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Abstract

The COVID-19 pandemic has raised concerns about the negative impact of the fear of contagion on people’s willingness
to seek medical care and the subsequent effects on patients’ prognosis. To date, not much is known about the outcomes of
acute surgical diseases in this scenario. The aim of this multicenter observational study is to explore the effects of COVID-
19 outbreak on the outcomes of patients who underwent surgery for peritonitis. Patients undergoing surgery for secondary
peritonitis during the first COVID-19 surge in Italy (March 23-May 4, 2020—COVID period group) were compared with
patients who underwent surgery during the same time interval of year 2019 (no-COVID period group). The primary endpoint
was the development of postoperative complications. Logistic regression analysis was conducted to identify predictors of
complications. Of the 332 patients studied, 149 were in the COVID period group and 183 were in the no-COVID period
group. Patients in the COVID period group had an increased frequency of late presentations to the emergency departments
(43% vs. 31.1%; P=0.026) and a higher rate of postoperative complications (35.6% vs. 18%; P <0.001). The same results
were found in the subset analysis of patients with severe peritonitis at surgical exploration. The ASA score, severity of peri-
tonitis, gSOFA score, diagnosis other than appendicitis, and COVID period resulted independent predictors of complications.
During the COVID-19 pandemic patients with peritonitis had a higher rate of complicated postoperative courses, weighing
on hospital costs and assistance efforts already pressured by the ongoing sanitary crisis.
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Introduction

Since January 2020, the world has faced a global pandemic
of coronavirus disease 2019 (COVID-19), an infectious
disease caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2).

After the first Italian case was diagnosed on Febru-
ary 20 [1], Italy became the first country outside of Asia
to suffer a major coronavirus emergency. As of Novem-
ber 2020, Italy is facing a new surge of contagions and
remains one of the hardest-hit European countries [2],
being Emilia-Romagna the Italian region with the second-
highest death rate [3].

On March 9, to contain the outbreak, the Italian govern-
ment imposed a national quarantine with several restric-
tive measures (i.e., self-isolation, limitation of movements,
and temporary closure of inessential businesses), which
were partially relaxed on May 4. Such lockdown measures
were unprecedented in the history of the Republic and
represented a previously unforeseen, although necessary,
suppression of constitutional civil rights.

This scenario, together with the broad media coverage
of COVID-19-related deaths, resulted in social withdrawal
behaviors above those required because of fear and anxiety
about the perceived risk of infection. Such behaviors—
unthinkable before the COVID-19 global spread—have
no antecedents in Western medical literature but were
accurately depicted in the description of the 1630 plague
outbreak in Milan by Alessandro Manzoni, author of The
Betrothed.

According to a Gallup poll conducted between March
28 and April 2 in the United States, 83% of respondents
said they would be “very concerned” or “moderately con-
cerned” about exposure to the coronavirus if they needed
medical treatment at a doctor’s office or hospital [4].

In the areas, most affected by the pandemic, these con-
cerns dramatically influenced people’s willingness to seek
medical care, even to the point of avoiding acute care.
Mantica et al. [5], studying the numbers of emergency
department (ED) visits in two major referral hospitals in
northern Italy concerning COVID-19 daily mortality from
February 21 to April 16, found that the lowest numbers
of ED visits corresponded with the highest numbers of
deaths from COVID-19. These findings suggested that “the
fear of what we can get might be greater than the fear of
what we have” (p. 40). Many other studies in different
disciplines have confirmed a significant reduction of ED
visits during the COVID-19 outbreak [6—8], which raises
concern about the effect of this behavior on patients’ prog-
noses. To date, few cases of delayed treatment of acute
abdomen during the coronavirus pandemic have been
reported [9]. This study aimed to evaluate the effect of
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the COVID-19 outbreak on timing of access to ED and
outcomes of patients undergoing urgent and emergency
surgery for secondary peritonitis.

Methods
Study population

Consecutive patients referred from the ED to undergo urgent
or emergency surgery for secondary localized or diffuse
peritonitis during the COVID-19 lockdown period (March
23-May 4, 2020) in eight hospitals throughout the Emilia-
Romagna region, Italy, were prospectively evaluated for
enrollment. Exclusion criteria were diagnosis of acute chol-
ecystitis, onset of peritonitis during hospitalization for other
diseases, and positive result of oropharyngeal swab testing
for SARS-CoV-2 or, before implementation of COVID-19
screening for surgical patients, perioperative symptoms/
radiologic findings suggestive of COVID-19. Patients with
acute cholecystitis were excluded because management of
this condition varied widely across hospitals.

The remaining patients constituted the final cohort
(COVID period group), which was stratified according to
the cause of peritonitis. The same criteria were used to
retrospectively select consecutive patients who underwent
surgery within the same 43-day time interval (March 23
through May 4) of 2019 as controls (no-COVID period
group). The demographics, clinical characteristics, intra-
operative findings, and postoperative outcomes of the two
groups were compared.

The primary endpoint of the study was postoperative
morbidity. The secondary endpoint was the timing of care,
including diagnostic and treatment intervals.

Data collection

A database was created for the purpose of this study in a typ-
ical Excel (Microsoft Corporation—Redmond, WA, USA)
spreadsheet. To ensure consistency in data entry, free-text
entries were avoided as much as possible, and the admitted
values for each relevant variable were restricted to a prede-
fined cluster. The template of the database, together with a
data dictionary, was then provided to each institution; any
coding questions were referred to the principal investigator.
Before the statistical tests were conducted, the master data-
base was checked centrally for quality, and in cases of miss-
ing, unexpected, or ambiguous data, the local lead investiga-
tor was contacted for updating or clarification.

The data collected concerned: age, sex, comorbidities,
body mass index (BMI), previous abdominal surgery,
referral delay, white blood cell (WBC) count, percentage
of polymorphonuclear neutrophils (%PMN), C-reactive
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protein (CRP) levels, severity of organ dysfunction, diag-
nostic imaging type (ultrasonography [US], computed
tomography [CT], or plain radiography], imaging find-
ings, operation delay, patient’s preoperative physical sta-
tus, causes of peritonitis, severity of peritonitis, type of
operation, operative approach (open vs. laparoscopic),
conversion to open surgery, duration of surgery, postop-
erative complications, length of postoperative hospital stay
(LOS), hospital readmissions, and postoperative mortality.

Due to the observational nature of the study, subjects
were not contacted after index hospitalization discharge,
and therefore data about clinical outcomes up to 30 days
after surgery were extracted from the outpatient visit
reports (for complications) and administrative databases
(for mortality). Patients who developed complications
within 30 days of surgery were monitored until recovery
or death.

Variable definitions and outcome measures

Complications were defined as any deviation from the nor-
mal postoperative course that is not inherent to the pro-
cedure and that does not imply failure to cure [10]. For
each patient, the postoperative complications were graded
individually according to the Clavien—Dindo classification
of surgical complications [10] and summarized with the
Comprehensive Complication Index (CCI®) [11].

Referral delay was defined as the time from symptom
onset to ED presentation. Operation delay was defined
as the time from ED presentation to initial intervention.
The total delay was the sum of the referral and operation
delays.

Organ dysfunction was scored according to the Quick
Sequential [Sepsis-related] Organ Failure Assessment
(qSOFA) [12].

Disease severity was evaluated at surgical exploration
and classified according to the American Association for
the Surgery of Trauma (AAST) anatomic grading scales
in emergency general surgery [13]. AAST grades IV (for
appendicitis and perforated peptic ulcer only) and V (for all
conditions) were defined as severe peritonitis.

To allow the individual risk stratification in association
with concomitant diseases and physical status, the Charlson
Age—Comorbidity Index (CACI) [14, 15] and the American
Society of Anesthesiologists (ASA) classification [16] were
used.

Previous abdominal surgery was defined as any prior
open or laparoscopic procedure in which the peritoneal cav-
ity was entered. Conversion to open surgery was defined
as cessation of the laparoscopic approach and the use of a
conventional laparotomy incision to complete the surgical
procedure.

Statistical analysis

Values for categorical and ordinal variables were calcu-
lated as numbers and percentages; those for continuous
variables were calculated as either means + standard devia-
tions or medians and interquartile ranges (IQRs) depend-
ing on their distribution. Univariable analysis was con-
ducted with the chi-square test or Fisher’s exact test for
categorical and ordinal variables, depending on the num-
ber of the patients, and with analysis of variance or the
Mann—Whitney U test for continuous variables, depending
on their distribution. Variables with differences of P <0.1
were entered into a logistic regression model for multi-
variable analysis. Differences of P <0.05 were considered
significant. All statistical analyses were conducted with
SPSS version 23 (IBM Corporation—Armonk, NY, USA).

Results
Study population characteristics

Of the 332 subjects included in the study, 149 were in the
COVID period group and 183 in the no-COVID period
group. From each participating hospital data from a
median of 40 patients (IQR: 26-51) were obtained. Over-
all, the most common reason for surgery was appendicitis
(n=238; 71.7%); the other reasons were acute diverticu-
litis (n=51; 15.4%), perforated peptic ulcer (n=30; 9%),
and small bowel perforation (n=13; 3.9%).

The demographics and preoperative characteristics
of the patients by period of surgery are listed in Table 1.
Age, sex, BMI, comorbidities, previous abdominal sur-
gery, and the ASA score were not significantly different
between the two groups. Patients undergoing surgery dur-
ing COVID-19 period had slightly longer referral delays
than did those who underwent surgery before the COVID-
19 period [28 h (IQR: 12-48) vs. 24 h (IQR: 12-72);
P =0.004] (Fig. 1); moreover, during COVID-19 period a
higher rate of patients presented to the ED after 48 or more
hours from symptoms onset (43% vs. 31.1%, P=0.026).
Operation delays were similar in the two groups. High
gSOFA scores (1-3) were more common among the
patients in the COVID period group than among those in
the no-COVID period group (18.8% vs. 7.1%; P=0.007),
and the rate of CT performed in the ED was higher in
the former group than in the latter group (64.5% vs. 47%;
P=0.005). Regarding the cause of peritonitis, the COVID
period group, in comparison with the no-COVID period
group, demonstrated less appendicitis (62.4% vs. 79.2%;
P =0.001) and more perforated peptic ulcers (12.8% vs.
6%; P=0.033).
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Table 1 Demographics and
preoperative characteristics by
period of operation

Intraoperative findings and postoperative outcomes

As reported in Table 2, patients who underwent surgery
during the COVID period, in comparison with those who
underwent surgery before the COVID period, had a higher

Variable COVID period (n=149) no-COVID period P value
(n=183)
Age in years, median [IQR] 49 [26.5-70] 44 [24-61] 0.223
Sex, n (%) 0.065
Female 55 (36.9%) 86 (47%)
Male 94 (63.1%) 97 (53%)
BMI in kg/m?, mean +STD 253+2.1 252424 0.675
CACI>3,n (%) 33 (22.1%) 32 (17.5%) 0.287
Previous abdominal surgery, n (%) 0.474
No surgery 115 (77.2%) 151 (82.5%)
Laparoscopic surgery 8(5.4%) 7 (3.8%)
Open surgery 26 (17.4%) 25 (13.7%)
WBC count in 10°/L, median [IQR] 13,5 [10.7-17.8] 13 [9.9-16] 0.177
PMN in %, mean+ STD 81.3+11.2 80.1+9.3 0.299
CRP in mg/dL, median [IQR] 12.6 [3.1-27] 11.4[2.4-31.2] 0.827
gqSOFA score, n (%) 0.007
0 119 (81%) 165 (92.7%)
1 21 (14.3%) 8 (4.5%)
2 7 (4.8%) 4(2.2%)
3 0 1 (0.6%)
Missing 2 (1.3%) 52.7%)
Diagnostic imaging type, n (%) 0.005
usS 47 (31.5%) 90 (49.2%)
CT 96 (64.5%) 86 (47%)
Plain radiography 6 (4%) 7 (3.8%)
Imaging findings, n (%)
Abscess 38 (25.5%) 46 (25.1%) 0.939
Free fluid 104 (69.8%) 100 (54.6%) 0.005
Free air 40 (26.8%) 36 (19.7%) 0.122
Referral delay in hours, median [IQR] 28 [12-72] 24 [12-48] 0.004
Referral delay >48 h, n (%) 64 (43%) 57 (31.1%) 0.026
Operation delay in hours, median [IQR] 10 [5-20] 11 [6-24] 0.337
Total delay in hours, median [IQR] 42.5[24-82.5] 36 [20-71] 0.165
ASA score, n (%) 0.272
1 56 (37.6%) 77 (42.1%)
2 49 (32.9%) 64 (35%)
3 31 (20.8%) 35 (19.1%)
4 13 (8.7%) 7 (3.8%)
Cause of peritonitis, n (%)
Perforated peptic ulcer 19 (12.8%) 11 (6%) 0.033
Small bowel perforation 8 (5.4%) 52.7%) 0.218
Appendicitis 93 (62.4%) 145 (79.2%) 0.001
Acute diverticulitis 29 (19.5%) 22 (12.0%) 0.061

Significant P values are in bold

were more likely to have final open (i.e., primary open

and laparoscopic converted) surgery (33.6% vs. 20.8%:;

rate of severe peritonitis (67.8% vs. 55.2%; P=0.019), and
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P=0.012). The median operation time was 75 min (IQR:
50-123) for the COVID period group and 60 min (IQR:
40-85) for the no-COVID period group (P <0.001).
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Fig. 1 Referral delay by period, boxplot

The unadjusted rate of overall postoperative complica-
tions was twofold higher among patients who underwent
surgery during the COVID period than among those who
underwent surgery before the COVID period (35.6% vs.
18%; P <0.001), as was the overall burden of postoperative
morbidity measured with the CCI®. No difference in major
complications was detected between the two groups. In the
postoperative period, four patients in the COVID period
group developed symptomatic SARS-CoV-2 infection, two
of whom required intensive care. Thirty days after surgery,
all these patients were in stable or improved condition.

The median LOS was 5 days (IQR: 2—-10) days for the
COVID period group and 3 days (IQR: 2—6) days for the no-
COVID period group (P <0.001). The rate of mortality was

slightly higher in the COVID period group (6% vs. 4.9%),
but the difference was not significant.

Patients with severe peritonitis

The subgroup analysis of 202 patients with severe perito-
nitis—101 in the COVID period group and 101 in the no-
COVID period group—revealed no differences in terms of
age, BMI, comorbidities, previous abdominal surgery, and
the ASA score between the two groups. The COVID period
group had a higher proportion of male patients than did
the no-COVID period group (67.3% vs. 53.5%; P=0.044)
(Table 3).

Patients treated during the COVID period, in compari-
son with those treated previously, had longer referral delays
[48 h (IQR: 18-72) vs. 24 h (IQR: 12-48); P=0.004], a
higher rate of patients with symptoms onset interval >48 h
(51.5% vs. 35.6%; P=0.023), higher gSOFA scores (1-3:
24.8% vs. 12.9%; P=0.031), longer operation times [93 min
(IQR: 60-147) vs. 70 min (IQR: 50-115); P=0.005],
more ileocecectomies for appendicitis (16.7% vs. 3%;
P=0.011), higher CCI® values (75th percentile: 27.9 vs.
8.7; P=0.048), and longer LOS [7 days (IQR: 4-12.5) vs.
5 days (IQR: 3-9.5); P=0.039]. Rates of postoperative
mortality were exactly the same in the two groups (9/101
patients; 8.9%) (Tables 3, 4).

Multivariable analysis by complication.

As shown in Table 5, eight potential risk factors were
associated with postoperative complications, but only the
ASA score (OR=3.60; 95% CI 1.82-7.13; P<0.001),
severe peritonitis (OR=3.77; 95% CI 1.66-8.52;
P=0.001), diagnosis other than appendicitis (OR=2.17;

Table 2 Operative findings
and postoperative outcomes by
period of operation

Variable COVID period no-COVID period P value
group (n=149) group (n=183)

Severe peritonitis, n (%) 101 (67.8%) 101 (55.2%) 0.019
Laparoscopic approach, n (%) 113 (75.8%) 159 (86.9%) 0.009
Conversion to open, n (%) 14 (12.4%)* 14 (8.8%)* 0.338
Duration of surgery in minutes, median [IQR] 75 [50-123] 60 [40-85] <0.001
Ileocecectomy for appendicitis, n (%) 9 (9.7%)** 3 (2.1%)** 0.013
Any complication, n (%) 53 (35.6%) 33 (18%) <0.001
CCI®, 75th percentile 20.9 0 0.001
Major complications***, n (%) 21 (14.1%) 16 (8.7%) 0.123
Death by complication, 1 (%) 9 (6%) 9 (4.9%) 0.653
LOS in days, median [IQR] 5[2-10] 3 [2-6] <0.001
Readmission, n (%) 4.(2.7%) 4(2.2%) 0.768

Significant P values are in bold

“Percentages were calculated for the subpopulation of patients undergoing laparoscopy

““Percentages were calculated for the subpopulation of patients undergoing emergency surgery for appen-

dicitis

*** > Grade Illa according to the Clavien—-Dindo classification.'®
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Table 3 Demographics and
preoperative characteristics by

Variable

COVID period (n=101)

no-COVID period P value

. . . (n=101)
period of operation in patients
with severe peritonitis Age in years, median [IQR] 60 [42-75] 54 [38.5-73] 0.249
Sex, n (%) 0.044
Female 33 (32.7%) 47 (46.5%)
Male 68 (67.3%) 54 (53.5%)
BMI in kg/m?, mean + STD 26.1+2.3 26+2.4 0.714
CACI>3,n (%) 29 (28.7%) 28 (27.7%) 0.876
Previous abdominal surgery, n (%) 0.421
No surgery 73 (72.3%) 79 (78.2%)
Laparoscopic surgery 5(5%) 2 (2%)
Open surgery 23 (22.8%) 20 (19.8%)
WBC count in 10°/L, median [IQR] 14 [11.1-17.9] 13.4 [10-17.3] 0.367
PMN in %, mean+ STD 82.6+11.4 82.9+6.7 0.808
CRP in mg/dL, median [IQR] 14.9 [6.7-30.1] 14 [4.9-45.8] 0.910
gqSOFA score, n (%) 0.096
0 74 (73.3%) 83 (82.2%)
1 19 (18.8%) 8(7.9%)
2 6 (5.9%) 4 (4%)
3 0 1 (1%)
Missing 2 (2%) 5(4.9%)
Diagnostic imaging type, n (%) 0.051
UsS 18 (17.8%) 33 (32.7%)
CT 80 (79.2%) 66 (65.3%)
Plain radiography 3 (3%) 2 (2%)
Imaging findings, n (%)
Abscess 36 (35.6%) 40 (39.6%) 0.561
Free fluid 71 (70.3%) 74 (73.3%) 0.639
Free air 38 (37.4%) 34 (33.7%) 0.557
Referral delay in hours, median [IQR] 48 [21-72] 24 [12-48] 0.004
Referral delay >48 h, n (%) 52 (51.5%) 36 (35.6%) 0.023
Operation delay in hours, median [IQR] 8 [5-19.5] 9 [4-17] 0.943
Total delay in hours, median [IQR] 55 [21-94] 36 [18-72] 0.072
ASA score, n (%) 0.562
1 25 (24.8%) 27 (26.7%)
2 36 (35.6%) 37 (36.6%)
3 27 (26.7%) 30 (29.7%)
4 13 (12.9%) 7(6.9%)
Cause of peritonitis, n (%)
Perforated peptic ulcer 17 (16.8%) 9 (8.9%) 0.093
Small bowel perforation 8 (7.9%) 54 (4%) 0.234
Appendicitis 48 (47.5%) 66 (65.3%) 0.011
Acute diverticulitis 28 (27.7%) 22 (21.8%) 0.328
Significant P values are in bold
95%CI: 1.08-4.35; P=0.029), surgery during the COVID Discussion

period (OR=1.91; 95% CI 1.04-3.51; P=0.037) and
qSOFA score (OR=1.91; 95% CI 1.01-3.63; P=0.049)
were evidenced as independent predictors according to
multivariable analysis.

The results of this study showed that patients undergoing
urgent and emergency surgery for secondary peritonitis
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Table 4 Oper aFive findings Variable COVID period no-COVID period P value

anq postoperative outcomes by group (n=149) group (n=183)

period of operation in patients

with severe peritonitis Laparoscopic approach, n (%) 69 (68.3%) 80 (79.2%) 0.079
Conversion to open, n (%) 14 (20.3%)* 14 (17.5%)* 0.664
Duration of surgery in minutes, median [IQR] 93 [60-147.5] 70 [50-115] 0.005
Ileocecectomy for appendicitis, n (%) 8 (16.7%)** 2 (3%)** 0.011
Any complication, n (%) 45 (44.6%) 32 (31.7%) 0.060
CCI®, 75th percentile 27.9 8.7 0.048
Major complications***, n (%) 21 (20.8%) 15 (14.9%) 0.270
Death by complication, n (%) 9 (8.9%) 9 (8.9%) 1
LOS in days, median [IQR] 7 [4-12.5] 51[3-9.5] 0.047
Readmission, n (%) 2 (2%) 4 (4%) 0.683

Table 5 Univariate and
multivariate analysis by

complication

Significant P values are in bold

“Percentages were calculated for the subpopulation of patients undergoing laparoscopy

““Percentages were calculated for the subpopulation of patients undergoing emergency surgery for appen-

dicitis

** > Grade IIIa according to the Clavien—Dindo classification.

0

Variable Univariate analysis Multivariate analysis
Complicated Uncomplicated Pvalue OR [95% CI] P value
patients patients (n=246)

(n=286)
Age in years, median [IQR] 64.5 [46.5-79] 39 [22-57] nnnnn < 0.001 0.99 [0.97-1.01] 0.358
Sex, n (%) 0.378
Male 46 (53.5%) 145 (58.9%)
Female 40 (46.5%) 101 (41.1%)

BMI in kg/m? mean+STD 26.8+2.5 259423 0.179

CACI>3,n (%) 36 (41.9%) 29 (11.8%) <0.001 1.69[0.68-4.22] 0.260

Period, n (%) <0.001 1.91[1.04-3.51] 0.037

COVID period 53 (61.6%) 96 (39%)
No-COVID period 33 (38.4%) 150 (61%)
gSOFA score, n (%) <0.001 1.91[1.01-3.63] 0.049
0 59 (68.6%) 225 (94.1%)
1 16 (18.6%) 13 (5.4%)
2 10 (11.6%) 1(0.4%)
3 1(1.2%) 0
Missing 0 7(2.8%)

Referral delay >48 h, n (%) 44 (51.2%) 77 (31.3%) 0.001 1.62[0.88-3] 0.125

Diagnosis other than appen- 53 (61.6%) 41 (16.7%) <0.001 2.17[1.08-4.35] 0.029

dicitis, n (%)

ASA score, n (%) <0.001 3.60[1.82-7.13] <0.001

1 11 (12,8%) 122 (49,6%)
2 22 (25.6%) 91 37%)
3 35 (40.7%) 31 (12.6%)
4 18 (20.9%) 2 (0.8%)
Severe peritonitis, n (%) <0.001 3.77 [1.66-8.52] 0.001
Yes 77 (89.5%) 125 (50.8%)
No 9 (10.5%) 121 (49.2%)

Significant P values are in bold
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during the COVID-19 period experienced more postop-
erative complications than did patients treated the year
before.

The ongoing pandemic, both in its first and second surge,
is putting physicians, healthcare providers and health sys-
tems under stress, and not only because of the dramatic
effects of COVID-19 on infected individuals. As the conta-
gion spreads, we find ourselves in a global crisis character-
ized by a continuously mutating scenario, where the word
“unprecedented” has taken on a new meaning. The COVID-
19 pandemic advocated a constrained reshaping of health-
care services in Italy, which changed from region to region
according to the policies of autonomous local healthcare
administrations. The high rate of hospitalization of patients
with COVID-19 has forced the creation of differentiated
routes of access to EDs [17], especially in areas where the
infection is highly prevalent. Regarding surgery practice,
after the implementation of viral screening tests with rapid
polymerase chain reaction, Emilia-Romagna region drafted
a protocol to identify infected individuals among patients
requiring unscheduled surgery, creating differentiated wards
for infected patients, noninfected patients, and patients wait-
ing for virological test results. Specifically, candidates for
urgent surgical treatment underwent oropharyngeal swab
tests for rapid SARS-CoV-2 research upon their arrival in
the ED and were brought to the operating room once the
result was available (approximately four hours later). In con-
trast, unstable patients were brought to the operating room
and managed as if they were infected on a precautionary
basis; test samples were obtained by oropharyngeal swab or
bronchoalveolar lavage during anesthesia induction so that
test results were available at the end of the intervention [18].
In response to the many concerns raised about the possibil-
ity of laparoscopy causing aerosolization of viral particles
[19, 20], all laparoscopic procedures were conducted with
systems of smoke evacuation and gas filtration.

Since the beginning of the epidemic in China, COVID-19
has received broad media coverage in Italy, and this cover-
age became massive after the first case was identified in
Lombardy region. As a result of the narrow focus on the
pandemic by media and the increasing numbers of infected
individuals and COVID-19-related deaths, many members of
the general population began to avoid seeking medical care
out of fear of infection, even before lockdown measures were
implemented. The fear of infection has dramatically changed
the perception of hospitals among the general population
[4]; fewer people have sought healthcare services, similar
to behavior described during the 2004 SARS outbreak in
Taiwan and the 2014 Ebola outbreak in Africa [21, 22]. The
observation of Italian general surgeons is that throughout the
outbreak, patients have sought medical attention belatedly,
because of the fear of exposure to SARS-CoV-2 inside the
hospital. This observation not only led us to conceive and
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design this study but also has raised a deep concern: how
can we help our patients when they themselves are afraid to
seek care?

The first obvious difference between the times before and
during the pandemic is the increased delay in referral dur-
ing COVID-19 period, which may support the assumptions
about fear-induced hospital avoidance. The difference in
median referral delay between the two periods is only four
hours, and—although statistically significant—this finding
may not imply a clinical significancy. However, it is evident
that referral delays during the COVID-19 period are char-
acterized by a larger statistical dispersion with higher devia-
tions from the median (Fig. 1), especially in the last quar-
tiles. Also, patients operated during that period, have shown
a higher rate of referral delays >48 h (43% vs. 31.1%). The
reasons that may justify such delay remain mostly specula-
tive and could not be measured in this study, although many
recent reports have highlighted people’s concern over risk-
ing infection during medical care [4, 5]. Nevertheless, the
total interval of time between symptoms onset and surgical
intervention in the two periods has been comparable, sug-
gesting that operation delay might have counterbalanced
referral delay, although no significant differences have been
evidenced. These findings strengthen the assumption that
throughout the COVID-19 outbreak the willingness to seek
medical aid has been the weak link in the healthcare pro-
cess. In this sense, the increased frequency of abdominal
free fluid at preoperative imaging in the COVID period
group may imply that the duration of the peritoneal inflam-
mation process was longer, although relevant data in the
medical literature are inconsistent. Of interest is that during
the lockdown period, diagnosis was accomplished mostly
through CT. To a first assumption, this may be explained by
the worse clinical conditions of the patients, also reflected
by the elevated qSOFA scores in the COVID period group;
however throughout the COVID-19 outbreak, every potential
cause of fever was included in the differential diagnosis,
along with SARS-CoV-2 infection, which was more likely
to be detected through CT.

Severe peritonitis, according to AAST classifications,
was relatively more frequent among patients in the COVID
period group. However, the number of patients with severe
peritonitis was exactly the same in the two groups (101
patients each). Therefore, the incidence of severe peritonitis
may not have increased; rather, the proportion of cases of
mild peritonitis found during intraoperative exploration was
lower. In this sense, the imbalance in diagnoses between the
two periods plays a relevant role: in fact during the COVID
period the number of patients referred to surgery for appen-
dicitis was lower both in proportion and absolute number,
with a higher frequency of peritonitis secondary to other
causes (acute diverticulitis, small bowel perforation or per-
forated peptic ulcer). The reduced frequency of appendicitis
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referred to surgery during the COVID period has also been
evidenced in a multicentric retrospective study based in
Israel by Tankel et al. [23] Although the reasons behind
this evidence could not be investigated in the setting of this
study, we agree that this finding is likely related to success-
ful resolution of mild appendicitis treated by patients or
general practitioners at home, and to a general shift towards
nonoperative management of mild peritonitis, as suggested
by international recommendations published online during
the pandemic [24].

Not only peritonitis appeared to be less frequently mild
throughout the COVID-19 outbreak, but it also produced
stronger systemic effects, as evidenced by the worse gSOFA
scores of the COVID-19 period cohort. The increased num-
bers of patients with signs of sepsis-related organ dysfunc-
tion together with slight etiological differences may also
justify the reduced use of laparoscopy. However, in the two
cohorts the rates of conversion to open procedures were
comparable, which suggests that the appropriateness of the
surgical indications was maintained. As expected, because
more severe peritonitis was found in surgical exploration
during the COVID-19 period, the duration of surgical pro-
cedures increased.

Although patients presented to the ED with compara-
ble individual profiles of preoperative risk, the cohort of
patients who underwent surgery during the COVID-19 lock-
down exhibited an almost doubled rate of surgical compli-
cations (35.6% vs. 18%), with increased CCI® values. This
increased rate of postoperative complications is both evi-
dent in the subgroup of patients with mild peritonitis (8/40,
16.7% vs. 1/81, 1.2%, P=0.001) and in the subgroup of
patients with severe peritonitis, although in the latter such
difference does not reach a statistical significancy (44.6% vs.
31.7%; P=0.060). In support of this suggestion, the length
of hospitalization was significantly increased during the
COVID-19 period. These findings illustrate a critical sce-
nario: throughout a period in which healthcare resources and
funds have been concentrated on the pandemic, an increased
burden of surgical complications has increased both hospital
costs and assistance efforts.

The patients who underwent surgery during the COVID-
19 period had a lower incidence of appendicitis, a reduced
rate of mild peritonitis, a higher rate of delayed presentations
to the EDs and poorer qSOFA scores compared to those
operated during the same period of year 2019. Most of those
phenomena appeared to be strong predictors of postoperative
complications, and their cumulative effect may explain why
the COVID-19 period itself resulted a predictor of complica-
tions. The reasons behind the sharp shift in terms of diagno-
ses and severity of peritonitis which was observed are, in the
setting of this study, mostly speculative. Nevertheless, both
the imbalance of diagnoses and the rate of delayed presen-
tations to the EDs may imply that fear of contagion drove

patients to avoid in-hospital care: in this sense it is possi-
ble to hypothesize that patients who experienced abdomi-
nal symptoms only presented to hospitals when symptoms
overwhelmed fear or when domiciliary therapy failed. This
assumption may suggest that, as many authors reported [6-9,
25-28], the pandemic has dramatically influenced the deliv-
ery of ordinary healthcare services in many fields.

Not least, during the COVID pandemic healthcare pro-
viders have been pressured with high psychological tension
derived from adjunctive shifts in COVID wards, reduction
in staff as a result of SARS-CoV-2 infection, burnout, per-
sonal stress, worry about infecting the family members and
forced isolation [29]. Although those aspects are far from
the framing capacity of this experimental setting, it is not
illegitimate to hypothesize a role of psychological stress on
the outcomes of patients who received non-COVID related
care during the pandemic.

This study has some limitations. First, its prospective
case—retrospective cohort design affected our ability to draw
definite conclusions; nevertheless, given the extraordinary
circumstances in which this study was conducted, this kind
of design was the most reliable and affordable option. Also,
the limited number of patients may have influenced the
results. Another limitation of the study was the impossibility
of testing all patients for SARS-CoV-2 infection during the
first part of the COVID-19 period to exclude with certainty
patients with preoperative infection, since the screening
protocol was implemented a few days after the beginning
of the study; in this short period, patients were screened
with high-resolution chest CT and evaluation of symptoms.
Finally, the lack of data regarding the population of patients
who underwent nonoperative management (especially for
what concerns cases of appendicitis) has circumscribed the
focus of the study.

Conclusions

Undoubtedly, the COVID-19 outbreak has had a drastic
effect on healthcare providers and is a previously unimagina-
ble “once-in-a-generation” worldwide emergency. Although
the tactical sanitary response to the incoming disease was
drafted weeks before the first cases in Europe were identi-
fied, many potential interferences of the epidemic with ordi-
nary medical and surgical emergencies were underestimated.
For what concerns emergency and urgent surgical activity,
the COVID period has been characterized with a reduction
in mild peritonitis cases, likely related to a shift towards
non operative management and domiciliary treatment. As a
result, an increased rate of patients with higher chances of
postoperative complications weighed on hospital expenses
and healthcare providers during a period of extreme effort
for sanitary assistance.
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