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ABSTRACT

Background: during the COVID-19 pandemic, the number of Acute Care Surgery procedures performed in
Spanish hospitals decreased significantly. The aim of this study was to compare Acute Care Surgery activity
during the COVID-19 pandemic and during a control period.

Material and methods: a multicenter retrospective cohort study was performed including patients who underwent
Acute Care Surgery in three tertiary care hospitals in Spain during a control (11 March 2019 to 21%* April 2019)
and a pandemic (16™ March 2020 to 26™ April 2020) period. Type of surgical procedures, patients' features and
postoperative complications were compared.

Results: two hundred and eighty-five and 117 patients were included in each group. Mean number of patients
who underwent Acute Care Surgery during the control and pandemic periods was 2.3 and 0.9 patients per day
and hospital (p < 0.001), representing a 58.9% decrease in Acute Care Surgery activity. Time from symptoms
onset to patient arrival at the Emergency Department was longer during the pandemic (44.6 vs. 71.0 h,
p < 0.001). Surgeries due to acute cholecystitis and complications from previous elective procedures decreased
(26.7% vs. 9.4%) during the pandemic, while bowel obstructions and abdominal wall hernia surgeries increased
(12.3% vs. 22.2%) (p = 0.001). Morbidity was higher during pandemic period (34.7% vs. 47.1%, p = 0.022),
although this difference was not statistically significant in the multivariate analysis. Reoperation rate (17.9% vs.
12.8%, p = 0.212) and mortality (6.7% vs. 4.3%, p = 0.358) were similar in both groups.

Conclusion: during the COVID-19 pandemic, a significant reduction in the performance of Acute Care Surgery
procedures was observed. Moreso, a longer time from symptoms onset to patient arrival at the Emergency
Department was noted. Higher morbidity was observed in patients undergoing Acute Care Surgery during the
pandemic period, although there was not any difference in mortality or reoperation rate.

1. Introduction

During the pandemic, health care systems and hospitals had to
adapt their structures to this new scenario. Intensive care capacity had

In late December 2019, 7 patients presenting unusual pneumonia
were detected in Wuhan (China) and reported to the Chinese Center for
Disease Control and Prevention [1]. Since then, the disease, called
COVID-19, has spread all around the world; and is considered a pan-
demic since 11 March 2020 according to the World Health Organization
[2].

to be increased, transforming recovery facilities and even waiting
rooms into ICU beds. Medical and nursing staff were redistributed and
outpatient clinic visits were cancelled or conducted online or by phone
[3,4]. Departments of Surgery were, for sure, affected by these changes;
elective procedures were delayed, staff members were allocated to re-
inforce the ICU and surgeons were reorganized in closed working
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groups to avoid infections between them [5,6]. Certainly, another one
of these changes was a reduction in Acute Care Surgery Activity
(ACSA).

Reduction in ACSA was clearly observed in Spanish hospitals [7],
taking into account that Spain was one of the most affected countries by
COVID-19. However, this has also been observed in other territories
seriously hit by the pandemic, such as Italy [8].

The aim of this study was to analyze the reduction in ACSA. ACSA
during COVID-19 pandemic was compared with a control period to
quantify this reduction. Also, the main causes and consequences of this
change in ACSA were studied.

2. MATERIAL and METHODS

A multicenter, retrospective and analytic cohort study was per-
formed. Patients were included if they underwent Acute Care Surgery
(ACS) in the Department of Surgery of one of the hospitals included in
the study (three tertiary care hospitals in Spain, two of them in Madrid
and the third one in Barcelona) during the study periods. Patients who
underwent minor surgical procedures were excluded.

Two different periods of study were selected. Pandemic period in-
cluded patients who underwent ACS from the 16™ of March 2020 to the
26" of April 2020, because at that time the pandemic was well stab-
lished, both in Madrid and in Barcelona. For the control period the
dates ranging from the 11" of March 2019 up to the 21°¢ of April 2019
were selected, in order to include a similar number of days in the same
season of the year, though before the pandemic started.

Medical records were reviewed to fill in a database including de-
mographic features of the patients, diagnoses, delay of the patient to
present at the Emergency Department, SOFA score at the Emergency
Department, delay of the surgical procedure, COVID status of the pa-
tient at the time of surgery, surgical technical details, length of stay,
morbidity analyzed according to Clavien-Dindo classification and
mortality. Most common diagnoses were assessed independently, while
all other medical conditions (such as contaminated cases or trauma
patients, for instance) were included as “other diagnoses”.

Delay of the patient to present at the Emergency Department was
considered as the time between onset of symptoms and the arrival of
the patient to the Emergency Department. Delay of the surgical pro-
cedure was considered as the lapse of time between the patient's arrival
and the beginning of the surgery itself. COVID status of the patient was
classified as negative (Reverse transcription polymerase chain reaction
(RT-PCR) for SARS-CoV-2 negative), not-suspected (not tested for
SARS-CoV-2 and no clinical symptoms), suspected (clinical symptoms
of COVID without SARS-CoV-2 test or with negative RT-PCR) and po-
sitive (RT-PCR for SARS-CoV-2 positive).

Stata® 13.1 (StataCorp, Texas, USA) was used for statistical analysis.
Differences with p < 0.05 were considered statistically significant.
Quantitative variables were expressed as mean (95% confidence in-
terval (CI)) and categorical ones as number of patients (percentage).
Univariate analysis was performed with Fisher, X2, and Student-T tests,
as appropriate.

The possible relationship between the study period and the mor-
bidity was analyzed using a logistic regression model. Variables that
were statistically or clinically (Odds Ratio (OR) > 1.5, OR < 0.67,
Pearson correlation coefficient > 0.1 or Pearson correlation coeffi-
cient < 0.1) associated with both the study period and the morbidity
were included as possible confounding variables. Those model with a
change in less than 10% the OR for period were studied in order to
choose the final regression model.

Authors declare that they have no conflict of interest. All procedures
performed in studies involving human participants were in accordance
with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. For this type of study
formal consent is not required. This research was approved by the
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Institutional Review Board (Code: 20/282-E_COVID). Research is being
reported in line with the STROCCS criteria [9]. This study was regis-
tered in the Chinese Clinical Trial Registry (Code:
ChiCTR2000033052).

3. RESULTS

Four hundred and two patients were included in the study. Two
hundred and eighty-five (70.90%) underwent surgery during the con-
trol period; one hundred and seventeen (29.10%) during the pandemic.
Mean age was 54.3 (95% CI 52.3-56.3) and 184 (45.77%) of the pa-
tients were female. Hypertension, dyslipidemia, diabetes mellitus and
ischemic heart disease were present in 132 (32.84%), 88 (21.89%), 43
(10.70%) and 34 (8.46%) patients respectively. According to the
American Society of Anesthesiology Classification (ASA) 150 (37.31%)
patients were ASA 1, 156 (38.81%) ASA 11, 79 (19.65%) ASA III and 17
(4.23%) ASA 1V or V.

The most common diagnoses were acute appendicitis (128 patients,
31.84%), anorectal abscess (53 patients, 13.18%), complications of a
previous elective procedure (49 patients, 12.19%), acute cholecystitis
(38 patients, 9.45%), bowel obstruction (34 patients 8.46%) and ab-
dominal wall hernia reparation (27 patients, 6.72%).

Mean delay of the patient to present at the Emergency Department
and mean delay of the surgical procedure were 52.7 (95% CI 45.5-59.8)
and 12.4 (95% CI 10.9-13.9) hours respectively. Mean SOFA score was
1.2 (95% CI 0.9-1.5), with 129 (36.24%) patients with a SOFA score
higher than 0.

Three hundred and sixty-four (90.55%) patients were not suspected
for COVID, 31 (7.71%) were COVID negative, 4 (1.00%) were suspected
for COVID and 3 (0.75%) were COVID positive.

Laparoscopy was performed in 196 (57.82%) patients, but 8
(4.08%) of them required conversion to an open approach.

Mean length of hospital stay was 11.1 (95% CI 8.6-13.6) days.
Eighty-five patients (21.14%) were admitted to Intensive Care (Unit),
with a mean length of stay in this unit of 11.0 (95% CI 6.3-15.7) days.
One-hundred and fifty-four (38.31%) patients suffered at least one
procedural complication during the postoperative course and these
were classified as Clavien-Dindo I or II, IIL, IV and V in 58 (37.66%), 41
(26.62%), 38 (24.68%) and 17 (11.04%) patients respectively. Five
(4.55%) patients developed COVID-19 during the postoperative course.
Intrabdominal sepsis, surgical site infection, respiratory complications,
postoperative ileus and bleeding were observed in 76 (18.91%), 49
(12.19%), 43 (10.70%), 39 (9.70%) and 26 (6.47%) patients respec-
tively. Sixty-six (16.42%) patients required reintervention and 24
(5.97%) died during the postoperative course.

Mean number of patients who underwent ACS during the control
and pandemic periods was 2.3 and 0.9 patients per day per hospital
respectively (difference 1.3 patients per day, CI 1.0-1.7, p < 0.001)
(Fig. 1) and this implies a 58.95% decrease in the ACSA during the
pandemic period.

Table 1 compares the patient's characteristics in both periods of
time. A statistically significant increase was observed on the delay of
the patient to present at the Emergency Department (44.6 vs. 71.0 h,
p < 0.001). Also, a non-statistically significant increase in the SOFA
score was observed during the pandemic period (SOFA score higher
than O in 33.87% vs. 41.67% patients respectively, p = 0.160). La-
paroscopic approach was more frequently performed in the control
period (63.64%, vs. 43.30%, p < 0.001). This difference persisted
even when the variable laparoscopic approach was adjusted with the
variable diagnoses using a logistic regression (OR = 3.4, p = 0.001).

A change in the medical conditions that required surgery took
during the pandemic (Fig. 2). Even though the percentage of patients
who underwent ACS due to acute appendicitis or anorectal abscess were
similar in both periods, acute cholecystitis and surgeries required for
treating complications of previous elective procedures decreased
(26.67% vs. 9.40%) and at the same time, surgical interventions due to
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Fig. 1. Box plot comparing the number of daily procedures during the Control
and Pandemic Period.

intestinal obstruction and reparation of abdominal wall hernia in-
creased (12.28% vs. 22.22%). Interestingly, in the group of patients
diagnosed with acute appendicitis, a significant increase in the rate of
complicated appendicitis was observed during the pandemic period
(7.95% vs. 42.50%, p < 0.001).

Table 2 compares the postoperative evolution during both periods.
Length of hospital stay was longer in the control period, although this
difference was not statistically significant (12.2 vs. 8.5 days,
0 = 0.182). Morbidity was higher in the pandemic period (34.74% vs.
47.01%, p = 0.022) but reintervention rates (17.89% vs. 12.82%,
0.212) and mortality (6.67% vs. 4.27%, p = 0.358) were similar.

After performing the multivariate analysis, which included both
delay of the patient to present at the Emergency Department and la-
paroscopic approach as confounding variables, pandemic period was
not statistically associated with morbidity (OR = 1.2, 95% CI 0.7-2.2,
p = 0.501).

4. Discussion

With the development of the COVID-19 pandemic, some authors
have published their surgical experience during the pandemic [6,10,11]
or have reported their protocol to treat surgical patients with COVID-19
[12-18]. Nevertheless, as far as we know, the reduction of ACSA ob-
served during this pandemic has never been properly reported. Only
two letters to the editor have been published [7,8]. The first one reports
the initial experience of our group [7]; the second one recalls the ex-
perience of italian colleagues [8]. Furthermore, we have not found
reports that study ACSA at any other pandemic throughout time.
Nevertheless, two studies reported a decrease in surgical activity during
Ebola pandemic [19,20].

During the pandemic the daily number of ACS procedures decreased

Table 1
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from 2.3 to 0.9, cutting in half the activity that took place during the
control period. This decline in the activity should be carefully taken
into account in those regions where the pandemic is still developing, as
well as if a new outbreak takes place. The resources usually assigned to
ACS could then be reoriented to attend patients with COVID-19, in-
creasing the potential resources of the health systems by for example
shutting down operating rooms and using anaesthesia machinery as
mechanical ventilators in the Intensive Care Units.

Several factors could explain the reduction in ACS procedures. First
of all, patients could be delaying attending the Emergency Departments
to avoid being infected with the SARS-CoV-2 [8,21]. In our series, a
statistically significant increase in the time between symptoms onset
and patient's arrival at the Emergency Department was observed. This
delay has also been noted in other Emergency Departments; for ex-
ample, Lazzerini et al. reported a case series of children that delayed
their visit to the Emergency Department due to fear of infection or
collapse of the health system. Clinical outcome of these paediatric pa-
tients was discouraging [22]. It has been seen that that this delay could
result in more advanced diseases [23]. And in accordance with this
finding, in our series a higher proportion of patients who underwent
appendectomy presented complicated appendicitis (8.0% vs. 42.5%,
p < 0.001). The increase in severity was also observed with SOFA
scale, although this difference was not statistically significant.

The reduction in ACSA could also be explained by modifications in
lifestyle habits. For instance, changes in dietary fat quantity and quality
could decrease the incidence of biliary complications, such as acute
cholecystitis. And this reduction was in fact observed in our series.
However, treating these conditions medically, rather than surgically
could be another plausible explanation and could even demonstrate a
trend in choosing more conservative therapies in order to avoid hos-
pitalization. This strategy has been proposed by some authors, for ex-
ample, to treat acute appendicitis [24]. This hypothesis could then
explain why certain procedures that do not count with alternative
treatments, such as incarcerated abdominal wall hernia reparation or
bowel obstruction, were increased during the pandemic period, while
surgical procedures such as appendicectomy or anorectal abscess drai-
nage remained stable, and cholecystectomy was less frequently per-
formed.

Finally, another important circumstance that could explain the re-
duction in ACSA could be the fact that lots of scheduled surgeries were
delayed or even cancelled during the pandemic period. This way,
postoperative patients that required reintervention decreased, con-
tributing to the global drop of surgical activity.

When analysing the surgical procedures performed during the
pandemic period, we also observed a reduction in the proportion of
patients undergoing a laparoscopic approach (63.6%, vs. 43.3%,
p < 0.001). This difference remained even when it was adjusted with
diagnoses. The raise in performing an open surgical approach could be
related to having more patients with a complicated course, but fear of
spreading COVID-19 infection with laparoscopic aerosols could also

Comparison of patients undergoing Acute Care Surgery in the Control and Pandemic Period. Quantitative variables are expressed as mean (95% Confidence interval)

and qualitative ones as number of patients (percentage).

Mean age (years)

Gender (% female)

High blood pressure (% patients)

Dyslipidemia (% patients)

Diabetes Mellitus (% patients)

Ischemic Heart Disease (% patients)

American Society of Anesthesiology Classification (% III-IV-V)
Mean delay of the patient to present in the Emergency Department (hours)
Mean delay of the surgery (hours)

SOFA score (% patients with SOFA > 0)

Laparoscopic approach (% patients)

Control Pandemic p
55.0 (52.7-57.3) 52.6 (48.7-56.5) 0.276
145 (50.88%) 39 (33.38%) 0.001
89 (31.23%) 43 (36.75%) 0.284
66 (23.16%) 22 (18.80%) 0.338
36 (12.63%) 7 (5.98%) 0.050
26 (9.12%) 8 (6.84%) 0.454
69 (24.21%) 27 (23.08%) 0.809
44.6 (36.6-52.7) 71.0 (56.9-85.0) < 0.001
12.4 (10.5-14.4) 12.3 (10.0-14.6) 0.930
84 (33.87%) 45 (41.67%) 0.160
154 (63.64%) 42 (43.30%) 0.001
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Fig. 2. Bart chart comparing the diagnoses during the control and pandemic periods.

Table 2
Comparison of postoperative results in both periods.
Control Pandemic P
Mean length of stay (days) 12.2 8.5 (6.6-10.3) 0.182
(8.8-15.6)
Intensive Care Unit admission (%) 65 (22.81%) 20 (17.09%) 0.203
Complications (%) 99 (34.74%) 55 (47.01%) 0.022
Clavien-Dindo classification (% 68 (68.69%) 28 (50.91%) 0.029
Clavien-Dindo III-V)
Intrabdominal sepsis (%) 51 (17.89%) 25 (21.37%) 0.419
Respiratory complication (%) 29 (10.18%) 14 (11.97%) 0.598
Surgical site infection (%) 39 (13.68%) 10 (8.55%) 0.153
Postoperative ileus (%) 21 (7.37%) 18 (15.38%) 0.014
Bleeding (%) 12 (4.21%) 14 (11.97%) 0.004
Reoperation (%) 51 (17.89%) 15 (12.82%) 0.212
Exitus (%) 19 (6.67%) 5 (4.27%) 0.358

Quantitative variables are expressed as mean (95% Confidence interval) and
qualitative ones as number of patients (percentage).

explain this shift [25].

Finally, we also compared the postoperative course in both groups
of patients. Mean length of hospital stay was shorter during the pan-
demic period. Probably, this finding is due to early discharge im-
plemented during the COVID-19 pandemic to decrease the risk of no-
socomial infection.

Complications were more common during the pandemic period.
Greater severity of the patients could be the most plausible explanation
for the higher morbidity we experienced, as the complication rate was
not statistically associated to the pandemic period when a multivariate
analysis was performed. Moreover, although morbidity was higher in
the pandemic period, reoperation rate and mortality were similar in
both groups; at the same time the percentage of severe complications
was higher in the control period group. These findings suggest that
minor complications were more common during the pandemic because
delayed and more severe patients underwent surgery, but severe com-
plications were probably similar in both groups.

Regarding post-surgery complications, only bleeding and post-
operative ileus were statistically increased during the pandemic period.
It is noteworthy the fact that 4.6% of the patients in the pandemic
period group developed COVID-19 during the recovery. COVID-19
during postoperative stay could either represent nosocomial infection
or a delayed presentation of a preoperative infection. It would be in-
teresting to analyze if patients developing COVID-19 during the post-
operative course have higher morbidity than patients without this
disease. In any case, more patients would be needed to perform this
particular analysis.

160

The main limitation of this study was that patients undergoing non-
operative treatment could not be studied. The retrospective design of
the project could also be considered a weakness. To avoid this limita-
tion, data from both periods were collected using the same metho-
dology. The main strengths of our paper were that a significant number
of patients were included and that it was performed in three tertiary
care hospitals located in Spain, where the pandemic has been really
severe.

5. Conclusions

During the COVID-19 pandemic period a significant reduction was
observed in the number of ACS procedures performed. ACSA during this
period was reduced to half the activity in the control period. A sig-
nificant delay of the patients’ arrival at the Emergency Department was
also observed. Diagnoses changed during the pandemic period; acute
appendicitis and anorectal abscess were similar in both periods, acute
cholecystitis and complications from previous elective procedures de-
creased and bowel obstruction and abdominal wall hernia reparation
increased during the pandemic. A higher morbidity was observed in the
patients undergoing ACS during the pandemic period, although mor-
tality and reoperation rate did not change.
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