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Abstract
Aim: The existing predictive risk models for the surgical outcome of acute diffused 
peritonitis (ADP) need renovation by adding relevant variables such as ADP's definition 
or causative etiology to pursue outstanding data collection reflecting the real world. 
We aimed to revise the risk models predicting mortality and morbidities of ADP using 
the latest Japanese Nationwide Clinical Database (NCD) variable set.
Methods: Clinical dataset of ADP patients who underwent surgery, and registered 
in the NCD between 2016 and 2019, were used to develop a risk model for surgical 
outcomes. The primary outcome was perioperative mortality.
Results: After data cleanup, 45 379 surgical cases for ADP were derived for analysis. 
The perioperative and 30-day mortality were 10.6% and 7.2%, respectively. The 
prediction models have been created for the mortality and 10 morbidities associated 
with the mortality. The top five relevant predictors for perioperative mortality were 
age >80, advanced cancer with multiple metastases, platelet count of <50 000/mL, 
serum albumin of <2.0 g/dL, and unknown ADP site. The C-indices of perioperative and 
30-day mortality were 0.859 and 0.857, respectively. The predicted value calculated 
with the risk models for mortality was highly fitted with the actual probability from 
the lower to the higher risk groups.
Conclusions: Risk models for postoperative mortality and morbidities with good 
predictive performance and reliability were revised and validated using the recent 
real-world clinical dataset. These models help to predict ADP surgical outcomes 
accurately and are available for clinical settings.
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1  |  INTRODUC TION

Globally, acute diffused peritonitis (ADP) is a typical medical and 
surgical emergency that remains a disease with high mortality 
despite improvements in surgical and intensive care manage-
ment.1–3 It is essential to promptly diagnose ADP and appropri-
ate treatments because potentially fatal infectious complications 
such as septic shock and disseminated intravascular coagulation 
(DIC) would deteriorate if adequate intervention is delayed. The 
treatment for ADP involves a comprehensive approach that in-
cludes medical and surgical interventions. Prompt and aggressive 
management is crucial to prevent complications and improve out-
comes. Surgical intervention is the mainstay therapy for address-
ing the underlying cause of ADP and drainage of intra-abdominal 
infectious fluid4; however, the postoperative mortality rates of 
ADP were reported to be between 8.4% and 34% from isolated 
studies.5–8 Indeed, preoperative conditions of ADP patients can 
be associated with high mortality and severe complications.9,10 
Given that emergency surgery, which could be invasive for clini-
cally ill patients, must be considered for ADP, precious prediction 
of surgical outcomes is extremely important for decision support 
between medical providers and the patients or their families.

Knowledge about risk factors for mortality of ADP has been ac-
cumulated as several scoring systems for evaluating the severity of 
ADP were reported, such as APACHE-2, P-POSSUM, or Mannheim 
peritonitis index.9–12 Similarly, most scoring systems were devel-
oped from a dataset in an author's unit. With the increasing usage 
of electric health records (EHR) in the medical and healthcare field, 
it has been recognized that using real-world data from the EHR is 
significant in developing machine learning-based predictive risk 
models.13,14 In Japan, in previous studies, postoperative mortality 
risk models for eight major gastroenterological surgeries, including 
ADP, were created using the national clinical database (NCD) and 
reported separately.7,15–21 Regarding ADP, a surgical risk model 
for predicting mortality was initially developed using 8482 surgi-
cal cases registered in the NCD in 2011,7 followed by risk models 
for predicting operative morbidities using 16 930 cases reported in 
2011 and 2012.22 The developed risk models were implemented as 
risk calculators on the NCD web system. The probabilities of mortal-
ity and morbidities in a patient were calculated and available for any 
medical provider (http://​www.​ncd.​or.​jp).

ADP is a clinical syndrome rather than a definitive diagnosis as 
the causative etiology varies widely: frequent etiologies were rup-
tured appendix, ischemic bowel disease, gastrointestinal tract perfo-
ration, and so on.23–25 In addition, the severity of ADP is considered 
to vary depending on its cause and responsible site. In the initial da-
tabase between 2011 and 2015, the classification of ADP (primary, 
secondary, or tertiary peritonitis) and clinical information about the 
detailed etiology and responsible organ (or site) was not contained 
in the NCD registry items, which became a limitation of the initially 
developed risk model. Since 2016, Such information has been added 
to the NCD items. Under a new NCD project, the current study was 

conducted to create new NCD risk models for predicting surgical 
outcomes of ADP using the current and larger database from 2016.

2  |  METHODS

2.1  |  Data source and patient selection

The NCD is Japan's largest nationwide surgical registry, established 
in 2010. The NCD project systematically collects and analyzes data 
and uses them to improve the quality of surgical procedures in 
Japan.26 The accuracy of the NCD data was ensured through sys-
tematic audits for standard NCD input initiated by the Japanese 
Society of Gastroenterological Surgery (JSGS) database committee 
in 2016.27 In the current study, perioperative data were retrieved 
from the NCD in patients who underwent surgery for ADP between 
January 2016 and December 2019. Preoperative and perioperative 
variables registered in the NCD system were used in the current 
study.

2.2  |  Clinical data registry regarding the 
definition of ADP

Acute diffused peritonitis can be classified based on various factors, 
including the underlying etiology or the organs/sites responsible 
within the abdomen. When classifying ADP, primary peritonitis oc-
curs due to bacterial translocation, hematogenous spread, or iatro-
genic contamination of the abdomen without a macroscopic defect 
in the gastrointestinal tract (e.g., idiopathic). On the other hand, 
secondary peritonitis arises from direct contamination of the peri-
toneum by spillage from the gastrointestinal or urogenital tracts or 
their associated solid organs (e.g., perforation, acute appendicitis, or 
ruptured suture). Tertiary peritonitis is persistent secondary peri-
tonitis lasting 48 h after an attempted surgical source control.2,28,29 
A clear definition of ADP is crucial for developing a relevant risk 
model. The NCD registry from 2016 has included variables related 
to the classification of ADP (primary, secondary, or tertiary perito-
nitis), detailed etiology, and the responsible organ/site as data items 
(refer to Table S1).

2.3  |  Outcome measures

The primary outcome of this study was perioperative mortality of 
ADP, which was defined as 30-day postoperative mortality and in-
hospital mortality. For the secondary outcomes, 11 postoperative 
complications strongly associated with perioperative death were 
selected according to the number of events and their association 
with mortality. The 11 postoperative complications included 30-
day mortality, organ space surgical site infection (SSI), pneumonia, 
unplanned intubation, mechanical ventilation, acute renal failure, 
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impaired consciousness, respiratory arrest, sepsis, disseminated 
intravascular coagulation (DIC), and postoperative transfusion.

2.4  |  Statistical analysis

Descriptive statistics were produced for the study subjects' demo-
graphic, clinical, and laboratory characteristics. Categorical vari-
ables were expressed as numbers and percentages. A risk model 
was generated for each outcome using a backward stepwise logistic 
regression with the Akaike information criterion (AIC). According to 
previous studies and clinical knowledge, candidate covariates for 
inclusion in the risk models were selected from registry variables 
relevant to the outcomes. Avoiding quasi-complete separation prob-
lems in a logistic regression model, when the number of events (or 
non-events) for any one of the covariate levels was <5, the levels 
were merged, or the covariate was excluded from the candidate. If 
the correlation coefficient between two covariates was >0.9, the 
covariate considered more important was left in the candidate co-
variate list to avoid multicollinearity. The performance of the risk 
model was evaluated using the c-index and a calibration plot. The 
optimism of the c-index was corrected using Harrell's bias correc-
tion method.30 Confidence intervals for the c-index were calculated 
using the location-shifted bootstrap method31 since the sample size 
was sufficiently large. The number of bootstrap samples was set to 
200.

Similarly, bootstrapping was used to correct optimism in the cal-
ibration plot.30 The statistical significance level was set at 0.05; all 
tests were two-tailed. All statistical analyses were performed using 
R software version 4.0 and later (R Foundation, Vienna, Austria, 
https://​www.​r-​proje​ct.​org/​). Backward stepwise variable selection 
method and calibration plots were performed using the rms R pack-
age version 6.2 and later (Frank E Harrell Jr., https://​CRAN.​R-​proje​
ct.​org/​packa​ge=​rms).

3  |  RESULTS

3.1  |  Patients characteristics and preoperative risk 
profiles and laboratory data of the study population

Between 2016 and 2019, the NCD registered 3 088 308 surgical 
cases in the gastroenterological surgery section. We collected 
clinical data on 45 379 surgical cases for ADP after excluding 
duplicate patients on the NCD registry (n = 1663), a patient with 
categorization mismatch (n = 1), and patients with missing data 
(n = 11 966) (Figure  1). The characteristics of the study cohort 
are summarized in Table  1. Notably, emergency surgery and 
ambulance transportation accounted for 93.4% and 44.3% of cases, 
respectively, which is comparable with the previous NCD reports.7,22 
In the classification of ADP, secondary peritonitis was dominant, 
accounting for 92.7%. Regarding etiology, bowel perforation was a 
leading cause, accounting for 68.5% of cases. “Upper gastrointestinal 

tract (stomach, duodenum, or small bowel)” and “large bowel” were 
the frequent organs causing ADP, accounting for 38.5% and 37.8% 
of cases, respectively (Table 1).

3.2  |  Occurrence of mortality and morbidity in 
patients with ADP

The incidence of perioperative mortality and the 30-day postop-
erative mortality, and the 10 morbidities are summarized in Table 2. 
Perioperative mortality and the 30-day mortality rates for the 
45 379 surgical cases were 10.6% and 7.2%, respectively. The asso-
ciation between morbidities of ADP and perioperative mortality or 
the 30-day mortality is shown in Table 2. The 10 mortalities with a 
high number of events relatively strongly associated with periopera-
tive mortality were selected as secondary outcomes: organ space 
SSI, pneumonia, unplanned intubation, respiratory failure, acute 
renal failure, impaired consciousness, cardio-respiratory arrest, sep-
sis, and DIC. The “reoperation” was excluded from the secondary 
outcomes because the mortality rate was not so high as that of “un-
planned intubation” or “cardio-respiratory arrest”.

3.3  |  Risk models for predicting postoperative 
outcomes and their predictive performance

A risk model was created for each surgical outcome based on mul-
tivariate logistic analysis (Table 3 and Table S2). The risk model for 
perioperative mortality, primary outcome, retained 55 predictors, 
including variables of etiology and organ or site responsible for ADP 
(Table 3). The top five relevant predictors for perioperative mortality 
were selected according to an absolute value of beta coefficient value 
in the multivariate logistic model. The top five relevant predictors 
were “age ≥81 (OR = 3.83)”, “age;76–80 (OR = 2.82)”, “advanced can-
cer with multiple metastases (OR = 2.43)”, “platelet count <50,000/
mL (OR = 2.67)”, and “serum albumin <2.0 g/dL (OR = 2.60)”.

The C-index, which is the area under the ROC curve, and the 
95% confidence interval (CI) were calculated with the bootstrap-
based optimism correction method to evaluate the discriminative 
performance of each model.30 The C-indices of perioperative mor-
tality and 30-day mortality were 0.859 (95% CI: 0.855–0.865) and 
0.857 (95% CI: 0.853–0.864), respectively, which were comparable 
to those of the initially reported model.7 Regarding postoperative 
morbidities, the C-indices were >0.80 except for organ space SSI (C-
index:0.704), pneumonia (C-index:0.799), and unplanned intubation 
(C-index: 0.774) (Table 4). To summarize, these findings indicated the 
good discrimination performance of the risk model developed in the 
current study.

The calibration plots of the risk model for predicting each out-
come are shown in Figure 2. The predicted value of all the surgical 
outcomes except unplanned intubation, cardio-respiratory arrest, 
and DIC was highly fitted with the actual probability from the lower 
to the higher risk groups. The consistency of the calibration plots 
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714  |    SATO et al.

in the three models remained in the low-risk group; however, they 
overpredicted the incidence in the higher-risk group.

4  |  DISCUSSION

In the present study, new risk models for predicting postoperative 
mortality and morbidities of ADP were revised with newly added 
variables, causative etiology, and responsible organ or site and 
validated using the recent NCD dataset. The discrimination per-
formance of the developed risk models of perioperative mortalities 
and the 30-day mortality was sufficiently high, with 0.857 (95% CI: 
0.853–0.864) and 0.859 (95% CI: 0.855–0.865) of the C-index, re-
spectively, which were comparable to those of initial report.7 The 
calibration assessment showed all the models except unplanned in-
tubation, cardio-respiratory arrest, and DIC were fitted well from 
the lower to the higher risk groups, suggesting reliable risk models in 
clinical use. Therefore, the newly developed risk models were con-
sidered valuable and reliable for predicting postoperative outcomes 
of ADP.

Given the wide variation in causes of ADP, it is crucial to define 
ADP when developing a risk model precisely. In this study, the latest 

dataset from the NCD was utilized, providing new relevant variables 
such as ADP classification, etiology, and causative organ. This addi-
tion was aimed at addressing the limitations of the previous study. To 
our knowledge, this database represents the largest national registry 
with comprehensive clinical variables for defining the ADP popula-
tion. Notably, within the entire cohort, 92.7% had secondary perito-
nitis, which often requires prompt surgical intervention. Therefore, 
the newly developed risk models exhibit significant strength in pre-
dicting surgical outcomes for these patients.

In addition, a novelty of the current study is to reveal the impact 
of the causative etiology or causative organ of ADP for predicting 
surgical outcomes. These variables were selected as a predictor of 
the developed risk models, which was considered to complement 
the limitation of the previous study. The number of factors compris-
ing the risk models increased; however, most were factors selected 
in the previous studies.

A recent report of gastroenterological surgery in Japan using the 
NCD between 2011 and 2019 showed that surgical cases of ADP 
have been increasing and that the 30- and 90-day mortalities have 
been steadily decreasing in these years, while the postoperative 
morbidities classified as Clavien–Dindo grade 3 or higher remained 
high.16 Considering the transition, it is meaningful to develop a new 

F I G U R E  1  Patient flow.
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TA B L E  3  Risk models for predicting mortality of acute diffused peritonitis.

Variables

30-day mortality Perioperative mortality

B. Coefficient p value OR 95% CI B. Coefficient p value OR 95% CI

Age <60 years Reference – – – Reference – – –

61–65 years 0.51 <0.001 1.67 1.36–2.05 0.6 <0.001 1.82 1.53–2.15

66–70 years 0.53 <0.001 1.71 1.42–2.04 0.64 <0.001 1.9 1.64–2.21

71–75 years 0.83 <0.001 2.3 1.93–2.73 0.86 <0.001 2.37 2.05–2.74

76–80 years 1.02 <0.001 2.77 2.34–3.28 1.04 <0.001 2.82 2.45–3.25

81 and over the years 1.31 <0.001 3.71 3.17–4.35 1.34 <0.001 3.83 3.35–4.38

BMI: <26 kg/m2 Reference – – – Reference – – –

≤26, and <30 kg/m2 0.17 0.016 1.19 1.03–1.37 0.15 0.018 1.16 1.03–1.32

≥30 kg/m2 0.42 <0.001 1.53 1.22–1.92 0.33 0.002 1.39 1.13–1.71

Brickman index: 0 Reference – – –

1–199 −0.29 0.029 0.75 0.58–0.97

200–399 −0.01 0.923 0.99 0.82–1.20

400 and over 0.06 0.268 1.06 0.96–1.17

Sex: Female Reference – – –

Male 0.11 0.004 1.12 1.04–1.20

Diabetes: No Reference – – –

Yes −0.09 0.062 0.92 0.84–1.00

Alcohol consumption habitat: No Reference – – – Reference – – –

Yes −0.17 0.003 0.84 0.75–0.94 −0.18 <0.001 0.83 0.76–0.92

Respiratory distress within 30 days: 
No

Reference – – – Reference – – –

Yes 0.25 <0.001 1.28 1.11–1.47 0.31 <0.001 1.36 1.20–1.55

ADL within 30 days, no assistance Reference – – – Reference – – –

Any assistance 0.17 0.008 1.18 1.05–1.34 0.22 <0.001 1.25 1.12–1.40

ADL just before surgery, no 
assistance

Reference – – – Reference – – –

Any assistance 0.27 <0.001 1.31 1.17–1.47 0.22 <0.001 1.25 1.13–1.38

Esophageal varix within 6 months: 
No

Reference – – –

Yes 0.37 0.053 1.44 0.99–2.09

Hypertension within 30 days: No Reference – – – Reference – – –

Yes −0.08 0.064 0.92 0.85–1.00 −0.07 0.059 0.93 0.87–1.00

Previous cerebrovascular disease: 
No

Reference – – – Reference – – –

Yes −0.22 0.005 0.81 0.69–0.94 −0.16 0.022 0.85 0.75–0.98

Chronic steroid use: No Reference – – – Reference – – –

Yes 0.27 <0.001 1.3 1.12–1.52 0.31 <0.001 1.36 1.19–1.56

Blood coagulation abnormality: No Reference – – –

Yes (without anticoagulant) 0.12 0.11 1.12 0.97–1.29

Yes (with anticoagulant) −0.07 0.269 0.93 0.81–1.06

Sepsis just before surgery: No Reference – – – Reference – – –

Yes 0.56 <0.001 1.76 1.61–1.92 0.47 <0.001 1.6 1.47–1.73

ASA classification: 1 and 2 Reference – – – Reference – – –

3, 4 and 5 0.76 <0.001 2.14 1.92–2.38 0.7 <0.001 2.02 1.85–2.20

Ambulance transportation: No Reference – – –
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Variables

30-day mortality Perioperative mortality

B. Coefficient p value OR 95% CI B. Coefficient p value OR 95% CI

Yes 0.11 0.01 1.11 1.03–1.21

Emergent surgery: No Reference – – – Reference – – –

Yes −0.13 0.14 0.88 0.74–1.04 −0.14 0.055 0.87 0.75–1.00

Cancer chemotherapy within 
90 days: No

Reference – – – Reference – – –

Yes 0.24 0.004 1.27 1.08–1.50 0.54 <0.001 1.72 1.51–1.96

Cancer immunotherapy within 
90 days: No

Reference – – –

Yes 0.42 0.128 1.52 0.89–2.60

Ventilator dependent within 48 h: 
No

Reference – – – Reference – – –

Yes 0.45 <0.001 1.57 1.33–1.85 0.54 <0.001 1.72 1.47–2.00

COPD: No Reference – – –

Yes 0.14 0.086 1.15 0.98–1.36

Current pneumonia: No Reference – – – Reference – – –

Yes 0.15 0.108 1.16 0.97–1.39 0.16 0.052 1.18 1.00–1.39

Congestive heart failure within 
30 days: No

Reference – – – Reference – – –

Yes 0.29 0.003 1.34 1.10–1.63 0.31 <0.001 1.37 1.14–1.64

Myocardial infarction within 
6 months: No

Reference – – – Reference – – –

Yes 0.46 0.015 1.58 1.09–2.29 0.49 0.005 1.64 1.16–2.31

Previous cardiac surgery: No Reference – – – Reference – – –

Yes −0.27 0.032 0.76 0.60–0.98 −0.23 0.042 0.8 0.64–0.99

Previous PVD with symptoms: No Reference – – –

Yes 0.53 0.003 1.69 1.19–2.41

Acute renal failure within 24 h: No Reference – – – Reference – – –

Yes 0.13 0.093 1.14 0.98–1.33 0.19 0.01 1.21 1.05–1.40

Dialysis within 14 days: No Reference – – – Reference – – –

Yes 0.25 0.002 1.28 1.09–1.50 0.41 <0.001 1.51 1.31–1.75

Advanced cancer with multiple 
metastases: No

Reference – – – Reference – – –

Yes 0.66 <0.001 1.93 1.64–2.27 0.89 <0.001 2.43 2.12–2.79

No neoplastic disease Reference – – – Reference – – –

Benign tumor −0.08 0.739 0.92 0.56–1.51 −0.17 0.435 0.84 0.55–1.30

Malignant tumor 0.54 <0.001 1.72 1.53–1.92 0.56 <0.001 1.74 1.58–1.92

WBC: ≥3000/mL Reference – – – Reference – – –

<3000/mL 0.29 <0.001 1.34 1.20–1.49 0.33 <0.001 1.39 1.26–1.53

Hemoglobin: ≥10 g/dL Reference – – –

< 10 g/dL 0.12 0.113 1.13 0.97–1.30

Hematocrit: ≥30% Reference – – – Reference – – –

<30% −0.11 0.028 0.9 0.82–0.99 −0.14 0.063 0.87 0.75–1.01

Plate count: ≥150 000/mL Reference – – – Reference – – –

≤100 000, and <150 000/mL 0.29 <0.001 1.33 1.19–1.49 0.26 <0.001 1.29 1.17–1.43

≤50 000, and <100 000/mL 0.44 <0.001 1.56 1.34–1.81 0.47 <0.001 1.59 1.40–1.82

<50 000/mL 0.98 <0.001 2.67 2.10–3.40 0.98 <0.001 2.67 2.11–3.37

TA B L E  3  (Continued)
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Variables

30-day mortality Perioperative mortality

B. Coefficient p value OR 95% CI B. Coefficient p value OR 95% CI

Albumin: ≥3.0 g/dL Reference – – – Reference – – –

≤2.0, <3.0 g/dL 0.38 <0.001 1.47 1.33–1.62 0.58 <0.001 1.78 1.63–1.94

<2.0 g/dL 0.71 <0.001 2.04 1.79–2.33 0.96 <0.001 2.6 2.32–2.92

Total bilirubin: <3.0 mg/dL Reference – – – Reference – – –

≥3.0 mg/dL 0.53 <0.001 1.71 1.43–2.03 0.63 <0.001 1.88 1.60–2.20

AST: ≤35 U/L Reference – – – Reference – – –

>35 U/L 0.39 <0.001 1.48 1.35–1.62 0.4 <0.001 1.49 1.36–1.64

ALT: =<35 U/L Reference – – –

>35 U/L −0.14 0.012 0.87 0.78–0.97

ALP: =<340 U/L Reference – – – Reference – – –

>340 U/L 0.36 <0.001 1.43 1.30–1.57 0.39 <0.001 1.48 1.37–1.61

BUN: =<20 mg/dL Reference – – – Reference – – –

> 20 mg/dL 0.46 <0.001 1.59 1.44–1.75 0.44 <0.001 1.56 1.43–1.69

Serum creatinine: < 2.0 mg/dL Reference – – – Reference – – –

≥2.0 mg/dL 0.67 <0.001 1.96 1.76–2.18 0.57 <0.001 1.77 1.61–1.96

Serum sodium: <130 mEq/L Reference – – – Reference – – –

≥130, and < 147 mEq/L −0.36 <0.001 0.7 0.60–0.81 −0.35 <0.001 0.7 0.61–0.80

≥147 mEq/L 0.09 0.494 1.09 0.85–1.41 0.02 0.859 1.02 0.81–1.29

CRP: <10 mg/dL Reference – – – Reference – – –

≥10, and < 20 mg/dL −0.34 <0.001 0.71 0.64–0.79 −0.28 <0.001 0.76 0.69–0.83

≥20 mg/dL −0.56 <0.001 0.57 0.51–0.63 −0.51 <0.001 0.6 0.55–0.66

INR of PT: ≤1.1 Reference – – – Reference – – –

1.1<, <1.67 0.15 0.001 1.16 1.06–1.27 0.19 <0.001 1.21 1.12–1.30

≥1.67 0.64 <0.001 1.89 1.63–2.19 0.57 <0.001 1.77 1.54–2.03

Etiology of ADP

Idiopathic: No Reference – – – Reference – – –

Yes 0.32 0.009 1.37 1.08–1.75 0.26 0.027 1.3 1.03–1.65

Bowel perforation: No Reference – – – Reference – – –

Yes 0.3 <0.001 1.34 1.19–1.52 0.36 <0.001 1.44 1.23–1.69

Bowel ischemia: No Reference – – – Reference – – –

Yes 0.47 <0.001 1.6 1.32–1.95 0.53 <0.001 1.69 1.39–2.06

Bowel obstruction: No Reference – – –

Yes 0.19 0.048 1.21 1.00–1.47

Inflammation of the biliary tract: 
No

Reference – – –

Yes −0.3 0.099 0.74 0.52–1.06

Appendicitis, diverticulitis, or 
IBD: No

Reference – – – Reference – – –

Yes −0.24 0.046 0.79 0.62–1.00 −0.21 0.06 0.81 0.66–1.01

Others: No Reference – – –

Yes 0.14 0.145 1.15 0.95–1.38

Organ or site responsible for ADP

Esophagus: No Reference – – – Reference – – –

Yes 0.45 0.117 1.56 0.89–2.73 0.61 0.014 1.84 1.13–2.98

TA B L E  3  (Continued)
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risk model based on the current database for accurate prediction in 
future use. In this study, the incidence rate of the 30- and periop-
erative mortality were lower than those of the initial reports (7.2% 
vs. 8.9%, and 10.6% vs. 13.9%, respectively).7,22 Possible reasons for 
this may be (1) improvement of perioperative management for ADP 
patients and (2) a contribution of the NCD risk calculator developed 
with the initial study, which may lead to excluding the most seriously 
ill patients of ADP for surgery.

When comparing the discrimination performance of the newly 
developed risk models with the initial risk models, the c-indices of 
the new mortality models were compared with those of previous 
models (Table  S3). Regarding the 10 morbidities, the eight mor-
bidities, except “pneumonia” and “acute renal failure,” were newly 
selected as secondary outcomes in this study. The c-index of the 
two common outcomes was slightly lower than those of the previ-
ous study.22 However, it is considered that this result can not con-
clude which is superior to the other because their discrimination 
performance was not compared directly using the same dataset. 
In addition, the background difference in mortality between the 
initial and the present dataset mentioned above may need to be 
considered.

Regarding calibration of the risk prediction models, the predicted 
value of each surgical outcome using the developed risk model was 
highly consistent with the actual probability except for unplanned 
intubation, cardio-respiratory arrest, and DIC (Figure 2). In the three 
models, poor calibration was found in the high-risk group, suggesting 
that the reliability of the predictions from the models was inferior. 
A possible cause of this may be unknown preoperative or intraop-
erative factors not included in explanatory variables for developing 
the new risk models in this study. Except for the three models, the 
risk models for predicting surgical outcomes of ADP were reliable 
enough for clinical use.

In the newly developed risk models, the number of indepen-
dent predictors increased compared with the previous models, 
reaching 55 for perioperative mortality. Indeed, the sample size 
for this study was five times larger (n = 45 379 vs. n = 8482). For the 
perioperative mortality, the top five were “age >81 (OR = 3.83)”, 

Variables

30-day mortality Perioperative mortality

B. Coefficient p value OR 95% CI B. Coefficient p value OR 95% CI

Appendix: No Reference – – – Reference – – –

Yes −0.55 0.001 0.58 0.41–0.80 −0.56 <0.001 0.57 0.42–0.78

Biliary tract: No Reference – – –

Yes 0.44 0.017 1.55 1.08–2.22

Others: No Reference – – – Reference – – –

Yes 0.19 0.159 1.21 0.93–1.58 0.42 0.002 1.52 1.17–1.99

Unknown: No Reference – – – Reference – – –

Yes 0.65 <0.001 1.92 1.39–2.63 0.75 <0.001 2.11 1.55–2.88

Stomach, duodenum, or small 
bowel: No

Reference – – – Reference – – –

Yes 0.57 <0.001 1.77 1.45–2.15 0.64 <0.001 1.89 1.52–2.36

Large bowel: No Reference – – – Reference – – –

Yes 0.64 <0.001 1.89 1.55–2.31 0.67 <0.001 1.96 1.58–2.44

(Intercept) −5.61 <0.001 0.00 0.00–0.01 −5.40 <0.001 0.00 0.00–0.01

Abbreviations: ADP, acute diffused peritonitis; CI, confidence interval; DIC, disseminated intra-vascular coagulation; OR; odds ratio; SSI, surgical site 
infection.

TA B L E  3  (Continued)

TA B L E  4  C-index of the logistic regression models for predicting 
the outcome.

Outcomes C-index 95% CI

Mortality within 30 days 0.857 0.853–0.864

Perioperative mortality 0.859 0.855–0.865

Organ space SSI 0.704 0.700–0.717

Pneumonia 0.799 0.794–0.810

Unplanned intubation 0.774 0.768–0.790

On ventilator (>48 h) 0.849 0.845–0.854

Acute renal failure 0.858 0.852–0.867

Impaired consciousness (>24 h) 0.856 0.849–0.867

Cardio-respiratory arrest 0.817 0.810–0.834

Postoperative transfusion 0.81 0.806–0.817

Sepsis 0.837 0.832–0.842

DIC 0.823 0.819–0.834

Abbreviations: CI, confidential interval; DIC, disseminated intravascular 
coagulation; SSI, surgical site infection.
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F I G U R E  2  Calibration plot of prediction models for mortalities and morbidities of acute diffused peritonitis. Observed event rates (95% 
CI) were plotted with predicted event rates for each prediction model in the whole dataset (n = 45 379).
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“advanced cancer with multiple metastases (OR = 2.43)”, “plate-
let count <50 000/mL (OR = 2.67)”, “serum albumin <2.0 g/dL 
(OR = 2.60)”, and “unknown site responsible for ADP (OR = 2.11)”, 
among which the three variables were consistent with those of 
30-day mortality. This finding suggested that preoperative sever-
ity, especially in elderly patients, was highly relevant to mortality 
after surgery. Naturally, this also applies to the risk models of the 
10 morbidities.

ADP is a clinical syndrome rather than a definitive diagnosis, as 
the causative etiology varies widely from one setting to another, 
and it seems to be correlated to mortality.32 For example, it is rec-
ognized by clinicians that ADP due to large bowel perforation must 
be more serious than that of the upper intestinal tract, such as gas-
tric or duodenum.32,33 To our knowledge, few studies have quan-
tified a relative risk measure of the causative etiology. Therefore, 
revealing the impact of the causative etiology for predicting out-
comes of ADP could be a novel finding of the present study. This 
study's new risk models selected causative etiology or responsi-
ble organ as a covariate. Etiology (“bowel perforation”, or “bowel 
ischemia”) and causative site (“esophagus”, “unknown”, “upper 
gastrointestinal tract”, or “lower gastrointestinal tract”) are shown 
to be relevant to perioperative mortality (Table 3). Regarding the 
10 morbidities, the variable of the causative site of ADP was se-
lected in the top five relevant predictors (Table S2). As expected, 
“esophagus” or “lower gastrointestinal tract” had a greater nega-
tive impact on morbidities, whereas “appendix” was less associated 
with severe complications. “Esophagus” was strongly relevant to 
the three outcomes associated with respiratory failures, such as 
“pneumonia”, “unplanned intubation,” and “on ventilator >48 h”. 
“Lower gastrointestinal tract” was relevant to the incidence of sep-
sis, DIC, and impaired consciousness. The definitive preoperative 
diagnosis of a detailed etiology of ADP is challenging; however, 
recent advances in imaging modalities could evaluate the etiology 
or causative organ (site) of ADP in most cases.

This study has several limitations. First, the newly developed 
risk models need to be validated using a truly external dataset, even 
though internal validation was performed in this study. In addition, 
validation using a database outside Japan is mandatory for evaluat-
ing generalization. Existing literature shows that etiologies of peri-
tonitis vary by geographic location and local environmental factors 
with genetic predisposition.21 Second, the present models seem to 
be complicated regarding many independent variables, which may 
burden the working time for data input. However, as far as Japanese 
users, these variables are already registered in the NCD system, so 
prediction calculated by the models is available automatically at par-
ticipating hospitals.

5  |  CONCLUSION

We constructed and validated the new prediction models of 
postoperative surgical outcomes of ADP using the recent NCD 

dataset. Evaluation of predictive power and calibration of these 
risk models showed they were sufficiently reliable for clinical set-
tings. The developed risk models in this study were updated and 
revised with the latest real-world data, which can lead to pro-
viding realistic predictions. Since treatment decisions for ADP 
are made under dynamic circumstances, accurate prediction of 
postoperative complications is useful for shared decision-making 
processes between patients and/or their families and medical 
providers.
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