Health policy 146 (2024) 105113

=
HEALTH
E@N

Contents lists available at ScienceDirect

Health policy

journal homepage: www.elsevier.com/locate/healthpol

ELSEVIER

L)

Check for

Surgical reorganization during the COVID-19 pandemic and impact on | e
case-mix and surgical site infections: A multicenter cohort study in Italy

Costanza Vicentini ", Elettra Ugliono ”, Heba Safwat Mhmoued Abdo Elhadidy ?,
Giovanni Paladini®, Alessandro Roberto Cornio ?, Federico Cussotto”, Mario Morino ”, Carla
Maria Zotti®

@ Department of Public Health and Paediatrics, University of Turin, Via Santena 5 bis, 10126, Turin, Italy
b Department of Surgical Sciences, University of Turin, Corso A.M. Dogliotti 14, 10126 Turin, Italy

ARTICLE INFO ABSTRACT

Keywords:

Surgical site infections
Healthcare associated infections
infection control

general surgery

SARS-CoV-2

Italy

Background: The coronavirus 2019 (COVID-19) pandemic led to major disruptions in surgical activity, particu-
larly in the first year (2020). The objective of this study was to assess the impact of surgical reorganization on
surgical outcomes in Northern Italy in 2020 and 2021.

Methods: A retrospective cohort study was conducted among 30 hospitals participating in the surveillance system
for surgical site infections (SSIs). Abdominal surgery procedures performed between 2018 and 2021 were
considered. Predicted SSI rates for 2020 and 2021 were estimated based on 2018-2019 data and compared with
observed rates. Independent predictors for SSI were investigated using logistic regression, including procedure
year.

Results: 7605 procedures were included. Significant differences in case-mix were found comparing the three time
periods. Observed SSI rates among all patients in 2020 were significantly lower than expected based on
2018-2019 SSI rates (p 0.0465). Patients undergoing procedures other than cancer surgery in 2020 had
significantly lower odds for SSI (odds ratio, OR 0.52, 95 % confidence interval, CI 0.3-0.89, p 0.018) and patients
undergoing surgery in 2021 had significantly higher odds for SSI (OR 1.49, 95 % CI 1.07-2.09, p 0.019)
compared to 2018-2019.

Conclusions: Enhanced infection prevention and control (IPC) measures could explain the reduced SSI risk during
the first pandemic year. IPC practices should continue to be reinforced beyond the pandemic context.

(2020), in the region of Piedmont, in Northwestern Italy, scheduled
cancer surgery and urgent/emergent procedures were mostly main-

1. Background

Surgical site infections (SSIs) are among the four most common type
of healthcare-associated infections (HAIs) and are associated with
increased morbidity and mortality [1]. SSIs have been associated with
increased hospital stay and overall costs of treatment [2,3]. Several risk
factors for the development of an SSI have been identified prior to,
during, and following surgery, therefore integrated preventive measures
are required. Improving basic infection and prevention control (IPC)
measures at all perioperative stages, such as appropriate hand hygiene
and sterilization practices, has proven to be an effective strategy to
reduce SSIs and HAIs in general [4].

The pandemic caused by the severe acute coronavirus 2 (SARS-CoV-
2) led to major disruptions in surgical activity [5,6]. During the first year

tained, while other interventions were postponed, in line with national
and international policies [7]. In 2021 there was a progressive but slow
return to routine surgical activity.

The pandemic also led health care facilities to implement additional
preventive measures (social distancing, increased hand hygiene, use of
personal protective equipment, and environmental disinfection) to limit
the transmission of SARS-CoV-2 to patients and health professionals;
further, an increased awareness to communicable diseases in general
and HAIs in particular was noted [8,9]. SSI rates during the pandemic
have been previously investigated, with conflicting results. Some reports
found a reduction in the incidence of infections [10-13], while others
found no impact of the pandemic on SSI rates [14,15] or even increased
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rates [16].

In this context, the active surveillance system for SSIs (Sistema
Nazionale Sorveglianza Infezioni del Sito Chirurgico [SNICh]) [17] in
the region of Piedmont was maintained throughout the pandemic. All
public and some private hospitals of the region participate in a national
surveillance system [18,19], which applies a protocol based on Euro-
pean Centre for Disease Prevention and Control (ECDC) definitions and
methods [20]. The objective of this study was to assess the impact of
surgical reorganization on surgical outcomes in Piedmont in the first two
pandemic years (2020-2021).

2. Methods
2.1. Study design

A retrospective cohort study was conducted among hospitals
participating in the regional surveillance network. Compared to other
procedure categories, SSI occur at a relatively higher rate following
abdominal surgery procedures and are a relevant clinical issue for
general surgeons [11,18]. Therefore, we focused our analysis on
abdominal surgery. Procedures performed between January 1st, 2018,
and December 31st, 2021, were considered. Cancer surgery procedures
were identified based on International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD9-CM) codes [21].

2.2. Data collection

Data were obtained through SNICh, as previously described [18,19].
The national protocol [17] is based on the ECDC HAI-SSI network pro-
tocol and applies the same definitions for SSI [20]. Surveillance in each
participant ward or hospital must be conducted continuously for at least
six months each year, i.e. all patients admitted to participant wards
within the considered time-frame are included. Data are collected pro-
spectively with a 30-day follow-up period, and include demographic and
clinical information, such as the occurrence of infection, and the state at
discharge (alive or deceased during hospitalization). Indicators of pa-
tient severity (case-mix) are measured, including age, gender, American
Society of Anesthesiologists physical status score, length of hospital stay
(LOS), and operating time. Surveillance is continued post-discharge if
the patient is discharged within 30 days, through postoperative visits in
the same hospital or standardized telephone interviews.

2.3. Ethics

SNICh is a HAI surveillance and quality improvement program co-
ordinated by public entities (National Centre for Disease Prevention and
Control, Ministry of Health, Emilia-Romagna and Piedmont Regions)
[17]. Therefore, the written consent of patients involved or any other
authorization from Institutional Review Boards and/or the Data Pro-
tection Commissioner are not required. All collected data are anony-
mized and patients are provided with an information sheet to inform
them about their participation in the surveillance program.

2.4. Statistical analysis

Descriptive statistics were used to summarize patient demographics
and clinical characteristics. SSI rates among abdominal surgery pro-
cedures were assessed by year of participation in the surveillance pro-
gram, comparing 2020 and 2021 data to pre-pandemic (2018-2019)
data. Differences of distributions for categorical variables were investi-
gated using Pearson Chi-squared tests, while continuous variables were
evaluated using non-parametric Mann-Whitney-U test due to non-
normal distribution at Shapiro-Wilk test.

Expected SSI rates for 2020 and 2021 were estimated based on pre-
pandemic SSI rates (2018-2019) and compared with observed rates,
using Mantel-Haenzel corrected chi-squared tests. Expected SSI rates

Health policy 146 (2024) 105113

were predicted by projecting pre-pandemic rates to 2020 and 2021 data,
stratified by Infection Risk Index (IRI), using the methodology proposed
by Verberk et al. [22]. Patients that did not complete the 30-day
follow-up period were excluded from analyses.

Independent predictors for SSI were investigated using two logistic
regression models, considering patients undergoing cancer surgery and
other procedures. Analyses were stratified per procedure year, and
known risk factors for SSI were also included [19]: age, gender, IRI,
pre-operative hospital stay, procedure type (urgent vs. elective), surgical
technique (open vs. minimally invasive). Statistical analyses were car-
ried out using SPSS v.28.0.1 (SPSS Inc), setting statistical significance at
two-tailed 0.05.

3. Results

Overall, 7997 abdominal surgery procedures, performed in 30 hos-
pitals, were monitored between 2018 and 2021. After excluding records
with missing data, 7605 procedures (95 %) were included in our anal-
ysis: 2487 in 2018, 2681 in 2019, 1001 in 2020 and 1436 in 2021. A
flowchart of included/excluded procedures is presented in Fig. 1.

Table 1 summarizes patient characteristics, stratified according to
year of surgical procedure. Several significant differences were found
stratifying patients according to the three considered time-periods. Pa-
tients were respectively younger and older in 2020 and 2021 compared
to the pre-pandemic period and were more often female in 2020. In 2020
there was a significant decrease in operating time, and a subsequent
slight increase in 2021 compared to median 2018-2019 data. Patients in
2021 generally had a more severe clinical status, with a higher pro-
portion of American Society of Anesthesiologists (ASA) scores >3 and of
IRI scores >2. A slight decrease in overall hospital stay was observed
during the first year of the pandemic. The proportion of cancer surgery
patients was lower in 2020 compared to the pre-pandemic period and
increased above pre-pandemic levels in 2021. Considering procedure
characteristics, a higher proportion of urgent/emergent procedures
were performed during 2020 and 2021 compared to 2018-2019. In
2020, the proportion of elective procedures among cancer surgery and
other procedures was 78.14 % and 58.71 % respectively. In 2021, the
proportion of elective procedures slightly decreased to 75.1 % among
cancer surgery procedures and increased to 63.1 % among other

Procedures monitored through SNICh
between 2018-2021, N=31.309

. |Excluded: not abdominal surgery,
7IN=23.312

A 4

Abdominal surgery
procedures, N=7997

Excluded

- missing data regarding status at
end of follow-up, N= 4

IRI calculation not possible due to
missing data, N=208

- patient did not complete follow-up
period, N=180

A 4

Included procedures
N=7605

Fig. 1. Study flow chart.
IRL infection risk index; SNICh: sorveglianza nazionale infezioni del sito chir-
urgico (Ttalian surveillance system for surgical site infections).
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Table 1
Demographic and clinical characteristics of included patients undergoing
abdominal surgery procedures, 2018-2021.

All (N = 2018-2019 2020 (W 2021 (N = p-value
7605) (N = 5168) =1001) 1436)
Age, median 69 69 (57-78) 66 71 <0.001
(IQR) (57-78) (43-77) (61-69)
Male gender, n 4089 2852 (55.2) 462 775 (54) <0.001
(%) (53.8) (46.2)
ASA >3,n (%) 3218 2217 (42.9) 365 636 (44.3) <0.001
(42.3) (36.5)
Operating 155 160 130 165 <0.001
time in (95-220) (95-225) (64-205) (120-222)
minutes,
median
(IQR)
Infection risk <0.001
index, n (%) 2433 1715 (33.2) 332 386 (26.9)
0 (32) 2206 (42.7) (33.2) 658 (45.8)
1 3277 1114 (21.6) 413 339 (23.6)
2 (43.1) 133 (2.6) (41.3) 53(3.7)
3 1681 228
(22.1) (22.8)
214 (2.8) 28 (2.8)
Minimally 3387 2393 (46.3) 333 661 (46) <0.001
invasive (44.5) (33.3)
surgical
procedures,
n (%)
Urgent/ 1848 1068 (20.7) 335 445 (31) <0.001
emergent (24.3) (33.5)
procedures,
n (%)
Pre- 1(0-1) 1(0-1) 1(0-1) 1(0-1) 0.529
intervention
hospital stay
in days,
median
(IQR)
Overall 8 (5-13) 8 (5-13) 7 (5-12) 8 (6-13) <0.001
hospital stay
in days,
median
(IQR)
Cancer 3351 2246 (43.5) 398 707 (49.2) <0.001
surgery, n 44.1) (39.8)

(%)

" Differences among categorical and continuous variables investigated using
Pearson Chi-squared and Mann-Whitney U tests respectively. ASA: American
Society of Anesthesiologists physical status score; IQR: inter-quartile range.

procedures, compared to 2020. There was a significant drop in the
proportion of minimally invasive procedures in 2020 compared to both
2018-2019 and 2021.

In total, 434 SSIs were registered during the study period, with a
crude overall SSI rate of 5.71 %, and of 5.65 % (n = 292), 3.8 % (n = 38),
and 7.24 % (n = 104) in 2018-2019, 2020, and 2021 respectively. The
majority of SSIs occurred among cancer surgery patients (53.33 %, n =
176). Considering SSI type, 191 (57.88 %) were superficial, 70 (21.21
%) deep, and 66 (20 %) organ-space.

Observed and expected SSI rates (based on 2018-2019 SSI rates) per

Table 2
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considered period are reported in Table 2. Considering all procedures,
observed SSI rates in 2020 and 2021 were respectively 33.22 % lower
and 22.92 % higher than expected, however only the difference between
2020 observed and expected rates reached statistical significance.
Stratifying procedures according to indication, the same pattern
emerged. The only statistically significant difference at sub-group
analysis was found between observed and expected SSI rates in 2020
for procedures other than cancer surgery (—47.91 %), with the differ-
ence in 2021 (4+46.44 %) almost reaching statistical significance for this
subgroup.

Results of the logistic regression models conducted among cancer
patients and other patients are provided in Tables 3 and 4, respectively.
In both models, at multivariate analysis IRI >2 was significantly asso-
ciated with higher odds for SSI compared to IRI <2, and minimally
invasive technique was significantly associated with lower odds for SSI
compared to open procedures. Older age was significantly associated
with higher odds for SSI among patients undergoing non-cancer pro-
cedures. Concerning cancer patients, patients undergoing surgery in
2020 had lower odds for SSI and patients undergoing surgery in 2021
had higher odds for SSI compared to 2018-2019, however these results
did not reach statistical significance (Table 3). Conversely, patients
undergoing other procedures in 2020 had significantly lower odds for
SSI and patients undergoing surgery in 2021 had significantly higher
odds for SSI compared to 2018-2019 (Table 4).

4. Discussion
The COVID-19 pandemic caused severe disruptions in surgical

Table 3
Independent risk factors for surgical site infection (SSI) among cancer surgery
patients (N = 3351).

Univariate Multivariate
Predictor OR 95 % CI P OR 95 % CI P
Procedure year
2020 vs. 0.84 0.53-1.32  0.446 0.78 0.5-1.23 0.287
2018-2019 1.06 0.77-1.48 0.714 1.07 0.77-1.5 0.685
2021 vs.
2018-2019
Age
50-70 vs. <50 0.45 0.48-1.35 0.405 0.74 0.43-1.24 0.250
>70 vs. <50 0.71  0.47-1.29  0.327 0.65 0.39-1.1 0.107
Female vs. male 0.87 0.66-1.14 0.312 0.88 0.66-1.16  0.877
gender
Urgent vs. 1.25 0.9-1.74 0.189 0.93 0.63-1.36 0.701
elective
procedure
Minimally 0.55 0.42-0.73 <.001 0.54 0.4-0.72 <.001
invasive vs.
open
procedure
Pre-intervention 1.09 0.78-1.52 0.604 1.2 0.84-1.73 0.318
LOS >1 day
vs. <1 day
IRI >2 vs. <2 1.63 1.23-2.15 <.001 1.627 1.21-2.19 0.001

CI: confidence interval; IRI: infection risk index; LOS: length of stay; OR: odds
ratio.

Observed and predicted surgical site infection (SSI) rates among included procedures, overall and stratified according to indication, 2018-2021 (N = 7605).

Observed SSI rate Observed SSI rate 2020  Expected SSI rate 2020  p-value Observed SSI rate 2021 Expected SSI rate 2021 p-
2018-2019 (95 % CI) (95 % CI) (95 % CI) (95 % CI) (95 % CI) value*
All procedures  5.65 (5.04 - 6.31) 3.8(2.7-5.17) 5.69 (4.37 - 7.31) 0.0465 7.24 (5.96 - 8.71) 5.89 (4.75 - 7.27) 0.153
Cancer 6.81 (5.8 - 7.93) 5.78 (3.7 - 8.55) 6.96 (4.73 - 10.01) 0.47 7.21 (5.42-9.38) 6.79 (5.05 - 8.9) 0.755
surgery
Other 4.76 (4.01 - 5.59) 2.49 (1.4 - 4.07) 4.78 (3.24 - 6.83) 0.0315 7.41 (5.67 — 9.55) 5.06 (3.6 - 6.93) 0.066
indications

" Difference between observed and expected rates, based on 2018-2019 observed SSI rates. CI: confidence interval.
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Table 4
Independent risk factors for surgical site infection (SSI) among non-cancer sur-
gery patients (N = 4254).

Univariate Multivariate
Predictor OR 95 % CI P OR 95 % CI P
Procedure year
2020 vs. 0.51 0.3-0.88 0.015 0.52  0.3-0.89 0.018

2018-2019 1.60 1.16-2.22 0.005 1.49 1.07-2.09 0.019
2021 vs.
2018-2019
Age
50-70 vs. <50 1.96 1.29-2.98 0.002 1.73 1.11-2.7 0.015
>70 vs. <50 1.72 1.13-2.64  0.012 1.29 0.82-2.02 0.274
Female vs. male 092 0.69-1.21  0.549 1.04 0.78-1.39  0.806
gender
Urgent vs. 1.21  0.9-1.63 0.213 1 0.72-1.39  0.992
elective
procedure
Minimally 0.66 0.49-0.9 0.007 0.62 0.45-0.86 0.004

invasive vs.
open procedure

Pre-intervention 1.02 0.76-1.36 0.902 1.04 0.77-1.41 0.809
LOS >1 day vs.
<1 day

IRI >2 vs. <2 2.08 1.55-2.78 <.001 1.97 1.44-271 <.001

CI: confidence interval; IRI: infection risk index; LOS: length of stay; OR: odds
ratio.

activity worldwide, with an estimated 28.4 million cancelled elective
operations [23]. By rationing and prioritizing surgical procedures,
global policies and recommendations aimed primarily to rationalize
health care resources - both in terms of preserving bed, intensive care,
and operating room capacities, and of protecting healthcare workers
from SARS-CoV-2 infection [24,25]. A further concern was the high rate
of mortality and respiratory complications observed in patients infected
with SARS-CoV-2 undergoing surgery [23]. Surgical activity was
therefore limited to urgent/emergent procedures and cancer surgery,
with a shift towards non-operative management [24,25]. As elective
surgery resumes, health systems must consider the longer term impact of
delayed procedures on surgical care and patient outcomes [24]. This
study reports prospectively collected data from 30 hospitals in a region
heavily affected by the COVID-19 pandemic [26], and provides insight
on shifting surgical case-mix and SSI risk among patients undergoing
surgery during the first two pandemic years.

According to results of this study, a reduction in surgical volume
occurred in both pandemic years, from 0.33 procedures/center/day in
2018-2019 to 0.16 in 2020 (over 50 % reduction) and 0.18 in 2021
(12.5 % increase compared to 2020). In absolute terms, the reduction in
surgical activity affected not only elective but also urgent/emergent
procedures. This decrease in daily volume is in line with results of
previous Spanish and American reports [27,28]. Shao et al. opined that
the decrease in urgent/emergent surgery could be due to a shift towards
non-operative management, to delays in surgical management, and to
reduced access of patients to healthcare facilities caused by fear of
contracting SARS-CoV-2 infection [27].

Concerning surgical case-mix, this study found significant decreases
in both the proportion of patients with an ASA score >3 and operating
time (which is considered a proxy for operative complexity) [27] in
2020, with a rebound effect in 2021. A significant progressive shift to-
wards more severe IRI scores was also observed, which however did not
interest cancer surgery procedures. These trends towards more
advanced presentations could be a result of the rationing and delay of
surgical activity, in particular concerning urgent/emergent procedures,
as previously described [22,24,27].

Significant changes in surgical approach were also highlighted by
our study. In particular, the proportion of minimally invasive proced-
ures was reduced by 13 % in 2020 compared to pre-pandemic levels,
supporting previous findings [25]. This could be partly explained by the
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parallel increase in the proportion of urgent/emergent procedures in
2020. Further, guidelines released by several international societies
including the UK’s Intercollegiate General Surgery Guidance (IGSG) and
the Society of the American Gastrointestinal and Endoscopic Surgeons
(SAGES) recommended avoiding laparoscopic procedures, when
possible, due to fears of aerosolization of viral particles with high flow
intraperitoneal gas escape and surgical smoke produced by electrosur-
gical devices, and the consequent risk for surgical staff [29,30].
Following the publication of several reviews indicating no evidence of
increased viral transmission or infection linked to surgical smoke and
laparoscopic pneumoperitoneum, updated recommendations no longer
cautioned against minimally invasive surgery but were in favor of
balancing risk-benefits on a case-by-case base and adopting additional
protective strategies [31,32]. In our study, this was reflected by a return
to pre-pandemic levels in the proportion of minimally invasive pro-
cedures in 2021. Other explanations for the lower proportion of mini-
mally invasive procedures could include diversion of staff to pandemic
response and patient-related factors for attrition, such as fear of con-
tracting COVID-19 and fear of postoperative complications [33]. Inter-
estingly, changes in surgical approach and in the proportion of
urgent/elective procedures appear not to have affected LOS and oper-
ating time. In 2020, median overall hospital stay was reduced by one day
compared to 2018-2019, which could reflect policies enacted to avoid
patients acquiring perioperative SARS-CoV-2 infection.

This study found a slight decrease in the proportion of cancer surgery
procedures in 2020 compared to the pre-pandemic period, and a sub-
sequent increase in 2021 to levels higher than in 2018-2019. This trend
could be due to the fear of operating vulnerable patients at high risk of
SARS-CoV-2 infection, severe disease, and mortality [34]. A previous
modelling study estimated that during the initial pandemic period, 2.3
million cancer surgery procedures were delayed due to the risk of
perioperative SARS-CoV-2 transmission [5]. Surgeons faced the difficult
task of balancing risks and benefits of surgery vs. non-operative man-
agement and potentially delaying procedures [24,35]. For cancer sur-
gery in particular, previous accounts indicate elective surgery was
maintained for patients with time-sensitive conditions or with resectable
cancers at risk for progression [36]. Further, the initial delay in cancer
surgery should also be considered in the broader context of rationalized
healthcare services, with decreased cancer screening tests and diag-
nostic investigations, leading to a significant decline in the number of
new cancer diagnoses [37]. Finally, treatment pathways for cancer pa-
tients require a complex and multidisciplinary approach, which could
have proven challenging to maintain in the initial pandemic period [25].
The rebound observed during 2021 could be due to the broadening of
surgical indications, but also to an increased incidence of new diagnoses
due to the resumption of cancer screening and care services [37].

Considering all of these factors combined, a shift towards more se-
vere presentations requiring increasingly complex surgery, in particular
for indications other than cancer surgery, appears to have begun to take
place in our region in 2021, and could be expected to continue to in-
crease as health services resume [24,35]. Current backlogs contribute to
surgeons’ increased workloads, and could cause further delays. The
delays in time-to-diagnosis and time-to-intervention could translate to
poorer patient outcomes in the longer term [37].

Concerning SSI risk, this study found a significant reduction in
observed 2020 rates compared to expected rates based on pre-pandemic
data. Notably, this decrease occurred even though we recorded signifi-
cant increases in both the proportion of urgent/emergent procedures
and of open procedures, conferring higher risk for SSI [18,19]. Further,
our estimates were standardized for IRI, therefore differences in
case-mix are possibly not the only explanation for this decrease. At
subgroup analysis, significance was maintained only for indications
other than cancer surgery, which is interesting considering the higher
proportion of urgent/emergent procedures in this subgroup. After
adjusting for known risk factors for SSI, non-cancer procedures per-
formed in 2020 were associated with significantly lower odds for



C. Vicentini et al.

infection of almost 50 % compared to procedures performed in
2018-2019. Other Authors have hypothesized a protective effect of
enhanced IPC measures, increased IPC training, heightened awareness
towards infection, shortened hospital stay, and restricted access to vis-
itors [11,12,14,22,27,38]. As cancer patients are at increased risk of SSI
due to clinical characteristics and treatments [39], it is possible that
surgeons performing cancer surgery in our region already effectively
implemented preventive measures prior to the pandemic, whereas other
interventions had a greater margin for improvement in terms of adher-
ence to IPC practices.

On the other hand, an increase in SSI rates was observed in 2021
compared to expected rates. In particular, being operated on in 2021
was identified as an independent risk factor for SSI among patients
undergoing non-cancer procedures, which could indicate an effect of the
delay in procedures. Even though IPC activities were not investigated in
our study, other Authors have hypothesized a reduction in adherence to
IPC standards due to the prolonged emergency situation could have
occurred in the later stages of the pandemic, as well as difficulties in
maintaining IPC activities due to the diversion of resources to pandemic
management [22]. If this trend persists, other strategies should be
considered to maintain the high levels of implementation and effec-
tiveness of IPC practices achieved during the initial phases of the
pandemic [16].

This study had several limitations that should be considered. First,
there were limitations due to the retrospective, surveillance-based study
design. SSI surveillance in our region must be performed continuously
for a period of at least six months each year, however we cannot exclude
that variations in surgical specialties and specific procedures during the
pandemic could have not been accurately reflected in our database. We
cannot exclude a certain degree of selection bias, also due to the number
of procedures excluded from analysis due to missing data or follow-up
information (Fig. 1). Also due to study design, causal relations be-
tween investigated factors cannot be inferred based on our results.
Second, participant hospitals applied and maintained a standardized
methodology for data collection prior to and throughout the pandemic,
therefore no information was collected on the occurrence of perioper-
ative SARS-CoV-2 infection or on changing implementation levels of IPC
practices. Concerning statistical analyses, we approximated surgical
reorganization by year and did not perform more in-depth analysis of
time frames specific to each participant hospital. Several known risk
factors for SSI were included in multivariable analysis, however other
clinical characteristics, such as cancer stage, were not taken into
account.

5. Conclusion

Despite these limitations, due to reporting requirements our data can
be considered representative of surgical activity performed in acute-care
hospitals in our region and provide some insight on how patient char-
acteristics and outcomes were affected by shifting surgical priorities due
to the pandemic. Importantly, SSIs are considered an indicator of care
quality [40]. Regular analysis of SSI data can provide critical informa-
tion to identify prevention gaps and opportunities for improvement. IPC
practices should continue to be reinforced beyond the pandemic context,
with the focus now shifting towards building resilient and sustainable
programs [16].

Funding statement

This research was supported by EU funding within the MUR PNRR
Extended Partnership initiative on Emerging Infectious Diseases (Project
no. PE00000007, INF-ACT). The funding source had no role in the
conduct of the research and/or preparation of the article.

Health policy 146 (2024) 105113
Funding source

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

CRediT authorship contribution statement

Costanza Vicentini: Conceptualization, Formal analysis, Investiga-
tion, Methodology, Visualization, Writing — original draft. Elettra
Ugliono: Data curation, Methodology, Visualization. Heba Safwat
Mhmoued Abdo Elhadidy: Data curation, Investigation, Writing —
original draft. Giovanni Paladini: Investigation, Data curation. Ales-
sandro Roberto Cornio: Investigation, Data curation. Federico Cus-
sotto: Data curation, Investigation. Mario Morino: Supervision,
Writing — review & editing. Carla Maria Zotti: Project administration,
Supervision, Writing — review & editing.

Declaration of competing interest
None.
Acknowledgements

The authors gratefully acknowledge the surgeons and infection
control personnel that participated in data collection.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.healthpol.2024.105113.

References

[1] Bordino V, et al. Burden of healthcare-associated infections in Italy: incidence,
attributable mortality and disability-adjusted life years (DALYs) from a nationwide
study, 2016. J Hosp Infect 2021;113:164-71.

[2] Badia JM, et al. Impact of surgical site infection on healthcare costs and patient
outcomes: a systematic review in six European countries. J Hosp Infect 2017;96:
1-15.

[3] BanKA, et al. American College of Surgeons and Surgical Infection Society: surgical
Site Infection Guidelines, 2016 Update. J Am Coll Surg 2017;224:59-74.

[4] Allegranzi B, et al. New WHO recommendations on intraoperative and
postoperative measures for surgical site infection prevention: an evidence-based
global perspective. Lancet Infect Dis 2016;16:288-303.

[5] COVIDSurg Collaborative. Elective surgery cancellations due to the COVID-19
pandemic: global predictive modelling to inform surgical recovery plans. Br J Surg
2020;107:1440-9.

[6] Mari G, et al. Do We Really Know How Much the Covid-19 Pandemic Affected the
Surgical Practice in Northern Italy? A Multi-Center Comparative Study and Cost
Analysis. Chir. Buchar. Rom. 2020;115:469-75. 1990.

[7] Zanus G, Romano M, Santoro GA, Rossi S, Grossi U. Impact of COVID-19 on urgent
surgical activity. Br J Surg 2020;107:e414.

[8] Sorbello M, et al. The Italian coronavirus disease 2019 outbreak: recommendations
from clinical practice. Anaesthesia 2020;75:724-32.

[9] Bresadola V, et al. General surgery and COVID-19: review of practical
recommendations in the first pandemic phase. Surg Today 2020;50:1159-67.

[10] Glasbey JC, et al. Elective cancer surgery in COVID-19-Free surgical pathways
during the SARS-CoV-2 Pandemic: an international, multicenter, comparative
cohort study. J Clin Oncol Off J Am Soc Clin Oncol. 2021;39:66-78.

[11] Losurdo P, et al. Impact of lockdown for SARS-CoV-2 (COVID-19) on surgical site
infection rates: a monocentric observational cohort study. Updat Surg. 2020;72:
1263-71.

[12] Pantvaidya G, et al. Surgical Site Infections in patients undergoing major
oncological surgery during the COVID-19 paNdemic (SCION): a propensity-
matched analysis. J Surg Oncol 2022;125:327-35.

[13] Cappelli S, et al. Surgical site infections in patients undergoing breast oncological
surgery during the lockdown: an unexpected lesson from the COVID-19 pandemic.
11 G Chir. 2022;42:e02.

[14] Smith BB, et al. Surgical site infections during the COVID-19 era: a retrospective,
multicenter analysis. Am J Infect Control 2022. https://doi.org/10.1016/j.
ajic.2022.09.022.

[15] Unterfrauner I, et al. Impact of a total lockdown for pandemic SARS-CoV-2 (Covid-
19) on deep surgical site infections and other complications after orthopedic
surgery: a retrospective analysis. Antimicrob Resist Infect Control 2021;10:112.

[16] Weiner-Lastinger LM, et al. The impact of coronavirus disease 2019 (COVID-19) on
healthcare-associated infections in 2020: a summary of data reported to the


https://doi.org/10.1016/j.healthpol.2024.105113
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0001
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0001
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0001
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0002
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0002
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0002
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0003
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0003
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0004
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0004
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0004
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0005
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0005
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0005
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0006
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0006
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0006
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0007
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0007
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0008
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0008
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0009
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0009
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0010
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0010
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0010
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0011
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0011
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0011
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0012
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0012
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0012
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0013
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0013
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0013
https://doi.org/10.1016/j.ajic.2022.09.022
https://doi.org/10.1016/j.ajic.2022.09.022
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0015
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0015
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0015
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0016
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0016

C. Vicentini et al.

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

National Healthcare Safety Network. Infect Control Hosp Epidemiol 2022;43:
12-25.

Protocollo Sistema nazionale di sorveglianza delle Infezioni del Sito Chirurgico
(SNICh) - aggiornamento dicembre 2011. Agenzia sanitaria — e sociale regionale.
https://assr.regione.emilia-romagna.it/pubblicazioni/rapporti-documenti/prot
ocollo-snich-aggiornamento-dic2011.

Vicentini C, et al. Surgical Site Infections in Italy, 2009-2015: incidence, trends,
and impact of surveillance duration on infection risk. Surg Infect. 2019;20:504-9.
Vicentini C, et al. Impact of a bundle on surgical site infections after hip
arthroplasty: a cohort study in Italy (2012-2019). Int J Surg Lond Engl. 2020;82:
8-13.

Surveillance of surgical site infections and prevention indicators in European
hospitals - HAISSI protocol. https://www.ecdc.europa.eu/en/publications-data/s
urveillance-surgical-site-infections-and-prevention-indicators-european (2017).
ICD - ICD-9-CM - International Classification of Diseases, Ninth Revision, Clinical
Modification. https://www.cdc.gov/nchs/icd/icd9cm.htm (2021).

Verberk JDM, et al. Healthcare-associated infections in Dutch hospitals during the
COVID-19 pandemic. Antimicrob Resist Infect Control 2023;12:2.

Nepogodiev D, et al. Mortality and pulmonary complications in patients
undergoing surgery with perioperative SARS-CoV-2 infection: an international
cohort study. Lancet North Am Ed 2020;396:27-38.

Reichert M, et al. Two years later: is the SARS-CoV-2 pandemic still having an
impact on emergency surgery? An international cross-sectional survey among
WSES members. World J Emerg Surg. 2022;17:34.

Rebecchi F, et al. Impact of COVID-19 outbreak on esophageal cancer surgery in
Northern Italy: lessons learned from a multicentric snapshot. Dis Esophagus Off J
Int Soc Dis Esophagus 2021;34:doaal24.

ISTAT, Istituto Nazionale di Statistica. Impatto dell’epidemia covid-19 sulla
mortalita totale della popolazione residente. https://www.istat.it/it/archiv
i0/252168 (2020).

Shao CC, et al. Effect of COVID-19 pandemic restructuring on surgical volume and
outcomes of Non-COVID patients undergoing surgery. Am Surg 2022;88:489-97.
Cano-Valderrama O, et al. Acute Care Surgery during the COVID-19 pandemic in
Spain: changes in volume, causes and complications. A multicentre retrospective
cohort study. Int J Surg Lond Engl. 2020;80:157-61.

[29]

[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Health policy 146 (2024) 105113

Updated General Surgery Guidance on COVID-19 - 30th May 2020 | RCSEd. 2020.
https://www.rcsed.ac.uk/news-public-affairs/news/2020/june/updated-general-s
urgery-guidance-on-covid-19-30th-may-2020.

Francis N, et al. SAGES and EAES recommendations for minimally invasive surgery
during COVID-19 pandemic. Surg Endosc 2020;34:2327-31.

Antunes D, et al. COVID-19 infection risk by open and laparoscopic surgical smoke:
a systematic review of the literature. The Surgeon 2021;19:e452-61.

Tommaselli GA, Grange P, Ricketts CD, Clymer JW, Fryrear RS. Intraoperative
measures to reduce the risk of COVID-19 Transmission during minimally invasive
procedures: a systematic review and critical appraisal of societies’
recommendations. Surg Laparosc Endosc Percutan Tech 2021;31:765-77.

Eghbali F, Jahanshahi F, Garakani K, Ghasemi S, Talebi A, Oshidari B, Mosavari H,
Pazouki A. Reasons for Preoperative Patient Attrition among Bariatric Surgery
Candidates: patients’ Point of View. Obes Surg 2023;33(2):492-7. https://doi.org/
10.1007/511695-022-06373-6.

Wang H, Zhang L. Risk of COVID-19 for patients with cancer. Lancet Oncol 2020;
21:e181.

Mazidimoradi A, Hadavandsiri F, Momenimovahed Z, Salehiniya H. Impact of the
COVID-19 pandemic on colorectal cancer diagnosis and treatment: a systematic
review. J Gastrointest Cancer 2021. https://doi.org/10.1007/512029-021-00752-
5.

Sud A, et al. Effect of delays in the 2-week-wait cancer referral pathway during the
COVID-19 pandemic on cancer survival in the UK: a modelling study. Lancet Oncol
2020;21:1035-44.

Angelini M, Teglia F, Astolfi L, Casolari G, Boffetta P. Decrease of cancer diagnosis
during COVID-19 pandemic: a systematic review and meta-analysis. Eur J
Epidemiol 2023;38:31-8.

Ishibashi Y, et al. How has the COVID-19 pandemic affected gastrointestinal
surgery for malignancies and surgical infections? Nagoya J Med Sci 2021;83:
715-25.

Nasser H, Ivanics T, Leonard-Murali S, Stefanou A. Risk factors for surgical site
infection after laparoscopic colectomy: an NSQIP Database analysis. J Surg Res
2020;249:25-33.

Council Recommendation of 9 June 2009 On Patient safety, Including the
Prevention and Control of Healthcare Associated Infections. 2009. https://eur-lex.
europa.eu/legal-content/en/TXT/?uri=CELEX%3A32009H0703%2801%29.


http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0016
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0016
https://assr.regione.emilia-romagna.it/pubblicazioni/rapporti-documenti/protocollo-snich-aggiornamento-dic2011
https://assr.regione.emilia-romagna.it/pubblicazioni/rapporti-documenti/protocollo-snich-aggiornamento-dic2011
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0018
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0018
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0019
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0019
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0019
https://www.ecdc.europa.eu/en/publications-data/surveillance-surgical-site-infections-and-prevention-indicators-european
https://www.ecdc.europa.eu/en/publications-data/surveillance-surgical-site-infections-and-prevention-indicators-european
https://www.cdc.gov/nchs/icd/icd9cm.htm
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0022
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0022
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0023
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0023
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0023
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0024
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0024
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0024
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0025
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0025
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0025
https://www.istat.it/it/archivio/252168
https://www.istat.it/it/archivio/252168
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0027
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0027
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0028
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0028
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0028
https://www.rcsed.ac.uk/news-public-affairs/news/2020/june/updated-general-surgery-guidance-on-covid-19-30th-may-2020
https://www.rcsed.ac.uk/news-public-affairs/news/2020/june/updated-general-surgery-guidance-on-covid-19-30th-may-2020
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0030
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0030
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0031
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0031
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0032
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0032
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0032
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0032
https://doi.org/10.1007/s11695-022-06373-6
https://doi.org/10.1007/s11695-022-06373-6
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0034
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0034
https://doi.org/10.1007/s12029-021-00752-5
https://doi.org/10.1007/s12029-021-00752-5
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0036
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0036
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0036
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0037
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0037
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0037
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0038
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0038
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0038
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0039
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0039
http://refhub.elsevier.com/S0168-8510(24)00123-4/sbref0039
https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX%3A32009H0703%2801%29
https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX%3A32009H0703%2801%29

	Surgical reorganization during the COVID-19 pandemic and impact on case-mix and surgical site infections: A multicenter coh ...
	1 Background
	2 Methods
	2.1 Study design
	2.2 Data collection
	2.3 Ethics
	2.4 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Funding statement
	Funding source
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Supplementary materials
	References


