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Abstract

Background: Patients with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection may have an
increased risk of acute cardiovascular events in the convalescent period.

Aims: To determine whether patients with SARS-CoV-2 infection have an increased risk of cardiovascular events during
the convalescent period.

Methods: We analyzed 10,691 hospitalized adult pneumonia patients with SARS-CoV-2 infection and contemporary
matched controls of pneumonia patients without SARS-CoV-2 infection. The risk of new cardiovascular events follow-
ing >30days pneumonia admission (convalescent period) was ascertained using Cox proportional hazards regression
analysis to adjust for potential confounders.

Results: Among 10,691 pneumonia patients with SARS-CoV-2 infection, 697 patients (5.8%; 95% Cl, 5.4-6.2%) devel-
oped new cardiovascular events (median time interval of 218days post pneumonia admission; interquartile range
Ql=117days, Q3=313days). The risk of new cardiovascular events was not significantly higher among pneumonia
patients with SARS-CoV-2 infection compared with those with pneumonia without SARS-CoV-2 infection (hazard ratio
(HR), 0.90, 95% Cl, 0.80—1.02) after adjustment for potential confounders. In addition, no significant difference in the
rate of a new ischemic stroke (HR, 0.84; 95% ClI, 0.70—1.02) or ischemic heart disease (HR, 1.00; 95% ClI, 0.87—1.15) was
observed between the pneumonia patients with and without SARS-CoV-2 infection.

Conclusion: Our study suggests that new cardiovascular events rate in the convalescent period among pneumonia
patients with SARS-CoV-2 infection was not significantly higher than the rate seen with other pneumonias.
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Introduction

An increased risk for acute ischemic stroke (AIS) and
myocardial infarction (MI) may be seen in the convales-
cent period of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection since the systemic
elevation of inflammatory mediators and endothelial dys-
function may persists for months after the infection.’> An
increased risk for cardiovascular events has been reported
in the convalescent period with other respiratory tract
infections.>* One study’ reported that the risk of AIS in
the convalescent period among men with asymptomatic
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SARS-CoV-2 infection was two folds higher compared
with the estimated rate in the age-, sex-, and ethnicity-
matched cohort from general population. We performed
the study using a large cohort representative of the United
States to analyze the occurrence of new cardiovascular
events in the convalescent period after SARS-CoV-2
infection due to implications for preventive strategies and
the long-term disability®’ among approximately 222
million survivors worldwide.®

Methods
Patients

We analyzed the Cerner Real-World Data (Cerner Real
World Data Q3 2021 file) extracted from the electronic
medical records of 110 health care facilities”!® from 1
January 2020 to 1 October 2021.

Selection of patients

We selected patients diagnosed with pneumonia during a
hospitalization lasting more than 24 h based on International
Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) primary diagnosis codes J12-
J18. The hospital admission with pneumonia diagnosis was
designated as the reference encounter. Furthermore, patients
had (1) at least two encounters within 2 years prior to their
reference encounter and (2) at least two encounters more
than 30days after the reference encounter admission.

Motivations for selection criteria

Only patients with pneumonia were included in this analy-
sis to ensure that observed effects were due to SARS-CoV-2
infection and not generic respiratory illness. The require-
ment of =2 encounters in the preceding 2years was
intended to ensure that patients had up to date prior medical
history. The requirement for =2 subsequent encounters fol-
lowing the reference encounter was intended to ensure
patients had follow-up data.

Identification of patients with SARS-CoV-2
infection

Patients with a positive laboratory test for SARS-CoV-2
were identified based on Logical Observation Identifiers
Names and Codes (LOINC®) 41458-1, 94309-2, 94500-6,
94533-7, 94534-5, and 94646-7.

Identification of controls

Each SARS-CoV-2-infected patient was matched with a
pneumonia patient without SARS-CoV-2 infection (con-
firmed by a negative laboratory test) using age, gender, race/
ethnicity, and reference encounter admission date. This

resulted in two cohorts with nearly identical distributions of
demographics and hospitalization dates.

Identification of new cardiovascular events

We used the ICD-10-CM primary diagnosis codes 163 for
AIS, 161 for intracerebral hemorrhage (ICH), 160 for suba-
rachnoid hemorrhage (SAH), 121, 122, and 125.2 for acute
MI, and 120.0 for unstable angina to identify the patients
diagnosed with new cardiovascular events. Convalescent
period was defined as > 30 days from the admission date of
the reference encounter consistent with previous stud-
ies!'13 and the 4-week time frame for medical observation
and isolation after initial diagnosis recommended by

European Centre for Disease Prevention and Control.'*

Data ascertained

Factors known or suspected to affect the risk of new cardio-
vascular events as identified in previous studies'>2° were
extracted for each patient at any encounter using ICD-
10-CM codes (see supplementary file). Any occurrence of
septic shock, respiratory failure, dyspnea, chest pain, or
intubation/mechanical ventilation during the reference
encounter was ascertained as surrogate markers for severity
of pneumonia.?’? Outcomes (routine, non-routine, or
death) were assessed by evaluating discharge status from
hospitalizations more than 30days after the reference
encounter admission.

Statistical analysis

We performed Cox proportional hazards regression analy-
sis including all cases and controls to identify the independ-
ent effect of SARS-CoV-2 infection and included age,
gender, race, hypertension, diabetes mellitus, hyperlipi-
demia, nicotine dependence/tobacco use, alcohol use or
abuse, atrial fibrillation, congestive heart failure, previous
acute MI, previous AIS, previous ICH, previous SAH, and
previous unstable angina; and septic shock, respiratory fail-
ure, dyspnea, chest pain, and intubation/ mechanical venti-
lation (during reference encounter) in the multivariate
model.?'2 The Kaplan-Meier curve was used to provide
visual representation of the probability of a new cardiovas-
cular event over time. All the hypothesis tests were two-
sided, with p < 0.05 considered statistically significant, and
all the analyses were done using R (version 3.6.1).

Results

Overall rates of new cardiovascular events
in the convalescent period

Among 10,691 patients with pneumonia and SARS-CoV-2
infection, 697 patients (5.8%; 95% CI, 5.4-6.2%) devel-
oped new cardiovascular events (median time interval of

International Journal of Stroke, 18(4)



Qureshi et al.

439

Figure I. Kaplan—Meier curve demonstrating the
probability of a cardiovascular event over time in pneumonia

patients with and without SARS-CoV-2 infection. SARS-
CoV-2: severe acute respiratory syndrome coronavirus 2.
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218 days post reference encounter admission; interquartile
range Ql=117days, Q3=313days). Among 10,691
patients with pneumonia but without SARS-CoV-2 infec-
tion, 756 (7.1%, 95% CI, 6.6-7.6%) developed new car-
diovascular events (median time interval of 242 days post
reference encounter admission; interquartile range
O1=131days, O3=343days). The probability of a new
cardiovascular event over time in pneumonia patients with
and without SARS-CoV-2 infection is presented in Figure
1 (Kaplan—Meier curve). The rate of new cardiovascular
events was lower among patients with SARS-CoV-2
infection and increased in age strata of older age in both
groups (see Figure 2).

Comparison of risk factors in patients with
pneumonia

There was a significantly higher rate of hypertension, diabetes
mellitus, and hyperlipidemia among pneumonia patients with
SARS-CoV-2 infection compared with those without SARS-
CoV-2 infection (see Table 1). However, the rates of other car-
diovascular risk factors were significantly lower among patients
with SARS-CoV-2 infection. The proportion of patients who
had septic shock or chest pain during reference hospitalization
was lower among patients with SARS-CoV-2 infection. The
proportion of patients who had dyspnea or respiratory failure
during reference hospitalization was higher among patients with
SARS-CoV-2 infection. There was no different in the propor-
tion of patients who required intubation/mechanical ventilation
during reference hospitalization between the two groups.

Risk of new onset cardiovascular events in
multivariate analysis

The risk of new cardiovascular events in the convalescent
period was not significantly different in pneumonia
patients with SARS-CoV-2 infection compared with those
without SARS-CoV-2 infection (hazard ratio (HR), 0.90;
95% CI, 0.80-1.02) after adjustment for age, gender, race/
ethnicity, hypertension, diabetes mellitus, hyperlipidemia,
nicotine dependence/tobacco use, alcohol use or abuse,
atrial fibrillation, congestive heart failure, previous acute
MI, previous AIS, previous ICH, previous SAH, and pre-
vious unstable angina; and respiratory failure, dyspnea,
chest pain, septic shock and intubation/ mechanical venti-
lation (during reference encounter) (see Table 2). The risk
of a new AIS (HR, 0.84; 95% CI, 0.70-1.02) or ischemic
heart disease (HR, 1.00; 95% CI, 0.87—1.15) was not

Figure 2. New onset cardiovascular events in the convalescent period according to age groups among pneumonia patients.

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.
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Table I. Demographic and clinical characteristics of pneumonia patients according to presence or absence of SARS-CoV-2
infection.

Patients with SARS-CoV-2 Patients without SARS-CoV-2
infection infection
Variables (n=10,470) (n=10,470)

(Continued)
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Table I. (Continued)

Patients without SARS-CoV-2
infection
(n=10,470)

670 (6.3%)

Patients with SARS-CoV-2

infection
(n=10,470)

559 (5.2%)

Variables

Septic shock 0.001

Non-routine discharge (excluding death) 8295 (77.6%) 8656 (81.0%)

<0.0001

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

Table 2. Results of Cox proportional hazards regression analyses for new cardiovascular events in convalescent period.

Number of the
event

Multivariate adjusted HR

Cardiovascular events Number Event rate (95% ClI)*

Any cardiovascular event

Patients without SARS-CoV-2 infection 10,691 756 7.1% Reference

Patients with SARS-CoV-2 infection 10,691 594 5.6% 0.93 (0.82—1.04)

Ischemic heart disease

Patients without SARS-CoV-2 infection 10,691 482 4.5% Reference

Patients with SARS-CoV-2 infection 10,691 219 2.0% 0.84 (0.70-1.02)

Intracerebral or subarachnoid hemorrhage

Patients without SARS-CoV-2 infection 10,691 56 0.5% Reference

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; HR: hazard ratio; Cl: confidence interval.
?See the “Methods” section for variables adjusted in multivariate model.

SARS-CoV-2 infection in the convalescent period com-
pared with those without SARS-CoV-2 infection. The
control population was derived from patients with pneu-
monia related to other infections which may have a higher
risk of cardiovascular events compared with general pop-
ulation in the convalescent period.>* Our findings are dif-
ferent to a previous study by Taquet et al.>* who found that
the risk of AIS was higher among patients with SARS-
CoV-2 infection compared with patients admitted with

higher in patients with SARS-CoV-2 infection compared
with those without SARS-CoV-2 infection after adjusting
for the aforementioned confounders.

Discussion

New cardiovascular events in SARS-CoV-2
infection survivors

We did not identify an increased rate of new cardiovascu-
lar events among survivors of pneumonia associated with

influenza and those with other respiratory tract infections.
However, Taquet et al.>* included occurrence of AIS as an
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outcome at any time between 1 and 180days after the
index event. Similarly, Tu et al.’ identified 18 men who
developed AIS at any time between 1 and 130days
(median period of 55days) after diagnosis of SARS-
CoV-2 infection. The estimated annual incidence rate of
AIS was 82.6 cases per 100,000 persons which was higher
than the incidence rate of 38.2 cases per 100,000 people in
the historical matched cohort (rate ratio, 2.16). Our study
included occurrence of cardiovascular events after 30 days
of index event to focus on occurrence of cardiovascular
events in the convalescent phase and avoid the confound-
ing effect of acute phase events. Xie et al.!?> compared the
12-month cardiovascular event rates among patients with
SARS-CoV-2 infection who survived the first 30 days and
contemporary control group of the US Veterans Health
Administration system users without SARS-CoV-2 infec-
tion (predominantly non-hospitalized patients). Patients
with SARS-CoV-2 infection had an increased risk of
stroke (HR=1.52) and MI (HR=1.63). The difference
between the results of ours and Xie et al.!? analysis is per-
haps due to a large proportion of non-hospitalized control
patients in the study by Xie et al.'? (at low risk of cardio-
vascular events).

Interpretation and implications for
treatment

An important aspect in interpretation and implications for
treatment is that the rate of new cardiovascular events among
survivors of pneumonia with SARS-CoV-2 infection in the
convalescent period was not different from those without
SARS-CoV-2 infection. The rate of new cardiovascular
events maybe higher than patients without pneumonia'? and
whether routine antithrombotic treatment may be of value in
patients with SARS-CoV-2 infection and pneumonia in the
convalescent period needs to be considered. The accelerating
COVID-19 Therapeutic Interventions and Vaccines
(ACTIV)-4B Outpatient Thrombosis Prevention Trial?® ana-
lyzed 558 randomly assigned participants who received daily
aspirin (81mg), prophylactic-dose apixaban (5mg), thera-
peutic-dose apixaban (10mg), or matching placebo for
45 days. The primary composite end point (all-cause mortal-
ity, symptomatic venous or arterial thromboembolism, MI,
stroke, or hospitalization for cardiovascular or pulmonary
causes) occurred in one patient (0.7%), one patient (—0.7%),
two patients (1.4%), and one patient (0.7%) in the aspirin
group, 5mg apixaban, 10mg apixaban, and placebo groups,
respectively. The absolute risk reductions compared with
placebo for the primary outcome ranged from 0% to 1.4%
(non-significant) in the various therapeutic groups. Our
results support the National Institutes of Health COVID-19
treatment guidelines®® which recommend that anticoagulants
and antiplatelet therapy should not be initiated for the pre-
vention of venous thromboembolism or arterial thrombosis
for non-hospitalized patients with SARS-CoV-2 infection,

unless the patient has other indications for the therapy or is
participating in a clinical trial (strong evidence based on
expert opinion). Leentjens et al.?” also concluded that routine
antithrombotic treatment is not recommended in patients
with SARS-CoV-2 infection after discharge based on patho-
physiology of SARS-CoV-2 infection-related coagulopathy
and data from randomized controlled trials. Although the ref-
erence encounter occurred in many of the patients after vac-
cination for SARS-CoV-2 infection was available,?® the
CERNER dataset did not have reliable information on vac-
cination status of the patients. A previous study'? did not
demonstrate any modifying effect of vaccination status on
relationship between SARS-CoV-2 infection and new cardi-
ovascular events.

Limitations

We used ICD-10 codes which have a high positive predic-
tive value to identify AIS from the principle discharge diag-
nosis.?” The ICD-10 codes have a high positive predictive
value for AIS (82%),° acute coronary syndrome (86.6%),
and acute MI (100%).>! We acknowledge the effect of vari-
ability in hospitalization criteria over time and between
institutions on our analysis is not known. Our ability to
quantify the severity of the pneumonia observed in our
cohort of hospitalized patients was limited due lack of data
on physical examination, and laboratory, and radiographic
findings?"?3 which were not available.>? We were unable to
provide in-depth information regarding the use of primary
or secondary preventive strategies used in these patients and
therefore are unable to comment upon the modifying effect
of such strategies on our results. We acknowledge that using
a definition of >30days after reference admission for con-
valescent period is arbitrary but consistent with previous
studies.!"'* Some studies have used a short time period of
>21days from either positive test or admission for SARS-
CoV-2 infection®*** while others have used a longer period
> 8weeks from discharge to define convalescent period.>
The variance is attributed to whether clinical symptom reso-
lution, transmissibility, or resolution of laboratory abnor-
malities is used to define resolution of the acute phase.

Conclusion

We did not identify any increased risk of new cardiovascu-
lar events in the convalescent period among pneumonia
patients with SARS-CoV-2 infection compared with
patients with pneumonia without SARS-CoV-2 infection.
Our results do not support additional monitoring or use of
antithrombotic medication among SARS-CoV-2 survivors
in the convalescent period.
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