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Abstract. - OBJECTIVE: We aimed to inves-
tigate the relation of NT-pro BNP level and left
ventricular ejection fraction with premature ven-
tricular complex burden.

PATIENTS AND METHODS: A total of 94
patients with PVC burden > 5% (age 45.9+12.9
years, 53 males, 41 females) were included
in the study. The primary outcome was PVC
burden % and main prognostic factors were
LVEF% and NT-Pro BNP level. Gender, age, DM,
HTN, presence of symptoms, symptoms dura-
tion and heart rate were used as adjustment
predictor variables. We created four different
linear multivariable models to compare perfor-
mance measures of prognostic factors: Mod-
el-1 has gender, age, DM, HTN, symptoms and
heart rate, while LVEF has been added in ad-
dition to model-1 in model-2. Model-3 includ-
ed NT-Pro-BNP alongside model-1 variables,
while model-4 included both LVEF and NT-Pro-
BNP variables in addition to model-1 variables.
Accordingly, we compare the performance (R2,
likelihood ratio X2) of models.

RESULTS: The median PVC burden was 18%
(IQR; 11-27). When model-1 consisting of gender,
age, DM, HTN, presence of symptoms, symptom
duration and heart rate and model-2 consist-
ing of LVEF in addition to variables of model-1
were compared, it was observed that both LRX2
and R2 values improved (likelihood ratio test
p-value=0.013). Model-1 compared with model-3
which consisting of NT-pro BNP in addition to
variables of model-1, and it was observed that
both LRX2 and R2 values improved (likelihood
ratio test p-value=0.008). However, when com-
pared to model-1, the most significant improve-

ment was observed in both LRX2 and R2 val-
ues in model-4 consisting of model-1 plus NT-
Pro-BNP and LVEF (likelihood ratio test p-val-
ue <0.001).

CONCLUSIONS: We determined that NT-pro-
BNP levels and LVEF could predict PVC bur-
den in patients. Higher levels of NT-pro-BNP
and lower LVEF values were associated with in-
creased PVC burden.
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Introduction

In clinical practice, premature ventricular com-
plexes (PVCs) are a frequent arrhythmia'. Althou-
gh patients are usually asymptomatic, they may
sometimes present with palpitations, dyspnea,
presyncope and fatigue’. While PVCs are benign
in most cases without structural heart disease,
high PVC burden can induce left ventricular (LV)
dysfunction and cardiomyopathy or worsen the
underlying cardiomyopathy. In the literature was
shown that PVC burden is the strongest indepen-
dent predictor of PVC-induced cardiomyopathy.
Although 10% PVC exposure appears to be the
minimum threshold for developing left ventricu-
lar dysfunction, the risk increases further at 20%
PVC exposure’.
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Three essential pieces of information are re-
quired to predict the prognosis of PVC disease:
symptom information, PVC exposure, and the pre-
sence of structural heart disease. All patients who
experience frequent PVCs should get outpatient
electrocardiographic monitoring to assess PVC
load, the amount and variety of PVC morpholo-
gies, and the fluctuation of PVC burden over the
day’. Although ambulatory Holter monitoring is
a necessary method to determine PVC burden, it
takes time for patients to reach this examination.
The use of transthoracic echocardiography (TTE)
for the presence of structural heart disease and
ejection fraction is more accessible and can be ap-
plied without loss of time. Brain natriuretic peptide
(BNP), which can be quickly evaluated for many
patients, is a cardiac hormone with diuretic, natri-
uretic and vasodilator properties. Measurement of
concentrations of N-terminal-pro BNP (NT-pro
BNP), a more sensitive peptide than plasma B-type
natriuretic peptide, is increasingly used to dia-
gnose, predict prognosis, and evaluate therapy in
adults with congestive heart failure’. The primary
stimulus for (NT-pro) BNP secretion is myocardial
wall stress. Previous studies® suggest that BNP
may be a sensitive marker to detect PVC-induced
increased ventricular wall stress.

The primary purpose of this study is to inve-
stigate whether NT-pro BNP level and ejection
fraction measurement with TTE, which are easily
accessible and have rapid results, will help in esti-
mating PVC burden.

Patients and Methods

Study Population

In the study, the data of 97 patients who applied
to the cardiology outpatient clinic were found to
have PVC in 12-lead ECG and were analyzed re-
trospectively. Patients with a PVC burden > 5% in
24-hour rhythm Holter recordings were included
in the study. Patients with previous myocardial
infarction, history of CABG, right heart failu-
re, severe valve pathologies, and hypertrophic
cardiomyopathy were not included in the study.
In addition, patients whose echocardiographic
data could not be evaluated accurately, who had
rhythm follow-up for less than 12 hours in Hol-
ter recordings, and under the age of 18 were
also excluded from the study. Gazi Yasargil Trai-
ning and Research Hospital, Diyarbakir, Turkey,
Scientific Research Ethics Committee approved
the study.

2378

Data Collection

Detailed medical histories and sociodemo-
graphic, clinical, and laboratory data of the pa-
tients included in the study were obtained retro-
spectively from patient files. The NT-pro-BNP
level was determined by the chemiluminescence
(CL) method using 12000 ARCHITECT (Abbott,
Chicago, IL, USA). Standard hematological and
biochemical parameters were measured using a
Beckman Coulter LH 780 machine (Beckman
Coulter, Brea, CA, USA).

12-lead, 24-hour, ambulatory ECG (Cardio-
scan 11 Premier Holter System, DMS, Stateli-
ne, NV, USA) devices were used to assess the
PVC burden of all study patients. Simultaneous
three-channel 24-hour Holter recordings were
taken and the recordings were transferred to the
computer environment. A digitized Holter pro-
gram (Cardioscan-11 Holter EKG Systems, DM
Software) was used to identify PVCs, then the
recordings were visually inspected and unclear
recordings areas were excluded. QRS morpholo-
gy classification was also done automatically by
the holter program and obtained after review and
manual editing by an experienced technician.
Two independent cardiologists then manually
reviewed the entire automated interpretation of
the recording for all arrhythmic episodes and all
unknown traces. A licensed electrophysiologist
confirmed the reports. The daily number of
PVCs was recorded for each patient. The num-
ber of daily QRS complexes was also recorded.
PVC burden was defined as the ratio of PVCs to
the total number of QRS complexes in a 24-hour
recording.

Echocardiographic (Vivid 7°GE Medical Sy-
stem, Horten, Norway) evaluations, left ventricu-
lar end-diastolic and end-systolic volumes were
measured in apical two- and four-chamber views
with modified Simpson’s method, and LVEF was
obtained. All echocardiographic measurements
were made at sinus beats, avoiding the first
post-extra systolic beat if possible.

Prognostic factors: LVEF% and NT-Pro BNP
level.

Other Adjustment Variables

It was very important that the predictors to be
included in the model were clinically and biolo-
gically reasonable relationships with PVC burden
%. Accordingly, gender, age, DM, HTN, presence
of symptoms, symptom duration, and heart rate
were used as adjustment predictor variables.
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Statistical Modeling

We used the ordinary least regression method
to assess the relationships between PVC bur-
den and prognostic factors adjusted for other
predictors. The relationship between the pro-
gnostic factors and PVC burden was determi-
ned using the regression coefficient and 95%
confidence interval. We created four different
multivariable models to compare performance
measures of prognostic factors: Model-1 has
gender, age, DM, HTN, symptoms, and heart
rate, while LVEF has been added in addition
to model-1 in model-2. Model-3 included NT-
Pro-BNP alongside model-1 variables, while
model-4 included both LVEF and NT-Pro-BNP
variables in addition to model-1 variables. Con-
tinuous variables included in the model were
taken with the restricted cubic spline transfor-
mation (3 knots). Accordingly, we compare the
performance (R2, likelihood ratio X2) of mo-
dels. The relative importance of each predictor
in the models was estimated with a partial X2
value for each predictor divided by the model’s
total X2, which estimated the independent con-
tribution of each predictor to the variance of
the outcome.

Table I. Baseline clinical characteristics.

Statistical Analysis

The median and interquartile range were used
in presenting numerical variables and the percen-
tage or the number of patients was used in presen-
ting categorical data. The Mann-Whitney U test
and the y* statistics were applied to evaluate the
baseline and clinical characteristics among pa-
tients based on the categorical PVC burden using
the median value as a cut-off.

Outcome: PVC burden %. p-values <.05 were
considered statistically significant. All statisti-
cal analyzes were performed using R-software
v.3.5.6 (R statistical software, institute for stati-
stics and mathematics, Vienna, Austria).

Results

A total of 94 patients with PVC burden > 5%
(age 45.9+12.9 years, 53 males and 42 females)
were included in the study. While 79 (84%) of the
patients were symptomatic, the mean duration of
symptoms was 31.2 weeks. There were 7 patients
with a history of ablation. Other baseline clinical
features are summarized in Table I.

Overall group PVC Burden <18% PVC Burden =18% p*
Age 45.50 [37.00, 55.00] 49.00 [38.00, 55.00] 44.00 [35.00, 54.50] 0.484
Sex (male) 53 (56.4) 24 (51.1) 29 (61.7) 0.405
presence of symptom 79 (84.0) 44 (93.6) 35(74.5) 0.024
Symptom duration 12.00 [6.50, 36.00] 24.00 [12.00, 48.00] 12.00 [4.00, 24.00] 0.029
BMI 27.50 [26.00, 30.00] 28.00 [25.10, 30.00] 27.00 [26.00, 29.50] 0.710
HT 20 (21.3) 10 (21.3) 10 (21.3) 1.000
DM 14 (14.9) 9(19.1) 5(10.6) 0.385
Smoking 22 (234) 8 (17.0) 14 (29.8) 0.223
Previous beta-blocker 67 (71.3) 40 (85.1) 27 (574) 0.006
Previous CCB 6(6.4) 3(6.4) 3(6.4) 1.000
Previous Amiodarone 2(2.1) 24.3) 0(0.0) 0.475
Previous Propafenon 33.2) 12.1) 24.3) 1.000
Previous ablation 7(74) 1201 6 (12.8) 0.116
PVC QRS width 130.00 [120.00, 160.00] 140.00 [130.00, 160.00] 130.00 [120.00, 150.00] 0.055
PVC coupling interval 480.00 [440.00, 520.00] 480.00 [440.00, 530.00] 480.00 [440.00, 520.00] 0.143
Mean heart rate 75.00 [70.00, 84.00] 73.00 [66.50, 79.00] 78.00 [71.50, 84.50] 0.010
LVEDD 4.80[4.53, 5.10] 4.80[4.50, 5.10] 4.80[4.60, 5.00] 0.943
LVESD 3.10 [2.80, 3.40] 3.10 [2.80, 3.40] 3.20[2.90, 3.40] 0.413
Hgb 13.95 [12.60, 15.00] 13.90 [12.70, 14.80] 14.20 [12.55, 15.35] 0.578
TSH 1.90 [1.40, 2.40] 2.20[1.70, 2.68] 170 [1.25,2.30] 0.026
CRP 0.34[0.34, 0.58] 0.34[0.34, 0.56] 0.34[0.34, 0.69] 0.244
Nt-Pro-BNP 295.15 [255.12, 485.60] 274.50 [221.00, 314.90] 333.50 [278.70, 605.10] 0.001
LVEF 65.35 [58.47, 67.00] 65.40 [59.70, 67.35] 65.00 [56.20, 67.00] 0.276

PVC: premature ventricular contraction, DM: diabetes mellitus, HT: Hypertension, LVEF: left ventricular ejection fraction,
LVEDD: left ventricular end-diastolic diameter, LVESD: left ventricular end-systolic diameter, TSH: thyroid stimulating

hormone, CRP: C reactive parameter. *Independent 7-Student.
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Figure 1. Histogram plot for distribution of PVC-burden (a), Nt-Pro-BNP (b) and LVEEF (c).

In the 24-hour continuous heart rhythm mo-
nitoring of the patients included in the study, the
median PVC burden was 18% (IQR; 11-27) (Figure
1a). In addition, 9.5% (n=9) of the study population
had LVEF <50% (Figure 1b), while median NT-
Pro-BNP levels were 301 pg/dl (261-522) (Figure
Ic). When model-1 consisting of gender, age, DM,
HTN, presence of symptoms, symptom duration,
and heart rate, and model-2 consisting of LVEF in
addition to variables of model-1 were compared,
it was observed that both LRX2 and R2 values
improved (likelihood ratio test p-value=0.013).
Model-1 compared with model-3 which consists
of NT-pro BNP in addition to variables of mo-
del-1, and it was observed that both LRX2 and
R2 values improved (likelihood ratio test p-va-
lue=0.008). However, when compared to model-1,
the most significant improvement was observed in
both LRX2 and R2 values in model-4 consisting of

model-1 plus NT-Pro-BNP and LVEF (likelihood
ratio test p-value <0.001) (Table IT).
Therefore, model 4 was considered to be the

most useful model. Figure 2 shows how each of
the variables included in model 4 contributes to
the variation in PVC burden (%). LVEF and NT-
Pro-BNP alone explain approximately 67% of
the variation in PVC burden (%). In Figure 3, the
relationship of LVEF and NT-Pro-BNP with PVC
burden (%) is shown in the partial effect plot.

Discussion

In this study we determined that NT-pro-BNP le-
vels and LVEF could predict PVC burden in patien-
ts. Higher levels of NT-pro-BNP and lower LVEF
values were associated with increased PVC burden.

PVC is a common arrhythmia seen in 1-4%

Table Il. Multivariable linear regression models for predictions of PVC burden %.

Model-2

Model-3

Model-4

Model-1
Age (from 37 to 55) 1.84 (-1.43,5.11)
Sex (male) 0.94 (-4.05,5.93)
DM -1.87 (-8.74,4.99)
HT -3.18 (-9.24, 2.86)

Presence of symptoms
Symptoms duration (from 6.5 to 36)
Heart rate (from 70 to 84)

332(-10.2,3.57)
-4.76 (-9.44, -0.08)
471 (1.27, 8.14)

LVEEF (from 58 to 67)

NT-Pro-BNP (from 262 to 522) -
Intercept 174
Model performances 20.6
LR X2 R2 0.197

0.90 (2.36,4.17)
2.57 (:2.38,7.54)
172 (-8.35, 4.93)
2.63 (-8.51,3.23)
-3.66 (-10.3, 3.01)
-5.06 (-9.64, -0.47)
3.01 (-0.54, 6.57)
-4.32 (-7.63, -1.00)

40.7
29.3
0.268

1.82 (-1.24, 4.89)
0.90 (:3.78, 5.58)
241 (-8.87, 4.06)
-3.32(:9.01, 2.36)
-3.87 (-10.3, 2.59)
-3.19 (-7.79, 1.40)
3.99 (0.75, 7.24)
5.69 (2.32, 9.06)
6.90

349

0310

0.98 (:2.09, 4.05)
2.39 (:2.27, 7.06)
-2.25 (-8.53,0.95)
279 (-8.32, 2.74)
-4.15(-10.4, 2.14)
-3.58 (-8.11, 0.95)
2.48 (-0.88, 5.84)
391 (-7.04, -0.78)
5.32 (2.05, 8.60)
299

433

0369

PVC: premature ventricular contraction, DM: diabetes mellitus, HTN: Hypertension, LVEF: left ventricular ejection fraction,

LR X2: likelihood ratio Chi-square.
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Figure 2. Partial effect plot for LVEF and NT-proBNP in predictions of PVC burden (%).

of standard 12-lead ECGs of the general popula-
tion7. In 24-48-hour, rhythm Holter monitoring,
the frequency of PVC varies between 40% and
75%?. Studies®!® conducted in people without he-
art disease have shown that death, cardiovascular
death, ischemic heart disease, and heart failure
were found to be higher in patients with PVC
detected in rhythm Holter monitoring than those
without. However, it was found that PVCs are
mostly associated with a good prognosis'!. Stu-
dies™"'* have shown that the conditions associa-

ted with poor prognosis are underlying structu-
ral, ischemic, and electrical abnormalities, PVC
burden over 10% in rhythm holter monitoring,
complex PVCs such as couplet, triplet, or non-su-
stained VT, multifocal PVCs, increase in PVC
burden with exercise, PVCs originating from are-
as outside the outflow tract (LVOT, RVOT), R on
T phenomenon and PVCs with wide QRS.
Studies'>'¢ have shown that the poor prognosis
of PVCs is caused by left ventricular dilatation and
deterioration in left ventricular systolic functions.

©P
Age |, 0.8 0.6680
DM . 05 0.4782
HT . 1.0 0.3185
Sex . 1.0 0.3098
Mean heart rate . 23 0.3160
Symptom duration . 2.6 0.2790
Presence of symptom . 1.7 0.1934
LVEF . 7.4 0.0292
Nt-Pro-BNP *| 126 0.0029
T 1 T T T 1
0 2 4 6 8 10 . .
£ df Figure 3. The rank of variable importance
in the multivariable model-4.
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This clinical condition has been named PVC- in-
duced cardiomyopathy'. On the other hand, the
incidence of PVC frequently increases in case of
low LVEF, and this situation can create difficulties
in distinguishing which triggers the other. PVC-
induced cardiomyopathy constitutes the most im-
portant patient group in terms of antiarrhythmic
therapy and catheter ablation’. It has been shown
that the most important risk factor in PVC- in-
duced cardiomyopathy is PVC burden and >10%
PVC burden was found to be significant in terms of
the risk of developing cardiomyopathy™'"-!*.

Rhythm holter monitoring is used to determine
the PVC load in a patient with PVC detected in
the ECG. However, compared to ECG, echocar-
diography, and laboratory tests, Holter monitoring
can cause significant delays in the diagnosis and
treatment process in terms of accessibility. In a
study"™ conducted in Europe it was determined
that an average of 39 days elapsed between the
patient’s admission to the hospital and seeing the
holter result and starting the treatment. In addition,
depending on the fact that the daily PVC load is
affected by many factors, Holter monitoring may
need to be extended up to 6 days to determine
the actual PVC load". Therefore, in a patient with
PVC on ECQG, it seems important to use easily ac-
cessible echocardiography and clinical predictive
laboratory parameters to correlate with Holter in
the estimation of PVC burden in the period until
Holter monitoring. In addition, echocardiography
is an important diagnostic method in which fin-
dings of structural heart diseases, myocarditis,
and ischemic heart diseases can be seen, as well as
PVC-induced cardiomyopathy, which is one of the
important prognostic indicators of PVC?*2!,

We considered BNP and NT-pro-BNP to be
predictors together with LVEF since they are an
important indicator of mortality in asymptomatic
left ventricular dysfunction independent of LVEF
in terms of showing deterioration in myocardial
functions?>. BNP and NT-pro-BNP are released
from the ventricle in cases of increased myocar-
dial wall tension and hypervolemia*. Previous
studies*** have shown that high BNP and NT-
pro-BNP levels are associated with high mortali-
ty in both patients with heart failure and patients
with asymptomatic left ventricular dysfunction.
In some studies, increased BNP and NT-pro-BNP
levels were found to be associated with increased
ventricular ectopia®2®. As an explanation for this
relationship, it is thought that the increase in left
ventricular end-diastolic pressure and pulmonary
capillary wedge pressure (PCWP) following PVC

will increase the left ventricular filling pressures
and consequently the amount of BNP released
from the left ventricle®. In our study, we found
NT-pro-BNP to be a very strong parameter in
terms of predicting PVC load. We also found
LVEF to be the second strongest predictor after
NT-pro-BNP. We found that variables such as
age, gender, DM, HT, symptom duration, presen-
ce of symptoms, and heart rate, which we took as
other enhancing parameters, did not significantly
contribute to the improvement of the model.

In this study, we determined that by evaluating
together LVEF and NT-pro-BNP detected by sim-
ple and easily accessible echocardiography and
laboratory tests, it may be used to predict PVC
burden, before Holter monitoring which can take
time in terms of access and sometimes requires a
long examination time in symptomatic or asymp-
tomatic patients with PVC detected on ECG.

Limitations

The most important limitations are the retro-
spective nature of the study and the small sample
size. Our patient population was a relatively small
population of 93 patients. Our findings need to be
investigated with larger- scale studies. In addition,
our findings cannot be generalized to the group of
patients with a PVC load of <5%, since patients with
a PVC load of <5% were not included in our study.

Conclusions
LVEF and NT-pro-BNP may be beneficial in

predicting and prognostic evaluation of PVC bur-
den in the period before rthythm Holter monitoring.
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