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Abstract

Background Although small-bowel perforation is a life-threatening emergency even after immediate surgical intervention,
studies have rarely investigated surgical outcomes due to its relatively low incidence. This study aimed to investigate the
outcomes of emergency surgery for patients with small-bowel perforation transferred to the intensive care unit (ICU) and
the risk factors for mortality.
Methods Consecutive patients with small-bowel perforation who were confirmed via emergency surgery and transferred to
the ICU in Zhongshan Hospital, Fudan University (Shanghai, China) between February 2011 and May 2020 were retrospec-
tively analysed. Medical records were reviewed to determine clinical features, laboratory indicators, surgical findings, and
pathology.
Results A total of 104 patients were included in this study, among whom 18 (17.3%), 59 (56.7%), and 27 (26.0%) underwent
perforation repair, segmental resection with primary anastomosis, and small-bowel ostomy, respectively. Malignant
tumours were the leading cause of perforation in these patients (40.4%, 42/104). The overall post-operative complication
rate and mortality rates were 74.0% (77/104) and 19.2% (20/104), respectively. Malignant tumour-related perforation (odds
ratio [OR], 4.659; 95% confidence interval [CI], 1.269–17.105; P¼0.020) and high post-operative arterial blood-lactate level (OR,
1.479; 95% CI, 1.027–2.131; P¼0.036) were identified as independent risk factors for post-operative mortality in patients with
small-bowel perforation transferred to the ICU.
Conclusions Patients with small-bowel perforation who are transferred to the ICU after emergency surgery face a high risk
of post-operative complications and mortality. Moreover, those patients with malignant tumour-related perforation and
higher post-operative blood-lactate levels have poor prognosis.
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Introduction

Gastrointestinal (GI) perforation is a common surgical emergency
that carries substantial morbidity and mortality [1–3]. Initially,
patients often experience a sudden onset of abdominal pain,
while severe patients may develop septic-shock symptoms sec-
ondary to peritonitis, such as consciousness disorder, abnormal
body temperature, hypotension, and tachycardia [4, 5]. Compared
with perforations at other sites throughout the GI tract, small-
bowel perforations are uncommon and often display atypical
clinical manifestations [6, 7]. However, severe or even life-
threatening infections are more likely to occur with small-bowel
perforation [8, 9].

Various factors can cause small-bowel perforation, with its
aetiology spectrum varying geographically and economically.
Reports have found mechanical obstruction and immune-
mediated disease (Crohn’s disease) to be the leading causes in
Western countries [2, 10, 11], whereas small-bowel perforations
secondary to typhoid and tuberculosis were more common in
developing countries [6, 8, 12]. Although several studies have in-
dicated that colorectal perforation secondary to cancer and in-
fection carry high mortality rates [13–15], few have explored the
association between the aetiology of small-bowel perforation
and its prognosis.

Many existing studies focus on the prognosis of colorectal or
intestinal perforation [14, 16]. Patients with small-bowel perfo-
ration are rarely studied as a single group due to its relatively
low incidence and insufficient sample size. One study had
reported that small-bowel perforation was associated with con-
siderable morbidity and mortality while also identifying prog-
nostic factors associated with the same [17]. However, these
prognosis-related clinical indicators and scoring systems have
only been validated in small study populations. Additionally,
clinical practice has focused on the subgroup of patients admit-
ted to the intensive care unit (ICU) who exhibit adverse clinical
outcomes due to their poor general condition and numerous po-
tential risk factors [18]. Hence, accurate evaluation of ICU
patients has been a hot issue for clinicians [19]. Nonetheless,
whether previously validated predictors are applicable for ICU
patients who had undergone emergency surgery remains to be
explored.

This study retrospectively analysed ICU patients who under-
went emergency surgery for small-bowel perforation at our cen-
tre to describe clinical characteristics and surgical outcomes, and
identify the prognostic factors associated with post-operative
mortality.

Patients and methods
Study design and patients

From 1 February 2011 to 30 May 2020, consecutive patients who
underwent emergency operations for GI perforation in
Zhongshan Hospital, Fudan University (Shanghai, China) were
retrospectively screened. The inclusion criteria were patients
who underwent urgent surgery for GI perforation precisely iden-
tified during the surgery. The exclusion criteria were as follows:
(i) upper GI or colorectal perforation; (ii) perforation of the ap-
pendix; (iii) simultaneous non-small-bowel perforation; (iv)
anastomotic leakage; (v) patients who were not transferred to
the ICU; (vi) lack of medical data.

The diagnosis was established based on abdominal physical
examination and clinical assessment with the aid of abdominal
and pelvic computed tomography scanning. Once the patient

presented signs of peritonitis and free air in the peritoneal cav-
ity, the surgeon considered exploratory laparotomy. Prior to the
surgery, all patients were required to undergo fasting, nasogas-
tric decompression, establishment of intravenous access,
broad-spectrum antibiotic administration, and fluid resuscita-
tion. Once the site of perforation was identified during explor-
atory laparotomy, the surgical procedure and necessity for
ostomy were dependent on the intraoperative evaluation of the
surgeon. Abdominal lavage with copious saline solution was
routinely performed regardless of the severity of the peritoneal
contamination. Patients with any one of the unstable condi-
tions below were transferred to the ICU for further vital-sign
monitoring and supportive treatment: (i) severe abdominal in-
fection with diffuse fecal ascites; (ii) vasopressor requirement to
maintain a mean arterial pressure of �65 mmHg during the pre-
operative and intraoperative periods; (iii) requiring prolonged
mechanical ventilation with oxygenation index <300; or (iv) the
occurrence of single or multiple organ(s) dysfunction.

Outcome and clinical details

Clinical features, laboratory indexes, surgical findings, and pa-
thology were reviewed based on the medical records. The data
collected included sex, age, American Society of
Anesthesiologists (ASA) score, Acute Physiology and Chronic
Health Evaluation II (APACHE-II) scores, white blood cell (WBC)
count, and procalcitonin (PCT) and lactate levels. To minimize
treatment interference, WBC counts and PCT levels were deter-
mined from the most recent blood tests before surgery, whereas
lactate levels were determined immediately after ICU admis-
sion following surgery. Surgical records and post-operative pa-
thology were used to identify the aetiology of the small-bowel
perforation and surgical procedure used for its management.

The primary outcome was death from any cause after sur-
gery, whereas the secondary outcome included post-operative
complications classified and graded according to the Clavien–
Dindo classification [20, 21]. For patients with multiple compli-
cations, the highest Clavien–Dindo grade was identified as the
final complication grade. Mortality was defined as death after a
single admission or within 30 days of surgery. The use of
patients’ clinical data was approved by the Clinical Research
Ethics Committee of Zhongshan Hospital, Fudan University
(B2020-350) and this study was performed in accordance with
the ethical standards presented in the 1964 Declaration of
Helsinki and its later amendments.

Statistical analysis

Statistical analysis was performed using SPSS 25.0. The t-test
and Mann–Whitney U test were used to analyses quantitative
data with normal and non-normal distribution, respectively,
whereas Pearson’s chi-squared test or Fisher’s exact test were
performed to analyses classified data. Multivariate analysis us-
ing the binary logistic-regression model was utilized to identify
risk factors for post-operative mortality. Statistical significance
was set at an a level of 0.05.

Results
Clinical and surgical characteristics

A total of 1,061 consecutive patients with GI perforation who
underwent emergency surgery in Zhongshan Hospital, Fudan
University (Shanghai, China) between 1 February 2011 and 30
May 2020 were identified and screened based on the eligible
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criteria (Figure 1). Finally, a total of 104 small-bowel-perforation
cases were enrolled and analysed.

Among the 104 patients included in this study, 68 were male
and 36 were female (1.89:1) with a mean age of 64.7 6 15.6 years
(Table 1). Moreover, 40.4% (42/104) of the patients were admitted
to the ICU for malignant tumour-related small-bowel perfora-
tion. Before surgery, 44 cases (42.3%) had an ASA grade of 1–2,
whereas the other 60 cases had an ASA grade of �3. According
to the diagnostic criteria for systemic inflammatory response
syndrome (SIRS), 59.6% (62/104) of the patients had abnormal
preoperative leucocyte levels. Perforation repair (including re-
pair of the bowel wall defect after wedge resection of the diver-
ticulum with perforation, without segmental resection) was
performed in 18 patients (17.3%), segmental resection with pri-
mary anastomosis was performed in 59 patients (56.7%), and
small-bowel ostomy was performed in the remaining 27
patients (26.0%). Based on ICU monitoring data, the study popu-
lation was determined to have a median APACHE-II score of
14.50, with a median post-operative lactate level of 1.92 mmol/L.
The median length of post-operative hospital stay was
12.3 days.

Aetiologies of perforation

The aetiologies of perforation were determined based on surgi-
cal findings and post-operative pathological results. In four
cases of idiopathic perforation, no aetiological factors were ap-
parent from the biopsy specimen of intestinal perforation. All
other cases had precise aetiological diagnoses, which were sub-
sequently ranked according to the number of cases in Figure 2.

Malignant tumour-related perforation was the most com-
mon cause in patients transferred to the ICU (42/104, 40.4%),
among whom 24 suffered from lymphoma, 17 suffered from
secondary cancer, and the remaining case suffered from stro-
mal tumour (Table 1). Lymphoma (24/42, 57.1%) was the most
common subtype of malignant tumour, most of which were the
aggressive histopathologic types with high Ki-67 expression.
Monomorphic epitheliotropic intestinal T-cell lymphoma and
diffuse large B-cell lymphoma were the two most common
pathologic types of lymphomas (Supplementary Table 1).
Among the 24 patients with small-bowel perforation secondary
to intestinal lymphoma, 9 were definitely diagnosed with lym-
phoma prior to the perforation, whereas the remaining 15 were
verified based on post-operative biopsy pathology. Secondary
cancer (17/42, 40.5%, 13 from other abdominal organs and 4
from the lungs) and stromal tumour (1/42, 2.4%) were the other
two subtypes of malignant tumours responsible for
perforations.

Complication rate and mortality

Among the 104 patients, 77 (74.0%) had at least one post-opera-
tive complication. Respiratory complications (38/104, 36.5%),
intra-abdominal infection (32/104, 30.8%), and surgical-site
complications (including fat necrosis, incision infection, inci-
sion split, and drain-site infection) (23/104, 22.1%) were the
three most common post-operative complications. Respiratory
complications such as pneumonia, pleural effusion, and pro-
longed respiratory failure requiring ventilator support were
noted in 7 (6.7%), 20 (19.2%), and 11 (10.6%) patients, respec-
tively. Post-operative complications were classified according to
the Clavien–Dindo classification. Accordingly, 9, 19, 19, 10, and
20 cases were classified as having grade I, II, III, IV, and V com-
plications, respectively (Figure 1).

The overall mortality rate was 19.2% (20/104). Deaths from
malignant tumour-related perforations accounted for 65.0% (13/
20) of the total deaths, followed by adhesive obstruction (2/20,
10.0%), strangulated hernia (2/20, 10.0%), intestinal ischaemia
(1/20, 5.0%), foreign-body ingestion (1/20, 5.0%), and iatrogenic
perforation secondary to radical resection of left renal carci-
noma (1/20, 5.0%) (Figure 3A). Septic shock secondary to intra-
abdominal infection, respiratory failure, and pulmonary embo-
lism were the direct causes of death (Figure 3B).

Risk factors for mortality in ICU patients

A total of 20 ICU patients (19.2%) died within 1 month after
emergency surgery. Table 2 summarizes the factors associated
with post-operative mortality. Our statistical analysis discov-
ered that the mortality risk for patients with malignant tumour-
associated perforations were significantly higher than those
without malignant tumour-associated perforations (P¼ 0.013).
Moreover, compared with the 84 surviving patients, the 20
patients who died had significantly higher post-operative arte-
rial blood-lactate levels (2.53 [IQR, 1.96–4.00] vs 1.70 [IQR, 1.22–
2.68], P¼ 0.005) and APACHE-II scores (18.00 [IQR, 13.97–23.75] vs
13.00 [IQR, 7.01–18.00], P¼ 0.012). Multivariate regression analy-
sis identified malignant tumour (OR, 4.659; 95% CI, 1.269–17.105;
P¼ 0.020) and a high blood-lactate level (OR, 1.479; 95% CI,
1.027–2.131; P¼ 0.036) as independent risk factors for post-oper-
ative death. Furthermore, receiver-operating characteristic
(ROC) curves were constructed for lactate levels as a predictor of
mortality (Figure 4), which subsequently showed 1.920 mmol/L
as the best cut-off value, with a sensitivity of 80.00% and a spe-
cificity of 57.14% for predicting death. The area under the ROC
curve was 0.6973.

Discussion

The current study found an overall complication rate and mor-
tality of 74.0% and 19.2% for patients with small-bowel perfora-
tion who were transferred to the ICU after surgery, respectively,
which were close to the research data reported by Tan et al.
(76.5% and 19.1%) [17]. The aforementioned results indicated
that small-bowel perforation was a critical surgical emergency
that carried a relatively high complication rate and mortality
rate despite advances in medical technology and rigorous medi-
cal care. Moreover, our findings showed that the APACHE-II
score, malignant tumour, and post-operative blood-lactate level
were associated with poorer clinical outcomes, with the pres-
ence of malignant tumour and a higher post-operative blood-
lactate level independent predictors of post-operative mortality
in ICU patients with small-bowel perforation.

Data from the present study suggest that a wide spectrum of
aetiologies is responsible for small-bowel perforation, malig-
nant tumours (40.4%) being the leading aetiologies. According to
previous domestic statistics in China, adenocarcinomas (52.9%)
and stromal tumours (33.6%) were the most common primary
tumours of the small bowel [22]. However, no case of
adenocarcinoma-related perforation had been found herein,
while only one case (1/42) had stromal tumour. Previous studies
have reported that perforation was the most common compli-
cation in lymphoma cases, accounting for >25% [23]. Therefore,
it can be reasonably assumed that patients with small-intesti-
nal lymphoma have a greater risk of perforation compared with
those with other primary tumours in the small bowel. Vaidya et
al.’s research suggested that most lymphomas originating from
the small bowel were B-cell type, whereas only 10%–25% were
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T-cell type carrying poorer prognosis [24]. On the contrary, the
current study showed that T-cell lymphoma (14/24, 58.3%) was
more common than B-cell lymphoma (10/24, 41.7%) in patients
with perforated small-intestinal lymphoma. Furthermore,
37.5% (9/24) of the patients with lymphoma died after surgery,
resulting in a mortality rate similar to that obtained in Vaidya’s
study (30.4%) [24]. The aforementioned results indicated that
patients with small-bowel perforation secondary to intestinal

lymphoma were more likely to experience a worse prognosis.
However, the prognostic differences of distinct clinicopatho-
logic types in small-bowel lymphoma need to be further ex-
plored in a larger-sample study. Among the patients with
perforation secondary to lymphoma, five received chemother-
apy for lymphoma within 3 months before surgery, while four
had a history of steroid hormone use. Although the poor prog-
nosis was associated with an immune disorder caused by the

Figure 1. The flow chart of the study. GI, gastrointestinal; ICU, intensive care unit. *The medical information was sealed up due to medical dispute.
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tumour itself, antitumour therapy can aggravate immunodefi-
ciency when confronted with perforation and subsequent infec-
tion [24, 25]. No perforation secondary to typhoid fever was
discovered and only two patients were diagnosed with tubercu-
losis infection, which are the most common aetiologies in de-
veloping countries, including China [26]. According to the
medical-information database, a reasonable explanation might
be that the vast majority of the study population was from eco-
nomically developed areas in eastern China.

Furthermore, our study demonstrated that the lung was the
most common primary site of metastatic tumours causing
small-bowel perforation. Some researchers suspected that the
perforations might be associated with targeted therapies for
lung cancer. In fact, among four of our cases with metastatic

tumour secondary to lung cancer, three developed perforation
immediately after targeted therapy, among whom two received
bevacizumab and one received afatinib. Coincidentally, among
the five patients with lymphoma who received chemotherapy
prior to perforation, three received rituximab and two received
gemcitabine and oxaliplatin. These targeted/chemotherapeutic
drugs could inhibit tumour angiogenesis, subsequently leading
to tumour necrosis [27]. They could also regulate the signalling
pathways of tumour cells, causing their apoptosis [28]. These
effects would make the lesions prone to perforation. Recently,
targeted therapy has also been reported to cause bowel perfora-
tion in metastatic lesions from different primary sites [29].

The current study showed that mortality was mainly due to
sepsis caused by severe intra-abdominal infections (Figure 3B)—
a finding that has been verified in other studies [16, 30]. Sepsis
was thought to be the SIRS of the body induced by infection and
the conception has been termed sepsis version 1.0 [31]. The cri-
teria for SIRS include four indicators: body temperature, heart
rate, respiratory status, and WBC count [4]. Given the lack of
clinical information, we only grouped our patients according to
their WBC count based on the SIRS criteria. However, our analy-
sis did not identify WBC count as a significant factor associated
with post-operative mortality in patients with small-bowel per-
foration (Table 2). Clinical practice has shown that the SIRS cri-
teria are too sensitive and the diagnosis of sepsis 1.0 is highly
heterogeneous [32]. The Sequential Organ Failure Assessment
(SOFA) scoring system has been adopted to define sepsis 3.0 by
placing emphasis on organ functions and host response to in-
fection [31]. The SOFA scores have been found to have higher
prognostic accuracy for patients, especially for those admitted
to the ICU, compared with the SIRS criteria [33]. However, SOFA
scoring has not been widely utilized in ICU patients at our hos-
pital and the validity of SOFA for evaluating the severity of these
patients needs further exploration. APACHE-II has been utilized
in clinical practice earlier than the SOFA scoring system and is
currently widely used for the classification and prognostic pre-
diction of critically ill patients. Horiuchi et al. found that
APACHE-II scores were closely associated with prognosis, with
patients having APACHE-II scores of �20 exhibiting significantly
increased mortality rates [34]. The current study found that,
among in the patients admitted to the ICU after surgery, those
non-survivors had significantly higher median APACHE-II
scores compared with survivors (18.00 [IQR, 13.97–23.75] vs 13.00
[IQR, 7.01–18.00], P¼ 0.012). Nevertheless, multivariate regres-
sion analysis did not identify the APACHE-II score as an inde-
pendent predictor of mortality.

Table 1. Clinical characteristics and outcomes of 104 patients in the
study

Characteristic Value

Age, year, mean 6 SD 64.7 6 15.6
Male, n (%) 68 (65.4%)
Aetiology, n (%)

Malignant tumour 42 (40.4%)
Lymphoma 24 (23.1%)
Metastatic tumour 17 (16.3%)
Stromal tumour 1 (1.0%)

Bowel obstruction 21 (20.2%)
Adhesions 13 (12.5%)
Strangulated hernia 6 (5.8%)
Phytobezoar 2 (1.9%)

Foreign-body ingestion 13 (12.5%)
Trauma 7 (6.7%)
Intestinal ischaemia 5 (4.8%)
Diverticulum 4 (3.8%)
Idiopathic 4 (3.8%)
Crohn’s disease 3 (2.9%)
Iatrogenic 3 (2.9%)
Intestinal tuberculosis 2 (1.9%)

ASA grade, n (%)
Low (1–2) 44 (42.3%)
High (�3) 60 (57.7%)

WBC count (�109/L), n (%)
>12 or <4.0 62 (59.6%)
�12 and �4.0 42 (40.4%)

Lactate, mmol/L, median (IQR) 1.92 (1.32–2.87)
PCTa, ng/mL, median (IQR) 2.92 (0.34–12.44)
APACHE-II score, median (IQR) 14.50 (8.00–18.27)
Procedure, n (%)

Perforation repair 18 (17.3%)
Segmental resection with primary anastomosis 59 (56.7%)
Small-bowel ostomy 27 (26.0%)

Hospital stayb, days, median (IQR) 12.3 (8.7–20.5)
Clavien–Dindo grade, n (%)

No complication 27 (26.0%)
I 9 (8.7%)
II 19 (18.3%)
III 19 (18.3%)
IV 10 (9.6%)
V (Death) 20 (19.2%)

APACHE-II, Acute Physiology and Chronic Health Evaluation II; ASA, American

Society of Anesthesiologists; IQR, interquartile range; PCT, procalcitonin; SD,

standard deviation; WBC, white blood cell.
aThe missing proportion of PCT was 27.9% (29/104).
bDuration of hospitalization after surgery.

Figure 2. The spectrum of aetiologies responsible for small-bowel perforation

ranking by the number of cases. *Two patients developed phytobezoar at the be-

ginning of the ascending colon, resulting in perforation secondary to small-

bowel obstruction.
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As an excellent indicator reflecting the state of tissue oxy-
genation and metabolism, blood-lactate levels have attracted
increasing attention. Sepsis 3.0 defines septic shock as a

condition requiring vasopressor therapy to maintain a mean ar-
terial pressure of �65 mmHg and blood-lactate level of
>2 mmol/L after appropriate fluid replacement [31]. Previous
studies have shown that post-operative arterial blood-lactate
levels were associated with mortality in patients with colorectal
perforation [35]. Indeed, our findings showed that survivors had
significantly lower arterial blood-lactate levels than non-
survivors (1.70 vs 2.53, P¼ 0.005). Furthermore, our analysis
identified lactic acid as an independent risk factor for mortality,
with a cut-off value of 1.920 mmol/L based on ROC curve analy-
sis (Figure 4).

Recent years have witnessed the extensive clinical applica-
tion of serum PCT. Indeed, serum PCT levels have been found to
increase with the severity of infection and organ dysfunction
[36, 37]. Multiple studies have shown that PCT is a prognostic in-
dicator [38] and that PCT-guided therapies may predict treat-
ment response and reduce the length of antibiotic treatments in
patients with severe intra-abdominal infection [39, 40]. PCT has
been suggested to be one of the central node molecules in sepsis
that plays an important role in the interaction between cytokine

Figure 3. Distribution of aetiology and direct causes of death in the death group. (A) Distribution of aetiology. (B) Distribution of direct causes of death. *The subgroup of malig-

nant tumour includes nine patients with lymphoma and four patients with secondary tumours. **Iatrogenic perforation secondary to radical resection of left renal carcinoma.

Table 2. Univariate and multivariate analysis of clinical and laboratory data between death and survivor groups

Factor Survival Death P-value Multivariate analysis

(n¼ 84) (n¼ 20) Odds ratio (95% CI) P-value

Gender 0.126 0.068
Male 52 16 Reference
Female 32 4 0.232 (0.048–1.115)

Age, year, mean 6 SD 64.2 6 16.2 66.6 6 12.7 0.541 1.022 (0.978–1.069) 0.330
ASA 0.081 0.198

Low (1–2) 39 5 Reference
High (�3) 45 15 2.365 (0.638–8.768)

WBC count (�109/L) 0.329 0.204
>12 or <4.0 52 10 0.472 (0.148–1.505)
�12 and �4.0 32 10 Reference

Malignant tumour (yes/no) 29/55 13/7 0.013 4.659 (1.269–17.105) 0.020
Blood lactate, mmol/L, median

(IQR)
1.70 (1.22–2.68) 2.53 (1.96–4.00) 0.005 1.479 (1.027–2.131) 0.036

APACHE-II score, median (IQR) 13.00 (7.01–18.00) 18.00 (13.97–23.75) 0.012 1.018 (0.937–1.106) 0.676
Procedure 0.131 0.883

Perforation repair 17 1 Reference
Segmental resection with
primary anastomosis

48 11 1.045 (0.097–11.231) 0.971

Small-bowel ostomy 19 8 1.431 (0.115–17.812) 0.780
PCT, ng/mL, median (IQR) 2.20 (0.28–7.89) 5.46 (0.98–39.83) 0.155a

APACHE-II, Acute Physiology and Chronic Health Evaluation II; ASA, American Society of Anesthesiologists; CI, confidence interval; IQR, interquartile range; PCT, pro-

calcitonin; SD, standard deviation; WBC, white blood cell.
aPCT was not included in the multivariate regression analysis due to the missing proportion of 27.9% (29/104).

Figure 4. The receiver-operating characteristic (ROC) curve of post-operative

blood lactate. Lactate was an independent risk factor for post-operative mortal-

ity, with a cut-off value of 1.920 mmol/L.
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networks and other molecular interactions [41]. However, uni-
variate analysis conducted herein did not find an association
between PCT levels and mortality. Considering the high propor-
tion of missing data (27.9%, 29/104) in the ICU group, the clinical
utility of serum PCT requires further study.

Given that the cases and data included in the current study
were obtained from a single centre with a limited sample size,
the included population may have different clinical characteris-
tics from the overall population. Given the nature of our single-

centre retrospective study, selection bias was unavoidable,
which may have affected the statistical results. Data for some
important clinical indicators such as PCT were incomplete or
missing. Additionally, since we focused on the prognosis analy-
sis of ICU patients, whether the consequence is applicable for
all small-bowel-perforation patients remains to be further ex-
plored. To provide more reliable and accurate evidence-based
medical evidence, prospective multicentre studies are required.

The present study demonstrated that ICU patients with
small-bowel perforation exhibited a high complication rate and
mortality rate after emergency surgery. The presence of malig-
nant tumours, which were the leading cause of perforation
among those admitted to the ICU, was identified as an indepen-
dent risk factor for post-operative mortality. Moreover, lactate
was identified as another independent prognostic indicator in
patients transferred to the ICU, with a post-operative lactic-acid
level of >1.920 mmol/L requiring special attention and medical
care.
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online.
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