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Abstract
Introduction: The comprehensive complication index (CCI),
which weights all postoperative complications according to
severity and integrates them into a single formula, has been
reported as a new evaluation system. We aimed to compare
the CCI with the Clavien-Dindo Classification (CDC) to patients
with ulcerative colitis (UC). Methods: Patients who underwent
initial surgery for UC from April 2012 to March 2020 were
included. The patients were classified into a length of stay
(LOS) >30 days group or an LOS ≤30 days group. We per-
formed amultivariate analysis of risk factors for LOS>30 days in
the model with the factors identified in the univariate analysis
plus the CCI (the CCI model) and plus CDC (the CDCmodel). An
ROC curve was used to test the difference in the area under the
curve (AUC) between the CCI model and the CDC model.
Results: The median LOS was 21 days (IQR: 16–29 days), and
the rate of LOS >30 days was 119/588 (20.2%). In the CCI

model, age at the time of surgery (odds ratio [OR] = 1.24, 95%
confidence interval [CI] 1.07–1.45, p = 0.01), ASA score ≥3 (OR =
1.94, 95% CI:1.00–3.76, p = 0.04), and CCI (OR = 1.07, 95% CI:
1.05–1.09; p < 0.01) were identified as independent risk factors
for LOS >30 days. The AUC value of the CCI model (0.86) was
significantly better in relation to LOS >30 days than that of the
CDC model (0.82) (p = 0.02). Conclusion: The CCI was a better
measure of LOS thanwas the CDC andwas found to be a useful
indicator in UC. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Ulcerative colitis (UC) is a chronic inflammatory
bowel disease (IBD) with recurrent flare-ups and re-
missions, posing reported surgical risks of 4.9%, 11.6%,
and 15.6% at 1, 5, and 10 years after diagnosis, respec-
tively [1]. Surgical treatment is primarily reserved for
patients who are refractory to medical therapy, and an
increase in postoperative infections has been reported in
patients treated with corticosteroids or anti-TNF agents
[2]. Other indications for surgery, such as perforation,
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massive bleeding, or toxic megacolon, would require
emergency surgery. Emergency cases are associated with
higher postoperative complications and longer hospital
stays than elective surgery [3].

The commonly employed Clavien-Dindo classification
(CDC) is currently the best known grading system for
postoperative complications and is widely used for surgical
cases of UC [4–7]. The CDC rates complications on a five-
grade scale, classifying each complication by severity based
on the treatment given [8]. This classification system is
highly versatile because of the reproducibility of the in-
terpretation of postoperative complications [9]. A disad-
vantage is that many studies report only the highest grade of
complications, which makes it difficult to capture multiple
complications and may not provide a complete picture of
postoperative complications. To overcome these short-
comings, a new index, the comprehensive complication
index (CCI), has been developed that weights all recorded
complications by severity and combines them into a single
formula [10]. This index is based on the CDC and sum-
marizes the postoperative course on a new morbidity scale
from 0 (no complications) to 100 (death). The CCI was
proven to be a more sensitive endpoint for detecting dif-
ferences in treatment response in randomized trials [11].
There are scattered applications of the CCI in studies in-
volving surgical patients with UC, but there are few reports
comparing the CCI with the CDC system [12, 13]. The
purpose of the present study was to compare the CCI with
the CDC by applying the CCI to surgical cases of UC.

Materials and Methods

Patient Selection
UC patients who underwent colectomy at Hyogo Medical

University between April 2012 and March 2020 were included in
this study. The timing of the surgery was defined as the first
surgery, and the surgical procedure was limited to ileal pouch-anal
anastomosis, abdominal perineal resection (APR), and total co-
lectomy (TC) with end ileostomy (mucous fistula or Hartmann
procedure). Sex, age at onset, age at initial surgery, duration of
disease, disease severity, blood parameters, body mass index,
American Society of Anesthesiologists (ASA) score, total ad-
ministered prednisolone (PSL) dose, immunomodulator (thio-
purines, including azathioprine and 6-mercaptopurine) admin-
istration, calcineurin inhibitor (tacrolimus and cyclosporine A)
administration, Janus kinase inhibitor (tofacitinib) administration,
biologic (infliximab, adalimumab, golimumab, and vedolizumab)
administration, surgical indication (cancer/dysplasia, refractory,
massive bleeding, perforation), urgent/emergent or elective sur-
gery, surgical procedure, operative time, amount of blood loss, and
intraoperative blood transfusion were retrospectively determined
using clinical records. Severe disease was assessed primarily ac-
cording to clinical features using the criteria of Truelove andWitts: 6

or more stools with blood and 1 or more of the following: a he-
moglobin level <105 g/L, an ESR >30 mm/h, a fever >37.8°C, or a
pulse rate >90/min [11]. Blood parameters were also retrospectively
obtained from the clinical records and included the serum albumin
(Alb) level, C-reactive protein level, and total lymphocyte count
prior to surgery. The total amount of administered corticosteroids
was converted into the prednisolone dose and calculated based on
the administered corticosteroid dose since the initial onset of UC.
Patients who received immunomodulators, calcineurin inhibitors,
or Janus kinase inhibitors within 72 h before surgery, regardless of
the dosage, were included. All infusions given within 12 weeks
before surgery were considered biologically administered.

Definition of Postoperative Complications
Postoperative complications were defined as unexpected

medical events that occurred between the end of surgery and
discharge from the hospital. The presence of (1) wound infection,
(2) organ/space infection, (3) bloodstream infection, (4) pneu-
monia, (5) other infections, (6) obstruction and ileus, (7) post-
operative bleeding, (8) thrombosis, (9) urinary retention, and (10)
high-output stoma was included.

(1) Wound infection was detected by the presence of erythema,
induration, any purulent drainage, or dehiscence at the wound,
and the grade at which the wound infections were opened at the
bedside was included. (2) Organ/space infection included ab-
dominal and pelvic abscesses, including anastomotic leakage.
These were detected by gastrograffin enema, abdominal echo or
computed tomography (CT) scans, and the grade requiring
pharmacological treatment with drugs were included. (3)
Bloodstream infections were detected by blood culture, and the
grade requiring pharmacological treatment with drugs was in-
cluded. (4) Pneumonia was detected by plain X-ray or CT scans,
and the grade requiring pharmacological treatment with drugs was
included. (5) Other infections included urinary tract infections and
fevers of unknown origin that were above 38°C. Urinary tract
infections were detected by urine culture. Fever of unknown origin
above 38°C was diagnosed when there was no organism or antigen
detected in any culture; there was no apparent infection of the
wound, abdomen, or pelvis; there was no other recognized cause;
and treatment for the infection was initiated by a physician. (6)
Obstruction and ileus were detected by plain X-ray or CT scans,
and the grade of intravenous nutritional management was in-
cluded. (7) Postoperative bleeding included intra-abdominal
bleeding and gastrointestinal bleeding, such as gastric/duodenal/
small intestinal ulcers and anastomotic bleeding. These were
detected via endoscopy or CT scans. Patients with the grade re-
quiring medical treatment, such as proton pump inhibitors or
blood transfusions, were included. (8) Thrombosis was detected by
echocardiography or CT scans and required anticoagulant therapy.
(9) Urinary retention was defined as urinary catheter placement
and medical treatment, such as cholinergic agonists, deemed
necessary by the urologist. (10) A high-output stoma was defined
as the production of 2,000 mL or more of discharge for at least
2 days in a row. The grade at which infusion treatment was re-
quired due to electrolyte imbalance was included.

Outcomes
The primary outcome was length of stay (LOS). Complications

were ranked according to the CDC, and the CCI was calculated
within 30 postoperative days and for all hospital stays. For the CCI
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calculation, overall morbidity was reflected on a scale from 0 (no
complications) to 100 (death), reflecting the severity of the overall
complication burden on the patient. The formula is��������������������∑MRVphys × MRVpat( )√

/2 (MRV = the median reference value

from physicians (phys) and patients (pat)). MRVwas calculated by
the operational risk index to obtain a risk index, and the base
median value of the index was used [10]. The operational risk
index is widely used in the economic sciences to predict the general

Fig. 1. UC patient flowchart.

Table 1. Postoperative complications

Parameters All patients
(n = 588)

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Complications (CDC) 321 (54.5) 28 (4.8) 184 (31.3) 92 (15.6) 6 (1.0) 11 (1.9)

Infectious complications
Wound infections 49 (8.3) 28 (4.8) 14 (2.4) 6 (1.0) 1 (0.2) 0
Organ/space infections 54 (9.2) 0 23 (3.9) 29 (4.9) 1 (0.2) 1 (0.2)
Bloodstream infections 10 (1.7) 0 6 (1.0) 3 (0.5) 1 (0.2) 0
Pneumonia 15 (2.6) 0 6 (1.0) 0 2 (0.3) 7 (1.2)
Other infectionsa 15 (2.6) 0 13 (2.2) 1 (0.2) 1 (0.2) 0

Other complications
Obstruction/ileus 120 (20.4) 0 72 (12.2) 48 (8.2) 0 0
Postoperative bleeding 45 (7.7) 0 27 (4.6) 13 (2.2) 2 (0.3) 3 (0.5)
Thrombosis 19 (3.2) 0 19 (3.2) 0 0 0
Urinary retention 11 (1.9) 0 11 (1.9) 0 0 0
High-output stoma 23 (3.9) 0 23 (3.9) 0 0 0

Data are presented as numbers with percentages in parentheses unless otherwise indicated. CDC, Clavien-Dindo classification
aOther infections included urinary tract infection and fever above 38°C of unknown origin.

The Comprehensive Complication Index in
Ulcerative Colitis

Inflamm Intest Dis 2024;9:85–95
DOI: 10.1159/000538180

87

https://doi.org/10.1159/000538180


business environment by a number of predictive criteria. By asking
stakeholders representing different professional groups (in this
case, physicians and patients) for their opinions on various
complication items, specifying values (V) ranging from 0 (“bad”)
to 4 (“excellent”), and thenmultiplying these values for a particular
item as perceived by each stakeholder, a risk index is calculated
stepwise (Vitem (i) = (Vst1 × Vst2 ... × Vst n). The calculator is
accessible at https://www.assessurgery.com. The single value for
grade I is 8.7, grade II is 20.9, grade IIIa is 26.2, grade IIIb is 33.7,
grade IVa is 42.4, and grade IVb is 46.2; grade V (death of a
patient) always results in 100. If further complications occur, the
single value is added to the value for each grade.

A Spearman test was performed to determine the correlation
coefficient to compare the number of hospital days captured by the
CDC and CCI. The patients were classified into an LOS >30 days
group or an LOS ≤30 days group. Possible risk factors for
LOS >30 days were analyzed to identify significant predictors. We
performed amultivariate analysis of risk factors for LOS >30 days in
a model with the factors identified in the univariate analysis plus the
CCI (the CCI model) and in a model with the factors identified in
the univariate analysis plus the CDC (the CDC model). Moreover,
we compared the areas under the curve (AUCs) of both models.

The secondary outcome was the sample size for future fictitious
superiority tests. Sample size calculations for future fictitious supe-
riority tests were based on the assumption of a 40% reduction in
complication rates (with vs. without) on the CDC. The CCI difference
was assumed to be 10 points, with a power of 80% and an alpha error
of 0.05. A 10-point difference in the CCI was selected because it
reflected a 1-grade difference in the established CDC. SD values were
estimated from the presented pouch surgery, APR, and TC cohorts.

Exclusion Criteria
We excluded patients with a diagnosis or suspicion of Crohn’s

disease (CD) based on histological findings that were not included in
this series. All colectomy specimens with histologic features of UC and
no Crohn’s-like features, such as granulomas, transmural lymphoid
aggregates, or fissures, were identified. We also excluded pediatric
patientswhowere younger than 18 years, patientswith insufficient data,
and patients who underwent their initial surgery at another hospital.

Statistical Analysis
The statistical analysis was performed as follows. Categorical

variables were compared using the χ2 test, ANOVA, or Fisher’s
exact test. Continuous variables are expressed as medians and

Fig. 2. Bar graph of the number of patients by CDC grade until discharge. The red bars represent the number of
patients with multiple complications, and the blue bars represent the number of patients with single compli-
cation. The ratio of patients with multiple complications is noted at the top of each bar.

88 Inflamm Intest Dis 2024;9:85–95
DOI: 10.1159/000538180

Horio/Uchino/Igeta/Nagano/Kusunoki/
Kuwahara/Sato/Shinzaki/Ikeuchi

https://www.assessurgery.com
https://doi.org/10.1159/000538180


ranges and were compared using the Mann-Whitney U test or
ANOVA. The level of statistical significance was set at p < 0.05.
The odds ratio (OR) and 95% confidence intervals (CIs) were
calculated for all variables in the univariate analysis. Multivariate
logistic regression analysis was performed to evaluate the asso-
ciations between the study variables and LOS >30 days for factors
with p values <0.20. JMP ver. 15 (SAS Institute, Inc., Cary, NC,
USA) was used to perform all the analyses.

Results

Patient Characteristics
We performed 659 colectomies due to a preoperative

diagnosis of UC. Twenty-nine patients were pediatric.
Fifteen patients were diagnosed with CD after surgery.
There were 27 patients with insufficient data or who had
their initial surgery at another hospital. A total of 588 UC
patients were analyzed in this series (Fig. 1).

The complication rate was 313/588 (53.2%) within
30 days after surgery and 321/588 (54.5%) during the
entire hospital stay. The breakdown of complications and
their respective CDC grades are shown in Table 1. The
most frequent complications were ileus and obstruction,
with grade 2 being the most common, followed by grade
3. Figure 2 shows the number of patients by CDC grade
until discharge as a bar graph. The red bars represent the
number of patients with multiple complications, and the
blue bars represent the number of patients with single
complication. The ratio of patients with multiple com-
plications is noted at the top of each bar, showing that the
ratio exceeded 80% at grade 4. Regarding the CCI, the
median CCI score within 30 days was 8.7 (interquartile
range [IQR]: 0–20.9), and the median CCI score until
discharge increased to 20.9 (IQR: 0–20.9). Figure 3 shows
a box-and-whisker diagram of the CCI until discharge for

Fig. 3. A box-and-whisker diagram of the CCI until discharge for each CDC grade until discharge. The single
value for grade I is 8.7, grade II is 20.9, grade IIIa is 26.2, grade IIIb is 33.7, grade IVa is 42.4, and grade IVb is 46.2;
grade V (death of a patient) always results in 100.
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each CDC grade until discharge. As shown for grades 2–4,
the same grade had a variety of values. The median CCI
score until discharge was 20.9 (range: 20.9–42.6) at grade
2, 26.2 (range: 26.2–63.3) at grade 3a, 33.7 (range:
33.7–47.7) at grade 3b, and 51.2 (range: 42.4–68.8) at
grade 4.

Overall, 119 of the 588 patients had a postoperative
hospital stay of more than 30 days. The clinical char-
acteristics of the patients are presented in Table 2. Age at
surgery was significantly higher (p < 0.01), the rate of
severe disease was significantly higher (p < 0.01), Alb was

significantly lower (p < 0.01), and the rate of an ASA
score ≥3 was significantly higher (p = 0.01) among pa-
tients in the LOS >30 days group. The rate of urgent/
emergency surgery was significantly higher among the
patients in the multiple complications group (p < 0.01).
Therefore, the rate of pouch surgery as total proctoco-
lectomy involving constructing an ileal pouch-anal
anastomosis was significantly lower among the patients
in the LOS >30 days group (p < 0.01). Conversely, the rate
of TC was significantly higher among the patients in the
LOS >30 days group (p < 0.01). Blood loss and the rate of

Table 2. Patient characteristics

Parameters All patients
(n = 588)

LOS>30 days
(n = 119)

LOS≤30 days
(n = 469)

p value

Sex, male/female 387/201 77/42 310/159 0.42
Age at surgery, years, mean±standard deviation 49.42±17.03 55.82±17.08 47.80±16.64 <0.01*
Duration of disease, months, median (range) 75.93 (0.53–590.4) 53.56 (0.76–580.3) 85.63 (0.53–590.4) 0.15
Severe disease, n (%)a 208 (35.37) 60 (50.42) 148 (31.55) <0.01*
Alb, g/dL, median (range) 3.4 (0.9–5.2) 2.7 (0.9–4.9) 3.6 (1.2–5.2) <0.01*
CRP, mg/dL, median (range) 0.5 (0–31.33) 1.35 (0–23.8) 0.36 (0–31.33) <0.01*
Total lymphocyte count/μL 1,253 (22.9–8,754.8) 1,149 (43–3,681) 1,271.7 (22.9–8,754.8)
BMI≥25, n (%) 42 (7.14) 10 (8.4) 32 (6.82) 0.33
ASA score ≥3, n (%) 131 (22.3) 36 (30.25) 95 (20.25) 0.01*

Pharmacotherapy
Total given PSL dose, mg, median (range) 3,000 (0–200,000) 2,087 (0–200,000) 3,025 (0–150,000) 0.80
Immunomodulators, n (%) 204 (34.69) 37 (31.09) 167 (35.6) 0.85
Calcineurin inhibitors, n (%) 106 (18.03) 27 (22.68) 79 (16.84) 0.09
Janus kinase inhibitors, n (%) 3 (0.5) 3 (0.6) 0 0.38
Biologics, n (%) 186 (31.63) 31 (26.05) 155 (33.04) 0.94

Surgical indication, n (%)
Cancer/dysplasia 180 (30.61) 27 (22.69) 153 (32.62) 0.02*
Refractory 331 (56.29) 68 (57.14) 263 (56.08) 0.45
Massive bleeding 40 (6.8) 12 (10.08) 28 (5.97) 0.08
Perforation 10 (1.7) 3 (2.52) 7 (1.49) 0.32

Urgent/emergent surgery, n (%) 162 (27.55) 49 (41.17) 113 (24.09) <0.01*
Pouch surgery, n (%) 425 (72.28) 70 (58.82) 355 (75.69) <0.01*
APR, n (%) 72 (12.25) 23 (19.32) 49 (10.44) <0.01*
TC with ileostomy, n (%) 91 (15.47) 26 (21.84) 65 (13.85) 0.02*
Laparoscopic surgery, n (%) 52 (8.84) 12 (10.08) 40 (8.52) 0.35
Operative time, min, median (range) 221 (53–618) 224 (105–569) 220 (53–618) 0.74
Blood loss, mL, median (range) 200 (0–5,510) 215 (10–5,510) 200 (0–2,140) <0.01*
Blood transfusion, n (%) 132 (22) 45 (38.13) 87 (18.55) <0.01*
CDC grade ≥3 109 (18.54) 61 (51.26) 58 (48.74) <0.01*
CCI 20.9 (0–100) 29.6 (0–100) 0 (0–100) <0.01*

Continuous variables are indicated as the means±standard deviations and medians (ranges). LOS, length of stay; UC, ulcerative
colitis; PSL, prednisolone; CRP, C-reactive protein; Alb, albumin; BMI, body mass index; ASA, American Society of Anesthesiologists;
APR, abdominal perineal resection; TC, total colectomy; CCI, comprehensive complication index; CDC, Clavien-Dindo classification.
aSevere disease was assessed primarily according to clinical features using the criteria of Truelove and Witts: 6 or more stools with
blood and 1 or more of the following: a hemoglobin level <105 g/L, an ESR >30 mm/h, a fever >37.8°C, or a pulse rate >90/min. *p <
0.05 (significantly different).

90 Inflamm Intest Dis 2024;9:85–95
DOI: 10.1159/000538180

Horio/Uchino/Igeta/Nagano/Kusunoki/
Kuwahara/Sato/Shinzaki/Ikeuchi

https://doi.org/10.1159/000538180


Fig. 4. Scatterplot of the relationship between LOS and the CCI or CDC grade.

Table 3. Logistic regression analysis of the risk factors for LOS >30 days

Parameters Univariate analysis Multivariate analysis
(plus CCI model)

Multivariate analysis
(plus CDC model)

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Female 1.06 (0.69–1.62) 0.42
Age at surgery (10-year intervals) 1.32 (1.17–1.49) <0.01* 1.24 (1.07–1.45) 0.01* 1.38 (1.18–1.61) 0.01*
Disease duration (1-month intervals) 0.99 (0.99–1.00) 0.15 0.99 (0.97–1.02) 0.88 1.00 (0.99–1.00) 0.68
Severe disease 2.21 (1.47–3.32) <0.01* 1.07 (0.49–2.33) 0.84 1.19 (0.54–2.61) 0.64
Alb (per 1 g/dL) 0.58 (0.47–0.72) <0.01* 0.71 (0.46–1.12) 0.14 0.61 (0.39–0.96) 0.03*
CRP (per 1 g/dL) 1.06 (1.02–1.09) <0.01* 1.03 (0.97–1.09) 0.29 1.01 (0.95–1.06) 0.72
Total lymphocyte count/μL 0.99 (0.99–1.00) 0.37
BMI≥25 1.25 (0.59–2.62) 0.33
ASA score ≥3 1.71 (1.09–2.68) 0.01* 1.94 (1.00–3.76) 0.04* 1.61 (0.83–3.10) 0.14
Total given PSL dose (per 1 mg) 1.00 (0.99–1.00) 0.80
Immunomodulators 0.81 (0.53–1.26) 0.85
Calcineurin inhibitors 1.45 (0.88–2.37) 0.09 1.62 (0.88–2.95) 0.11 1.73 (0.93–3.21) 0.08
Janus kinase inhibitors 0 0.38
Biologics 0.71 (0.45–1.12) 0.94
Cancer/dysplasia 0.61 (0.38–0.97) 0.02* 1.24 (0.602.551) 0.55 1.55 (0.74–3.24) 0.52
Refractory 1.04 (0.69–1.57) 0.45
Massive bleeding 1.76 (0.86–3.59) 0.08 1.12 (0.40–3.09) 0.82 1.34 (0.51–3.53) 0.23
Perforation 1.71 (0.43–6.70) 0.32
Urgent/emergent surgery 2.21 (1.45–3.36) <0.01* 1.43 (0.61–3.31) 0.40 1.34 (0.58–3.13) 0.48
Laparoscopic surgery 1.20 (0.61–2.37) 0.35
Operative time (per min) 1.00 (0.99–1.00) 0.74
Blood loss (per 100mL) 1.09 (1.00–1.16) <0.01* 1.06 (0.99–1.14) 0.07 1.08 (1.01–1.16) 0.01*
Blood transfusion 2.71 (1.75–4.19) <0.01* 1.43 (0.75–2.69) 0.27 1.43 (0.75–2.73) 0.39
CDC grade ≥3 9.22 (5.78–14.71) <0.01* 11.9 (6.91–20.5) <0.01*
CCI (per score) 1.07 (1.05–1.08) <0.01* 1.07 (1.05–1.09) <0.01*

OR, odds ratio; CI, confidence interval; Alb, albumin; ASA, American Society of Anesthesiologists; BMI, body mass index; CRP,
C-reactive protein; PSL, prednisolone; CDC, Clavien-Dindo classification; CCI, comprehensive complication index. *p < 0.05 (significantly
different).
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blood transfusion during surgery were significantly
higher among the patients in the LOS >30 days group
(p < 0.01).

Outcomes
The median LOS was 21 days (IQR: 16–29 days), and

the rate of patients with a LOS >30 days was 119/588
(20.2%). The relationships between LOS and the CDC or
CCI are shown in the scatterplot (Fig. 4). Although both
the CDC and CCI were positively correlated with LOS,
the correlation coefficient of the CCI was 0.609, which
was greater than that of the CDC (0.573).

Univariate and multivariate analyses were performed
to identify the independent risk factors for LOS >30 days.
The results of the analyses of the risk factors potentially
associated with LOS >30 days are presented in Table 3.
Eleven clinically significant factors, including age at
surgery, disease duration, severe disease, Alb levels,
C-reactive protein levels, ASA score ≥3, calcineurin in-
hibitor administration, massive bleeding, emergency
surgery (the surgical procedures were combined into this
factor), blood loss, blood transfusion, and plus CDC (the
CDC model) or plus CCI (the CCI model), were entered
into the multivariate logistic regression analysis. The
values for the CDC model (AUC = 0.82) and the CCI
model (AUC = 0.86) were all correlated with
LOS >30 days (p < 0.01). Figure 5 shows that the AUC
values of the CCI model were significantly better in re-
lation to LOS >30 days than those of the CDCmodel (p =
0.02). In the CCI model, age at the time of surgery (OR =
1.24, 95% confidence interval [CI] 1.07–1.45, p = 0.01),

ASA score ≥3 (OR = 1.94, 95% CI 1.00–3.76, p = 0.04),
and CCI score (OR = 1.07, 95% CI 1.05–1.09; p < 0.01)
were identified as independent risk factors for a
LOS >30 days.

Sample size calculations and assumptions for post-
operative complications for each surgical procedure are
presented in Table 4. The pouch surgery procedure based
on the CDC revealed that using the CCI would result in
considerably smaller sample sizes for each procedure.
However, the number of samples in TC required was
higher for the CCI and remained the same in APR cases.

Discussion

The present results indicated that the CCI had a
stronger correlation with postoperative LOS than the
CDC. Furthermore, the CCI model was more useful than
the CDC model in the multivariate analysis of other
factors. On the other hand, the use of the CCI to reduce
the sample size in future studies showed different results
depending on the surgical procedure being analyzed.

Several reports have shown that the CCI has a stronger
correlation with postoperative LOS than the CDC
[14–17]. In gastric cancer patients, the CCI showed a
stronger relationship with length of hospitalization than
the CDC, and for longer hospitalizations above 30 days,
only the CCI showed a moderate correlation; the CDC
did not [14]. The CCI was also closely related to the
prognosis of gastric cancer and has been reported to be
an independent prognostic indicator in patients with

0

Fig. 5. Receiver operating characteristic
curve of the CDC model (AUC: 0.82) and
the CCI model for predicting LOS >30 days
(AUC: 0.86). Difference in the AUC: 0.03
(95% CI: 0.004–0.06), p = 0.02.
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complications of CDC grade 2–4 [18]. Other organ areas,
such as hepatobiliary-pancreatic and urological areas,
have also been shown to be superior to the CDC in
predicting LOS [15–17]. One comparison study of the
CDC in IBD involving UC and CD has been reported,
with the CCI showing a stronger correlation with LOS
than the CDC [19]. We chose to analyze only UC because
a staged operation is basically recommended, unlike that
for CD and other diseases [20]. Most cases in which
colostomy are performed require some additional length
of hospitalization to establish the procedure, regardless of
the presence or absence of comorbidities. However, the
present results indicate that even in UC, the CCI system
provides a more accurate grading system than the CDC
system for patients with complicated cases requiring
longer hospital stays or those with severe comorbidities.
Additionally, the CCI can clearly identify multiple
complications if the value deviates from the single value.
The present results showed that the CCI values had a
variety of values for the same grade in the CDC system.
This kind of quality in the CCI has been reported to be
useful in evaluation of hospital costs [11].

Patients with IBD are reported to have a longer LOS
after colorectal resection than patients with neoplasia or
diverticulitis because of their chronic inflammatory state,
which is often associated with malnutrition [21, 22]. A
recent report investigating the details of preoperative
medical therapy and postoperative consequences revealed
that features that prolong postoperative hospital stay
include bleeding disorders, hypoalbuminemia, and ASA
score 3–5 [23]. Our results also showed that the ASA
score and age at the time of surgery were independent risk
factors for LOS. We previously reported that advanced
age was a risk factor for infectious complications and fatal
complications [24]. Moreover, numerous studies cited in
the Cochrane Review reported that the risk factors for

infectious complications are corticosteroid use, biological
agent administration, malnutrition, severe disease, obe-
sity, anemia, ASA score, emergency surgery, blood
transfusion, and old age [2], and several reports have
shown that old age is the main risk factor [25, 26].

Sample size calculations for hypothetical clinical trials
were compared between the CCI and the CDC to assess
whether the use of the CCI could reduce the number of
patients required for clinical trials. Since the sample size
was for a clinical study to compare complications be-
tween techniques, we used the typical UC techniques of
pouch surgery, APR, and TC for disclosure. In this study,
the complication rate showed a 40% risk reduction from a
value greater than 50%, so the percentage reduction was
greater and the required sample size was smaller.
However, whether the CDC or the CCI is better seems to
vary case by case, especially since the SD of the CCI for
total colon resection is very large and the 40% reduction
for the CDC is also very large. In other words, in contrast
to the one-sided interpretation that “using the CCI re-
duces the sample size,” the results show that the required
sample size for the CCI and CDC depends on the
complication rate, SD, and surgical technique. Therefore,
both the CDC and CCI systems should be routinely used
to record postoperative surveys.

This study has several limitations. First, this was a
retrospective analysis conducted at a single institution.
Second, data on long-term CCI values were not available.
Clavien et al. emphasized the need to collect data on
postoperative complications for at least 3 months after
surgery [8]. Although UC patients are often readmitted
after surgery and long-term CCI measurements would be
useful, some patients could not be included in the present
analysis due to insufficient data. Third, the CDC of
commonly observed complications of UC still includes
items that divide opinions on CDC grading. For example,

Table 4. Sample size calculation and assumption of postoperative complications for each surgical procedure

Surgical procedure All procedures Pouch surgery APR TC

Patients with CDC complications, n (%) 321/588 (54.59) 214/425 (50.35) 48/72 (66.67) 59/91 (64.84)
XX % reduction in complications 40 40 40 40
Mean CCI±SD 15.23±18.35 13.16±14.53 14.63±18.54 25.38±28.37
Δ 10 10 10 10
Sample size/group (CDC) 80 92 54 58
Sample size/group (CCI) 54 35 55 128

CDC, Clavien-Dindo classification; CCI, comprehensive Complication index; APR, abdominal perineal resection; TC, total
colectomy. CDC: calculated sample size to achieve 80% power by the χ2 test. CCI: calculated sample size to achieve 80% power by
the t test.
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it has been reported that UC is often associated with
stoma outlet obstruction [27]. Although stoma outlet
obstruction was treated by ileostomy tube drainage at our
institution, there is no consensus as to what grade this
would be in the CDC. In the CDC, nasogastric tube
insertion is grade 2, and ileus tube insertion is grade 3a.
Considering the invasive nature of the procedure,
ileostomy tube drainage can be easily performed at the
bedside in most cases, and therefore, we considered it to
be grade 2 in this study. In addition, many studies do not
use CDC, and the definitions of complications vary
widely [28, 29]. In the future, complex and controversial
cases should be presented to physicians familiar with IBD
surgery to reach a consensus on the weighting of each
postoperative event.

The CCI was found to be a useful indicator for patients
with UC. The CCI was a better measure of LOS than the
CDC in both univariate and multivariate analyses. On the
other hand, CCI may not be suitable for smaller sample
sizes in future studies, depending on the surgical
procedures.
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