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Background: Despite medical progress, mortality from gastrointestinal perforation was relatively high. Our study’s objective was to
identify risk factors associated with a poor prognosis for gastrointestinal perforation.

Methods: Patients diagnosed with gastrointestinal perforation at the Longchuan County People’s Hospital between January 2019 and
February 2022 were the subject of a retrospective analysis of their laboratory data. Patients were grouped based on length of hospital
stay, septic shock, and mortality.

Results: A total of 240 patients participated in our study. Using univariate and multivariate analysis, we identified several risk factors
for gastrointestinal perforation associated with a dismal prognosis. Lower digestive tract perforation (OR=2.418, 95% CI 1.119-5.227,
P=0.025), low total protein (OR=0.934, 95% CI 0.879-0.992, P=0.026) and low hemoglobin (OR=0.985, 95% CI 0.971-0.999,
P=0.039) were linked to a longer length of stay, especially hemoglobin (OR=0.978, 95% CI 0.966-0.991, P=0.001) in upper digestive
tract. High ratio of neutrophils to lymphocytes (NLR) (OR=1.043, 95% CI 1.012-1.076, P=0.007), high lymphocyte-to-monocyte ratio
(LMR) (OR=2.158, 95% CI 1.495-3.115, P<0.001) and low prognostic nutrition index (PNI) (OR=0.814, 95% CI 0.751-0.833,
P<0.001) predicted septic shock. In upper digestive tract, PLR (OR=1.001, 95% CI 1.000-1.002, P=0.067), LMR (OR=2.160, 95% CI
1.440-3.240, P<0.001) and PNI (OR=0.843, 95% CI 0.767-0.926, P<0.001) were risk factors for septic shock, and total protein
(OR=0.796, 95% CI 0.686-0.923, P=0.003) was a risk factor for septic shock in lower digestive tract. High NLR (OR=1.056, 95% CI
1.019-1.093, P=0.003), high LMR (OR=1.760, 95% CI 1.177-2.632, P=0.006) and low PNI (OR=0.832, 95% CI 0.754-0.918,
P<0.001) were the risk factors of mortality. In subgroup analysis of perforation site, albumin (OR=0.820, 95% CI 0.719-0.934,
P=0.003) and LMR (OR=1.506, 95% CI 1.069-2.123, P=0.019) were risk factors for mortality in upper digestive tract and PNI
(OR=0.636, 95% CI 0.445-0.908, P=0.013) was a risk factor for mortality in lower digestive tract.

Conclusion: Our research found that the perforation site, total protein, albumin, hemoglobin, NLR, LMR, PLR and PNI were risk
factors for gastrointestinal perforation with a poor prognosis.
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Introduction

Gastrointestinal perforation is the complete penetration of the digestive tract, which may be caused by inflammation,’
ulcer,” medication,® diverticulum,* connective tissue disorders, neoplasm,’ iatrogenic procedure® and so on. Leakage of
alimentary contents into the peritoneal cavity may result in peritoneal infection, sepsis, septic shock, and even life-
threatening complications following gastrointestinal perforation. Despite advances in surgery and emergency medicine,
gastrointestinal perforation has a 10% to 50% mortality rate.” ' Acute abdominal pain may be the most frequent clinical
manifestation of gastrointestinal perforation. However, some perforations, particularly colonic perforations, may progress
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slowly, delaying the initiation of appropriate treatment. Timely recognition of gastrointestinal perforation, particularly in
cases with a poor prognosis, is crucial for reducing complications and mortality.

Some studies have identified risk factors for severe gastrointestinal perforation, such as aging, diabetes, and the use of
nonsteroidal anti-inflammatory drugs or glucocorticoids.'' ™' Numerous studies have linked inflammatory response and
nutritional status to the prognosis of gastrointestinal perforation. Aydin O demonstrated that platelet-to-lymphocyte ratio
(PLR) and neutrophil-to-lymphocyte ratio (NLR) were positively associated with peptic ulcer perforation mortality,
whereas lymphocyte count values were negatively associated with peptic ulcer perforation mortality.'* In Mller MH’s
meta-analysis, a low albumin level was positively associated with peptic ulcer perforation mortality.'> Recent research
has focused on the relationships between systemic inflammation and nutrition parameters, such as the systemic immune-
inflammation index (SII), prognostic nutritional index (PNI), and hemoglobin, albumin, lymphocyte, and platelet (HALP)
scores. They were calculated with the formula as follow.

neutrophil count x platelet count

SIl =
lymphocyte count

PNI = albumin level + 5 x lymphocyte count

hemoglobin level x albumin level x lymphocyte count
platelet count

HALP =

Liu found SII outperformed NLR and PLR in predicting severe acute pancreatitis.'® In Jiang’s systematic review,
decreased PNI was associated with poor oesophageal cancer overall survival.'” In acute pancreatitis with a high PNI,
Akkuzu’s study found no local complications or fatalities.'® High HALP score was associated with improved survival in

O renal cell calrcinoma,21 and so on. However,

several carcinomas, including colorectal cancer,lg small cell lung cancer,2
SII, PNI, and HALP scores were not utilized in studies of gastrointestinal perforation. We reviewed patients with
gastrointestinal perforation to identify risk factors of poor prognosis with common laboratory data and combined
parameters related to inflammatory and nutritional status, which may be useful to primary hospital practitioners. Ours
was the first study to investigate the relationship between SII, PNI, and HALP score and poor prognosis in gastro-

intestinal perforation.

Materials and Methods

Patients with gastrointestinal perforation admitted to Longchuan County People’s Hospital between January 2019
and February 2022 were identified. Such demographic data as age and gender were recorded. Laboratory data,
including total protein, albumin, and routine blood test were reviewed. In addition, the location of the perforation,
length of stay, septic shock, and prognosis for survival were recorded. Patients were divided into two groups based
on length of hospital stay, incidence of septic shock, and mortality. Written informed consent was obtained from
all the participants prior to the enrollment of this study. Our study was also approved by our institutional review
board (Longchuan County People’s Hospital) and conducted in accordance with the Declaration of Helsinki’s
principles.

Using SPSS 25.0 and Stata/SE 12.0, statistical analysis was conducted. Frequency (n/N) and percent (%) were used to
express discrete variables. Continuous variables were expressed as median and quartile for nonparametric data or as mean
+ standard deviation for data with a normal distribution. We analyzed univariate relationships with the Fisher’s exact test for
categorical data, the Mann—Whitney U-test for nonparametric data, and the Student’s t-test for data with a normal
distribution, selecting those parameters P < 0.1 for multivariate analysis. In the multivariate analysis, logistic regression
analysis was used to identify independent risk factors for gastrointestinal perforation in terms of length of hospital stay,
septic shock, and survival prognosis, and then a nomogram was generated. Using the receiver operator characteristic (ROC)

curve, the C-index of the nomogram was calculated. The significance level was defined as a P value of <0.05.
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Results

Patients

The study included 240 patients with gastrointestinal perforation. Among them, 180 patients were male. There were 185
patients diagnosed with upper gastrointestinal perforation, 51 with lower gastrointestinal perforation, and 4 with
unknown perforation site. The average age of patients involved was 63.5 years old. The range of length of stay was
from 0 to 59 days, with a mean of 9 days. Twenty-six patients experienced septic shock, and 21 patients’ dead eventually.

Risk Factors for Prolonged Length of Stay
A hospitalization was deemed to be prolonged if it was longer than or equal to the median length of stay. Table 1 displays
patients’ information associated with length of stay.

Univariate analyses identified variables with a potential independent correlation with prolonged length of stay and
revealed that sex (P=0.043), the site of perforation (P=0.026), total protein (P=0.001), albumin (P=0.004), and hemo-
globin (P=0.001) were associated with prolonged length of stay. Multivariate regression analyses including factors P<0.1
at univariate analyses and the significant clinical factor PLR disregarding P>0.1 at univariate analyses revealed that lower
digestive tract, low total protein, and low hemoglobin were risk factors for prolonged length of stay, with OR values of
2418 (95% CI 1.119-5.227, P=0.025), 0.934 (95% CI 0.879-0.992, P=0.026) and 0.985 (95% CI 0.971-0.999,
P=0.039). Figure 1 depicts the risk factor nomogram of length of stay for patients with gastrointestinal perforation.
Figure 2 depicts the ROC curve for discriminating length of stay, with a C-index of 0.693.

In subgroup analysis of perforation site, hemoglobin was a risk factor for prolonged length of stay in upper digestive
tract, with OR values of 0.978 (95% CI 0.966-0.991, P=0.001). There was not risk factor for prolonged length of stay in
lower digestive tract.

Risk Factors for Septic Shock
Table 2 depicts patients’ information associated with septic shock.

Univariate analyses identified variables with a potential independent correlation with septic shock and identified sex
(P<0.001), age (P<0.001), total protein (P<0.001), albumin (P<0.001), neutrophils (P=0.025), lymphocyte (P=0.003),
basophils (P=0.004), monocyte (P=0.001), hemoglobin (P<0.001), PLR (P=0.039), PNI (P=0.001) and HALP score

Table | Included Patients’ Information Divided According to Length of Stay

Total <9d >9d P value
Male gender 180/240(75.00%) 71/86(82.60%) 109/154(70.80%) 0.043
Perforation site (upper digestive tract) 185/236(78.39%) 71/82(86.60%) 114/154(74.00%) 0.026
Age (years) 63.50(52.00,76.75) 62.00(50.00,76.00) 67.00(54.00,77.00) 0.148
Total protein (g/L) 63.41(58.76,67.74) 65.71(61.41,70.53) 62.42(58.37,65.99) 0.001
Albumin (g/L) 39.15(35.68,42.11) 40.17(37.02,43.23) 38.14(35.33,41.50) 0.004
Neutrophils (10°/L) 10.23(6.08,13.42) 10.90(7.26,13.13) 9.89(5.10,13.54) 0.280
Lymphocyte (10°/L) 0.66(0.45,1.13) 0.65(0.43,1.14) 0.66(0.45,1.13) 0.738
Eosinophils (10°/L) 0.01(0.00,0.04) 0.01(0.00,0.03) 0.01(0.00,0.04) 0.468
Basophils (10°/L) 0.01(0.00,0.02) 0.01(0.00,0.02) 0.01(0.005,0.02) 0.198
Monocyte (107/L) 0.48(0.24,0.70) 0.48(0.29,0.68) 0.46(0.22,0.71) 0.234
Platelet (10°/L) 247.00(201.00,308.00) 240.00(186.00,288.00) 253.00(206.50,316.50) 0.197
Hemoglobin (10'?/L) 130.00(107.50,145.00) 139.00(118.00,150.00) 125.00(104.50,139.50) 0.001
NLR 12.12(7.33,20.33) 13.55(8.12,25.29) 11.1(7.06,19.91) 0.070
PLR 304.82(172.56,408.00) 298.95(168.97,412.31) 306.30(177.44,407.69) 0.593
LMR 2.08(1.16,3.20) 2.00(1.00,3.09) 2.15(1.19,3.27) 0.078
N 3084.91(1566.22,5363.09) 3064.68(1854.55,5491.15) 3105.14(1420.09,5165.10) 0.436
PNI 43.30(38.86,46.53) 44.25(40.86,48.24) 42.70(38.65,46.05) 0.065
HALP 14.15(8.58,24.52) 15.17(9.38,29.61) 13.89(7.23,24.16) 0.163
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Figure | Nomogram of prolonged length of stay.
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Figure 2 The ROC curve of length of stay.
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Table 2 Included Patients’ Information Classified by Septic Shock
Total No Septic Shock Septic Shock P value
Male gender 180/240(75.00%) 168/214(78.50%) 12/26(46.20%) <0.001
Location of the perforation (upper digestive tract) 185/236(78.39%) 170/214(79.40%) 15/22(68.20%) 0.222
Age (years) 63.50(52.00,76.75) 62.50(51.00,76.00) 77.00(65.50,83.25) <0.001
Total protein (g/L) 63.41(58.76,67.74) 64.07(59.90,68.25) 55.50(51.83,61.07) <0.001
Albumin (g/L) 39.15(35.68,42.11) 39.56(36.53,42.30) 32.94(29.60,37.15) <0.001
Neutrophils (10°/L) 10.23(6.08,13.42) 10.51(7.15,13.41) 6.14(3.04,14.91) 0.025
Lymphocyte (10°/L) 0.66(0.45,1.13) 0.71(0.45,1.14) 0.51(0.35,0.68) 0.003
Eosinophils (10°/L) 0.01(0.00,0.04) 0.01(0.00,0.04) 0.01(0.00,0.03) 0.129
Basophils (10°/L) 0.01(0.00,0.02) 0.01(0.01,0.02) 0.01(0.00,0.01) 0.004
Monocyte (107/L) 0.48(0.24,0.70) 0.48(0.27,0.71) 0.24(0.11,0.54) 0.001
Platelet (10°/L) 247.00(201.00,308.00) 247.00(205.75,303.00) 227.00(151.75,356.50) 0.618
Hemoglobin (10'%/L) 130.00(107.50,145.00) 133.00( 1 13.75,146.25) 97.00(77.50,131.25) <0.001
NLR 12.12(7.33,20.33) 12.30(7.56,20.03) 9.89(4.94,24.55) 0.755
PLR 347.37(222.91,526.84) 339.19(220.32,510.48) 423.00(273.52,781.27) 0.039
LMR 1.69(1.02,2.99) 1.71(1.04,2.91) 1.49(0.75,5.63) 0.594
NIl 3084.91(1566.22,5363.09) 3115.99(1689.08,5306.76) 2147.91(1037.45,6092.50) 0.277
PNI 43.30(38.86,46.53) 44.00(40.07,47.11) 36.07(31.94,41.01) 0.001
HALP 14.15(8.58,24.52) 14.94(9.17,25.11) 9.51(3.22,15.77) 0.004

(P=0.004) as these variables. Multivariate regression analyses including factors P<0.1 at univariate analyses and the
significant clinical factor NLR and LMR disregarding P>0.1 at univariate analyses revealed that high NLR, high LMR,
and low PNI were risk factors for septic shock, with OR values of 1.043 (95% CI 1.012-1.076, P=0.007), 2.158 (95% CI
1.495-3.115, P<0.001) and 0.814 (95% CI 0.751-0.833, P<0.001). Figure 3 depicts the risk factors nomogram of septic
shock for patients with gastrointestinal perforation. Figure 4 depicts the ROC curve for discriminating septic shock, with
a C-index of 0.845.

In subgroup analysis of perforation site, PLR, LMR and PNI were risk factors for septic shock in upper digestive
tract, with OR values of 1.001 (95% CI 1.000-1.002, P=0.067), 2.160 (95% CI 1.440-3.240, P<0.001) and 0.843 (95%
CI 0.767-0.926, P<0.001). In lower digestive tract, total protein was a risk factor for septic shock, with OR values of
0.796 (95% CI 0.686-0.923, P=0.003).

Risk Factors for Mortality
Patients information associated with mortality is depicted in Table 3.

Variables with a potential independent correlation with mortality were identified by univariate analyses, indicating
total protein (P=0.001), albumin (P<0.001), lymphocyte (P=0.008), monocyte (P=0.019), hemoglobin (P=0.033) and PNI
(P=0.001). Multivariate regression analyses including factors P<0.1 at univariate analyses and the significant clinical
factor NLR, PLR, and LMR disregarding P>0.1 at univariate analyses revealed that NLR, LMR, and PNI were the risk
factors of mortality, with OR values of 1.056 (95% CI 1.019-1.093, P=0.003), 1.760 (95% CI 1.177-2.632, P=0.006) and
0.832 (95% CI 0.754-0.918, P<0.001), respectively. The mortality nomogram for patients with gastrointestinal perfora-
tion is shown in Figure 5. The ROC curve for distinguishing mortality is plotted in Figure 6, and the C-index was 0.858.

In subgroup analysis of perforation site, albumin and LMR were risk factors for mortality in upper digestive tract,
with OR values of 0.820 (95% CI 0.719-0.934, P=0.003) and 1.506 (95% CI 1.069-2.123, P=0.019). In lower digestive
tract, PNI was a risk factor for mortality, with OR values of 0.636 (95% CI 0.445-0.908, P=0.013).

Discussion

Acute gastrointestinal perforation is associated with a high mortality rate. It is crucial to identify severe gastrointestinal
perforations with a poor prognosis. To evaluate the mortality of critically ill patients, scoring systems such as Acute
Physiology And Chronic Health Evaluation II (APACHE II) and Simplified Acute Physiology Score (SAPS II) exist.
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Table 3 Included Patients’ Information Divided According to Mortality
Total Mortality Survival P value
Male gender 180/240(75.00%) 6/12(50.00%) 174/228(76.30%) 0.079
Location of the perforation (upper digestive tract) 185/236(78.39%) 6/10(60.00%) 179/226(79.20%) 0.229
Age (years) 63.50(52.00,76.75) 78.50(65.50,83.50) 63.00(51.75,74.50) 0.052
Total protein (g/L) 63.41(58.76,67.74) 53.11(46.29,58.79) 63.82(59.69,67.98) 0.001
Albumin (g/L) 39.15(35.68,42.11) 30.62(26.26,34.08) 39.47(36.34,42.22) <0.001
Neutrophils (10°/L) 10.23(6.08,13.42) 10.25(2.89,16.34) 10.25(6.27,13.41) 0.556
Lymphocyte (10°/L) 0.66(0.45,1.13) 0.39(0.30,0.89) 0.69(0.45,1.14) 0.008
Eosinophils (10°/L) 0.01(0.00,0.04) 0.01(0.00,0.03) 0.01(0.00,0.04) 0.817
Basophils (10°/L) 0.01(0.00,0.02) 0.01(0.00,0.02) 0.01(0.00,0.02) 0.632
Monocyte (107/L) 0.48(0.24,0.70) 0.28(0.13,0.57) 0.48(0.27,0.71) 0.019
Platelet (10°/L) 247.00(201.00,308.00) 258.00(148.25,375.00) 247.00(204.75,305.25) 0.241
Hemoglobin (10'%/L) 130.00(107.50, 145.00) 104.50(78.75,127.25) 131.50(109.75,145.00) 0.033
NLR 12.12(7.33,20.33) 12.79(5.57,47.85) 12.03(7.38,20.03) 0.561
PLR 347.37(222.91,526.84) 593.64(356.44,913.30) 341.75(220.50,518.34) 0.242
LMR 1.69(1.02,2.99) 1.48(0.69,5.43) 1.74(1.02,2.96) 0919
NIl 3084.91(1566.22,5363.09) 2799.34(563.69,11,581.52) 3084.91(1618.67,5363.09) 0.422
PNI 43.30(38.86,46.53) 33.85(29.52,39.71) 43.65(39.56,46.81) 0.001
HALP 14.15(8.58,24.52) 7.99(3.09,29.77) 14.47(8.78,24.52) 0.077

However, it is disease-independent. The Mannheim peritonitis index (MPI) is comprised of clinical information to
evaluate outcome of peritonitis.** In our study, we identified several common blood indices that aid in the diagnosis of
severe gastrointestinal perforation.

There were few studies that examined the length of hospital stay for patients with gastrointestinal perforation. In Kayano’s
study, hospitalization duration was shorter in the high psoas muscle index (PMI) group than in the low PMI group.”® As
a nutrient storage system, muscles utilized amino acids to combat inflammation during a bacterial invasion. Similar to
Kayano’s study, but with different nutrient indices for total protein and hemoglobin, our outcome was comparable. Low levels
of total protein and hemoglobin were associated with an extended length of stay, especially low hemoglobin in upper digestive
tract perforation. It was widely acknowledged that malnutrition suppressed immune function, which may result in severe
infection and protracted hospitalization.”**> Anemic patients frequently coexisted with malnutrition, cancer, and other chronic
conditions, and had longer hospital stays.”® Wang discovered that the group with an upper gastrointestinal tract had a longer
length of stay than the group with a lower gastrointestinal tract,”” while our outcome was contrary. In Wang’s study, it may
have been caused by more severe conditions in the intensive care unit, whereas the majority of our patients were treated in the
general ward. And only 33 patients participated in Wang’s study. In addition, there was no significant difference in septic shock
between upper and lower gastrointestinal perforation in our study. In Wang’s study, however, the use of norepinephrine was
more in upper gastrointestinal perforation than in lower gastrointestinal perforation, which may have contributed to longer
hospitalization duration. The OR value of NLR was 0.970 (95% CI 0.939-1.002, P=0.065) in our study, which implied NLR
maybe another risk factor of prolonged length of stay. Increased inflammation was associated with severe infection, extending
the length of treatment. In COVID-19, a low PNI was associated with hospitalization lengthening.*® SII played a significant
role in predicting the length of stay in spinal deformity in adults.”” There was no research examining the correlation between
HALP score and length of hospital stay. In our univariate analyses, a P<0.1 correlation between low PNI and length of stay was
observed. However, the OR values were 1.043 (95% CI 0.921-1.182, P=0.506) in multivariate regression analyses. In
univariate analyses, the SII and HALP score P values were 0.436 and 0.163, respectively. In our study, PNI, SII, and HALP
scores were not risk factors for length of stay in patients with gastrointestinal perforation.

Perforation of the gastrointestinal tract may cause septic shock. In patients with gastrointestinal perforation, CRP and PCT
were independent risk factors for septic shock according to Chen’s warning scoring system.*® Zhou discovered an association
between increased SOFA score and sepsis of gastrointestinal perforation.’' High NLR, high LMR, and low PNI were
identified as risk factors for septic shock in our study. CRP, PCT, NLR, and LMR were common inflammatory response
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indices. Increased inflammation was closely associated with an immune response that was out of control, which may result in
septic shock. Based on the physiological relationship between neutrophilia, lymphopenia, and mononucleosis in systemic
inflammation, NLR and LMR were more sensitive than single white blood cell count.*” In subgroup analysis, there were
inflammatory response indices PLR and LMR detected significantly in upper digestive tract but not lower digestive tract. It
might be due to lower digestive tract perforation tended to be inflammatory and upper digestive tract varied in inflammation.
Severe inflammation was related to septic shock in upper digestive tract perforation. Nutritional reserve was essential for
defending against bacterial invasion, and patients with low PNI and total protein were susceptible to septic shock. Li also
demonstrated that neonatal PNI decreased with increasing severity of sepsis.*> P<0.05 indicated a correlation between HALP
score and septic shock in our univariate analyses, but the OR values were 1.013 (95% CI 0.933-1.099, P=0.764) in
multivariate regression analyses. Other HALP score studies focused on carcinoma and did not include sepsis. Pricop suggested
SII for sepsis prediction in odontogenic infection.>* In Ma’s study, high-level SII sepsis patients tended to develop septic
shock.?® In our study, the P value of SII in univariate analyses was 0.277. In our study, neither SII nor HALP score was
associated with septic shock in patients with gastrointestinal perforation.

The mortality rate associated with gastrointestinal perforation was relatively high. In Shimoyama’s study, NLR and
PLR were independently linked to gastrointestinal perforation mortality.”*> We also discovered that high levels of the
inflammatory factors NLR and LMR increased the mortality associated with gastrointestinal perforation, especially in
upper digestive tract. As stated previously, uncontrolled inflammatory response led to the destruction of tissue and even
death. In a study involving 146 patients with colorectal perforation, Matsuoka T. found a correlation between decreased
albumin level and mortality.>® Typically, serum albumin was used to assess nutritional status. In inflammatory responses,
hypoalbuminosis frequently foretold a dismal prognosis. The PNI, a combination of albumin and lymphocytes, was
associated with mortality from gastrointestinal perforation, according to our findings. In Wang’s study, hepatocellular
carcinoma patients with high PNI and low SII had longer recurrence-free survival and overall survival.>’ In univariate
analyses, however, SII was not a significant predictor of survival in our patients with gastrointestinal perforation with
P value >0.1. Low HALP score was associated with decreased survival in patients with solid tumors, according to
a meta-analysis by Xu.*® In our study, a P<0.1 correlation between HALP score and mortality was observed in univariate
analyses, but the OR values were 1.050 (95% CI 0.945-1.166, P=0.364) in multivariate regression analyses. In our study,
SIT and HALP scores were weak predictors of poor gastrointestinal perforation.

There were a few limitations to our research. Firstly, the study was conducted at a single location. Secondly, because
our study was retrospective, it was challenging to obtain missing information such as other inflammatory markers,
method of perforation and co-morbidities. Then, because the mean age of the included patients was over 60 years, our
study was not representative. Lastly, there were insufficient patients for subgroup analysis of perforation site, which
leaded to different results especially in lower digestive tract. In the future, we will conduct a large-scale, multi-center
study to confirm our findings.

In conclusion, the perforation site, total protein, albumin, hemoglobin, NLR, LMR, PLR and PNI were poor
prognostic factors for gastrointestinal perforation. In practice, we could assign significance to these parameters in
order to distinguish perforations of the gastrointestinal tract with a poor prognosis.
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