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Development and validation of a procedure-based organ
failure assessment model for patients in the intensive care
unit: an administrative database study

Hiroyuki Ohbe, Hayato Yamana, Hiroki Matsui, and Hideo Yasunaga

Department of Clinical Epidemiology and Health Economics, School of Public Health, The University of Tokyo,
Tokyo, Japan

Aim: To develop a procedure-based organ failure assessment model for intensive care unit (ICU) patients and to examine the ability
of this model to predict in-hospital mortality, with reference to the Sequential Organ Failure Assessment (SOFA) score.

Methods: Using the Japanese nationwide Diagnosis Procedure Combination database, we identified patients aged ≥15 years who
were admitted to the ICUs April 2018–March 2019. Since April 2018, Japanese health care providers have been required to input ICU
patients’ SOFA scores into this database. We extracted data on the following procedures on ICU admission: oxygen supplementation,
invasive mechanical ventilation, blood transfusions, catecholamines, chest compression, extracorporeal membrane oxygenation, and
renal replacement therapy. A procedure-based organ failure assessment model (Model 1) for in-hospital mortality was developed
using therapeutic procedures for organ failure on the day of ICU admission in the derivation cohort. We also constructed a model
using the SOFA score (Model 2). Discriminatory ability was assessed using area under the receiver operating characteristic curve
(AUROC) in the validation cohort, and the discriminatory abilities of the models were compared.

Results: In total, 69,019 patients were included. Overall in-hospital mortality was 7.2%. The AUROCs for Model 1 (0.810) and Model 2
(0.817) in the validation cohort did not show a statistically significant difference (P = 0.20).

Conclusion: The models established using procedure-based organ failure assessment showed no statistically significant differences
from those using the SOFA score, suggesting that procedure records in administrative databases can be used for risk adjustment in
clinical studies on ICU mortality.
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INTRODUCTION

SEVERAL risk-adjustment models have been devel-
oped for patients in the intensive care unit (ICU),

including the Sequential Organ Failure Assessment (SOFA)
score,1 the Acute Physiology and Chronic Health Evaluation
(APACHE) system,2,3 the Simplified Acute Physiology
Score (SAPS),4 and the Mortality Prediction Model
(MPM).5

Administrative databases are widely used in clinical stud-
ies because they are routinely collected, represent accurate

records of care unaffected by recall bias, and contain data on
general population samples with large numbers of patients.
However, the information necessary for risk-adjustment
models is not available in administrative databases because
of the lack of clinical vital signs and laboratory data. Thus,
studies on ICU mortality using administrative data may have
several limitations, including inadequate risk adjustment and
confounding by indication.6,7 Since April 1, 2018, the data
of the SOFA score have been available in the Japanese Diag-
nosis Procedure Combination database, a national adminis-
trative inpatient database in Japan. However, these data are
only available for patients who were admitted to specific
ICUs or patients admitted for sepsis from April 2018.8 This
limits the number of patients available for severity score
adjustment and undermines the strength of generalizability
for a real-world administrative database.

To address these issues, several administrative database
studies have attempted to develop risk-adjustment models
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for ICU patients using data on patients’ characteristics,
comorbidities, and primary diagnoses; these models have
shown good performance for predicting mortality.9–11 In
addition to data on patients’ characteristics, comorbidities,
and primary diagnoses, including information on therapeutic
procedures for organ failure may improve risk adjustment
and prediction of mortality in studies on ICU patients. Previ-
ous studies on surgical patients and noncritically ill patients
have shown good performance of procedure-based risk
adjustment models using administrative databases.12,13

However, to the best of our knowledge, no published work
has evaluated procedure-based risk adjustment models using
time-series information on procedures for ICU patients.

Therefore, using a nationwide inpatient administrative
database in Japan, the present study aimed to develop a
procedure-based organ failure assessment model for ICU
patients and to examine the ability of this model to predict in-
hospital mortality, with reference to SOFA score. We also
aimed to develop further adjustment models including physi-
ological severity and baseline characteristics to improve the
model’s performance. We hypothesized that the discrimina-
tory abilities of models using therapeutic procedures for
organ failure would be superior to those using the SOFA
score because previous studies of procedure-based risk
adjustment models using administrative databases have
shown high prediction performance.12,13 A newly developed
procedure-based organ failure assessment model would then
be used for administrative and research purposes rather than
for clinical use.

METHODS

Source of data

WE USED THE Japanese Diagnosis Procedure Combi-
nation inpatient database, which contains discharge

abstracts and administrative claims data from hospitals in
Japan that voluntarily contribute to the database.14 Japan
established a universal health insurance system in 1961, and
this government-run public insurance system currently cov-
ers almost 120 million people of all ages in Japan. Reim-
bursement of costs at the hospitals participating in the
Diagnosis Procedure Combination database is performed by
a lump-sum payment under this universal health insurance
system.14 All academic hospitals are obliged to participate
in the Diagnosis Procedure Combination database, but par-
ticipation by community hospitals is voluntary. For 2017,
this database included data from about 500 ICU-equipped
hospitals with about 5,500 ICU beds, accounting for 70% of
all ICU beds in Japan.8 The database includes the following
patient-level data for all hospitalizations: age, sex, diagnoses

recoded with International Classification of Diseases, 10th
Revision codes, daily procedures recorded using Japanese
medical procedure codes, daily drug administrations, and
admission and discharge status. A previous validation study
of this database showed high specificity and moderate sensi-
tivity of recorded diagnoses, as well as high specificity and
high sensitivity of recorded procedures.15

Since April 1, 2018, health care providers in Japan have
been required to input SOFA scores for patients admitted to
the ICUs defined by Japanese procedure codes A3011 and
A3012; these ICUs account for approximately 30% of all
ICU beds in Japan.8 SOFA score, which ranges from 0 (best)
to 24 (worst) points,1 is recorded on the day of ICU
admission.

Participants

We included all patients aged ≥15 years who were admitted
to an ICU in the Japanese Diagnosis Procedure Combination
inpatient database from April 1, 2018, to March 31, 2019.
We excluded patients with missing data on SOFA score on
the day of ICU admission and those with missing data on
body weight or body height at admission.

We assigned the eligible patients admitted from April 1,
2018, to September 30, 2018, to the derivation cohort used
for developing the model, and we assigned eligible patients
admitted from October 1, 2018, to March 31, 2019, to the val-
idation cohort used for evaluating the model’s performance.

Outcome

The primary outcome was in-hospital mortality.

Predictors

For the development of a procedure-based organ failure
assessment model, we extracted the following data on thera-
peutic procedures for organ failure performed on the day of
ICU admission: oxygen supplementation, invasive mechani-
cal ventilation, blood transfusions (red blood cell, fresh fro-
zen plasma, and platelet), catecholamines (dopamine,
dobutamine, norepinephrine, epinephrine, and vasopressin),
chest compression, extracorporeal membrane oxygenation,
and renal replacement therapy. We chose these procedures
because they are common treatments for six types of organ
failure that comprise the SOFA score: respiratory (oxygen
supplementation and invasive mechanical ventilation), coag-
ulatory (platelet transfusion), liver (fresh frozen plasma trans-
fusion), cardiovascular (catecholamines, chest compression,
extracorporeal membrane oxygenation, and red blood cell
transfusion), central nervous system (invasive mechanical
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ventilation), and renal (renal replacement therapy).1 We did
not include the disease-specific procedures into a procedure-
based organ failure assessment model. Doses of dopamine,
norepinephrine, and epinephrine were calculated using the
total daily amount of each drug and body weight at admission
and were categorized according to the SOFA score.1 We used
the data on the day of ICU admission to construct the models
because risk adjustment for patient severity is usually con-
ducted on the day of ICU admission in cohort studies of ICU
patients.

For further adjustment of baseline characteristics, we also
extracted data on age, sex, body mass index at admission,16

Charlson comorbidity index score,17 Japan Coma Scale at
admission,18 ICU admission classification (elective surgery,
emergency surgery, or non-operative), and primary diagno-
sis. The Japan Coma Scale score at admission is required to
be input into the database for all patients as part of the
admission status. This score was categorized as alert, dizzy,
somnolent, or coma.18

Statistical analysis

A procedure-based organ failure assessment model for in-
hospital mortality (Model 1) was developed using multivari-
able logistic regression analysis with therapeutic procedures
for organ failure on the day of ICU admission in the deriva-
tion cohort. We also constructed multivariable logistic
regression models with the following independent variables
in the derivation cohort: SOFA score on the day of ICU
admission (Model 2), procedures for organ failure and base-
line characteristics (Model 3), and SOFA score and baseline
characteristics (Model 4). The predictors used in each model
are presented in Table 1.

The discriminatory ability of the models was assessed
using areas under the receiver operating characteristic curve
(AUROC) and their 95% confidence intervals in the deriva-
tion and validation cohorts.19 We also compared the discrim-
inatory ability of the models in the derivation and validation
cohorts, using an algorithm for the test of equality of
AUROC suggested by DeLong et al.20 Briefly, this test is a
nonparametric approach to the analysis of receiver operating
characteristic curves in which the theory on generalized U-
statistics is used to generate an estimated covariance matrix.
The calibration ability of the models was assessed by creat-
ing calibration plots for the validation cohort. In the calibra-
tion plot, observed mortality was plotted against each decile
of predicted mortality.21 Ideally, the slope and intercept
would be 1 and 0, respectively, and the plot would corre-
spond to the diagonal line.

Continuous variables are presented as means and standard
deviations or as medians and interquartile ranges, as

appropriate. Categorical variables are described with num-
bers and percentages. Sample size calculation for compar-
ison of the two hypothesized AUROCs of 0.80 and 0.81
showed that the required total sample sizes were 19,822 for
type I error of <0.05 and 29,528 for type I error of <0.01.22

Because of the large sample size in this study, a P value of
<0.01 was considered statistically significant. All reported P
values were two-sided. There were missing data for the
SOFA score on the day of ICU admission and body weight
or body height at admission, but no other data were missing.
All analyses were performed using Stata/MP 16.0 software
(StataCorp, College Station, TX, USA).

Sensitivity analyses

Patients receiving end-of-life or palliative care, particularly
older patients aged ≥75 years, may be unlikely to accept
life-supportive interventions. Therefore, we performed sen-
sitivity analyses excluding patients aged ≥75 years. We

Table 1. List of predictors used in the models

Model Predictors

1 Oxygen supplementation, invasive mechanical

ventilation, blood transfusions (red blood cell,

fresh frozen plasma, and platelet),

catecholamines (dopamine, dobutamine,

norepinephrine, epinephrine, and vasopressin),

chest compression, extracorporeal membrane

oxygenation, and renal replacement therapy

2 SOFA score on the day of ICU admission

3 Age, sex, body mass index at admission, Charlson

comorbidity index score, Japan Coma Scale at

admission, ICU admission classification, primary

diagnosis, oxygen supplementation, invasive

mechanical ventilation, blood transfusions (red

blood cell, fresh frozen plasma, and platelet),

catecholamines (dopamine, dobutamine,

norepinephrine, epinephrine, and vasopressin),

chest compression, extracorporeal membrane

oxygenation, renal replacement therapy

4 Age, sex, body mass index at admission, Charlson

comorbidity index score, Japan Coma Scale at

admission, ICU admission classification, primary

diagnosis, and SOFA score on the day of ICU

admission

Model 1: procedure-based organ failure; Model 2: SOFA score

on the day of ICU admission; Model 3: procedure-based organ

failure and baseline characteristics; Model 4: SOFA score and

baseline characteristics.
ICU, intensive care unit; SOFA, Sequential Organ Failure Assess-

ment.
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calculated the AUROCs and compared these among the
models as in the main analyses.

RESULTS

WE IDENTI fied 69,019 eligible patients aged
≥15 years who were admitted to ICUs during the

study period (Fig. 1). Of these patients, 36,949 were
assigned to the derivation cohort and 32,070 were assigned
to the validation cohort.

There were 21,643 patients with missing data for the
SOFA score on the day of ICU admission and 3,211 patients
with missing data for body weight or body height at admis-
sion. The characteristics of patients with and without miss-
ing data are compared in Table S1.

The median age was 70 years, and 61.3% of the patients
were male (Table 2). More than half of the admissions were
for elective surgery, and cancer was the primary diagnosis
for one-third of the admissions. The percentages of patients
with mechanical ventilation and noradrenaline were 14.6%
and 32.5%, respectively. The median SOFA score on the
day of ICU admission was 3 (interquartile range, 1–7).
Overall in-hospital mortality was 7.2%. The examined char-
acteristics were similar in the derivation and validation
cohorts.

The results of the multivariable logistic regression analy-
sis for Models 1–4 in the derivation cohort are shown in
Table 3. All the examined therapeutic procedures for organ
failure performed on the day of ICU admission were signifi-
cantly associated with increased risk of death in Model 3.

Model performance is summarized in Table 4. The
AUROCs for Model 1 and Model 2 in the derivation cohort
were 0.811 and 0.813, respectively, and this difference was
not statistically significant (P = 0.77; Fig. 2). The AUROCs
for Model 3 and Model 4 were 0.886 and 0.890, respec-
tively, and this difference was not statistically significant

(P = 0.017; Fig. 3). Statistically significant differences were
found in the comparisons between Models 1 and 3 and
between Models 2 and 4 (P < 0.001). The AUROCs in the
validation cohort were similar to those in the derivation
cohort.

The slope and intercept of the calibration plot were ideal
for all models in the validation cohort with the exception of
the calibration plot above the top 10% of predicted mortality
(Fig. 4).

The AUROCs for Models 1–4 in the sensitivity analyses
excluding patients aged ≥75 years were 0.833, 0.835, 0.910,
and 0.914, respectively (Table S1). There were no statisti-
cally significant differences in the AUROCs between Mod-
els 1 and 2 (P = 0.69) or between Models 3 and 4
(P = 0.087).

DISCUSSION

WE DEVELOPED A procedure-based organ failure
assessment model using data on therapeutic proce-

dures for organ failure on the day of ICU admission from
a nationwide administrative database in Japan. Compared
with SOFA score, the procedure-based organ failure assess-
ment model demonstrated no statistically significant differ-
ence in the prognostic accuracy for in-hospital mortality.
The prognostic accuracy of the models with additional
adjustment for the baseline characteristics showed better
discriminatory abilities. All the models showed good cali-
bration ability, although the calibration plot above the top
10% of predicted mortality (predicted mortality of >35%)
was outside the diagonal line. This does not mean that the
calibration ability of the models was poor but rather that
the number of cases in this stratum was smaller than that
of the scale.

Several administrative database studies have constructed
mortality prediction models for critically ill patients using

Fig 1. Patient flowchart. ICU, intensive care unit; SOFA, Sequential Organ Failure Assessment.
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Table 2. Characteristics of patients included in the study

Characteristic Overall

cohort

(n = 69,019)

Derivation

cohort

(n = 36,949)

Validation

cohort

(n = 32,070)

Age, years, median (IQR) 70 (60–78) 70 (60–78) 70 (60–78)
Male, n (%) 42,333 (61.3) 22,464 (60.8) 19,869 (62.0)

Body mass index at admission, kg/m2, n (%)

<18.5 8,716 (12.6) 4,908 (13.3) 3,808 (11.9)

18.5–24.9 42,266 (61.2) 22,627 (61.2) 19,639 (61.2)

25.0–29.9 14,517 (21.0) 7,545 (20.4) 6,972 (21.7)

≥30.0 3,520 (5.1) 1,869 (5.1) 1,651 (5.1)

Charlson comorbidity index, mean (SD) 1.3 (1.6) 1.3 (1.6) 1.3 (1.5)

Japan Coma Scale at admission, n (%)

Alert 58,787 (85.2) 31,590 (85.5) 27,197 (84.8)

Dizzy 5,296 (7.7) 2,817 (7.6) 2,479 (7.7)

Somnolent 1,798 (2.6) 923 (2.5) 875 (2.7)

Coma 3,138 (4.5) 1,619 (4.4) 1,519 (4.7)

Admission classification, n (%)

Elective surgery 38,922 (56.4) 20,918 (56.6) 18,004 (56.1)

Emergency surgery 9,130 (13.2) 4,980 (13.5) 4,150 (12.9)

Non-operative 20,967 (30.4) 11,051 (29.9) 9,916 (30.9)

Primary diagnosis, n (%)

Cancer 22,684 (32.9) 12,369 (33.5) 10,315 (32.2)

Cardiac disease 16,851 (24.4) 8,770 (23.7) 8,081 (25.2)

Circulatory disease other than cardiac 11,956 (17.3) 6,185 (16.7) 5,771 (18.0)

Abdominal disease 3,734 (5.4) 2,147 (5.8) 1,587 (4.9)

Trauma 2,612 (3.8) 1,393 (3.8) 1,219 (3.8)

Other 11,182 (16.2) 6,085 (16.5) 5,097 (15.9)

SOFA score at ICU admission, median (IQR) 3.0 (1.0–7.0) 3.0 (1.0–7.0) 3.0 (1.0–6.0)
Procedures at ICU admission, n (%)

Oxygen supplementation 13,922 (20.2) 7,371 (19.9) 6,551 (20.4)

Mechanical ventilation 10,067 (14.6) 5,327 (14.4) 4,740 (14.8)

Platelet transfusion 6,979 (10.1) 3,908 (10.6) 3,071 (9.6)

Fresh frozen plasma transfusion 12,475 (18.1) 6,862 (18.6) 5,613 (17.5)

Red blood cell transfusion 17,410 (25.2) 9,592 (26.0) 7,818 (24.4)

Dopamine, n (%)

<5 lg/kg/min 8,648 (12.5) 4,675 (12.7) 3,973 (12.4)

<15 lg/kg/min 2,490 (3.6) 1,333 (3.6) 1,157 (3.6)

≥15 lg/kg/min 179 (0.3) 106 (0.3) 73 (0.2)

Dobutamine 10,223 (14.8) 5,542 (15.0) 4,681 (14.6)

Noradrenaline, n (%)

<0.1 lg/kg/min 18,755 (27.2) 9,903 (26.8) 8,852 (27.6)

≥0.1 lg/kg/min 3,669 (5.3) 1,983 (5.4) 1,686 (5.3)

Adrenaline, n (%)

<0.1 lg/kg/min 6,089 (8.8) 3,214 (8.7) 2,875 (9.0)

≥0.1 lg/kg/min 330 (0.5) 178 (0.5) 152 (0.5)

Vasopressin 1,447 (2.1) 772 (2.1) 675 (2.1)

Chest compression 1,104 (1.6) 549 (1.5) 555 (1.7)

Extracorporeal membrane oxygenation 635 (0.9) 332 (0.9) 303 (0.9)

Renal replacement therapy 2,726 (3.9) 1,511 (4.1) 1,215 (3.8)

In-hospital mortality 4,943 (7.2) 2,655 (7.2) 2,288 (7.1)

ICU, intensive care unit; IQR, interquartile range; SD, standard deviation; SOFA, Sequential 3 Organ Failure Assessment.
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Table 3. Results of the multivariable logistic regression analysis for Models 1–4 in the derivation cohort

Characteristics Model 1

Odds ratio

(95% CI)

Model 2

Odds ratio

(95% CI)

Model 3

Odds ratio

(95% CI)

Model 4

Odds ratio

(95% CI)

Age, years — — 1.02 (1.02–1.02) 1.02 (1.01–1.02)
Male — — 1.22 (1.10–1.34) 1.08 (0.98–1.18)
Body mass index at admission, kg/m2

<18.5 — — Reference Reference

18.5–24.9 — — 0.66 (0.59–0.75) 0.62 (0.55–0.70)
25.0–29.9 — — 0.61 (0.53–0.71) 0.53 (0.45–0.61)
≥30.0 — — 0.65 (0.51–0.83) 0.51 (0.40–0.65)

Charlson comorbidity index — — 1.13 (1.10–1.16) 1.10 (1.07–1.13)
Japan Coma Scale at admission

Alert — — Ref Ref

Dizziness — — 1.15 (1.00–1.32) 1.03 (0.90–1.18)
Somnolence — — 1.31 (1.07–1.62) 1.09 (0.89–1.34)
Coma — — 2.66 (2.29–3.09) 2.29 (1.99–2.63)

Admission classification

Elective surgery — — Ref Ref

Emergency surgery — — 4.91 (4.12–5.85) 5.07 (4.26–6.04)
Non-operative — — 13.1 (11.1–15.4) 11.4 (9.84–13.21)

Primary diagnosis

Cancer — — Ref Ref

Cardiac diseases — — 0.36 (0.30–0.42) 0.42 (0.37–0.49)
Circulatory diseases other than cardiac — — 0.53 (0.45–0.63) 0.56 (0.48–0.67)
Abdominal disease — — 0.81 (0.67–0.98) 0.63 (0.52–0.76)
Trauma — — 0.47 (0.37–0.60) 0.47 (0.37–0.59)
Others — — 0.65 (0.56–0.76) 0.57 (0.49–0.66)

SOFA score at ICU admission — 1.33 (1.32–1.35) — 1.28 (1.27–1.30)
Procedures at ICU admission

Oxygen supplementation 2.07 (1.86–2.30) — 1.35 (1.20–1.52) —
Mechanical ventilation 4.36 (3.95–4.81) — 1.80 (1.60–2.02) —
Platelet transfusion 1.68 (1.43–1.98) — 2.03 (1.72–2.40) —
Fresh frozen plasma transfusion 0.85 (0.73–1.00) — 1.24 (1.06–1.46) —
Red blood cell transfusion 1.3 (1.14–1.48) — 1.35 (1.18–1.54) —
Dopamine

<5 lg/kg/min 0.91 (0.79–1.05) — 1.33 (1.14–1.55) —
<15 lg/kg/min 1.44 (1.19–1.75) — 1.66 (1.35–2.03) —
≥15 lg/kg/min 2.53 (1.48–4.32) — 2.99 (1.67–5.35) —

Dobutamine 0.76 (0.67–0.87) — 1.23 (1.07–1.43) —
Noradrenaline

<0.1 lg/kg/min 1.14 (1.02–1.28) — 1.31 (1.17–1.47) —
≥0.1 lg/kg/min 2.81 (2.43–3.25) — 2.02 (1.74–2.35) —

Adrenaline

<0.1 lg/kg/min 1.50 (1.30–1.72) — — 1.90 (1.63–2.21)
≥0.1 lg/kg/min 7.07 (4.68–10.67) — — 7.12 (4.65–10.9)

Vasopressin 1.84 (1.50–2.26) — — 1.40 (1.14–1.72)
Chest compression 5.96 (4.77–7.45) — 3.32 (2.63–4.19) —
Extracorporeal membrane oxygenation 3.51 (2.64–4.67) — 2.43 (1.81–3.26) —
Renal replacement therapy 3.36 (2.93–3.86) — 1.93 (1.68–2.23) —

Model 1: procedure-based organ failure; Model 2: SOFA score on the day of ICU admission; Model 3: procedure-based organ failure and

baseline characteristics; Model 4: SOFA score and baseline characteristics.
CI, confidence interval; ICU, intensive care unit; SOFA, Sequential Organ Failure Assessment.
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the variables of age, unplanned admission, hospital category,
primary diagnosis, or various procedures during ICU admis-
sion.9–11 To our knowledge, the present study is the first to
construct a mortality prediction model considering time-
series information on procedures performed on the day of
ICU admission, rather than procedures during ICU admis-
sion. The prognostic ability of our model was comparable or
superior to the AUROC of 0.69 through 0.89 of the models

presented in previous studies using administrative
databases.9–11

Previous prospective studies have demonstrated that
SOFA score is a useful predictor of ICU mortality, with the
AUROC ranging from 0.61 to 0.88.23–25 The prognostic
accuracy of the procedure-based organ failure assessment
model in our study was comparable to that of SOFA score.
In addition, model performance showed a significant

Table 4. Performance of models in the derivation and validation cohorts

Derivation cohort Validation cohort

AUROC (95% CI) P value for

model comparison

AUROC (95% CI) P value for

model comparison

Model 1 0.811 (0.802–0.820) 0.77 0.810 (0.800–0.821) 0.20

Model 2 0.813 (0.804–0.821) 0.817 (0.808–0.826)
Model 3 0.886 (0.879–0.892) 0.017 0.894 (0.888–0.900) 0.015

Model 4 0.890 (0.884–0.896) 0.898 (0.892–0.904)

Model 1: procedure-based organ failure; Model 2: SOFA score on the day of ICU admission; Model 3: procedure-based organ failure and

baseline characteristics; Model 4: SOFA score and baseline characteristics.
AUROC, area under the receiver operating characteristic curve; CI, confidence interval; ICU, intensive care unit; SOFA, Sequential Organ

Failure Assessment.

Fig 2. Area under the receiver operating characteristic curve for discriminatory capacity for in-hospital mortality in Models 1 and 2 in

the derivation cohort. Model 1: procedure-based organ failure; Model 2: SOFA score on the day of ICU admission. ICU, intensive care

unit; SOFA, Sequential Organ Failure Assessment.
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improvement and excellent discriminatory ability when the
baseline characteristics were added. Model 3 in this study
showed model performance comparable to that of the major
ICU severity of illness scores in the APACHE IV system,
which incorporates age, physiological findings, laboratory
findings, chronic health conditions, admission information,
and diagnoses at admission.3

Our study has several strengths. First, we developed a risk
adjustment model using routinely collected procedure
records included in an administrative database. The imple-
mentation of risk adjustment models using physiological
findings and laboratory findings (such as the APACHE sys-
tem) requires considerable cost and effort, and its use is lim-
ited to regional prospective databases for critically ill
patients. Such databases may have limited generalizability
because hospitals with good performance may be relatively
likely to participate, whereas hospitals with poor perfor-
mance may tend not to participate in prospective data-
bases.26,27 Therefore, studies that use an administrative
database in which severity adjustment is available can assess
populations with high generalizability in real-world settings.
Second, the model depends only on procedure records,
which have high sensitivity and specificity. The models in
previous studies used coding for primary diagnosis, which
generally has low sensitivity and moderate specificity,
potentially resulting in coding misclassification. Third, the
present study was conducted using a nationwide database

and included a large number of ICU patients, representing
70% of all ICU patients in Japan.

This study may suggest that procedure-based organ failure
assessment can be used as an appropriate risk adjustment
tool for ICU patients in administrative databases. The
assessment model presented here could be applied to similar
databases that include procedure data.

Our study has several limitations. First, the study was
conducted in Japan, and external validation in different
locations was not conducted. The use of this model in other
countries with different routine practices and coding sys-
tems will require appropriate conversions. Second, some
patients receiving end-of-life or palliative care may be unli-
kely to accept life-supportive interventions. The bias from
these patients may have affected the main analyses because
the sensitivity analyses excluding patients aged ≥75 years
improved the models’ performances. In addition, facility
characteristics and doctors’ preferences may have affected
the procedures in the ICU. For example, in conditions for
which treatment methods have not yet been established,
such as acute respiratory distress syndrome or cardiopul-
monary arrest, the criteria for extracorporeal membrane
oxygenation and the blood transfusion thresholds may dif-
fer among institutions. Therefore, models based on the
patients’ physiological severity will not match models
based on the therapeutic interventions in the ICU. Third,
patient willingness, facility characteristics, and doctors’

Fig 3. Area under the receiver operating characteristic curve for discriminatory capacity for in-hospital mortality in Models 3 and 4 in

the derivation cohort. Model 3: procedure-based organ failure and baseline characteristics; Model 4: SOFA score and baseline charac-

teristics. SOFA, Sequential Organ Failure Assessment.
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preferences can affect the mortality rate as well as proce-
dures. Therefore, models using the SOFA score for predic-
tion of in-hospital mortality can be affected by these

factors, as can procedure-based prediction models. Fourth,
the proportion of patients with missing data was 26.5%
(n = 24,854/93,873) in this study. This proportion was

Fig 4. Calibration plots for the models predicting in-hospital mortality in the validation cohort. A LOWESS smoother was used with a

plot of 10 equally sized percentiles. Ideally, the calibration plot would align perfectly with the diagonal line (shown with a dashed line).

Model 1: procedure-based organ failure; Model 2: SOFA score on the day of ICU admission; Model 3: procedure-based organ failure

and baseline characteristics; Model 4: SOFA score and baseline characteristics. ICU, intensive care unit; SOFA, Sequential Organ Fail-

ure Assessment.
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large and the missing data did not appear random, causing
potential bias.

CONCLUSIONS

USING A JAPANESE administrative database, we
developed procedure-based organ failure assessment

models. These models showed no significant difference in
the ability to predict mortality from those established using
the SOFA score, suggesting that procedure-based organ fail-
ure assessment models can be used as risk adjustment tools
in clinical studies of ICU patients. Similar models can be
constructed using other administrative databases that include
time-series information on procedures.
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ing data.
Table S2. Performance of models in the validation cohort in
the sensitivity analyses excluding parents aged ≥75 years.
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