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Objective: To develop and validate a scoring system to predict the risk of in-hospital
death in patients with intra-abdominal infection (Al).

Materials and Methods: Patients with IAl (0 = 417) treated at our hospital between
June 2010 and May 2020 were retrospectively reviewed. Risk factors for in-hospital death
were identified by logistic regression analysis. The regression coefficients of each risk
factor were re-assigned using the mathematical transformation principle to establish a
convenient predictive scoring system. The scoring system was internally validated by
bootstrapping sample method.

Results: Fifty-three (53/417, 12.7%) patients died during hospitalization. On logistic
regression analysis, high APACHE Il score (P = 0.012), pneumonia (P = 0.002),
abdominal surgery (P = 0.001), hypoproteinemia (P = 0.025), and chronic renal
insufficiency (P = 0.001) were independent risk factors for in-hospital death. On receiver
operating characteristic curve analysis, the composite index combining these five risk
factors showed a 62.3% sensitivity and 80.2% specificity for predicting in-hospital death
(area under the curve: 0.778; 95% confidence interval: 0.711-0.845, P < 0.001). The
predictive ability of the composite index was better than that of each independent
risk factor. A scoring system (0-14 points) was established by re-assigning each risk
factor based on the logistic regression coefficient: APACHE Il score (10-15 score,
1 point; >15 score, 4 points); pneumonia (2 points), abdominal surgery (2 points),
hypoproteinemia (2 points), and chronic renal insufficiency (4 points). Internal validation
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Consistency Evaluation of the Predictive Scoring
Model

The consistency of the predictive scoring model was evaluated
by the Hosmer-Lemeshow test. P-value < 0.05 was considered
indicative of poor consistency of the predictive scoring
model while P-value > 0.05 was considered indicative of
good consistency.

Internal Validation of the Predictive Scoring Model
Internal validation of the established predictive scoring model
was performed using the 1,000 bootstrapping sample method,
which entails creation of new random datasets (bootstrapping
sample datasets) from the original dataset by resampling the
sample data with replacement. The distribution of statistics of
the bootstrapping sample datasets will be approximately equal
to the distribution of the original sample statistics (8). In the
present study, the C-index and 95% confidence interval (CI)
across the bootstrapping sample datasets were used to evaluate
the stability of the established predictive scoring model. These
procedures were implemented using the boot package in R
(version = 3.6.3).

RESULTS

Baseline Data of IAl Patients

Of the 417 IAI patients included in this study, 109 (26.1%)
were female; the mean age of patients was 57.1 £ 18.9 years.
There were 75 (18.0%) patients with a history of hypertension, 56

TABLE 2 | First step of logistic regression analysis of significant variables related
to in-hospital death in patients with intra-abdominal infection.

Variables B SE Wald OR 95% ClI P-value
APACHE Il score 0.089 0.040 5.028 1.093 1.011-1.181 0.025
Pneumonia 1.086 0.352 8.668 2.819 1.414-5.618  0.003
Abdominal surgery  1.229  0.337 13.292 3.417 1.765-6.615  0.000
Hypoproteinemia 1230 0.510 5.827 3.422 1.260-9.294  0.016
Chronic renal 1.644 0.533 09528 5177 1.822-14.706 0.002
insufficiency

Constant —3.877 0.460 70.997 0.021 0.000

SE; standard error; OR, odds ratio; Cl, confidence interval.

FIGURE 2 | Comparison of ROC curve between predictive scoring system and each independent risk factor.
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(13.4%) patients with coronary artery disease, 37 (8.9%) patients
with diabetes mellitus, 72 (17.3%) patients with pneumonia, 190
(45.6%) patients with cancer, 21 (5.0%) patients with hepatic
cirrhosis, 26 (6.2%) patients with hypoproteinemia, and 20
(4.8%) patients with chronic renal insufficiency. In our cohort,
163 (39.1%) patients underwent abdominal surgery, and 16
(3.8%) patients received organ transplantation. 197 (47.2%)
patients were treated with broad-spectrum antibiotics alone, 158

TABLE 3 | Second step of logistic regression analysis of risk factors of in-hospital
death in patients with intra-abdominal infection.

(37.9%) were treated with a combination of broad-spectrum
antibiotics and nitroimidazole drugs, and 62 (14.9%) patients
were treated with nitroimidazole drugs alone. A total of 53
(12.7%) patients died during hospitalization.

Analysis of Risk Factors for In-hospital

Death of IAl Patients

On univariate analysis, older age (P = 0.018), high APACHE
I score (P = 0.005), high SOFA score (P < 0.001), history of
hypertension (P = 0.013), pneumonia (P < 0.001), abdominal
surgery (P = 0.002), hypoproteinemia (P = 0.002), chronic renal
insufficiency (P < 0.001), and combination antibiotic therapy (P
= 0.012) were associated with in-hospital death of IAI patients

On multivariate analysis, high APACHE II score (P =
0.012), pneumonia (P = 0.002), abdominal surgery (P = 0.001),
hypoproteinemia (P = 0.025), and chronic renal insufficiency
(P = 0.001) were identified as independent risk factors for in-
hospital death [AUC: 0.607 (95% CI: 0.522-0.691, P = 0.014),
0.606 (95% CI: 0.519-0.694, P = 0.002), 0.611 (95% CI: 0.529—
0.693, P = 0.002), 0.562 (95% CI: 0.473-0.650, P = 0.021),
and 0.570 (95% CI: 0.481-0.659, P = 0.008), respectively].
The AUC of the composite index incorporating these five risk
factors was 0.778 (95% CI: 0.711-0.845, P < 0.001), and the P-

Variables B SE Wald OR 95% CI P-value (Table 1).
APACHE Il score
0-9 6.921 0.031
10-15 0492 0370 1.766 1.636 0.792-3.380 0.184
>16 1.735 0.698 6.170 5.668 1.442-22.277 0.013
Pneumonia 1.074 0.350 9.440 2.928 1.475-5.809  0.002
Abdominal surgery  1.127  0.329 11.760 3.085 1.620-5.874  0.001
Hypoproteinemia 1.067 0510 4.372 2907 1.069-7.902  0.037
Chronic renal 1.810 0.522 12.041 6.109 2.198-16.978 0.001
insufficiency
Constant —3.184 0.316 101.537 0.040 0.000

SE, standard error; OR, odds ratio; Cl, confidence interval.

value of the Hosmer-Lemeshow test was 0.458. The predictive
power of the composite index for in-hospital death of IAI
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FIGURE 3 | Different risk score correspond to different risk prediction probabilities.
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patients was higher than that of the individual risk factors
(Figure 2; Tables 2, 3).

Establishment of the Scoring System for
Predicting the Risk of In-hospital Death in
IAl Patients

The predictive scoring system (0-14 points) for predicting the
risk of in-hospital death of IAI patients was established by
re-assigning each risk factor based on the logistic regression
coeflicient: APACHE II score (10-15 score, 1 point; >15 score,
4 points); pneumonia (2 points), abdominal surgery (2 points),
hypoproteinemia (2 points), and chronic renal insufficiency (4
points). The risk of in-hospital death increased with increase
in the risk scores. Internal validation of 1,000 bootstrapping
sample showed relatively high discriminative ability of the
predictive scoring system (C-index = 0.756, 95% CI: 0.753-
0.758) (Figures 3, 4; Table 4).

In order to make the predictive scoring system more
convenient for clinical application, the risk scores were divided
into three classes based on the clinical experience and published
literature: 0-3 scores as low-risk, corresponding to an average
in-hospital death rate of 8.50%; 4-7 scores as intermediate-risk,
corresponding to an average in-hospital death rate of 33.3%; 8-14
scores as high-risk, corresponding to an average in-hospital death
rate of 57.1% (Table 5).

DISCUSSION

In this study, high APACHE II score, pneumonia, abdominal
surgery, hypoproteinemia, and chronic renal insufficiency
were identified as independent risk factors for in-hospital
death of patients with IAI. The predictive scoring system
incorporating these factors reliably predicted the risk of in-
hospital death, and the predictive ability was superior to that
of the individual risk factors. The predictive scoring system
showed high discriminative ability and good consistency. The
scoring system can facilitate rapid risk assessment of patients
with IAI and help clinicians and patient’s families in making
reasonable decisions.

The treatment of IAI is extremely challenging. Despite the
use of combination antibiotic therapy, the overall morbidity
and mortality rates remain high due to proliferation of multi-
drug resistant bacteria worldwide (5, 9-11). In a single-center
retrospective study of patients with IAI spanning 10 years (n
= 2,049), patients who received organ transplantation had a
significantly higher mortality rate than non-transplant patients
(14.0% vs. 8.4%, P = 0.008). Furthermore, organ transplant
recipients with resistant infections had significantly higher
mortality rates than those with non-resistant infections (28.0%
vs. 9.5%, P = 0.001) (12). These results seem to suggest that the
immunosuppressive state due to organ transplantation may not
directly increase the mortality risk in IAI patients, but rather
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FIGURE 4 | C-index of internal validation of 1,000 bootstrapping sample.
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TABLE 4 | Risk scores corresponding to different risk factors for in-hospital death
in patients with intra-abdominal infection.

Risk factors Risk score
APACHE Il score

0-9 0

10-15 1

>16 4
Pneumonia

No 0

Yes 2
Abdominal surgery

No 0

Yes 2
Hypoproteinemia

No 0

Yes 2
Chronic renal insufficiency

No 0

Yes 4
Total score 0-14

TABLE 5 | Three risk classification of the predictive score system.

Score classification Total score Mortality (%) Risk classification
| 0-3 8.50 Low

I 4-7 33.33 Moderate

Il 8-14 57.14 High

increase the risk of infection with drug-resistant bacteria, which
in turn increases the risk of death. In the present study, none
of the 16 organ transplant recipients were infected with drug-
resistant bacteria, and organ transplantation was not identified
as a risk factor for in-hospital death on univariate analysis.
In a study by Luo et al, in addition to infection with drug-
resistant bacteria, enterococcal infection was also associated
with increased 28-day mortality, in-hospital mortality, and ICU
mortality of IAI patients (13). Of note, Luo et al. also found
that abdominal surgery (P = 0.004) was an independent risk
factor for enterococcal infection, while in the present study,
abdominal surgery was an independent risk factor for in-hospital
death. This may be attributable to the fact that abdominal
surgery increases the risk of dissemination of enterococci
from the intestine to the peritoneal cavity, and enterococcal
infection further increases the risk of death of IAI patients.
Therefore, use of antibiotics covering enterococci may be a
reasonable choice for IAI patients with a high risk of enterococcal
infection (14, 15).

APACHE 1II score and SOFA score are widely used for
prognostic assessment of critically ill patients. Especially the
APACHE II score has been shown to exhibit a positive correlation
with the severity of sepsis (6, 16, 17). In the present study, both
high APACHE 1I score and high SOFA score were associated

with in-hospital death of IAI patients in the univariate analysis;
however, on multivariate analysis, only high APACHE II score
was an independent risk factor for in-hospital death. This result
also suggests that high APACHE II score is a robust predictor
of prognosis in critically ill patients. Similarly, in the study
by NurBaykara et al., high APACHE II score of patients with
infection at ICU admission was an independent predictor of
death (18). Pneumonia and IAI are the first and second leading
causes of septic shock, respectively; therefore, patients with
concomitant IAI and pneumonia are at a significantly higher risk
of septic shock, especially elderly patients (1, 2, 18). Xie et al.
conducted a nationwide cross-sectional epidemiological survey
of ICU patients with sepsis in China and found that advanced
age and pneumonia were associated with 90-day mortality (2).
This was consistent with our findings.

Nutritional therapy is fundamental to the treatment of
patients with severe infection and can directly affect the
prognosis of patients with IAL. A study by Rungsakulkij et al.
showed that hypoproteinemia before abdominal surgery was
associated with an increased risk of postoperative TAI (19).
Moreover, according to a systematic review conducted by
Alharbi et al.,, hypoproteinemia increases the risk of peritonitis
in patients undergoing peritoneal dialysis (20). In previous
studies, hypoalbuminemia was found to be a predictor of
source control failure in IAI patients (6). In our study,
hypoproteinemia was an independent risk factor for in-hospital
death of IAI patients. Saucedo-Moreno et al. also found that
hypoproteinemia increased the risk of death of IAI patients (21).
In addition, a meta-analysis by Wiedermann et al. suggested that
hypoalbuminemia is a risk factor for acute kidney injury in ICU
patients, thereby increasing the risk of subsequent death (22).
Similar to the above study, Blot et al. found that malnutrition
(low BMI) also increased the risk of death of IAI patients (5).
Chronic renal insufficiency, on the other hand, can lead to
chronic malnutrition. This also explains the identification of
chronic renal insufficiency as an independent risk factor for
in-hospital death in this study.

Although several studies have analyzed risk factors for
death in IAI patients, no predictive scoring system has been
established to assess the risk of in-hospital death in these
patients. Treatment of critically ill patients requires continuous
monitoring and individualized assessment, and the absence
of quantifiable risk factors hinders the prognostic assessment
of these patients. The predictive scoring system established
in this study can better predict the risk of in-hospital
death of IAI patients. We classified the predictive scoring
into low-risk, intermediate-risk, and high-risk categories based
on clinical experience. This scoring system is a convenient
tool for rapid risk assessment of IAI patients, which can
help physicians and patients’ families in making informed
clinical decisions.

Some limitations of our study should be acknowledged.
First, this was a single-center retrospective study, which limits
the generalizability of the findings. This study only performed
internal validation. The scoring system has not yet been
externally validated in other centers. Second, this study focused
on the risk factors for death during hospital stay and did not
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address the risk factors of death after discharge. Therefore, the
conclusions of this study can only provide a theoretical reference
for hospitalized IAI patients. Third, although the number of
cases included in this study was relatively large compared
with other domestic and overseas studies, the ability to detect
potential risk factors was limited due to the relatively low overall
mortality rate. Fourth, this study lacked etiological (bacterial)
culture and drug susceptibility data; therefore, the effect of drug-
resistant bacteria on the risk of death could not be evaluated.
In the published literature, the reported incidence of drug-
resistant bacteria in IAI is as high as 13.9-26.3%, and pathogen
resistance has been widely confirmed to increase mortality of TAI
patients (5, 11, 23). Future prospective studies should include
etiological data and drug susceptibility profile of pathogens in
the analysis.

CONCLUSIONS

In this study, high APACHE II score, pneumonia, abdominal
surgery, hypoproteinemia, and chronic renal insufficiency were
independent risk factors for in-hospital death of patients
with TAL The predictive scoring system composed of these
factors could reliably predict the risk of in-hospital death
of patients with IAI, thus providing a theoretical reference
for clinicians to develop individualized treatment strategies.
However, external validation of the predictive scoring system
in a multi-center study is required to further evaluate its
predictive performance.
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