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Abstract
Purpose The aim of this study was to clarify whether a
surgical-specific risk scoring system estimating the physiolog-
ic ability and surgical stress (E-PASS) score was useful for
prediction of postoperative morbidity and mortality.
Methods The E-PASS score consists of the preoperative risk
score (PRS), surgical stress score (SSS), and the comprehen-
sive risk score (CRS). Conventional scoring systems [colorec-
tal physiologic and operative severity score for the enumera-
tion of mortality (CR-POSSUM) and the prognostic nutrition-
al index (PNI)] were also examined. We retrospectively com-
pared these scores in patients with or without postoperative
complications. We assessed the relationship between these
scores, clinicopathological features and postoperative
mortality.
Results Postoperative complications developed in 78 patients
(33 %). American Society of Anesthesiologists score, perfor-
mance status, PNI score, PRS, SSS, and CRS were signifi-
cantly higher in patients with postoperative complications
than in those without postoperative complications (p<0.05).
The area under the receiver operating characteristic curve

(AUC) was highest for E-PASS [E-PASS (PRS, 0.74; SSS,
0.62; CRS, 0.78), PNI (0.62), CR-POSSUM (PS, 0.57; OSS,
0.52)]. Multivariate logistic analysis identified CRS≥0.2 as a
significant determinant of postoperative complications
(p<0.01; hazard ratio, 4.84). Overall survival was significant-
ly better in the CRS<0.2 group than in the CRS>0.2 group
(p<0.01).
Conclusions The E-PASS score systemwas a useful predictor
of postoperative complications and mortality, especially in
patients with advanced age.

Keywords Estimationofphysiologicabilityandsurgicalstress
(E-PASS) . Elderly patient . Colorectal cancer . Surgery

Introduction

The mean age of Japanese individuals has increased to
79.94 years for men and 86.41 years for women, and the
proportion of the Japanese population over 75 years was
11.7 % according to the latest report of the Ministry of
Welfare in 2014 (http://www.mhlw.go.jp). Similar trends are
noted worldwide [1]. In colorectal cancer patients,
perioperative mortality ranges from 1 to 12 % around the
world and occurs in less than 1 % in Japan [2]. However,
previous reports indicated that more than 10 % of patients of
advanced age have protracted postoperative disability that
could cause serious postoperative complications [3, 4]. In
particular, elderly patients often have comorbidities, such as
cardiovascular disease and pulmonary disease that can pose
difficulties with recovery from unexpected perioperative
events [5–8]. Postoperative complications are significantly
associated with increased rates of distant recurrence and
long-term outcomes in colorectal cancer patients [9–11].
Therefore, clinicians should pay greater attention to
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perioperative conditions, including performance status, bio-
logical age, and physical presentation [3, 12–14].

Recently, several scoring systems have been developed to
predict postoperative morbidity and mortality, such as the es-
timation of physiologic ability and surgical stress (E-PASS)
score, the colorectal physiologic and operative severity score
for the enumeration of mortality (CR-POSSUM), and the
prognostic nutritional index (PNI) [15, 16]. The E-PASS scor-
ing system is a useful and simple strategy to predict postoper-
ative mortality and morbidity [3, 17, 18]. It evaluates the pa-
tient’s physiological condition and surgical invasion and pre-
cisely reflects the patient’s general condition in the periopera-
tive setting. CR-POSSUM can predict outcomes, especially in
colorectal cancer patients [19–21]. However, this score over-
estimates mortality and morbidity. Onodera et al. advocated
the use of the prognostic nutrition index (PNI) to assess
immune-nutritional status of patients with gastrointestinal tu-
mors [15]. A large study reported that PNI can predict out-
comes in patients with malignancy, regardless of the site of
origin of the malignancy [22, 23]. This index is calculated
based on two simple laboratory parameters (serum albumin
and blood lymphocyte count), but the index does not include
surgical factors.

In this study, we aimed to identify risk factors that correlate
with postoperative morbidity and mortality in 239 elderly co-
lorectal cancer patients who underwent colectomy in our hos-
pital. Specifically, we assessed the utility of the E-PASS, CR-
POSSUM, and PNI scores in this regard.

Methods

An Institutional Review Board approved this retrospective
observational study. Informed consent was obtained from all
patients before surgery.

Patients

Between January 2009 and August 2013, 519 patients were
diagnosed with colorectal cancer and underwent curative co-
lorectal resection at the Department of Surgical Oncology of
Nagasaki University Graduate School of Biological Sciences.
This retrospective study collected consecutive data from 239
(46 %) patients over 70 years of age. The median follow-up
time was 25.7 months (range, 0.2–69.2 months).

Before surgery, we evaluated the indication for resections
by abdominal computed tomography (CT). Performance sta-
tus, American Society of Anesthesiologists score (ASA
score), and comorbidity were evaluated as an assessment of
general status preoperatively. Curative colectomy, anterior re-
section, and abdominoperineal resection accompanied by re-
gional lymph node resection were performed according to the
guidelines of the Japanese Society for Cancer of the Colon and

Rectum (JSCCR) [24]. We performed either end-to-end anas-
tomosis using the double stapling technique or using a hand
sewing technique as reconstruction according to tumor
location.

Postoperative complications were graded according to the
Clavien-Dindo classification, categorizing surgical complica-
tions from grade 1 to 5 based on the invasiveness of the treat-
ment required [25, 26]. In the present study, we defined com-
plications as conditions that required treatment at the time of
first discharge from the hospital (Clavien-Dindo classification
Grade 2–5). We usually administered 5-fluorouracil-based ad-
juvant chemotherapy to patients with stage III or high-risk
stage II disease (inadequately sampled nodes, T4 lesions, per-
foration, or poorly differentiated histology) patients. However,
in elderly patients with low performance status level or severe
comorbidities, we eliminated the indications for adjuvant ther-
apies. Mortality and morbidity data were collected from the
database of our department and from that of a collaborating
hospital.

Examined scoring systems

The E-PASS score consists of three parts for estimation of
physiologic ability (PRS), surgical stress (SSS) and their com-
prehensive score (CRS), as proposed by Haga et al. [17]. The
formula for each score was as follows:

PRS ¼ −0:0686þ 0:00345X1þ 0:323X2þ 0:205X3

þ0:153X4þ 0:148X5þ 0:0666X6

X1, age; X2, absence (0) or presence (1) of severe heart
disease; X3, absence (0) or presence (1) of severe pulmonary
disease; X4, absence (0) or presence (1) of diabetes mellitus;
X5, performance status (0–4); X6, ASA physiological status
classification (1–5)

SSS ¼ −0:342þ 0:0139X1þ 0:0392X2þ 0:352X3

X1, blood loss/body weight (g/kg); X2, operation time
(hours); X3, extent of skin incision (0: minor incision, 1: lap-
arotomy or thoracotomy alone, 2: both laparotomy and thora-
cotomy).

CRS ¼ −0:328þ 0:936 PRSð Þ þ 0:976 SSSð Þ

We calculated PRS using data recorded at the time of ad-
mission, and then added SSS data. The CRS score was calcu-
lated postoperatively.

CR-POSSUM has two main components: physiological
severity (PS includes age, cardiac sign, systolic blood pres-
sure, pulse, hemoglobin, and urea) and operative severity (OS
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includes operative severity, peritoneal soiling, malignancy sta-
tus, and mode of surgery).

CR‐POSSUM equation :

ln R= 1 − Rð Þ½ � ¼ −9:167 þ 0:338 � PSð Þ þ 0:308 � OSSð Þ;

where PS is the total physiological score and OSS is the total
operative severity score.

The PNI is established using the following formula: 10×
serum albumin (g/dL)+0.005×total lymphocyte count (per
mm3).

Statistical analysis

The primary outcomes of our retrospective cohort study
were the incidences of postoperative complications, and
secondary outcomes were survival rates. In the primary
analysis, multivariate logistic analysis was used to deter-
mine significant factors affecting the presence of compli-
cations. Data from different groups were compared using
Student’s t test. Continuous data are expressed as mean±
standard deviation (SD). In univariate analysis, the com-
parison of categorical variables was performed using the
chi-square test or Fisher’s exact test. P<0.05 was consid-
ered to indicate statistical significance.

Receiver operating characteristic (ROC) curves were
plotted to identify a cutoff value of postoperative compli-
cation for the E-PASS score, and the area under the ROC
curve (AUC) was used to assess the power of a model to
discriminate patients who experienced postoperative com-
plications. The AUC value ranged from 0.5 to 1.0; and the
greater the AUC, the better the model. Overall survival
and disease-free survival (DFS) were calculated according
to the Kaplan-Meier method. The differences between
groups were tested for statistical significance using the
log-rank test. Statistical analysis was performed using
SPSS ver. 14 (Chicago, Illinois, USA).

Results

Postoperative complications

Among a total of 239 patients, postoperative complica-
tions developed in 78 patients (Table 1). Among those
patients, 21 had surgical site infections, 18 had sub-ileus,
six had minor or major leakage, five had urinary tract
infections and five had delirium. Cardiopulmonary disor-
ders developed in nine patients (12 %). Severe postoper-
ative complications (Clavien-Dindo classification Grade
3–5) occurred in 11 cases, and four patients died due to
their complications (sepsis in two patients, major leakage
in one, heart failure in one).

Postoperative complication and associated parameters

Patients who developed complications were assessed
(Table 2). Postoperative complications occurred more often
in male patients than in female patients. Univariate analy-
sis showed that comorbidity, performance status, ASA
score, albumin level, operation time, and blood loss were
significantly associated with postoperative complications.
All patients who experienced hospital death were in the
complication group. The duration of hospital stay was
longer in the complication group than in the no-
complication group (p<0.05). With regard to surgical se-
verity score, PNI (p<0.05), and all E-PASS scores, includ-
ing PRS (p<0.01), SSS (p<0.01), and CRS (p<0.01),
significantly correlated with systemic complications.
Factors of the CR-POSSUM score, PS (p=0.13) and
OSS (p=0.11), were not significantly different when com-
paring the complication group and the no-complication
group. ROC curve analysis calculated CRS=0.2 as a cut-
off value for the E-PASS score. The sensitivity and spec-
ificity of E-PASS (CRS=0.2) was 0.71 and 0.79, respec-
tively. The AUCs of each model for the detection of post-
operative complications were as follows: E-PASS (PRS,
0.74; SSS, 0.62; CRS, 0.78), PNI (0.62), and CR-
POSSUM (PS, 0.57; OSS, 0.52) (Fig. 1). Multivariate
analysis using the clinicopathological factors that were se-
lected according to the backward elimination method iden-
tified CRS≥0.2 (hazard ratio [HR], 4.84; 95 % confidence
interval [CI], 2.46–9.56; p<0.01) as a significant determi-
nant of postoperative complications (p<0.01).

Table 1 Details of postoperative complications

N=78 No. of patients (%)

Surgical site infection 21 (27 %)

Sub-ileus 18 (23 %)

Leakage 6 (7.7 %)

Urinary tract infection 5 (6.4 %)

Delirium 5 (6.4 %)

Sepsis 4 (5.0 %)

Arrhythmia 3 (3.8 %)

Chronic heart failure 2 (2.5 %)

Pneumonia 2 (2.5 %)

Pleural effusion 2 (2.5 %)

Milky ascites 2 (2.5 %)

Stoma necrosis 2 (2.5 %)

Transient ischemic attack 2 (2.5 %)

Gastric ulcer 1 (1.3 %)

Rectovaginal fistula 1 (1.3 %)

Femoral nerve palsy 1 (1.3 %)

Abdominal incision hernia 1 (1.3 %)
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Table 2 Univariate analysis of
postoperative complications Complication (+) Complication (−) P value

n 78 161

Gender (male/female) 47/31 74/87 0.04

Age (years) 78.4±5.5 77.6±5.6 0.31

Body weight (kg) 55.4±11.1 54.8±9.8 0.78

Body mass index 22.5±3.8 23.9±6.5 0.25

Comorbidity (no/yes) 30/48 90/71 0.01

Performance status (0/1, 2, 3) 33/46 125/36 <0.01

Double cancer (no/yes) 56/22 121/40 0.31

Location (C/A/T/D/S/R) 8/16/11/5/13/24 20/43/16/5/39/38 0.34

Combined resection (no/yes) 70/8 149/12 0.46

Laparoscopic surgery (no/yes) 46/32 75/86 0.13

Tumor size (mm) 43.2±20.5 40.5±23.4 0.54

Tumor depth (-SM/MP-) 18/59 45/115 0.32

Lymph node metastasis (no/yes) 54/24 97/64 0.14

Lymphatic invasion (no/yes) 62/16 120/41 0.39

Vessel invasion (no/yes) 55/23 115/46 0.88

Distant metastasis (no/yes) 75/3 152/9 0.96

Histological type (well/mod/poor) 33/38/7 71/79/11 0.91

Dukes classification (A/B/C) 39/17/22 77/34/50 0.88

TNM stage (0/I/II/III/IV) 5/26/23/17/7 17/40/41/45/18 0.64

Perioperative chemotherapy (no/yes) 68/10 131/31 0.22

Hospital stay (days) 33 23.18 <0.05

Surgical risk scoring system

E-PASS: CRS 0.18±0.24 −0.03±0.20 <0.01

E-PASS: PRS 0.46±0.18 0.32±0.10 <0.01

E-PASS: SSS 0.08±0.19 -0.01±0.17 <0.01

Operation time (min) 265±64 215±67 0.03

Blood loss (g) 190±267.3 99.7±108.2 <0.05

ASA (1/2/3) 52/23/3 149/11/1 <0.01

CR-POSSUM: PS 13.2±2.4 12.7±2.4 0.13

CR-POSSUM: OSS 7.8±1.3 7.6±0.9 0.11

Systolic blood pressure

(100–170/>170, 90–99/<90 mm Hg)

72/6/0 149/10/2 0.57

Pulse

(40–100/101–120/<40, >120 bpm)

73/3/2 156/4/1 0.37

Hemoglobin

(13–16/10–13, 16–18/<10, >18 g/dL)

18/39/21 40/85/36 0.73

BUN (<10/10–15/>15 mg/dL) 4/25/49 12/52/97 0.78

Operating severity

(minor/major/complex major)

0/72/6 0/157/4 0.06

Peritoneal soiling

(none/focal pus/free pus)

76/2/0 157/4/0 0.97

PNI 44.7±6.9 47.0±5.6 <0.05

Albumin 3.7 3.9 0.04

Lymphocyte count 1535 1634 0.57

E-PASS estimation of physiologic ability and surgical stress, CRS comprehensive risk score, PRS preoperative
risk score, SSS surgical stress score, ASA American Society of Anesthesiologists (ASA) score, CR-POSSUM
colorectal physiologic and operative severity score for the enumeration of mortality, PS physiological score,OSS
operative severity score, PNI prognostic nutritional index
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Relationship between postoperative complications
and survival after colectomy

Tumor recurrence was diagnosed after colectomy in 33 pa-
tients (14 %), and 28 patients (12 %) died during the observa-
tion period. The Kaplan-Meier method and log-rank testing
indicated that both disease-free survival and overall survival
in patients with complications tended to be lower than in those
without complications (Fig. 2a, b), but these differences did
not reach the level of statistical significance (p=0.06 and p=
0.26, respectively). Elderly patients were further subdivided
into two groups according to the CRS score (CRS<0.2, and
>0.2), and disease-free survival and overall survival were
evaluated (Fig. 2c, d). There were significant differences in
the survival rate between the two groups (p<0.01). The pa-
tients were further subdivided into two groups according to
whether patient did or did not receive perioperative chemo-
therapy, and postoperative outcomes were examined (Fig. 2e–
h). When comparing these two groups, there were no

significant differences in disease-free survival. In the
chemotherapy-negative group, overall survival was signifi-
cantly better in the CRS<0.2 group (HR, 15.73; 95 % CI,
4.01–61.62; p<0.01) (Fig. 2h).

Discussion

The present study revealed that postoperative complications
occurred in 78 patients (33 %) and that four patients (1.7 %)
died within 30 days after surgery. These results support those
from previous reports that postoperative morbidity and mor-
tality rates were higher in elderly patients than in younger
patients [2, 8, 27].

Various scoring systems have been developed to predict
postoperative morbidity and mortality. Hattori and colleagues
described the effectiveness of E-PASS scores for predicting
postoperative complications in colorectal patients [9].
However, few studies have assessed this system in elderly

Fig. 1 Receiver operating curve
analysis for postoperative
complications Area under the
curve (AUC) of E-PASS (PRS/
SSS/CRS) (a), PNI (b), and CR-
POSSUM (PS/OSS) (c) is 0.74/
0.62/0.78, 0.62, and 0.57/0.52,
respectively. aE-PASS estimation
of physiologic ability and surgical
stress, bPRS preoperative risk
score, cSSS surgical stress score,
dCRS comprehensive risk score,
ePNI prognostic nutritional index,
fCR-POSSUM colorectal
physiologic and operative
severity score for the enumeration
of mortality, gPS physiological
score, hOSS operative severity
score
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patients [28, 29]. We focused on elderly patients with colorec-
tal cancer who were considered to have a relatively high risk
of morbidity when compared with younger patients.

The CRS was calculated from the PRS (which includes
perioperative patient condition factors) and the SSS (including
surgical condition factors) [17, 30]. In this study, CRS was

Fig. 2 Disease-free survival
(DFS) (a) and overall survival
(OS) (b) after colorectal resection,
according to the presence or
absence of complications. There
are no significant differences
between the two groups (p=0.09
and p=0.08, respectively). The
patients are subdivided into two
groups according to the CRS
score (CRS<0.2, CRS>0.2), and
DFS (c) and OS (d) were
evaluated. OS is significantly
better in the CRS<0.2 group
(p<0.01). The patients are further
subdivided into two groups
according to whether or not they
received anticancer drugs
perioperatively (e–h). In the
chemotherapy-negative group,
OS is significantly better in the
CRS<0.2 group (p<0.01).
Numbers under the plots are
patients at risk. HR hazard ratio,
CI confidence interval
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higher in the complication group than in the no-complication
group (0.18 vs. −0.03; p<0.01). Past studies have suggested
that CRS>0.5 was associated with a higher probability of
postoperative morbidity and mortality [30, 31]. However, in
our cases, most patients who experienced postoperative com-
plications had CRS<0.5; only patients with severe complica-
tions (Clavien-Dindo classification Grade >3) had a high CRS
score (mean CRS=0.55). There are several possible reasons to
account for why our cases showed lower CRS levels. First,
SSS has three components, including blood loss, operation
time, and the extent of skin incision [17]. In general colorectal
cancer surgery, operation time, and average blood loss was
lower when compared with that in hepatocellular carcinoma
or pancreatic cancer, as previously reported [28, 29]. Second,
the use of laparoscopic-assisted colectomy continues to in-
crease. In regard to the extent of skin incision, laparoscopic
surgery is assigned 0 points when compared with 1 point for
open surgery, and this difference ultimately accounted for
0.352 points in the SSS score. Therefore, depending on the
characteristics of the malignancy, laparoscopic surgery may
be preferred, as it is less invasive from the view of the E-
PASS score.

In 2004, Tekkis et al. developed the colorectal cancer-
specific POSSUM (CR-POSSUM) in an effort to resolve dis-
crepancies from previous models, and several studies have
reported that this score is valid in colorectal patients [19, 32,
33]. In our study, no significant differences could be seen in
the two components, including physiological score (p=0.13)
and operative severity score (p=0.11), between the complica-
tion group and the no-complication group. Both the E-PASS
and CR-POSSUM score consist of two main factors: periop-
erative patient conditions and operative conditions. In com-
parison with the E-PASS score, CR-POSSUM does not take
into account the presence of pulmonary disease, diabetes
mellitus, ASA score, performance status, blood loss, or oper-
ation time. Results from the present study suggest that these
factors are crucial for the prediction of postoperative
morbidity.

Good nutritional status is needed to avoid postoperative
complications in patients with malignant cancers [34]. Low
levels of serum albumin, a nutritional marker, and preopera-
tive hypoalbuminemia are major risk factors for adverse post-
operative outcomes in patients with colorectal cancer [35].
Total peripheral blood lymphocyte (TLC) count is another
parameter, and several scores for predicting mortality and
morbidity have been developed that include the TLC count
[36–39]. Onodera and colleagues reported that PNI was useful
to assess immune-nutritional status of patients with gastroin-
testinal tumors [9]. This index is calculated by combining the
serum albumin and total peripheral blood lymphocyte count
and is, therefore, more easily calculated when compared with
the E-PASS and CR-POSSUM. Lower PNI score is a poor
prognostic marker in patients with colorectal cancer patients

[18]. In the present study, the PNI score was significantly
lower in patients with complications than in patients without
complications (44.7 and 47, respectively; p<0.05); however,
multivariate analysis identified only CRS of E-PASS (and not
PNI) as an independent risk factor for postoperative compli-
cations. This may be attributed to the lack of operation factors
within the PNI scoring system. Furthermore, in this study, the
AUC was highest for the E-PASS, which suggests that the E-
PASS is better than the other models (e.g., CR-POSSUM and
PNI) for prediction of postoperative complications (Fig. 1).

Postoperative complications, such as anastomotic leakage
and surgical site infection, are associated with poor outcomes
in patients with different types of cancer [40–42]. Another
report revealed that advanced age and comorbidities were as-
sociated with a higher risk of death when complications oc-
curred [43]. In the present study, patients with postoperative
complications were older, had a lower performance status,
more rectal resection, longer operative time, and more blood
loss (Table. 2). However these factors, which were compo-
nents of CRS (except for rectal resection), did not correlate
with disease-free survival or overall survival (Table. 3). Both
the disease-free survival and the overall survival for the no-
complication group tended to be better than that of the com-
plication group (p=0.09 and p=0.08, respectively), and there

Table 3 Survival analysis of parameters that correlated with
postoperative complications

OS DFS

Parameters Survival (%) P value Survival (%) P value

Age (years)

<80 75.50 93.60

≥80 83.20 0.54 71.10 0.08

PS

0 80.60 87.80

1, 2 72.80 0.85 72.40 0.48

Location

Colon 84.70 87.20

Rectum 83.60 0.96 89.80 0.52

Operation time (min)

<210 69.20 85.60

≥210 83.70 0.21 87.50 0.58

Blood loss (g)

<60 82.30 90.10

≥60 75.20 0.69 83.80 0.58

CRS

<0.2 82.90 74.70

≥0.2 54.9 <0.001 81.3 0.04

The cutoff values for operative time and blood loss are the median values

OS overall survival, DFS disease-free survival, PS performance status,
CRS comprehensive risk score
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was significant differences between CRS<0.2 group and
CRS>0.2 group with regard to overall survival (p<0.01).
These results might indicate that CRS, which is a completely
enclosed scoring system, is a more useful predictor of postop-
erative mortality when compared with other single factors
described in previous reports [30, 31]. We also considered
the effect of perioperative chemotherapy on the survival rate;
patients were subdivided according to whether or not they
received perioperative anticancer agents. In the patients who
did not receive chemotherapy, overall survival was signifi-
cantly better in the CRS<0.2 group than in the CRS>0.2
group (p<0.01). Perioperative chemotherapy tends to be con-
traindicated in elderly patients due to age, performance status,
and the risk of severe toxicity [44]. In this regard, E-PASS is a
reasonable scoring system as a predictor of mortality in elderly
patients, especially for those patients who are not eligible for
chemotherapy. However, in patients who did receive periop-
erative chemotherapy, there were no significant differences in
overall survival between the high CRS group and the low
CRS group (p=0.36). The varying nature of these results
might reflect that there were several types of chemotherapy
administered, such as intravenous drugs or oral drugs, depend-
ing on patient characteristics. In addition, in this study, the
number of patients who received perioperative chemotherapy
was relatively small. Further large-scale studies are needed to
clarify the effect of perioperative chemotherapy on disease-
free survival and overall survival.

Conclusions

The E-PASS score was the most useful predictor of postoper-
ative morbidity and mortality in elderly colorectal cancer pa-
tients. Use of this score may help guide appropriate manage-
ment and therefore improve outcomes in elderly colorectal
cancer patients.
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