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Higher Ventricular Premature Complex Burden is
Associated with Lower Systolic Blood
Pressure Response

Jing-Wei Kang,* Wei-Hsiang Yang," Jia-En Chi* and Wei-Ta Chen™*?

Background: Ventricular premature complexes (VPCs) with a burden higher than 10% to 20% of total daily heart
beats can cause VPC-induced cardiomyopathy. The systolic blood pressure response (SBPR) is the difference between
the SBP during maximal exercise and rest. A low SBPR was recently identified to be a marker of cardiomyopathy.
The aim of this manuscript was to clarify the association between VPC burden and SBPR.

Methods: From January to December 2015, all patients with a VPC burden larger than 240 beats/day on Holter
recordings and treadmill exercise tests were enrolled. The patients with a heart rhythm other than sinus rhythm,
coronary artery disease, and severe cardiomyopathy were excluded. The SBPR was measured during a treadmill
test. The basic characteristics and echocardiographic findings were collected.

Results: All patients were classified into three groups: Group 1; 240-1,000 VPCs/day (n = 78), Group 2; 1,000-10,000
VPCs/day (n = 54), and Group 3; > 10,000 VPCs/day (n = 21). Group 1 had a higher SBPR than the other groups.
Multivariate analysis revealed that only VPC burden was associated with SBPR. Receiver operating characteristic
curve analysis showed that a VPC burden > 1,055 beats/day predicted a SBPR < 40 mmHg. The results were consistent

in all subgroups. There were no significant differences in echocardiographic findings among the groups.
Conclusions: AVPC burden higher than 1,055 beats/day was associated with a reduced SBPR.
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INTRODUCTION

Ventricular premature complexes (VPCs) were once
thought to be a benign rhythm in patients without st-
ructural heart disease.! However, it is now known that
VPCs can cause impaired ventricular contractility and
enlarged ventricular size, known as VPC-induced cardio-
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myopathy.>® Previous studies have suggested a correla-
tion between VPC burden and left ventricular function,
and that a higher VPC burden is associated with a lower
left ventricular (LV) ejection fraction (EF), a larger LV end
diastolic diameter (EDD), and a larger LV end systolic
diameter (ESD).*” Other studies have revealed improved
LV systolic function after the suppression of VPCs in pa-
tients with dilated cardiomyopathy.*® However, the cut-
off value of VPC burden causing cardiomyopathy has yet
to be clearly defined. Using the LVEF and LV size as para-
meters for VPC-induced cardiomyopathy, several studies
have reported that a VPC burden higher than 10% to 20%
of total daily heart beats contributes to VPC-induced
cardiomyopathy.*®

Blood pressure is a simple routine measurement in
most clinical departments. A systolic blood pressure re-
sponse (SBPR) is defined as the difference between sys-
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tolic blood pressure during maximal exercise and rest. It
has been reported that the SBPR during exercise has an
inverse relationship with cardiac mortality in patients

with chronic heart failure.’**?

In patients with heart fail-
ure, a low cardiac output causes low blood pressure.
Therefore, a higher SBPR indicates a more preserved
cardiac function and higher inotropic reserve.’®*? Fur-
ther, in patients with chronic heart failure and dilated
cardiomyopathy, a low SBPR has also been shown to re-
sult in a poorer prognosis.” In addition to patients with
heart failure and dilated cardiomyopathy, O'Neal et al.
showed a similar prognostic role of SBPR in the general
population.™ Their study included a large number of
cases with along follow-up duration. A low SBPR has also
been associated with all-cause mortality and myocardial
infarction, and the cutoff value of SBPR for predicting a
poorer prognosis has been reported to range from 38 to
42 mmHg.m'14

Conventionally, LVEF and LV size have been used to
evaluate VPC-induced cardiomyopathy. However, SBPR
has been shown to be even more sensitive than conven-
tional parameters in disclosing cardiomyopathy.™> Con-
sidering the poor prognosis of cardiomyopathy and
heart failure,ls'17 the relationship between SBPR and
cardiomyopathy should be more clearly investigated. To
the best of our knowledge, no previous studies have ad-
dressed the relationship between VPC burden and SBPR.
Therefore, the aim of this study was to (1) evaluate the
relationship between VPC burden and SBPR, (2) deter-
mine the best cutoff value of VPC burden for predicting
a low SBPR, and (3) compare the sensitivity of SBPR and
conventional markers for predicting VPC-induced cardio-
myopathy.

MATERIAL AND METHODS

Patient enroliment

To determine the distribution of SBPR in patients
with frequent VPCs, we enrolled all patients with a VPC
burden exceeding 240 beats on 24-hour Holter electro-
cardiographic monitoring and treadmill exercise stress
tests at our hospital from January 2015 to December
2015. Patients with a duration between Holter monitor-
ing and treadmill exercise tests over 3 months and those
with a heart rhythm other than a sinus rhythm were ex-

cluded. To avoid confounding from ischemic heart dis-
ease, the patients with a positive treadmill exercise test
result or with other evidence of marked coronary artery
disease were also excluded. During the treadmill test, the
patients with ventricular tachycardia were excluded, but
the patients with isolated VPCs or VPC couplets were en-
rolled. Patients with a LVEF less than 35%, marked con-
centric left ventricular hypertrophy with a ventricular
wall thicker than 16 mm, dilated cardiomyopathy, hyper-
trophic cardiomyopathy with a septal wall thicker than 20
mm or severe valvular heart disease were also excluded.

VPC burden and systolic blood pressure response

VPC burden was assessed by 24-hour Holter electro-
cardiographic monitoring. Heart rhythm was also as-
sessed using the same procedure. According to previous
studies,'®* the patients were classified into three groups
based on VPC burden: Group 1; 240-1,000 beats/day,
Group 2; 1,000-10,000 beats/day, and Group 3, > 10,000
beats/day.

SBPR was calculated from the recorded blood pres-
sure during the treadmill exercise test. The difference in
the SBP during maximal exercise and rest was recorded
as the SBPR.

Treadmill exercise test

The treadmill exercise stress test (ML4500, Fukuda
Denshi, Tokyo) was performed using the Bruce protocol.
Electrocardiography and blood pressure were recorded
before exercise, every 3 minutes during exercise, and af-
ter exercise. The initial systolic blood pressure (SBP) and
maximum SBP were recorded, and the SBPR was calcu-
lated accordingly.

Data collection

The basic characteristics (age, gender, hemoglobin,
serum level of glutamate-pyruvate transaminase, creat-
inine, uric acid, total cholesterol, and low-density lipo-
protein), disease history (hypertension and diabetes mel-
litus), medical history (angiotensin-converting enzyme
inhibitors or angiotensin Il receptor blockers, beta blockers,
diuretics, dihydropyridine calcium channel blockers, non-
dihydropyridine calcium channel blockers, and statins),
echocardiographic findings (LVEF, LVEDD, and LVESD)
were collected. After data collection, the identification
numbers were deleted to protect the privacy of the en-
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rolled patients. This study was approved by the Institu-
tional Review Board of Taipei Medical University.

Statistical analysis

All quantitative data were expressed as the mean *
standard deviation. One-way ANOVA with the Bonferroni
post-hoc test was used to compare differences among
the three groups. Categorical variables were compared
using the chi-square test and Fisher’s exact test. All vari-
ables with a p-value less than 0.2 in univariate linear re-
gression analysis were included in multivariate linear re-
gression analysis. The VPC burden cut-off value was de-
termined based on receiver operating characteristic
(ROC) curve analysis. On the SBPR-VPC distribution fig-
ures, a fit line was added with the Loess method. The re-
sults with a p-value less than 0.05 were considered to
be statistically significant.

RESULTS

Table 1 shows the basic characteristics of the en-
rolled patients (n = 153). There were 78 patients in

Table 1. Basic characteristics

Group 1, 54 in Group 2, and 21 in Group 3. Group 2 had
the lowest diabetes mellitus rate and Group 3 had the
highest diabetes mellitus rate. Group 2 had a signifi-
cantly lower rate of diabetes mellitus than the other
two groups. Group 1 had the highest prescription rate
of statins, and the rate was significantly higher than in
the other two groups. There were no significant differ-
ences in the other basic characteristics among the three
groups.

Figure 1A shows that the initial blood pressure was
the same in all three groups. However, Group 1 had a
higher maximal blood pressure and SBPR. Figure 1B
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Figure 1. (A) Systolic blood pressure response (SBPR), initial systolic
blood pressure (SBP), and maximal SBP of each group. (B) Distribution
map of the SBPR to the ventricular premature complex (VPC) burden. * p

<0.05.

nitial SEP  maximal SBP

Group 1 Group 2 Group 3 p value

Case number, n 78 54 21 -

Age, mean +SD, y 63.1+11.5 59.5+12.2 60.6 £12.2 0.22
Hemoglobin, mean + SD, g/dI 13.9+1.3 13.6+1.8 13.6+1.0 0.49
GPT, mean + SD, U/I 25.9+10.8 22.5+9.8 25.8+11.6 0.21
Creatinine, mean * SD, mg/dI 0.8+0.2 0.8+0.2 0.9+0.3 0.07
Uric acid, mean £ SD, mg/d| 58+2.4 56+1.5 54+1.4 0.70
Total cholesterol, mean £ SD, mg/dI 186.3 £40.1 183.3 £36.8 179.8 £29.7 0.78
LDL, mean £ SD, mg/dI 108.7 +39.4 109.3+£29.5 100.9 £35.2 0.64
LV ejection fraction, mean £ SD, % 71.1+6.9 70.2+9.3 68.3+7.8 0.36
LV EDD, mean £ SD, mm 449+5.7 452 +5.1 459+4.1 0.73
LVESD, mean + SD, mm 26.3+4.8 269+5.4 28.2+£45 0.30
Female gender, % 43.6% 42.6% 57.1% 0.29
Hypertension, % 57.7% 50.0% 71.4% 0.24
Diabetes, % 20.8% 9.6%* 33.3% 0.05
ACEI/ARB, % 39.0% 30.8% 52.4% 0.22
Beta blocker, % 50.6% 67.3% 71.4% 0.08
Diuretics, % 7.8% 9.6% 4.8% 0.78
Dihydropyridine CCB, % 35.1% 21.2% 38.1% 0.18
Non-dihydropyridine CCB, % 10.4% 3.8% 0% 0.14
Statin, % 55.8%* 30.8% 38.1% 0.02

ACEI, angiotensin-converting-enzyme inhibitor; ARB, angiotensin Il receptor blocker; CCB, calcium channel blocker; EDD, end
diastolic diameter; ESD, end systolic diameter; GPT, glutamic-pyruvic transaminase; LDL, low-density lipoprotein; LV, left ventricle;

SD, standard deviation.

Acta Cardiol Sin 2018;34:152-158



Higher VPC Burden, Lower SBPR

shows the distribution of the SBPR according to VPC
burden. As the VPC burden increased, the SBPR de-
creased rapidly in the beginning and then remained at a
low level.

Table 2 shows the univariate and multivariate analy-
ses for SBPR. The univariate analysis showed that age,
gender, and VPC burden were associated with SBPR. We
included the parameters with a p-value less than 0.2 in
the univariate analysis into the multivariate analysis.
The included parameters included age, uric acid level,
gender, statin usage, and VPC burden. The multivariate

Table 2. Univariable and multivariable analyses of a systolic
blood pressure response

95% confidence interval

Lower Upper  Pvalue
bound bound
Univariable analysis
Age 0.01 0.59 0.05
Hemoglobin -1.27 414 0.30
GPT -0.22 0.41 0.56
Creatinine -18.5 11.9 0.67
Uric acid -0.34 3.08 0.11
Total cholesterol -0.13 0.04 0.31
LDL -0.14 0.06 0.43
Ejection fraction -0.15 0.67 0.21
LV EDD -0.67 0.56 0.86
LV ESD -1.02 0.27 0.25
Gender -13.3 -0.92 0.03
Hypertension -4.70 8.12 0.60
Diabetes -3.02 13.3 0.22
ACEI/ARB -7.98 5.19 0.68
Beta blocker -10.1 291 0.28
Diuretics -8.82 14.7 0.62
Dihydropyridine CCB -6.40 7.47 0.88
Non-dihydropyridine CCB -6.11 19.4 0.30
Statin -0.59 121 0.08
VPC burden -0.002 -0.001 < 0.005
Multivariable analysis

Age -0.03 0.52 0.08
Uric acid -1.09 1.99 0.56
Gender -10.6 2.11 0.19
Statin -3.15 9.30 0.33
VPC burden -0.002 -0.001  <0.005

ACEI, angiotensin-converting-enzyme inhibitor; ARB,
angiotensin |l receptor blocker; CCB, calcium channel blocker;
EDD, end diastolic diameter; ESD, end systolic diameter; GPT,
glutamic-pyruvic transaminase; LDL, low-density lipoprotein;
LV, left ventricle; VPC, ventricular premature complex.

analysis revealed that only VPC burden was associated
with SBPR.

Previous studies have reported a cut-off value of
SBPR for predicting a poorer outcome of 40 mmHg. Fig-
ure 2 shows the ROC curve of VPC burden and a SBPR of
< 40 mmHg. The area under the ROC curve was 0.85,
and the best cut-off value of VPC burden for predicting a
SBPR < 40 mmHg was 1,055 beats/day. The sensitivity
was 79.2% and the specificity was 82.9%.

Figure 3 shows the results of subgroup analysis. In
all subgroups, a VPC burden < 1,055 beats/day pre-
dicted a SBPR of < 40 mmHg. In the subgroup with a
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Figure 2.  Receiver operating characteristic (ROC) curve for the ventric-
ular premature complex (VPC) burden to predict a systolic blood pres-
sure response less than 40 mmHg. The best cut-off value of the VPC bur-
den was 1055 beats /day. The area under the curve (AUC) was 0.85.
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Figure 3. Subgroup analysis of a ventricular premature complex (VPC)
burden of 1055 beats/day and systolic blood pressure response of < 40

mmHg.
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LVEDD of > 52 mm, the result was marginal (95% confi-
dence interval 0.03-0.99). There were only 11 cases in
that subgroup.

Figure 4 shows the echocardiographic findings. Fig-
ure 4A shows the LVEF, LVEDD, and LVESD in each group.
There were no significant differences among the three
groups. Figure 4B shows the distribution of the LVEF,
LVEDD, and LVESD according to VPC burden. Although
Figure 4A shows no statistical differences, Figure 4B
shows the trend of a decreasing LVEF and increasing left
ventricular diameter as the VPC burden increased.

DISCUSSION

Association between VPC burden and SBPR

Evidence has shown that a VPC burden as high as
10,000 to 20,000 beats/day is associated with cardio-
myopathy. The diagnosis of cardiomyopathy relies on
echocardiographic measurements including LVEF and
left ventricular diameter. In addition to echocardiogra-
phic findings, SBPR has recently been identified as a pa-
rameter for predicting impaired heart function."**° F
the first time, we proved that VPC burden was associ-
ated with SBPR. In the distribution map and multivariate
analysis, a lower VPC burden was associated with a
higher SBPR.

Previous studies have reported that SBPR may serve
10-14

or

as a more sensitive parameter for cardiomyopathy.
Even with similar initial echocardiographic findings, a
lower SBPR can predict a poor outcome in 5 to 10 years.14
In the present study, the SBPR was significantly lower
in the groups with a VPC burden of 1,000 to 10,000
beats/day and more than 10,000 beats/day. The distri-
bution map also showed that the SBPR decreased rap-
idly as the VPC burden increased. Because SBPR is
more sensitive than conventional parameters for car-
diomyopathy, the association between VPC burden and
SBPR may potentially reflect VPC-induced cardiomyo-
pathy.

Previous studies have reported a cut-off value of
SBPR of about 40 mmHg, regardless of whether or not
the patients had heart failure. Therefore, in this study, we
set the SBPR cut-off value at 40 mmHg. With this defini-
tion, a VPC burden as low as 1,055 beats/day predicted
a lower SBPR (less than 40 mmHg).

Acta Cardiol Sin 2018;34:152—-158
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Figure 4. (A) Left ventricular ejection fraction (EF), left ventricular end

diastolic diameter (LVEDD), and left ventricular end systolic diameter
(LVESD) of each group. (B) Distribution map of the EF, LVEDD, and LVESD
according to the ventricular premature complex (VPC) burden.

VPC burden and echocardiographic findings

In this study, the echocardiographic measurements
did not differ significantly among the three groups with
different VPC burdens. Even in the group with a VPC
burden of larger than 10,000 beats/day, the LVEF and LV
diameters were similar to those in the other groups.
However, previous studies have reported an association
between a high VPC burden and a low LVEF and large LV
diameters.**"** This discrepancy may due to the small
number of cases and short follow-up period in the pre-
sent study. Although there was no statistical difference
in the distribution map (Figure 4B), there was a trend
toward a decreasing LVEF and increasing LVEDD and
LVESD as the VPC burden increased. To a certain degree,
our findings are comparable to previous studies, even
with different statistical results.

Different rates of diabetes and prescriptions of
statins

Diabetes mellitus is an independent risk factor for
cardiovascular disease. Because of autonomic neuropa-
thy, patients with diabetes mellitus have a higher risk of
arrhythmias.’** Hyperglycemia can induce VPCs by af-
fecting calcium balance.”® In the present study, the pre-
valence rate of diabetes mellitus was statistically differ-
ent among the three groups. Group 3 had the highest
prevalence of diabetes mellitus, which was compatible
with hyperglycemia-induced VPCs. This finding may mean
that diabetes mellitus is a contributing factor to a re-
duced SBPR. However, diabetes mellitus was not an in-
dependent factor in the multivariate analysis. In addi-
tion, the prevalence of diabetes mellitus was lower in
Group 2 than in Group 1. This further suggests that dia-
betes mellitus is less likely to be associated with SBPR.
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To clearly illustrate the relationship between diabetes
mellitus and SBPR, further studies with a larger number
of cases and longer follow-up period are necessary.

The rate of statin prescriptions was also significantly
higher in Group 1. Statin agents have pleiotropic effects
such as lowering cholesterol, anti-inflammation, and
anti-oxidation. Several studies have shown that statin
usage is associated with a reduced VPC burden due to
their cholesterol-lowering activity.”””*® However, other
studies have been unable to show similar preventative
effects of ventricular arrhythmic events with statin treat-
ment.>*>?
and VPCs is still uncertain. In our study, Group 1 had a
higher statin prescription rate and lower VPC burden.

However, the use of statins was not associated with

Consequently, the relationship between statins

SBPR in the multivariate analysis, which is consistent
with a previous study.>® In summary, although we showed
that the group with a lower VPC burden was associated
with a higher statin prescription rate, there was no asso-
ciation between statin usage and SBPR.

Association between age and gender and SBPR

In the univariate analysis, there were correlations
between SBPR and age and gender. However, in the mul-
tivariate analysis, neither age nor gender was associated
with SBPR. Further, in the subgroup analysis, we found
that regardless of whether the age was older or younger
than 50 years and regardless of whether the gender was
male or female, < 1,055 VPCs/day could predict a SBPR >
40 mmHg. Accordingly, age and gender had no signifi-
cant impact on our main findings.

Study limitations

This was a retrospective observational study. There-
fore, we could not clarify if the relationship between VPC
burden and SBPR was a causal relationship or not. With-
out any intervention and a prospective design, it was
not possible to illustrate the direct effect of VPC burden
on SBPR. In addition, the number of cases was small and
the follow-up period was short. Some meaningful para-
meters such as echocardiographic measurements for
cardiomyopathy were also lacking. SBPR alone has not
been widely accepted as a cardiac outcome endpoint,
however there were no significant differences in other
well-known cardiac outcome endpoints, which may be
due to the small scale of this study. A further large-scale

157

study is necessary to address the definite relationship
between VPC burden and SBPR.

This study was also limited by its short follow-up pe-
riod, which may have resulted in a lack of significant dif-
ferences inclinical outcomes. Although SBPR has been
shown to be related to clinical outcomes, the direct rela-
tionship between VPC burden, SBPR and clinical outcome
should be evaluated in other studies with a longer fol-
low-up period and even a prospective study design.

Although catheter-based ablation has been proven
to be an effective strategy to eliminate VPCs,*** none
of the enrolled patient in this study received such treat-
ment, making comparisons of before and after treat-
ment impossible. Further extensive studies should be
undertaken to evaluate changes in SBPR after VPC elimi-
nation. Furthermore, in this study, we did not evaluate
VPC burden during the treadmill test. In clinical practice,
VPC burden may be affected by exercise. Further studies
are needed to investigate the associations between VPC
burden during exercise, SBPR and clinical prognosis.

CONCLUSIONS

A VPC burden of over 1055 beats/day was associ-
ated with a low SBPR. Based on the prognostic role of
low SBPR, more attention should be paid to VPCs in real
word practice.
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