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Estimation of physiologic ability and surgical
stress (E-PASS) scoring system could provide
preoperative advice on whether to undergo
laparoscopic surgery for colorectal cancer
patients with a high physiological risk
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Abstract BN
Laparoscopic colorectal surgery had been widely used for colorectal cancer patient and showed a favorable outcome on the |
postoperative morbidity rate. We attempted to evaluate physiological status of patients by mean of Estimation of physiologic ability
and surgical stress (E-PASS) system and to analyze the difference variation of postoperative morbidity rate of open and laparoscopic
colorectal cancer surgery in patients with different physiological status.

In total 550 colorectal cancer patients who underwent surgery treatment were included. E-PASS and some conventional scoring
systems were reviewed to examine their mortality prediction ability. The preoperative risk score (PRS) in the E-PASS system was
used to evaluate the physiological status of patients. The difference of postoperative morbidity rate between open and laparoscopic
colorectal cancer surgeries was analyzed respectively in patients with different physiological status.

E-PASS had better prediction ability than other conventional scoring systems in colorectal cancer surgeries. Postoperative
morbidities were developed in 143 patients. The parameters in the E-PASS system had positive correlations with postoperative
morbidity. The overall postoperative morbidity rate of laparoscopic surgeries was lower than open surgeries (19.61% and 28.46%),
but the postoperative morbidity rate of laparoscopic surgeries increased more significantly than in open surgery as PRS increased.
When PRS was more than 0.7, the postoperative morbidity rate of laparoscopic surgeries would exceed the postoperative morbidity
rate of open surgeries.

The E-PASS system was capable to evaluate the physiological and surgical risk of colorectal cancer surgery. PRS could assist
preoperative decision-making on the surgical method. Colorectal cancer patients who were assessed with a low physiological risk by
PRS would be safe to undergo laparoscopic surgery. On the contrary, surgeons should make decisions prudently on the operation
method for patient with a high physiological risk.

Abbreviations: ACPGBI = Association of Coloproctology of Great Britain and Ireland, ASA = American Society of Anesthesiology,
AUC = area under ROC curves, CME = complete mesocalic excision, Cr-POSSUM = colorectal POSSUM, CRS = comprehensive
risk score, E-PASS = estimation of physiologic ability and surgical stress, POSSUM = Physiological and Operative Severity Score for
enUmeration of Mortality and morbidity, P-POSSUM = Portsmouth POSSUM, PRS = preoperative risk score, ROC = receiver
operating characteristic, SSS = surgical risk score, TME = total mesorectal excision.
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1. Introduction

Surgical resection is an important treatment for colorectal cancer.
Radical resections with complete mesocolic excision (CME) or
total mesorectal excision (TME) had become standard proce-
dures and were believed to be able to improve outcomes of
colonrectal cancer.!"?! For those with more advanced disease
which cannot be radical resected, surgical intervention still can be
an alternative to treat or prevent complications such as ileus,
hemorrhage, and so on.*! Many scoring systems were developed
to evaluate the risk of postoperative mortality and morbidity.
Physiological and Operative Severity Score for enUmeration of
Mortality and morbidity (POSSUM) is a representative one and
has multiple modified versions, such as Portsmouth POSSUM (P-
POSSUM) and colorectal specialized Cr-POSSUM.!*31 Tekkis
et al'®”! developed Cr-POSSUM and Association of Coloproc-
tology of Great Britain and Ireland (ACPGBI) system in 2003 and
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2004, which were modified to evaluate the risk of mortality of
colorectal cancer surgery and had better prediction abilities than
POSSUM and P-POSSUM.®! However, as the surgical techniques
developed, the transformations of surgical procedures made the
scoring systems mentioned above have more limitations. The
study of Law et al”! showed that POSSUM, P-POSSUM, and Cr-
POSSUM had excessively overrated the mortality in laparoscopic
colorectal surgery. Estimation of physiologic ability and surgical
stress (E-PASS) system is a more recent predicting system
developed by Haga et al.'® According to his following
examination studies, E-PASS was reported to have a good death
predicting ability in various surgeries including colorectal cancer
surgery.[1 1-13]

As the minimal invasive techniques become universal and new
techniques emerge, more approaches become optional. The
laparoscopic technique is widely accepted and has been applied in
colorectal surgeries. Many studies gave an affirmative conclusion
on laparoscopic surgery, results of which showed better
postoperative outcomes than open surgeries.!*®! However,
colorectal surgeries are still traumatic to some extent. Besides, a
research reported that laparoscopic rectal surgery did not show
advantage on postoperative morbidity in elderly.”'”! So we still
doubt whether laparoscopic colorectal surgery is suitable for
patients with high physiological risk. Scoring systems are ideal
options, which are able to assess physiological status of patients
and/or assess surgical risk of procedures. We attempted to use
parameters in E-PASS to assess the physiological status of
patients and analyze the difference of postoperative morbidity
rate between open and laparoscopic colorectal cancer surgeries in
patients with different physiological statuses.

2. Methods

2.1. Patients

All colorectal cancer patients who underwent surgical treatment
at Tianjin Medical University General Hospital from 2010 to
2015 were reviewed. Cases with missing data were excluded.
Cases of laparoscopic surgery converted to open surgery were
categorized into open surgery. Postoperative morbidity was
classified according to the Clavien—Dindo Classification and
defined as complication which is need medical intervention.®!
Diagnosis of postoperative morbidity was supported by clinical
manifestation, imaging or laboratory findings.

2.2. Scoring systems

Data of age, cardiac function, respiratory function, systolic blood
pressure, pulse, Glasgow coma score, hemoglobin, white cell
count, sodium, potassium, urea, electrocardiogram, operative
severity, number of procedures, blood loss, peritoneal soiling,
cancer status, and operative urgency were collected to review the
POSSUM-based systems. The detailed calculation process was
described in previous reports.[*57]

Data of age, American Society of Anesthesiology (ASA) grade,
Dukes staging of cancer, operative urgency, and cancer resection
status was collected to review the ACPGBI system. Detailed
calculation process was described in the previous report.®

The E-PASS consists of physiological part named “preopera-
tive risk score” and surgical part named “surgical risk score”
(SSS). The PRS consists of age, cardiac disease, pulmonary
function, diabetes mellitus, performance status, and ASA grade.
The SSS consists of ratio between blood loss and weight,
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operation duration, and extent of skin incision. PRS and SSS were
inputted into a formula to obtain “comprehensive risk score”
(CRS) which is used to predict postoperative mortality. The
detailed calculation process was described in the previous
report.1!

2.3. Statistical analysis

The quantitative values were given as mean+SE. The Mann—
Whitney U test was used to compare measurement data. The
Fisher exact and chi-square tests were used to compare counting
data. Correlation analyses between continuous variables and
rank variables were conducted using the Spearman correlation
test. Receiver operating characteristic (ROC) curves were
generated and the area under ROC curves (AUC) was used to
assess the discrimination ability of prediction models. The higher
AUC value represented better discrimination ability. Calibration
ability of prediction models was assessed by the Hosmer—
Lemeshow statistic. A more significant result of Hosmer—
Lemeshow test indicated that a model was more lack of fit.
Multivariate logistic analysis was used to determine factors
affecting the presence of morbidity. The P value less than 0.05
were accepted as significant. Statistics analysis was performed
using SPSS version 20.0 software (SPSS Inc., Chicago, IL).

3. Results

3.1. General information

A total of 550 cases were included eventually. However, 375
(68.18%) patients developed colon cancer, and 175 (31.82%)
developed rectal cancer. There were 281 (51.09%) males and 269
(48.91%) females. Age ranged from 27 to 95 years, with a
median age of 65 years. There were 6 patients died postopera-
tively, and all of them died within 30 days in hospital. The
morbidity rate was 26.0% and the mortality rate was 1.09%.
Other details were listed in Table 1. All death occurred during
hospitalization and within 30 days. Two died of pulmonary
infection, 2 died of anastomotic leakage, 1 died of pancreatic
fistula, and 1 died of abdominal hemorrhage. All cases of death
were cases of open surgery.

3.2. Efficiency of E-PASS, POSSUM-based system,
and ACPGBI in predicting mortality

The result of ROC analysis showed that all the scoring systems
had good discrimination ability and all the values of AUC were
more than 0.7 (Fig. 1). The Hosmer-Lemeshow test revealed that
all the scoring system fit the data well, except the ACPGBI system
(Table 2). However, these systems over-predicted the mortality
rate according to the observed/predicted ratio (O/E).

3.3. Postoperative Complications

Among all 550 cases, 143 (26.00%) patients developed
postoperative complications and 5 of them underwent reopera-
tion. The postoperative morbidity rate of open surgeries and
laparoscopic surgeries were 28.46% and 19.61%, which was
significant higher in open surgeries (Z=-2.449, P=.012). In
total 129 cases developed Grade Il complication, 4 developed
grade III complication, and 10 developed grade IV complication.
Difference between open surgery and laparoscopic surgery were
only found in Grade II complication (x*=4.929, P=.026).
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General information.

Open surgery  Laparoscopic
(n=397) surgery (n=153) z-value/x> P
Age 65.91+11.96  64.37+8.80 2,135 .033
Gender 11.521 001
Male 185 (33.6) 96 (17.5)
Female 212 (38.5) 57 (10.4)
BMI 23.37+3.25 23.44+3.22 0.081  .509
Diabetes mellitus 68 (12.4) 32 (5.9 1.064 .324
Hypertension 151 (27.5) 64 (11.6) 0.669 .436
ASA grade 15.357  .002
I 4(0.7) 0(0.0)
I 226 (41.1) 112 (20.4)
I 156 (28.4) 41 (7.5)
\% 1(2.0) 0 (0.0)
Cancer site 22.695 .000
Colon 294 (53.5) 81 (14.7)
Rectum 103 (18.7) 72 (131
Operative urgency 16.625 .000
Limited 357 (64.9) 153 (27.8)
Urgent 40 (7.3) 0 (0.0
Radical resection 20.576  .000
Yes 338 (61.5) 151 (27.5)
No 59 (10.6) 2 (0.4)
TNM staging 13.500 .004
I 37 (6.7) 22 (4.0)
I 161 (29.3) 74 (13.5)
[ 138 (25.1) 49 (8.9)
v 1(11.1) 8 (1.4)
Surgical procedure 65.855 .000
Right hemicolectomy 171 (31.1) 38 (6.9)
Transverse hemicolectomy 3 (0.5 10.2)
Left hemicolectomy 34 (6.2 10 (1.8)
Sigmoidectomy 64 (11.6) 19 (3.5)
Pancolectomy 10 (1.8) 4(0.7)
Anterior resection 81 (14.8) 54 (9.8)
APR 6 (1.1) 22 (4.0)
Hartmann’s procedure 8 (1.9 5(0.9
Others 20 (3.6) 0(0.0)
Death 2238 193
No 391 (71.1) 153 (27.8)
Yes 6 (1.1) 0 (0.0)
Postoperative morbidity 4501 .039
No 284 (51.6) 123 (22.4)
Yes 113 (20.6) 30 (5.4)

Numbers in brackets refer to the percentage in all patients.
APR =abdominal perineal resection, ASA=American Society of Anesthesiologists, BMI=body mass
index, TNM = classification of malignant tumours.

The result of univariate analysis demonstrated that there were
significant differences between those with and without compli-
cations in terms of age, performance status, history of
hypertension, diabetes mellitus, preoperative ileus, white blood
cell, albumin, ASA grade, emergency surgery, laparoscopic
surgery, radical resection and peritoneal soiling. Among factors
above, white blood cell count, preoperative ileus, grade2&3
hypertension, diabetes mellitus, emergency surgery, and ASA
grade III&IV were independent risk factors for postoperative
complications according to multivariate analysis (Table 3).

POSSUM is the only system that has an explicit formula to
predict postoperative morbidity among the systems aforemen-
tioned, but it did not show good discrimination ability with the
AUC of 0.617.
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Figure 1. ROCs of POSSUM-based system, ACPGBI system, and E-PASS
system. ACPGBI =Association of Coloproctology of Great Britain and Ireland,
E-PASS =estimation of physiologic ability and surgical stress, POSSUM=
enUmeration of Mortality and morbidity, P-POSSUM =Portsmouth POSSUM,
CR-POSSUM = colorectal POSSUM.

3.4. Difference of postoperative morbidity between
laparoscopic and open colorectal cancer surgery in
patients with the different physiological risk

There were significant differences of PRS, SSS, and CRS between
laparoscopic and open surgery (Fig. 2), which meant that both
physiological and surgical risks of laparoscopic surgery were
lower than open surgery in 550 reviewed cases. The correlation
analysis showed that the PRS, SSS, and CRS had positive
correlation with postoperative morbidity. The coefficient of
association were 0.185 (P=.000), 0.151 (P=.000), and 0.220
(P=.000).

On the whole, the postoperative morbidity rate of open
surgeries is significantly higher than laparoscopic surgery (x>=
6.254, P=.012). But the differences would be inconsistent in
different intervals of PRS. Statistical details and variation trend
was demonstrated in Table 4 and Fig. 3. According to our results,
the PRS value of 0.7 was the watershed for 2 surgical methods in
terms of postoperative morbidity. When PRS was more than 0.7,
the postoperative morbidity rate of laparoscopic surgeries would
be higher than open surgeries.

4. Discussion

Surgery is an important treatment for resectable colorectal
cancer. As a traumatic procedure, colorectal surgeries have a
certain extent of risk. So researchers found out factors that
influence the surgical risk by analyzing large amount of cases and
developed different scoring system to assess the surgical risk more
objectively. In our study, we reviewed E-PASS, POSSUM, P-
POSSUM, Cr-POSSUM, and ACPGBI in 550 colorectal cancer
surgery cases. Result showed that all 5 scoring systems had good
discrimination and calibration power, but on the other hand, they
all over-predicted the mortality. In § scoring systems, E-PASS
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Table 2
Efficiency of POSSUM-based system, ACPGBI system, and E-PASS system in predicting postoperative mortality.
ROC analysis Hosmer-Lemeshow statistic

AUC P Na df P Observed mortality Expected mortality O/E ratio
E-PASS 0.781 .018 11.723 6 .068 6 8.408 0.714
POSSUM 0.733 .049 6.217 8 633 6 46.835 0.128
P-POSSUM 0.713 072 14.476 8 070 6 14.485 0.414
Cr-POSSUM 0.751 .034 10.406 8 238 6 24194 0.248
ACPGBI 0.719 .065 15,511 7 .030 6 34.861 0.172

ACPGBI= Association of Coloproctology of Great Britain and Ireland, CR-POSSUM = colorectal POSSUM, E-PASS = estimation of physiologic ability and surgical stress, POSSUM = enUmeration of Mortality and

morbidity, P-POSSUM =Portsmouth POSSUM, ROC = receiver operating characteristic.

Logistic regression analysis of factors to postoperative complications.

Postoperative complication

Variable No Yes P Hazard ratio 95% Confidence interval
WBC count 6.31+£2.07 (3-24) 7.06+3.01 (3-18) .005 1127 1.037-1.224
Preoperative ileus 71 52 .005 2.026 1.232-3.331
Hypertension II-Ill 107 57 .014 1.728 1.119-2.668
Diabetes mellitus 63 37 .005 2.019 1.240-3.288
Emergency surgery 17 23 .030 2.372 1.087-5.174
ASA lII-IV 132 76 .035 1.590 1.034-2.445

Numbers in brackets indicates the quartile.
ASA =American Society of Anesthesiologists, WBC = white blood cell.

seemed to be the most accurate predicting system with the highest
AUC, and the O/E value which was closest to 1. Compared to
POSSUM-based systems, E-PASS used lesser scoring factors to
assess the physiological status and surgical risk, which made E-
PASS much easier in clinical use. However, the SSS score in the E-
PASS system still utilizes the factors which can only be obtained
postoperatively, such as operation time and blood loss.
Technically, these scoring systems including E-PASS can only
“predict” death after operation. Haga et al, therefore, developed
modified E-PASS (mE-PASS) which assess surgical risk according
to the type of surgical procedure rather than the concrete factors
during the operation.'®" The mE-PASS showed a similar
predicting ability with E-PASS in some researches,'*'3! but it
also had limitations in clinical use. In the mE-PASS system, only
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Figure 2. Differences of PRS, SSS, and CRS between open surgery and
laparoscopic surgery. The PRS, SSS, and CRS are significantly lower in
laparoscopic surgery. Z values were —2.895, —17.741, and -13.548. The P
values were .004, .000, and .000. CRS =comprehensive risk score, PRS=
preoperative risk score, SSS=surgical risk score.

routine surgical procedure can be assessed, whereas procedures
such as emergency surgery or multiple organ resections cannot be
assessed.

E-PASS has no designed formulas to assess the risk of
postoperative morbidity, but the CRS score of E-PASS system
was reported to have correlation with postoperative morbidi-
ty.2%21 In another research, PRS and CRS showed good
discrimination ability on detecting postoperative complications
with AUC values more than 0.7.%% So we further analyzed the
relationship of PRS, SSS, and CRS with postoperative morbidity
and their characteristics in 2 groups. The result of Spearman
correlation tests showed that PRS, SSS, and CRS had a weak
positive correlation with postoperative morbidity. Moreover, the
laparoscopic surgery group had lesser PRS, SSS, CRS score, and
lower morbidity rate than the open surgery group. The difference
in PRS indicated that surgeons in our center tended to perform
laparoscopic surgery for patient who had a relatively good
physiological status. The result of SSS between 2 groups was as
expected, since the open surgery has an excessively more
weighting in SSS calculating formula.

Minimal invasive surgery is the general tendency for surgical
evolution. Laparoscope is a typical minimal invasive technique
and has been applied in various surgeries. As the laparoscopic
technique gradually became mature, there were few absolute
contraindications for laparoscopic colorectal surgery. T4 tumors
and aged patients which used to be controversial for laparoscopic
colorectomy were proved safe by some reports.''”?3 Contra-
indications such as evident intestinal tympanites, mass ascites,
and severe cardiopulmonary dysfunction were also very risky for
open surgery. Numerous researches had been carried out to verify
the safety and effectiveness of laparoscopic surgeries, and most of
them gave us promising results."®** A study on 121,910
patients who underwent colorectal surgery concluded that
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Postoperative morbidity rate of open and laparoscopic surgeries in different PRS intervals.

Open surgery

Laparoscopic surgery

PRS Total No. of cases with complication Morbidity rate

Total

No. of cases with complication Morbidity rate

X2
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37
23
il

17.1%
27.5%
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67
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0
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24.1%
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0.619
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431
170

PRS =preoperative risk score.
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Figure 3. Variation trend of postoperative morbidity rate in open surgery and
laparoscopic surgery. PRS of all cases were more than 0.1. There was no case
of laparoscopic surgery when PRS is over 0.9. PRS = preoperative risk score.

0.3~

laparoscopic colorectal surgery had advantage on postoperative
morbidity rate, mortality rate, hospital costs, and hospital stays
over open surgery.'**! The difference between open surgery and
laparoscopic surgery on the postoperative complication rate in
our study was consistent with other reports. These optimistic
results seemed to point out that laparoscopic colorectal cancer
surgeries were fully superior to open surgeries. Current studies
were seldom focused on the outcome of laparoscopic surgery for
high risk patients. Most of these studies used age as the main
sectionalization parameter. The result of a study on 408 rectal
cancer patients demonstrated that laparoscopic surgery had
clinical advantage over open surgery in patients under 80 years,
but this advantage would be lost in patients over 80 years.!'”)
The physiological status of patients is intricate, so that it is
difficult to evaluate comprehensively and objectively. Age cannot
comprehensively evaluate the physiological status of patients,
even though it has a great impact on physiological reserve. By
contrast, scoring systems include influencing factors comprehen-
sively and values such as PRS can be an appropriate parameter to
evaluate the physiological status of patients. According to the
result of univariate and multivariate analysis, 6 factors that
constitute the PRS score included 2 influencing factors and 2
independent influencing factors, whereas SSS only included 1
factor of open surgery. The value of PRS can be obtained
preoperatively; therefore, it is possible for surgeons to evaluate
physiological status of patients objectively and make appropriate
decisions on surgical procedures based on the PRS value. So we
analyzed the differences between the laparoscopic surgery group
and the open surgery group in different intervals of PRS. Even
though statistic differences were significant in only 1 interval

(0.3-0.5), an evident trend still could be illustrated by Fig. 2.
When PRS was less than 0.7, the morbidity rate of open surgery
group was higher, but the gap is gradually narrowed as the PRS
increases. When PRS was more than 0.7, the morbidity rate of
laparoscopic surgeries became higher abruptly and exceeded the
morbidity rate of open surgeries, though the difference is not
significant. In 153 patients who underwent laparoscopic
surgeries, maximum PRS was 0.862, so there was only open
surgery cases in the last PRS interval (>0.9). It may be because the
surgeons would like to perform open surgery for patients with
high physiological risk, which could reduce surgery and
anesthesia duration to mitigate the surgical risk.

It was a pity that we only included 550 cases and were unable
to compare the morbidity rate in patients with high physiological
risk. Further analysis on a larger sample is needed to verify
present results. Other potential problems could be subjective
factors such as the skill level of surgeons. In our center, colorectal
cancer surgeries were performed by surgeons from the general
surgery department. According to the report of Ferjani et al,**!
colorectal surgeries performed by colorectal specialists had the
lower mortality rate than other surgeons. Prystowsky et al'*®! also
concluded that the surgeon would be the influencing factor of
colorectal surgery outcome. Joint researches with other centers
may be a solution.

In conclusion, E-PASS is an efficient scoring system for
colorectal cancer surgery. The PRS value in E-PASS can be used
as advice for surgeons in selecting surgical approaches for
colorectal cancer surgery. Laparoscopic surgery could be better
option for patients with a PRS value less than 0.7, whereas
conventional open surgery would be safer for high physiological
risk patients with a PRS value more than 0.7.
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