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Baseline Electrocardiographic Abnormalities in Pre-
Treatment Cancer Compared With Non-Cancer
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Abstract

Background: Most studies have compared post-treatment electrocar-
diogram (ECG) abnormalities in cancer patients to the general pop-
ulation. To assess baseline cardiovascular (CV) risk, we compared
pre-treatment ECG abnormalities in cancer patients with a non-cancer
surgical population.

Methods: We conducted a combined prospective (n = 30) and retro-
spective (n = 229) cohort study of patients aged 18 - 80 years with
diagnosis of hematologic or solid malignancy, compared with 267
pre-surgical, non-cancer, age- and sex-matched controls. Computer-
ized ECG interpretations were obtained, and one-third of the ECGs
underwent blinded interpretation by a board-certified cardiologist
(agreement r = 0.94). We performed contingency table analyses us-
ing likelihood ratio Chi-square statistics, with calculated odds ratios.
Data were analyzed after propensity score matching.

Results: The mean age of cases was 60.97 + 13.86; and 59.44 + 11.83
years for controls. Pre-treatment cancer patients had higher likelihood
of abnormal ECG (odds ratio (OR): 1.55; 95% confidence interval (CI):
1.05 to 2.30), and more ECG abnormalities (x> = 4.0502; P = 0.04)
compared with non-cancer patients. ECG abnormalities were higher in
black compared to non-black patients (P = 0.001). In addition, baseline
ECGs among cancer patients prior to cancer therapy demonstrated less
QT prolongation and intra-ventricular conduction defect (P = 0.04); but
showed more arrhythmias (P < 0.01) and atrial fibrillation (AF) (P =
0.01) compared with the general patient population.
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Conclusions: Based on these findings, we recommend that all cancer
patients receive an ECG, a low-cost and widely available tool, as part
of their CV baseline screening, prior to cancer treatment.
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Introduction

The cardiotoxic effects of cancer treatments contribute to ap-
proximately 5 million emergency visits annually in the United
States. As such, much attention needs to be paid to pre-existing
cardiovascular disease (CVD), which may be undiagnosed pri-
or to cancer therapy. In most trials, limited cardiac screening
before cancer therapy makes it difficult to assess pre-existing,
undiagnosed CVD; as a result, subsequent CVD manifesta-
tions are sometimes improperly attributed to cancer therapy.
In this cohort with a diverse racial makeup, we aimed to ex-
plore pre-treatment electrocardiogram (ECG) abnormalities as
a marker of baseline CVD among patients prior to cancer treat-
ment compared with non-cancer patients.

Materials and Methods

We performed a prospective (n = 30) and retrospective (n = 229)
cohort study on patients aged 18 - 80 years old, with hematologic
or solid malignancy. The control group comprised 267 pre-surgi-
cal, non-cancer, age- and sex-matched controls. Prospective data
were obtained from a randomized selection of patients planned to
receive their cancer treatment at Rush University Medical Center
(RUMC) while retrospective data were obtained from 2013 - 2018
archives of RUMC Cancer Registry and a pool of pre-surgical,
non-cancer patients. This study was approved by the RUMC In-
stitutional Review Boards committee; and all prospective patients
provided informed consent. This study was conducted in compli-
ance with the ethical standards of the responsible institution on
human subjects as well as with the Helsinki Declaration.

Each ECG, recorded at 25mm/s speed and 10 mm/mV
amplification, was interpreted by the integrated software, and
confirmed by an experienced cardiologist per standard prac-
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Table 1. Baseline Characteristics and Electrocardiogram Comparisons Between Cases and Controls

Characteristics Controls n =267, (%) Cases n =228, (%) P value OR? (95% CI)

Demographic
Age (years + SD) 59.44 £ 11.83 60.97 + 13.86
White 133 (49.8) 110 (48.2)
Hispanic and Latino 57 (21.3) 23 (10.1)
Black/African American 84 (31.1) 86 (37.7)
Native American/American Indian 1 (0.4) 2 (0.9)
Asian/Pacific Islander 4(1.5) 8(3.5)
South Asian 1(0.4) 0 (0.0)

ECG parameter
ECG abnormal® 103 (39) 108 (48) 0.02 1.55 (1.05 - 2.30)
ST/T abnormalities 61 (22.8) 46 (20.2) 0.64 0.87 (0.54 - 1.41)
Bundle branch block 24 (9.0) 18 (7.9) 0.86 0.89 (0.43 - 1.83)
Arrhythmias® 7 (2.6) 52 (22.8) <0.01 10.88 (4.53 - 31.75)
Premature beats 17 (6) 22 (10) 0.04 2.16 (0.97 - 5.06)
QT prolongation 21(7.9) 8(3.5) 0.04 0.40 (0.15-0.98)
Low voltage QRS 8 (3.0) 4(1.8) 0.54 0.56 (0.12 - 2.26)
Heart block 10 (3.7) 7(3.1) 0.80 0.77 (0.24 - 2.37)
LVH 14 (5.2) 13 (5.7) 1.00 1.00 (0.42 - 2.40)
RBBB 17 (6.4) 13 (5.7) 0.70 0.80 (0.34 - 1.82)
LBBB 12 (4.5) 7(3.1) 0.80 0.77 (0.24 - 2.37)
Intraventricular conduction defect 18 (6.7) 5(2.2) 0.04 0.31 (0.09 - 0.94)
Atrial fibrillation 1(0.4) 10 (4.4) 0.01 10.37 (1.45 - 452.90)
Left atrial abnormality 18 (6.7) 7(3.1) 0.08 0.42 (0.14 - 1.11)
Left axis deviation 14 (5.2) 12 (5.3) 1.00 1.09 (0.43 - 2.80)
Right axis deviation 3(1.1) 2(0.9) 1.00 0.66 (0.05 - 5.85)

aAfter propensity score matching for CAD, hypertension, and Hispanic or Latino ethnicity. °Based on summed ECG score with each abnormality tal-
lied as 1 point. ¢Includes tachycardic, bradycardic and irregular rhythm. Cl: confidence interval; ECG: electrocardiogram; LBBB: left bundle branch

tice. One-third of ECGs underwent blinded interpretation by
another board-certified cardiologist (agreement r = 0.94). ECG
abnormalities were compared between cancer and non-cancer
patients, and a summed ECG score was calculated with each
abnormality tallied as 1 point (Table 1). Statistical analysis
was performed using R statistical software version 3.4.3. Pack-
age Matchit was used for propensity score matching. Nearest
neighborhood method was used for matching. Results were re-
ported as odds ratio (OR) with 95% confidence interval (CI). P
value < 0.05 was considered significant.

Results

A total of 228 cases and 267 controls were included in the final
analysis. The mean age for the cases cohort was 60.97 + 13.86
years, and 59.44 + 11.83 years for the control cohort; 243 (49%)
white and 170 (34%) black. The study included 300 (61%) fe-
males; and a sum of 211 patients had abnormal ECGs: 35.2%
diabetes, 72.5% hypertension, 18% CAD, 3.8% coronary artery
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bypass graft, 10.9% atrial fibrillation (AF), and 9% valvular is-
sues. Nearest neighborhood propensity score matching was per-
formed for CAD, hypertension, and Hispanic or Latino ethnicity
based on parameters that were significantly different between
groups; 228 cases were matched with 228 controls, mean age
57.12 + 10.91 and 60.97 + 13.86, respectively. More abnormal
ECGs were noted among the pre-treatment cancer group than
the control group (OR: 1.55, 95%, CI: 1.05 - 2.30; P = 0.02)
(Table 1). ECG abnormalities were higher in black compared
to non-black patients (P = 0.001). In addition, baseline ECGs
among cancer patients prior to cancer therapy demonstrated
less QT prolongation and intra-ventricular conduction defect (P
= 0.04); but showed more arrhythmias (P < 0.01) and AF (P =
0.01) compared with the general patient population.

Discussion

We found that cancer patients referred to our cancer center had
an overall 55% higher chance of ECG abnormalities, based on
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a summed ECG parameter score, when compared with the non-
cancer population. These ECG abnormalities were two times
higher among black compared with non-black patients. To our
knowledge, this is the first study that has compared baseline
ECG characteristics of cancer patients with non-cancer patients
before chemotherapy; and with racial/ethnic implications. In a
general population of patients, Movahed et al found that African
Americans had 2.5 times higher baseline ECG abnormalities in-
dependent of echocardiographic abnormalities or demographics
[1]; our study demonstrated similar findings.

Although cancer patients are known to have a high preva-
lence of arrhythmias during and post-chemotherapy, our study
found that they also have higher likelihood of arrhythmias
(including AF) in the pre-treatment phase. These arrhythmias
can be attributed to electrolyte abnormalities, paraneoplastic
syndrome, overlapping risk factors for cancer and cardiac dis-
ease, and metastasis of cardiac and autonomic nervous system
in cancer patients [2, 3]. At least one electrolyte or acid-base
abnormality has been demonstrated in nearly 58% of cancer
patients, with hypocalcemia being most common [4].

Our study was limited by a small sample size. Even after
propensity score matching, there were significant differences
in certain baseline variables between cases and controls that
could affect ECG outcomes in our study participants. Fur-
thermore, not all study participants were prospectively en-
rolled, and this study was not a randomized controlled trial;
thus, residual confounding was not accounted for at this time.

In conclusion, we found that cancer patients had more
baseline ECG abnormalities, particularly arrhythmias and AF,
compared with non-cancer patients. These findings of ECG ab-
normalities were higher among blacks in our study and could
possibly be a marker of higher baseline cardiovascular risk in this
population going into cancer therapy. In line with the new cardio-
oncology guidelines [5], we recommend that all cancer patients
receive an ECG, a low-cost and widely available tool, as part of
their cardiovascular baseline screening, prior to cancer treatment.
Baseline cardiac screening with ECG may help with overall car-
diac outcomes, by detecting early pre-existing conditions that
can result in alternative chemotherapeutic treatments and closer
cardiac monitoring during cancer treatment. The peri-treatment
cardiovascular prognostic implications of higher baseline ECG
abnormalities among black cancer patients require further explo-
ration. Further research could also evaluate how our study find-
ings translate into future prediction of cardiovascular events.
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