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Premature ventricular contractions (PVCs) during recovery of exercise stress testing are associated
with increased cardiovascular mortality, but the cause remains unknown. We aimed to evaluate

the association of PVCs during recovery with echocardiographic abnormalities, and their combined
prognostic performance. Echocardiographic abnormalities [reduced left ventricular (LV) ejection
fraction, valvular heart disease, LV dilatation, LV hypertrophy, or increased filling pressures] and
PVCs during recovery were identified among patients having undergone both echocardiography and
exercise stress test. Among included patients (n=3106, age 59 + 16 years, 55% males), PVCs during
recovery were found in 1327 (43%) patients, among which the prevalence of echocardiographic
abnormalities was increased (58% vs. 43%, p <0.001). Overall, PVCs during recovery were associated
with increased cardiovascular mortality (219 total events, 7.9 [5.4-11.1] years follow-up; adjusted
hazard ratio (HR [95% confidence interval]) 1.6 [1.2-2.1], p<0.001). When analyzed in combination
with either presence or absence of echocardiographic abnormalities, PVCs during recovery were
associated with increased risk when such were present (HR 3.3 [1.9-5.5], p<0.001) but not when
absent (HR 1.5 [0.8-2.8], p=0.22), in reference to those with neither. Our findings provide mechanistic
insights to the increased CV risk reported in patients with PVCs during recovery.

Exercise-induced premature ventricular contractions (PVCs) are common findings in exercise stress testing and
have been described to associate with increased risk of cardiovascular (CV) mortality, especially when occurring
during the recovery phase!~'!. This has been observed in patients across a wide range of clinical risk profiles,
from presumably healthy, asymptomatic individuals to patients with established CV disease!~*¢7!1-13_ This sug-
gests that the etiology of PVCs during recovery is multifactorial although the cause remains to be elucidated.
PVCs during recovery after exercise have been suggested to be caused by imbalances in autonomic tone>*!4,
or to be related to myocardial ischemia'?. Despite the extensive data on prognostic information from exercise-
induced PVCs, data on structural heart disease in patients with PVCs during the recovery phase are limited
and restricted to assessment of left ventricular ejection fraction (LVEF)"">. Therefore, we aimed to investigate
the association of PVCs during recovery after bicycle exercise stress with abnormalities on echocardiographic
examination, and to evaluate the prognostic value of the combination of PVCs during recovery and abnormal
findings on echocardiography.

Methods

We performed a retrospective cohort study including patients aged 18 years or older who had performed a clinical
bicycle exercise stress test and a resting transthoracic echocardiography within 90 days of the exercise stress test
at the Department of Clinical Physiology at Kalmar County Hospital, Sweden, between 31 May 2005 and 31 Oct
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7,630 patients without echocardiogram performed
(age 57.0+14.3 years, 4,095 males, 3,535 females)

2,674 patients with an echocardiogram >3 months from the stress test
(age 64.7+12.4 years, 1,428 males, 1,246 females)

362 patients with atrial fibrillation

(age 68.3+11.4years, 258 males, 104 females)

115 patients with exercise duration <3 min
(age 74.1£9.7 years, 57 males, 58 females)

Figure 1. Flow chart of patient inclusion and exclusion.

2016. The exercise stress test database has been described in detail elsewhere!'®-2°. We excluded those who had
an exercise time less than 3 min or had atrial fibrillation, considering the challenge of distinguishing aberrantly
conducted supraventricular complexes from PVCs. Full inclusion and exclusion criteria are shown in Fig. 1. The
database has been cross-linked with comorbidity and hospital admission data in the Swedish National Patient
Registry, and with the Swedish National Causes of Death Registry to obtain survival status of all patients (up to
31 Dec 2019)?". The underlying cause of death, e.g. CV death, can be identified in the National Causes of Death
Registry and is based on the death certificate, usually completed by the patient’s regular physician or the physi-
cian who last saw the patient. A detailed description on how the underlying cause of death is identified has been
described previously?. In brief, it is defined as the disease (or injury) which initiated the train of events leading
directly to death. For this study, any underlying cause of death within the CV disease International Classification
of Diseases (ICD)-10 chapter (Ix) has been considered as CV death. List of definitions of comorbid conditions
including ICD-10 codes can be found in Supplementary Table 1.

Exercise stress testing. Exercise stress testing was performed according to a nationally standardized pro-
tocol on an electronically braked, regularly calibrated bicycle ergometer (Rodby Inc, Karlskoga, Sweden) and
commenced at a starting load of 40-100 W for males and 30-50 W for females, with an incremental increase of
10-20 W/min®. A 12-lead ECG was recorded at rest, during exercise and the recovery phase which lasted at least
4 min (CASE 12; Marquette Electronics Inc., Milwaukee, WI, USA and CASE v 6.51, GE Healthcare, Milwaukee,
WI, USA). Every 2 min during exercise, the patients were queried regarding rating of perceived exertion (RPE),
and systolic blood pressure was measured. The test was terminated at the patient’s will or if any termination
criteria were fulfilled (severe chest pain, ST-depression >0.4 mV, a drop in systolic blood pressure or occurrence
of severe arrhythmia (ventricular tachycardia [VT] defined as at least 3 PVCs in a row, PVCs in increasing fre-
quency or complexity, supraventricular tachycardia > 200/min, or AV block IT or III occurring during exercise)®.
At termination of exercise, the patient directly returned to supine position.

ECG abnormalities at rest before, after, and during stress were noted by the attending physician at the time
of the test and were not re-interpreted for the purpose of this study. Peak workload was related to nationally
standardized reference values (% of predicted Wy,,,)". The amplitude and slope of the ST segment during the
exercise stress test were measured 60 ms following the J-point (ST60). For this study, ST depression was defined
as horizontal or down-sloping ST depression>0.1 mV in V5 during exercise or during the recovery phase.
Heart rate recovery was defined as the difference in heart rate between the maximal heart rate and the heart rate
1 min after cessation of exercise?***. For patients who had performed more than one test, only the most recent
test was included.

Frequency of PVCs in the recovery phase. PVC frequency during recovery was graded at the time of
the stress test according to clinical routine as either <1 PVC/min, 1-5 PVCs/min, 5-10/min, or > 10/min dur-
ing the first 4 min of recovery. Studies have applied different definitions of frequent PVCs'-”*', ranging from
the use of the median frequency in the dataset (frequent=above the median)"*'°, to 10% of all depolarizations
within a specific time frame*”?, or a fixed value, e.g. > 10/min®. Thus, any cutoff would be arbitrary and previous
studies have shown that cardiovascular risk may be similar for patients with frequent PVCs compared to those
with infrequent PVCs®. This suggests that the prognostic significance lies in the presence of PVCs during recov-
ery rather than the quantity. Consequently, we chose to primarily divide our study population into two groups
based on<1 or>1 PVC/min during the first 4 min of recovery. For readability, these patients will subsequently
be referred to as having no PVCs during recovery, although they, by definition, may have had 0-3 PVCs during
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the first 4 min of recovery. As a supplemental analysis, we also present the results based on the grading used in
the clinical reports, i.e., <1 PVC/min, 1-5 PVCs/min, 5-10/min, or > 10/min.

Echocardiography. Standard echocardiographic examinations were acquired during clinical routine by
skilled ultrasound technicians under physician supervision. LV ejection fraction (EF) was reported either based
on the Simpson biplane method, from M-mode data, or by visual estimation. Data on grade of aortic, mitral or
tricuspid regurgitation (0-3: none, mild, moderate, severe) were extracted from the echocardiographic reports.
Moderate aortic stenosis was defined as aortic valve (AV) maximal velocity>3.1-4.0 m/s or AV mean gradient
20-40 mmHg, and severe aortic stenosis as AV maximal velocity>4.0 m/s or AV mean gradient >40 mmHg®.

LV mass was calculated according to the Cube formula (LV mass (g) =0.8 x 1.04 ([IVS+LVID + PW]* - LVI
D?) +0.6)%. Left-sided cardiac dimensions (LV diameter, LA diameter, LV mass) were indexed to body-surface
area (BSA) and were considered abnormal if they exceeded established sex-based reference values (LV diam-
eter:>31 mm/m? (males), > 32 mm/m? (females); LA diameter:>23 mm/m? (both sexes); LV mass: > 115 g/m?
(males), >95 g/m? (females))?’. Similarly, LVEF below the sex-based reference value was considered to be reduced
(<52% (males), < 54% (females))?.

Significant valvular heart disease was defined as at least moderate aortic/mitral/tricuspid regurgitation or at
least moderate aortic stenosis. Increased right ventricle to right atrial (RV-RA) pressure gradient was defined
as a tricuspid regurgitant velocity exceeding 2.8 m/s. Increased LV filling pressures were defined as E/e’ 215
and a dilated LA, or E/e’>15 and an increased RV-RA pressure gradient. An echocardiographic abnormality
was considered present if any of the following criteria were met: (a) reduced LVEEF, (b) significant valvular heart
disease, (c) LV dilatation, (d) increased LV filling pressures or (e) LV hypertrophy. Reasons for referral/primary
referral questions are presented as supplemental material.

Statistical analysis. Continuous variables were described as mean + standard deviation [SD], or as median
[interquartile range]. Proportional differences between groups were assessed using the y?* test. Comparison of
group means was performed using Student’s t test or analysis of variance (ANOVA). In order to account for
baseline differences in age and sex, the relation between the frequency of PVCs in the stress test recovery phase
and subsequent findings on echocardiography was described not only as proportions, but also using odds ratios
(OR) with 95% confidence intervals (CI) from multivariable logistic regression.

Time-to-event analysis was performed using Kaplan-Meier analysis with censoring at study end (31 Dec
2019). The association between PVCs during recovery and CV mortality was analyzed using multivariable Cox
proportional hazard regression models; unadjusted and adjusted for age, sex, hypertension, heart failure, ischemic
heart disease, diabetes mellitus, body mass index, peak workload, maximal heart rate, maximal systolic blood
pressure, heart rate recovery, ST depression, cardiovascular medications, and echocardiographic abnormalities.
Further, the combination of PVCs during recovery and presence/absence of echocardiographic abnormalities
were analyzed unadjusted and adjusted for age, sex, baseline comorbidities (hypertension, heart failure, ischemic
heart disease, diabetes mellitus, body mass index), peak workload, maximal heart rate, maximal systolic blood
pressure, heart rate recovery, and ST depression, and cardiovascular medications. The choice of confounding
variables was based on subject matter knowledge and directed acyclic graphs.

In order to evaluate which echocardiographic abnormalities that were predictive of CV mortality in patients
with PVCs during recovery, each single echocardiographic parameter included in the definition of ‘echocardio-
graphic abnormalities’ (increased E/e ratio, LV dilatation, increased LV mass, increased LA diameter, reduced
LVEE increased RV-RA pressure gradient, moderate/severe aortic regurgitation, moderate/severe aortic ste-
nosis, moderate/severe mitral regurgitation, moderate/severe tricuspid regurgitation) was evaluated regarding
its independent relation to CV death, both in univariable and multivariable analysis, instead of analyzing the
association between any echocardiographic abnormalities as a group. Furthermore, the combination of PVCs
during recovery and echocardiographic abnormalities were separately evaluated for its association with incident
acute coronary syndrome (ACS; acute myocardial infarction or unstable angina) during follow-up and within one
year. Hazard ratios (HR) with 95% CI were presented. The assumption of proportional hazards was confirmed
using Schoenfeld’s residuals. Possible multicollinearity was evaluated by variance inflation factor. The following
sensitivity analyses were performed in relation to the Cox regression analysis: (1) excluding patients with PVCs
at rest according to the clinical resting ECG report, since PVCs during the recovery phase could reflect PVCs
at rest although unrelated to exercise, and (2) including only patients who underwent echocardiography more
than 3 months after the exercise stress test, since there may be a selection bias when only those that were referred
for both exercise stress test and echocardiography at almost the same time were included, and (3) stratifying
patients based on the grading of PVC frequency used in the clinical reports (< 1 PVC/min, 1-5/min,>5-10,> 10/
min), and (4) stratifying the analysis by recency (echocardiogram performed before or after the year 2010), since
technical advances may have had an impact of the results. The results of the sensitivity analyses are presented as
supplemental material. We also reported the results for all-cause mortality since this outcome is likely to be less
dependent on the consistency in diagnostic reporting.

The likelihood of PVCs during recovery was assessed by univariable and multivariable logistic regression
analysis. Age, male sex, relevant comorbidities (diabetes, hypertension, ischemic heart disease), echocardio-
graphic variables (at least moderate valvular heart disease, LVEF, increased E/e’, increased LV mass, LV and LA
dilatation) and exercise variables assumed to be related to parasympathetic tone (resting heart rate, difference
in heart rate from supine rest to sitting, heart rate recovery, % of predicted maximal heart rate) were included in
univariable analysis and, if the p value was less than 0.1, subsequently in the multivariable analysis.
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Statistical significance was accepted at the level of p <0.05 (two-sided). Statistical analysis was performed
using R v. 3.5.3 (R Core Team (2021). R: A language and environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria (https://www.R-project.org/).

Ethical approval. The study complies with the Declaration of Helsinki and was approved by the Regional
Ethical Review Board in Linkoping (Dnr 2012/379-31; 2018/141-31 and 2020/00352). Informed consent was
waived by the Ethical Review Board in Linkdping.

Results
In total, 3106 patients were included (age 59 + 16 years, 54.5% males) and followed for a median 7.9 years [IQR
5.4-11.1, range 0-15], range 0.0-14.6 years.

PVCs during the recovery phase were present in 1327 (42.7%) patients. During follow-up, 219 (7.1%) patients
died from a CV cause (10.4% of patients with vs. 4.6% without PVCs during recovery phase, p <0.001). Details on
cause of death beyond the first categorical level (I: Diseases of the circulatory system) are presented in Supplemen-
tary Table 2. Baseline characteristics based on the presence of PVCs during the recovery phase are presented in
Table 1. Besides older age and a larger proportion of male subjects among those with than without PVCs during
recovery, there were no major differences in comorbidities between groups. Peak workload was lower in patients
with PVCs, but the difference in mean peak workload as % of predicted was not clinically relevant. A larger
proportion of tests were terminated by the physician due to arrhythmia among those with PVCs during recovery.

An echocardiographic examination was performed within 1 day of the exercise stress test in 74.6% of patients,
median [interquartile range] 0 [0-2] days. An increased prevalence of echocardiographic abnormalities was
found for patients with PVCs during the recovery phase (57.6% vs 42.9%, p <0.001 (Table 2). Mean LVEF was
only slightly lower in patients with PVCs during the recovery phase (62% vs 64%, p <0.001), but the proportion of
patients with reduced LVEF was higher in patients with PVCs during recovery compared to those without PVCs
(14% vs. 9%, p <0.001). PVCs during recovery was associated with increased odds of having echocardiographic
abnormalities, even after adjustment for age and sex (OR 1.4 [1.2-1.6], p<0.001).

PVCs during recovery were associated with increased CV mortality (unadjusted HR 2.6 [2.0-3.4]), also after
adjustment for age, sex, clinical variables, exercise stress testing variables and echocardiographic abnormalities
(1.6 [1.2-2.1]). However, when analyzed in combination with either presence or absence of echocardiographic
abnormalities, PVCs during recovery were only associated with increased risk of CV death when echocardio-
graphic abnormalities were present (Table 3, Figs. 2, 3). The risk for patients with PVCs during recovery but no
echocardiographic abnormalities was not increased relative to those with <1 PVC/min PVCs during recovery
and absent echocardiographic abnormalities. The proportion of echocardiographic abnormalities in patients with
PVCs during recovery stratified by CV death during follow-up is presented in Fig. 4. Among those with PVCs
during recovery who died from a CV cause, the most common echocardiographic abnormality was increased
LV mass, followed by LA dilatation, elevated E/e’, any valvular heart disease, and reduced LVEE In patients with
PVC during recovery, increased LV mass, increased E/e’ ratio, LV dilatation were associated with CV mortality
in the multivariable analysis, whereas LVEFE, LA dilatation, increased RV/RA gradient and valvular heart disease
were not (Table 4).

In multivariable analysis, age, male sex, LV dilatation, increased LV mass, and maximal heart rate (in % of
predicted) were the only independent predictors of PVCs during the recovery phase. Beyond maximal heart rate,
indicators of abnormal autonomic tone, such as heart rate recovery, were not associated with increased frequency
of PVCs during the recovery phase in multivariable analysis (Supplementary Table 3).

During follow-up, 285 patients (9.2%) were diagnosed with acute coronary syndrome (10.6% of patients with
PVCs during recovery vs. 8.2% of patients without PVCs during recovery, p=0.03). In patients with no prior
diagnosis of ACS (n=2954), PVCs during recovery was associated with increased risk of incident ACS both
in the absence of concomitant echocardiographic abnormalities (HR 1.7 [1.1-2.6]), and in combination with
echocardiographic abnormalities (HR 2.9 [2.0-4.2]). However, for ACS within 1 year, PVCs during recovery
were only associated with increased risk in the presence of concomitant echocardiographic abnormalities (HR
3.3 [1.4-8.0]), but not for those with PVCs without echocardiographic abnormalities (HR 0.8 [0.2-3.0]), in
reference to patients with neither.

Discussion

The main finding of the current study was that exercise-induced PVCs during the recovery phase were associated
with increased CV mortality, and that this was only apparent when present together with echocardiographic
abnormalities. These findings have two important implications. Firstly, they provide insights which may aid in
the understanding of the well-known increased long-term CV risk in patients with exercise-induced PVCs dur-
ing recovery. Secondly, the occurrence of PVCs during recovery implies a high diagnostic yield of subsequent
echocardiography, therefore warranting further evaluation in search of structural heart disease.

Although patients with PVCs during the recovery phase had a negligible difference in mean LVEF compared
to those without PVCs, the proportion of patients with reduced LVEF was markedly higher. Previous reports
from cardiac imaging in the setting of exercise-induced PVCs have been restricted to the assessment of LVEF'.
Frolkis, et al., studied the prognostic value of PVCs during the recovery phase in almost 30,000 patients without
a history of heart failure, valvular heart disease, or arrhythmia, and found it to be a stronger predictor of all-cause
death than PVCs during exercise. In 6421 of these patients, LVEF was assessed either by echocardiography or
by contrast ventriculography within 3 months following the stress test. That study had similar findings as the
current study, albeit with a higher prevalence of reduced LVEF than in the current study, both among patients
with PVCs during recovery and in those without (28% vs. 13%). Our study provides additional insights that
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PVC frequency during

recovery phase

<1/min >1/min
Number of patients 1779 1327
Age, years 55.6+17.0 65.6+13.3
Male sex, n (%) 901 (50.6) 792 (59.7)
Hypertension, n (%) 265 (14.9) 216 (16.3)
Diabetes, n (%) 149 (8.4) 133 (10.0)
Ischemic heart disease, n (%) 164 (9.2) 133 (10.0)
Of which, myocardial infarction, n (%) 82 (4.6) 46 (3.5)
Cerebrovascular disease, n (%) 32(1.8) 36 (2.7)
COPD, n (%) 22(1.2) 40 (3.0)
Clinical HF classification
No HE n (%) 1651 (92.8) | 1168 (88.0)
HFpEE, n (%) 33(1.9) 39 (2.9)
HFmrEE n (%) 43 (2.4) 63 (4.7)
HFrEE n (%) 52(2.9) 57 (4.3)
Medications
ACE inhibitor, n (%) 288 (16.2) 289 (21.8)
Betablocker, n (%) 486 (27.3) 419 (31.6)
Loop diuretics, n (%) 136 (7.6) 126 (9.5)
Calcium antagonists, n (%) 219 (12.3) 194 (14.6)
Thiazide diuretics, n (%) 92 (5.2) 90 (6.8)
Anti-thrombotic, n (%) 355 (20.0) 372 (28.0)
Nitrates, n (%) 203 (11.4) 197 (14.8)
Anti-arrhythmic, n (%) 4(0.2) 1(0.1)
Anti-coagulant, n (%) 46 (2.6) 62 (4.7)
Exercise stress test variables
Peak workload, W 156+ 62 144 +53
Peak workload, % of predicted 86+19 84+18
PVCs during exercise, n (%)
1-5/min 346 (19.4) | 654 (49.3)
5-10/min 17 (1.0) 159 (12.0)
>10/min 2(0.1) 18 (1.4)
Test terminated due to arrhythmia, n (%) | 3(0.2) 35(2.6)
Resting heart rate, beats/min 73+14 72+13
Maximum heart rate, beats/min 148 +£26 143425
Heart rate recovery, beats/min 31%15 28+15
Maximum SBP, mmHg 189+30 192+30
RPE (6-20), units 17+1 1721
ST depression, n (%) 151 (8.5) 212 (16.0)

Table 1. Baseline characteristics including exercise stress test characteristics stratified by frequency of
premature ventricular contractions during the recovery phase. Data presented as mean + standard deviation or
n (%). ACE angiotensin converting enzyme, COPD chronic obstructive pulmonary disease, HF heart failure,
HFmrEF heart failure with moderately reduced ejection fraction, HFpEF heart failure with preserved ejection
fraction, HFrEF heart failure with reduced ejection fraction, PVC premature ventricular contractions, SBP
systolic blood pressure, W watts.

echocardiographic findings beyond LVEF are associated—and even more strongly so—with a worsened prognosis
in patients with PVCs during the recovery phase!~°. This study adds to the current literature by showing that
PVCs during recovery are associated with a higher rate of structural heart disease including LV hypertrophy,
LV dilatation, increased LV filling pressures, and valvular heart disease. Moreover, several of these findings were
more common in those with PVCs during recovery who died during follow-up, compared to those who sur-
vived, increased LV mass, elevated E/e’ ratio and LV dilatation, in particular. The possibility that the increased
risk among those with PVCs is mediated by LV hypertrophy and/or mechanical stress is theoretically appealing
since structural and electrical cardiac remodeling are known to be closely related?®?. LV hypertrophy has been
described to increase repolarization heterogeneity, to disturb calcium ion concentration, and to cause both ion
channel and gap junction remodeling, leading to increased susceptibility to develop ventricular arrythmias®*.
Also, this is in agreement with previous findings of increased CV risk among patients with PVCs at rest in
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PVC frequency during

recovery phase

<1/min >1/min
Number of patients 1779 1327 p
LV diameter, indexed to BSA, mm/m? 47+5 49+6 <0.001
LA diameter, indexed to BSA, mm/m? 38+6 40+6 <0.001
LVEE % 64+11 62+11 0.001
Septal wall thickness, mm 10.7+£2.2 11.3+2.2 <0.001
Posterior wall thickness, mm 10.1+1.9 10.6+1.8 <0.001
LV mass, indexed to BSA, g/m? 95+25 105+29 <0.001
E/A ratio 1.2+0.5 1.1+0.4 <0.001
E/e’ 10.3+£4.3 11.2+4.4 <0.001
AV V., m/s 15£05 | 1.6207 | <0.001
VTlyop cm 214+4.1 |209+42 |0.001
Moderate/severe AS, n (%) 49 (2.8) 55 (4.1) 0.042
Moderate/severe AR, n (%) 43 (2.4) 49 (3.7) 0.049
Moderate/severe MR, n (%) 96 (5.4) 135(10.2) | <0.001
Moderate/severe TR, n (%) 121 (6.8) 144 (10.9) | <0.001
TR velocity, m/s 23403 2.4+0.3 <0.001
Reduced LVEE n (%) 163 (9.2) 191 (14.4) | <0.001
LV dilatation, n (%) 42 (2.4) 80 (6.0) <0.001
Increased LA diameter, n (%) 266 (15.0) |289(21.8) |<0.001
Increased LV mass, n (%) 439 (24.7) | 453 (34.1) | <0.001
Increased RV-RA pressure gradient, n (%) 62 (3.5) 80 (6.5) 0.001
Increased filling pressures?, n (%) 63 (3.5) 87 (6.6) <0.001
Significant valve disease, n (%) 244 (13.7) | 289 (21.8) | <0.001
Any echocardiographic abnormality, n (%) 781 (43.9) | 763 (57.5) | <0.001

Table 2. Echocardiographic outcomes stratified by occurrence of premature ventricular contractions during
the recovery phase. Data presented as mean + standard deviation or n (%). Data on LVEF, LV diameter, LA
diameter and E/e’ were available in all 3106 cases, data on BSA-indexed value for LV diameter, LA diameter
and LV were available in 3046 cases, data on RV/RA pressure gradient were available in 1949 cases. AR aortic
regurgitation, AS aortic stenosis, BSA body-surface area, LA left atrial, LV left ventricular, LVEF left ventricular
ejection fraction, MR mitral regurgitation, PVC premature ventricular contractions, TR tricuspid regurgitation.
*Increased LV filling pressures were defined as E/e’>15 and a dilated LA, or E/e’>15 and an increased RV-RA
pressure gradient.

Unadjusted Adjusted for age, sex, clinical and exercise variables®
PVC-/ECHO- 1.0 1.0
PVC+/ECHO- 2.8 [1.5-5.2] 1.5 [0.8-2.8]
PVC-/ECHO+ 4.4 [2.5-74] 2.0[1.2-3.4]
PVC+/ECHO+ 9.1 [5.5-15.2] 3.3[1.9-5.5]

Table 3. Hazard ratios [95% CI] for cardiovascular mortality based on combination of absence/presence

of PVCs during recovery, and presence or absence of significant echocardiographic abnormalities, n=3,106
(219 events). ECHO- no significant abnormality on echocardiography, ECHO+ significant abnormality on
echocardiography, PVC premature ventricular contractions, PVC— <1 PVCs/min during recovery, PVC+

=1 PVCs/min during recovery. *“Hypertension, diabetes, ischemic heart disease, heart failure, body-mass
index, peak workload, maximal heart rate, heart rate recovery, maximal systolic blood pressure, ST depression,
use of either betablocker, angiotension-converting enzyme inhibitor, angiotension II blockers, loop diuretics,
antihrombotics, anti-coagulants, or calcium channel blockers. Coeflicients of confounders are presented in
Supplements Table C.

combination with structural heart disease®'~**. From our results, however, it is not possible to conclude whether
it is the increased risk of arrythmia associated with structural heart disease, or if PVCs is a marker of significant
structural heart disease, that would explain the increased CV risk.

Interestingly, we found no association between exercise variables assumed to be related to autonomic tone
and the occurrence of PVCs during the recovery phase, after adjusting for age, sex and echocardiographic find-
ings. Autonomic abnormalities have been suggested as a plausible cause of the increased CV mortality that has
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Figure 2. Time-to-event analysis for the combination of PVCs during recovery and abnormalities on
echocardiography among 3106 patients experiencing 219 cardiovascular mortality events during 7.9 [5.4-11.1]
years of follow-up. ECHO- no significant abnormality on echocardiography, ECHO+ significant abnormality
on echocardiography, PVC premature ventricular contractions, PVC— <1 PVC/min during recovery, PVC+

>1 PVC/min during recovery. An echocardiographic abnormality was defined as either: reduced left ventricular
ejection fraction, at least moderate valvular heart disease, left ventricular dilatation, increased left ventricular
mass, or increased left ventricular filling pressures.
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Figure 3. Forest plot showing hazard ratios for cardiovascular death with 95% confidence limits (adjusted for
age, sex, hypertension, heart failure, ischemic heart disease, diabetes mellitus, body mass index, peak workload,
maximal heart rate, maximal systolic blood pressure, heart rate recovery, ST depression, and cardiovascular
medications) based on combinations of presence/absence of PVC during recovery and echocardiographic
abnormalities. ECHO- no significant abnormality on echocardiography, ECHO+ significant abnormality

on echocardiography, PVC premature ventricular contractions, PVC—- <1 PVC/min during recovery, PVC+

>1 PVC/min during recovery. An echocardiographic abnormality was defined as either: reduced left ventricular
ejection fraction, at least moderate valvular heart disease, left ventricular dilatation, increased left ventricular
mass or increased filling pressures defined as E/e’>15 and either dilated LA or increased RV-RA pressure
gradient.
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Figure 4. Prevalence of echocardiographic abnormalities in patients with PVC during recovery (n=1327)
stratified by cardiovascular (CV) death during follow-up (CV death: n=138 (red bars); no death: 1189 (light
blue bars). ***<0.001, *<0.05. Values for echocardiographic measurements within each group can be found in
Table 2. LV left ventricular, LVEF left ventricular ejection fraction, LA left atrial, RV right ventricle, RA right

atrium. Echocardiographic abnormalities were more common in patients with PVC during recovery and an
adverse outcome.

been observed both in low- and high-risk patients>**

such an association.

The findings of the current study are based on data from patients who performed both an exercise stress test
and an echocardiogram based on clinical referral. This induces selection bias, and groups of patients that are
not referred for an echocardiogram may have a different proportion of abnormal findings. However, in a sen-
sitivity analysis for those who performed an echocardiogram unrelated to the exercise test, results were highly
similar (Supplementary Table 6), which strengthens the generalizability of our results. A detailed description of
the clinical and exercise characteristics in patients who did not perform any echocardiogram can be found in
Supplementary Table 10.

Furthermore, we lack information on coronary anatomy as well as future investigations for coronary artery
disease. Instead, incident ACS diagnoses were explored. We also lack information on differentiated CV causes
of death, e.g. sudden cardiac death. However, very few patients underwent cardiac resuscitation and/or defibril-
lation during follow-up (11 out of 3106). Also, the effect of different medications on the outcome cannot be
reliably assessed, since medications were known only at the start of the observation, and since prescriptions may
be biased towards higher-risk individuals.

The use of registry data for cause of death is highly dependent on the quality of the records. Agreement
for diagnoses between hospital records and registry data is high on the first categorical level, as applied in this

. However, the results of the current study do not support
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Univariable analysis | Multivariable analysis* | Wald | p

Increased E/e’ ratio 3.7 [2.6-5.3] 2.0 [1.4-3.0] 35 | <0.01
LV dilatation 3.6 [2.3-5.6] 22[1.2-3.8] 26 | 001
Increased LV mass 2.6 [1.8-3.6] 1.7 [1.1-2.5] 2.6 0.01
Reduced LVEF 3.3 [2.2-4.8] 1.5 [1.0-2.5] 1.8 0.07
Increased RV/RA gradient 3.4[2.2-5.3] 1.4 [0.9-2.6] 1.8 0.08
Moderate/severe aortic regurgitation 2.4 [1.4-4.4] 1.4 [0.8-2.6] 1.1 0.27
Moderate/severe mitral regurgitation 2.6 [1.7-3.8] 1.1 [0.7-1.9] 0.6 0.52
Increased LA diameter 2.6 [1.8-3.6] 1.0 [0.7-1.5] 0.0 0.98
Moderate/severe tricuspid regurgitation 1.7 [1.1-2.7] 0.9 [0.5-1.5] -1.2 0.22
Moderate/severe aortic stenosis 1.1[0.5-2.4] 0.6 [0.3-1.4] -1.1 0.29

Table 4. Hazard ratio [95% confidence interval] for cardiovascular mortality based on presence or absence of
echocardiographic abnormalities in patients with PVCs during recovery, n=1327 (138 events). LA left atrial,
LV left ventricle/ventricular, LVEF LV ejection fraction. *Hypertension, diabetes, ischemic heart disease, heart
failure, body-mass index, use of either betablocker, angiotension-converting enzyme inhibitor, angiotension II
blockers, loop diuretics, antihrombotics, anti-coagulants, or calcium channel blockers.

study, but decreases with increasing level of detail??. Also, similar results were obtained when using all-cause
mortality as an outcome.

This is a registry-based study including several thousands of patients and for practical reasons the analysis
relied on clinical reports with tabulated values, instead of raw ECG or imaging data. We have no information on
the absolute number of PVCs but relied on the grading in the clinical report (< 1/min, 1-5/min, 5-10/min, > 10/
min) and patients referred to in text as having no PVCs (< 1/min) may thus have had up to 3 PVCs during the
first 4 min of recovery. We believe that equating 0-3 to none, in general, would be in agreement with most clini-
cal test result interpretations.

Further, the classifications used relied on the number of PVCs only, i.e. not taking into account the complex-
ity of ventricular arrythmia such as couplets, bigeminy or VT. The number of tests prematurely terminated due
to severe arrhythmia among those with no or low-grade PVCs was small, indicating that this likely did not have
had a substantial impact on the findings. Furthermore, measurements of RV and RA dimensions were not avail-
able and rare diagnoses such as arrhythmogenic right ventricular cardiomyopathy were therefore not evaluated.
Nonetheless, they are expected to constitute a very small number of patients®. Despite the above-mentioned
limitations, this large registry is unique in combining results of exercise stress testing and echocardiography, and
although causal inferences cannot be made, we consider our findings to provide important, new insights to the
previously established increased long-term CV risk reported in patients with PVCs during recovery.

In conclusion, PVCs during the recovery phase of exercise stress testing were associated with increased risk
of abnormal findings on echocardiography. Importantly, increased CV mortality was observed only for subjects
with PVCs who had concomitant echocardiographic abnormalities. Our findings provide mechanistic insights
to the increased CV risk reported in patients with PVCs during recovery.

Data availability
The data that support the findings of this study are available from the corresponding author, [TL], upon reason-
able request.
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