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ABSTRACT - BACKGROUND: Surgery is associated with a high risk for morbidity and mortality,
particularly when performed in critical patients requiring intensive care unit (ICU) admission. AIM:
The aim of this study was to investigate risk factors associated with adverse outcomes in a large
cohort of patients admitted to a single-center ICU after abdominal surgery. METHODS: All patients
admitted to a surgical ICU for postoperative care, from January 2016 to December 2022, were
retrospectively evaluated. Data concerning demographics and clinical and perioperative variables
were compared to in-hospital mortality. RESULTS: A total of 1,717 patients (1,096 women, mean age:
61117 years) were evaluated. Most of the patients underwent colorectal (n=499), pancreatic (n=148),
biliary tract (n=147), and gastric surgeries (n=145); liver resection (n=131); and several gynecological
or obstetric procedures (n=250). Only 52.3% of these surgical procedures were elective. The mean
Charlson Comorbidity Index (CCl) and Acute Physiology and Chronic Health Evaluation Il (APACHE 1)
scores were 4.4+2.8 and 10.1+5.6, respectively. Mortality was observed in 158 (9.2%) patients. Age
(70.4+14.3 vs. 60.6+17.1 years in survivors, p=0.002), CCl (6.1+2.5 vs. 4.3+2.8 in survivors, p=0.005),
type of surgery (13.6% in emergent/urgent vs. 5.5% in elective surgeries, p<0.001), and APACHE
Il score (16.7+8.4 vs. 9.4+4.7 in survivors, p<0.0001) were associated with mortality on univariate
analysis, but only CCl, type of surgery, and APACHE Il score were independently correlated with a
higher risk of death on multivariate analysis. CONCLUSIONS: Mortality after abdominal surgery in
patients requiring postoperative ICU support is less than 10% nowadays, and it is independently
associated with urgent or emergent surgeries, disease severity, and comorbidity.

HEADINGS: Morbidity. Mortality. General Surgery. Intensive Care Units.

RESUMO - RACIONAL: Cirurgias estdo associadas a um alto risco de morbidade e mortalidade quando
realizadas em pacientes criticos. OBJETIVOS: investigar os fatores de risco associados a resultados
adversos em uma coorte de pacientes admitidos em unidade de terapia intensiva (UTI) de um Gnico
centro de referéncia apos cirurgia abdominal. METODOS: Pacientes admitidos em UTI cirtrgica entre
janeiro 2016 e dezembro 2022 foram avaliados retrospectivamente. Dados referentes a variaveis
demogréficas, clinicas e perioperatdrias foram comparados a mortalidade hospitalar. RESULTADOS:
Foram avaliados 1.717 pacientes (1.096 mulheres, idade 61+17 anos). A maioria dos pacientes
foi submetida a cirurgia colorretal (n=499), pancreéatica (n=148), biliar (n=147), gastrica (n=145),
hepética (n=131) e varios procedimentos ginecoldgicos/obstétricos (n=250). Um total de 52,3%
desses procedimentos cirirgicos foram eletivos. Os escores médios do indice de Comorbidade de
Charlson (CCl) e do APACHE Il foram 4,4+2,8 e 10,1+5,6, respectivamente. Mortalidade foi observada
em 158 (9,2%) pacientes. Idade (70,4+14,3 vs. 60,6+17,1 anos nos sobreviventes, p=0,002), CCI
(6,1+2,5 vs. 4,3+2,8 nos sobreviventes, p=0,005), tipo de cirurgia (13,6% cirurgias emergenciais ou
urgentes vs. 5,5% cirurgias eletivas, p<0,001) e APACHE Il (16,7+8,4 vs. 9,4+4,7 nos sobreviventes,
p=0,001) foram associados a mortalidade na andlise univariada, mas somente o indice de
comorbidade de Charlson, o tipo de cirurgia e APACHE Il foram independentemente correlacionados
a um maior risco de morte na analise multivariada. CONCLUSOES: Atualmente, a mortalidade apo6s
cirurgia abdominal em pacientes que necessitam de suporte pés-operatério em UTI é inferior a
10%, sendo independentemente associada a cirurgias urgentes/emergenciais, gravidade da doenca
e comorbidades.

DESCRITORES: Morbidade. Mortalidade. Cirurgia Geral. Unidades de Terapia Intensiva.

Figure — Outcomes of surgical patients admitted
to the intensive care unit after elective and
emergency surgeries in a tertiary care hospital
in Brazil.

Central Message

In Brazil, data related to the prognosis of surgical
patients are scarce. We sought to assess the
outcomes of surgical patients admitted to an
intensive care unit (ICU) following elective and
urgent procedures in a tertiary care hospital in Brazil,
as well as to examine risk factors related to mortality.
For this purpose, a retrospective study was carried
out, and a total of 1,717 patients were evaluated.
Mortality was observed in 158 (9.2%) patients, and
it was associated with urgent or emergent surgeries,
disease severity, and comorbidities.

Perspectives

Knowledge of factors that influence the
prognosis of surgical patients is useful because
not only we can make adequate risk stratification
but also it can help develop strategies to improve
the outcomes of this group of patients.
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INTRODUCTION

utcomes after gastrointestinal and hepatobiliary
Osurgeries were shown to vary sharply according

to age and comorbidity*>'4'¢ type of surgery®”,

surgeon’s technical skills and experience3#'7?°, and quality of
postoperative care with respect to human resources and hospital
infrastructure'>?2, Emergency laparotomy has been associated
with increased mortality, but better outcomes after emergency
laparotomy have been related to the availability of intensive
care unit (ICU) or high-dependency beds in some studies''>22,

Mortality is usually ascribed to the development of surgical
complications leading to sepsis and multi-organ failure®. There are
only few studies in Brazil concerning the outcome of emergency
or elective laparotomy in high-risk patients admitted to the ICU
for postoperative care®'®'®. Nowadays, postoperative deaths
are the third most common cause of mortality worldwide, and
the investigation of major perioperative risk factors associated
with worse outcomes is crucial to decrease surgical morbidity
and mortality’.

The purpose of the present study was to evaluate the
outcomes of surgical patients admitted to a single-center
ICU after elective and emergency surgeries in a tertiary care
hospital in Brazil, as well as to investigate risk factors associated
with in-hospital mortality.

METHODS

All patients admitted to the Gastroenterology and Hepatology
Unit of Hospital Portugués, Salvador (BA), Brazil, after elective
or emergency laparotomy, from January 2016 to December
2022, were retrospectively evaluated except for those patients
admitted after organ transplantation. This facility is an intensive
gastrointestinal ICU dedicated to the postoperative care of
high-risk patients submitted to abdominal surgery.

Data concerning demographics; year at admission; type
and duration of surgery; surgical procedure; surgical wound
classification; surgical team; comorbidity, according to Charlson
Comorbidity Index (CCl) and presence of concurrent malignancy
and Acute Physiology and Chronic Health Evaluation Il (APACHE
1) score, in the first 24 h in the ICU; ICU stay and intrahospital
length of stay (LOS); and mortality were retrospectively reviewed.
Patients in palliative care were excluded from the analysis.
Surgery was considered elective when it was scheduled or
planned and urgent in the presence of an acute event leading
to admission in the emergency department and requiring
surgery in the first 24 h. The immediate need for surgery, due
to potentially fatal diseases, was the justification for indicating
emergency surgical interventions. . Surgical wound grades, as
well as APACHE Il score and CCl, were classified and calculated
as previously described>162",

Surgical teams were arbitrarily defined by a group of
certified surgeons and surgeons’ assistants as well as surgical
technologists usually working together in the surgical theater.
In our institution, surgeons and anesthesiologists are third-
party, and surgical nurses are part of hospital staff. Surgical
teams were labeled for anonymization purposes, as letters
A-Q. Surgical teams who performed less than 25 surgeries
in the observation period were grouped in label Q. Surgical
procedures were grouped as appendicectomy, bariatric, colorectal,
cytoreductive, enterectomy, esophagectomy, gastrectomy,
gynecologic or obstetric, liver resection, pancreatic, biliary
tract, retroperitoneal, splenectomy, and urologic surgeries.
Emergent laparotomy was considered in emergent surgeries
when no organ resection was carried out in the presence, for
example, of adhesions or hernia repair. Patients were followed
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up until death or hospital discharge. The primary endpoint was
in-hospital mortality.

The study was approved by the Ethics Committee in
Research of the Portuguese Hospital Portugues, Salvador (BA),
Brazil (number: 26210819.5.0000.5029).

Statistical analysis

Dichotomous variables were presented in text and tables
as numbers and percentages, and continuous variables were
expressed as meanzstandard deviation (SD) or as median
and interquartile range, respectively, based on whether the
distribution was normal or skewed. Data concerning surgical
procedures were compared using the chi-square test or
Fisher's exact test for categorical variables or Student’s t-test
or the Mann-Whitney U test for continuous variables when
appropriate. Variables associated with mortality in univariate
analysis with a p<0.10 were entered in a multivariate logistic
regression model using stepwise elimination. Year at admission
was also considered in the multivariate logistic regression
model independent of p-values to assess a possible effect of
the COVID-19 pandemic on surgical outcomes. A p<0.05 was
considered statistically significant. The software used for the
analysis was the Statistical Package for Social Sciences (SPSS
Inc.,, Chicago, IL, USA), version 14.0 for Windows.

RESULTS

A total of 1,717 consecutive patients (1,096 women,
mean age: 61117 years) were admitted to the ICU after surgery.
Demographics and clinical and postoperative features of
the patients are summarized in Table 1. Most of the patients
underwent colorectal (n=499), pancreatic (n=148), biliary tract
(n=147), and gastric (n=145) surgeries; liver resection (n=131);
emergent laparotomy (n=147); and several gynecological or
obstetric procedures (n=250) (Figure 1a). The median CCl was
4.442.8, and 62% of the patients had concurrent malignancy.

Table 1 - Demographics and clinical and postoperative features
of surgical patients.

Features n=1,717
Age (years) 61+17
Gender

Male 621 (36%)

Female 1,096 (34%)
Comorbidity

CCl (mean) 44428

Cancer 1,069 (62%)
Type of surgery

Elective 907 (52.8%)

Urgent 788 (45.9%)

Emergent 22 (1.3%)
Wound classification

Clean 274 (16%)

Clean-contaminated 1,171 (68.2%)

163 (9.5%)
109 (6.3%)

Contaminated
Dirty/infected

Surgery duration (hours) 3.9+2.1
Outcomes
Postoperative APACHE I 10.415.7
ICU LOS (days) 5.7 [2-6]
Hospital LOS (days) 11.9 [4-14]

158 (9.2%)
ICU: intensive care unit; LOS: length of stay; CCl: Charlson Comorbidity Index;
APACHE II: Acute Physiology and Chronic Health Evaluation II.

Mortality
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According to type, 52.8% of the surgical procedures were elective,
45.9% were urgent, and only 1.3% were emergent. The mean
duration of surgery was 3.9+2.1 h and according to the CDC
classification, most surgical wounds were clean-contaminated
(Table 1). The mean postoperative APACHE Il score in the first 24
h of ICU admission was 10.1£5.6. A total of 158 (9.2%) patients
died after a mean ICU stay and in-hospital LOS of 5.7 [2-6] and
11.9 [4-14] days, respectively.

Mortality was significantly different according to the type
of surgical procedure and surgical teams (Figures 1 and 2).
In this regard, esophagectomy (16.1%), gastrectomy (15.9%),
and emergent laparotomy (15%) had the highest mortality
rates (Figure 1b).

Comparison of the demographics and clinical and
postoperative features of the patients according to mortality
revealed that age, male gender, comorbidity assessed by the
CCl, type of surgery, wound classification, surgery duration, and
postoperative APACHE Il scores were significantly associated
with mortality. Conversely, subjects who died had significantly
prolonged ICU stay and in-hospital LOS (Table 2).

On univariate analysis, mortality was associated with male
gender (odds ratio [OR]=1.41; 95% confidence interval [CI]
1.02-1.97; p=0.04), age (OR=1.04; 95%Cl 1.03-1.05, p<0.0001),
type of surgical procedure (OR=2.63; 95%Cl 1.85-3.74; p<0.0001),
APACHE Il score (OR=1.20; 95%Cl 1.17-1.23; p<0.0001), CCI

(@
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28%
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(OR=1.24; 95%Cl 1.17-1.32; p<0.0001), and hospital stay
and ICU LOS (OR=1.015; 95%CI 1.007-1.023; p<0.0001 and
OR=1.063; 95%CI 1.05-1.08; p<0.0001, respectively). Only
the type of surgery (OR=2.48; 95%Cl 1.66-3.71; p<0.0001),
APACHE Il score (OR=1.18; 95%Cl 1.15-1.22; p=0.0001), CCI
(OR=1.16; 95%Cl 1.07-1.26; p=0.004), and ICU LOS (OR=1.08;
95%Cl 1.05-1.11; p=0.001) remained statistically significant on
multivariate analysis. Surgical teams and procedures as well
as year at admission were not associated with mortality on
multivariate analysis (Table 3).

DISCUSSION

The present study showed that 9.2% of the patients
admitted to the ICU after abdominal surgery died and the
mortality was independently associated with emergent or
urgent surgery, disease severity, and comorbidity assessed,
respectively, by APACHE Il score and CCl. Our data are in
accordance with previous reports showing mortality rates for
high-risk surgical patients admitted to the ICU ranging from
9.6%to 19%""7, particularly after either emergent or urgent'*92
orabdominal surgery™. One of those studies was performed in
Brazil'®involving 904 high-risk patients, admitted to 55 different

145 147 147 148 131

250

[VALOR]

5.0%
13.00
11.5%
102% I
82%

Figure 1 - (a) Number of surgical procedures leading to ICU admission, (b) postoperative mortality according to surgical

procedures (n=1,717).

Figure 2 - (a) Number and volume of surgical teams, (b) postoperative mortality according to surgical teams (n=1,717).
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ICUs after non-cardiac surgery. The 28-day morbidity and
mortality rates were, respectively, 29.9 and 9.6%. In contrast
to our study, most of those procedures were elective and
only one-third of them were abdominal surgeries™. In this
study, disease severity and organ dysfunction at admission,
assessed by SAPS Il (Simplified Acute Physiology Score Il1)
and SOFA (Sequential Organ Failure Assessment) scores,
and older age were also associated with worse outcomes
after surgery. In our larger cohort, older age, gender, and
duration of surgery were also associated with mortality in
univariate but not in multivariate analysis. In addition, as
previously highlighted in several reports®'>, comorbidity was
independently associated with mortality. Since that not all
elective patients go to the ICU after surgery, just the ones
with severe comorbidities or those who underwent more
complex surgeries, we can infer that the difference between
urgent and elective surgical patients could be even higher
than the one observed in the present study?.

Pearse et al.” reported a 7-day cohort study across
Europe that evaluated non-cardiac surgical outcomes in
more than 45,000 patients. Only 8% were critically ill patients
requiring postoperative ICU admission. Mortality before
hospital discharge was 4%, but even in these less severe
subjects, emergent or urgent procedures, gastrointestinal

Table 2 - Demographicsand clinical and postoperative features
of surgical patients according to mortality.

Patients

. D
d|sch.a rged pat?ea:ts p-value
alive (n=158)
(n=1,559)

Age (years) 60.6+17.1 70.4+14.3 0.002

Gender 0.045
Male 552 (88.9%) 69 (11.1%)

Female 1007(91.9%) 89 (8.1%)

Comorbidity
CCl (mean) 43128 6.1+2.5 0.005
Cancer 963 (90.1) 106 (9.9) 0.109

Type of surgery <0.0001
Elective 857 (94.5%) 50 (5.5%)

Urgent 683 (86.7%) 105 (13.3%)
Emergency 19 (86.4%) 3 (13.6%)

Wound classification 0.001
Clean 258 (94.2%) 16 (5.8%)
Clean-contaminated 1069 (91.3%) 102 (8.7%)
Contaminated 142 (87.1%) 21 (12.9%)
Dirty/infected 90 (82.6%) 19 (17.4%)

Surgery duration (hours) 3.912.0 42425 <0.0001

Outcomes

Postoperative APACHE I 9.4+4.7 16.71+8.4 <0.0001

ICU LOS (days) 5.2+6.4 10.7£12.5 <0.0001

Hospital LOS (days) 11.4+14.3 16.9+22.8 <0.0001

APACHE II: Acute Physiology and Chronic Health Evaluation II; ICU: intensive care
unit; LOS: length of stay; CCl: Charlson Comorbidity Index.

or hepatobiliary surgeries, and several comorbidities were
associated with an increased risk for mortality™. It is interesting
to point out that mortality was shown to vary according to
surgical teams and surgical procedures, but these variables
were not independently associated with mortality after
surgery. The surgical teams were dedicated to different
surgical procedures that may have different outcomes and
complication rates as seen in our results. This fact justified
the difference in their results and mortality. Patients who died
had longer ICU stays, indicating a higher use of healthcare
resources and a higher cost in an attempt to overcome
surgical complications’.

The knowledge of the type of procedures that have more
complications and mortality is very important in ICU care and
management. Having that in mind, we can search, anticipate,
and treat patients with higher chances of a worse outcome.

CONCLUSIONS

Mortality after abdominal surgery in patients admitted to
the ICU, inthe largest single-center Brazilian cohort investigated
this far, was below 10%. Only emergent or urgent surgery, disease
severity, and comorbidity were independently associated with
an increased risk of death.
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