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Background and aim: The aim of this study was to evaluate the relationship between ECG  Received: January 30, 2021
findings and blood parameters indicative of inflammation and myocardial injury in COV- Accepted: May 23, 2021
ID-19 patients. Methods: The study included 159 females and 194 males. Demographics, ECG
findings (axis, rhythm, branch block, ST- and T-wave changes, premature ventricular con-
tractions, early repolarization, S1Q3T3, fragmented QRS [fQRS], rate, PR, QRS, QT interval,
QTc, P-wave dispersion) and albumin, D-dimer, ferritin, pro-BNP, procalcitonin, protein,
troponin T, neutrophil-to-lymphocyte ratio (NLR), C-reactive protein/albumin ratio (CAR)
were recorded. Results: In the study, 45% of the cases were female and 55% were male. The
mean age of the included patients was 45.7 + 24.4 years. The most frequent comorbidities
were chronic obstructive pulmonary disease (COPD) and hypertension (HT) in both groups.
The incidence of fQRS on the 1st day was significantly higher in patients with negative CO-
VID-19 test (23% for positive RT-PCR versus 35.6% for negative RT-PCR, p = 0.016). QTc
values on the 3rd and 5th day were significantly higher in patients with negative RT-PCR (p
= 0.045 and p = 0.042, respectively). Albumin and procalcitonin were significantly higher in
patients with positive COVID-19 test results (p = 0.018 and p <0.001, respectively). Patients
with fragmented QRS presented significantly lower serum albumin (40.62 + 4.73 g/L vs. 42.92
+ 3.72 g/L, p = 0.01), and protein levels (p = 0.02), as well as lower lymphocyte count, and
significantly higher levels of C-reactive protein (47.01 + 65.01 mg/L vs. 24.55 + 44.17 mg/L, p
= 0.001), D-dimer (p = 0.009), neutrophil count, pro-BNP (p = 0.004), troponin T (p <0.001),
NRL and CAR (1.28 + 1.83 versus 0.6 + 1.11, p <0.001). Conclusion: Patients with COVID-19
infection presented significantly higher levels of C-reactive protein, D-dimer, neutrophil,
pro-BNP, procalcitonin, troponin T, NLR, and CAR, and significantly lower levels of albumin,
lymphocyte count, and serum proteins, indicating the level of inflammation and its relation-  gema Ave

ship with myocardial injury. Further follow-up studies are required, on larger patient sets, for  Department of Emergency Medicine,
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is an infectious con-
dition caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), which was first diagnosed in
China."? In spite of the applied epidemiological measures,
the disease was established as a pandemic in March 2020.!
COVID-19 varies in severity from little to no symptoms
to severe pneumonia, respiratory distress, and death. In
addition, the presence of associated risk due to advanced
age, hypertension (HT), diabetes mellitus (DM), and car-
diovascular diseases has been associated with increased
mortality rates.? COVID-19 affects the cardiovascular sys-
tem and may have an array of clinical presentations. Elec-
trocardiography (ECG) is a fast, simple, and noninvasive
test that measures the electrical activity of the heart, thus
allowing early diagnosis of cardiac disease. Fragmented
QRS complex has been associated with increased risk of
ventricular arrhythmias in various cardiovascular diseas-
es.* The aim of this study was to evaluate the relationship
between ECG findings and blood parameters indicative for
inflammation and myocardial injury in COVID-19 patients.

MATERIALS AND METHODS

STUDY DESIGN AND POPULATION

We conducted a cross-sectional prospective study in the
Kafkas University Medical Faculty between March and
June 2020. The study protocol was approved by the lo-
cal ethics committee. We prospectively included 292
subjects (159 females, 194 males) with suspicion of CO-
VID-19 infection who presented in the emergency room
with specific symptoms. All included patients were tested
for SARS-CoV-2 infection by sampling a nasopharyngeal
probe which was analyzed by real-time polymerase chain
reaction (RT-PCR) testing. The study population was cat-
egorized into two groups, according to positive and nega-
tive RT-PCR results. Age, gender, COVID-19 RT-PCR test
results, comorbidities, smoking status, symptoms and
signs, ECG findings (axis, rhythm, branch block, ST- and
T-wave changes, premature ventricular contractions
[PVCs], early repolarization, S1Q3T3, fQRS, rate, PR inter-
val, QRS duration, QT interval, QTc, P-wave dispersion)
and laboratory results (albumin, C-reactive protein [CRP],
D-dimer, ferritin, lymphocyte, neutrophil, pro-BNP, pro-
calcitonin, protein, troponin T, neutrophil -to-lymphocyte
ratio [NLR], CRP/albumin ratio [CAR]) were recorded and
compared between groups. A 12-lead ECG was obtained
from each patient, and all standard 12-lead ECGs (Econet

Cardio M Plus, Germany; filtered 0.5-150 Hz, 25 mm/s, 10
mm/mV) were evaluated by an experienced cardiologist.

STATISTICAL ANALYSIS

The statistical analysis was performed with the use of
SPSS 23.0 statistical software (SPSS for Windows, Chicago,
IL, USA). Normal distribution was determined by apply-
ing the Kolmogorov-Smirnov test. Categorical parameters
were compared using the Chi-squared and Fischer’s exact
test. The Mann-Whitney U test was used for non-nor-
mally distributed data in comparison of quantitative vari-
ables according to the binary group, and the independent
two-sample t test was used for comparison of normally
distributed data. The Friedman test was used for non-
normally distributed variables to examine the changes
of within-group parameters over three or more evalua-
tions. Cochran’s Q test and the Friedman test were used
to examine the changes of categorical parameters within
groups according to three or more evaluations. Analy-
sis results were presented as mean + standard deviation
and median (minimum-maximum) for quantitative data,
and as frequency (percentage) for categorical data. In the
analyses, p <0.05 was accepted as statistically significant.

RESULTS

In the study, 159 (45%) of the cases were female and 194
(55%) were male. The mean age of the included patients
was 45.7 + 24.4 years. Patients with a positive RT-PCR
test for COVID-19 were significantly younger compared
to those who tested negative (37.59 vs. 50.94 years, p
<0.001). Figure 1 and Table 1 illustrate the comparison be-
tween patients with positive and negative RT-PCR test for
COVID-19 in regards to comorbidities. The most frequent
comorbidities were chronic obstructive pulmonary disease
(COPD) and hypertension (HT) in both groups. However,
the incidence of these disorders was significantly higher
in the negative RT-PCR group for both COPD (p = 0.001)
and HT (p <0.001).

The incidence of fQRS on the 1st day was significantly
higher in the patients with negative COVID-19 test (23%
for positive RT-PCR vs. 35.6% for negative RT-PCR, p =
0.016). In patients with negative RT-PCR test results, the
QRS axis was normal on day 1 in 77.4%, on day 3 in 80.7%,
and on day 5 in 83.5% of cases (p = 0.034). ST- and T-
wave changes were present in 36.8% of negative patients
on day 1, in 42.2% of patients on day 3, and in 37.4% of
patients on day 5 (p = 0.041) compared to positive RT-PCR
for COVID-19. QT intervals measured on day 3 and day 5
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FIGURE 1. Comorbidities in patients with positive (A) and negative (B) RT-PCR test for COVID-19

were significantly higher in patients with negative RT-
PCR compared to those with positive RT-PCR (p = 0.037
and p = 0.034, respectively). QTc values on day 3 and day
5 were significantly higher in patients with negative RT-
PCR (p = 0.045 and p = 0.042, respectively). The heart rate
of negative RT-PCR patients on day 1 was significantly
higher compared to patients with confirmed COVID-19
infection (p <0.001).

The comparative results for laboratory testing between
positive and negative COVID-19 patients are listed in Ta-
ble 2. Albumin and procalcitonin were significantly higher

in patients with positive COVID-19 test results (p = 0.018;
P<0.001 respectively). CRP, D-dimer, neutrophil count,
pro-BNP, troponin T, NLR, and CAR was significantly
higher in those with negative COVID-19 test results, as
shown in Table 2.

Table 3 presents a comparative analysis between pa-
tients with and without fQRS interval measured on day 1.
Patients with fQRS presented significantly lower serum
albumin (40.62 + 4.73 g/L vs. 42.92 + 3.72 g/L, p = 0.01)
and protein levels (p = 0.02), as well as lower lymphocyte
count, and significantly higher CRP levels (47.01 = 65.01

TABLE 1. Comparative analysis between RT-PCR positive and negative tests for COVID-19

Positive RT-PCR  Negative RT-PCR Total
for COVID-19 for COVID-19 (n=292)
Fatigue, n (%) 28 (20.3) 42 (19.5) 70 (19.8)
Fever, n (%) 28 (20.3) 4Lt (20.5) 72 (20.4)
Arthralgia, n (%) 14 (10.1) 10 (4.7) 24 (6.8)
Headache, n (%) 22 (15.9) 32 (15) 54 (15.3)
Nausea/vomiting, n (%) 14 (10.1) 15 (7) 29 (8.2)
Diarrhea, n (%) 3(2.2) 2(0.9) 5 (1.4)
Dyspnea, n (%) 20 (14.5) 66 (30.7) 86 (24.4)
Cough, n (%) 39 (28.3) 82 (38.1) 121 (34.3)
Sore throat, n (%) 21 (15.2) 23 (10.7) 44, (12.5)
Chest pain, n (%) 5(3.6) 2/ (11.2) 29 (8.2)
Shivering, n (%) 6 (4.3) 7(33) 13 (3.7)
Anosmia, n (%) 3(2.2) 0 (0) 3(1.02)
Ageusia, n (%) 4 (2.9) 0(0) 4 (1.3)
Abdominal pain, n (%) 1(0.7) 11 (5.1) 12 (4.1)
Dryness of the mouth, n (%) 1(0.7) 0(0) 1(0.34)
Loss of appetite, n (%) 5 (3.6) 0 (0) 5 (1.7)
Smoking status
Never, n (%) 85 (61.6) 110 (51.2) 192 (65.7)
Current, n (%) 33 (23.9) 49 (22.8) 82 (28)
Ex-smoker, n (%) 20 (14.5) 56 (26) 76 (26)
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TABLE 2. Comparison of laboratory results between COVID-19 positive and negative patients

Laboratory parameter, mean Total Positive RT-PCR Negative RT-PCR p value
+ SD (median, minimum- (n=292) for COVID-19 for COVID-19
maximum)
Albumin 41.81 + 4.67 42.69 + 4.08 41.28 + £.92 0.018
42.6 (24.1-51.3) 43.1(29.6-49.7) 421(24.1-51.3)
CRP 35.04 + 58.71 13.05 + 29.36 49.2 + 67.9 <0.001
10.32 (0.3-342.74) 3.27(0.3-266.43)  20.03 (0.97-342.74)
D-dimer (quantitative) 068.33 + 1,415.35 796.61 + 1334.4 1,064.42 + 1,453.71 0.005
485 (150~10,151) 347 (150—-9171) 590.5 (150—10,151)
Ferritin 205.78 + 290.02 198.26 + 297.36 210.2 + 286.51 0.080
125.15 (3.79—2,000) 87.01(3.79-1,837) 138 (6.66—2,000)
Lymphocyte count 1.98 + 1.37 213 +1.21 1.89 + 1.46 0.116
1.7 (0.22-10.58) 1.8 (0.36-7.24) 1.62 (0.22—10.58)
Neutrophil count 6.62 t 5.16 3.95 + 2.27 8.34 + 5.74 <0.001
5.15 (0.12-40.23) 3.34 (0.84-13.56) 7.4 (0.12-40.23)
Pro-BNP 999.18 + 4,057.91 803.21 + 3,464.92 1,137.66 + 4,447.12 0.015
45.04 (5-35,000) 31.7 (5-24,483) 80.34 (5-35,000)
Procalcitonin 0.98 + 8.6 1.08 + 9.92 0.93 + 7.74 <0.001
0.06 (0.02—100) 0.05 (0.02—-99.32) 0.07 (0.02—100)
Protein 70.79 + 7.35 70.69 + 8.36 70.85 + 6.7 0.854
71.6 (0—88.2) 71.75 (0—82.7) 71.5 (51.5—-88.2)
Troponin T 12.4 + 24.25 7.34 + 10.05 15.16 + 28.89 <0.001
3.98 (3-298.5) 3(3-55.78) 6.03 (3-298.5)
NLR 5.19 + 6.04 2.56 + 2.46 6.88 + 6.98 <0.001
2.91(0.13-40.4) 1.75 (0.16-19.72) 4.63 (0.13-40.4)
CAR (ratio between CRP and 0.95 + 1.71 0.33 + 0.76 134 +2 <0.001

albumin) 0.26 (0.01-10.09)

0.08 (0.01-6.78)

0.47 (0.02-10.09)

mg/L versus 24.55 + 44.17 mg/L, p = 0.001), D-dimer (p =
0.009), neutrophil count, pro-BNP (p = 0.004), troponin T
(p <0.001), NRL, and CAR (1.28 + 1.83vs. 0.6 + 1.11, p <0.001).

DISCUSSIONS

In the study, fQRS, axis, ST- and T-wave changes, QT
interval, QTc, heart rate, and P wave dispersion differed
significantly according to the RT-PCR test results. While
23% of positive cases had an fQRS on the first day, 35.6%
of negative cases also presented this ECG change that has
been associated with an increased risk of severe ventric-
ular arrhythmias. In the majority of cases, the QRS axis
of patients with negative RT-PCR test for COVID-19 was
normal on the first, third, and fifth day of evaluation. On
the other hand, the corrected QT interval was lower in the
majority of patients with confirmed SARS-CoV-2 infec-
tion on day 1, 3, and 5.

fQRS complex, which associates increased risk of ven-
tricular arrythmias, occurs in cardiac conditions such as
coronary artery disease, cardiomyopathy, valvular heart
disease, aortic dissection, pulmonary embolism, congeni-
tal heart disease, and channel pathologies, as well as non-
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cardiac diseases such as obstructive sleep apnea, renal
disease, cirrhosis, radiotherapy, and autoimmune diseas-
es.> In a study conducted by Bektas et al., the prevalence
of fQRS among patients with SARS-CoV-2 infection was
24%.° Barman et al. reported that the frequency of fQRS
was significantly higher among patients with severe CO-
VID-19 and those with myocardial damage.” The reason
for a higher frequency of ECG modifications may be due
to the early ECG recording in negative patients, on their
first admission. In our study, a significant proportion of
COVID-19 negative patients did not present abnormal
axis deviation. In a similar ECG study, Mccullough et al.
reported 13.8% left axis deviation and 5.5% right or right
superior axis deviation in COVID-19 patients.® Angeli et
al. reported that ST-T abnormalities, QTc duration, and
heart rate were significantly decreased in patients with
COVID-19 pneumonia during hospitalization, in a com-
parative analysis of ECG tracings from admission and at
discharge.® In the study of Barman et al., heart rate was
associated with disease severity, but this was not affected
by the presence of cardiac injury.” In the same study, the
QTc interval was not associated with disease severity or
the presence of cardiac damage.” Yenercag et al. reported



68

Journal of Cardiovascular Emergencies 2021;7(3):64-69

TABLE 3. Comparison of laboratory results between patients with and without fragmented QRS interval

measured on day 1

Laboratory parameter, mean Total With fQRS (+) Without fQRS (-) p value
+ SD (median, minimum- (n=292)
maximum)
Albumin 4219 + 4.2 40.62 + 4.73 42.92 + 3.72 0.001
42.8 (27.5-51.3) £41.8 (27.5-50.6) £43.3(29.6-51.3)
CRP 31.87 + 52.8 47.01 + 65.01 24.55 + 4417 0.001
10.1 (0.3—286.38) 15.75 (0.3—-283.95) 6.26 (0.3—-286.38)
D-dimer 912.21 + 1,348.55 1,115.59 + 1478.3 815.5 + 1,276.36 0.009
475 (150-10,151) 631.5 (150-9,708) 393 (150~-1,0151)
Ferritin 194.57 + 264.91 217.38 + 258.51 182.56 + 268.42 0.191
128.4 (3.79—2,000) 140.8 (6.66—1,374) 125 (3.79—-2,000)
Lymphocyte count 177 + 0.87 1.61 + 0.89 1.84 + 0.85 0.031
1.63 (0.22-5.2) 1.51 (0.22—5.2) 1.7 (0.36—5.09)
Neutrophil count 6.45 + £.05 7.54 + 4.7 5.94 + 3.61 0.011
5.23 (0.84—24.32) 6.26 (1.25-24.32) 4.66 (0.84-16.13)
Pro-BNP 473.27 +1,739.9 49214 + 799.13 465.56 + 2,006.42 0.004
43.1(5-16,046) 134.9 (5-3,763) 36.85 (5-16,046)
Procalcitonin 0.18 + 0.39 0.33 + 0.59 0.1+ 0.19 0.05 <0.001
0.06 (0.02—3.48) 0.1 (0.02—-3.48) (0.02-1.82)
Protein 71.87 + 5.89 70.23 £ 6.99 72.64 £ 5.15 0.024
72.05 (52.8—-85.5) 70.9 (52.8-83) 72.75 (59.6-85.5)
Troponin T 10.2 £ 14.07 13.71 £ 16.03 8.43 +12.67 <0.001
3.57 (3-90.41) 7.68 (3-90.41) 3(3-87.83)
NLR 5.03 + 5.22 6.82 + 6.93 4.2 £ 3.94 0.002
3.16 (0.3-33.22) 4.42(0.37-33.22) 2.82(0.3-24.35)
CAR (ratio between CRP and 0.82 + 1.41 1.28 + 1.83 0.6 + 1.11 <0.001

albumin)

0.23 (0.01-8.68)

0.41 (0.02—-8.68)

0.15 (0.01-7.07)

that patients with COVID-19 had higher P-wave disper-
sion and P-wave duration compared to healthy subjects.*

In our study, albumin, lymphocyte and protein levels
were significantly lower in patients with fQRS. Serum lev-
els of CRP, D-dimer, neutrophils, pro-BNP, procalcitonin,
troponin T, NLR, and CAR were significantly higher in
patients who presented fQRS. In a study by Bektas et al.,
neutrophil, D-dimer, and CRP levels were higher in the
fQRS-positive group, while lymphocyte and troponin lev-
els were lower, but only CRP elevation was significantly
increased.® Ozcan et al. found that CRP levels were higher
and troponin and albumin levels were lower in patients
with fragmented QRS complexes, but the difference did
not reach statistical significance." Inflammation plays a
major role in all phases of heart disease, and CRP, CAR,
NLR, and procalcitonin are inflammatory markers cur-
rently used to predict the prognosis of several diseases
including coronary artery disease.*"'® Cardiac troponins,
D-dimer, and pro-BNP are parameters commonly used
to show coronary ischemia or cardiac injury.”' Coronary
ischemia and inflammation caused by COVID-19 may lead
to an increase in serum levels of these parameters for pa-

tients with fQRS. In a study conducted by Kocaman et al.,
troponin levels were significantly higher in patients with
fQRS.2° Radwan et al. found that cardiac troponins were
higher in patients with fQRS, and this group presented an
increased risk for acute coronary syndromes.** Zhao et al.
reported that fQRS was significantly associated with pro-
BNP, thus indicating a prognostic role for impaired ven-
tricular systolic function.??

This single-center study had some limitations. Firstly,
the size of the study population was relatively small, and
the COVID-19 diagnosis was established using only RT-
PCR tests. Moreover, chest computed tomography find-
ings of the patients were not included in the study.

CONCLUSION

Patients with COVID-19 infection presented significant-
ly higher levels of CRP, D-dimer, neutrophils, pro-BNP,
procalcitonin, troponin T, NLR, and CAR, and significantly
lower levels of albumin, lymphocyte count, and serum
proteins, thus indicating the level of inflammation and its
relationship with myocardial injury. Moreover, patients
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with fragmented QRS complexes, that are at risk for de-
veloping major adverse cardiovascular events, presented
significantly higher levels of inflammatory biomarkers
(CRP, procalcitonin, neutrophil count, NLR), as well as
increased biomarkers for myocardial injury and neuro-
hormonal activation of the left ventricle (troponins, pro-
BNP). The integration of several ECG parameters (fQRS,
P-wave dispersion, QTc, heart rate) with serum biomark-
ers for inflammation and myocardial damage may provide
prognostic information for patients with COVID-19 infec-
tion. Further follow-up studies are required, on larger pa-
tient sets, for the development of risk prediction tools in
COVID-19 patients.
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