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Abstract

Background Improvements in operative technique and
perioperative management have resulted in increasing num-
bers of elderly patients undergoing gastrectomy for gastric
cancer (GC). We evaluated the accuracy of Estimation of
Physiologic Ability and Surgical Stress (E-PASS) and mod-
ified (m)E-PASS scores in predicting postoperative compli-
cations in elderly patients with GC.

Methods We retrospectively analyzed short-term outcomes
in 413 patients who underwent gastrectomy for GC between
2005 and 2014. They were divided into two groups: Group
N comprised 341 non-elderly patients <80 years of age and
Group E comprised 72 elderly patients >80 years of age.
We calculated the E-PASS and mE-PASS scores and evalu-
ated the correlation between the comprehensive risk score
(CRS) and occurrence of postoperative complications.
Results Morbidity rates were 25.5 % in Group N and
31.9 % in Group E. In Group N, the CRS values of both the
E-PASS (P < 0.0001) and mE-PASS (P < 0.0001) scores
were significantly higher in patients with complications
than in those without complications. In Group E, although
the E-PASS CRS was significantly higher in patients with
complications than in patients without complications
(P = 0.01), the mE-PASS CRS fixed (CRSf) score was not
significantly correlated with the occurrence of postopera-
tive complications (P = 0.08).
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Conclusion Both E-PASS and mE-PASS can be used to
predict the occurrence of postoperative complications in
GC patients undergoing gastrectomy. However, the E-PASS
CRS is more accurate for elderly patients because varia-
tions in intraoperative parameters such as operation time,
blood loss, and extent of skin incision have a strong influ-
ence on the occurrence of postoperative complications.

Keywords Elderly - Postoperative complications/
mortality - Physiological stress

Introduction

Gastric cancer (GC) is a major health problem and consti-
tutes the second leading cause of cancer-related death [1].
The incidence of GC in Japan has been increasing recently,
especially among the elderly [2]. The overall incidence of
GC may be rising because peak incidence occurs in the
seventh decade of life [3] and the life expectancy of the
general population is increasing. Treatment for GC requires
gastric resection [4] and, because of improved periopera-
tive management, resection of GC has become the treat-
ment of choice in elderly patients [35, 6].

Comorbidities are more common in elderly patients than
in young ones and may result in increased postoperative
morbidity and mortality. For elderly patients in particular,
the benefits of surgical treatment must be balanced against
postoperative morbidity and mortality [S]. However, age
is not an inflexible criterion for deciding whether surgical
treatment is indicated in elderly patients. Patient character-
istics including biological age, physical presentation, and
performance status should also be taken into consideration
when evaluating the benefit-risk balance of surgery [7].
Several scoring systems can be used to assess the risk of
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mortality or of developing complications following special
types of surgical procedures [8—10].

We previously constructed a prediction scoring sys-
tem for postoperative morbidity and mortality in elective
gastrointestinal surgery, which we designated “Estima-
tion of Physiologic Ability and Surgical Stress” (E-PASS)
[9]. Several cohort studies in GC and in other cancers
have demonstrated reproducible outcomes using E-PASS
scores to predict adverse postoperative events [9, 11-14].
However, E-PASS is limited by not being able to predict
the occurrence of postoperative morbidity prior to surgery
because the assessment includes some intraoperative fac-
tors. Therefore, we recently developed a modification of
this system (mE-PASS) to estimate postoperative mortality
rates before surgery using a reduced number of variables
[15, 16] and reported on its accuracy for patients of all ages
who underwent gastrectomy for GC [16].

However, the prognostic value of both E-PASS and
mE-PASS for elderly patients who undergo gastrectomy
for GC remains unclear. To accurately describe the physi-
cal condition of these patients, a practical scoring system
that includes assessment of their preoperative condition
and their response to invasive surgical procedures is essen-
tial. Therefore, we retrospectively analyzed the accuracy
of both E-PASS and mE-PASS in patients who underwent
gastrectomy for GC to identify which of these two scoring
systems is better suited for use in elderly patients.

Methods
Patients and patient selection

A total of 413 patients who underwent gastrectomy and
lymph node dissection at Kumamoto University Hospital
between April 2005 and August 2014 were enrolled in this
study. All patients had a pathologically confirmed diagno-
sis of gastric adenocarcinoma. The patients were divided
into two groups by age: a non-elderly group (Group N,
<80 years of age) of 341 patients and an elderly group
(Group E, >80 years of age) of 72 patients. All patients
gave written informed consent and the local Ethics Com-
mittee of Kumamoto University approved the study.

Methods and scoring systems

Disease stage was classified according to the Japanese
Classification of Gastric Carcinoma (3rd English edition)
[17], which is compatible with the Union for International
Cancer Control (7th edition). Surgical procedures, includ-
ing the extent of gastrectomy and lymph node dissection,
were based on the Japanese Gastric Cancer Treatment
Guidelines 2010 (version 3) [18].

E-PASS and mE-PASS physiological and operative vari-
ables were collected retrospectively. The preoperative risk
score (PRS), surgical stress score (SSS), and comprehen-
sive risk score (CRS) were calculated using Haga’s equa-
tions for E-PASS, as shown below [9].

PRS = —0.0686 4 0.00345X; 4 0.323X5 4 0.205X3
4 0.153X4 4 0.148X5 + 0.0666X5,

where X, is patient age; X, is the presence (1) or absence
(0) of severe heart disease; X is the presence (1) or absence
(0) of severe pulmonary disease; X, is the presence (1) or
absence (0) of diabetes mellitus; X5 is the performance sta-
tus index (0—4); and X, is the American Society of Anes-
thesiologists physiological status classification (1-5).

SSS = —0.342 4 0.0139X; + 0.0392X, + 0 : 352X3,

where X is blood loss/body weight (g/kg); X, is operation
time (h); and X; is extent of skin incision (0, minor incision
for laparoscopic or thoracoscopic surgery; 1, laparotomy or
thoracotomy alone; 2, both laparotomy and thoracotomy).

CRS = —0.328 + 0.936(PRS) + 0.976(SSS)

To determine the mE-PASS score, PRS was calculated
using the same equation used for E-PASS. We used a fixed
SSS (SSSf) value of 0.328 for total gastrectomy or 0.212
for partial gastrectomy in mE-PASS, which was the median
SSS of the original E-PASS determination. The CRS fixed
(CRSY) score was calculated as follows [15]:

CRSf = 0.052 + 0.58(PRS) -+ 0.83(SSSf).

Evaluation of outcomes

We calculated the E-PASS and mE-PASS scores and
evaluated the correlation between the CRS and the occur-
rence of postoperative complications in the two groups.
Postoperative complications are evaluated according
to the Clavien-Dindo classification [19, 20]. Adverse
events of grade 2 to 4 were expediently judged as post-
operative complications. Grade 1 adverse events were
excluded from the analysis because they require no medi-
cal treatment.

Continuous variables were expressed as mean =+ stand-
ard deviation, and differences were assessed for signifi-
cance using the Student -test or the Mann—Whitney test.
Categorical data were evaluated using chi-squared or
Fisher exact tests, as appropriate. Univariate and multivari-
ate logistic regression analyses were performed to identify
predictors of postoperative complications. Receiver operat-
ing characteristic (ROC) curve analysis was performed to
identify a cutoff value of each group for the E-PASS and
mE-PASS score. Differences were considered to be signifi-
cant at P < 0.05. All tests were performed using JMP soft-
ware (SAS Institute Inc., Cary, NC, USA).
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Results
Clinicopathological characteristics of patients

Clinicopathological characteristics of patients are summa-
rized in Table 1. Sex ratio, body mass index, and presence
of diabetes mellitus in the two groups were not significantly
different, but the performance status index, American Soci-
ety of Anesthesiologists physical status classification, and
carcinoembryonic antigen level were significantly worse
in Group E (P = 0.002, P = 0.03, and P = 0.006, respec-
tively) than Group N. In pathological characteristics, only
the depth of invasion was significantly different between
the two groups (P = 0.03).

Surgical parameters, E-PASS score, and postoperative
outcomes of patients

Surgical parameters, E-PASS score, and postoperative out-
comes of patients are summarized in Table 2. There were
no significant differences between the surgical parameters
in each group, including type of gastrectomy, type of lymph
node dissection, type of incision, and operation duration.
PRS, CRS, and CRSf were significantly higher in Group E
than Group N (P < 0.0001), but SSS was similar in the two
groups (P = 0.08). There were no significant differences in
postoperative outcomes in each group, including postopera-
tive complications, length of stay, reoperation, and hospi-
tal death. The postoperative complications that occurred
in each group following gastrectomy are summarized in
Table 3. The morbidity rates in the 413 surgically resected
patients were 25.5 % in Group N (n = 87) and 31.9 % in
Group E (n = 23). The most frequent morbidities were
pancreatic fistula in Group N (7.3 %) and anastomotic leak-
age in Group E (11.1 %). The only significant difference in
postsurgical morbidity between the two groups (P = 0.003)
was the rate of occurrence of respiratory complications.

Correlation between CRS and the occurrence
of postoperative complications

The presence or absence of complications in the combined
groups, Group N, and Group E are plotted against the CRS
and CRSf scores in Figs. 1, 2 and 3. In both the combined
population and in Group N, the E-PASS CRS and mE-
PASS CRSf values were significantly higher in patients
with complications than in those without complications (all
P < 0.0001, Figs. 1, 2). However, in Group E, although the
E-PASS CRS was significantly higher in patients who experi-
enced postoperative complications compared with those who
did not (P = 0.01), the mE-PASS CRSf was not correlated
with the occurrence of complications (P = 0.08, Fig. 3).
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Table 1 Clinicopathological characteristics of patients

Group E (n =72) Group N (n =341) P value

Mean age (years) 83.2+3.6 62.8 £ 11.5 <0.0001
Sex 0.09

Male 50 (69.4 %) 200 (58.7 %)
Female 22 (30.6 %) 141 (41.3 %)
Year of operation 0.7
2005-2009 34 (47.2 %) 152 (44.6 %)
2010-2014 38 (52.8 %) 189 (55.4 %)
BMI (%) 219+3.6 22.7+34 0.09
DM 0.2
(+) 8 (11.1 %) 57 (16.7 %)
(=) 64 (88.9 %) 284 (83.3 %)
PS 0.002
0 35 (48.6 %) 241 (70.7 %)
1 28 (38.9 %) 80 (23.4 %)
2 9 (12.5 %) 20 (5.9 %)
ASA physical status 0.03
1 23 (31.9 %) 111 (32.6 %)
2 37 (51.4 %) 206 (60.4 %)
3 12 (16.7 %) 24 (7.0 %)
CEA (ng/ml) 7.94 +£34.9 2.55+£3.73 0.006
CA19-9 (U/ml) 214 +438 253 £105.7 0.8
Tumor size (mm) 47.5 +24.0 40.8 £+ 28.9 0.08
Number of tumors 0.06
Single 62 (86.1 %) 317 (93.0 %)
Multiple 10 (13.9 %) 24 (7.0 %)
Depth of invasion 0.03
pTl 28 (38.9 %) 195 (57.2 %)
pT2 15 (20.8 %) 42 (12.3 %)
pT3 19 (26.4 %) 65 (19.1 %)
pT4 10 (13.9 %) 39 (11.4 %)
Lymph node metastasis 0.08
pNO 42 (58.3 %) 247 (72.4 %)
pNI 12 (16.7 %) 43 (12.6 %)
pN2 12 (16.7 %) 29 (8.5 %)
pN3 6 (8.3 %) 22 (6.5 %)
Distant metastasis 0.8
MO 69 (95.8 %) 329 (96.5 %)
Ml 3(4.2 %) 12 (3.5 %)
fStage 0.3
fStage I 43 (59.7 %) 228 (66.9 %)
fStage II 11 (15.3 %) 59 (17.3 %)
fStage III 15 (20.8 %) 42 (12.3 %)
fStage IV 3(4.2 %) 12 (3.5 %)

Bold values indicates significant difference between two groups (P <
0.05)

BMI body mass index, DM diabetes mellitus, PS performance status,
ASA American society of anesthesiologist, CEA carcinoembryonic
antigen, CA79-9 carbohydrate antigen 19-9
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Table 2 Surgical parameters, Group E (n = 72) Group N (n = 341) P value
E-PASS score, and
pos'toperative outcomes of Type of gastrectomy 0.3
patients Total gastrectomy 24 (33.3 %) 95 (27.9 %)
Distal gastrectomy 37 (51.4 %) 207 (60.7 %)
Proximal gastrectomy 11 (15.3 %) 39 (11.4 %)
Lymph node dissection 0.5
Dl 35 (48.6 %) 152 (44.6 %)
D2 37 (51.4 %) 189 (55.4 %)
Incision 0.3
Laparoscopy 21 (29.2 %) 123 (36.1 %)
Open 51 (70.8 %) 218 (63.9 %)
Blood loss (ml) 390.9 £+ 457.6 320.9 £ 3994 0.2
Operation time (min) 302.7 £ 113.5 310.8 £ 84.5 0.5
Postoperative complications 23 (31.9 %) 87 (25.5 %) 0.3
Length of stay (day) 223+17.2 235+ 143 0.6
Reoperation 2 (2.8 %) 11 (3.2 %) 0.8
Hospital death 1 (1.4 %) 1 (0.3 %) 0.2
E-PASS and mE-PASS score
Preoperative risk score (PRS) 0.50 +£0.18 0.35+0.18 <0.0001
Surgical stress score (SSS) 0.21 +£0.23 0.16 = 0.20 0.08
Comprehensive risk score (CRS) 0.34 £ 0.28 0.15+0.28 <0.0001
CRS fixed (CRSf) 0.53 +0.10 0.43 +£0.10 <0.0001
Bold values indicates significant difference between two groups (P < 0.05)
Table?ﬁ Postoperative Group E (n =72) Group N (n = 341) P value
complications after gastrectomy
Postoperative complications 23 (31.9 %) 87 (25.5 %) 0.3
Clavien-Dindo classification (II/III/IV/V) 9/10/3/1 32/48/7/1 0.5
Pancreatic fistula 3 (4.2 %) 25 (7.3 %) 0.3
Anastomotic leakage 8 (11.1 %) 17 (5.0 %) 0.07
Anastomotic stenosis 1(1.4 %) 11 (3.2 %) 0.4
Delayed gastric emptying 0 8 (2.4 %) 0.2
Respiratory complication 6 (8.3 %) 6 (1.8 %) 0.003
Cardiovascular complication 3 (4.2 %) 5 (1.5 %) 0.1
Ileus 0 7 (2.1 %) 0.2
Surgical site infection 2 (2.8 %) 5 (1.5 %) 0.4
Other 3 (4.2 %) 15 (4.4 %) 0.9

Bold values indicates significant difference between two groups (P < 0.05)

Univariate and multivariate analysis of the occurrence
of complications

Univariate and multivariate analyses of the occurrence of
complications in elderly patients are shown in Table 4.
The performance of CRS and CRSf were assessed by
ROC curve analysis. The ROC curve had an area under
the curve (AUC) of 0.666 (P < 0.0001) in CRS and 0.653
(P < 0.0001) in CRSf. The univariate analysis revealed
that blood loss (>240 ml), tumor size (>50 mm), and CRS

(>0.23) were significantly associated with the occurrence
of complications. Multivariate analysis including these
variables revealed that only CRS (>0.23) was an independ-
ent predictive factor. In contrast, in non-elderly patients,
multivariate analysis revealed that blood loss (>240 ml)
and CRSf (>0.42) were independent predictive factors
(Table 5). These analyses show that in elderly patients
with GC, E-PASS was an independent predictive factor of
the occurrence of complications, whereas in non-elderly
patients mE-PASS was an independent predictive factor.
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Fig. 1 Comparison of E-PASS CRS with mE-PASS CRSf for prediction of postoperative complications in the overall patient population
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Fig. 2 Comparison of E-PASS CRS with mE-PASS CRSf for prediction of postoperative complications in Group N

Discussion

In this study, we found that E-PASS was better than mE-
PASS for estimating the occurrence of postoperative com-
plications in elderly patients who underwent gastrectomy
for GC. In a previous study, we reported that a CRS >0.5
was a good indicator of poor prognosis in GC patients over
80 years of age who underwent gastrectomy [21]. Ariake
et al. also found that E-PASS-based CRS was a good pre-
dictor of comorbidity-related mortality in elderly patients
who underwent gastrectomy for GC [7]. However, no

@ Springer

studies have compared E-PASS with mE-PASS for esti-
mating the likelihood of postoperative complications.
This study revealed that the E-PASS CRS, but not the mE-
PASS CRSf, was significantly correlated with the occur-
rence of postoperative complications in elderly gastrec-
tomy patients. Multivariate analysis showed that in elderly
patients a CRS >0.23 was an independent predictor of post-
operative complications.

Polanczyk et al. reported that advanced age was an inde-
pendent predictor of morbidity, mortality, and prolonged
hospital stay in patients undergoing noncardiac surgery
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Fig. 3 Comparison of E-PASS CRS with mE-PASS CRSf for prediction of postoperative complications in Group E
Tabl.e 4 .Univariate and Variables Univariate analysis Multivariate analysis
multivariate analyses on the
occurrence of complications in OR 95 % CI P value OR 95 % CI P value
elderly patients
Male 1.9 0.63-6.60 0.3
Year of operation (2005-2009) 1.0 0.38-2.80 0.9
BMI > 25 % 2.0 0.52-7.45 0.3
Total gastrectomy 1.1 0.38-3.10 0.9
D2 lymph node dissection 1.4 0.50-3.74 0.6
Laparotomy 0.9 0.31-2.81 0.9
Blood loss >240 ml 3.0 1.04-9.35 0.04 1.5 0.37-6.44 0.5
Operation time >300 min 2.3 0.83-6.39 0.1
Tumor size >50 mm 32 1.12-9.53 0.03 24 0.74-8.09 0.1
Multiple tumor 0.9 0.18-3.62 0.9
pT3/4 2.5 0.90-6.89 0.08
pN(+) 1.9 0.69-5.20 0.2
Stage I1I/IV 2.1 0.68-6.32 0.2
CRS >0.23 9.7 2.85-45.0 0.0001 6.9 1.64-37.7 0.007
CRSf > 0.42 1.2 0.36-4.90 0.8

Bold values indicates significant difference between two groups (P < 0.05)

OR odds ratio, 95 % CI 95 % confidence interval

[22]. Therefore, it is especially important to assess physi-
ological risk and surgical stress in elderly patients. Several
scoring systems have been used to estimate the risk of post-
operative complications and mortality, such as the Physi-
ological and Operative Severity score [8]. However, the
Physiological and Operative Severity index requires meas-
uring as many as 19 perioperative physiological param-
eters, including some parameters that are not routinely
measured before surgery. In contrast, the E-PASS scoring

system includes only 10 parameters, which are routinely
evaluated before surgery. E-PASS is simple and easily cal-
culated [9]. The E-PASS scoring system has been shown to
be useful for predicting postoperative risk not only in gas-
troenterological surgery [9, 11-14], but also in other fields
such as thoracic [23, 24] and vascular surgery [25, 26].
Because the E-PASS scoring system includes intraopera-
tive factors such as blood loss, operation time, and extent
of skin incision, an accurate CRS can be obtained just after
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Table 5 Univariate and

Univariate analysis Multivariate analysis

e Variables
multivariate analyses of the
occurrence of complications in
non-elderly patients
Male
Year of operation (2005-2009)
BMI > 25 %

Total gastrectomy

D2 lymph node dissection
Laparotomy

Blood loss >240 ml
Operation time >300 min
Tumor size >50 mm
Multiple tumor

pT3/4

pN(+)

Stage III/IV

CRS >0.23

CRSf>0.42

OR 95 % CI P value OR 95 % CI P value
1.9 1.16-3.31 0.01 1.2 0.71-2.22 0.4
0.7 0.39-1.07 0.09

1.3 0.72-2.21 0.4

1.1 0.61-1.80 0.8

1.3 0.78-2.09 0.3

1.3 0.76-2.13 0.4

3.7 2.19-6.30 <0.0001 33 1.78-6.10 0.0001
1.4 0.87-2.31 0.2

1.7 0.99-2.90 0.051

22 0.93-5.18 0.07

1.7 0.9-2.75 0.06

1.7 0.99-2.82 0.06

1.8 0.93-3.23 0.08

2.6 1.58-4.28 0.0002 0.8 0.38-1.56 0.5

3.0 1.84-5.06 <0.0001 2.8 1.47-5.49 0.002

Bold values indicates significant difference between two groups (P < 0.05)
OR odds ratio, 95 % CI 95 % confidence interval

the completion of surgery. In fact, the surgeons have to cal-
culate the CRS using estimated blood loss and operation
time based on their past surgical experience. However, the
mE-PASS scoring system can resolve this problem. More-
over, we found mE-PASS to be accurate in patients of all
ages who underwent gastrectomy for GC [16]. The mE-
PASS scoring system is particularly useful for two reasons.
First, it can predict the occurrence of postoperative compli-
cations before surgery. In this study, the SSSf used in mE-
PASS calculation was determined using the median SSS of
41 procedures in patients with E-PASS scores [15]. Using
mE-PASS, surgeons can preoperatively discuss the risk of
surgery and the selection of procedures with their patients.
Second, mE-PASS reduces the number of variables from
ten to seven, making it simpler than E-PASS [15, 16].
However, we should use these scoring systems with
caution, especially in elderly patients, because intraopera-
tive factors influence outcomes more strongly in elderly
than in non-elderly patients. Various postoperative compli-
cations have been reported to occur when surgical stress
exceeds the patient’s physiological reserve, making it
impossible to maintain homeostasis [9]. Elderly patients
may suffer from comorbid diseases that decrease their
physiological reserves and should be considered before
choosing surgical intervention. In addition, elderly patients
frequently develop severe cardiac or pulmonary complica-
tions, even in the absence of preoperative comorbidities,
because it is difficult for them to maintain homeostasis
when they undergo invasive procedures [27]. Our study
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suggests that E-PASS is better than mE-PASS for pre-
dicting the occurrence of postoperative complications in
elderly GC patients who undergo gastrectomy. Further-
more, using intraoperative factors obtained in individual
patients, such as operation time, blood loss, and extent
of skin incision, is more important in elderly than in non-
elderly GC patients who undergo gastrectomy. In cases
involving elderly patients, we suggest that a fixed estimate
of intraoperative factors should not be used, and that it is
necessary to evaluate their surgical stress individually and
in detail. We suggest carefully evaluating each patient’s
condition when deciding on the appropriate therapeutic
procedure, particularly for the elderly.

The present study has limitations associated with its
retrospective design and conduct at a single center, which
might introduce several biases. Hence, a prospective mul-
ticenter study would be desirable to validate our present
findings.

We conclude that E-PASS was a more accurate predictor
than mE-PASS for estimating the occurrence of postopera-
tive complications in elderly patients undergoing gastrec-
tomy for GC. This is the first comparison of these two scor-
ing systems. Although multiple scoring systems, including
E-PASS and mE-PASS, are accurate for predicting the
occurrence of postoperative complications, each must be
used with knowledge of their advantages and disadvan-
tages. Appropriate application of these systems enables
accurate assessment of surgical risk and assists in choosing
the proper treatment for each patient.
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