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A B S T R A C T   

Background: increased pressure on healthcare systems and possible risk of nosocomial COVID-19 infection 
during pandemic urged many guidelines to severely restrict the number of operations. The aim of this study was 
to investigate the risk of COVID-19 infection and its complications in patients undergoing urgent or elective 
operations. 

Methods: a prospective observational cohort study was conducted in a tertiary surgical center and all patients 
with no preoperative history of COVID-19 undergoing elective or emergent surgeries were included in this 
investigation. chest computed tomography (CT) scan or polymerase chain reaction (PCR) test were performed on 
patients before and after surgery. 
Results: 183 patients who underwent an operation were enrolled in this study. In postoperative follow-up, 12 
patients were positive for COVID-19 infection as identified by RT-PCR and non-contrasted chest CT scans. 
Regrettably, 2 individuals passed with one of these individuals dying as a direct result of COVID-19 infection. All 
the 12 cases of post-operative COVID-19 patients underwent elective surgeries. 
Conclusion: the gathered results indicate a need for the re-evaluation of the risks of operation during the COVID- 
19 pandemic. If operations are performed while observing protective and preventative protocols, the risk of post- 
operative nosocomial COVID-19 is significantly reduced. Hence, the consequences imposed on patients by the 
delay or cancellation of operations (most notably in cancer cases) may outweigh the risk of post-operative 
COVID-19 infections.   

1. Introduction 

During the December of 2019, an emerging disease conclusively 
changed health-care systems worldwide. The COVID-19 virus was first 
identified in the Wuhan region of China and progressed to spread to 
other nations over the successive months [1]. Accordingly, March of 
2020, the World Health Organization announced its recognition of a 
global pandemic [1,2]. COVID-19 infection presentation ranges from 
asymptomatic infection to cases of lethal pneumonia [3]. As of March 

2021, this virus has regrettably resulted in over 120 million recorded 
cases of infection and 2.7 million deaths globally [2]. The first case of 
COVID-19 in Iran was reported on February 19th, 2020 in Qom, and 
after this, the virus rapidly spread all over the country [4]. 

Admission of an unprecedentedly high number of patients to un-
prepared hospitals due to the COVID-19 pandemic resulted in increased 
pressure on healthcare systems [5,6]. The shortage of hospital and 
Intensive Care Unit (ICU) beds and established guidelines with the aim 
of reducing the risk of COVID-19 infections in hospitalized patients 
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significantly reduced the number of operations taking place during the 
pandemic [7,8]. Furthermore, it was suggested that patients who un-
dergo operations are at a higher risk of nosocomial COVID-19 infection 
due to increased viral exposure in hospital settings in addition to their 
immunosuppressed state [9]. Synchronously, literature indicated high 
mortality and morbidity rate in COVID-19 cases after surgeries [10,11]. 

The discussed guidelines provided instructions for all aspects of the 
health care system including health care personnel, patients, trans-
portation processes, operating rooms, and equipment use [12]. Thus, 
guidelines severely restricted the number of elective operations, and 
urgent operations were completed non-laparoscopically and with 
regional anesthesia [13–16]. This was not only due to the high risk of 
COVID-19 infection but also to the fact that the majority of medical 
supplies were devoted to COVID-19 management [17]. Similarly, within 
our referral center, hospital protocols were established and followed, 
resulting in the cancelation of the majority of elective surgeries [18]. 

As rapid diagnostic tests for COVID-19 have become widely available 
and the COVID-19 pandemic has continued, several surgical centers are 
applying screening systems for COVID-19 testing of patients before 
admission [19]. If a positive result is obtained, surgeries are postponed 
or are only performed with special precautions [20]. Despite the dis-
cussed guidelines and protocols, the exact risk of COVID-19 infection in 
admitted surgical cases and the resulting complications has not yet been 
determined. Consequently, this study aims to investigate the risk of 
COVID-19 infection and its complications in patients undergoing urgent 
or elective operations in our tertiary center and assess the safety of 
performing operations in terms of COVID-19 infection during the 
pandemic. 

2. Methods 

The main goal of this study is to evaluate the rate of postoperative 
COVID-19 infection and its resultant complications and mortality to 
provide a basis for surgical risk assessment, ensuring the delivery of the 
best medical care to patients a prospective observational study was 
conducted in a tertiary surgical center. Patients who underwent surgery 
from April to September 2020 was enrolled in this study. This period 
coincided with the peak of the COVID-19 pandemic in Iran when many 
non-urgent operations were canceled. This research is fully compliant 
with the STROCSS 2021 criteria [21] and registered in the Research 
Ethics Committees of Vice-Chancellor in Research Affairs of Tehran 
University of Medical Sciences. The approval ID is IR. TUMS.VCR. 
REC.1399.216. https://ethics.research.ac.ir/ProposalCertificateEn.ph 
p?id=128698&Print=true&NoPrintHeader=true&NoPrintFooter=true 
&NoPrintPageBorder=true&LetterPrint=true. 

All patients over 18 years of age, while they had no evidence of 
COVID-19 infection undergoing elective or emergent surgeries in a 
tertiary hospital were included in this investigation. Patients suspected 
of COVID-19 infection based on preoperative chest computed tomog-
raphy (CT) scan or positive polymerase chain reaction (PCR) test were 
excluded from the study. Moreover, patients with a positive COVID-19 
test within 3 days after surgery were excluded due to the likelihood of 
the acquirement of this infection pre-operation. For enrolled patients, 
suspicious postoperative symptoms followed by a definitive diagnosis 
based on PCR testing and Chest CT scans 3–14 days post-surgery was 
considered as positive post-operative COVID-19 infections. 

Demographic information and comorbidities were recorded and 
tabulated. Based on surgical protocols, all patients underwent a non- 
contrasted chest CT scan but a reverse transcription polymerase chain 
reaction (RT-PCR) of the oropharynx and nasopharynx was only done 
for symptomatic patients. Information regarding the operation, 
including operation type, anesthesia, and operation duration were 
recorded. All included patients were followed up after surgery and were 
assessed every day during their hospitalization in addition to follow up 
appointments 2 and 6 weeks after discharge in person or by phone. 
During these appointments, they were asked about and examined for 

suspicious symptoms indicative of COVID-19 infection. While following 
up, if there was any suspicion for COVID-19 infection, a non-contrasted 
chest CT scan and RT-PCR test from a nasopharyngeal and oropharyn-
geal swab was completed. 

For patients with postoperative COVID-19 infection, the percentage 
of lung involvement, re-hospitalization, ICU admission due to COVID- 
19, and its complications and mortality were recorded. 

For statistical analysis, the application SPSS version 23 was used. 
Continuous data was reported as mean ± standard deviation while 
discrete data was reported as percentages and frequencies. Independent 
t-test was used to compare continuous data, whereas chi-square test and 
Fisher’s exact test was used to compare discrete data. 

3. Results 

After excluding patients with pre-operative COVID-19 infections and 
those with the mentioned exclusion criteria, a total of 183 COVID-19 
negative patients who underwent an operation were enrolled in this 
study. 98 participants (53.6%) were female, and 85 participants (46.4%) 
were male. Furthermore, the mean age within the sample was 47.06 ±
16.54 years and the mean body mass index (BMI) of the participants was 
25.79 ± 4.29. 76 patients (41%) were overweight, 24 (13.3%) were 
obese, 75 (41%) were within the normal BMI range, and 8 (4.47%) were 
underweight. The mean pre-operative hospital admission was 1.74 ±
2.28 days. The indication and type of surgeries included as; Head & neck 
cancer 20 (11%), Upper GI cancer 10 (5.5%), Hepatobiliary cancer 20 
(11%), Breast cancer 25 (13.5%), Colorectal cancer 8 (4%), Gynecologic 
cancer 4 (2%), Cholecystectomy 38 (21%), Appendectomy 16 (11.5%), 
Liver transplant 1 (0.5%), Laparotomy due to peritonitis or obstruction 
16 (8%), Tissue repair after traumatic lacerations 11 (5.3%) and Coro-
nary artery bypass graft 14 (6.7%). 

Among the participants, 27 (17.5%) had diabetes mellitus, 40 
(21.9%) had hypothyroidism, 32 (17.5%) had ischemic heart disease, 4 
(2.2%) had renal disease, 56 (30.6%) had cancer, and 6 (3.3%) had 
respiratory disease. 80 patients (9.8%) underwent chemotherapy within 
three weeks pre-operation. 106 patients (57.9%) did not have any un-
derlying conditions or comorbidities. Moreover, 132 patients underwent 
an elective operation, and 51 patients underwent a non-elective opera-
tion. During the pre-operation admission, it was noted that 1 patient had 
chronic myeloid leukemia (CML) and underwent an elective open 
splenectomy associated with a resultant prolonged hospital stay (44 
days). Thus, this patient was excluded from the study (Table 1). 

In the postoperative follow-up, 12 patients were positive for COVID- 
19 infection as identified by RT-PCR and non-contrasted chest CT scans. 
Regrettably, 2 individuals passed with one of these individuals dying as 
a direct result of COVID-19 infection. All the 12 cases of post-operative 
COVID-19 patients underwent elective surgeries and the mean age of 
patients in this group was 49.17 ± 13.69 years while those with no post- 
operative COVID-19 had a mean age of 46.99 ± 16.74 years, demon-
strating no significant difference in age between the two groups. The 
mean operation time in the COVID-19 positive group was 200.75 ±
116.25 min, while this value was 152.5 ± 109.5 min in the COVID-19 
negative group. Moreover, no significant difference was observed be-
tween the two groups in terms of BMI and sex distribution. The mean 
hospital stay duration before the operation was 1.55 ± 1.29 days in the 
COVID-19 positive group, while this value was 1.74 ± 2.28 days in the 
healthy group, once again demonstrating no significant difference be-
tween the two groups. 

However, operation time was significantly higher in elective sur-
geries. (176.7 ± 115.3 min and 101.1 ± 72.4 min, P-value = 0.001). 
Interestingly, the distribution of underlying diseases, such as diabetes, 
hyperthyroidism, ischemic heart disease, renal disorders, cancer, res-
piratory disorders, and recent chemotherapy and steroid consumption, 
did not show a significant difference between the post-operative COVID- 
19 positive and negative groups. 
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4. Discussion 

The COVID-19 pandemic significantly affected the efficacy of health 
care systems as well as the degree and type of care provided to patients 
all over the world [22]. Moreover, the fear of post-operative complica-
tions due to COVID-19 significantly limited and continues to limit both 
elective and urgent operations [9]. Many patients postponed their 
medical visits and admission due to concerns about COVID-19 infection 
[23]. These delays, whether because of patient or physician concerns or 
because of the devotion of supplies to COVID-19 management, could 
result in increased mortality and morbidity globally and significantly 
reduce patient quality of life due to delayed medical treatment [24,25]. 

Thus far, some studies report a high risk of COVID-19 infection and 
its related morbidity and mortality in hospital settings which suggests 
the need for careful observation of patients and the use of appropriate 
guidelines [26]. Thus far, literature suggests various directions for 
COVID-19 management in the surgical system including canceling all 
elective operations or observing tight protocols by operation room 
personnel [27]. Mihalj et al. suggest that PCR tests be used for the 
screening of all referral patients from other centers and all symptomatic 
patients before elective surgery in addition to PCR tests and chest CT 
scans for urgent cases [28]. Furthermore, De Simone et al. have provided 
a comprehensive approach for the management of COVID-19 infection 
in surgical patients and have suggested PCR tests and chest CT scans for 
all urgent cases and isolation of patient until screening test results are 
ready [29]. 

In our medical center, operations were performed by complete 
observance of pre-operative, intraoperative, and postoperative pro-
tocols. All patients were screened for COVID-19 before operations, and 
symptomatic patients were tested using RT-PCR. Visiting the patients 

was only allowed by medical staff to prevent viral spread. All patients 
were obligated to wear face masks except those requiring oxygen sup-
plements or patients with dyspnea and all healthcare providers always 
wore face masks and observed infection protection protocols. In our 
center, no routine screening for COVID-19 was done for healthcare 
providers, and only symptomatic healthcare staff were evaluated for 
COVID-19. To add, patients with COVID-19 were admitted to separate 
wards and operated on in specifically allocated operating rooms. Finally, 
based on hospital protocol, it was ensured that both pre-operative and 
postoperative hospital stay were reduced as much as possible. 

In a study by Axiotakis et al. study 9 cases out of 511 patients un-
dergoing operation were infected with COVID-19. Prior to implementing 
pre-operative testing in their surgical center. Furthermore, they noted 
that the rate of COVID-19 infection has been reported to be related to 
Diabetes and ischemic heart disease [30]. 

In our study, 12 patients became symptomatic and infected with 
COVID-19, 2 of whom passed, 1 as a direct result of COVID-19. Thus, the 
observed mortality rate was less than that observed in similar studies 
(8.3%). In the Aminian et al. study during the onset of the pandemic, it 
was reported that three patients developed COVID-19 after the opera-
tion with 2 of these individuals passing [31]. In this study, no rela-
tionship was observed between underlying diseases and COVID-19 
infection in the post-operative period; though, due to the risk of severity 
and mortality of COVID-19 in patients with comorbidity in the previous 
studies [11,32,33], it is essential to consider underlying diseases when 
planning an operation. Moreover, despite the results cited in previous 
studies, our study did not show a significant difference between genders 
in post-operative COVID-19 infection [33]. 

In our study, the incidence of post-operative COVID-19 infection 
only occurred in patients undergoing elective surgeries. This may be due 
to the simpler procedures, shorter hospitalization time, and the limited 
number of patients in non-elective surgeries and can be explained based 
on the significant difference observed between elective and non-elective 
operation duration. Although the present study did not show any rela-
tionship between the pre-operative length of stay and COVID-19 infec-
tion, reduced viral exposure due to observing preventive protocols and 
reducing the length of hospital stay where possible is key in reducing the 
risk of COVID-19 and further studies are required to clarify and amend 
guidelines [34]. 

One-third of the patients in the present study had cancer. Postponing 
elective but necessary surgeries for malignant diseases during the 
COVID-19 pandemic has resulted in increased mortality and morbidity 
due to metastatic and inoperable cases [34]. Considering the reduced 
risk of COVID-19 infection with the performed preventive measure and 
the risk of delaying operation in cancer patients, undergoing an opera-
tion while observing protocols is likely more beneficial for this group of 
patients [35,36]. 

The limitations of this study include the small sample size and the 
resulting low number of COVID-19 cases, hence, reducing the study’s 
power and generalizability. Furthermore, it must be noted that non- 
inclusion of asymptomatic COVID-19 patients who presented with 
negative RT-PCR and no abnormal findings in the chest CT scans is also a 
limitation. Furthermore, future investigations comparing the post-
operative complications between patients with COVID-19 and healthy 
individuals should also be conducted and will help shed light on the risks 
and benefits involved in conducting operations during the pandemic for 
policy makers. 

Despite the mentioned limitations, the gathered results indicate a 
need for the re-evaluation of the risks of operation during the COVID-19 
pandemic. If operations are performed while observing protective and 
preventative protocols, the risk of post-operative nosocomial COVID-19 
are significantly reduced. Hence, the risks and the reduction in the 
quality of care provided and patient quality of life by the delay or 
cancellation of operations (most notably in cancer cases) may outweigh 
the risk of post-operative COVID-19 infections although a case-by-case 
analysis of the risks and comorbidities of each patient is likely required. 

Table 1 
Tabulation of post-operative COVID-19 status of surgical patients and their de-
mographic information as well as comorbidities.  

Variable Total 
patients n =
183 (100%) 

COVID-19 
(− ) patients 
n = 171 
(93.4%) 

COVID-19 
(+) patients 
N = 12 
(6.6%) 

P- 
Value 

Diabetes Mellitus 27 (14.8%) 26 (15.2%) 1 (8.3%) 1.000 
Hypertension 40 (21.9%) 39 (22.8%) 1 (8.3%) 0.468 
Ischemic Heart 

Disease 
32 (17.5%) 30 (17.5%) 2 (16.7%) 1.000 

Renal Disorder 4 (2.2%) 4 (2.3%) 0 (0%) 1.000 
Steroid Use 7 (3.8%) 6 (3.5%) 1 (8.3%) 0.383 
Cancer 56 (30.6%) 53 (31%) 3 (25%) 0.758 
Recent 

Chemotherapy 
18 (9.8%) 15 (8.8%) 3 (25%) 0.100 

Respiratory Disorder 6 (3.3%) 5 (2.9%) 1 (8.3%) 0.338 
No Comorbidity 106 

(57.9%) 
99 (57.9%) 7 (58.3%) 1.000 

Surgical priority 
Elective 132 

(72.1%) 
120 (70.1%) 12 (100%) 0.022 

Emergent 51 (27.9%) 51 (29.8%) 0 (0%)  
Age (Mean ± SD, 

Years) 
47.7 ±
16.54 

49.86 ±
16.05 

49.17 ±
13.69 

0.135 

Gender 
Male 85 (46.4%) 78 (45.6%) 5 (41.6%) 0.289 
Female 98 (53.6%) 93 (54.3%) 7 (58.3%)  
Body Mass Index 

(Mean ± SD) 
25.70 ±
4.29 

25.70 ± 4.49 26.39 ± 5.81 0.241 

Body Mass Index (Categorical) 
Underweight 8 (4.4%) 8 (4.7%) 0 (0%) 0.876 
Normal 75 (41%) 70 (40.9%) 5 (41.7%) 
Overweight 76 (41.5%) 71 (41.5%) 5 (41.7%) 
Obese 24 (13.1%) 22 (12.9%) 2 (16.7%)  
Pre-operative 

hospitalization 
days (Mean ± SD) 

1.73 ± 2.24 1.74 ± 2.28 1.55 ± 1.29 0.434 

Operation time 
(Mean ± SD) 

155.6 ±
110.3 

152.5 ±
109.5 

200.7 ±
116.2 

0.932  
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