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in the initial phase has risen from 60% to 85–88% in 
recent years [3, 4].The improved chances of survival 
in the initial phases of polytrauma have made patients 
more prone to experiencing sudden complications like 
acute kidney injury (AKI), acute respiratory distress syn-
drome (ARDS), acute gastrointestinal dysfunction(AGI), 
and sepsis, also known as multiple organ dysfunction 
syndrome (MODS). These complications are associated 
with prolonged hospitalization, higher expenses, and 
increased mortality rates [5–7].

Despite a reduction in the frequency of multiple organ 
dysfunction syndrome (MODS) after polytrauma in 
recent years, it remains a major cause of death follow-
ing severe trauma [8]. The gut has been proposed as the 
predominant component of MODS, considering that its 
dysfunction predisposes MODS being acknowledged for 
an extended period [9].In instances of multiple insults 

Introduction
Polytrauma is a multifaceted condition characterized 
by adverse outcomes and elevated mortality rates stem-
ming from extensive injuries and intricate complica-
tions, thus posing an enduring health challenge [1, 2].
With advancements in prehospital interventions, con-
temporary intensive care strategies, the establishment of 
specialized trauma facilities, and enhanced surgical inter-
ventions, the survival rate of severely injured individuals 
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Abstract
Objective  Previous reports have indicated the occurrence of acute gastrointestinal injury (AGI) in critically ill 
individuals. Yet, there is limited information regarding the frequency and potential causes of AGI in individuals with 
polytrauma. The complicated diagnostic tools often mistaken and mislead the evaluation of AGI. The objective of this 
research is to create a nomogram that can predict the likelihood of AGI in individuals with polytrauma.

Results  Among 836 polytrauma patients, AGI occurred in 61.2%, significantly higher than the 9.5% in monotrauma 
patients (P < 0.001).The predictors included Injury Severity Score (ISS) > 16, Glasgow Coma Scale (GCS) < 8, Acute 
Physiology and Chronic Health Evaluation II (APACHE II) > 16, Sequential Organ Failure Assessment (SOFA) > 5, 
presence of shock, lactate level > 3.2, and Activated Partial Thromboplastin Time (APTT) > 40 in the individualized 
prediction nomogram. The nomogram showed good discrimination (C-index = 0.719) and satisfactory calibration.
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such as trauma, infection, and shock, the gastrointestinal 
tract is not only a site of direct damage but also a source 
of exacerbation of such injuries [10].A recent multicenter 
study reported that acute gastrointestinal injury (AGI) 
occurs frequently in critically ill patients [11]. However, 
the pathophysiologic role of gastrointestinal dysfunction 
in MODS has not been sufficiently explored.

AGI poses significant patient’s health deterioration 
and harm due to its difficulty in recognition and diag-
nosis and its atypical and misleading symptoms [12].The 
absence of clear markers for assessing gastrointestinal 
function, coupled with subjective and vaguely defined 
symptoms, often results in the oversight of gastrointes-
tinal injury [11].An attempt is being made to construct a 
nomogram that can predict polytrauma patients’ likeli-
hood to develop AGI.

Patients and methods
Design of the study and participants
This study was conducted with approval from the insti-
tutional review board, and involved retrospective obser-
vation with informed consent from participants. From 
August 2020 to July 2023, every patient was taken to the 
Advanced Trauma Center’s (Level I, certified by CTRTA) 
Traumatic Intensive Care Unit(TICU) or Intensive Care 
Unit(ICU) at Tongji Hospital (Wuhan).Approval for this 
research was granted by the Institutional Review Board 
of Tongji Hospital at Huazhong University of Science 
and Technology, with the IRB number TJ-IRB20200720 
and approval date of 22 July 2020.As outlined in the Hel-
sinki Declaration, the research was conducted according 
to these principles. Consent was obtained from every 
patient or their legally authorized representative par-
ticipating in the study. To be eligible for the study, par-
ticipants had to meet the following criteria: being over 
18 years old, having a traumatic injury, being admit-
ted within 24 hours, and having laboratory values (IL-6, 
PCT, CRP, and serum lactate) collected within 48 hours. 
The exclusion criteria were: 1) stomach, intestinal medi-
cal or primary injury to the gastrointestinal tract at 
admission; 2)terminal malignant tumor; 3)hormones or 
immune preparations used; 4) missing clinical records. 
Polytrauma patients are classified according to the ‘new 
Berlin’ definition as having AIS ≥ 3 in two or more body 
regions, along with at least one additional parameter 
such as hypotension, unconsciousness, acidosis, coagu-
lopathy, or being over 70 years old [13]. Monotrauma, on 
the other hand, is defined as an AIS severity of ≥ 2 in one 
body region with no injuries in other regions [14, 15].

The trauma centers admitted a combined total of 1350 
patients with trauma injuries.73 individuals were not 
included because of incomplete data, while 32 individu-
als were not included because of an ambiguous AGI cat-
egorization.1245 trauma patients in a row were included 

based on the criteria. After data query, trauma patients 
were separated into cohorts based on their site of injury: 
monotrauma group versus polytrauma group; and based 
on the occurrence of AGI or not: AGI group versus 
N-AGI group.

Definition
AGI was diagnosed based on a definition developed by 
the European Society of Intensive Care Medicine’s Work-
ing Group on Abdominal Problems (ESICM) in 2012 
[16].The AGI grade was evaluated each day based on the 
ESICM grading system guidelines while the patient was 
in the hospital [16].

Data collection
Initial clinical data was gathered retrospectively from 
electronic medical and nursing records within 48  h of 
admission, including details such as age, gender, locations 
and types of injuries, Glasgow Coma Scale (GCS) score, 
Injury Severity Score (ISS), Sequential Organ Failure 
Assessment (SOFA) score, Acute Physiology and Chronic 
Health Evaluation (APACHE II) score, Shock index (SI), 
various laboratory values (IL-6, PCT, APTT, serum lac-
tate, etc.), and discharge records. Administering vasoac-
tive medications like norepinephrine and dopamine is 
necessary during the patient’s stay in the hospital. The 
specification of the drugs used was according to the 
existing research [17].

Statistical analysis
All data were examined for normality and homogeneity 
before analysis. Categorical variables are often analyzed 
by percentages, while continuous variables are most often 
analyzed by mean plus standard deviation. When deal-
ing with categorical and continuous variables, the chi-
squared test or Fisher test, as well as the Mann-Whitney 
U test or t-test, are employed individually. An analysis 
using multivariate logistic regression was carried out to 
pinpoint the autonomous risk elements linked to AGI in 
patients with multiple traumas. Following this, a nomo-
gram was created based on the outcomes of the multi-
variate logistic regression analysis done using the R. Each 
coefficient from the regression was converted into a scale 
of 0-100 points, with the variable showing the highest β 
coefficient being assigned a score of 100 points. Probabil-
ities were estimated by aggregating total points from var-
ious variables. The C-index was used to evaluate model 
accuracy, overfitting was determined through bootstrap 
validation, nomogram performance was assessed with 
calibration plot analysis, and predictive accuracy was 
evaluated using ROC curve analysis. R software was uti-
lized for statistical analysis, with a significance level of 
P < 0.05.Analysis was conducted using SPSS 23.0, Graph-
Pad Prism software 9.3.1, and displayed with R software.
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Result
Characteristics observed in patients with Polytrauma
Between August 2020 and July 2023, the trauma centers 
received 1350 patients who had experienced trauma. 
Patients excluded from the study were 73 because of 
incomplete date and 32 because of an ambiguous AGI 
categorization.1245 patients who met the inclusion cri-
teria were categorized into two groups: polytrauma 
patients (n = 836) and monotrauma patients (n = 409) 
(Fig.  1).Table  1 displays the patient population’s demo-
graphics and attributes.

A total of 836 consecutive polytrauma patients were 
enrolled from two Level I trauma centers, with a majority 
being male (64.6%) and a mean age of 43.6 ± 8.6 years. The 
mean Injury Severity Score (ISS) was 26.6, with Glasgow 
Coma Scale (GCS) and Shock Index (SI) values of 10.6 
and 0.9, respectively, indicating a population with severe 
injuries. Specifically, 54.5% (456/836) of patients experi-
enced head injuries, 61.1% (511/836) had thoracic inju-
ries, 21.2% (177/836) suffered spine injuries, and 16.1% 
(135/836) sustained pelvic injuries, while 71.4% (597/836) 
had limb trauma. The primary reason for the injury was a 
traffic accident, accounting for 70.2% (587/836) of cases, 
with high-energy falls being the second most common 
cause at 22.2% (186/836), followed by other types of acci-
dents at 7.6% (63/836).(Table 1).

Incidence of AGI in patients after polytrauma
The 44.3% (551 out of 1245) of trauma patients enrolled 
experienced AGI. In polytrauma patients, 61.2% (512 out 
of 836) experienced AGI, with 17.8% classified as grade I 
(91 cases), 46.9% as grade II (240 cases), 30.6% as grade 
III (157 cases), and 4.7% as grade IV (24 cases).The poly-
trauma group and monotrauma group showed notable 
disparities in AGI occurrence. The polytrauma patients 
had higher incidence of AGI(61.2% vs.9.5%,P < 0.001) 
than monotrauma patients. As for the distribution of 
the AGI grades, the polytrauma group had higher ratio 
of severe AGI(AGIIII, IV)(35.3% vs.2.5%,P < 0.001) than 
monotrauma group.(Table 1).

Early risk factors for AGI in polytrauma patients
An analysis of univariate data is shown in Table  2 for 
polytrauma patients with or without AGI. When com-
pared with patients without AGI, those with AGI had a 
higher ISS, higher SI, higher APACHE II, higher SOFA, 
higher levels of heart rate, serum lactate, PCT, IL-6 and 
APTT and lower GCS(P < 0.05),which were retrospec-
tively collected in the first 48 h after admission. No sig-
nificant variations were observed in age (P = 0.129) and 
gender (P = 0.810) between the AGI and N-AGI groups 
(Table  2).Furthermore, polytrauma individuals experi-
encing AGI exhibited a greater proportion of mechanical 

Fig. 1  Case identification procedure
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ventilation (69.7%vs.30.2%, P < 0.001), administration 
of vasoactive medication (61.3% vs. 23.5%, P < 0.001), 
extended ICU durations (14 vs. 6, P < 0.001), and elevated 
in-hospital mortality rates (13.3% vs. 4.7%, P < 0.001) in 
contrast to polytrauma patients lacking AGI (Table 2).

Multivariate examinations of key factors for AGI
Following univariate examination, variables with a 
P < 0.05 in the initial group were chosen for multivari-
ate analysis utilizing a stepwise multiple regression 
approach. Multivariate analysis using logistic regres-
sion indicated that having an ISS > 16 (OR 3.614, 95% 
CI 1.525–9.472), GCS < 8 (OR 3.527, 95% CI 1.981–
7.225), APACHEII > 16 (OR 2.801, 95% CI 1.506–5.209), 
SOFA > 5 (OR 4.599, 95% CI 2.034–10.396), experiencing 
shock (OR 2.863, 95% CI 1.398–5.863), Lactate > 3.2 (OR 
2.348, 95% CI 1.215–4.538), and APTT > 40 (OR 3.841, 
95% CI 1.593–9.263) were all linked to an increased risk 
of AGI.(Table 3).

Development of the risk score and nomogram-driven tool
A nomogram, serving as a visualization tool, illustrates 
the relative weights of variables within a model and 
facilitates the calculation of outcome probabilities. In 
this study, a nomogram was constructed to estimate 
the risk of acute gastrointestinal infection (AGI) within 
the cohort using independently associated risk factors. 

Nomograms require individuals to locate all variables on 
the corresponding axis, connect them to the points axis, 
then add up the points for each variable and connect the 
total points to determine the probability of AGI(Fig. 2A).
The nomogram’s calibration curve showed strong agree-
ment between predicted and observed values for AGI 
probability in the cohort. Based on the Hosmer-Leme 
test (P = 0.237), the values were not significantly deviating 
from ideal fit (Fig. 2B).Within the group, the nomogram’s 
sensitivity and specificity were analyzed using ROC curve 
analysis, resulting in an AUC of 0.719(Fig. 2C).

Discussion
The gastrointestinal system has long been acknowledged 
as a key factor in the onset of multiple organ dysfunction 
syndrome (MODS), with the gut believed to be a major 
contributor to this condition. It is widely recognized that 
severe illness can cause major changes in the balance of 
microorganisms in the gut and trigger immune responses 
in the mucosal lining, which could increase the risk of 
bacteria moving from the gut to other parts of the body, 
leading to infections that could develop into sepsis and 
MODS [18].Despite the development of various scoring 
systems for MODS, the gastrointestinal system has yet 
to be incorporated into any widely utilized scoring sys-
tems. Recent studies have shown that 50% of severely ill 
patients were found to have acute gastrointestinal injury 

Table 1  Patient demographics and characteristics
Characteristics All patients

(n = 1245)
Polytrauma group
(n = 836)

Monotrauma group
(n = 409)

P

Age, mean (SD), y 42.4 ± 7.6 43.6 ± 8.6 42.7 ± 7.8 0.065
Gender - - 0.391
male, n(%) 794(63.8) 540(64.6) 254(62.1) -
female, n(%) 451(36.2) 296(35.4) 155(37.9) -
ISS, mean (SD) 20.4 ± 7.3 26.6 ± 7.5 11.4 ± 4.3 < 0.001
GCS, mean (SD) 11.9 ± 3.6 10.6 ± 3.8 12.1 ± 3.6 < 0.001
SI, mean (SD) 1.2 ± 0.4 0.9 ± 0.6 1.4 ± 0.4 < 0.001
Cause of injury - - 0.003
  Traffic accident, n(%) 867(69.6) 587(70.2) 280(68.5) -
  high-energy fall, n(%) 199(16.0) 186(22.2) 13(3.2) -
  other, n(%) 179(14.4) 63(7.6) 116(28.3) -
Injury site - - < 0.001
  Head, n(%) 534(42.9) 456(54.5) 78(19.1) -
  Thorax, n(%) 537(43.1) 511(61.1) 26(6.4) -
  Spine, n(%) 212(17.0) 177(21.2) 35(8.6) -
  Pelvis, n(%) 140(11.2) 135(16.1) 5(1.2) -
  Limb trauma, n(%) 862(69.3) 597(71.4) 265(64.7) -
Incidence of AGI, n(%) 551(44.3) 512(61.2) 39(9.5) < 0.001
AGI grades, n(%) - - < 0.001
  I 123(22.3) 91(17.8) 32(82.1) -
  II 246(44.6) 240(46.9) 6(15.4) -
  III 158(28.7) 157(30.6) 1(2.5) -
  IV 24(4.4) 24(4.7) 0(0) -
ISS: injury severity score; GCS: Glasgow coma scale; SI: shock index; AGI: acute gastrointestinal injury
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within the initial week of their intensive care unit admis-
sion, and these patients with AGI experience a higher 
rate of in-hospital mortality (31.1% vs. 18.8%) compared 
to those without AGI [19].Polytrauma is characterized 
by adverse outcomes and elevated mortality rates stem-
ming from extensive injuries and intricate complications. 
Regrettably, there is a lack of extensive clinical informa-
tion regarding the prevalence of AGI in individuals with 
multiple traumatic injuries. As expected, our study indi-
cated that polytrauma patients have a higher risk (61.2%) 
accompanied by AGI when compared with monotrauma 
patients(9.5%).More importantly, polytrauma patients 
with AGI were presented relatively higher in-hospital 

mortality(13.3%vs.4.7%) when compared with poly-
trauma patients without AGI.

We evaluated some early parameters between the AGI 
group and N-AGI group in polytrauma patients. Our 
study discovered that these patients with AGI were sig-
nificantly more severely ill(higher ISS scores, Sofa scores, 
APACHE II scores, shock index and lower GCS scores).
The AGI groups also stayed longer in ICU and exhibited 
higher rates of mechanical ventilation and use of vasoac-
tive drug than did patients in N-AGI groups. Reduced 
movement in the digestive system can result in inhal-
ing foreign substances, which can raise the chances of 
developing pneumonia from using a ventilator, leading 
to extended periods of mechanical ventilation and stay in 
the intensive care unit [20]. We found those early indi-
cators after polytrauma such as ISS score, Sofa scores, 
APACHE II scores, GCS score, shock index, serum lac-
tate and APTT could distinguish between the AGI group 
and N-AGI group in polytrauma patients. The finding 
is consistent with the clinical experience in daily work. 
A high ISS score, Sofa scores and APACHE II scores as 
independent high-risk factors help explain why poly-
trauma patients have higher rate of AGI than those with 
single injuries. Studies have demonstrated that traumatic 

Table 2  Variables in AGI group and N-AGI group in polytrauma patient
Variables AGI(n = 512) N-AGI(n = 324) P
Age 42.4 ± 7.1 43.2 ± 7.6 0.129
Male 314(61.3) 196(60.5) 0.810
BMI, mean (SD), kg/m2 20.8 ± 4.0 21.2 ± 3.4 0.123
ISS, mean (SD) 29.6 ± 14.4 18.5 ± 12.3 < 0.001
GCS, mean (SD) 10.2 ± 3.1 12.1 ± 2.9 < 0.001
SI, mean (SD) 1.2 ± 0.4 0.7 ± 0.3 < 0.001
APACHE II 18.4 ± 5.6 13.6 ± 5.1 < 0.001
SOFA 7.7 ± 2.6 5.1 ± 2.2 < 0.001
Heart rate, mean (SD), beats/minute 121.8 ± 26.3 107.1 ± 24.4 < 0.001
Glucose, mean (SD), mmol/L 8.6 ± 4.1 8.9 ± 3.6 0.267
hemoglobin, mean (SD), g/L 112.9 ± 25.6 116.2 ± 22.8 0.052
Serum lactate, median (IQR), mmol/L 3.6(1.8,5.2) 1.9(1.7,2.3) < 0.001
PCT, mean (SD), ng/mL 5.2 ± 2.3 1.4 ± 0.7 < 0.001
CRP, mean (SD), mg/L 92.1 ± 41.4 86.7 ± 55.3 0.132
IL-6, median (IQR), pg/mL 89.3(49.3,130.1) 23.1(19.6,46.2) < 0.001
AST, mean (SD), U/L 51.2 ± 31.3 47.1 ± 31.5 0.067
ALT, mean (SD), U/L 61.1 ± 33.2 57.2 ± 31.7 0.089
Albumin, mean (SD), g/L 33.1 ± 6.2 32.2 ± 6.7 0.052
CYC, mean (SD), mg/L 0.9 ± 0.7 1.0 ± 0.8 0.057
Serumcreatinine, median(IQR),µmol/L 83.5 (56.2–91.9) 86.1 (72.8–96.1) 0.215
APTT, mean (SD), s 57.3 ± 16.4 31.2 ± 11.3 < 0.001
D dimer, median (IQR), ug/mL 22.3(12.1,35.9) 17.1(9.1,22.7) < 0.001
Use of vasoactive drug, n(%) 314(61.3) 76(23.5) < 0.001
Mechanical ventilation, n(%) 357(69.7) 98(30.2) < 0.001
Duration of ICU, median (IQR), days 14(7,21) 6(3,13) < 0.001
In-hospital mortality, n(%) 24(4.7) 43(13.3) < 0.001
BMI: Body mass index ;ISS: injury severity score; GCS: Glasgow coma scale; SI: shock index; SOFA: Sequential Organ Failure Assessment; APACHE II: Acute Physiology 
and Chronic Health Evaluation

Table 3  Multivariate analyses of early risk factors for AGI in 
polytrauma patients
Variables B OR odds ratio (95% CI) P
ISS > 16 1.285. 3.614 1.525–9.472 0.021
GCS < 8 1.261 3.527 1.981–7.225 0.001
APACHEII > 16 1.030 2.801 1.506–5.209 0.001
SOFA > 5 1.526 4.599 2.034–10.396 0.001
Shock 1.052 2.863 1.398–5.863 0.004
Lactate > 3.2 1.154 2.348 1.215–4.538 0.011
APTT > 40 1.346 3.841 1.593–9.263 0.003
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Fig. 2 (See legend on next page.)
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brain injury (TBI) can greatly affect the makeup of the 
gut microbiome, leading to a reduction in beneficial bac-
teria and a rise in harmful bacteria, potentially exacer-
bating the development of illness [21–23].Severe shock 
following polytrauma can lead to reduced perfusion of 
gastrointestinal organs, as evidenced by the accumula-
tion of serum lactate, resulting in ischemic and hypoxic 
injury to the gastrointestinal mucosa. Furthermore, 
severe polytrauma can induce significant stress, an exag-
gerated inflammatory response (evidenced by elevated 
levels of IL-6 and TNF-α), and abnormal coagulation 
function (evidenced by prolonged APTT).The combined 
effect of these changes resulted in a series of AGI clini-
cal symptoms or signs such as reduced bowel sounds, 
abdominal distension, and high abdominal pressure or 
hyperactivity of bowel sounds, abdominal pain, diarrhea, 
and stress ulcers.

As showed in Fig.  2, a personalized prediction tool, 
known as a nomogram, was created to forecast AGI in 
polytrauma patients. this tool includes seven factors: 
ISS > 16, GCS < 8, APACHE II > 16, SSOFA > 5, presence 
of shock, lactate level > 3.2,and APTT > 40.The risk score’s 
performance showed acceptable precision, achieving an 
AUC of 0.719 in the cohort. The calibration curves of the 
AGI-predicting nomogram suggest potential clinical util-
ity. Clinicians can utilize the AGI-predicting nomogram 
to assess the individual risk of AGI development in hospi-
talized patients, as the seven variables required for calcu-
lation are typically readily available. In clinical practice, a 
risk probability exceeding 30–40% is typically considered 
indicative of high risk for developing AGI. This threshold 
aligns with recent trauma and critical care studies, which 
recommend that patients with a probability above 30% 
should be closely monitored for gastrointestinal com-
plications and may require more intensive treatment or 
ICU admission. Conversely, patients with a risk probabil-
ity below 30% are generally classified as low risk and can 
be managed with routine monitoring and less aggressive 
interventions [24].

Limitation
However, there are specific constraints that apply to our 
research. Firstly, the complex nature of AGI manifes-
tations posed challenges in accurately diagnosing and 
classifying cases, even when adhering to ESICM crite-
ria, potentially introducing bias into the results. Lack 
of information regarding treatment impeded the abil-
ity to identify risk factors, as adjustments for other 

possible confounding variables were not possible. Lastly, 
the restricted scope of our single-center observational 
study, with a limited number of patients, restricts the 
generalizability of our findings.

Conclusion
Acute gastrointestinal injury (AGI) in polytrauma 
patients represents a substantial public health concern, as 
evidenced by its high frequency and in-hospital mortal-
ity. Our study characterized the incidence and risk fac-
tors of AGI in patients after polytrauma and introduces 
a nomogram that integrates clinical risk factors, offer-
ing potential clinical value for personalized prediction of 
AGI in polytrauma patients.
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curve analysis for the sensitivity and specificity of the nomogram in the cohort
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