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ABSTRACT

Objectives: This study aims to examine the effect of left ventricular systolic dysfunction (LVSD) on in-hospital mortality in patients
hospitalized for novel coronavirus disease 2019 (COVID-19).

Patients and methods: Between June 2020 and December 2020, a total of 847 patients (423 males, 424 females; median age: 68 years;
range, 58 to 77 years) who had echocardiography and had positive real-time reverse transcriptase-polymerase chain reaction were

retrospectively analyzed. A left ventricular ejection fraction (LVEF%) of <50% was defined as LVSD.

Results: In 138 patients, LVEF was <50% and in 709 patients LVEF was >50% (non-LVSD). Of the patients with LVSD, 89 had mid-range
LVEF (40 to 49%), and 49 had reduced LVEF (LVEF <40%). Intensive care unit admission (p<0.001), myocardial injury (p<0.001), and
mechanical ventilation (p<0.001) were more frequent in patients with LVSD, and LVSD was found to significantly increase the risk of
and in-hospital mortality (odds ratio=2.57, 95% confidence interval, 1.43-4.60, p=0.002). Among patients with LVSD, no significant
difference was observed in terms of in-hospital mortality between patients with mid-range LVEF and patients with reduced LVEF.

Conclusion: Our study results showed that LVSD significantly increased the risk of in-hospital mortality in patients hospitalized for
COVID-19. In addition, an increased risk of in-hospital mortality was present in both the mid-range LVEF and the reduced LVEF group,

separately.
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Novel coronavirus disease 2019 (COVID-19)
remains an important cause of mortality. It may
cause mild respiratory tract infection, as well as
severe pneumonia and acute respiratory distress
syndrome. Besides, it can cause failure in many
organs such as the heart, kidney, and liver, and can
cause death.®3 Complications such as myocarditis,
heart failure (HF), arrhythmias, and myocardial
ischemia can occur, and high mortality can be seen
in these patient groups.*¢

Cardiovascular (CV) disease and classical
CV risk factors are common comorbidities in
COVID-19 patients and have been associated
with poor outcomes.” Heart failure, one of these
comorbidities, is one of the leading causes of death
in the world. Respiratory infections are one of the
most common factors that trigger decompensation
in HF patients and are independently associated with
hospital mortality.”$] Also, COVID-19 patients with
HF have been found to have a predisposition to acute
decompensation.”? Small-scale studies evaluating left
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ventricular (LV) functions with echocardiography in
COVID-19 patients found that the disease was more
severe, and mortality was higher in patients with
decreased LV functions.[61%

In the literature, there are not sufficient data
regarding the prognosis of COVID-19 in patients with
previously known LV systolic dysfunction (LVSD).
In this study, we aimed to examine the effect of prior
LVSD on in-hospital mortality in patients hospitalized
with COVID-19.
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PATIENTS AND METHODS

This single-center, retrospective, observational
study was conducted at University of Health Sciences
Diyarbakir Gazi Yasargil Education and Research
Hospital, Department of Cardiology between June 1,
2020 and December 31+, 2020. Patients aged >18 years
hospitalized for COVID-19 pneumonia were evaluated.
Patients who had transthoracic echocardiography and

had positive real-time reverse transcriptase-polymerase
chain reaction (RT-PCR) were screened for the study.
Patients who had negative RT-PCR results were
excluded from the study. Patients who did not have
echocardiography and those hospitalized for reasons

that may affect LV ejection fraction (LVEF), such
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as myocardial infarction (MI) and myocarditis after
the date of echocardiography were excluded from the
study. Also, patients who developed new LVSD due
to MI, stress cardiomyopathy, and myocarditis while
being followed with COVID-19 were excluded from
the study. A total of 5,920 patients were screened for
the study, and 847 patients (423 males, 424 females;
median age: 68 years; range, 58 to 77 years) were
included in the study. The study flow chart is shown
in Figure 1. The study protocol was approved by
the University of Health Sciences Diyarbakir Gazi
Yasargil Education and Research Hospital Ethics
Committee (date/no: 26.03.2021/737). The study was
conducted in accordance with the principles of the
Declaration of Helsinki.

Assessed for eligibility

(n=5,920)
Excluded (n=4,990)
*| + RT-PCR negative patients
v * Patients without echocardiography
Planned to be included
(n=930)
Excluded (n=83)
* Patients with new LVSD due
to myocardial infarction, stress
cardiomyopathy and myocarditis
* Patients hospitalized after the date
of echocardiography because of
pathologies affecting LVEF, such
v as myocardial infarction.
Study population
(n=847)

\ 4

Non-LVSD group
(n=709)

A4

Mid-range LVEF (40-49%)
(n=89)

Figure 1. Study flow chart.

A,
Reduced LVEF (<40%)

(n=49)

RT-PCR: Real-time reverse transcriptase-polymerase chain reaction; LVSD: Left ventricular systolic dysfunction; LVEF: Left ventricular ejection fraction.
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The demographic, clinical characteristics and
laboratory parameters, comorbidities, hospitalization
time of the patients during hospitalization were
collected from the electronic medical records of the
hospital and national electronic medical record system.
We have obtained other hospital admissions from

The primary outcome measure of the study was
in-hospital mortality.

Statistical analysis

Statistical analysis was performed using the “rms”,

“Hmisc”, and “ggplot2” packages with R studio

these national records.

The LVEF% was measured by the biplane
Simpson method or Teicholz method.!' In addition,
LVSD was calculated as an LVEF of <50%. Mid-
range LVEF (40 to 49%) and reduced LVEF (<40%)
were calculated according to the European Society
of Cardiology (ESC) Heart failure guidelines.'
Myocardial injury was defined as the presence of
at least one cardiac troponin value above the 99
percentile upper reference limit."¥ The study outcome
was in-hospital mortality.

version 4.02 (R Project, Vienna, Austria). Continuous
variables were presented in median and interquartile
range (IQR, 25%-75%). Categorical variables were
presented in number and frequency. The chi-square
test was used to compare categorical variables between
groups. Continuous variables were compared using
the Mann-Whitney U tests. A p value of <0.05 was

considered statistically significant.

We used the logistic regression method to
investigate the relationship between primary outcome
and candidate predictors. Effects of individual

Table 2

Univariate and multivariate logistic regression analyses for predictors of in-hospital mortality

Univariable analysis Multivariable analysis

Variables OR 95% CI ? OR 95% CI p
Age (year) 1.05 1.04-1.07 <0.001 1.05 1.03-1.07 <0.001
Sex

Male 1.24 0.89-1.71 0.201
Hypertension 1.48 1.05-2.09 0.027 0.98 0.59-1.62 0.934
Diabetes mellitus 1.55 1.10-2.17 0.011 2.08 1.29-3.36 0.003
Coronary artery disease 1.77 1.28-2.46 0.001 1.21 0.75-1.98 0.437
Left ventricular systolic dysfunction 3.30 2.34-4.87 <0.001 2.57 1.43-4.60 0.002
Atrial fibrillation 1.90 1.03-3.49 0.039 1.12 0.50-2.51 0.790
Chronic obstructive pulmonary disease 1.43 0.918-2.23 0.113
Chronic renal failure 1.77 0.93-3.35 0.081
Myocardial injury 5.810 3.63-9.31 <0.001 3.30 1.68-6.45 <0.001
Creatinine (mg/dL) 1.11 1.01-121 0.023 1.02 0.89-1.16 0.785
White blood cell (10%/uL) 1.09 1.05-1.12 <0.001 0.97 0.94-1.03 0.555
Lymphocyte (10°%/ul) 0.65 0.71-2.43 0.003 0.89 0.66-1.20 0.461
D-dimer (ng/mL) ( per 100 units increase) 1.02 1.01-1.03 <0.001 1.01 1.00-1.02 0.013
LDH (U/L) (per 10 units increase) 1.03 1.02-1.04 <0.001 1.01 1.00-1.02 0.194
CRP (mg/L) (per 10 units increase) 1.07 1.05-1.09 <0.001 0.99 0.96-1.03 0.696
Oxygen saturation (%) 0.84 0.82-0.87 <0.001 0.85 0.82-0.87 <0.001
Heart rate (beat/min) 1.03 1.01-1.04 <0.001 1.02 1.00-1.03 0.012
Malignancy 1.22 0.67-2.40 0.561
Cerebrovascular event 1.31 0.71-2.43 0.384
Systolic blood pressure (mmHg) 1.07 1.00-1.02 0.248
OR: Odds ratio; CI: Confidence interval; LDH: Lactate dehydrogenase; CRP: C-reactive protein.
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predictors were reported using odds ratio [OR] and
95% confidence interval [CI].

We selected predictive candidate variables
based on existing studies and known or plausible
associations with COVID-19 infection morbidity and
mortality.'*] Variables (age, sex, cerebrovascular
event, malignancy, hypertension, diabetes mellitus
[DM], coronary artery disease, atrial fibrillation,
chronic renal failure, chronic obstructive pulmonary
disease, myocardial injury, systolic blood pressure,
heart rate, oxygen saturation, white blood count,
lymphocytes, creatinine, lactate dehydrogenase,
C-reactive protein, D-dimer) were used in regression
analysis. Univariate and multivariate logistic regression
analyses were performed to determine the effect of
LVSD on in-hospital mortality. Variables with a p
value of <0.05 in the univariate analysis were added to
the model in the multivariate analysis. Furthermore,
LVSD was added to the full model first as two
groups (LVSD and non-LVSD) and, then, as three
groups (mid-LVEF, reduced LVEF, and non-LVSD).
Adjusted variable three-dimensional (3D) plot of the
model was performed to predict outcome (mortality)

probabilities according to age scores and LVSD.

RESULTS

A total of 847 patients, including 709 (83.8%)
non-LVSD and 138 (16.2%) LVSD patients, were
included in the study. Intensive care unit admission
(52.1% ws. 32%), myocardial injury (20% wvs. 8%),
mechanical ventilation (46% ws. 22%), and death
(42% ws. 18%) were higher in the LVSD group.
The demographic, clinical characteristics, laboratory
findings, and outcomes of the study population are
given in Table 1.

Mortality was significantly higher in the LVSD
group than in the non-LVSD group, and LVSD
significantly increased the risk of in-hospital mortality
in the multivariate logistic regression analysis
(OR=2.57,95% CI: 1.43-4.60, p=0.002). When LVSD
was added to the model as two separate groups, both
mid-range LVEF and reduced LVEF was observed
as independent predictors of in-hospital mortality
(OR=2.66, 95% CI: 1.38-5.14 p=0.004, OR=2.39 95%
CI: 1.02-5.62, p=0.046, respectively). Age, myocardial
injury, DM, D-dimer, heart rate, and oxygen saturation
were other parameters that significantly increased
in-hospital mortality risk. Univariate and multivariate
logistic regression analyses were performed to evaluate

Cardiovascular Surgery and Interventions, an open access journal
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Figure 2. Three-dimensional plot showing the effect of age
and LVSD on in-hospital mortality after adjustment with
clinical predictors.

LVSD: Left ventricular systolic dysfunction.

the effect of LVSD on in-hospital mortality (Table 2).
Figure 2 shows adjusted variable 3D plots of the full
model, predicted probabilities of mortality according
to age and LVSD presence.

DISCUSSION

According to the results of this study, LVSD was
associated with poor outcomes and it was found to
be an independent predictor of in-hospital mortality
and an approximately 2.6-fold increase in risk was
observed, after adjustment with multivariate analysis.
No significant difference was observed in mid-range
LVEF and reduced LVEF groups in terms of
in-hospital mortality, and the mortality risk increased
significantly in both groups in the regression analysis,
compared to the non-LVSD group.

Although COVID-19 infection begins as a
respiratory tract infection, pathological findings can
often occur in many organs and tissues, such as the
heart. In the studies conducted, the severe acute
respiratory syndrome-coronavirus 2 (SARS-CoV-2)
was seen in macrophages, endothelial cells, and
pericytes, and in the autopsy series, evidence of
viral replication in myocardial cells was obtained.™®
Conditions such as the increased risk of M1, fulminant

WWW. G-C\'Fi.()l"g



Cap et al. Left ventricular systolic dysfunction and COVID-19

myocarditis, arrhythmias, venous thromboembolism,
and Takotsubo cardiomyopathy are the most common
CV complications identified in COVID-19 patients.!"”!
In addition to direct myocardial damage caused by the
virus by binding to the angiotensin-converting enzyme
2 (ACE-2) receptor, which is important for cardiac
functions, causing ACE-2 receptor downregulation,
the release of inflammatory mediators, endothelial
dysfunction, and myocardial damage due to micro-
and macro-thrombi may play a role in the occurrence
of these complications.2") Myocardial injury, defined
by the increased troponin levels, presented mortality
greater than those without myocardial injury, is an
independent risk factor for mortality.'> In our study,
the myocardial injury was observed as the independent
predictor of mortality (OR=3.30, p<0.001). Arterial
and venous thrombosis can be seen in COVID-19.22!
Studies have found that elevated D-dimer increases
the risk of mortality.?? In our study, a significant
increase was observed in-hospital mortality risk with
elevated D-dimer. Also, age, DM, heart rate, and
oxygen saturation were other factors that significantly
increased the risk of in-hospital mortality.

Cardiovascular diseases are among the most
common comorbidities in patients hospitalized
with COVID-19 and are associated with poor
outcomes.?) Heart failure is one of the important
causes of morbidity and mortality, particularly
in advanced ages. Conditions such as upper
respiratory tract infection and pneumonia may
cause decompensation in these patient groups./ It
has been observed that COVID-19 infection, which
is a respiratory tract infection, also predisposes to
decompensation.”! In a small-scale study comparing
the patients hospitalized due to HF with and without
COVID-19 infection, mortality was approximately
five times higher in those with COVID-19
infection.!?®) Again, in a study by Alvarez-Garcia
et al.," the effect of HF on in-hospital death in
COVID-19 patients was examined and HF increased
mortality significantly, regardless of LVEF, and
mortality was observed at a rate of approximately 40%
in the group with HF. In our study, LVSD (both in
the mid-range LVEF and reduced LVEF groups) was
found to be an independent predictor of in-hospital
mortality, with a 2.6-fold increase in risk with
LVSD, and 42% of patients died during in-hospital
follow-up. According to the results of our study, the
frequency of myocardial injury was observed more in

the LVSD group, which is one of the predictors of
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mortality. The SARS-CoV-2 may predispose to stress
cardiomyopathy and cytokine-induced myocardial
dysfunction and, as a result, acute decompensation
of congestive heart failure may worsen subclinical
pre-existing injury in well-compensated patients.*¥
The increase in mortality in these patient groups may
be due to myocardial damage caused by the direct
effect of the virus, inflammatory response, hypoxia,
and endothelial dysfunction worsening LV systolic
functions and decompensation.

Heart failure patients are the groups that require
special care during hospitalization. Mortality was
found to be significantly higher in COVID-19
patients with HF, both with the results of other
studies and the results of our study. Perhaps due
to the density of hospitals caused by the pandemic,
the inability to pay close attention to these patients
may have contributed to the increase in mortality.
Among LVSD patients included in the study, the
number of patients who did not have optimal HF
treatment during hospitalization was not small. A
study showed that discontinuation of HF treatment
during hospitalization caused a significant increase
in in-hospital mortality.”’ Therefore, close follow-up
of patients hospitalized for COVID-19 with LVSD
and providing optimal treatment may reduce high
mortality rates.

This study has some limitations, including the
small number of LVSD patients from a single center
with a retrospective design. Another limitation is that
obesity and New York Heart Association (NYHA)
classes cannot be included in the multivariate analysis
due to insufficient data. As brain natriuretic peptide
levels were not studied and diastolic dysfunction
parameters were not evaluated in detail in most
patients, HF patients with preserved ejection fraction
could not be excluded from the study. The inability
to determine the intensive care admissions as the
outcome is another limitation. This is because severe
patients cannot be taken into intensive care due to
the lack of enough beds during the peak periods of

the disease.

In conclusion, LVSD was an independent
predictor of in-hospital mortality in our study. An
increased risk of in-hospital mortality was present in
both the mid-range LVEF and the reduced LVEF
group, separately. In addition, myocardial injury,
older age, DM, D-dimer, oxygen saturation, and
heart rate were other independent predictors of
in-hospital mortality.

WWW.e-Cvsi .org



Acknowledgment

I would like to acknowledge Ercan Tastan, Metin Oksul,

Burhan Aslan, Emrah Erdogan, and Ibrahim Halil Tanboga
for their valuable contributions to the statistical analysis, data
collection, writing, and critical revision of the article.

Declaration of conflicting interests

The authors declared no conflicts of interest with respect

to the authorship and/or publication of this article.

Funding

The authors received no financial support for the research

and/or authorship of this article.

REFERENCES

10.

11.

World Health Organization. (2020) Naming the coronavirus
disease(COVID-19 and the virus that causes it. World
Health Organization. Available at: https://www.who.int/
emergencies/diseases/novel-coronavirus-2019/technical-
guidance/naming-the-coronavirus-disease-(covid-2019)-
and-the-virus-that-causes-it [Accessed: February 01, 2020]
Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical
course and risk factors for mortality of adult inpatients with
COVID-19 in Wuhan, China: A retrospective cohort study.
Lancet 2020;395:1054-62.

Feng Y, Ling Y, Bai T, Xie Y, Huang J, Li J, et al. COVID-19
with different severities: A multicenter study of clinical
features. Am J Respir Crit Care Med 2020;201:1380-8.
Akhmerov A, Marban E. COVID-19 and the heart. Circ Res
2020;126:1443-55.

Bansal M. Cardiovascular disease and COVID-19. Diabetes
Metab Syndr 2020;14:247-50.

Szekely Y, Lichter Y, Taieb P, Banai A, Hochstadt A, Merdler
I, et al. Spectrum of cardiac manifestations in COVID-
19: A systematic echocardiographic study. Circulation
2020;142:342-53.

Panhwar MS, Kalra A, Gupta T, Kolte D, Khera S, Bhatt DL,
et al. Effect of influenza on outcomes in patients with heart
failure. JACC Heart Fail 2019;7:112-7.

Jobs A, Simon R, de Waha S, Rogacev K, Katalinic A,
Babaev V, et al. Pneumonia and inflammation in acute
decompensated heart failure: A registry-based analysis
of 1939 patients. Eur Heart ] Acute Cardiovasc Care
2018;7:362-70.

Rey JR, Caro-Codoén J, Rosillo SO, Iniesta AM, Castrejon-
Castrejon S, Marco-Clement I, et al. Heart failure in
COVID-19 patients: Prevalence, incidence and prognostic
implications. Eur ] Heart Fail 2020;22:2205-15.

Kim M, Nam JH, Son JW, Kim SO, Son NH, Ahn CM,
et al. Cardiac manifestations of coronavirus disease 2019
(COVID-19): A multicenter cohort study. ] Korean Med Sci
2020;35:e366.

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A,
Ernande L, et al. Recommendations for cardiac chamber
quantification by echocardiography in adults: An update

Cardiovascular Surgery and Interventions, an open access journal

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Cardiovasc Surg Int

from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging. ] Am Soc
Echocardiogr 2015;28:1-39.e14.

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF,
Coats AJS, et al. 2016 ESC Guidelines for the diagnosis
and treatment of acute and chronic heart failure: The
Task Force for the diagnosis and treatment of acute and
chronic heart failure of the European Society of Cardiology
(ESC) Developed with the special contribution of the
Heart Failure Association (HFA) of the ESC. Eur Heart J
2016;37:2129-200.

Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, et al. Association
of cardiac injury with mortality in hospitalized patients with
COVID-19 in Wuhan, China. JAMA Cardiol 2020;5:802-10.
Alvarez-Garcia ], Lee S, Gupta A, Cagliostro M, Joshi AA,
Rivas-Lasarte M, et al. Prognostic impact of prior heart
failure in patients hospitalized with COVID-19. ] Am Coll
Cardiol 2020;76:2334-48.

Tanboga IH, Canpolat U, Getin EHO, Kundi H, Celik O,
Caglayan M, et al. Development and validation of clinical
prediction model to estimate the probability of death in
hospitalized patients with COVID-19: Insights from a
nationwide database. ] Med Virol 2021;93:3015-22.

Shah KS, Hale Hammond ME, Drakos SG, Anderson
JL, Fang JC, Knowlton KU, et al. SARS-CoV-2 as an
inflammatory cardiovascular disease: Current knowledge
and future challenges. Future Cardiol 2021;17:1277-91.
Azevedo RB, Botelho BG, Hollanda JVG, Ferreira LVL,
Junqueira de Andrade LZ, Oei SSML, et al. Covid-19 and
the cardiovascular system: A comprehensive review. ] Hum
Hypertens 2021;35:4-11.

Crackower MA, Sarao R, Oudit GY, Yagil C, Kozieradzki
I, Scanga SE, et al. Angiotensin-converting enzyme
2 is an essential regulator of heart function. Nature
2002;417:822-8.

Chen L, Li X, Chen M, Feng Y, Xiong C. The ACE2
expression in human heart indicates new potential
mechanism of heart injury among patients infected with
SARS-CoV-2. Cardiovasc Res 2020;116:1097-100.

Lindner D, Fitzek A, Brauninger H, Aleshcheva G, Edler
C, Meissner K, et al. Association of cardiac infection with
SARS-CoV-2 in confirmed COVID-19 autopsy cases. JAMA
Cardiol 2020;5:1281-5.

Bastopgu M, Celik A, Ozhan A. Do thromboembolic
events increase in the emergency department during
COVID-19 era? Cardiovascular Surgery and Interventions
2020;7:84-9.

Lippi G, Favaloro E]. D-dimer is associated with severity
of coronavirus disease 2019: A pooled analysis. Thromb
Haemost 2020;120:876-8.

Chatrath N, Kaza N, Pabari PA, Fox K, Mayet ], Barton C,
et al. The effect of concomitant COVID-19 infection on
outcomes in patients hospitalized with heart failure. ESC
Heart Fail 2020;7:4443-7.

Mehra MR, Ruschitzka F. COVID-19 illness and heart
failure: A missing link? JACC Heart Fail 2020;8:512-4.

WWW. G-C\'Fi.()l"g



