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Background: Cardiovascular involvement manifesting as arrhythmias has been confirmed in patients
with coronavirus disease 2019 (COVID-19), so we aimed to explore the association between primary
tachyarrhythmia and death in critically ill patients with COVID-19 in this retrospective study.

Methods: A total of 79 critically ill patients with COVID-19 were included. Demographic characteristics,
clinical data (past history, vital signs, therapeutic management, and outcomes), and results of laboratory
findings and cardiac investigations were collected. All statistical analyses were performed using SPSS 23.0
software (IBM, Armonk, NY, USA).

Results: The median age was 65£12 years, and 53 patients (67%) were male. A total of 57 (72%) patients
died, and compared with survivors, these patients were older and had significantly higher Acute Physiology
and Chronic Health Evaluation (APACHE) II score, Sequential Organ Failure Assessment (SOFA) score and
fewer lymphocytes as well as higher heart rate (P<0.05). Autopsy findings did not suggest severe myocarditis.
A total of 19 (24%) patients had tachyarrhythmias, including 10 (13%) with atrial fibrillation (AF) and
9 (11%) with ventricular tachycardia or fibrillation. The incidence of tachyarrhythmias in non-survivor
was much higher than in survivors (P=0.04). In a Cox regression model, older patients with ventricular
tachyarrhythmias (V'TAs) age were at a higher risk of death, with hazard ratio (HR) of 3.302 [95% confidence
interval (CI), 1.524-7.154, P=0.002] and 1.045 (95% CI, 1.020-1.071, P=0.000), respectively. The use of
beta-blockers [HR, 0.219 (95% CI, 0.066-0.722); P=0.013] was associated with a lower risk of death.
Conclusions: Critically ill patients with COVID-19 had a poor prognosis. VTA and older age were

independent prognostic factors of death. Beta-blockers might be an effective therapy to improve survival.
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Introduction

The outbreak of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection [coronavirus disease
2019 (COVID-19) disease] has become a worldwide crisis
(1-3). The virus has spread to more than 200 countries and
territories, and two international conveyances. It is now
known that the virus is highly contagious, and that most
patients with mild symptoms are able to recover. However,
once patients become critically ill, the mortality rate is
>50% (4-6). Although respiratory failure is the leading
cause of death, organ failure, especially of the heart (7,8),
is also an independent cause of death. Recent studies have
confirmed that myocardial injury is a high-risk factor for
death (9). In addition, such patients also have a relatively
high incidence of arrhythmia (10,11). However, in critical
ill patients, especially in those with well-supported vital
signs, the sudden appearance of malignant arrhythmia may
indicate a pathophysiological mechanism that has not been
fully emphasized, so it has potential intervention value.
Therefore, in this study, we focused on the relationship
between tachyarrhythmia and mortality in critical ill
patients.

We carried out a retrospective study to investigate the
clinical characteristics of critically ill patients admitted to an
intensive care unit (ICU) in Wuhan, China and assessed the
role of tachyarrhythmias in all-cause death. We present the
following article in accordance with the STROBE reporting
checklist (available at http://dx.doi.org/10.21037/atm-21-2282).

Methods
Study population

A total of 79 consecutive critically ill patients with
laboratory-confirmed COVID-19 and a positive CT scan
of pneumonia were included in this retrospective cohort
study. The patients were admitted between January 18th
and March 12nd, 2020 to the ICU in Tongji Hospital
(Sino-French New City campus), Huazhong University of
Science and Technology, Wuhan. A multidisciplinary team
from Peking Union Medical College (PUMC) Hospital,
Beijing, consisting of doctors and nurses from the ICU
and respiratory, infectious, cardiovascular, and nephrology
departments, took care of these patients. The patients
in this study were diagnosed according to the National
Health Commission of the People’s Republic of China:
New Coronavirus Pneumonia Diagnosis and Treatment
Plan (Trial Version 7) (12). Critically ill patients were
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defined as those with: (I) respiratory failure and requiring
mechanical ventilation; (II) shock; and (III) other organ
failure that required ICU care. The study was approved
by the Ethical Committee of the PUMC Hospital (No.
S-K 1297). Written informed consent was waived by the
ethics committee of the PUMCH hospital for patients with
emerging infectious diseases. All procedures performed in
this study involving human participants were in accordance
with the Declaration of Helsinki (as revised in 2013).

Data collection

The following data were collected from electronic medical
records upon ICU admission: demographic characteristics
(age and sex), clinical data (past history, vital signs,
therapeutic management, and outcomes), and results of
laboratory findings and cardiac investigations (cardiac
biomarkers and electrocardiography monitoring). Atrial
and ventricular arrhythmias were documented and analyzed
separately. Atrial tachyarrhythmia was defined as atrial
fibrillation (AF). Primary ventricular tachyarrhythmia (VTA)
in this study was defined as a ventricular arrhythmia that
suddenly appeared without obvious electrolyte imbalance
under the condition of stable hemodynamics and respiratory
function. Arrhythmia secondary to uncorrectable end-stage
respiratory failure or infectious shock was excluded.

Statistical analysis

Continuous variables are presented as mean * standard
deviation (SD) with a normal distribution or median (25-75th
percentile) with a non-normal distribution. Two-sample t-test
and Mann-Whitney U test were used to assess the differences
between survivors and non-survivors. The differences in
categorical variables were tested using the y’ test and Fisher’s
exact test (if the sample was <5). The relationship between
two variables was analyzed using univariable correlated
analysis. Cox regression was used for survival analysis.
Survival time was defined as the period from admission until
death or the end of follow-up. Two-sided P value <0.05 was
considered significant. All statistical analyses were performed
using SPSS 23.0 software (IBM, Armonk, NY, USA).

Results
General characteristics of survivors and non-survivors

A total of 79 patients with an average age of 6512 years
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were recruited, comprising 53 men (66+12 years) and 26
women (64+13 years). At the end of follow-up, 22 patients
survived and 57 had died. The overall mortality rate was
72% (81% for males and 54% for females, P=0.01). The
course of the disease was 21 [19, 30] days from onset until
death and 9 [4, 12] days from ICU admission to death. The
causes of death were septic shock (24, 42%), respiratory
failure (20, 35%), cardiac death (10, 18%), and stroke (3,
5%).

Compared with survivors, the non-survivors were older
and predominantly male (7zble I). Hypertension was the
most common coexisting condition, followed by diabetes,
coronary heart disease, and stroke. Most of the patients
had sinus tachycardia when admitted. The heart rate was
significantly higher in the non-survival group than in the
survival group.

A total of 77 patients (97%) were diagnosed with acute
respiratory distress syndrome (ARDS) according to the
Berlin definition (13). Non-survivors had significantly
higher Acute Physiology and Chronic Health Evaluation
(APACHE) II and Sequential Organ Failure Assessment
(SOFA) scores. In addition, the lymphocyte count was found
to be significantly lower in non-survivors. Interestingly, the
levels of high-sensitivity troponin I and N-terminal pro-
B-type natriuretic peptide (NT-proBNP) were slightly or
moderately elevated, but showed no significant differences
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between survivors and non-survivors. Most of the patients,
except 2 (3%), had a history of prior myocardial infarction,
but showed normal ejection fraction during bedside
echocardiography.

With regard to treatment, 64 (81%) patients were on
an invasive mechanical ventilator. At the end of follow-
up, only one survivor was still on a ventilator and receiving
extracorporeal membrane oxygenation therapy. The use of
mechanical ventilation, antiviral therapy, glucocorticoids, or
tocilizumab (anti-human interleukin 6 receptor monoclonal
antibody) was not significantly different between the two
groups (P>0.05). However, more survivors were treated with
beta-blockers, intravenous immunoglobulin, antibiotics,
and anticoagulants than non-survivors (ZTable 2). Myocardial
interstitial edema and small vasculitis were observed during
autopsy, but there was neither significant inflammatory cell
infiltration nor myocardial necrosis (Figure ).

Characteristics of patients with arrbythmia

A total of 19 patients (24%) had tachyarrhythmia, of
whom 10 (13%) had paroxysmal AF and 9 (11%) had
VTA. One of the 9 patients had a torsades de pointes
pattern of ventricular tachycardia, and 8 had ventricular
fibrillation; 2 (3%) patients had both arrhythmias. Patients
with AF were treated with medication (amiodarone) or

Table 1 Demographics and clinical characteristics of critically ill patients with COVID-19

Variables Overall group (n=79) Survivors (n=22) Non-survivors (n=57) P value
Sex (male %), n [%] 53 [67] 10 [45] 43 [75] 0.012
Age (years) 66+12 59+14 68+10 0.002
Survival (days) 11 [5, 29] 33[29, 41] 94, 12] 0.000
Smoking (%), n [%] 30 [38] 24 [42] 0.303
Past history, n [%]

CVD 11 [14] 11[5] 10 [18] 0.126
Hypertension, n [%] 40 [51] 10 [45] 30 [53] 0.622
Diabetes, n [%] 17 [22] 6[28] 11 [19] 0.543
COPD, n [%] 3[4] 11[5] 2 [4] 0.630
CKD, n [%] 45] 11[5] 3 5] 0.106
Stroke, n [%] 10 [13] 5[23] 5[9] 0.106
CHF, n [%] 23] 0[0] 2[4] 0.518
Cancer, n [%] 23] 0[0] 2 [4] 0.518

Table 1 (continued)
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Variables Overall group (n=79) Survivors (n=22) Non-survivors (n=57) P value
Complications, n [%]
ARDS 77 (98] 20 [91] 57 [100] 0.075
Arrhythmia 19 [24] 2[10] 17 [30] 0.04
AF, n [%)] 10 [13] 29 8[14] 0.265
VTA, n [%] 9 [11] 01[0] 9[16] 0.044
AF & VTA, n [%] 2[3] 01[0] 2 [4] 0.159
AKI, n [%] 25[32] 3[14] 22 [39] 0.027
Liver dysfunction, n [%] 17 [22] 7[32] 10[18] 0.222
GIB, n [%)] 6 [8] 01[0] 6 [11] 0.131
Vital sign on admission
SBP (mmHg) 124 [116, 140] 128 [120, 146] 123 [110, 140] 0.128
DBP (mmHg) 78 [70, 86] 79 (70, 90] 77 [67, 93] 0.150
Heart rate (beats/min) 114 [92, 128] 105 [90, 110] 12197, 132] 0.004
Laboratory test
WBC (x10°%L) 12.32 [8.07, 15.21] 10.19 [8.69, 14.92] 11.38 [7.88, 16.12] 0.935
Lymphocyte (x10%/L) 0.62 [0.35, 0.60] 0.70[0.38, 1.15] 0.48 [0.34, 0.70] 0.037
Hemoglobin (g/L) 121+21 114+11 124+40 0.052
Platelet (x10%/L) 174 [112, 223] 193 [128, 258] 159 [98, 218] 0.069
Albumin (g/dL) 29+5 2815 30+5 0.173
ALT (U/L) 29 [20, 45] 26 [16, 46] 29 [20, 45] 0.431
Thbil (umol/L) 12.5[8.0, 18.9] 12.9[8.73, 19.0] 12.0[8.3, 18.6] 0.952
Creatinine (umol/L) 100 [57, 106] 78 [55, 116] 80 [57.5, 104] 0.852
Potassium (mEg/L) 4.60 [3.86, 4.07] 4.50 [4.09, 4.82] 4.38 [3.9, 5.05] 0.526
Sodium (mEg/L) 143 [107, 146] 144 [139, 147] 140 [137, 145] 0.260
hsCRP (mg/dL) 102 [48, 141] 111 [49, 171] 67.5 [41.58, 139.63] 0.256
hs-cTnl (pg/dL) 1,101 [12, 362] 92 [17, 736] 37.1[11.55, 337.2] 0.385
NT-proBNP (pg/mL) 3,717 [269, 2,915] 1,642 [613, 4,110] 714 [228, 2,765] 0.100
Lactic acid (mmol/L) 2.50[1.1,2.7] 1.80[1.3, 2.7] 1.25[0.925, 2.650] 0.062
D-dimer (pg/mL) 13.1[2.82, 21] 18.1[3.22, 21] 12.2[2.81, 21] 0.374
SOFA score 6[4, 8] 5[3,7] 71[4,10] 0.005
APACHE Il score 15[12, 22] 13 [9.5, 20.5] 19 [13, 24] 0.041

COVID-19, coronavirus disease 2019; CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney
disease; CHF, chronic heart failure; ARDS, acute respiratory distress syndrome; AF, atrial fibrillation; VTA, ventricular tachyarrhythmia; AKI,
acute kidney injure; GIB, gastrointestinal bleeding; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood count;
ALT, alanine aminotransferase; Tbil, total bilirubin; hsCRP, high-sensitivity C-reactive protein; hs-cTnl, hyper-sensitivity cardiac troponin
I; NT-proBNP, N-terminal pro-brain natriuretic peptide; SOFA score, Sequential Organ Failure Assessment score; APACHE |l score, Acute
Physiology and Chronic Health Evaluation Il score.
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Table 2 Treatment data of critically ill patients with COVID-19
Variables Overall group (n=79) Survivors (n=22) Non-survivors (n=57) P value
High-flow oxygen, n [%] 23 [29] 7 [32] 16 [28] 0.791
Non-invasive mechanical ventilation, n [%] 24 [30] 7 [32] 17 [30] 1.000
Invasive mechanical ventilation, n [%)] 66 [84] 17 [77] 49 [86] 0.499
Intubated on admission, n [%] 20 [25] 8 [36] 12 [21] 0.247
Prone position ventilation, n [%] 30 [38] 12 [55] 18 [32] 0.074
Medication, n [%]
Antiviral therapy 56 [71] 18 [82] 38 [67] 0.270
Gilucocorticoid 61 [77] 16 [73] 45 [79] 0.251
Intravenous immunoglobulin 59 [75] 21 [95] 38 [67] 0.000
Anticoagulation 43 [54] 16 [73] 27 [47] 0.051
Antibiotics 53 [67] 21 [95] 32 [56] 0.000
Beta-blocker 13 [16] 10 [45] 3[5] 0.000
Tocilizumab 719 29 5[9] 0.633

COVID-19, coronavirus disease 2019.

Figure 1 Autopsy results of the heart from a critically ill patient. (A) Left ventricular wall showing myocardial interstitial edema, and

expanding spaces in the cardiac muscle. There is no significant inflammatory cell infiltration or myocardial necrosis (HE, x200). (B) The

main change in the left atrial wall is small-vessel vasculitis (arrow). The walls of small blood vessels thicken, become neutrophilic, and

lymphocytic infiltration in onion skin like a vessel with lumen obstruction (HE, x200).

underwent electrical cardioversion immediately. None of
the patients with VTA survived, even after electrical shock
and resuscitation. The levels of hyper-sensitivity cardiac
troponin I (hs-cTnl) and NT-proBNP when VTA occurred
were not significantly different from those recorded
upon admission [653.2 (76.4, 1,035.5) vs. 361.6 (13.1,
701.25) pg/mL; P=0.581 and 3,251 (404, 8,084) vs. 1,243
(560, 3,122) pg/mL; P=0.402, respectively]. Transient sinus
bradycardia was also observed in 4 (5%) patients due to

© Annals of Translational Medicine. All rights reserved.

low body temperature, which was considered irrelevant to
clinical outcomes.

Univariate correlation analysis indicated that
tachyarrhythmia was related to male sex (P=0.005) and
history of smoking (P=0.012). A correlation with higher
heart rare on admission (P=0.055) was also found. The
occurrence of tachyarrhythmia was not related to other
clinical characteristics, comorbidities, laboratory indexes or
therapies.
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Arrbythmia and survival analysis

Cox regression analysis was used to assess the relationship
between arrhythmia with all-cause death. In the analysis
model, patients with tachyarrhythmias (AF or VTA) had a
higher risk of all-cause death (P=0.001). In particular, VTA
significantly increased the risk of all-cause death (P=0.002),
while AF did not (P=0.627). Age was another risk factor
of death, whereas the use of beta-blockers was protective
(P=0.013; Table 3, Figure 2).

Discussion

The present study demonstrated a poor prognosis in
critically ill patients admitted to the ICU and also analyzed

Table 3 HRs of risk factors in relation to death of critically ill
patients with COVID-19

Factors HR 95% ClI P value
Age (years) 1.045 1.020-1.071 0.000
Arrhythmia 0.010
AF 1.210 0.561-2.609 0.627
VTA 3.302 1.524-7.154 0.002
Beta-blockers 0.219 0.066-0.722 0.013

HR, hazard ratio; COVID-19, coronavirus disease 2019; ClI,
confidence interval; AF, atrial fibrillation; VTA, ventricular
tachyarrhythmia.

A 1.0 \
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3 \ \§
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0.2 4 With atrial fibrillation
> ___ With ventricular tachyarrhythmias
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Survival time (d)
No. at risk
Without tachyarrhythmias 60 34 21 12 6
With atrial fibrillation 10 5 3 2 0
With VTA 9 2 0
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the risk factors of death. The global mortality rate is
estimated to be 5.7% (14), but varies among countries. In
China, ~5% of infected patients were admitted to ICUs
and 2.3% were intubated. The most common significant
complications were ARDS (15.6%) and septic shock (6.4%)
in severe cases (2). In the present cohort of critically il
ICU patients, 84% needed invasive ventilation and had a
high mortality rate of 72%. These results were comparable
to those of another study focusing on critically ill patients
with 71% mechanical ventilation rate and 61.5% mortality
rate (4). In addition to the generally recognized risk
factors of older age, lymphopenia, high (SOFA) score, and
cardiovascular commodities (3,15,16), VTA was associated
with poor outcomes and the use of beta-blockers had a
protective role in these patients.

In a recent report from Wuhan, 16.7% of hospitalized
and 44.4% of ICU patients with COVID-19 had
arrhythmia (3). Also, there have been anecdotal reports of
patients experiencing cardiac arrest with pulseless electrical
activity or ventricular fibrillation during the recovery phase
of their pulmonary illness. The present study showed
that arrhythmia is common in critically ill patients with
COVID-19 and is the third most common cause of death.
VTA and older age were independent factors increasing all-
cause death. The use of beta-blockers might be a part of
protective therapeutic management associated with lower
mortality.

The reason for the rising incidence of arrhythmia is
not apparent, but we speculate that it may be related to

B 1.0
0.8 With beta-blockers
S
= 0.6
3
%]
E 04
O _ Without beta-blockers
0.2-
0.0-
0.0 10.0 20.0 30.0 400
Survival time (d)
No. at risk
Without beta-blockers 63 28 13 8 5
With beta-blockers 13 10 8 5 1

Figure 2 Cox proportional hazard regression analysis. (A) Risk in patients with VTA [HR, 3.302 (1.524-7.154); P=0.002], but AF does
not show significance [HR, 1.210 (0.561-2.609); P=0.627]. (B) Risk in patients with and without beta-blockers [HR, 0.219 (0.066-0.722);
P=0.013]. VTA, ventricular tachyarrhythmia; HR, hazard ratio; AF, atrial fibrillation.
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sympathetic overstimulation in the patients. The following
three facts support this conclusion.

First, most of the patients had sinus tachycardia upon
admission, especially those suffering from arrhythmia,
which could be a consequence of poor clinical condition,
including hypoxemia, fever, anemia, and inflammatory
storm. An increased heart rate under stress is a sign of
sympathetic nerve excitement, especially during critical
illness. It is a physiological reaction allowing humans
to survive during a crisis with the adrenergic-driven
“fight-flight response”. However, overstimulation of the
sympathetic nervous system may have detrimental effects
(17,18), including tachycardia and tachyarrhythmia,
myocardial ischemia, stunning, apoptosis, and necrosis.
Sympathetic nerve excitement during respiratory failure
leads to a compensatory increased heart rate that may be a
precursor to malignant arrhythmia. Our conclusion was also
supported by electric storm attacks observed in at least two
patients with episodes of AF followed by VTA a few days
later.

Second, VTA is difficult to explain by myocardial injury.
Unlike most malignant arrhythmias originating from
cardiac diseases, the arrhythmias in the current study were
not related to the patients’ pre-existing cardiac condition
or the degree of myocardial injury. Recently, some studies
have shown that myocardial injury occurring in 7-27.8% of
hospitalized patients with COVID-19 significantly increased
mortality (3,9,15,16). A recent case report suggested
fulminant myocarditis with no histological proof (19).
There has been no evidence to elucidate causality between
an elevated myocardial index and impending death. In the
present study, the levels of troponin and N'T-proBNP were
slightly to moderately higher than the normal range, but
showed no significant difference between survivors and non-
survivors and had no apparent effect on prognosis in the
survival analysis. Furthermore, almost all of the patients
manifested absence of impaired left ventricular function on
echocardiography. These findings indicated that most of
the critically ill patients might have had different degrees of
myocardial injury. However, myocardial injury may not be
a factor affecting prognosis and heart function in critically
ill patients. We speculate that even if myocardial injury
predisposes to severe viral infection and deteriorating oxygen
deficiency in critically ill patients, the myocardial injury is
not the direct cause of death. Even though the indicators
of myocardial damage were elevated, they did not reach the
levels usually seen in myocardial infarction or fulminant
myocarditis. Some of the autopsy results also confirmed this

© Annals of Translational Medicine. All rights reserved.
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speculation. There were no apparent histological changes
in cardiac tissues, suggesting that SARS-CoV-2 infection
might not directly impair the heart (20,21). Four patients
in the current study had nearly normal histological findings
without necrosis of cardiac muscle cells or inflammatory cell
infiltration (Figure I).

Third, the use of beta-blockers was significantly
correlated with a reduction in the mortality rate. Beta-
blockers are a classic medicine that reduces sympathetic
excitability because they act upon p-adrenergic receptors,
interfering with the ability of catecholamines or
sympathomimetics. Some studies suggest that beta-blockers
have a clinical value in patients with severe infections or
ARDS, not only because they can reduce the excitability
of sympathetic nerves and increase cardiac output, but
because they also improve catalytic conditions (22).
Appropriate timing and indications for the use of beta-
blockers in COVID-19 remain important issues that need
to be addressed via additional prospective studies. It is
also worthwhile conducting large-scale clinical trials to
confirm the role of beta-blockers. Based on our findings, we
cautiously hypothesize that malignant arrhythmia in critical
patients is related to increased sympathetic overstimulation
and not to myocardial injury. Timely use of beta-receptor
antagonists may help improve the prognosis. But, because
of the limited numbers in this cohort and the difficulties
associated with treating a highly contagious disease, more
detailed data from other hospitals are needed for further
assessment.

A relationship between AF and death was not observed in
this study, possibly because immediate electrical or medical
cardioversion was performed to achieve hemodynamic
benefits. Another reason might lie in the small cohort size
and the relatively mild effect on mortality. More extensive
studies are needed to confirm whether AF affects prognosis.

Conclusions

Critically ill patients with COVID-19 admitted to the
ICU showed poor prognosis. Arrhythmias were commonly
seen among these patients, and VTA was an independent
prognostic factor of death. Age was another risk factor.
Beta-blockers were demonstrated to be a likely effective
therapy to improve survival.
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