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A B S T R A C T   

Background: To reduce the exposition risk to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in 
surgical patients more prone to develop serious forms of Coronavirus disease 2019, a reorganization that pre
viewed the creation "COVID-19-free" hospitals or units was pursued. The aim of this study was to quantify the 
effect of clear pathways to reduce the risk of SARS-Cov-2 transmission, on postoperative complications. 
Methods: Data of all consecutive patients undergoing surgical procedure for colorectal diseases, between 
November 2019 and July 2020 in two Italian referral centers, were retrospectively analyzed. Patients were 
divided into two groups: the ones underwent surgical procedures during the period before the pandemic from 
November 2019 to March 2020 (Group 1) (before-COVID), and those who underwent surgical procedure from 
April to July 2020 during the pandemic (Group 2) (during-COVID pandemic). 
Results: Overall, 264 patients were collected, 168 (63.4%) in Group 1 and 96 (36.4%) Group 2. Preoperative 
characteristics were similar between groups; during the pandemic there was a higher proportion of patients who 
underwent surgical procedures for malignancy compared with the period before the pandemic (92.7% vs 72%; p 
= 0.001). Patients in Group 2 had a lower rate of postoperative general complications (21.9% vs 34.5%; p =
0.03) and a lower rate of surgical complications (14.6% vs 25%; p = 0.05). No difference in term of medical 
complications, infections, and intraoperative complications were found. Minimally invasive approach (OR 0.46; 
95% CI 0.04–0.83; p = 0.01) and isolation of patients (OR, 0.18; 95% CI, 0.04–0.83; p = 0.03) were indepen
dently associated with lower risk of postoperative complications. 
Conclusion: In this cohort study COVID-19-free pathways were significantly associated with low rate of post
operative morbidity in patients undergoing colorectal elective surgery.   

Introduction 

The Coronavirus disease 2019 (COVID-19), caused by the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was identified 
in Wuhan, Hubei province of China in December 2019 [1]. Globally, 
until March 20th 2021, 122.997.108 cases were confirmed, and a total 
of 2.715.249 patients have died from this viral infection [2] SARS-CoV-2 
mainly affects respiratory tract, despite recent studies showed mani
festations of gastrointestinal, central nervous, cardiac, and dermatologic 
system [3–6]. 

In this scenario, hospitals urgently needed to change their organi
zations, in attempt to free standard and intensive care unit beds for 

COVID-19 patients. Subsequently, these changes in the health system 
organization necessitated a sudden mutation in the management of 
patients with diseases other than COVID-19, with a worrying reduction 
of elective surgical activities [7–9]. 

Given this, a reform of hospitalization system was necessary in order 
to allow the safe maintenance of elective surgery for patients with life 
threatening diseases such as oncologic surgery [10–12]. A reorganiza
tion that previewed the creation "COVID-19-free" hospitals or units was 
pursued to resume elective surgical procedures limiting the exposition 
risk to SARS-CoV-2 in surgical patients more prone to develop serious 
forms of COVID-19 [12–15]. As some studies have shown, these condi
tions were posed considering that postoperative risk of morbidity and 
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mortality was increased with postoperative diagnosis of SARS-CoV-2 
infection especially in centers that were not organized as “COVID-free" 
[16]. 

We aimed to identify whether specific protocols to decrease the risk 
of SARS-Cov-2 transmission resulted in a reduction of postoperative 
morbidity and mortality, comparing patients tested negative for SARS- 
CoV-2 and undergoing surgery during the pandemic with those who 
undergoing the same surgical procedure in a control period. 

Methods 

Study design 

All consecutive patients undergoing surgical elective procedure for 
colorectal diseases, between November 2019 and July 2020, were 
retrospective selected from a prospectively maintained database of two 
COVID free high-volume referral centers for Colorectal Surgery. Patients 
were divided into two groups: the ones underwent surgical procedures 
from November to March 2020 (Group 1 - before-COVID), and those 
who underwent surgical procedure from April to July 2020 during the 
pandemic (Group 2 - during-COVID pandemic). Protective measures and 
stringent protocols were introduced from April 2020. 

In Group 2, we included all patients undergoing elective surgery who 
were tested negative for SARS-CoV-2 before surgery and did not develop 
COVID-19 during hospitalization. Patients have been carefully selected 
and contacted the day before admission to ask if they have experienced 
in the 15 days before the most common symptoms of COVID-19 infec
tion, such as fever, cough, dyspnea, anosmia, or other respiratory 
symptoms. Moreover, we investigated if they had strict contact with 
anyone who presented COVID-19 manifestation or who tested positive 
for SARS-CoV-2. During the pre-hospitalization period all patients un
dergoing elective surgery must have had a negative serology test and 
swab test within 48 h from the day of the scheduled hospitalization. 
Also, all patients undergoing emergency surgery must have had a 
negative swab test before the hospitalization. 

During the perioperative period the daily ward rounds are limited 
and performed by a single surgeon, visits were prohibited or limited, and 
in one of the two centers patients were isolated and hospitalized in a 
single room. All healthcare staff used maximal individual protective 
measures, including personal protective equipment (PPE) such as sur
gical or FFP2 masks, frequent hand sanitation and gloves. Emergency 
hospitalizations were continued in one of the two institutions even 
during the pandemic. 

Demographics (age, sex) and clinical characteristics including BMI, 
American Society of Anesthesiology (ASA) status classification, smok
ing, medications history, diagnoses, surgery details, intraoperative 
complications, length of stay, and intensive care unit (ICU) admission, 
were collected. 

Outcomes 

The primary outcome was 30-days postoperative complications 
including surgical and medical complications. The severity of the com
plications was determined using to the Clavien-Dindo classification 
[17]. Data concerning post-operative 30-days complications, including 
both surgical and medical ones, as well as data regarding 30-days 
postoperative mortality were collected. The following complications 
were recorded: wound infection, intra-adominal collection, anastomotic 
leakage, ileus, bleeding, infectious colitis, chest infection, urinary tract 
infection, renal failure, myocardial infarction, polmonary embolism and 
cerebrovascular complications. Postoperative surgical complications 
were classified into superficial, deep, or organ/space SSI. 

Statistical analysis 

Statistical analysis was performed using Stata version 13 for Mac 

(StataCorp, Texas, USA). Continuous variables were expressed as mean 
[± standard deviation (SD)] or median and interquartile range (IQR); 
categorical variables as frequencies and percentage. Significant differ
ences between the two groups were tested by χ2 test and independent t- 
test for continuous one. The possible relationship between the two 
groups and postoperative complications was analyzed using a logistic 
regression model and results are shown as odds ratio (OR) and 95% 
confidence interval (CI). Univariate and multivariate logistic regression 
analyses were performed to study the risk of postoperative complica
tions for patients who had undergone surgery. 

All tests were two-sided with a level of significance set at p < 0.05. 

Results 

Patient’s characteristics 

Characteristics of patients are summarized in Table 1. Two hundred 
and sixty-four patients were included in the analysis. One hundred and 
sixty-eight (63.4%) underwent surgery during the period before the 
pandemic (Group 1), whereas ninety-six (36.4%) during the pandemic 
(Group 2). Mean age was 66.5 (±13.9), and 139 (52.6%) of the patients 
were male. According to the ASA score most patients were ASA II (139 
(52.6%)), and the most common diagnoses were malignancy 210 
(79.5%). Other diseases recorded included patients undergoing stoma 

Table 1 
Characteristics of Patients Treated Within pandemic period and before the 
pandemic.   

Total 264 Group 1 
n=168 
(63.4%) 

Group 2 n=96 
(36.4%) 

p 

Age, mean (±SD) 66.5 
(±13.9) 

66.9 (±13.5) 65.9 (±14.8) 0.55 

Gender, n(%)     
Male 139 

(52.6) 
93 (55.4) 46 (47.9) 0.35 

Female 125 
(47.3) 

75 (44.6) 46 (47.9)  

BMI, mean (±SD) 24.4 
(±3.9) 

24.7 (±4.2) 24 (±3.4) 0.17 

Smoking, n(%)     
Yes 11 (4.2) 5(3.0) 6 (6.2) 0.20 
No 253 

(95.8) 
163 (97.0) 90 (93.7)  

ASA, n(%)     
1 16 (6.1) 13 (7.7) 3 (3.1) 0.40 
2 139 

(52.6) 
86 (51.2) 53 (55.2)  

3 104 
(39.4) 

65 (38.7) 39 (40.6)  

4 5 (1.9) 4 (2.4) 1 (1.04)  
Steroids, n(%)     

Yes 5 (1.9) 3 (1.8) 2 (2.1) 0.86 
No 259 

(98.1) 
165 (98.2) 94 (97.9)  

Anticoagulants, n(%)    0.49 
Yes 19 (7.2) 12 (6.5) 7 (8.9)  
No 245 

(92.8) 
173 (93.5) 72 (91.1)  

Antiplatelets, n(%)    0.52 
Yes 38 (14.4) 26 (15.5) 12 (12.5)  
No 226 

(85.6) 
142 (84.5) 84 (87.5)  

Diseases, n(%)    0.001 
Malignancy 210 

(79.5) 
121 (72.0) 89 (92.7)  

Inflammatory 
Bowel disease 

12 (4.5) 11 (6.5) 1 (1.04)  

Diverticular Disease 19 (7.2) 15 (8.9) 4 (4.2)  
Stoma reversal 23 (8.7) 21 (12.5) 2 (2.1)  

Abbreviations: SD, standard deviation; BMI, body mass index; ASA, American 
Society of Anesthesiology. 
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reversal 23 (8.7%), diverticular disease 19 (7.2%) and inflammatory 
bowel disease (IBD) 12 (4.5%). 

The demographics and clinical characteristics for Group 1 and Group 
2 were homogeneous. As expected, during the pandemic there was a 
higher proportion of patients who underwent surgical procedures for 
malignancy if compared with the period before pandemic (92.7% vs 
72.0%; p = 0.001) (Table 1). 

Treatment and postoperative complications 

Table 2 showed perioperative characteristics of all patients. Most 
patients underwent surgery with a laparoscopic approach (n=155, 
58.7%), 98 (37.1%) had an open surgery and 11 (4.2%) patients had a 
robotic approach. Patients in Group 2 had a lower rate of postoperative 
general complications (21.9% vs 34.5%; p = 0.03) (Fig. 1) and a lower 
rate of surgical complications (14.6% vs 25%; p = 0.05). No difference in 
term of medical complications (6.2% vs 7.7%; p = 0.65), infections 
(18.7% vs 27,4%; p = 0.10), intraoperative complications (1% vs 4.2%; 
p = 0.15) were found. Most patients had a complication Clavien-Dindo 
grade equal to 0 (102, 38.6%) and 1 (102, 38.6%); 27 (10.2%) were 
graded 2, 27 (10.3%) were graded 3, only 4 (1.5%) were graded 4 and 2 
(0.8%) were graded 5, with no difference between the groups. No pa
tients died in Group 2, while the mortality rate in Group 1 was 2.4%. 
Finally, patients in Group 2 had a shorter length of stay than patients in 
Group 1 (11.9 ± 11.1 days vs 20.5 ± 21.9 days; p < 0.001). 

Data related to the number of emergency admissions were also 
recorded: during the pandemic period the rate showed to be higher than 
the previous one (62.5% vs 41.1%; p = 0.001) 

Predictors of postoperative complications 
Table 3 reports univariate analysis and shows that patients with 

postoperative complications had a higher ASA score (ASA 4 (OR 12; 95% 
CI, 1.02–141.34; p = 0.05)), prolonged operative time (OR, 1.20; 95% 
CI, 1.01–1.37; p = 0.03), and patients who had minimally invasive 
surgery had lower risk of postoperative complications (OR, 0.41; 95% 
CI, 0.24–0.71; p = 0.001). Also, isolation of patients was associated with 
lower risk of postoperative complications (OR, 0.12; 95% CI, 0.03–0.53; 
p = 0.005), and emergency admission were related with higher risk of 
postoperative complications (OR, 1.98; 95% CI, 0.16–3.40; p = 0.01). 
The use of Hand sanitizer and PPE led to a lower risk of postoperative 
complications (both OR, 0.60; 95% CI, 0.32–1.09; p = 0.09) The pres
ence of postoperative complications led to a longer length of stay (OR 
1.01; 95% CI, 1.00–1.02 p = 0.05). 

Multivariate analysis is reported in Table 4 and showed that mini
mally invasive approach (OR 0.46; 95% CI 0.04–0.83; p = 0.01) and 
isolation of patients (OR, 0.18; 95% CI, 0.04 - 0.83; p = 0.03) were 
independently associated with lower risk of postoperative 
complications. 

Discussion 

This retrospective study compares postoperative morbidity rates 
between patients undergoing abdominal surgical procedures during the 
pandemic period, with those undergone the same surgical treatments in 
a control period. The aim was to quantify the effect of clear pathways to 
reduce the risk of SARS-Cov-2 transmission, on postoperative 
complications. 

Our results demonstrated that strict compliance on protective mea
sures and stringent protocols allows to safely carry out elective surgical 
activity during pandemic without compromising short-term post
operative outcomes. Moreover, these results showed that isolation and 
hospitalization of the patients in a single room significantly reduce the 
risk of postoperative complications. 

Recently some studies have analyzed short-term postoperative out
comes in surgical patients during the pandemic and showed that com
plications were more common during this period. However, the primary 

Table 2 
Operative and postoperative results of patients Treated Within pandemic period 
and before the pandemic.   

Total 
264 

Group 1 
n=168 
(63.4%) 

Group 2 n=96 
(36.4%) 

p 

Operative time, mean ( 
±SD) 

4.2 
(±1.7) 

4.1 (±1.6) 4.4 (±1.9) 0.12 

Intraoperative 
complications, n(%)    

0.15 

Yes 8(3.0) 7 (4.2) 1(1.0)  
No 256 

(97.0) 
161 (95.8) 95 (99.0)  

ICU admission, n(%)    0.23 
Yes 23 (8.7) 12 (7.1) 11 (11.5)  
No 241 

(91.3) 
156 (92.9) 85 (88.5)  

Surgical approach, n 
(%)    

0.59 

Open 98 
(37.1) 

65 (38.7) 33 (34.4)  

Robotic 11 (4.2) 8 (4.8) 3 (3.1)  
Laparoscopic 155 

(58.7) 
95 (56.5) 60 (62.5)  

Postoperative 
complications, n(%)    

0.03 

Yes 79 
(29.9) 

58 (34.5) 21 (21.9)  

No 185 
(70.1) 

110 (65.5) 75 (78.1)  

Surgical 
Complications, n(%)    

0.05 

Yes 56 
(21.2) 

42(25.0) 14 (14.6)  

No 208 
(78.8) 

126 (75.0) 82 (85.4)  

Medical Complications, 
n(%)    

0.65 

Yes 19 (7.2) 13 (7.7) 6 (6.2)  
No 245 

(92.8) 
155 (92.3) 90 (93.7)  

SSI, n(%)    0.10 
No 200 

(75.8) 
122 (72.6) 78 (81.2)  

Superficial/ 
incisional 

22 (8.3) 14 (8.3) 8 (8.3)  

Deep/incisional 9 (3.4) 9 (5.4) 0 (0)  
Organ/space 33 

(12.5) 
23 (13.7) 10 (10.4)  

Clavien-Dindo 
Classification, n(%)    

0.45 

0 102 
(38.6) 

67 (39.9) 35 (36.5)  

1 102 
(38.6) 

60 (35.7) 42 (43.7)  

2 27 
(10.2) 

17 (10.1) 10 (10.4)  

3 27 
(10.23) 

18 (10.7) 9 (9.4)  

4 4 (1.5) 4 (2.4) 0 (0)  
5 2 (0.8) 2 (1.4) 0 (0)  

Hospital Stay (days), 
median (IQR) 

9(8-64) 9(8-67) 9 (7.5–25) 0.04 

Mortality, n(%)    0.12 
Yes 4 (1.5) 4 (2.4) 0 (0)  
No 260 

(98.4) 
164 (97.6) 96 (100)  

PPE, n(%)    0.000 
Yes 83 

(31.4) 
0 (0) 83 86.46  

No 181 
(68.6) 

168 (100) 13 13.54  

Hand sanitizer, n(%)    0.000 
Yes 83 

(31.4) 
0 (0) 83 (86.5)  

No 181 
(68.6) 

168 (100) 13 (13.5)  

(continued on next page) 
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aim of these studies was to examine early surgical morbidity and mor
tality in patients with COVID-19 compared with patients without the 
disease [16,18–22]. Postoperative outcomes in SARS-CoV-2-infected 
patients are worse than pre-pandemic: 30-days mortality was close to 
20–25% [18,23], and pulmonary, thrombotic and surgical postoperative 
complications dramatically increased [20]. 

No study has specifically analyzed the impact of anti-COVID-19 
measures on elective surgical activity and postoperative outcomes in 
patients who did not develop the infection. A recent study compared 
patients undergoing elective surgery during the pandemic in a COVID- 
19 – free surgical pathways with patients undergoing surgery in a no 
defined pathways, to determine whether COVID-19–free surgical path
ways were associated with lower postoperative pulmonary complication 
rates [15]. Data from 9171 patients showed that complications and 
death after surgery were lower for patients treated in COVID-free units. 
Pulmonary complications for those in COVID-19-free units were 2.2% 
compared to 4.9%, the rates of contracting COVID-19 around the time of 
surgery were 2.1% versus 3.6%, and the rates of death was also lower 
(0.7% vs 1.7%). 

Otherwise, we focused our analysis on patients who did not develop 
SARS-Cov-2 infection in the perioperative period and up to 30-day after 
surgery. Interestingly, we identified that, as well as the intraoperative 
period [24–26], also the postoperative course should be implemented 
with some interventions in order to reduce postoperative morbidity. We 
specifically identified that isolation, hospitalization in a single room and 
visits prohibited (or limited), led to a control of postoperative compli
cations. Also, a minimally invasive approach showed a very positive 
effects and advantages on postoperative complications, as already 

showed by previous studies [27,28]. This retrospective study documents 
that postoperative morbidity after colorectal elective surgery was 
significantly lower during the pandemic, whether COVID-19-free path
ways were followed. With an implementation of intra-hospital protocols 
during the pandemic, we find that elective surgery could be performed 
safely for both patients and caregivers. Moreover, these hospitalization 
protocols should be validated and used in daily clinical practice. 

There were many acknowledged limitations. The main bias is related 
to the retrospective design. As with every retrospective series, bias 
related to patient selection and heterogeneity of clinical practice among 
the two involved centers. The potential biases are largely compensated 

Table 2 (continued )  

Total 
264 

Group 1 
n=168 
(63.4%) 

Group 2 n=96 
(36.4%) 

p 

Isolation, n(%)    0.000 
Yes 34 

(12.9) 
0 (0) 34 (35.4)  

No 230 
(87.1) 

168 (100) 62 (64.6)  

Emergency admission, 
n(%)    

0.001 

Yes 129 
(48.9) 

69 (41.1) 60 (62.5)  

No 135 
(51.1) 

99 (58.9) 36 (37.5)  

Abbreviations: ICU, intensive care unit; SSI, Surgical Site Infection; PPE, per
sonal protective equipment. 

Fig. 1. Postoperative complications before (Group 1) and dusrig pandemic 
(Group 2). 

Table 3 
Univariate analysis for postoperative complications.   

OR CI (95%) p 

Age 1.01 0.99–1.03 0.35 
Gender   0.36 

Female 1   
Male 1.3 0.75–2.18  

BMI 0.99 0.92–1.06 0.81 
ASA    

1 1   
2 1.08 0.33–3.58 0.89 
3 1.45 0.44–4.85 0.54 
4 12 1.02–141.34 0.05 

Diseases    
Malignancy 1   
Inflammatory Bowel disease 1.16 0.34–4.01 0.81 
Diverticular Disease 1.36 0.51–3.62 0.54 
Stoma reversal 0.65 0.23–1.82 0.41 

Operative time 1.20 1.01–1.37 0.03 
Intraoperative complications   0.76 

No 1   
Yes 0.77 0.15–3.92  

ICU admission   0.32 
No 1   
Yes 1.57 0.64–3.79  

Surgical approach    
Open    
Minimal invasive approach 0.41 0.24–0.71 0.001 

Hospital stay 1.01 1.00–1.02 0.05 
PPE   0.09 

No 1   
Yes 0.60 0.32–1.09  

Hand sanitizer   0.09 
No 1   
Yes 0.60 0.32–1.09  

Isolation   0.005 
No 1   
Yes 0.12 0.03–0.53  

Emergency admission   0.01 
No 1   
Yes 1.98 1.16–3.40  

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiology; 
ICU, intensive care unit; SSI, Surgical Site Infection; PPE, personal protective 
equipment. 

Table 4 
Multivariate analysis for postoperative complications.   

OR CI (95%) p 

Operative time   0.13 
No 1   
Yes 1.14 0.96–1.35  

Surgical approach   0.01 
Open 1   
Minimal invasive approach 0.46 0.04–0.83  

Isolation   0.03 
No 1   
Yes 0.18 0.04–0.83  

Emergency admission   0.72 
No 1   
Yes 1.12 0.60–2.10   
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by the strength of numbers and by the fact that data were obtained from 
prospectively maintained datasets from two referral colorectal cancer 
centers. 
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