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Abstract

Background Pro-b-type natriuretic peptide (Pro-BNP) is an inflammatory marker that indicates cardiac damage
and inflammation. The elevation of this marker in COVID-19 patients can be used as a predictive factor in the progno-
sis of these patients.

Method Our cross-sectional study investigated the evaluation of cardiac diagnostic test findings based on pro-BNP
levels in pregnant COVID-19 patients in Sayyad Shirazi Hospital, Gorgan, Iran, in 2020-2022. A hundred and ten preg-
nant patients diagnosed with COVID-19 infection were evaluated for cardiac diagnostic tests (electrocardiogram (ECG)
and echocardiography (Echo)) and pro-BNP levels. Data were analyzed using SPSS 25 software. Chi-square and Stu-
dent’s t-test will be used to test and compare the relationship between variables and compare them. A P-value

less than 0.05 is considered statistically significant. The chi-square test was used to compare the ratio of qualitative
variables among the groups if the presuppositions of chi-square distribution were established. Otherwise, Fisher’s
exact test was used.

Result The mean age of participants were 31.06+5.533 years and 49.1% of patients had pro-BNP levels

above the cut-off value for predicting an adverse outcome of COVID-19. The mean + standard deviation of pro-BNP
levels in the low group was 46.125+ 17.523 pg/mL and in the high group was 878.814 +1038.060 pg/mL. This study
revealed that patients with higher pro-BNP plasma levels had a significant relation between, myocardial infarc-

tion (M), pericardial effusion (PE), urgent Caesarean section (C/S), and mortality. In addition, no significant rela-

tion between gravid, trimester, vaccination, arrhythmia, heart block, and valves diseases with high pro-BNP levels
was found.

Conclusion The current research showed that pro-BNP levels can be used as a diagnostic and valuable prognostic
tool in pregnant women to diagnose cardiac complications by using ECG and Echo.
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Introduction

In 2019, the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) (COVID-19) spread rapidly, result-
ing in severe acute respiratory syndrome. This disease is
transmitted by airborne and the incubation period was
one to fourteen days (an average of 3 to 7 days). COVID-
19 can affect many organs, especially the cardiovascular
system, and mortality increases due to comorbidities
such as cardiovascular disease, hypertension, diabetes,
chronic lung disease, and cancer [1-4].

Cardiovascular complications have become a signifi-
cant cause of deterioration and mortality in about 8-12%
of all patients during the COVID-19 pandemic. Patients
with COVID-19 may have a direct cardiac injury or
injury associated with systemic inflammation, hemody-
namic instability, exaggerated cytokine response, and
multi-organ failure. Cardiac biomarkers reported in car-
diac damage and arrhythmia are troponin, N-terminal
pro-B-type natriuretic peptide (pro-BNP), and myocar-
dial creatine kinase band, which were reported signifi-
cantly higher in severe COVID-19 patients. Further, the
patients with a history of cardiovascular disease, COVID-
19 increased cardiac markers associated with myocardial
injury and arrhythmia [2-7].

Pro-BNP is an inflammatory cardiac marker, and the
increase of this plasma marker reflects cardiac insuffi-
ciency and inflammatory condition such as COVID-19.
Various pathophysiological pathways were responsible
for raising the pro-BNP level after COVID-19 infection,
and this marker could be used as a predictor in the
prognosis and monitoring of COVID-19 patients. Stud-
ies have mentioned that high levels of this marker are
associated with arrhythmias, cardiac block, myocardial
ischemia (MI), diastolic dysfunction, and cardiac remod-
eling. Also, elevated pro-BNP can predict adverse clini-
cal events, severe disease, and high mortality during the
COVID-19 pandemic [2, 3, 6-9].

Cardiovascular complications during the epidemic
can be investigated using non-invasive imaging meth-
ods such as electrocardiogram and echocardiography.
ECG shows changes in acute myocardial ischemia, atrial
tachycardia, ventricular tachycardia, and cardiac conduc-
tion disturbances (cardiac block). Echocardiography fre-
quently demonstrates subclinical left ventricular diastolic
impairment (EF), pericardial effusion, arterial thrombotic
events, venous thromboembolic disease, and valvar dys-
function [5, 7-12].

Pregnancy with different physiological effects on
the cardiovascular system puts this system at high risk
of adverse effects during labor and early postpartum.
In addition, COVID-19 infection has been associated
with myocardial injury, which may increase the adverse
impact on pregnant patients. The risk of severe infection
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was increased in pregnant women who are positive for
COVID-19 compared with non-pregnant patients. In
addition, an increase in the number of ICU admissions,
invasive ventilation, and extracorporeal membrane oxy-
genation requirements and mortality was reported to be
higher. Medications that can treat COVID-19 in pregnant
women and pose a low or negligible risk in pregnancy
are difficult to find. In addition, pregnant women cannot
directly participate in clinical studies, which raises suspi-
cions [3-11].

Cardiovascular complications remain a major chal-
lenge for pregnant patients’ management and therapeutic
interventions during the pandemic. Therefore, using pro-
BNP as a diagnostic and prognostic marker to monitor
cardiac function and cardiovascular dysfunction in the
early stages of COVID-19 is useful. Few Studies focused
on the relation between pro-BNP and cardiac diagnostic
tests findings have not been investigated [6-8, 11-13].

Thus, this study aims to evaluate cardiac diagnostic test
findings based on pro-BNP levels in COVID-19-positive
pregnant women.

Material and methods

Study design and participant’s selection

This cross-sectional study was performed on pregnant
patients diagnosed with covid-19 and hospitalized at
Sayad Shirazi Hospital in Gorgan. The inclusion criteria
were pregnant women without a history of cardiac dis-
ease and confirmation of infection with the SARS-CoV-2
fluorescent reverse transcription quantitative real-time
polymerase chain reaction (RT-qPCR) method. Patients
with a history of cardiac surgery and disease and those
who did not have ECG, Echo, and pro-BNP tests were
excluded from the study.

Data collection

Patients’ characteristics include demographic data
including demographics and clinical characteristics were
collected through a patient record system. Based on the
variables checklist, data was collected from laboratory
results and electrocardiography (ECG) and echocardiog-
raphy (Echo) reports.

According to the World Health Organization’s guid-
ance on COVID-19, the participants were all pregnant
patients diagnosed by infection specialists. Patients were
screened for cardiac diagnostic tests (electrocardiogram
and echocardiogram) and tested for pro-BNP levels dur-
ing admission. The total number of pregnant patients was
enrolled in the study was 110.

The use of the PCR method to diagnose infectious
diseases has increased due to its high sensitivity and
specificity. So, the COVID-19 RT-qPCR for confirming
the diagnosis of COVID-19 was used in this study [14].



Mazandarani et al. BMC Infectious Diseases (2023) 23:790

Patients were divided into high and low levels of pro-
BNP, and the cut-off value for this classification was the
average level of 88.64 pg/mL, according to Gao’s study

[7].

Statistical analysis

Data were analyzed using Statistical Package for Social
Sciences version 25.0 (SPSS Inc, Chicago, IL.), and Chi-
square and Student’s t-test will be used to test and com-
pare the relationship between variables and compare
them. A P-value less than 0.05 is considered statistically
significant. The chi-square test was used to compare the
ratio of qualitative variables among the groups if the pre-
suppositions of chi-square distribution were established.
Otherwise, Fisher’s exact test was used. The outcomes are
expressed as mean + standard deviation or standard error.

Result

After implementing inclusion and exclusion criteria,
a hundred-ten pregnant patients were enrolled to the
study. Participants were 14—44 years old, with a mean age
of 31.06 +5.53 years. Our study reported no statistically
significant differences between the age of the patients
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in the two groups (P value=0.19). The mean +stand-
ard deviation of the age at the low pro-BNP level was
30.88£6.23, and the high pro-BNP level was 31.26 +4.74
(P value=0.71 and test value =—0.36).

We investigated the cardiac injury biomarker pro-
BNP levels in the patient’s serum. 49.1% of patients
had pro-BNP levels above the cut-off value for predict-
ing an adverse outcome of COVID-19 (Table 1). The
mean + standard deviation of pro-BNP levels in low
group was 46.12+17.52 pg/mL and in high group was
878.81£1038.06 pg/mL.

Most of the patients were pregnant for the first and
second times. 4.5% of patients were in the first trimester,
17.8% in the second, and 78.2% in the third. There was
no significant relation between gravid and trimester with
pro-BNP levels (P value=0.14 and P-value=0.19).

Twenty-five patients (22.7%) had a history of vaccina-
tion against COVID-19, and 77.3% had no history of
vaccination. There is no significant relation between
injection or non-injection of vaccine and pro-BNP level
(P-value=0.56 and Test value =0.33).

Five patients (4.5%) had an acute ST elevation MI on
admission, as evidenced by an electrocardiogram. All

Table 1 General characteristics of included pregnant patients according to the level of pro-BNP

Variables Pro-BNP levels Test Value P-value
86>n (%) >86n (%) Total n (%)

Vaccination No 42 (494) 43 (50.6) 85 (100) 033 0.56
Yes 14 (56) 11 (44) 25 (100)

MI No 56 (53.3) 49 (46.7) 105 (100) 543 0.02
Yes 0(0) 5(100) 5(100)

Arrhythmia No 56 (52.8) 50(47.2) 106 (100) 430 0.05
Yes 0(0) 4(100) 4 (100)

Heart block No 56 (514) 53 (48. 6) 109 (100) 1.04 0.49
Yes 0(0) 1( 1(100)

PE No 56 (54.4) 47 (45, 6) 103 (100) 7.75 <0.01
Yes 0(0) 7 (100) 7 (100)

Valves diseases No 45 (52.9) 40 (47.1) 85 (100) 037 0.53
Yes 12 (48) 13(52) 25 (100)

Urgent C/S No 55 (55) 45 (45) 100 (100) 7.36 <0.01
Yes 1(10) 9 (90) 10 (100)

Mortality No 56 (53.3) 49 (46.7) 105 (100) 543 0.02
Yes 0(0) 5(100) 5(100)

Gravid Gl 18 (62.1) 11(37.9) 29 (100) 523 0.14
G2 18 (51.4) 17 (48.6) 35(100)
G3 12(57.1) 9(42.9) 21 (100)
G>4 8(32) 17 (68) 25 (100)

Trimester First 18 (62.1) 11 (37.9) 29 (100) 375 0.15
Second 25(42.4) 34 (57.6) 59 (100)
Third 13 (59.1) 9 (40.9) 22(100)

MI Myocardial infarction, PE Pericardial effusion, C/S Caesarean Section. P-value less than 0.05 considered statistically significant
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five patients had pro-BNP levels above the cut-off value,
and the results indicate a significant relation between
MI and high pro-BNP levels (P-value=0.02 and Test
value =5.43).

Our study indicated no significant relation between
arrhythmia, heart block, and valve diseases by pro-BNP
level (P-value=0.05, P-value=0.49, and P-value=0.53)
by using Fisher’s exact test.

At Echo assessment, 95.5% had normal EF, and seven
patients (6.4%) had pericardial effusion, and there was
a significant relation between PE and pro-BNP level (P
value = <0.01, test value="7.75).

Ten patients were admitted for emergency caesarean
section (C/S); unfortunately, five died. There was a sig-
nificant relation between urgent C/S and mortality with
pro-BNP levels (P value= <0.01 and P-value=0.02). The
risk of emergency C/S was 11 times higher in those with
high pro-BNP than those with low pro-BNP levels.

Discussion

There is insufficient research on the management and
adverse effects of COVID-19 in different trimesters of
pregnancy. Ideal pregnancy management during the
COVID-19 pandemic is critical because pregnant women
are at higher risk for clinical course, increased rates of
pregnancy complications, medication efficacy, the opti-
mal delivery route, the safety of breastfeeding, and the
risk of vertical transmission [11].

Our study revealed that patients with higher pro-BNP
plasma levels tended to be at higher risk of adverse clini-
cal features. We investigated cardiovascular compli-
cations such as MI, arrhythmia, block, PE, and valve
diseases. The results reported no significant relation
between gravid, trimester, vaccination, arrhythmia, heart
block, and valves diseases with high pro-BNP level. How-
ever, the evidence of the study showed a significant rela-
tion between MI, PE, urgent C/S, and mortality with high
pro-BNP levels.

Cardiac injury is a common complication in hospital-
ized patients with COVID-19. The exact contribution of
COVID-19’s cardiac injury is still unclear. However, some
studies have reported that inflammation and oxidative
stress caused by cytokine storms induce coagulopathy
and microangiopathy, leading to perfusion defects and
myocardial injury. Additionally, infections can lead to an
imbalance between high oxygen demand and low oxy-
gen supply, leading to increased ventricular wall stress
and the release of pro-BNP. A study by Huang C., et al.
2020, mentioned that 12% of patients had an acute car-
diac injury, and those admitted to the intensive care unit
had more developed heart injuries (31%) than those in
the non-intensive care unit (4%) [5, 7, 8, 15-20].
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Pregnancy, due to physiological changes in the immune
and cardiopulmonary systems, can increase cardiac out-
put, plasma volume, diaphragmatic elevation, oxygen
consumption, airway mucosa edema, and heart rate.
In addition, the signs and symptoms of pregnancy and
COVID-19 infection can mimic the symptoms of decom-
pensated heart disease, so the clinical diagnosis of cardiac
disease in these cases is difficult. The use of serum pro-
BNP levels for rapid diagnosis of cardiac disease in preg-
nant patients with COVID-19 could be essential. During
pregnancy, elevated BNP levels are physiological due to
volume overload and ventricular dilatation, with mean
values ranging from 15.5 to 19 pg/mL versus a mean
of 10 pg/mL. mL in non-pregnant patients has been
reported. The study by Sheikh M., et al.2021, states that
a BNP level at a cut-off value of 100 pg/mL has a sensitiv-
ity of 90% and an accuracy of 83% for pregnant patients
and has the same level of sensitivity and accuracy for the
non-pregnant population. However, baseline BNP levels
were higher in pregnant and postpartum women [9, 12,
13, 20-25]. In the study of Chehrazi M.,et al.2022, who
researched 272 patients with COVID-19 without a his-
tory of heart disease, they found that a high level of pro-
BNP at the time of hospitalization is a predictive factor
for the severity of COVID-19 and its mortality. In this
study, the consecutive levels of pro-BNP during the hos-
pitalization of the patients were also investigated. They
found that higher pro-BNP levels at admission were asso-
ciated with poor prognosis, and these patients had higher
levels during hospitalization. Therefore, a high level of
this marker at admission can play a role in predicting the
outcome of COVID-19 in patients [10].

Pro-BNP is a neurohormone secreted or increased in
response to raised myocardial wall stress, acute kidney
injury, and systematic inflammation. Our study found
that Severe COVID-19 patients with high pro-BNP levels
tended to have increased cardiac injury markers, elevated
systematic inflammation markers, and a low survival rate.
The high pro-BNP levels in pregnant women could inde-
pendently predict urgent C/S and mortality. The study
by Gao L.,et al.2020, showed that the best pro-BNP cut-
off value for predicting mortality was 88.64 pg/mL with
100% sensitivity and 66.67% specificity. Patients with
high pro-BNP values (>88.64 pg/mL) had a significantly
increased risk of death during follow-up days compared
with patients with low values (<88.64 pg/mL). A study
by Fernandez A.et al.2021, states that pro-BNP levels
at admission are independent and complementary pre-
dictors of COVID-19 severity and mortality [7, 15, 18,
23-28].

Most patients (77.3%) did not have history of vaccina-
tion and there was no significant relation between injec-
tion of vaccine with high pro-BNP level. Most of our
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cases were infected at the beginning of the COVID-19
pandemic, and approved vaccination of pregnant women
had not been discovered. In addition, pregnant women’s
fear of the vaccine’s uncertain effects on them and their
fetuses’ health had led to a decrease in the vaccination
rate of pregnant women. This may be the reason for the
lack of a statistically significant correlation between vac-
cination and pro-BNP levels.

Cardiac arrhythmias are seen in viral infection, includ-
ing atrial fibrillation, conduction block, ventricular
tachycardia, and ventricular fibrillation. Arrhythmias
result from metabolic dysfunction, myocardial inflam-
mation, and sympathetic nervous system activation dur-
ing infection. In this study, arrhythmia has a high rate of
abnormal ECG changes related to high pro-BNP levels,
possibly due to lung injury due to the extensive inva-
sion of COVID-19 or cardiac insufficiency. The study
by Alhogbani T., et al.2016, found that 31% of patients
infected with COVID-19 had complications such as
arrhythmia (such as atrial fibrillation) and cardiac block
[4,7, 8,19, 25, 29-34].

We found that all abnormal ST-T segment changes
were the most common ECG presentation in COVID-
19 patients. MI could be related to hypocalcemia, coro-
nary artery disease, hypertension, or myocardial damage
caused by COVID-19 infection. This study showed that
elevated pro-BNP levels were the independent factors of
Ml in ECG. The study by Chaolin H.,et al.2020, suggested
that COVID-19 infection causes myocardial infarction
and increases markers of myocardial damage with clini-
cal evidence of MI on electrocardiogram [16, 17, 23, 25,
30-37].

Pericardial effusion in a patient with COVID-19 has
resulted from a severe inflammatory process associated
with underlying myocarditis or pericarditis. In this study,
using an echocardiographic examination, PE had a static
relation with a high pro-BNP level. In patients with ele-
vated pro-BNP, echocardiography can detect pericardial
effusion in patients hospitalized for COVID-19 infection.
A study by Ghantous E..et al.2022, reported that 14%% of
patients had a high prevalence of PE, but the severity of
pericardial effusion was mild. Also, increased values of
cardiac enzymes (such as pro-BNP) were associated with
pericardial effusion (7, 21, 28, 34, 38—41].

This study reported a significant relation between
urgent C/S and mortality with high pro-BNP levels. The
reasons for urgent C/S and mortality in these patients
could be ischemic and inflammatory processes of
COVID-19, reduction of health care, and reduction of
maternity services. The study by Mascio D.,et al.2020,
mentioned that among hospitalized pregnant patients
with COVID-19 infection, the most common adverse
pregnancy outcomes were caesarean delivery, preterm
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birth, and maternal mortality compared with before the
pandemic [5, 6, 16, 20, 40—45].

In our study, during the 18 months of the COVID-19
pandemic, five pregnant patients died from this infec-
tion, which had a significant relation with elevated pro-
BNP levels. The study by Kumari V.,et al.2020, observed
a significantly increased in-hospital mortality among
pregnant women (0-20 vs. 0-13%; p=0-01) during the
post-lockdown period, compared with the pre-lock-
down period [6, 46-50].

This study has some limitations and strengths. This
study has investigated the role of the pro-BNP factor
as a diagnostic tool for cardiovascular complications in
pregnant women, which few studies have evaluated this
matter. Moreover, we have used echocardiography and
EKG diagnostic techniques to confirm heart complica-
tions. Our study was retrospective, and some specific
information was incomplete due to the limited circum-
stances of the lockdown and the urgency of containing
the COVID-19 pandemic. Also, extensive cohort stud-
ies are needed to validate our conclusions because of
limited sample size and a single test of NT-proBNP at
admission. In most cases, the cause of mortality may be
related to multiple organ failure, and it is not easy to
distinguish whether the patient’s leading direct cause is
cardiovascular complications.

Conclusion

Our research reported that patients with higher pro-
BNP levels had a significant relation between MI, PE,
urgent C/S, and mortality. Further, no significant rela-
tion between gravid, trimester, vaccination, arrhythmia,
heart block, and valves diseases with high pro-BNP
level was seen. Pro-BNP levels of pregnant COVID-19
patients on admission are useful in early identification
of patients with poor prognosis, and this marker is an
independent risk factor for cardiovascular complica-
tions and mortality.
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