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Clinical research

Estimation of physiologic ability and
surgical stress (E-PASS) for a surgical
audit in elective digestive surgery

Yoshio Haga, MD, Y. Wada, MD, H. Takeuchi, MD, O. Kimura, MD, T. Furuya, MD, H. Sameshima,
MD, and Masashi Ishikawa, MD, Kumamoto, Himeji, Fwakuni, Yonago, Shimonoseki, Miyakonojo, and
Kouchi, Japan

Bachground. This study was undertaken to establish an equation to estimate mortality with the use of
the prediction scoring system designated as the Estimation of Physiologic Ability and Surgical Stress
(E-PASS), and to evaluate the system’s usefulness in defining quality of care by comparing it with the
Physiologic and Operative Severity Score for the enUmeration for Mortality and morbidity (POSSUM)
and Portsmouth-possum (P-POSSUM) scoring systems previously generated for surgical audit.
Methods. Fatients (n = 5212; group A) who underwent elective gastroinlestinal surgery were analyzed
to establish equations for estimated 30-day and in-hospital mortality rates. The usefulness of E-PASS was
evalualed in another series of 1934 patients (group B) who underwent elective digestive surgery in 6
national hospilals. The ratio of observed to estimated mortality rates (OF ratio) of each hospital was
defined as a measure of quality.

Results. In group A, 30-day and in-hospital mortalily rates increased as the Comprehensive Risk Score
(CRS) increased, providing equations for estimated moriality rates. There was an excellent correlation
between the estimated and observed morialily rates in individual diseases: R = 0,958, N = 6,

P = .0027 for in-hospital mortality; R = 0.937, N = 6, P = .0059 for 30-day mortality. In all patients
of group B, the E-PASS system estimated the 30-day mortality rates by 0.63-fold (linear analysis),
whereas the POSSUM score was 11.0+fold (exponential analysis). The E-PASS system estimated the in-
hospital mortality rates by 1.2fold (linear analysis), whereas the P-POSSUM score was 4.5-fold (linear
analysis). The OF ratios for 30-day morlality among the 6 hospitals defined by E-PASS correlated well
with those defined by POSSUM: R = 0.996, N = 6, P <.0001. Similarly, the OF ratios for in-hospital
martalily defined by E-PASS were also highly correlated with those defined by P-POSSUM:(R = 0,929,
N=16,P =.0075.

Conclusions, The E-PASS scoring system may be useful in defining surgical quality and may be more
accurate than existing systems in evaluating elective digestive surgery. (Surgery 2004;135:586-94.)
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RisK STRATIFICATION IS OF GREAT importance for both
patients and clinicians. Several prediction systems
have been generated to calculate mortality rates in
various clinical settings, such as community-
acquired pneumonia,' emergency cardiac diseases,”
coronary artery bypass graft surgery,s acute critical
illness in intensive care,* stroke,” and upper gastro-
intestinal (GI} hemorrhage.® These systems are cur-
rently used in the guidelines or pathways to improve
clinical outcome. However, no system of predic-
tion has been established in the field of digestive
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surgery, Using multiple regression analysis, we
analyzed a series of patients who underwent
elective digestive surgery, and generated a predic-
tion scoring system designated as the Estimation of
Physiologic Ability and Surgical Stress (E-PASS).’
This system comprises a Preoperative Risk Score
(PRS), Surgical Stress Score (888), and
Comprehensive Risk Score (CRS); the CRS is
determined by the PRS and the S8S. The PRS
consisted of 6 variables: age, the presence or ab-
sence of severe heart disease, the presence or ab-
sence of severe pulmonary disease, the presence or
absence of diabetes mellitus, the performance
status index, and the American Society of
Anesthesiologists (ASA) physiclogic status classifi-
cation. The FRS represents the degree of patients’
reserve capacity. The 858 represents surgical stress
and consists of 4 variables: blood loss, body weight,
operation time, and the extent of skin incision. The
E-PASS system can be applied to a wide variety of
digestive surgical procedures and requires no
special examination. Our multicenter, prospective
studies revealed the reproducible outcome that the
postoperative morbidity and mortality rates in-
creased as the CRS increased.*'® The CRS was
significantly correlated with the morbidity score,
the length of stay, and the hospitalization costs.>?
However, individual studies did not have sufficient
patients to generate an equation for estimated
mortality rates.

Considerable media interest has been directed
toward the comparison of hospitals’ reporting of
individual mortality rates. Mass media recently
reported a mortality table of different centers.
However, comparison of crude mortality rates is
usually misleading and dangerous. Centers that se-
lectonly low-risk patients will have lowmortality rates
and have a2 high ranking, whereas centers that treat
large proportions of high-risk patients will have
higher mortality rates. Therefore, accurate risk ad-
justment is necessary to assess mortality. Several
prediction guidelines have been used for this
purpose in many fields."'® In general surgery,
Copeland et al'* devised a scoring system, desig-
nated as the Physiologic and Operative Severity
Score for the enUmeration for Mortality and
morbidity (POSSUM) to adjust for the differences
in case mix. The POSSUM scoring system com-
prises 12 parameters for the physiologic score and
6 parameters for the operative severity score.
Later, Whiteley et al'’> pointed out that the
POSSUM system overpredicted the mortality rates
and revised their equations using the POSSUM
parameters. The latter equations were designated
Portsmouth-POSSUM, or P-POSSUM. The accu-
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racy of P-POSSUM remains controversial,'™'®
but the main reason for this discrepancy may
result from the use of an incorrect analysis.
Wijesinghe et al'® suggested that the result of the
POSSUM analyzed by exponential analysis was
similar to that of the P-POSSUM analyzed by linear
analysis.

This study was undertaken to establish an equa-
tion for estimated mortality rates in elective diges-
tive surgery with the use of the E-PASS system and
to evaluate the system’s usefulness in defining the
quality of care by comparing it with the POSSUM
and P-POSSUM scoring systems.

PATIENTS AND METHODS

This study was approved by the institutional
ethics committee of each hospital and was per-
formed in accordance with the Helsinki
Declaration of 1975. We analyzed the E-PASS scores
and postoperative course in 5212 patients (group
A) who underwent elective GI surgery in 7 national
hospitals, 1 university hospital (Kumamoto
University School of Medicine), and 1 urban
medical center (Kumamoto District Medical
Center) between April 1, 1992, and March 31,
2000. The male to female ratio of this group was 1.1:
1.0. The median age was 65 years with a range of O to
97 years.

The equations of the E-PASS scoring system
were developed from data from an earlier
study.”

Preoperative risk score. PRS is calculated with
the following equation:

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

where X is age; Xy, the presence (1) or absence {0)
of severe heart disease; X;, the presence (1) or
absence (0) of severe pulmonary disease; X, the
presence (1) or absence {0} of diabetes mellitus;
X, the performance status index (range, 0-4); and
X5, the ASA physiologic status classification (range,
1-6).

Severe heart disease is defined as heart failure
(New York Heart Association Class III or IV) or
severe arrhythmia requiring mechanical support.
Severe pulmonary disease is defined as any condi-
tion with a percent vital capacity of less than 60%
and/or a percentage forced expiratory volume in 1
second of less than 50%. Diabetes mellitus is defined
according to the World Health Organization criteria
as the presence of either fasting venous plasma
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Table I. Number of patients in group A
undergoing each procedure

No. of
patients with
No. of nonmalignant
Surgical procedure patients  conditions

Transthoracic esophagectomy 95 0
Pancreaticoduodenectomy 93 6
Hepatectomy 184 14
Total gastrectomy 301 9
Laparoscopic-assisted distal 44 1

gastrectomy
Open distal gastrectomy 624 20
Open cardiofundectomy 36 1
Laparoscopic wedge resection 21 6

of the stomach
Laparoscopic-assisted colon 87 14

resections
Open colon resections 656 38
Laparoscopic cholecystectomy 1900 1898
Open cholecystectomy 177 172
Laparoscopic choledochotomy 34 34
Open choledochotomy 72 72
Rectal resections 309 10
Rectal amputation 110 0
Laparoseopic splenectomy 34 34
Others 435 210
Total 5212 2539

glucose levels of 7.0 mmol/L (126 mg/dL) or
greater, or 2-hour venous plasma glucose levels of
11.1 mmol/L (200 mg/dL) or greater aftera 75 g
oral glucose tolerance test.'® The performance
status index is defined by the Eastern Cooperative
Oncology Group (ECOG ) criteria:®° grade 0, fully
active, able to carry on all predisease performance
without restriction; grade 1, restricted physically
strenuous activity but ambulatory and able to carry
out work of a light or sedentary nature (eg, light
house work, office work); grade 2, ambulatory and
capable of all self-care but unable to carry cut any
work activities, up and about more than 50% of
waking hours; grade 3, capable of only limited self-
care, confined to bed or chair more than 50% of
waking hours; and grade 4, completely disabled,
cannot perform any self-care, totally confined tobed
or chair, The ASA classes were defined as previously
described:*' class 1, a normally healthy patient; class
2, a patient with mild systemic disease; class 3,
a patient with severe systemic disease that is not
incapacitating; class 4, a patient with an in-
capacitating systemic disease that is a constant
threat to life; and class 5, a moribund patient who
is not expected to survive for 24 hours with or
without surgery.
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Surgical stress score. The surgical stress score
(SSS) is calculated with the following equation:

8§58 = —0.342 4+-0.0139 X, + 0.0392 X;
+0.352 X;,

where X, is blood loss (in grams) divided by body
weight (in kilograms); X;, the operation time (in
hours); and X3, the extent of the skin incision (0
indicates a minor incision for laparoscopic or
thoracoscopic surgery including laparoscopic-
or thoracoscopic-assisted surgery; 1, laparotomy
or thoracotomy alone; and 2, laparotomy and
thoracotomy).

Comprehensive risk score. The comprehensive
risk score (CRS) is calculated with the following
equation:

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

Because E-PASS targets elective settings, this
study excluded patients who underwent emergency
operations and patients who met the criteria of
systemic inflammatory response syndrome (SIRS)
before surgery.?® In our preliminary data, these
patients had higher mortality rates. In-hospital
mortality rates for elective versus emergency sur-
gery or presence of SIRS were as follows: 2.8%
versus 3.7% ata CRS of 0.1 to <0.3 (P =.023),4.4%
versus 10.5% at a CRS of 0.3 to <0.5 (P=.0034),
7.4% versus 11.8% ataCRS of 0.5 10 1.0 (P = .0042),
and 11.4% versus 25.0% at a CRS of 1.0 or greater
(P =.0012}, respectively. The number of patients
for each surgical procedure in group A is listed in
Table 1. Since laparoscopic cholecystectomy is often
indicated for asymptomatic gallstones in Japan, very
large numbers of patients undergo this procedure.
In this paper, we included these patients as samples
of a low-risk procedure.

Postoperative complications were monitored
according to a previously described classification,®*
The complications included pneumonia, abdomi-
nal abscess, fasciitis, bacteremia, septic shock, septic
coagulopathy, anastomotic leak, wound dehiscence,
GI bleeding, Gl perforation, GI obstruction, Gl
ischemia, pancreatitis, myocardial infarction, car-
diogenic shock, cardiopulmonary arrest, stroke,
pulmonary embolus, hemoperitoneum, pulmonary
failure, renal failure, wound infection, urinary tract
infection, pleural effusion, and hepatic dysfunction.
The 30-day mortality was defined as death from any
cause within 30 days of the surgical procedure.
Deaths after discharge within 30 days were included
in this category. In-hospital mortality was defined as
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Table II, Parameters of the E-PASS, POSSUM,
and P-POSSUM systems
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Table III. Number of patients in group B
undergoing each procedure

E-PASS POSSUM/P-POSSUM

Age

Presence or absence of
severe heart disease

Presence or absence of
severe pulmonary disease

Presence or absence of
diabetes mellitus

Age
Cardiac signs

Respiratory signs

Systolic blood pressure

Performance status Pulse rate

ABA class Glasgow coma scale
Blood loss Serum urea

Body weight Serum sodium

Operation time
Extent of skin incision

Serum potassium
Hemoglobin
White cell count
Electrocardiogram
Operation category
(minor, intermediate,
major, major+)
No. of procedures
Total blood loss
Peritoneal soiling
Malignancy
Timing of operation

in-hospital death from any cause, regardless of
timing. This included deaths after transfer from the
surgical unit to another unit in the same hospital.
Using these data, we obtained equations to
estimate in-hospital and 30-day mortality rates
using the CRS. To evaluate the usefulness of these
equations in defining the quality of care, another
study was undertaken in 6 national hospitals. We
prospectively analyzed the estimated mortality rates
of the E-PASS, POSSUM, and P-POSSUM systems in
1934 patients (group B) without SIRS who un-
derwent elective digestive surgery between April 1,
2000, and March 31, 2002. The parameters of the
E-PASS, POSSUM, and P-POSSUM systems are
listed in Table II. The male to female ratic of
group B was 1.2: 1.0. The median age was 66 years
with a range of 0 to 97 years. The number of
patients for each surgical procedure is listed in
Table IIl. The ratio of observed to estimated
mortality rates (OE ratio) in each hospital is
considered as a risk-adjusted quality measure.'*
The OE ratios defined by the POSSUM were
analyzed by exponential analysis, whereas those by
the E-PASS and P-POSSUM were analyzed by linear
analysis as reported previously.!® In the linear
analysis, patients were divided into groups accord-
ing to their predicted risk of death: <10, 10-19,
20-29, 30-39, 4049, 50-59, 60-69, 70-79, 80-89,
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No. of
patients with
No. of nonmalignant
Surgical procedure patients conditions

Transthoracic esophagectomy 33 0
Pancreaiicoduodenectomy 34 4
Hepatectomy 107 6
Total gastrectomy 109 1
Laparoscopic-assisted disial 25 U]

gastrectomy
Open distal gastrectomy 231 6
Open cardiofundectomy 9 1
Laparoscopic wedge resection 9 3

of the stomach
Laparoscopic-assisted colon 49 6

resections
Open colon resections 248 I8
Laparoscopic choledochotomy 538 532
Open cholecystectomy 96 92
Laparoscopic choledochotomy 10 10
Open choledachotomy 34 33
Rectal resections 123 4
Rectal amputation 43 0
Laparoscopic splenectomy 16 16
Others 220 112
Total 1934 844

and >90%. The number of patients falling into
each mortality group was multiplied by the average
risk of death to give the predicted number of
deaths in that group. In the exponential analysis,
a cut-off risk is considered in each stage of the
calculation. All patients whose predicted risk falls
above the cut-off are grouped together. Therefore,
if the cut-off level being analyzed is 80% risk of
death, the number of predicted deaths in this
group is the result of the number of patients with
80% or greater predicted risk of death, multiplied
by 0.8. A difficulty arises if the calculated number of
deaths above this cut-off falls below the number
calculated for a higher cut-off. In this situation,
a second calculation should begin again from the
lower cut-off. For the lowest cut-off (0%), multipli-
cation by zero is avoided by using the median
predicted risk of the below 10% mortality band.®
Therefore, the POSSUM equation does not provide
the risk of death in individual patients,'S
Statistical analyses were performed as previously
reported with the use of StatView 5.0 software (SAS
Institute Inc., Cary NC).?* Various regression
analyses—including simple, polynomial, multiple,
stepwise, exponential, logarithmic, power, and
growth regressions—were tested to best fit the



