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Abstract

Background: While the medical fee system for acute care in Japan provides incentives to ensure that patients are discharged
early, it does not incentivize the direct reduction of postoperative complications. This retrospective study highlighted the impor-
tance of rewards for providing high-quality surgery to patients requiring open colectomy to reduce postoperative complications.
The impact of postoperative complications on hospital stay length was investigated.

Methods: This study analysed 1,096 patients who underwent open colectomy between May 2004 and December 2008. A step-
wise multiple regression analysis was performed to estimate the effect of complications on the length of hospital stay. The
Kaplan—Meier survival analysis was used to estimate the cumulative probability of hospital stay.

Results: The mean length of hospital stay was 24.84 (SD=2.25) days. Approximately 0.9% of the patients experienced postop-
erative peritonitis, while 2.5% experienced postoperative ileus. The hospital stay length was prolonged by 69.9% and 51.6%
(p<0.01) for the patients with postoperative peritonitis and postoperative ileus, respectively. The cumulative probability was
higher for patients with complications than those without complications.

Conclusion: This study provides empirical evidence on the need to improve the quality of surgery, which will benefit patients

and hospitals. It also highlights the importance of providing additional rewards to reduce postoperative complications.
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Introduction

In Japan, the medical fee system for acute care is guided by
the Diagnosis Procedure Combination/Per Diem Payment
System (DPC/PDPS). The rationale behind this system is that
hospitals provide acute care to patients with a high aware-
ness of the management of the length of their stay (LOS).
This is in addition to providing a clinical diagnosis and medi-
cal treatment.

However, highly invasive surgeries, such as open colectomy,
are often associated with complications; therefore, the LOS
is prolonged. The incidence rate of postoperative complica-
tions after an open colectomy was reported to be 27.3% in
a sample of n=1,657 [1]. The main complications following
an open colectomy are postoperative peritonitis -which is
caused by surgical site infection and anastomotic leakage-
and postoperative ileus-which can result from intestinal dys-
kinesia due to intestinal paralysis or dilation through open
surgery [2-6]. These complications are associated with ei-
ther intra-abdominal adhesions or inadequate anastomosis
techniques [3-6]. As for postoperative ileus, a previous study

reported that the incidence of postoperative ileus prolonged
the LOS by 29% [6]. Most studies did not show the cumu-
lative probability of hospital stay, while they estimated the
probability of survival due to complications.

The DPC/PDPS is not designed to provide direct incentives to
acute care hospitals and reduce the incidence of postopera-
tive complications related to colorectal cancer. This system is
merely a mechanism that indirectly improves the quality of
acute care by providing incentives to ensure that the patients
are discharged early.

Reducing the risk of postoperative complications requires
designing a framework to improve a surgeon’s surgical tech-
nique. Accordingly, hospitals will actively improve the qual-
ity of medical care if the surgical techniques that improve
patient prognosis can be properly evaluated. This retrospec-
tive study highlights the importance of additional rewards
for performing high-quality surgery on patients requiring
open colectomy to reduce postoperative complications. The
effects of postoperative peritonitis and postoperative ileus
on the patients’ LOS were analysed.
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Methods

Study Design and Patients

This study analysed the medical claims of 3,643 patients di-
agnosed with malignant tumours in the colon in 24 hospi-
tals in Japan (Figure 1).

Payment code; Colon Cancer including Appendicitis
(from May 2004 to December 2008)
n=3,643

l

Main disease name; Colon Cancer including Appendicitis
n=3,433

l

Surgery code; Open colectomy (K7193)
n=1,096

l l l

Postoperative peritonitis Postoperative ileus Others
n=10 (0.9%) n=27 (2.5%) n=1,059 (96.6%)

Figure 1: Flow chart of data extraction

Among them, 1,096 patients (male: n=601, female: n=495)
had undergone an open colectomy-verified by checking
their medical records. According to the medical fee code,
open colectomy is classified as a major diagnostic category
for a malignant tumour of the colon. The data contained
outcomes ranging from ‘complete recovery’ to ‘death of
the patients’. The data collection period ranged from May
2004 to December 2008. This period corresponded to the
initial stage of DPC/PDPS enforcement. Thus, it covered the
medical treatment provided under the new national medi-
cal service fee system at the time. Therefore, the changes
in the system may have had some impact on patients’ LOS.
Although the data is old, the diagnostic criteria of patients
requiring surgery for an open colectomy remain fundamen-
tally unchanged [7, 8]. This study was approved by the Eth-
ics Review Board in the International University of Health
and Welfare, Japan.

Statistical Analysis

The distributions of patients’ ages and LOS were analysed
using the Kolmogorov-Smirnov test. They were divided into
‘positive’ and ‘negative’ groups with and without complica-
tions for both variables: postoperative peritonitis and post-
operative ileus. When equal variance could not be assumed,
pairwise comparisons of the means of the groups were con-
ducted using Welch'’s t-test. Levene’s test was used when ap-
propriate.

A stepwise multiple regression analysis was performed with
the two complications, postoperative peritonitis and post-
operative ileus, to estimate their effect on the LOS. Addition-
al treatments (central intravenous injection, radiotherapy,
and chemotherapy), defined in the DPC/PDPS as medical fee
codes, were included as dummy variables. Regarding their
age, the patients who were 80 years or older were included
as dummy variables because such patients with colectomy
have a relatively high risk of postoperative complications
[9]. In addition, gender factors were included as dummy
variables because male patients have a relatively higher risk
of postoperative complications [1, 3]. Regarding the severity

level, the pathologic stage was weighted as a dummy vari-
able because it is necessary to observe the impact of patient
factors on the LOS within the constraints of the data. The
formula used for the estimation was:

InD =a+p A+B,M+B.S1+p,S2+pB.S3+p S4+B PP+B PI+B,CI+B,
RT+B, CT+e.

The independent variable Di denotes the LOS (natural loga-
rithm). The dependent variables included are as follows: 4,
a dummy variable observing whether the patient was aged
80 or above. M, a dummy variable observing whether the pa-
tient was a male or female. S1, 52, §3, and $4 are dummy vari-
ables observing whether the patient had a pathologic stage
I, II, ITI, or IV tumour, respectively. PP is a dummy variable
observing whether the patient had postoperative peritoni-
tis. PI is a dummy variable observing whether the patient
had postoperative ileus. CI is a dummy variable observing
whether the patient received the central intravenous injec-
tion. RT is a dummy variable observing whether the patient
underwent radiotherapy. CT is a dummy variable observing
whether the patient underwent chemotherapy, and ¢, is the
error term. Each dummy variable is set to one if the inde-
pendent variable is applicable. No multicollinearity was ob-
served in the data.

The Kaplan-Meier survival analysis was used to estimate
the cumulative probability of hospital stay for each group
of patients irrespective of whether they exhibited compli-
cations. Pairwise comparisons of the positive and negative
groups of patients with and without complications among
the variables were conducted using the log-rank test. The
event for starting to follow a patient indicates the probabil-
ity of discharging from acute hospitals or their acute care
beds.

After conducting the stepwise multiple regression analysis,
a power analysis was performed.'? IBM SPSS 26.0 ] for Win-
dows was used to conduct the analyses.

Results

Table 1 shows the patients’ descriptive statistics. Although
open colectomy is associated with a high risk of complica-
tions due to its invasive nature, only 337 patients showed a
high severity of illness (pathologic stage III, 21.1%); stage IV,
9.7%). Furthermore, only 66 patients underwent additional
treatment through central intravenous injection (3.2%), ra-
diotherapy (2.6%), and chemotherapy (0.2%). The LOS av-
erage increased with age. The mean and standard deviation
of the LOS is 24.84 + 12.25.

Pairwise comparison between the groups exhibiting the two
complications, namely postoperative peritonitis and post-
operative ileus, shows that the LOS average was significant-

3 The details were as follows: postoperative ileus, 0.993; ostoperative
peritonitis, 0.747.
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Table 1: Descriptive statistics of the patients

>80 years 205 (18.7%)
Age (Mean + SD) 69.54 +11.62
Age (Range, Q1, Q3) 21-96, 63, 77

Male: Female ratio (n, %)

601:495 (54.8%:45.2%)

Pathologic stage (n = 1,096)

tained by stepwise multiple regression:

InD,=2.993+0.104A+0.10253+0.20454+0.530PP+0.416PI+0.
309RT+e,

The effects of postoperative peritonitis and postoperative
ileus on the LOS are statistically significant. Gender, central
intravenous injection, and chemotherapy are excluded from
the analysis by stepwise multiple regression. In addition, ex-
ponentializing the unstandardized coefficients reveals that

Table 2: Descriptive statistics of the length of hospital stay by the
occurrence group of their complications

Variables of Positive Negative
complica- length of hos- length of hos-
tions n pital stays n pital stays P
Postopera-
tive perito- [ 10 |38.90 + 17.65 [ 1086 (24.71 = 12.11{0.000 [ ***| (2)
nitis
Postopera- 1,7 135 00+ 13.19 | 1069 [24.59 + 12.11[0.000 | **#| (3)
tive ileus
(1) Mean + SD, (2) Levene’s
test, (3) Welch's t-test

ly longer in the positive group than in the negative group

(Table 2).

The two complications were analysed to estimate their ef-
fects on the LOS. The resulting estimation formula was ob-

Stage 0 (n, %) 21 (1.9%) the LOS was prolonged by 69.9% in cases of postoperative
Stage 123 (11.2%) peritonitis and 51.6% in cases of postoperative ileus (Table
Stage I1 210 (19.2%) 3).
Stage III 231 (21.1%) Table 3: Estimated effect of the complications on the length of
Stage IV 106 (9.7%) hospital stay
Not indicated 405 (37.0%) B Coef-  Standard p
. t value
Outcome (n = 1,096) ficient Error value
Cured (n, %) 26 (2.4%) Intercept 2.993 0.025 121.757
>80 years old s
Improvement 998 (91.1%) dummy 0.104 0.041 2.517 | <0.05
Remission 11 (1.0%) Stage III dummy 0.102 0.036 2.804 | <0.01 | ***
No change 43 (3.9%) Stage IV dummy 0.204 0.049 4.196 | <0.01 | ***
Worsening 0(0.0%) Postoperative peri- | 530 | 0152 | 3.486 | <0.01 [#*x
tonitis dummy
Death 7 (0.6%) Ve i
, Postoperativeileus | 116 | 0130 | 3.195 | <0.01 [#**
Death by other diseases 4 (0.4%) dummy
Others 7 (0.6%) Rai“’thempy 0309 | 0.108 | 2.868 | <0.01 |**
- ummy
Length of hospital stay (Mean + 2484 + 12.25 e . Adjusted:
SD) p<.01, **p<.05 R2: 0.08
Length of hospital stay (Range, 6-95. 16, 30
Ql1,Q3) . . e .
Complications (n — 1,096) Finally, the cumulative probabilities of hospital stay for pa-
P _ — tients with and without postoperative peritonitis and post-
Postoperative peritonitis 10 (0.9%) operative ileus were calculated. The results confirmed that
Postoperative ileus 27 (2.5%) the cumulative probability of hospital stay for the positive
Additional treatment (n = 1,096) group was significantly higher than that of the negative
(n, %) group. The details are as follows:
Intravenous injection 35(3.2%) 1. The cumulative probability of hospital stay for the posi-
Radiotherapy 29 (2.6%) tive group for postoperative peritonitis was 80.0% on the
Chemotherapy 2 (0.2%) 21stday. This is higher than 50.2% observed in the negative

group (80.0%: 27.5% on the 28th day; 40.0%: 15.2% on the
35th day) (Figure 2).

|_ Lo Rank Test (hbamsel-Co) P12 ]

/ I Fostoperative peritomnitis group I

| Non-postopernative periiondtis group

0%

oz

oo

o - 40 & 1) 1|
igure 2: Cumulative probability of hospital stays for postopera-

tive peritonitis
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2. The cumulative probability of hospital stay for the posi-
tive group for postoperative ileus was 85.2% on the 21st
day. This is higher than the 49.6% observed in the negative
group (66.7%: 27.0% on the 28th day, 40.7%: 14.8% on the
35th day) (Figure 3).

e I Log Rask Test (Mamtel-Conx)) P=0.001 |

0%

/ l Postopemntive leus group ]

(-1

[ Notrposloperalnve ileas group ]

1

[H X 4 & 20 120

Figure 3: Cumulative probability of hospital stays for postopera-
tive ileus

Discussion

The data on colon cancer in patients who underwent open
colectomy was analysed retrospectively. To establish the
relationship between the LOS and the two complications:
postoperative peritonitis and postoperative ileus.

The results revealed that the LOS of patients with postop-
erative peritonitis and postoperative ileus was significantly
prolonged by 69.9% and 51.6%, respectively. Moreover, the
cumulative probability of hospital stay in the positive group
for postoperative peritonitis and postoperative ileus was
significantly higher than that in the negative group.

Previous studies have shown that the most frequent post-
operative surgical complications observed after colorectal
resections were postoperative peritonitis. They are mainly
caused by a surgical site infection via anastomotic leakage
and postoperative ileus, which can arise from intestinal dys-
kinesia due to intestinal paralysis or dilation through open
surgery. Patients with these complications tend to have a
prolonged hospital stay [2-6]. The risk of complications is
higher in older patients [10]. Compared with younger pa-
tients (<65 years old; n=211), older patients (>65 years old;
n=235) suffer more from ileus, peritonitis or septic shock,
pelvic abscesses, and wound infections. The occurrence of
postoperative ileus prolonged the patients’ LOS by 29%
(n=3,115) [6]. This is like the findings of this study.

Previous studies have not shown a cumulative probability of
hospital stay due to complications. As expected, the results
of this study showed that the occurrence of postoperative
peritonitis and postoperative ileus significantly prolonged
the LOS. Patients’ age (=80 years), severity (pathologic
stage 1l and 1V), and receipt of radiotherapy as treatment
also prolonged the LOS. The effect was significant (p<0.05,
p<0.01, and p<0.01). The findings with respect to age corre-

spond to those of previous studies [2-6, 9-11]. The findings
related to age and radiotherapy reflected the clinical fea-
tures of the patients. These were specified in the DPC/PDPS
as the factors that prolonged the LOS. The severity level was
determined by the clinical decision of whether surgery was
possible. It has also been reported that the prognosis after
colectomy was effective even in patients with stage III tu-
mors [9, 10]. However, cancer treatment has been clinically
determined in recent years in terms of the survival effect
and quality of life (QOL). Therefore, the results of this study
may differ from the current clinical judgment.

The results obtained in this study are medically explainable
because postoperative peritonitis is mainly caused by surgi-
cal site infection and anastomotic leakage [2-6]. Postopera-
tive ileus is primarily caused by intestinal dyskinesia due to
intestinal paralysis or dilation through open surgery [2-6].
Although the anastomosis method and the device used dur-
ing open colectomy have improved, the incidence of compli-
cations is still not low [1-4]. Thereby, it must be verified with
new data.

Regarding the quality of the surgery, it should be noted that
postoperative peritonitis and postoperative ileus prolonged
patients’ hospital stay and increased their cumulative prob-
ability. A previous study reported several hospital casel-
oads affected complications, local recurrence, and survival
rates [11, 12]. One study showed that low surgery volumes
were associated with increased complications, recurrence,
and lower survival rates in Norwegian patients with colon
cancer (n=3,388). Moreover, patients who underwent sur-
gery in a ‘high-quality hospital’ had a satisfactory progno-
sis. By contrast, ‘low-quality hospitals’ missed the quality
standards of various measures of outcome (anastomotic
leakage, postoperative mortality, recurrence, and long-term
survival) [11]. In addition, another study showed that the
local recurrence rate was 10% among surgeons with a high
volume of surgeons, while it was 21% for low volume of sur-
geons (n=2,815) [12]. These studies implied that surgeons’
experience or volume of surgery in hospitals is the most cru-
cial unit of volume for the prognosis of patients with colon
cancer.

If surgeons’ experience or volume of surgery in hospitals
contribute to the prognosis of patients, including a short-
ened LOS, it is necessary to design a framework to enable
hospitals to accumulate a higher number of caseloads. Al-
though DPC/PDPS is designed as a medical reward to pro-
mote shorter hospital stays, it should ideally promote qual-
ity improvement by incorporating ‘quality level of surgeries’
into the medical reward. Consequently, this will encourage
surgeons and hospitals to provide high-quality surgeries
and perform surgeries aggressively, including periopera-
tive care [13]. If surgeons and hospitals are currently un-
able to provide high-quality surgeries, they will either avoid
performing surgeries or improve the quality of surgeries to
perform successful surgeries. Therefore, it is important to
set additional rewards for high-quality surgery in medical
fee systems to reduce the occurrence of postoperative com-
plications ultimately.
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Limitations

This study had some limitations. First, the outcome of open
colectomy may have improved due to introducing a new
anastomosis method and device. In such a case, the implica-
tions of these results will be weakened. Second, high-quality
surgery does not always contribute to the prevention of
postoperative peritonitis and postoperative ileus. The risk
of surgery is a function of many factors [3], those associated
with a patient’s health, such as diabetes mellitus and body
mass index [4], and perioperative care, such as that provid-
ed by the Surgical Support Team [13]. In addition, there was
alack of indicators to conduct a more accurate analysis. This
includes a lack of information on anatomic problems, the
American Society of Anaesthesiologists physical status clas-
sification, the Clavien-Dindo classification, and surgeons’
experience [13]. Finally, the results cannot be generalized
for all population groups in Japan. One criticism may be
that the variables in this study were selected according to
the hypothesis because it is a retrospective study. However,
considering that this study estimated the effects of compli-
cations based on data collected from 24 acute care hospitals,
the explanatory power of the results is valid. Therefore, it is
necessary to re-examine the study variables in the context of
Japan’s national data.

Conclusion

This study retrospectively analysed the effects of postop-
erative peritonitis and postoperative ileus on the LOS of
patients who underwent open colectomy. The hospital stays
of the positive group pertaining to postoperative peritonitis
and postoperative ileus was found to be significantly pro-
longed compared to that of the negative group. Moreover,
the cumulative probability of hospital stay was significantly
higher in the positive group than in the negative group.

Directly reducing the risk of postoperative complications
requires the design of a framework that encourages quality
surgery. If hospitals can charge appropriate fees to reduce
the risk of complications, they may spend more on improv-
ing medical technology and safety. Therefore, it is important
to set additional rewards for high-quality surgery in the
DPC/PDPS to reduce postoperative complications.
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