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1 | INTRODUCTION

Phuuwadith Wattanachayakul® |

Nipith Charoenngam? | Jakrin Kewcharoen®

Abstract

Recent studies have suggested that patients with premature ventricular com-
plexes (PVCs) may have a higher risk of ischemic stroke. However, the data are
limited and inconclusive. We conducted a systematic review and meta-analysis
to investigate the association between PVCs and the risk of ischemic stroke. A
comprehensive literature review was conducted by searching for published arti-
cles indexed in MEDLINE and EMBASE databases from inception through
September 25, 2020, to identify studies that compared the risk of ischemic
stroke between patients with PVCs and individuals without PVCs. Pooled risk
ratio (RR) and 95% confidence interval (Cl) were calculated using a random-
effect, generic inverse variance method of Dersimonian and Laird. A total of four
observational studies (2 prospective and 2 retrospective cohort studies) with
42 677 participants met the eligibility criteria and were included in the meta-
analysis. We found that patients with PVCs have a significantly higher risk of
ischemic stroke than individuals without PVCs with the pooled RR of 1.31 (95%
Cl, 1.07-1.60, 12 = 43%). From our systematic review and meta-analysis, we
found that PVCs are associated with a higher risk of ischemic stroke. Whether
this association is causal and how it should be addressed in clinical practice

require further investigations.
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previous studies, the presence of high burden PVCs is associated with

an increased risk of major cardiac events such as malignant dysrhyth-

Premature ventricular complexes (PVCs) are a premature depolariza-
tion originating from ventricles and is the most common asymptom-
atic irregular ventricular activity on electrocardiogram (ECG).*? PVCs
are a well-known predictor of cardiovascular morbidities and mortal-

ity, especially in patients with pre-existing heart disease. From

mia, cardiomyopathy, fatal coronary heart disease, and sudden cardiac
death.3® Nonetheless, the role of PVCs in the development of the
cerebrovascular disease is less well studied.

Stroke is the leading cause of death and disability worldwide.”1°

Approximately 90% of strokes are ischemic. However, the etiology of
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ischemic stroke remains unknown in 15% to 40%.1%1? There are sev-
eral verified risk factors as a target for ischemic stroke prevention,
such as hypertension, diabetes mellitus, smoking, hypercoagulable
states, and atrial fibrillation (AF).13'14 Besides AF, other arrhythmias
are less recognized as risk factors of ischemic stroke.

Interestingly, recent literature has suggested that PVCs may
also be a risk factor for ischemic stroke, similarly to AF.”"1>17
Nonetheless, the existing evidence is relatively limited and incon-
clusive. The current systematic review and meta-analysis was con-
ducted with the aim to comprehensively evaluate the risk of
ischemic stroke among patients with PVCs compared to individuals
without PVCs by identifying all relevant studies and combining
their results.

2 | METHODS

2.1 | Literature search strategy

Three  investigators  (Pongprueth  Rujirachun,  Phuuwadith
Wattanachayakul, and Prawut Phichitnitikorn) independently

searched for published articles indexed in MEDLINE and EMBASE
database from inception to September 25, 2020, using the search
strategy that included the terms for PVCs and ischemic stroke. The
search strategy is available as supplementary data 1. References of
the included studies were also manually reviewed for additional eligi-
ble studies. This study was undertaken under the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) state-

ment, which is available as supplementary data 2.

2.2 | Selection criteria

To be eligible for the meta-analysis, the study must be cohort study
that investigated the association between PVCs and the risk of ische-
mic stroke. Eligible cohort study must consist of patients with PVCs
and comparators without PVCs. Then, the eligible study must follow
them until the occurrence of ischemic stroke or the end of the study.
The eligible study must also provide the magnitude of association,
which could be relative risk (RR), hazard ratio (HR), incidence rate ratio
(IRR), or standardized incidence ratio (SIR) along with its
corresponding confidence interval (Cl).

All retrieved articles were reviewed independently by the
first three investigators (Pongprueth Rujirachun, Phuuwadith
Wattanachayakul, and Prawut Phichitnitikorn) for their eligibility. The
last three investigators (Nipith Charoenngam, Jakrin Kewcharoen, and
Arjbordin Winijkul) reviewed all the included studied again to ensure
that the inclusion criteria were met and also served as the deciding
votes when different determinations of study eligibility were made by
the first three investigators. Newcastle-Ottawa quality assessment
scale was used to assess the quality of the included cohort studies.*®
This scale evaluates the quality of the included studies in three areas

including recruitment of participants, comparability between the

groups, and ascertainment of the outcome of interest for cohort

study.

2.3 | Data extraction

A standardized data collection form was used to extract the following
information: last name of the first author, study design, year(s) of
study, country of origin, year of publication, sample size, baseline
characteristics of participants, methods used to identify and verify the
diagnosis of PVCs and ischemic stroke, confounders that were
adjusted and adjusted effect estimates with 95% CI. This data extrac-
tion was independently performed by the same three investigators
(Pongprueth Rujirachun, Phuuwadith Wattanachayakul, and Prawut
Phichitnitikorn) to minimize error. Any discrepancies found in the case

record forms were resolved by referring back to the original articles.

2.4 | Statistical analysis

Review Manager 5.3 software from the Cochrane Collaboration was
used for data analysis. Point estimates and standard errors were
extracted from individual studies and were combined using the
generic inverse variance method as described by DerSimonian and
Laird.'? Random-effect model, rather than a fixed-effect model, was
used because the included studies were of different methodologies
and background populations. HR of cohort study was used as an esti-
mate for RR to calculate the pooled RR along with RR of cohort stud-
ies. Statistical heterogeneity was assessed using the Cochran's Q test.
This statistic is complemented with the 12 statistic which quantifies
the proportion of the total variation across studies that is due to het-
erogeneity rather than chance. A value of 12 of 0% to 25% represents
insignificant heterogeneity, 26% to 50% low heterogeneity, 51% to
75% moderate heterogeneity, and > 75% high heterogeneity.?’ The
presence of publication bias would be assessed by visualization of the
funnel plot if enough studies were eligible for the meta-analysis.

3 | RESULTS

The systematic search identified 5767 potentially relevant articles
(5021 articles from EMBASE and 746 articles from MEDLINE). After
the exclusion of 117 duplicated articles, 5650 articles underwent title
and abstract review. A total of 5593 articles were excluded at this
stage as they did not fulfill the eligibility criteria based on the type of
article, study design, participants, and outcome of interest. A total of
57 articles were retrieved for full-length article review and 53 articles
were excluded at this stage as they did not report the association of
interest. Finally, four cohort studies”*>'” with 42 677 participants
(4651 patients had PVCs) were eligible for the meta-analysis. The lit-
erature retrieval, review, and selection process are shown in Figure 1.
The characteristics of the included studies and their quality assess-

ment are described in Table 1.
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FIGURE 1 Flow-chart of the
literature review process

Potentially relevant articles
identified from search of
Medline (n = 746) and
Embase (n=5,021)

v

:I Exclusion of 117 duplications

Title and abstract review of
potentially relevant articles (n = 5,650)

5,593 articles were cxcluded after title and
abstract review for clearly not fulfilling the

inclusion criteria based on type of article,
study design, population, or outcome of

57 potentially relevant studies included for
full-length article review

interest

53 studies were excluded because the

\4

outcome of interest was not reported

4 studies were included in the meta-analysis

Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Ofoma etal. 2012 0.571 01575 23.0% 1.77[1.30,2.41] 2012 -
Agarwal etal. 2015 0.3365 0.1372 26.4% 1.40[1.07,1.83] 2015 -
Lin et al. 2015 (Multiform PVCs) 0.0289 0.1548 23.4% 1.03[0.76,1.39] 2015 -
Lin etal. 2015 (Unform PVCs) 0.1805 0.1556 23.3% 1.20[0.88,1.62] 2015 =
Im etal. 2018 -0.0439 0.507 3.9% 0.96 [0.35, 2.59] 2018 =—=¢——
Total (95% Cl) 100.0% 1.31[1.07, 1.60] $

T T 3 2 - = CR= I + t {
Heterogeneity: Tau*= 0.02; Chi*=7.02, df=4 (P=0.13); F= 43% 0.01 01 10 100

Test for overall effect: Z= 2.57 (P = 0.01)

FIGURE 2 Forest plot of the meta-analysis

3.1 | Risk of ischemic stroke among patients
with PVCs

A total of four studies reported on the risk of ischemic stroke among
patients with PVCs.”*5Y7 The pooled analysis found a significantly
increased risk of ischemic stroke among patients with PVCs compared
to individuals without PVCs with the pooled RR of 1.31 (95% ClI,
1.07-1.60). The between-study heterogeneity was low with an 1% of
43%. Figure 2 demonstrates the forest plot of this meta-analysis.

3.2 | Sensitivity analysis

To further explore the high between-study heterogeneity, a sensitivity
analysis was conducted by excluding the study by Lin et al” from the
complete analysis as it was the only one study that had low burdens
of PVCs (PVCs <720 beats per day), and it was the study with the
lowest Newcastle-Ottawa score. This sensitivity analysis did not sig-
nificantly alter the pooled result (pooled RR 1.52; 95% Cl, 1.23-1.87)

but dramatically decreased I? to an insignificant level (6%).

PVCs less stroke PVCs more stroke

3.3 | Evaluation for publication bias

Evaluation for publication bias using the funnel plot was not per-
formed due to the limited number of included studies which would
preclude a meaningful interpretation of the plot.

4 | DISCUSSION

The current study is the first systematic review and meta-analysis that
summarized data from all available studies on the risk of ischemic
stroke among patients with PVCs and found about 30% excess risk
compared to individuals without PVCs. There are possible mecha-
nisms to explain this observed increased risk.

The first possible explanation is that PVCs are associated with the
development of ventricular cardiomyopathy.?* PVCs can lead to
reduced expression of calcium channel, voltage-dependent, L-type,
alpha 1C subunit (Cav1.2), density of L-type calcium (lc,.) current, and
relocated Cav1.2 away from t-tubules in the ventricular myocardium

which would subsequently lead to abnormal calcium-induced calcium
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(Continued)

TABLE 1

Imetal ¥

Agarwal et al ¢ Lin et al

Ofoma et al*®

Age, AF, HT, LVH, E/E', MR grade, NT-

Age, sex, race, geographic region, Age, sex, HT, DM, CKD, use of

Age, race, gender, BMI, HT, diabetes,

Confounder

proBNP

hypertensive medication

education level, previous heart disease,

SBP, use of antihypertensive

smoking, TC levels

adjusted in the
multivariate
analysis

medication, LVH, AF, DM, current

smoking, use of warfarin and aspirin

Selection: 4 stars Selection: 3 stars Selection: 4 stars

Selection: 4 stars

Newcastle-Ottawa

Comparability: 2 stars
Outcome: 3 stars

Comparability: 1 star
Outcome: 3 stars

Comparability: 2 stars
Outcome: 3 stars

Comparability: 2 stars
Outcome: 3 stars

score

Abbreviations: A, peak velocity of the late filling wave due to atrial contraction; AAD, antiarrhythmic drug; ACEIl, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin Il receptor

blocker; ARIC, atherosclerosis risk of communities; BMI, body mass index; CAD, coronary artery disease; CCB, calcium channel blocker; CHD, congenital heart disease; CKD, chronic kidney disease; CLD, chronic

lung disease; CTD, connective tissue disease; DM, diabetes mellitus; ECG, electrocardiogram; E, the peak mitral flow velocity of the early rapid filling wave; E', early diastolic mitral annulus velocity; fT4, free

thyroxine 4; HF, heart failure; HT, hypertension; ICH, intracerebral hemorrhage; IHD, ischemic heart disease; IVSD, interventricular septal diameter; LAVi, left atrial volume index; LVEF, left ventricular ejection
fraction; LVH, left ventricular hypertrophy; LVIDd, left ventricular diastolic diameter; LVIDs, left ventricular systolic diameter; LVPWD, left ventricular posterior wall dimension; MI, myocardial infarction; MR,

mitral regurgitation, MRI, magnetic resonance imaging; NT-proBNP, N-terminal pro-B type natriuretic peptide; PPM, permanent pacemaker; pro-BNP, pro-B type natriuretic peptide; PVCs, premature ventricular

contractions; REGARDS, reasons for geographic and racial differences in stroke; SAH, subarachnoid hemorrhage; SBP, systolic blood pressure; SD, standard deviation; TC, total cholesterol; TIA, transient

ischemic attack; VHD, valvular heart disease; VKA, vitamin K antagonist; VT, ventricular tachycardia; WBC, white blood cell count; WHO, world health organization.
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release from the sarcoplasmic reticulum.?? In the event of long-term
frequent PVCs, this process may eventually lead to cardiac rem-
odelings such as apoptosis of myocardial cells and fibrosis, resulting in
permanent structural changes of the ventricle.*¢?32* One of the fre-
quent structural changes seen in patients with ventricular cardiomy-
opathy is ventricular dilatation, which is known to provoke the stasis
of blood flow, increased risk of thrombus formation, and embo-
lism.2>2¢ Due to the unique hemodynamic changes occurring in
patients with PVCs, irregular ventricular rhythm as well as variable
coupling intervals can also cause stasis of blood flow and promote
thrombus formation in the left atrial appendage.?” Moreover, the ven-
tricular contraction from PVCs could not provide an effective cardiac
output as a result of mechanical ventricular dyssynchrony. This leads
to a transient decline in arterial blood pressure which could deterio-
rate the regionally and globally cerebral circulation.?8-%°

The second explanation is the increased risk of subsequent AF,
the prime predisposing of thromboembolic events.”*”2¢31 Frequent
PVCs may not only lead to ventricular cardiomyopathy but also atrial
cardiomyopathy as well. This could be from an indirect consequence
of ventricular dysfunction as it could increase atrial pressure and vol-
ume overload. This ultimately results in myocardial stretching and
development of fibrosis in the atrial walls.32 Therefore, atrial fibrosis
resulting from atrial remodeling can lead to conduction abnormalities

to sustain AF.33

However, this hypothesis is somewhat speculative as
most studies did not provide any information on the timing of the
onset of AF. Thus, it could not draw the exact association between
PVCs, AF, and ischemic stroke. On the other hand, most studies just
reported the incidence of new-onset AF at the end of follow-
Up.7’17’26’31

Thirdly, the apparent association between PVCs and ischemic
stroke might be explained by the higher rate of cardiovascular disease
in patients with PVCs. Although PVCs have been historically consid-
ered benign,2 it is known to be associated with structural heart dis-
ease and increased risk of sudden cardiac death, suggesting that PVCs
could be a consequence of conductive tissue injury from associated
cardiovascular diseases.>*3> Thus, it is also possible that the presence
of PVCs simply reflects a higher burden of cardiovascular disease,
which contributes to the increased risk of ischemic stroke.?® How-
ever, patients who had PVCs may need more intensive monitoring
and treatment, even if it is not known with the certainty whether ven-
tricular and/or atrial cardiomyopathy from PVCs was directly respon-
sible for the ischemic stroke or the presence of PVCs was just a
marker of a high burden of atherosclerosis. Further prospective stud-
ies are still needed to determine whether a true causal mechanism
exists between PVCs and ischemic stroke.

Although the included studies were of high quality and the litera-
ture review process was thorough, we acknowledge that our study
has some limitations and the results should be interpreted with cau-
tion. Firstly, this meta-analysis had some between-study heterogene-
ity in the ischemic stroke analysis. The difference in PVCs burden
across the included studies was the most likely explanation for the
heterogeneity as demonstrated by the sensitivity analysis. Secondly,
most of the included studies used the different measurement
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methods to detect and diagnose PVCs: 2-minute ECG was used in
1 study,® routine ECG in 1 study,*® and 24-hour Holter monitoring in
2 studies.”'” Therefore, the accuracy of the diagnoses from those
studies was relatively limited. Lastly, evaluation for publication could
not be conducted because of the limited number of included studies.
Therefore, publication bias in favor of studies that report positive

results may have been present.

5 | CONCLUSION

The current study found that the presence of PVCs is associated with
a higher risk of ischemic stroke. Whether this association is causal and
how it should be addressed in clinical practice require further

investigations.
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