS<150 ms — 36,8% 
(Log-rank test p=0,031).
Conclusion. In HF patients, PR interval prolongation (≥200 
ms) is associated with long-term mortality increase. The 
highest survival rates were observed in patients with PR<200 
ms and QRS≥150 ms. In patients with QRS≥150 ms, the 
presence of PR≥200 ms should be considered as an 
additional criterion for CRT.

Key words: cardiac resynchronization therapy, heart failure, 
first-degree AV block.
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tion, electrocardiography, echocardiography were 
performed. Echocardiography was performed on a 
Philips ultrasound machine (IE‑33, USA). The mea‑
surement of cardiac chamber volumes and LVEF was 
carried out using a two‑dimensional echocardiogra‑
phy by Simpson method. At each planned visit, atrio‑
ventricular and intraventricular delays were opti‑
mized in accordance with local clinical practice.

ECG was performed using a Poly‑Spectrum 8/E 
system (Neurosoft, Russia) with a paper speed of 50 
mm/s; the evaluation was carried out by two inde‑
pendent specialists. Depending on the initial PR 
interval value, patients were divided into two groups: 
group I  — normal PR interval (<200 ms; n=52); 
group II — prolonged PR interval ≥200 ms (n=33). 
Then, the patients were divided into subgroups 
depending on the QRS duration: ≥150 ms (33 people 
in group I and 14 people in group II, respectively) 
and <150 ms (19 in group I and 19 in group II, 
respectively). Survival of CRT patients in groups was 
evaluated.

Statistical processing of the study results was car‑
ried out using the IBM SPSS Statistics 21 software 
package. The normality of the distribution of quanti‑
tative parameters was evaluated by the Kolmogorov‑
Smirnov test. All indicators had a normal distribution 
and were presented as M±SD (M  — mean value, 
SD — standard deviation). When analyzing qualita‑
tive data, the Chi‑squared test was used. When com‑
paring quantitative data, the Student’s t‑test was used 
in the case of normal distribution, the Mann‑Whit‑
ney test in the case of non‑normal distribution. To 
identify correlations, the Pearson correlation coeffi‑
cient was calculated. Multivariate analysis (binary 
logistic regression) was used to identify the indepen‑
dent relationship of the studied parameters with the 
prolongation of the PR interval. Survival was assessed 
by the Kaplan‑Meier estimator. Cox regression model 
was used to assess the effect of clinical and functional 
parameters on patient survival. Differences were con‑
sidered significant at p<0,05. 

This study was performed in accordance with the 
Helsinki declaration. The study protocol was approved 
by the local ethics committees. All participants gave 
written informed consent. 

Results
Patients of group II were more likely to have a his‑

tory of myocardial infarction (MI), including inferior 
wall MI, and lower LVEF. According to binary logis‑
tic regression, the presence of MI (odds ratio (OR) 
3,217; confidence interval (CI) 95% 1,188‑8,712; 
p=0,022) and LVEF (OR 0,869; CI 95% 0,780‑
0,968; p=0,011) had a significant association with a 
prolongation of the PR interval ≥200 ms.

According to the current guidelines for the man‑
agement of patients with heart failure with a reduced 
ejection fraction (HFrEF), the main criteria for 
patient selection in cardiac resynchronization ther‑
apy (CRT) are QRS ≥150 ms and left bundle‑branch 
block (LBBB) [1]. However, the use of these criteria 
in clinical practice has repeatedly raised doubts. The 
results of an individual meta‑analysis with the stud‑
ies, on the basis of which the guidelines for patient 
selection in CRT were changed, showed that the 
QRS duration, but not its morphology, was the only 
significant electrocardiographic (ECG) criterion 
affecting mortality in CRT patients [2]. It has been 
demonstrated that not all patients with wide QRS 
complex will have CRT equally effective [3], and 
therefore, the search for additional ECG selection 
criteria is a relevant objective.

Recent studies have shown the association of first‑
degree atrioventricular (AV) block, manifested by 
prolonging the PR interval >200 ms, with an unfa‑
vorable prognosis in patients with HF, coronary 
artery disease, as well as in the general population 
[4‑6].

The relationship of first‑degree AV block with the 
CRT effect on mortality reduction remains poorly 
understood.

The aim of the study was to evaluate the relation‑
ship between the prolonged PR interval (≥200 ms) 
and the long‑term survival of CRT patients, includ‑
ing in groups with different value of QRS duration.

Material and methods
Since 2003, a register of CRT operations has been 

kept at the Tyumen Cardiology Research Center. 
After a retrospective analysis of the ECG performed 
before implantation of CRT devices, 85 patients were 
selected from the register (81,2% of men, 18,8% of 
women; mean age 55,1±9,9 years). The study 
included patients with sinus rhythm (71,7%), parox‑
ysmal atrial fibrillation (AF) (21,2%), as well as per‑
manent AF after AV node ablation (7,1%). We 
excluded patients without ability to fully analyze the 
initial ECG data. The clinical characteristics of 
patients are presented in Table 1.

In all patients, implantation of CRT devices was 
performed with the following criteria: QRS ≥120 ms, 
NYHA class II‑IV HF, left ventricular ejection frac‑
tion (LVEF) ≤35%. All patients received drug therapy 
in accordance with current guidelines [1]. The mean 
follow‑up was 34,0±21,2 months.

CRT devices were implanted in all patients, in 
64,7% — cardiac resynchronization therapy defibril‑
lator (CRT‑D). Examination of patients was carried 
out before device implantation and after 1, 3 months 
and every subsequent 6 months. Clinical examina‑
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Correlation analysis did not reveal a significant 
association of first‑degree AV block with gender (r=‑
0,094; p=0,392), body mass index (r=‑0,0534; 
p=0,634) and left atrial volume (r=0,189; p=0,145), 
while there was a tendency towards correlation with 
the patients’ age (r=0,614; p=0,055).

The survival of group I patients was 59,6%, of 
group II patients — 18,2% (Log‑rank test p<0,001). 
Kaplan‑Mayer curves characterizing the survival of 
patients in groups are presented in Figure 1.

In order to identify factors associated with the 
mortality of CRT patients, Cox regression analysis 
was performed. It included the following parameters: 
gender, age, primary diagnosis, MI history, MI local‑
ization, NYHA class of HF, PR ≥200 ms, QRS ≥150 
ms, end‑systolic and end‑diastolic volumes of the left 

ventricle (LV), LVEF. As a result of direct step‑by‑
step selection, three parameters were included in the 
model: initial LV end‑systolic volume (OR 1,012; 
95% CI 1,006‑1,017; p<0,001), inferior wall MI (OR 
1,690; 95% CI 1,131‑2,527; p=0,011) and PR interval 
≥200 ms (OR 2,179; 95% CI 1,213‑3,915; p=0,009).

When dividing patients into subgroups depending 
on the QRS duration, it was found that patients with 
prolonged PR interval ≥200 ms had low survival rate, 
regardless of the QRS duration: 21,4% in patients 
with QRS ≥150 ms and 15,8% in patients with QRS 
<150 ms (Log‑rank test p=0,698). In patients with 
PR interval <200 ms, the survival rate for patients 
with QRS ≥150 ms was 72,7% versus 36,8% for 
patients with QRS <150 ms (Log‑rank test p=0,031) 
(Figure 2).

Table 1
Initial clinical and functional characteristics of patients (n=85)

Parameter Group I (PR <200 ms) n=52 Group II (PR ≥200 ms) n=33 p
Age (years) 54,9±9,4 55,4±10,9 0,817
Gender (men, %) 75,0 90,9 0,067
ICM (%) 48,1 60,6 0,598
IM history (%) 21,2 42,4 0,023
IM localization:
Anteroseptal 
Inferior wall

7,7
13,5

15,2
27,3

0,040

Rhytm:
sinus
paroxysmal AF
permanent AF

78,8
13,5
7,7

60,6
33,3
6,1

0,055

AV node ablation 7,7 6,1 0,956
NYHA class of HF (%):  II
 III
 IV

46,1
40,4
13,5

34,3
54,5
21,2

0,101

Left bundle branch block (%) 65,4 54,5 0,318
QRS (ms) 157,9±33,7 159,5±30,9 0,821
P (ms) 124,5±15,9 127,4±20,3 0,541
CRT-D (%) 65,4 63,6 0,869
6 minute walk test (m) 305,6±104,7 260,5±111,9 0,072
LVEF (%) 31,7±7,6 28,1±4,6 0,032
LVEDV (ml) 241,3±70,6 261,3±61,0 0,185
LVESV (ml) 167,6±59,3 189,6±52,0 0,084
Mitral regurgitation (%):
normal
mild
moderate
severe

3,8
22,2
61,5
13,5

-
15,2
78,8
6,0

0,738

PR interval, ms 168,3±19,5 222,3±21,2 <0,001
AV delay 121,6±16,8 123,2±12,9 0,706

Abbreviations: AV  — atrioventricular, MI  — myocardial infarction, ICM  — ischemic cardiomyopathy, LVEDV  — left ventricular end-
diastolic volume, LVESV  — left ventricular end-systolic volume, CRT-D  — cardiac resynchronization therapy defibrillator, LVEF  — left 
ventricular ejection fraction, AF — atrial fibrillation.
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In order to compare the diagnostic significance of 
electrocardiographic parameters, Cox regression 
analysis was performed for two variables: QRS ≥150 
ms (OR 0,603; 95% CI 0,333‑1,091; p=0,095) and 
PR ≥200 ms (OR 2,487; 95% CI 1,571‑5,160; 
p=0,001). This confirmed a more significant rela‑
tionship between the PR interval value and mortality 
in comparison with the QRS duration.

Discussion
According to the current guidelines for the man‑

agement of HF, the main method of selection of 
HFrEF patients for CRT is an ECG. It allows to 
assess the presence and severity of cardiac dyssin‑
chrony by electrical markers  — QRS duration and 
morphology [1].

The relationship between the wide QRS complex 
≥150 ms and LBBB with the better effectiveness of 
CRT in mortality reduction was demonstrated in a 
number of large studies [1]. Based on the results of 
these studies, Russian and foreign guidelines for the 
management of HF were revised. Since 2012, the new 
selection criteria for CRT are the QRS duration >150 
ms and LBBB. However, these changes did not 
improve the selection quality and did not increase the 
proportion of patients responding to CRT, and there‑
fore, the search for an additional selection criterion 
seems relevant.

One of the potential additional factors associ‑
ated with an unfavorable prognosis is first‑degree 
AV block, manifested by prolonging the PR inter‑
val >200 ms. It was previously shown that first‑
degree AV block can lead to hemodynamic impair‑
ment, mitral regurgitation and AF in HF patients. 
It is also unfavorable prognostic factor for patients 
with coronary artery disease, as well as for general 
population [4, 5]. According to the results of the 
Framingham Heart Study, the presence of first‑
degree AV block in the general population was 
associated with an increased risk of mortality, AF, 
and pacemaker implantation during 20 years of 
follow‑up [6].

The PR interval value may depend on a number of 
factors: genetic and anatomical characteristics, body 
weight, age, gender. The prevalence of first‑degree 
AV block among young people in the general popula‑
tion (20‑30 years of age) is 1‑2%, among people over 
60 years old  — 3‑4% [7]. In young patients, the 
development of AV block is most often caused by the 
increased activity of parasympathetic nervous sys‑
tem, and in patients older than 60 years of age — by 
heart diseases leading to fibrosis and sclerosis of the 
conduction system: for example, AV conduction 
slowing may occur with the left atrial dilatation and 
the development of fibrosis [4, 7].

Among HF patients with indications for CRT, the 
prevalence of first‑degree AV block is significantly 
higher and can reach 50% [8].

In our study, first‑degree AV block was detected in 
38,8% of patients. Correlation analysis did not reveal 
any reliable relationships of PR interval value with 
gender, body mass index, left atrial dimension and 
volume, and LV dimension; there was only a ten‑
dency towards correlation with the patients’ age at 
the time of implantation.

Previously, the association of first‑degree AV 
block with the survival of CRT patients was evalu‑
ated, and the authors obtained contradicting results. 
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Figure 1. Survival of patients in groups depending on the PR 
interval.
Note: I — PR <200 ms (59,6%), II — PR ≥200 ms (18,2%), Log-
rank test p<0,001.

Figure 2. Survival of patients in groups depending on the duration 
of QRS complex and the PR interval.
Note: I — QRS ≥150 ms, PR <200 ms (72,7%); II — QRS <150 ms, 
PR <200 ms (36,8%); III — QRS ≥150 ms, PR ≥200 ms (21,4%); 
IV  — QRS <150 ms, PR ≥200 ms (15,8%). Log-rank test: I vs II 
p=0,031; III vs IV p=0,698; I vs III p=0,001; I vs IV p<0,001; II vs IV 
p=0,160.
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In an additional analysis of the ReTHinQ study, 
patients with prolonged PR interval >180 ms had a 
significantly more pronounced decrease in HF 
severity (NYHA functional classification) and LVEF 
increase; it should be noted that all patients included 
in the study had QRS ≤130 ms [9]. According to the 
results of the COMPANION study, a favorable out‑
come in CRT patients was associated with a pro‑
longed PR interval, without taking into account the 
QRS width and morphology [8]. When assessing the 
relationship between the PR interval and long‑term 
survival in CRT patients without LBBB, it was 
shown that patients with prolonged PR interval 
≥230 ms had a significantly reduced mortality risk, 
while in patients with PR <230 ms, CRT did not 
reduce the mortality risk compared with implanta‑
tion of a cardioverter defibrillator [10]. A number of 
studies have not demonstrated a relationship 
between the PR interval value and the survival of 
CRT patients [11]. Other studies have confirmed the 
association of adverse outcomes with prolonged PR 
interval. Thus, according to the results of an addi‑
tional analysis of the CARE‑HF study, first‑degree 
AV block was a significant predictor of all‑cause 
mortality and HF‑related hospitalization [5]. When 
dividing patients into groups depending on the 
LBBB presence, prolonged PR interval was associ‑
ated with an unfavorable outcome only in the group 
of patients without LBBB [12]. According to the 
results of the largest study (26451 patients), prolon‑
gation of PR interval >230 ms was an independent 
predictor of an adverse outcome in CRT patients; 
contrary to the results of other studies, this relation‑
ship was revealed only in patients with LBBB [13]. 
In study by Rickard J, et al. prolonged PR ≥200 ms 
was associated with an unfavorable outcome in 
patients with LBBB and was a more significant 
mortality predictor than QRS widening [14]. In our 
study, in HF patients receiving CRT, prolongation 
of the PR interval ≥200 ms was associated with a 
significantly higher long‑term mortality. When 
dividing patients into groups depending on the QRS 
widening, it was found that patients with PR ≥200 
ms had a low survival rate, regardless of the QRS 
width. In patients with PR <200 ms, the QRS dura‑
tion was of fundamental importance. The combina‑
tion of PR <200 ms with widened QRS ≥150 ms was 
associated with significantly improved long‑term 
survival in CRT patients. Thus, prolongation of the 
PR interval ≥200 ms was a more significant mortal‑
ity predictor than the QRS width. These data con‑
firmed the results of study by Rickard J, et al.

The increase in the frequency of adverse out‑
comes with prolonged PR interval can be explained 

by severe hemodynamic impairment caused by dia‑
stolic dysfunction, manifested by the fusion of the 
mitral E and A waves, shortening of left ventricular 
filling time, and the development of diastolic mitral 
regurgitation [15]. In addition, according to some 
researchers, prolongation of the PR interval is asso‑
ciated with more severe comorbidity and is a marker 
of the disease severity. So, in our study, a significant 
relationship of the prolonged PR interval with MI 
history and lower LVEF was found, and according 
to the results of Cox regression analysis, PR ≥200 
ms, history of inferior wall MI and the initial end LV 
‑systolic volume had a significant relationship with 
long‑term mortality in CRT patients. It is important 
to note that the asynergy of the basal and middle 
segments of the posterior septal, posterior and infe‑
rior LV walls is associated with injury to the atrio‑
ventricular node and/or the His bundle trunk. It can 
lead to the AV block, LBBB or its branches. Conse‑
quently, combination of QRS complex and PR 
interval prolongation was probably due to ischemic 
injury after MI.

When PR interval and QRS complex values were 
included in the Cox regression model, the latter did 
not show a significant relationship with long‑term 
survival. It demonstrates a more significant role of 
diastolic disorders associated with AV conduction 
slowing before the CRT onset, compared with LV 
systolic dysfunction due to intraventricular and inter‑
ventricular dyssynchrony.

Study limitations. This study was single‑center, 
retrospective, and includes a small number of patients. 
We did not evaluate the CRT effect on clinical and 
functional parameters, and also did not assess the 
response to CRT in groups depending on the first‑
degree AV block presence. Also unclear is the possible 
effect of optimizing the operation parameters of CRT 
devices, in particular, the atrioventricular delay, on 
the survival of patients with different PR interval val‑
ues.

Conclusion
1. In HF patients, PR interval prolongation (≥200 

ms) is associated with long‑term mortality increase, 
regardless of the QRS duration.

2. The highest survival rates were observed in 
patients with normal PR (<200 ms) and QRS (≥150 
ms) values.

3. In patients with QRS ≥150 ms, the presence of 
PR ≥200 ms should be considered as an additional 
criterion for CRT.

Relationships and Activities: not.



33

ORIGINAL ARTICLES

33

1. Mareev VJu, Ageev FT, Arutjunov GP, et al. National guidelines OSSN, 
RCS and RNMOT for diagnosis and treatment of CHF (fourth revision). 
Journal of heart failure. 2013;14,7(81):379-472. (In Russ.)

2. Cleland JGF, Abraham WT, Linde C, et al. An individual patient meta-
analysis of five randomized trials assessing the effects of cardiac 
resynchronization therapy on morbidity and mortality in patients with 
symptomatic heart failure. European heart journal. 2013;34(46):3547-
56.

3. Poole JE, Singh JP, Birgersdotter-Green U. QRS Duration or QRS 
Morphology What Really Matters in Cardiac Resynchronization 
Therapy? Journal of the American College of Cardiology. 
2016;67(9):1104-17. doi:10.1016/j.jacc.2015.12.039.

4. Nikolaidou T, Ghosh JM, Clark AL. Outcomes related to first-degree 
atrioventricular block and therapeutic implications in patients with 
heart failure. JACC: Clinical Electrophysiology. 2016 Apr 1;2(2):181-
92. doi:10.1016/j.jacep.2016.02.012.

5.  Gervais R, Leclercq C, Shankar A, et al.; CARE-HF investigators. 
Surface electrocardiogram to predict outcome in candidates for 
cardiac resynchronization therapy: a subanalysis of the CARE-HF trial. 
Eur J Heart Fail. 2009;11:699-705. doi:10.1093/eurjhf/hfp074.

6. Cheng S, Keyes MJ, Larson MG, et al. Long-term outcomes in 
individuals with prolonged PR interval or first-degree atrioventricular 
block. Jama. 2009;301(24):2571-7. doi:10.1001/jama.2009.888.

7. Kwok CS, Rashid M, Beynon R, et al. Prolonged PR interval, first-degree 
heart block and adverse cardiovascular outcomes: a systematic review 
and meta-analysis. Heart. 2016 Feb 15:heartjnl-2015. doi:10.1136/
heartjnl-2015-308956.

8. Olshansky B, Day JD, Sullivan RM, et al. Does cardiac resynchronization 
therapy provide unrecognized benefit in patients with prolonged 
PR intervals? The impact of restoring atrioventricular synchrony: An 

analysis from the COMPANION Trial. Heart Rhythm. 2012;9:34-9. 
doi:10.1016/j.hrthm.2011.07.038.

9. Joshi NP, Stopped MM, Li J, et al. Impact of baseline PR interval on 
cardiac resynchronization therapy outcomes in patients with narrow 
QRS complexes: an analysis of the ReTHinQ Trial. J Interv Card 
Electrophysiol. 2015;43:145-9. doi:10.1007/s10840-015-9999-y.

10. Kutyifa V, Stockburger M, Daubert JP, et al. PR interval identifies clinical 
response in patients with non-left bundle branch block. Circ Arrhythm 
Electrophysiol. 2014;7:645-51. doi:10.1161/CIRCEP.113.001299.

11. Lee HS, Wu JH, Asirvatham SJ, et al. Effects of atrioventricular 
conduction delay on the outcome of cardiac resynchronization 
therapy. J Electrocardiol. 2014;47:930-5. doi:10.1016/j.
jelectrocard.2014.07.024.

12. Januszkiewicz L, Vegh E, Borgquist R, et al. Prognostic implication of 
baseline PR interval in cardiac resynchronization therapy recipients. 
Heart Rhythm. 2015;12:2256-62. doi:10.1016/j.hrthm.2015.06.016.

13. Friedman DJ, Bao H, Spatz ES, et al. Association between a prolonged 
PR interval and outcomes of cardiac resynchronization therapy. A 
report from the National Cardiovascular Data Registry. Circulation. 
2016;134:1617-28. doi:10.1161/CIRCULATIONAHA.116.022913.

14. Rickard J, Karim M, Baranowski B, et al. Effect of PR interval 
prolongation on long-term outcomes in patients with left bundle 
branch block vs non–left bundle branch block morphologies 
undergoing cardiac resynchronization therapy. Heart rhythm. 2017 
Oct 1;14(10):1523-8. doi:10.1016/j.hrthm.2017.05.028.

15. Nagueh SF, Smiseth OA, Appleton CP, et al. Recommendations for the 
Evaluation of Left Ventricular Diastolic Function by Echocardiography: 
An Update from the American Society of Echocardiography and 
the European Association of Cardiovascular Imaging. J Am Soc 
Echocardiogr. 2016;29(4):277-314. doi:10.1016/j.echo.2016.01.011.

References 


