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Abstract. Gastrointestinal (GI) perforation is common in the
emergency department and has a high mortality rate. The present
study aimed to identify risk factors for mortality in patients with
GI perforation. The objective was to assess and prognosticate the
surgical outcomes of patients, aiming to ascertain the efficacy
of the procedure for individual patients. A retrospective cohort
study of patients with GI perforation who underwent surgery in
a public tertiary hospital in China from January 2012 to June
2022 was performed. Demographics, clinical characteristics,
laboratory and imaging results, and outcomes were collected
from electronic medical records. The primary outcome measure
was in-hospital mortality, and patients were divided into survivor
and non-survivor groups based on this measure. Univariate and
multivariable logistic regression analyses were performed to
obtain independent factors associated with mortality. A total of
529 patients with GI perforation were eligible for inclusion. The
in-hospital mortality rate after emergency surgery was 10.59%.
The median age of the patients was 60 years (interquartile range,
44-72 years). Multivariable logistic regression analysis indicated
that age, shock on admission, elevated serum creatinine (sCr)
and white blood cell (WBC) count <3.5x10° or >20x10° cells/1
were predictors of in-hospital mortality. In conclusion, advanced
age, shock on admission, elevated sCr levels and significantly
abnormal WBC count are associated with higher in-hospital
mortality following emergency laparotomy.

Introduction

Gastrointestinal (GI) perforation is one of the most common
acute abdominal diseases encountered in emergency
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departments. Although progress has been made in the treat-
ment of this condition, the associated mortality has not
markedly decreased (1,2). The clinical manifestations of GI
perforation include sudden abdominal pain accompanied by
nausea and vomiting, with a rapid onset and aggressive nature.
If GI perforation is not diagnosed and treated promptly and
effectively, the leakage of GI contents into the peritoneal cavity
can occur, causing peritonitis and septic shock, and in severe
cases, endangering the life of the patient (3). The most frequent
causes of GI perforation comprise peptic ulcers, GI tumors,
inflammatory bowel disease, trauma and iatrogenic injury (4).
The prevalence of GI perforation associated with GI ulcers
has appreciably diminished owing to extensive advancements
in Helicobacter pylori therapy (5). Currently, conservative
medical treatment, endoscopic repair and surgical treatment
are viable options for the management of GI perforation. The
selection of which treatment modality to use greatly influences
the survival and prognosis of patients.

As present, there is no consensus on whether patients with
GI perforation benefit from emergency laparotomy (4,6,7). To
improve patient outcomes following emergency laparotomy,
the establishment of dependable selection criteria for surgical
candidates in developing nations is particularly crucial due to
the substantial costs associated with perioperative care and
management in an intensive care unit. Therefore, the present
study retrospectively examined 529 cases of GI perforation to
assess the influence of preoperative clinical characteristics,
laboratory test results and other pertinent indicators on patient
survival and prognosis.

Materials and methods

Study design. Demographic and clinical variables were
retrospectively collected from patients who had surgically
confirmed GI perforation and were admitted to the First
Affiliated Hospital of Fujian Medical University (Fuzhou,
China) between January 2012 and June 2022.

Exclusion and inclusion criteria. Only patients who had under-
gone surgery were included in the present study. Patients were
first screened for eligibility based on the following criteria:
i) Age =18 years and ii) underwent emergency abdominal
exploratory surgery. Exclusion criteria were: i) Patients with
insufficient information (n=179) or duplicate records (n=49)
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and ii) patients with other systemic surgical indications,
including thoracic-abdominal joint injury and abdominal large
blood vessel injury (n=27) (Fig. 1).

Data collection. Baseline clinical data and biological
characteristics were retrospectively collected, including:
Demographic information such as age and sex; admission vital
signs, including heart rate, body temperature and blood pres-
sure; pre-hospital symptom duration; laboratory test results on
admission; computed tomography; and etiology, categorized
as iatrogenic, ulceration, tumor, inflammatory or foreign
body. Notably, the duration between hospitalization and treat-
ment/diagnosis was <30 min for each patient. The in-hospital
mortality after surgery was also recorded for all patients.

Regarding the treatment of the patients, those with
neoplasms or inflammatory bowel disease frequently under-
went enterostomy, with radical excision for individuals with
early-stage neoplasms. Patients presenting with ulcerative,
foreign body-induced or iatrogenic perforation typically
underwent perforation repair (8,9).

Hypertension was defined in accordance with the guidelines
provided by the American Heart Association, wherein high
blood pressure stage 1 is characterized by a systolic reading
of =140 mmHg or a diastolic reading of =90 mmHg (10).
The diagnostic criteria for septic shock were consistent with
the Sepsis-3 definitions (11). The upper and lower alimentary
tracts were defined based on their location relative to the Treitz
ligament. Severe heart disease was defined as cardiomyopathy
and heart failure, rheumatic heart disease, bacterial endocar-
ditis, coronary heart disease and acute coronary syndrome.
Plasma potassium was detected by the ion-selective electrode
method (12), and hyperkalemia was defined as a plasma potas-
sium level >5.5 mmol/l. C-reactive protein was detected by
immunoturbidimetry, and serum creatinine (sCr) was assayed
by an enzymatic method using a cobas® 8000 Modular
Analyzer (Roche Diagnostics).

Statistical analysis. Data were analyzed using SPSS 23.0
statistical software (IBM Corp.). Unpaired Student's t-test was
used to compare normally distributed variables. Categorical
variables were compared using Chi-square or Fisher's exact
tests. Receiver operating characteristic (ROC) curves were
used to analyze continuous indicators to determine the cutoff
value. The independent variables were screened by forward
stepwise regression, and the independent risk factors of
mortality in the patients were determined by multivariable
logistic regression analysis. Relative risk was expressed as the
odds ratio (OR) and 95% confidence interval (95% CI). The
diagnostic efficiency of the predictive model was evaluated by
determining the area under the ROC curve (AUC). The AUC
ranged from 0.5 to 1.0, with <0.7 indicating low diagnostic
value, 0.7-0.9 indicating moderate diagnostic value and >0.9
indicating high diagnostic value. Two-tailed P<0.05 was
considered to indicate a statistically significant result.

Results
Characteristics of patients. A total of 784 patients with GI

perforation were initially retrieved by screening. Following
the exclusion of 179 patients due to incomplete information,

49 duplicate records and 27 patients who had undergone
concurrent surgery involving other systems. 529 patients were
eventually included in the study (Fig. 1). There were 394 male
patients and 135 female patients. The median age of the patients
was 60 years (interquartile range, 44-72 years). The in-hospital
mortality rate after surgery was 10.59% (56 patients). Table I
presents the clinical characteristics of the 529 patients. The
patients were divided into survivor and non-survivor groups
based on in-hospital mortality.

Patients in the non-survivor group were significantly
older than those in the survivor group (median age, 73.5 vs.
58 years; P<0.001), and had a significantly higher HR (100.64
vs. 87.34 beats/min; P<0.001). In addition, in the non-survivor
group, the proportion of patients with shock on admission, a
HR >90 beats/min, hypertension and severe heart disease was
significantly higher compared with that in the survivor group
(P<0.05).

The laboratory findings of the patients are displayed in
Table II. The proportion of patients with a white blood cell
(WBC) count <3.5x10° or >20x10° cells/l, the proportion of
patients with hyperkalemia, and the sCr and CRP values were
significantly higher in the non-survivor group compared with
the survivor group (P<0.05).

Univariate logistic regression analysis. Univariate regres-
sion analysis indicated that age, HR, HR >90 beats/min,
shock on admission, hypertension, severe heart disease, CRP,
hyperkalemia, elevated sCr and a WBC count <3.5x10° or
>20x10° cells/l were associated with mortality (Table IIT).

Multivariate logistic regression analysis. To eliminate the
influence of confounding factors, variables with statistically
significant differences in the univariate analysis were included
in the multivariable logistic regression analysis. The results
showed that age (OR=1.052; 95%CI=1.027-1.078; P<0.001),
shock (OR=2.623, 95%CI=1.149-5.990; P=0.022), elevated sCr
(OR=1.004, 95%CI=1.001-1.006; P=0.012) and WBC count
<3.5x10° or >20x10° cells/l (OR=2.634, 95%CI=1.300-5.337;
P=0.007) were independent risk factors for in-hospital
mortality (Table IIT). The logistic model was found to fit the
observations well (P=0.674). Fig. 2 showed a forest plot of the
risk factors for mortality.

In the ROC analysis, the AUC of the logistic predictive
model was 0.854, the Youden index was 0.585, the sensitivity
was 0.804, the specificity was 0.781 and the standard error
was 0.026 (P<0.001; 95%CI=0.802-0.905). Regarding the sCr
value, the AUC was 0.712, the Youden index was 0.430, the
sensitivity was 0.569, the specificity was 0.861 and the standard
error was 0.047 (P<0.001; 95%CI1=0.620-0.804), with a cut-off
value of 99.85 umol/l. The AUC for age was 0.737, with a
Youden index of 0.396, sensitivity of 0.824, specificity of 0.573
and standard error of 0.035 (P<0.001; 95%CI=0.669-0.805).
The cut-off value for age was 62 years (Fig. 3, Table IV).

Subanalysis of upper GI perforation. A subanalysis of all
patients with GI perforation was performed to distinguish
between those with upper and lower GI perforations. In the
subanalysis of upper GI perforation (Table V), several signifi-
cant differences between the survivor and non-survivor groups
were identified, including age, smoking history, HR, presence
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Figure 1. Study flow diagram.

Table I. Demography and clinical presentation of the patients.

Variables Total (n=529) Non-survivors (n=56) Survivors (n=473) P-value
Male sex, n (%) 394 (74.5) 39 (69.6) 355 (75.1) 0.380
Age, years, median IQR (1/4) 60 (44-72) 73.5 (63-79) 58 (40-70) <0.001
Smoking history, n (%) 122 (23.1) 10 (17.9) 112 (23.7) 0.328
Drinking history, n (%) 67 (12.7) 7(12.5) 60 (12.7) 0.964
HR, beats/min, mean + SD 88.75+18.92 100.64+22 .98 87.34+17.90 <0.001
HR >90 beats/min, n (%) 200 (37.8) 37 (66.1) 163 (34.5) <0.001
Fever®, n (%) 92 (17.4) 7(12.5) 85 (18.0) 0.307
Body temperature®, °C, mean + SD 36.826+0.566 36.696+0.564 36.837+0.563 0.078
Pre-hospitalization
symptom duration, h, mean + SD 40.38+38.68 48.86+38.62 39.37+38.60 0.083
Shock, n (%) 79 (14.9) 20 (35.7) 59 (12.5) <0.001
Etiology, n (%) 0.192

Tumor 107 (20.2) 17 (30.4) 90 (17.0)

Ulceration 200 (35.9) 15 (21.4) 185 (37.6)

Inflammatory 174 (32.9) 20 (35.7) 154 (32.6)

Foreign body 27 (5.1) 3(54) 24 (5.1)

Iatrogenic 21 (4.0) 1(1.8) 20 (4.2)
Site, n (%) 0.553

Upper 256 (48.4) 25 @4.7) 231 (43.7)

Lower 273 (51.6) 31(5.9) 242 (45.7)
Hypertension, n (%) 103 (19.5) 18 (32.1) 85 (18.0) 0.011
Diabetes, n (%) 40 (7.6) 7 (12.5) 33(7.0) 0.226
Severe heart disease, n (%) 62 (11.7) 15 (26.8) 47 (9.9) <0.001

*Temperature >=37.3°C from onset of symptoms to admission; "temperature at admission. IQR, interquartile range; HR, heart rate; SD, standard

deviation.
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Table II. Laboratory findings of the patients.

Variables Total (n=529) Non-survivors (n=56) Survivors (n=473) P-value
WBC, x10° cells/l, mean + SD 10.54+5.37 11.07+7.23 10.48+5.11 0.555

WBC count <3.5x10° or >20x10° 129 (24 .4) 23 (41.1) 106 (22.4) 0.002

cells/, n (%)

CRP, mg/l, mean + SD 75.72+63.57 92.99+73.18 73.67+62.11 0.031

sCr, pmol/l, mean + SD 87.34+76.33 147.60+126.55 80.47+65.07 <0.001

Hyperkalemia®, n (%) 23 (4.3) 8 (14.3) 15(3.2) <0.001

*Hyperkalemia is defined as plasma potassium >5.5 mmol/l. WBC, white blood cell; CRP, C-reactive protein; sCr, serum creatinine.

Table III. Results of multivariate and univariate logistic analysis of risk factors for mortality.

95% CI

Variables Univariate P-value Multivariate P-value Adjusted OR Low High
Age <0.001 <0.001 1.052 1.027 1.078
HR <0.001 0.740 1.004 0.980 1.028
HR >90 beats/min <0.001 0.149 2071 0.771 5.562
Shock <0.001 0.022 2.623 1.149 5.990
Hypertension 0.013 0.896 0.949 0431 2.087
Severe heart disease <0.001 0.078 2.105 0919 4.823
Hyperkalemia® <0.001 0.365 1.655 0.556 4.927
sCr <0.001 0.012 1.004 1.001 1.006
WBC count <3.5x10° 0.003 0.007 2.634 1.300 5.337
or >20x10%cells/I

CRP 0.035 0.876 1.000 0.995 1.004

*Hyperkalemia is defined as plasma potassium >5.5 mmol/l. OR, odds ratio; 95%CI, 95% confidence interval; HR, heart rate; WBC, white
blood cell; sCr, serum creatinine; CRP, C-reactive protein.

Variables OR (95% CI) P-value
Age . ) 1.052 (1.027-1.078) <0.001
Shock | 2.623 (1.149-5.990) 0.022
WBC ; ¥ 2.634 (1.300-5.337) 0.007
sCr 1 1 1.004 (1.001-1.006) 0.012
OR T T 1 T T T T T T T T T T T 1
-2 0 1 4 6 8 10 12

Figure 2. Forest plot of the risk factors for mortality. WBC, white blood cell; sCr, serum creatinine; OR, odds ratio; 95%CI, 95% confidence interval.

of shock upon admission, hyperkalemia, severe heart disease,  Subanalysis of lower GI perforation. In the subanalysis of
hypertension and sCr levels (P<0.05). patients with lower GI perforation, significant differences
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Table IV. Comparison of mortality risk indicators.

Indicator AUC SE P-value 95% CI Youden index Sensitivity Specificity
sCr 0.712 0.047 <0.001 0.620-0.804 0.430 0.569 0.861
Age 0.737 0.035 <0.001 0.669-0.805 0.396 0.824 0.573
Predictive model 0.854 0.026 <0.001 0.802-0.905 0.585 0.804 0.781

AUC, area under the receiver operating characteristic curve; SE, standard error; 95%CI, 95% confidence interval; sCr, serum creatinine.

Table V. Demography and clinical presentation of patients with upper gastrointestinal perforation.

Non-survivors Survivors

Variables Total (n=256) (n=25) (n=231) P-value
Male sex, n (%) 204 (79.7) 17 (68.0) 187 (73.0) 0.126
Age, years, median IQR (1/4) 56.5 (37-70) 75 (63-84) 57 (37-72) <0.001
Smoking history, n (%) 63 (24.6) 1(4.0) 62 (26.8) 0.012
Drinking history, n (%) 35 (13.7) 1(4.0) 34 (13.3) 0.240
HR, beats/min, mean + SD 88.75+19.17 105.40+20.69 86.95+18.45 <0.001
HR >90 beats/min, n (%) 97 (37.9) 20 (80.0) 77 (33.3) <0.001
Fever®, n (%) 47 (18.4) 4(16.0) 43 (18.6) 0.961
Body temperature®, °C, mean + SD 36.84+0.56 36.76+0.63 36.84+0.55 0.479
Pre-hospitalization symptom 40.09+40.86 61.20+£61.50 37.81+37.45 0.074
duration, h, mean + SD
Shock, n (%) 37 (14.5) 9(36.0) 28 (12.1) 0.003
Etiology, n (%) 0.059

Tumor 20 (7.8) 5(20.0) 15 (6.5)

Ulceration 190 (74.2) 13 (52.0) 177 (37.6)

Inflammatory 36 (14.1) 5(20.0) 31(13.4)

Foreign body 10 (3.9) 2 (8.0) 8(3.5)

Iatrogenic 0(0.0) 0(0.0) 0(0.0)
Hyperkalemia®, n (%) 13(5.1) 4 (16.0) 9(3.9) 0.032
Diabetes, n (%) 20 (7.8) 4(16.0) 16 (6.9) 0.225
Severe heart disease, n (%) 33 (12.9) 11 (44.0) 22 (9.5) <0.001
Hypertension, n (%) 40 (15.6) 9(36.0) 31(13.4) 0.008
WBC count <3.5x10° or >20x10° 62 (24.2) 8(32.0) 54 (23.4) 0.339
cells/, n (%)
CRP, mg/l, mean + SD 73.27+66.34 92.94+69.37 71.09+65.80 0.118
sCr, pmol/l, mean + SD 93.96+88.31 173.06+117.52 80.47+65.07 0.002

“Temperature >37.3°C from onset of symptoms to admission; “temperature at admission; ‘hyperkalemia is defined as plasma potassium
>5.5 mmol/l. IQR, interquartile range; HR, heart rate; SD, standard deviation; WBC, white blood cell; CRP, C-reactive protein; sCr, serum

creatinine.

between the two groups were observed in terms of age, pres-
ence of shock upon admission, hyperkalemia and WBC count
(P<0.05). In addition, the differences in HR and sCr levels
(both P=0.052) approached statistical significance (Table VI).

Discussion
GI perforation often causes serious abdominal infection, which

frequently leads to sepsis with shock. Ultimately, it causes
multiple organ dysfunction with a poor prognosis (13). It has

been reported that the annual incidence of GI ulcer perfora-
tion in the general population ranges from 0.004 to 0.014%,
with a 30-day mortality rate of 20-50% (14,15). In the present
study, the overall mortality rate of patients with GI perfora-
tion who underwent surgery was 10.59%, which may be due
to the study not including cases that died following ineffective
conservative treatment.

Surgical control of infection is key to the treatment GI
perforation, as it is the most fundamental means of preventing
the further dissemination of pathogenic microorganisms in
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Table VI. Demography and clinical presentation of patients with lower gastrointestinal perforation.

Variables Total (n=273) Non-survivors (n=31) Survivors (n=242) P-value
Male sex, n (%) 190 (69.6) 22 (71.0) 168 (69.4) 0.860
Age, years, median IQR (1/4) 63 (49-73) 70 (63-78) 60.5 (47-72) <0.001
Smoking history, n (%) 58 (21.2) 9 (29.0) 49 (20.2) 0.260
Drinking history, n (%) 31(11.4) 6(194) 25(104) 0.238
HR, beats/min, mean + SD 88.51+18.39 96.81+24.33 87.72+17.68 0.052
HR >90 beats/min, n (%) 106 (38.8) 17 (54.8) 89 (36.8) 0.052
Fever®, n (%) 45 (16.5) 30.7) 42 (174) 0.278
Body temperature®, °C, mean + SD 36.81+0.56 36.64+0.51 36.84+0.58 0.077
Pre-hospitalization symptom duration, 68.27+64.95 61.20+61.50 37.81+37.45 0.074
h, mean + SD
Shock, n (%) 42 (154) 11 (35.5) 31(12.8) 0.002
Etiology, n (%) 0.579

Tumor 87 (31.9) 12 (38.7) 75 (31.0)

Ulceration 10 (3.7) 2(6.5) 8 (3.3)

Inflammatory 138 (50.5) 15 (48.4) 123 (50.8)

Foreign body 17 (6.2) 1(3.2) 16 (6.6)

Iatrogenic 21 (7.7) 1(3.2) 20 (8.3)
Hyperkalemia®, n (%) 10 (3.7) 4(12.9) 6(2.5) 0.016
Diabetes, n (%) 20 (7.3) 3.7 17 (7.0) 0.594
Severe heart disease, n (%) 29 (10.6) 4 (12.90) 25 (10.3) 0.662
Hypertension, n (%) 63 (23.1) 9(29.0) 54 (22.3) 0.403
WBC count <3.5x10° or >20x10° 67 (24.5) 15 (48.4) 52 (21.5) 0.001
cells/1, n (%)
CRP, mg/l, mean + SD 78.59+62.26 92.94+69.37 71.09+65.80 0.118
sCr, pmol/l, mean + SD 81.19+62.74 126.68+131.91 75.65+45.62 0.052

"Temperature >37.3°C from onset of symptoms to admission; *temperature at admission; ‘hyperkalemia is defined as plasma potassium
>5.5 mmol/l. IQR, interquartile range; HR, heart rate; SD, standard deviation; WBC, white blood cell; CRP, C-reactive protein; sCr, serum

creatinine.

Source of curve
-sCr
0.8 Age
Predicted probability
—Reference line
2 0.6
=
,‘5
5
0 0.4
0.2
0.0+ T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity
Diagonal segments are produced by ties.

Figure 3. Comparison of ROC curves for age, sCr and predictive model. The
area under the ROC curve for the logistic predictive model was 0.854, for
age was 0.737 and for sCr was 0.712. ROC, receiver operating characteristic
curve; sCr, serum creatinine.

the abdominal cavity (16). Previous studies have revealed that
the type and extent of peritoneal contamination depend on the
location, size and duration of the perforation and the physiology

of the patient, including time from the last meal and coexisting
diseases (17,18). Consistent with this, the present study found
that patients who were elderly, in shock on admission, had
elevated sCr levels or a WBC count <3.5x10° or >20x10° cells/1
tended to have a poor prognosis. Therefore, it is recommended
that clinicians should pay more attention to such patients and
fully communicate the risks and benefits of surgery to them.
In the present study, older patients had a higher mortality
rate than younger patients. Various factors may explain the
higher postoperative mortality in elderly patients undergoing
emergency laparotomy. First, older patients are likely to have
more comorbidities than younger patients, as demonstrated
in the present and other studies; in particular, cardiac and
renal insufficiency are associated with increased postop-
erative mortality (19,20). Furthermore, older patients are more
likely to have skeletal sarcopenia, and the age-related loss
of skeletal muscle mass is a strong predictor of mortality in
patients undergoing emergency abdominal procedures (21).
Hajibandeh et al (22) noted that patients >80 years old with
an American Society of Anesthesiologists score of >3 had
an elevated risk of postoperative death following emergency
laparotomy. In addition, Mgller et al (7) revealed that age
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>65 years, shock upon admission, preoperative metabolic
acidosis and an elevated concentration of creatinine upon
admission were significantly associated with death <30 days
after surgery.

Shock is an important variable that was found to be signifi-
cantly associated with poor prognosis in the present study. In
patients with shock, the blood flow to the brain and heart is
maintained due to the redistribution of blood away from the
peripheral organs. This disrupts the integrity barrier of the
gut and enhances bacterial translocation, leading to sepsis
and multi-organ dysfunction (11). Therefore, when patients
with acute abdominal pain present with signs of shock, it is
essential to treat them promptly because the timely treatment
of this complication is essential for prognosis.

The present study showed that elevated sCr was an inde-
pendent risk factor for postoperative mortality, which is similar
to previous findings (6,23-26). Elevated sCr may occur due to
a combination of factors, including chronic renal insufficiency
often combined with advanced age, inadequate renal perfu-
sion in patients in shock, or acute renal failure brought on by
sepsis. sCr values are similar to disease mortality, in that both
are directly or indirectly influenced by multiple pathological
factors.

Renal impairment or hepatorenal syndrome has been
shown to be an independent predictor of in-hospital mortality
in patients with spontaneous bacterial peritonitis (27). A
study of mortality after major surgery found that in patients
with acute kidney injury (28), even in cases where complete
renal recovery occurred after surgery, the odds of dying were
increased compared with those of patients without AKI,
regardless of the severity of the AKI (29). It is important to
note that these risk factors, including septic shock, AKI and
advanced age, may interact with each other, and directly or
indirectly cause death. However, the complex mechanisms
underlying these interactions were not explored in the present
study and remain to be elucidated.

The present study also found that patients had a higher
mortality rate when their leukocyte count at admission was
<3.5x10° or >20x10? cells/l. Leukocytes are among the most
important immune cells involved in sepsis (30). Neutrophils
are crucial in fighting pathogens during sepsis. It has previously
been reported that patients with a WBC count of >15x10° cells/1
have increased mortality when undergoing surgery to treat
hepatic abscess (31). In addition, in patients with septic shock,
a rising WBC count has been shown to be associated with
higher mortality (32). Leukocytosis often predicts severe
infection or a poor prognosis, which is consistent with the
results of the present study. However, the relationship between
significantly lower white blood cell counts and mortality in
patients undergoing surgery requires investigation in further
prospective studies.

A previous study found that in patients with GI perforation
combined with septic shock, minimal delay from admission
to the start of surgical intervention is key to the maintenance
of hemodynamic stability. The target time to achieve a good
outcome was suggested to be within 6 h of admission (33).
The present study found that patients who did not survive their
stay in hospital had a longer duration of pre-hospitalization
symptoms than those who did survive; the difference was
close to reaching statistical significance (P=0.083). This may
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be because the First Affiliated Hospital of Fujian Medical
University admits numerous patients from remote areas, who
are often initially seen at local hospitals before being referred
to the institution. This may have led to confounding bias.

It is worthy of note that in the subgroup analysis of upper
GI perforation, smoking history was indicated to be associated
with prognosis. Smoking is a known risk factor for GI ulcers;
previous studies have established a link between smoking
and peptic ulcers (34,35). A study performed by Jha ef al (36)
suggested that smoking accounts for almost half of all male
mortality in the lowest social strata of various countries.
The poor prognosis in patients with smoking and GI perfo-
ration has been suggested be due to smoking impeding the
therapeutic efficacy of histamine-2 antagonists, inducing the
reflux of duodenal contents into the stomach, and increasing
Helicobacter pylori infection risk and associated adverse
effects, pepsin secretion, free radical production, vasopressin
levels, pituitary secretion, endothelin secretion by the gastric
mucosa, and platelet-activating factor production. In addition,
smoking adversely affects the protective mechanisms of the
mucous membranes; it decreases blood flow to the gastric
mucosa and inhibits gastric motility (37).

The gut microbiome (GM) has been shown to play a crucial
role in the development of postoperative complications (38).
Daniel et al (39) demonstrated that the recent use of antibiotics
by outpatients, particularly in the preceding 30 days, is associ-
ated with upper GI perforation. Study of the microbiome has
expanded in the past few decades, and it is known that the
gut microbiota gradually changes as individuals age and is
influenced by various factors. Critical illness induces notable
alterations in the human GM, resulting in a disruption of gut
barrier function, which is implicated in the development of
multiple organ dysfunction. Bacterial translocation, in which
bacteria and their byproducts cross the intestinal barrier, has
been identified as the underlying mechanism of sepsis (40).

Matsuda er al (28) evaluated the role of the endotoxin
activity assay (EAA) in the assessment of severity in patients
who underwent emergency surgery for colorectal perforation
and were subsequently admitted to the intensive care unit. The
study indicated that the EAA may be used as a predictor of
outcomes in such patients. The relationship of the GM compo-
sition or endotoxin levels with the poor prognosis of patients
with GI perforation has not yet been studied. However, probi-
otics administration and fecal microbiota transplantation may
have potential application value in patients with GI perforation
or abdominal infection.

Aging is associated with low-level chronic inflamma-
tion involving elevated levels of circulating inflammatory
mediators, and inflammation is a risk factor for morbidity
and mortality in older adults. Furthermore, the GM is mark-
edly disrupted with age, and there is evidence to suggest
that age-associated dysbiosis of the GM is responsible for
systemic inflammation in the elderly (41,42). While inflam-
mation is crucial in protecting against harmful bacteria, viral
infections and environmental factors during healing, it must
be noted that some forms of inflammation are not beneficial.
Prolonged and persistent inflammation can be detrimental
and destructive (43). Although the present study did not
establish a direct association between inflammatory markers
and a poor prognosis, this may be attributed to the lack of
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specificity exhibited by the markers that were collected.
Further investigation into the management of inflammation
during the acute phase of GI perforation and the control of
chronic inflammation in inflammatory bowel disease may
provide valuable insights.

There are certain limitations to the present study. First,
this is a study of patients who underwent surgery. The data
may underestimate the overall incidence of poor prognosis in
patients with GI perforation, considering that patients who did
not undergo surgery may have not received surgical treatment
due to their extremely critical condition. Secondly, since there
is no standardized definition of a significantly abnormal WBC
count, this may lead to classification errors. Finally, the study
is retrospective, and the effect of unmeasured confounding
factors cannot be excluded, which may lead to a misinterpreta-
tion of its potential predictive value.

In conclusion, the present study indicated that advanced
age, shock on admission, elevated sCr and significantly
abnormal WBC count are important mortality predictors for
patients undergoing emergency laparotomy for GI perforation.
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