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Cardiac resynchronization therapy (CRT) increases cardiac performance in patients with
heart failure, but its effect on arterial pressure is not well established. To determine the
effect of CRT on systolic blood pressure (SBP), diastolic blood pressure (DBP), and pulse
pressure (PP) a systematic review using standard nomenclatures for CRT was done in
Scopus (MEDLINE and Embase), Cochrane Controlled Trials Register, National Institutes
of Health http://www.ClinicalTrials.gov database, and bibliography of select meta-analyses
for studies evaluating CRT in patients with dilated cardiomyopathy. Two independent
investigators extracted the articles based on predefined criteria. The primary outcome was
difference in arterial pressure parameters from baseline to after CRT in nonrandomized
cohort trials. This was then validated by comparing the change in arterial pressure between
CRT and medical therapy groups in randomized controlled trials. A random-effects model
was used for analyses. Analyses of 15 nonrandomized studies showed that CRT resulted in
an increase (from baseline) in SBP by 4.4 mm Hg (95% confidence interval [CI] 0.8 to 8.0,
p = 0.02), no change in DBP (p = 0.21), and an increase in PP by 2.8 mm Hg (95% CI 1.0
to 4.6, p = 0.003). Results from the 3 randomized controlled trials were concordant with an
increase in SBP by 3.9 mm Hg (95% CI 1.1 to 6.8, p = 0.007), no effect on DBP (p = 0.40),
and an increase in PP by 4.3 mm Hg (95% CI 4.1 to 4.5, p <0.001) compared to medical
therapy. In conclusion, CRT is associated with a modest increase in SBP and PP in patients

with heart failure.
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More than 90% of patients with heart failure (HF) have a
history of hypertension." In contrast, in severe HF decreasing
left ventricular function is unable to sustain the high blood
pressure (BP) despite compensatory mechanisms (salt and wa-
ter retention, vasoconstriction, sympathetic stimulation and de-
sensitization, cardiac hypertrophy, and cellular changes includ-
ing appearance of slow myosin, prolongation of action
potential, post-translational modifications in calcium handling
proteins, and increase in collagen).”* Thus, cardiac output
decreases in parallel with systolic BP (SBP) and pulse pressure
(PP).* In patients with HF, cardiac resynchronization therapy
(CRT) improves left ventricular systolic function,” HF symp-
toms,° quality of life,” exercise tolerance,® maladaptive remod-
eling,” morbidity (HF admissions), and mortality.'® American
College of Cardiology/American Heart Association guide-
lines'' recommend (class I) CRT in patients with ejection
fraction =35%, QRS duration =120 ms, sinus rhythm, and
New York Heart Association class III/ambulatory class IV HF
symptoms on optimal medical therapy. However, it is not
known if this improvement in systolic function translates into
an increase in BP. Limited data seem to suggest an increase in
SBP but this has not been consistently reported or studied.>'°
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We hypothesized that CRT with its associated improvement in
cardiac function would result in an increase in BP profile.
Thus, our primary objective was to evaluate the effect of CRT
on SBP, diastolic BP (DBP), and PP.

Methods

Eligible studies were prospective nonrandomized cohort
studies that reported BP profile at baseline and after CRT with
first follow-up within 6 months of CRT or randomized con-
trolled trials of CRT (with or without implantable cardio-
verter—defibrillator) that reported BP profile in the CRT and
medical therapy groups. To avoid major medication changes
over follow-up period and additional cardiovascular insults, a
limit of 6 months of follow-up was used for nonrandomized
cohort studies. Studies were identified by searching electronic
databases, including Scopus (MEDLINE 1966 to October
2009, Embase 1980 to October 2009), Cochrane Trials Reg-
ister, and National Institutes of Health http://www.ClinicalTri-
als.gov database (closed studies only) using the terms “cardiac
resynchronization” or “biventricular pacing” or “biventricular
pacemaker” or “multisite pacing” or “multisite pacemaker” or
“dual-site pacing” or “dual-site pacemaker” or “left ventricular
pacing” or “left ventricular pacemaker.” In addition, reference
lists of select meta-analyses were searched for reports of rele-
vant studies.'>”"” Studies in which the intervention included
revascularization (coronary artery bypass grafting or percuta-
neous coronary intervention) at the time of CRT were excluded
as revascularization could have potentially confounded the
effect of CRT on BP outcomes (Figure 1).
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Database search:

Scopus: 4370

Clinical trials.gov: 72
Cochrane Trials Register: 206
Bibliography: 414

Excluded:
Duplicate studies: 922
n=4140
\——l Excluded:

Notan original study: 2448
Original study but not involving CRT: 271
Involving CRT but not with end points: 131

Preliminary search |—®{ Animal study: 135
Pediatric studies: 109

Notinvolving DCMP: 15
Miscellaneous: 12
A
n=1013
Full textsearch

Revascularization: 6

Excluded:

Notan original study: 65

—{ Original study but not involving CRT: 22
Involving CRT but not with end points: 835
Revascularization: 3

Excluded:
Non-responders excluded: 4

Retrospective: 19
2nd full text search F/U > 6 months in pre-post studies: 7

Inadequate inclusion criteria: 27
Updated data available: 13

Cohort studies with pre- Randomized controlied
post comparison, n=15 trials, n=3

Figure 1. Schematic representation of data search and acquisition.
DCMP = dilated cardiomyopathy; F/U = follow-up.

Eligible studies had to fulfill the following inclusion crite-
ria: (1) randomized or nonrandomized cohort studies of CRT
in patients with dilated cardiomyopathy, (2) studies reporting
outcomes of interest (SBP, DBP, or PP; before and after CRT
in nonrandomized cohort studies and CRT vs medical therapy
in randomized controlled trials), and (3) follow-up <6 months
for nonrandomized cohort studies. There were no restrictions
based on language or year of publication. Studies were re-
stricted to published data. Studies that had duplicated data,
including same group of patients or for whom there were
updated results available, were excluded. We included only
studies that did not exclude nonresponders from their analyses
to prevent bias towards a positive result. Further, studies in-
cluding patients with ischemic and/or nonischemic cardiomy-
opathy were included in this meta-analysis, whereas studies
evaluating the effect of CRT, specifically in pediatric patients,
congenital heart disease, hypertrophic cardiomyopathy, restric-
tive cardiomyopathy, chemotherapy-induced cardiomyopathy,
and infectious cardiomyopathy, e.g., Chagas disease, were ex-
cluded.

Primary analyses were changes in BP parameters, i.e.,
SBP, DBP, and PP from baseline (before CRT) to that at
follow-up (after CRT) in nonrandomized cohort studies.
This was validated by comparing changes in BP parameters
between a CRT group (with/without implantable cardio-
verter—defibrillator) and a medical therapy group (with/
without implantable cardioverter—defibrillator) in random-
ized controlled trials. The 2 analyses were done separately
without pooling the data.

Eligibility assessment and data abstraction were per-
formed independently by 2 authors (S.V. and L.B.C) and
supervised by S.A. We extracted inclusion criteria, exclu-
sion criteria, baseline data, outcomes, and report quality.
Disagreements were resolved by consensus.

To assess risk of bias in nonrandomized cohort studies,

presence of single or double blinding and documentation of
withdrawal were ascertained. For nonrandomized cohort
studies, intermediate risk of bias was defined as a low
possibility of bias in the 2 domains. As the studies were
nonrandomized, none were considered at low risk.

For randomized controlled trials, methodologic quality was
assessed by reported allocation generation, allocation conceal-
ment, blinding, documentation of withdrawal, selective report-
ing, and intention-to-treat analysis in line with the recommen-
dation by the Cochrane Collaboration.'® For randomized
controlled trials, high risk of bias was defined as a possibility
of bias in =4 domains, moderate as a possibility of bias in 2 to
3 domains, and low risk as a possibility of bias in =1 domain.

Statistical analyses were done using Comprehensive Meta-
Analysis 2.2.046 in accordance with the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA)
statement (for randomized controlled trials) and Meta-analysis
Of Observational Studies in Epidemiology (MOOSE) state-
ment for others. Mean difference was chosen as the principal
measurement of effect as the unit of measurement was same
across all studies. Studies included reported mean or difference
in means and standard deviation (SD) or p value for the
variables. If the SD was not available for 1 of the 3 variables
(SBP, DBP, PP), then the SD was calculated using a before-
versus-after correlation of 0.7 from the other 2 SDs available.

Data were analyzed for heterogeneity by I” statistic pro-
posed by Higgins and Thompson'? separately for nonran-
domized cohort studies and randomized controlled trials.
Values <30% indicated mild heterogeneity and those
>50% substantial heterogeneity.'® In the presence of het-
erogeneity, a random effects model (DerSimonian—Laird
approach)®® was used to pool the data; otherwise, a fixed-
effects model (inverse variance) was used. Publication bias
was assessed and quantified using the regression intercept of
Egger et al?! and corrected by the trim-and-fill method of
Duval and Tweedie.?

Results

Fifteen nonrandomized cohort studies and 3 randomized
controlled trials met our inclusion criteria for analyses (Fig-
ure 1). Of the 18 studies included in the meta-analyses, 15
(nonrandomized controlled trials) compared variables be-
fore and after CRT>~%7 in 492 patients, whereas 3 studies
(randomized controlled trials) compared CRT (n = 1,637)
to optimal medical management (n = 727).%'%3% Baseline
characteristics and inclusion and exclusion criteria are pre-
sented in Tables 1 and 2. There were 2 studies on the Pacing
Therapies in Congestive Heart Failure (PATH-CHF) trial
but separate variables were extracted from each study.***
Two trials with 3 published studies included patients with
epicardial pacing,”*** whereas the other studies used
transvenous biventricular pacing.

All nonrandomized cohort studies reported withdrawals
or crossovers or had no withdrawal. In 1 study, patients
were unaware of their treatment >’ and 1 study documented
that it was single blinded but did not specify who was
blinded.>” Thus, these 2 studies were considered at inter-
mediate risk of bias, whereas the rest of the nonrandomized
cohort studies were at high risk of bias. Among the ran-
domized controlled trials, based on the 6 parameters sug-
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