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Introduction

The first case of coronavirus disease 2019 (COVID-19)

Background: While the coronavirus disease 2019 (COVID-19) pandemic has affected all
aspects of health care, its impact on cardiac surgical practice and outcomes is yet to be
determined. We compared the outcomes of our cardiac surgical practice from the past
year during the pandemic to those in a similar pre-pandemic period.

Methods: Retrospective data were collected from 307 patients who were involved in
all adult cardiac surgical procedures performed between March 2020 and February 2021,
which was considered the pandemic period, at Amrita Institute of Medical Sciences, India.
These were compared with data from the 1-year period between March 2019 and Feb-
ruary 2020. During that earlier period, 491 patients underwent surgery, and the surgical
outcomes were assessed. Outpatient visit data were also collected to evaluate the effect of
COVID-19 on outpatient follow-up visits.

Results: A 37% decrease in surgical case volume was observed during the study period.
No difference was found in operative mortality between the 2 time periods (3.3% vs. 2.6%,
p=0.383). Overall postoperative complications were less frequent during this period, at
23% compared to 38% the previous year (p<0.001).

Conclusion: The COVID-19 pandemic caused a dramatic decrease in surgical volume
and outpatient medical follow-up. However, the pandemic and its attendant social restric-
tions did not yield a significant change in the surgical outcomes of our patients. Hence, it
is reasonable to continue cardiac surgical care during global health crises, and this can be
done with good results.
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2021, India had the second largest burden of COVID-19
cases in the world.
This once-in-a-century event has left its mark on every

caused by the novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) was reported in December
2019 in Wuhan, China. Since then, the disease has spread
globally and was declared a pandemic on March 11, 2020
by the World Health Organization. The first patient with
COVID-19 in India was diagnosed in January 2020. An
unprecedented national lockdown was instituted on March
25, 2020, resulting in the curtailing of all regular activities.
During the second half of the year, the restrictions were
eased in a phased manner commensurate with the declin-
ing trend of infections. Despite these measures, by April

aspect of life, including cardiovascular care. Numerous re-
ports have demonstrated increased cardiovascular mortali-
ty during the pandemic [1,2]. This has been attributed to a
delay in regular medical care due to restrictions, the over-
burdening of medical infrastructure, and fear among pa-
tients to seek medical care during the pandemic [3,4]. Con-
sequently, some experts were concerned about the
possibility of an increased frequency of complications re-
lated to delayed care. Potential impacts include patients
with a greater degree of ventricular dysfunction due to in-
adequate or delayed treatment for myocardial infarction, a
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greater number of mechanical complications of myocardial
infarction, and patients in more advanced stages of heart
failure [5-7]. Hence, it is only natural to assume that cardi-
ac surgical outcomes may similarly be adversely affected,
as patients may present at more advanced stages of disease.
Other groups have also raised this concern [8,9]. The fear
of contracting COVID-19 may also make patients reluctant
to attend their regular outpatient follow-up appointments.
Very few, and sporadic, early reports of the effects of the
pandemic on cardiac surgery outcomes have been pub-
lished over the past year.

The aim of the present study was to evaluate the effects
of the COVID-19 pandemic and the associated social re-
strictions on adult cardiac surgical care and outcomes at a
tertiary referral center in comparison to the pre-pandemic
period.

Methods
Study design

In this retrospective single-center observational study,
all adult cardiac surgery patients operated on or treated in
the outpatient department between March 2020 and Feb-
ruary 2021 (designated as the pandemic period) were com-
pared to those in a similar pre-pandemic time period be-
tween March 2019 and February 2020. All data were collected
from our departmental database, which includes all perti-
nent preoperative, postoperative, and mortality-related data
of all operated patients. Any missing values were obtained
prospectively from patient records. Outpatient follow-up
data were collected from the electronic medical records of
the hospital.

Aim of the study

The primary aim of the study was to evaluate the effects
of the COVID-19 pandemic and the associated social re-
strictions on adult cardiac surgical care and outcomes at a
tertiary referral center in comparison to a pre-pandemic
historical control period.

A secondary aim was to identify whether an increase oc-
curred in the incidence of left ventricle (LV) dysfunction
among patients who underwent isolated coronary artery
bypass surgery (CABG) during the pandemic period. In
this report, we also present our experiences of managing
patients with COVID-19 who underwent cardiac surgery
during this period. The Institutional Review Board at Am-
rita Institute of Medical Sciences approved the study
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(ECASM-AIMS-2021-223 dated 18-05-2021), and the re-
quirement for individual patient consent was waived.

Pandemic context and hospital policy regarding
COoVID-19

Our center is in the state of Kerala in South India, which
is currently the second most heavily-affected state with re-
gard to the number of COVID-19 cases. The hospital is a
not-for-profit 1,350-bed tertiary referral center. Very early
in the pandemic, a separate wing was designated as the
COVID-19 wing and included a designated intensive care
unit (ICU) and wards.

Inpatient management

At the onset of the pandemic, members of the hospital
administration met with the heads of the surgical depart-
ments to establish a common surgical pathway. Patients
were categorized based on their risk of COVID-19 infec-
tion. Procedures were also categorized as elective, semi-
elective, or emergency. Based on this, patients were given a
period of preoperative quarantine in the hospital guest
house based on surgical urgency and 2 negative reverse-
transcription polymerase chain reaction (RT-PCR) tests
before admission to the hospital. Patients requiring emer-
gency surgery were admitted to a designated common ICU
or ward for possible COVID-19 cases after submission of
the RT-PCR test. If the test was negative, the patient was
moved to the regular ICU or directly to the operating the-
ater if required. Patients whose cases were too severe to
wait for the RT-PCR result, such as those with acute aortic
dissection, were moved directly to 1 of 2 designated nega-
tive-pressure COVID-19 theaters, which had been convert-
ed in preparation for such emergencies. Procedures were
also classified by risk of transmission into 3 tiers, based on
the possibility of false-negative RT-PCR or the patient be-
ing in the window period; the level of personal protective
equipment was chosen accordingly. COVID-19-positive
patients were moved through a dedicated corridor from
the COVID-19 ICU to the theater and back to the COVID-
19 ICU after surgery. This led to COVID-19-positive pa-
tients from multiple departments being treated postopera-
tively in a common ICU, which raised some logistical
issues. Overall, inpatient COVID-19-related treatment was
handled by the infectious disease department, with ICU
support provided by the critical care team.
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Cardiac surgery department

As part of the hospital protocol, we formulated our de-
partmental procedures for triaging patients early in the
pandemic in accordance with national and international
society guidelines [10,11]. The hospital department includes
3 divisions: adult cardiac, pediatric cardiac, and thorac-
ic-vascular. In the adult cardiac division, we generally op-
erate on between 500-600 patients per year, and approxi-
mately 1,000-1,200 operations are performed per year in
the department. We cater to the entire breadth of adult
cardiac surgery and accept all patients with indications for
surgery after explaining the risks. Additionally, we are one
of only a few centers in the state that treat aortic dissec-
tions, active endocarditis, and patients with extensive co-
morbidities.

Statistical analysis

Data were analyzed using IBM SPSS ver. 20.0 software
(IBM Corp., Armonk, NY, USA). The results are provided
as mean+standard deviation for continuous variables and
as frequency and percentage for categorical variables. To
assess the statistical significance of the difference in the
proportion of categorical variables between the years 2019-
2020 and 2020-2021, the chi-square test was used. To eval-
uate the statistical significance of the difference in mean
age between those years, the Student t-test was utilized. Fi-
nally, to test the statistical significance of the differences in
the mean and median of European System for Cardiac Op-
erative Risk Evaluation (EuroSCORE) II, preoperative cre-
atinine, and postoperative creatinine values between the
relevant years, the Mann-Whitney U test was used. A
p-value of <0.05 was considered to indicate statistical sig-
nificance.

Results

During the 1-year study period, 307 patients underwent
cardiac surgery in the adult cardiac surgery division. This
represents a 37% drop in average surgical volume com-
pared to the previous year (Fig. 1). During a similar 1-year
period prior to the pandemic, 491 patients underwent car-
diac surgery. In the pandemic period, the hospital had
1,166 COVID-19 admissions, and 88 people died from the
disease. The mean age of the patients was 59+11.4 years,
and 75% were male. The demographic profile was similar
between the 2 years.

Other preoperative characteristics compared between

Number of operations
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Fig. 1. Surgical volume in the pandemic (2020-2021) and pre-
pandemic (2019-2020) periods.

the 2 time periods showed no significant differences, in-
cluding EuroSCORE II (p=0.469), preoperative creatinine
(p=0.587), and urgency of surgery (p=0.402). Table 1 shows
the preoperative characteristics of the patients. The proce-
dures performed during the study period are shown in Ta-
ble 2. A subgroup analysis of patients undergoing isolated
CABG was performed to identify whether a difference was
present in the incidence of LV dysfunction in patients pre-
senting for CABG. This showed no significant difference
(p=0.801) (Table 3).

Postoperative complications were observed in 23% of pa-
tients during the study period. This was significantly lower
than the complication rate of the pre-pandemic time peri-
od, which was 38% (p<0.001). The incidence of surgical site
infection was also lower during the study period, at 1%
compared to 4.9% in the previous year (p=0.002). Other
postoperative complications as listed in Table 4 did not sig-
nificantly differ between the time periods. Operative mor-
tality was similar during the 2 periods, at 3.3% during the
pandemic period compared to 2.6% the previous year
(p=0.616).

Outpatient visits were also 39% lower during the pan-
demic period than during the prior year (Fig. 2).

We operated on 1 patient with a known COVID-19 in-
fection during this period, and 7 patients developed
COVID-19 infection after surgery, 3 during the immediate
postoperative period. All personnel involved in operating
on the COVID-19-positive patient wore full personal pro-
tective equipment during the procedure. The patient with a
known COVID-19 infection during surgery, who had a
type A aortic dissection, died on postoperative day 10, and
1 of the 3 patients who developed COVID-19 in the imme-
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Table 1. Baseline patient characteristics

Characteristic 2019-2020 (n=491) 2020-2021 (n=307) p-value
Age (yr) 59.42+11.06 58.34+11.91 0.193
Sex 0.709
Male 372 (75.8) 229 (74.6)
Female 119 (24.2 78 (25.4)
Serum creatinine (mg/dL) 0.587
Mean+SD 1.09+0.54 1.09+0.62
Median (IQR) 1.01 (0.84-1.19) 0.99 (0.84-1.17)
Left ventricular ejection fraction (%) 0.801
>50 351 (71.5) 222 (72.3)
<50 140 (28.5) 85 (27.7)
EuroSCORE Il 0.469
Mean+SD 2.13+2.59 1.97+2.21
Median (IQR) 1.30 (0.90-2.23) 1.30 (0.82-2.19)
Urgency of surgery 0.402
Elective 450 (91.6) 276 (89.9)
Emergency 41 (8.4 31 (10.1)

Values are presented as meanzstandard deviation, number of patients (%), or median (IQR), unless otherwise stated. A p-value <0.05 indicates

statistical significance.

SD, standard deviation; IQR, interquartile range; EuroSCORE, European System for Cardiac Operative Risk Evaluation.

Table 2. Procedures performed

Table 4. Postoperative outcomes

Procedure 2019-2020 2020-2021
Coronary artery bypass graft 325 191
Aortic valve replacement 47 28
Mitral valve replacement 32 18
Double valve replacement 8 9
Mitral valve repair 34 20
Aortic surgery 17 20
Others 28 21

Table 3. LVEF in coronary artery bypass surgery patients

Variable 2019-2020 2020-2021 el
(n=325) (n=191) P
LVEF (%) 0.478
50 213 (65.5) 131 (68.6)
<50 112 (34.5) 60 (31.4)

Values are presented as number of patients (%).
LVEF, left ventricular ejection fraction.

diate postoperative period who underwent a CABG died
on day 9. Both patients succumbed due to COVID-19, with
its associated inflammatory storm and progressive multi-
organ failure. The other 2 patients recovered without re-
quiring any further escalation in care. Four patients con-
tracted COVID-19 infection after discharge but had
uneventful recovery periods and were doing well at review.

Our surgical experience with patients with COVID-19
resembled the global data, with 2 of 4 patients succumbing

b4 http://www.jchestsurg.org

Variable 2019-2020 2020-2021 povalue
(n=491) (n=307)

Complication 186 (37.9) 1(23.1)  <0.001*
Re-exploration 2 (4.5) 15 (4.9) 0.791
Acute kidney injury 7(17.7) 47 (15.3) 0.376
New-onset dialysis 1(2.2) 6(2.0) 0.786
Prolonged ventilation 4(11.0 32 (10.4) 0.799
Stroke 6 (1 2) 3 (1.0) 1.000
Reintubation 29 (5.9) 16 (5.2) 0.679
Mediastinitis 7 (1.4) 1(0.3) 0.249
Surgical site infection 4 (4.9) 3(1.0) 0.006*
Mortality 3(2.6) 10 (3.3) 0.616

Values are presented as number of patients (%).
*p<0.05 (statistical significance).

to the infection. Seven of our patients were infected with
COVID-19 after surgery, 3 of whom tested positive in the
immediate postoperative period and 4 of whom contracted
the disease after discharge. The 3 patients who contracted
COVID-19 in the immediate postoperative period had un-
dergone CABG. All of these patients developed a decrease
in oxygen saturation with fever on day 2 or 3. Repeat RT-
PCR revealed the diagnosis. All 3 underwent surgery at
different time periods without overlap. These patients were
moved to the COVID-19 ICU and were initially treated
with high-flow oxygen and then with non-invasive ventila-
tion using bilevel positive airway pressure. However, 1 of
the patients gradually deteriorated and required invasive
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ventilation but did not improve and expired on postopera-
tive day 7. For the other 2 patients, hypoxia gradually im-
proved with medication and supportive oxygen therapy,
and they were discharged to their homes. The remaining 4
patients developed COVID-19 infection after discharge,
but they all recovered uneventfully and are doing well.

OP visit numbers
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Fig. 2. Outpatient (OP) visit numbers in the pandemic (2020-
2021) and pre-pandemic (2019-2020) periods.

Fourteen patients had been referred for surgery but were
found to have COVID-19; hence, surgery was deferred.
One of these patients died from sudden cardiac arrest
while waiting for surgery for aortic stenosis. Two other pa-
tients recovered from COVID-19 but declined surgery. One
patient underwent a percutaneous coronary intervention
for coronary artery disease, so surgery was not performed.
The remaining 10 patients underwent surgery at a median
of 90 days after testing positive for COVID-19 (Table 5).
Among the 10 patients with preoperative COVID-19 infec-
tion who underwent surgery after recovery from COVID, 1
middle-aged woman who underwent a valve-sparing aortic
root replacement reported persistent dyspnea when walk-
ing in the postoperative ward. A computer tomogram of
the pulmonary arteries showed evidence of segmental pul-
monary embolism despite treatment with low molecular
heparin, which we routinely administer to all patients
postoperatively for deep vein thrombosis prophylaxis. She
was treated medically with a therapeutic dose of anticoag-
ulation and improved. One woman who underwent a de-
scending aortic aneurysm repair had a prolonged postopera-
tive recovery requiring ventilator support and tracheostomy
and was eventually discharged to a local hospital for con-
tinued care. The other 8 had uneventful recovery periods.

Table 5. Outcomes of the 10 patients for whom surgery was delayed due to COVID-19

. Time from COVID- Hospital
Patient Age . . . . . e ]
o Sex Diagnosis Operation 19 diagnosis to stay Complications Mortality
surgery (day) (day)
1 73 M Coronary artery disease OPCAB 46 10 - -
2 73 M Degenerated bioprosthetic ~ Redo AVR 31 11 - -
aortic valve with aortic
regurgitation
3 53 F Aortic root aneurysm David 57 24 Complete heart block: -
procedure PPI placed, pulmonary
embolism
4 69 M Mitral valve prolapse, Mitral valve 51 9 - -
mitral regurgitation repair
5 71 M Coronary artery disease OPCAB 82 8 - -
6 50 M Coronary artery disease OPCAB 170 6 - -
7 75 F DTA aneurysm DTA 100 45 Bloodstream infection, -
aneurysm prolonged ventilation-
repair tracheostomy
8 78 M Coronary artery disease OPCAB 99 14 Heart failure, R chest -
tube insertion for
effusion
9 41 M Infective endocarditis, AVR 252 8 - -
severe aortic regurgitation
10 57 M Coronary artery disease OPCAB 144 6 - -

COVID-19, coronavirus disease 2019; M, male; F, female; OPCAB, off-pump coronary artery bypass; AVR, aortic valve replacement; DTA,

descending thoracic aorta; PPI, permanent pacemaker implantation.
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Discussion

Surgery and SARS-CoV-2 are interlinked. Surgery makes
a patient susceptible to COVID-19 infection since, for one,
it increases the risk of exposure to the infection in the hos-
pital. Additionally, the chance of developing more severe
complications of COVID-19 is relatively high due to the
associated immunosuppressive response to surgery and the
inflammatory cytokine storm associated with COVID-19
infection [12,13]. COVID-19-positive patients undergoing
cardiac surgery are suspected to have very high mortality
due to this inflammatory storm. Suspicion also exists that
the presence of underlying cardiac disease can worsen
COVID-19 infection, affecting the prognosis [14]. Hence, a
general reluctance exists to perform cardiac surgery on
COVID-19-positive patients. In an international multi-
center cohort study of patients with perioperative COVID-
19 infection who underwent any procedure, the 30-day
mortality rate was 23.8%; among those who underwent
cardiac surgery, that rate was 34% [15].

India is the country that has been the second most heavily
affected by COVID-19, and Kerala, the state in which our
center is located, is the second most affected state in the
nation. During the first wave of COVID-19, although we
had prepared a department protocol to defer elective cases
to avoid burdening hospital resources in the case of an un-
precedented COVID-19 surge to tier 3 numbers, the actual
COVID-19 burden in the hospital did not reach alarming
levels. We had decided to scale back our schedule early in
the pandemic, but we also observed a decline in patient
numbers, probably due to fear among patients to visit the
hospital for evaluation. This led to a significant decrease in
both surgical volume and outpatient follow-up visits. This
experience resembles that reported in most centers around
the world [16]. Notwithstanding, the continuing fear of the
virus, the possibilities of asymptomatic patients or false-
negative test results, and the adverse effect of the virus on
patients’ cardiac status increased the fear that cardiac sur-
gical outcomes would be affected [17]. However, the results
of the present study show that despite the restrictions and
concurrent delays in seeking care, as well as the new care
pathways introduced with preoperative testing and quar-
antine before surgery, surgical outcomes did not change
significantly during the pandemic period. In contrast, a re-
port from another center comparing surgical outcomes for
a shorter period at the beginning of the lockdown com-
pared to a pre-lockdown period showed worse outcomes of
surgery [18]. However, this study presents findings from a
longer duration and hence is thought to represent a broad-
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er picture. A significant decrease in overall postoperative
complications was observed during the pandemic period,
perhaps due to more focused patient care associated with
reduced patient volume. The decrease in surgical site infec-
tion may be attributable to restricted patient and bystander
entry to the hospital during this period, as well as the
higher rate of universal masking for all personnel involved
in patient care [19]. We did not observe the anticipated in-
crease in the incidence of patients with LV dysfunction
presenting for CABG surgery compared to the previous
year. This finding contrasts with the literature regarding
an increase in the incidence of post-myocardial infarction
complications during the COVID-19 period, and this may
be due to the relatively small sample size or the patient
population on which we focused [20]. These results should
reassure both patients and, especially, the surgical commu-
nity that with protocols in place, effective cardiac care can
be delivered even in these trying times.

The outcomes of patients who had COVID-19 preopera-
tively, recovered, and were scheduled for cardiac surgery
were good. This resembles the findings reported in the lit-
erature [21]. The postoperative detection of segmental pul-
monary embolism in 1 woman was novel among these pa-
tients. The degree to which we can attribute this to a post-
COVID-19 hypercoagulable status is uncertain, but it was
the first time we had diagnosed a postoperative pulmonary
embolism in a patient. The propensity for COVID-19 to
cause thrombosis even in patients treated with thrombosis
prophylaxis has been previously reported [22].

Staff exposure to COVID-19

Early in the pandemic period, a surgeon on our team
contracted COVID-19, most likely after conducting an in-
house consultation for a CABG procedure after which the
patient developed fever and diarrhea and was diagnosed
with COVID-19. The rest of the surgeons, of whom the
resident and physician assistant were first-degree contacts
with the infected surgeon, had to quarantine as a result.
Hence, the division was virtually shut down for a week,
during which 1 of our pediatric cardiac surgical colleagues
performed rounds on our postoperative patients. This ex-
perience caused us to stagger our work pattern and try to
minimize close contact among surgeons for the next few
months to prevent a similar closure of the division. Work-
flow disruptions due to staff shortages have also been seen
elsewhere during the pandemic [8].

The known risks of waiting for surgery with a cardiac
illness make it imperative to plan to continue cardiac sur-
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gery in these difficult times. The strong public healthcare
system in Kerala, the proactive state government, and ac-
tive community participation are probable reasons why
our center, and the state as a whole, was able to endure the
tirst COVID-19 wave without alarming results [23]. Provi-
sional data from the United States show that heart disease
remained the leading cause of death in 2020 and actually
increased by 4.8% compared to the prior year, the highest
increase in incidence since 2012 [24]. This highlights the
critical nature of healthcare planning in restarting and
conducting cardiac surgery and other such critical services
so additional waves of the current pandemic and any fu-
ture similar crises can be managed and collateral damage
minimized as much as possible [25].

Health policy decision-makers and healthcare providers
have struggled to determine the right balance between
avoiding exposure to COVID-19 for patients with heart
disease and other major comorbidities and the inherent
risk of mortality and morbidity associated with not seeking
appropriate and timely medical care out of fear of contract-
ing COVID-19. It remains to be seen whether cardiac sur-
gery practice will be impacted by the long-term effects of
COVID-19, such as permanent lung damage due to fibro-
sis, possible cardiomyopathy related to myocarditis, and
sequelae of thromboembolic disease [26]. The answers are
not straightforward, and the ongoing pandemic will un-
doubtedly help frame future health policy decisions around
similar major disease outbreaks. As such, we hope that
these data will contribute to the framing of guidelines to
deal with future crises.

Conclusions

The COVID-19 pandemic and associated social restric-
tions caused a substantial decrease in surgical volumes and
outpatient visits. Despite this drop in numbers and occa-
sional disruptions in service for COVID-19-positive pa-
tients, no significant change in patient outcomes was ob-
served over this period. Heart disease remains the leading
cause of mortality globally, and it is imperative that cardiac
care continues during this and future global health crises.
An acceptable cardiac standard of care can still be deliv-
ered during these difficult times.
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