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AIM: Identifying and intervening with high-risk postoperative pulmonary infections patients pose challenges in clinical practice. This
study aims to conduct a comprehensively analysis of the risk factors and predictive factors associated with post-gastrointestinal surgery
pulmonary infections and to develop a predictive model that can predict occurrence of pulmonary infection.
METHODS: A retrospective analysis was conducted on 96 patients who underwent gastrointestinal surgery at our hospital from May
2021 to October 2023. The occurrence rate of postoperative pulmonary infections was calculated, and patients were categorized into two
groups: those with pulmonary infections (the occurrence group) and those without pulmonary infections (the non-occurrence group).
Logistic regression analysis was utilized to identify the risk factors for post-gastrointestinal surgery pulmonary infections and to evaluate
the predictive value of soluble triggering receptor expressed on myeloid cells-1 (sTREM-1) and T cell immunoglobulin and mucin
domain-4 (TIM-4) using nomograms, calibration curves, and Receiver Operating Characteristic (ROC) curves.
RESULTS: Out of 96 patients, 20 (20.83%) developed postoperative pulmonary infections. Significant differences were noted between
occurrence and non-occurrence groups in terms of smoking (65.00% vs. 34.21%, p = 0.013), surgical duration (70.00% vs. 31.58%,
p = 0.002), Preoperative hemoglobin level (35.00% vs. 65.79%, p = 0.013), sTREM-1 levels (23.57 ± 3.16 pg/mL vs. 15.62 ± 2.48
pg/mL, p< 0.001), and TIM-4 levels (61.48± 6.35 pg/mL vs. 44.73± 5.22 pg/mL, p< 0.001). Logistic regression analysis leads to the
development of a risk prediction model for post-gastrointestinal surgery pulmonary infections. The high predictive values of sTREM-1
(Area Under Curve (AUC) = 0.962, 95% confidence interval (CI) 0.917~0.999) and TIM-4 (AUC = 0.970, 95% CI 0.925~1.000) were
highlighted by the AUC values, underscoring their clinical importance.
CONCLUSIONS: A predictive model utilizing sTREM-1 and TIM-4 for pulmonary infection following gastrointestinal surgery was
developed. Additionally, other risk factors such as smoking, surgical duration, and preoperative hemoglobin level were evaluated. This
finding can be applied in clinical practice to identify potentially susceptible patients and facilitate early intervention measures.
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Introduction

In recent years, with the increasing incidence of gastroin-
testinal diseases and rapid advancements in medical tech-
nology, surgical intervention has emerged as one of the
primary treatment modalities for gastrointestinal conditions
[1]. However, owing to the invasive nature of surgical pro-
cedures, postoperative infections have become a common
complication, with pulmonary infections being particularly
prevalent with an incidence rate of approximately 4.1%–
15.0% [2]. Furthermore, previous study indicated while
the occurrence of postoperative pulmonary complications
in general surgical patients is around 5%, the rate for ab-
dominal surgeries can be as high as 12%–58% [3]. Ding H
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et al.’s study [4] has revealed that gastrointestinal surgery
contributes to secondary bacteremia, thereby increasing the
risk of postoperative pulmonary infections and other com-
plications. Therefore, it is clear that pulmonary infections
have become a significant postoperative complication that
cannot be ignored, emphasizing the critical importance of
understanding and identifying the factors that contribute to
pulmonary infections following gastrointestinal surgery.

The onset of pulmonary infections following gastrointesti-
nal surgery can directly exacerbate the patient’s condi-
tion. Failure to promptly detect and intervene can lead
to disease progression, leading to multi-organ failure and
substantially impacting the patient’s physical and mental
well-being. Therefore, early diagnosis and timely inter-
vention for pulmonary infections following gastrointestinal
surgery hold significant importance. Currently, clinical as-
sessment of pulmonary infections relies on pathogenic cul-
ture as the gold standard [5], providing precise guidance
for anti-infective therapy. However, this method is time-
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consuming and patients may miss the optimal treatment
window while awaiting culture results. Thus, the adoption
of a precise and convenient diagnostic approach to predict
the risk of pulmonary infections is crucial for improving
patient prognosis. Research has demonstrated that soluble
triggering receptor expressed on myeloid cells-1 (sTREM-
1) is readily detectable and is significantly overexpressed
in the inflammatory response to Gram-positive bacteria
and fungi in skin, lymph nodes, lung tissues, and alveolar
macrophages [6]. Additionally, previous study have high-
lighted sTREM-1 as an important serum biomarker for bac-
terial lung infections [7]. T cell immunoglobulin and mucin
domain-4 (TIM-4) is a transmembrane protein that pro-
motes epithelial-mesenchymal transition, migration, and
invasion of non-small cell lung cancer cells [8]. Recently,
TIM-4 was provided related to lipopolysaccharide-induced
inflammation reaction, which is a key process in pulmonary
infection [9]. However, there is limited clinical literature
on the predictive value of these two biomarkers for the oc-
currence of pulmonary infections following gastrointestinal
surgery. Further exploration of these indicators could offer
insights into the early detection of pulmonary infections, of-
fering an optimal opportunity to develop subsequent treat-
ment strategies.
This study aims to investigate the risk factors and predic-
tive factors of pulmonary infections following gastrointesti-
nal surgery, therefore, develop predictive models. This in-
terdisciplinary research perspective is expected to predict
pulmonary infection risk for patients after gastrointestinal
surgery. It has the potential to facilitate earlier identifica-
tion of infection risk in clinical settings, enabling timely
intervention to reduce infection incidence, improve patient
survival rates and quality of life, and offer new insights and
strategies for clinical prevention and treatment. As such, it
holds significant theoretical and practical significance.

Materials and Methods
General Information
A retrospective study was conducted, and a total of 96 gas-
trointestinal surgical patients admitted to our hospital be-
tween May 2021 and October 2023 were selected to as-
sess the incidence of postoperative pulmonary infections.
This study obtained approval from theMedical Ethics Com-
mittee of The First People’s Hospital of Zunyi (Approval
No.:2024-1-39), and all procedures were conducted follow-
ing ethical standards based on the 1964 Helsinki Declara-
tion and its subsequent amendments. Informed consent was
waived by the Institutional Review Board and Ethics Com-
mittee of The First People’s Hospital of Zunyi for this ret-
rospective study due to the exclusive use of de-identified
patient data, which posed no potential harm or impact on
patient care.
Inclusion criteria: (1) all patients underwent gastrointesti-
nal surgery at our hospital; (2) complete clinical data with-
out missing items; (3) no preoperative distant lymph node

metastasis; (4) absence of cognitive or consciousness dis-
orders. Exclusion criteria: (1) patients with infection de-
tected by routine examination and infectious disease exam-
ination before surgery; (2) concurrent conditions such as
pulmonary embolism, lung cancer, or pulmonary tubercu-
losis; (3) concurrent immunological disorders or severe car-
diac, hepatic, or renal diseases.

Data Collection
General information and disease-related characteristics of
the patients were retrieved from the medical record system,
including patient age, sex, body weight, diabetes, hyperten-
sion, nature of the disease, smoking history, type of surgery,
American Society of Anesthesiologists (ASA) classifica-
tion, duration of surgery, preoperative hemoglobin, surgical
site, preoperative albumin, prophylactic antimicrobial use,
and blood loss.

Grouping
Patients were grouped based on the occurrence of post-
gastrointestinal surgical within 1-week pulmonary infec-
tions. The following criteria were used to diagnose pul-
monary infections post-gastrointestinal surgery [10]: (1) el-
evated body temperature (≥38 °C) with a subsequent or
sustained increase following initial postoperative temper-
ature decrease; (2) postoperative coughing, sputum pro-
duction, and dyspnea, with significant sputum production
and exclusion of cardiac-related interference; (3) persistent
elevation of white blood cells and continuous decrease in
blood oxygen saturation; (4) distinct auscultatory findings
of moist rales, tubular breath sounds, or diminished breath
sounds in the lungs; (5) radiographic evidence consistent
with signs of pulmonary infection; (6) pathogen growth in
bacterial cultures of patient sputum. Patients who devel-
oped pulmonary infections were included in the occurrence
group, while those who did not were included in the non-
occurrence group.

Laboratory Examinations
sTREM-1 and TIM-4 concentrations were measured 24
hours post-gastrointestinal surgery. A fasting venous blood
sample of 5 mL was collected from the patients in the early
morning, left at room temperature for 30 minutes, then cen-
trifuged at 8000 rpm for 15 minutes. The supernatant was
collected and stored at –80 °C. Enzyme-linked immunosor-
bent assay was utilized for testing sTREM-1 (ab270884,
Abcam, Boston, MA, USA) and TIM-4 (ab222093, Abcam,
Boston, MA, USA).

Statistical Analysis
SPSS 25.0 statistical software (SPSS Inc, Chicago, IL,
USA) was used for data analysis. Frequency data were pre-
sented as percentages and analyzed using the χ2 test. Nor-
mally distributed continuous data were expressed as mean
± standard deviation and analyzed using the t-test. Factors
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Table 1. Basic demographic and clinical characteristics of the two groups (n = 96).

Clinical data n
Occurrence

group (n = 20)
Non-occurrence
group (n = 76)

t/χ2 p

Age (years) 96 63.52 ± 1.48 62.54 ± 3.46 1.233 0.221

Gender
Male 55 13 (65.00%) 42 (55.26%)

0.613 0.433
Female 41 7 (35.00%) 34 (44.74%)

Weight (kg) 96 63.45 ± 2.74 64.54 ± 2.79 1.560 0.122

Diabetes
Yes 35 5 (25.00%) 30 (39.47%)

1.432 0.231
No 61 15 (75.00%) 46 (60.53%)

Hypertension
Yes 40 9 (45.00%) 31 (40.79%)

0.115 0.734
No 56 11 (55.00%) 45 (59.21%)

Disease nature
Benign 62 14 (70.00%) 48 (63.16%)

0.324 0.569
Malignant 34 6 (30.00%) 28 (36.84%)

Smoking
Yes 39 13 (65.00%) 26 (34.21%)

6.223 0.013
No 57 7 (35.00%) 50 (65.79%)

Surgery type
Laparotomy 30 7 (35.00%) 23 (30.26%)

0.165 0.684
Laparoscopy 66 13 (65.00%) 53 (69.74%)

ASA classification
0–2 81 16 (80.00%) 65 (85.53%)

0.367 0.545
3–4 15 4 (20.00%) 11 (14.47%)

Duration of surgery (h)
>2 38 14 (70.00%) 24 (31.58%)

9.773 0.002
≤2 58 6 (30.00%) 52 (68.42%)

Preoperative hemoglobin (g/L)
>90 57 7 (35.00%) 50 (65.79%)

6.223 0.013
≤90 39 13 (65.00%) 26 (34.21%)

Surgical site
Upper GI 52 8 (40.00%) 44 (57.89%)

2.042 0.153
Lower GI 44 12 (60.00%) 32 (42.11%)

Preoperative albumin (g/L)
>30 51 10 (50.00%) 41 (53.95%)

0.099 0.753
≤30 45 10 (50.00%) 35 (46.05%)

Prophylactic antibiotic use (h)
>48 27 5 (25.00%) 22 (28.95%)

0.122 0.727
≤48 69 15 (75.00%) 54 (71.05%)

Blood loss (mL)
>150 35 8 (40.00%) 27 (35.53%)

0.137 0.711
≤150 61 12 (60.00%) 49 (64.47%)

GI, Gastrointestinal; ASA, American Society of Anesthesiologists.

Table 2. Postoperative sTREM-1 and TIM-4 levels of two
groups (pg/mL).

Group sTREM-1 TIM-4

Occurrence group (n = 20) 23.57 ± 3.16 61.48 ± 6.35
Non-occurrence group (n = 76) 15.62 ± 2.48 44.73 ± 5.22
t 12.021 12.191
p <0.001 <0.001

sTREM-1, soluble triggering receptor expressed on myeloid cells-
1; TIM-4, T cell immunoglobulin and mucin domain-4.

demonstrating significant differences in univariate analysis
were included in logistic regression analysis, with a signif-
icance level set at α = 0.05. Nomogram plots, calibration
plots, and Receiver Operating Characteristic (ROC) curves
were generated to evaluate the predictive value of sTREM-
1 and TIM-4 for post-gastrointestinal surgical pulmonary
infections, with significance set at p < 0.05.

Results
Comparison of Clinical Data between the Two Groups

This study involved a total of 96 gastrointestinal surgical
patients, among them 20 (20.83%) developed postoperative
pulmonary infections, comprising 8 cases (8.33%) follow-
ing gastric surgery, 5 cases (5.21%) following colorectal
surgery, 4 cases (4.17%) following small intestine surgery,
and 3 cases (3.13%) following gastrostomy or jejunostomy,
andwas categorized into the occurrence group. The remain-
ing 76 cases (79.17%) without postoperative pulmonary in-
fections were included in the non-occurrence group. Sig-
nificant differences were observed between the occurrence
group and the non-occurrence group in terms of smoking
history, duration of surgery, and preoperative hemoglobin
(all p < 0.05). Details are presented in Table 1.

Postoperative Levels of sTREM-1 and TIM-4 of Two
Groups

As shown in Table 2, postoperatively, the levels of sTREM-
1 were higher (23.57 ± 3.16 pg/mL vs. 15.62 ± 2.48
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Table 3. Factors influencing the occurrence of pulmonary infection after gastrointestinal surgery.
Factor Assignment Regression coefficient Standard error z value Wald χ2 p value Odds ratio Odds ratio 95% CI

Smoking
0 = No

1.273 0.527 2.413 5.824 0.016 3.571 1.270∼10.042
1 = Yes

Surgery duration
0 = ≤2

1.620 0.547 2.964 8.783 0.003 5.056 1.731∼14.764
1 = >2

Preoperative hemoglobin
0 = >90

1.273 0.527 2.413 5.824 0.016 3.571 1.270∼10.042
1 = ≤90

sTREM-1 Actual value 0.952 0.237 4.019 16.154 <0.001 2.592 1.629∼4.124
TIM-4 Actual value 0.451 0.109 4.125 17.013 <0.001 1.570 1.267∼1.946

CI, confidence interval.

Table 4. Predictive value of various indicators for postoperative pulmonary infection after gastrointestinal surgery.
Indicator AUC Standard error Optimal cut-off value Sensitivity Specificity p value 95% CI

sTREM-1 0.962 0.022 0.837 0.850 0.987 <0.001 0.917∼0.999
TIM-4 0.970 0.019 0.837 0.850 0.987 <0.001 0.925∼1.000

AUC, Area Under Curve; CI, confidence interval.

pg/mL, p < 0.001) and the levels of TIM-4 were higher
(61.48 ± 6.35 pg/mL vs. 44.73 ± 5.22 pg/mL, p < 0.001)
in the occurrence group.

Factors Influencing the Occurrence of Postoperative
Pulmonary Infections following Gastrointestinal Surgery

From Tables 1,2, the following variables were statistically
significant between groups: smoking, operative time, pre-
operative hemoglobin, sTREM-1 type, and TIM-4. Ac-
cording to the logistic regression analysis, smoking history,
duration of surgery, preoperative hemoglobin, sTREM-1,
and TIM-4 were identified as influencing factors for the oc-
currence of postoperative pulmonary infections following
gastrointestinal surgery. Details are shown in Table 3.

Predictive Value of Various Indicators for Postoperative
Pulmonary Infections following Gastrointestinal Surgery

The construction of ROC curves demonstrated that the cor-
responding Area Under Curve (AUC) value for sTREM-
1 was 0.962 (95% confidence interval (CI): 0.917–0.999),
indicating a high diagnostic value of sTREM-1, while the
AUC value for TIM-4 was 0.970 (95% CI: 0.925–1.000),
signifying a high diagnostic value of TIM-4 (all p < 0.05).
Details are provided in Table 4 and Fig. 1.

Nomogram and Calibration Curve

Based on the results of the logistic regression analysis,
we identified two variables (sTREM-1 and TIM-4) and
constructed a nomogram prediction model for postopera-
tive pulmonary infection following gastrointestinal surgery
(Fig. 2). Each patient’s levels of sTREM-1 and TIM-4 cor-
respond to individual scores, and the total scores for differ-
ent indicators are calculated. A higher score is associated
with a higher incidence of postoperative pulmonary infec-
tion following gastrointestinal surgery. That is, the value
of sTREM-1 and TIM-4 were rendered into risk probabil-

Fig. 1. Receiver Operating Characteristic (ROC) diagram of
each indicator for diagnosis of pulmonary infection after gas-
trointestinal surgery.

ity. The calibration curve illustrates the deviation between
predicted probability and actual probability. The model
demonstrated an average absolute error of 0.034 between
the actual incidence and the predicted incidence, with the
calibration curve repeated 1000 times (Fig. 3), indicating
good consistency between actual and predicted incidences.

Discussion

Due to the distinctive physiological characteristics of the
gastrointestinal tract, patients undergoing gastrointestinal
surgery face an elevated risk of postoperative infections
compared to other surgical patients, notably a higher inci-
dence of pulmonary infections [11]. To explain, the poten-
tial impact of gastrointestinal surgery on the normal func-
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Fig. 2. A nomogram model for predicting the risk of pulmonary infection after gastrointestinal surgery.

Fig. 3. Calibration curve of the nomogram for predicting pulmonary infection after gastrointestinal surgery.

tioning of the gastrointestinal tract can lead to temporary
impairment of gastric function and a decrease in digestive
function. This can result in gastric reflux, where refluxed
material is aspirated into the airway, potentially leading to
pulmonary infections [12].

TIM-4 is widely expressed in immune cells such as mono-
cytes/macrophages, dendritic cells, and is involved in the
immune balance of Th1/Th2 cells and the process of inflam-
mation [13,14]. Previously, TIM-4 has been linked with
various inflammatory diseases such as ankylosing spondyli-
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tis, ischemic stroke, colitis, tumors, and asthma [15]. As
shown in the study by Chen D et al. [16], the increased
expression of TIM-4 is positively correlated with the sever-
ity of ankylosing spondylitis. Moreover, Xue G et al. [17]
proposed that monocytes expressing TIM-4 are a novel in-
dicator for assessing the activity and severity of ulcerative
colitis. However, there is currently no report on the use of
this indicator to predict post-gastrointestinal surgical pul-
monary infections. However, this study, through compre-
hensive analysis, reveals that TIM-4 holds certain value in
predicting pulmonary infections. When patients exhibit el-
evated TIM-4 levels, it may indicate a highly activated im-
mune system which may induced by gastric refluxed mate-
rial aspirated into the airway. Therefore, TIM-4 could be a
useful indicator in predicting post-gastrointestinal surgical
pulmonary infections.
sTREM-1 is an inflammatory trigger receptor that activates
immune cells such asmonocytes, neutrophils, and promotes
the expression of inflammatory factors in immune cells
[18]. It can also inhibit the differentiation of T lymphocytes
involved in immune regulation and is associated with vari-
ous inflammatory diseases [6]. High expression of sTREM-
1 has been observed in patients with rheumatoid arthritis,
sepsis, pneumonia, and postoperative pulmonary infections
[19,20,21]. For instance, Yang ZQ et al. [22] previously
stated that sTREM-1 serves as a useful biomarker for pre-
dicting neonatal ventilator-associated pneumonia in pedi-
atrics. Additionally, Zheng S and Zhang W [23] found that
sTREM-1 has high predictive value for pulmonary infec-
tions associatedwith acute respiratory distress syndrome in-
duced by various traumas. It revealed in this study sTREM-
1 had a high predictive AUC value for postoperative pul-
monary infections. Since post-gastrointestinal surgical pul-
monary infections are typically caused by bacteria, leading
to the activation of the body’s inflammatory response, in-
cluding the activation of immune cells and the release of
inflammatory mediators, sTREM-1, as part of the inflam-
matory response, may alter in its levels. This could offer
clinical insights into the infection status and enable early
response in the initial stages of infection. Consequently,
clinicians may identify pulmonary infections sooner [24].
Elderly patients frequently contendwith underlying chronic
systemic diseases, particularly those with pre-existing pul-
monary conditions. These conditions can limit pulmonary
ventilation, compromise compensatory and reserve func-
tions, and consequently, impact the incidence of postoper-
ative pulmonary infections. Research has shown that pa-
tients aged 60 and above exhibit a significantly increased in-
cidence of postoperative pulmonary infections, largely due
to decreased pulmonary elasticity and chest wall compli-
ance, increased residual air volume in the alveoli, leading to
heightened susceptibility to respiratory muscle fatigue and
upper airway obstruction, thus elevating the risk of postop-
erative pulmonary infections [25]. In this study, 20 cases,
accounting for 20.83%, developed post-gastrointestinal sur-

gical pulmonary infections, which is consistent with the
findings reported by Chai J et al. [26], who observed a post-
operative pulmonary complication rate of 11% in a study in-
volving 445 elective colorectal surgery patients. In clinical
practice, to mitigate the risk of post-gastrointestinal surgi-
cal pulmonary infections, it is crucial to identify and min-
imize factors that can induce pulmonary infections during
treatment.
Chen C et al. [27] have pointed out that smoking is an inde-
pendent risk factor for predicting postoperative pulmonary
infections. Additionally, McCaffrey N et al. [28] found
that smoking increases the risk of other postoperative com-
plications associated with surgery, such as pulmonary in-
fections and pneumonia. Long-term heavy smokers show
significantly increased lung residual volume and damaged
respiratory epithelial cilia, leading to reduced ciliary motil-
ity and impaired mucus clearance function [29]. Combined
with decreased pulmonary surfactant and increased mucus
secretion, this compromises immune function and further
elevates the risk of pulmonary infections [30]. The find-
ing of this study was in accordance with Chen C et al.
[27]. Therefore, for long-term heavy smokers, preventive
care before and after surgery is particularly crucial [31].
Smoking cessation with adequate preoperative time has
been shown to effectively reduce the incidence of postoper-
ative pulmonary infections in patients [31]. Previous study
suggest that improving respiratory system health through
exercise and smoking cessation may help reduce the risk
of pulmonary infections [32]. Furthermore, patient educa-
tion on health, respiratory function exercises, and oral care
should be emphasized in clinical practice. Postoperatively,
sputum clearance should be facilitated through mechanical
and pharmacological assistance or guidance from health-
care personnel, and early mobilization of patients should
be encouraged to effectively reduce the occurrence of post-
operative pulmonary infections.
The independent risk factor status of surgical duration for
postoperative pulmonary infections has been reported in
relevant studies. For instance, Wang M et al. [33] found
in their study that delayed cardiac surgery significantly in-
creased the risk of pulmonary infections. In this study, lo-
gistic regression analysis also confirmed that surgical du-
ration is a major risk factor for post-gastrointestinal sur-
gical pulmonary infections. Prolonged surgical duration
inevitably leads to extended general anesthesia time, in-
creased usage of muscle relaxants, elevated risk of post-
operative neuromuscular blockade due to residual muscle
relaxants, prolonged mechanical ventilation time, weak-
ened upper respiratory tract defense barriers, decreased cil-
iary motility and mucus clearance function [34]. Con-
currently, mechanical ventilation reduces pulmonary com-
pliance, disrupts the lower respiratory tract defense bar-
riers, thereby affecting effective postoperative respiration
and sputum clearance, and increasing the risk of postoper-
ative pulmonary infections in patients. Therefore, for pa-
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tients expected to undergo prolonged surgery, comprehen-
sive preoperative preparations, close coordination during
the operation to shorten the surgical duration and reduce the
dosage of anesthetic drugs while ensuring surgical efficacy,
and strengthened postoperative care to reduce mechanical
ventilation time are imperative.
Previous research [35] has indicated that 30–40% of
elective surgical patients experience preoperative anemia,
which could complicate surgery, increase the likelihood of
transfusion or admission to the intensive care unit, elevate
the risk of infection events, and prolong hospital stays. Red
blood cells, like white blood cells, play a crucial role in
the body’s defense mechanism, as they clear immune com-
plexes by binding to C3b receptors [36]. In anemic pa-
tients, the immune adherence activity of red blood cells to
C3b is significantly reduced, leading to a decline in immune
function and weakening of the phagocytic action against
pathogens. In clinical practice, a hemoglobin level below
90 g/L is typically considered severe anemia [37]. There-
fore, this study observed the preoperative hemoglobin lev-
els in two groups and found it to be an important factor in
the occurrence of postoperative pulmonary infections. This
conclusion is similar to the findings of Kara S et al. [38],
who considered low preoperative hemoglobin levels as one
of the risk factors for postoperative pulmonary complica-
tions following abdominal surgery. Additionally, anemia
is not only a risk factor for inducing pulmonary infections
but also an adverse prognostic factor for pulmonary infec-
tions. Therefore, active correction of anemic conditions in
patients before and after surgery is essential to reduce the
risk of postoperative pulmonary infections.
It is important to acknowledge the limitations of our study.
Several factors influence the occurrence of postoperative
pulmonary infections following gastrointestinal surgery.
This study primarily identifies smoking, surgical duration,
preoperative hemoglobin levels, sTREM-1, and TIM-4 as
influencing factors for postoperative pulmonary infections.
Since the included patients in this study had predomi-
nantly advanced age, similar rates of pulmonary infection,
and comparable underlying diseases, no significant differ-
ences were observed. Additionally, both laparoscopic and
open radical surgeries have certain impacts on intraopera-
tive blood loss and postoperative recovery for patients. In
this study, a significant proportion of patients underwent
laparoscopic surgery, with relatively lower intraoperative
blood loss which did not markedly affect pulmonary in-
fections. Therefore, future research should encompass a
broader patient cohort selection and surgical types, and rele-
vant prospective studies on corresponding interventions are
warranted to provide a basis for advancing clinical treat-
ment.

Conclusions
In conclusion, there is a certain risk of post-gastrointestinal
surgical pulmonary infections, with factors including smok-

ing, surgical duration, and preoperative hemoglobin levels.
Significantly elevated levels of sTREM-1 and TIM-4 are
observed in patients with pulmonary infections, serving as
valuable reference indicators for predicting postoperative
infection risk. This finding holds considerable clinical sig-
nificance, offering insights that can enhance the prevention
and control of post-gastrointestinal surgical pulmonary in-
fections.
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