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Fig 1. Relationship between CRS and morbidity in all
patients of group A. The rates of morbidity, in-hospital
mortality, and 30-day mortality after elective GI surgery
were analyzed according to the CRS ranges in 5212
patients of group A.
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Fig 2. Relationship between CRS and morbidity in
individual diseases. The morbidity and in-hospital
mortality rates after surgery were analyzed in individual
diseases, Morbidity rate, white bar; mortality rate, black bar,
*CRS rates are not indicated because the number of
patients is <20.

coordinates of the mortality rates and the CRS. The
significance of the regression model was deter-
mined by analysis of variance.

RESULTS

Figure 1 shows the relation between the mor-
bidity and the CRS of the E-PASS in 5212 patients
who underwent elective digestive surgery {(group
A). Morbidity rates increased at a CRS <1.0 and
plateaued thereafter {<0, 4.5%; 0 to <0.5, 20.4%;
0.5 to <1.0, 40.2%; 1.0 to <1.5, 66.7%; and =1.5,
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Fig 3. Postoperative mortality curves as defined by CRS.
The relationship between the CRS and mortality rates was
analyzed by polynomial regression analysis. Each coordi-
nate indicates the average CRS and mortality rate at
each range of the CRS. Equations for estimated mortality
rates were obtained as Y= —0.465 + 1.192(CRS) +
10.91(CRS)? for in-hospital mortality (R = 0.9996,
N =5, P=.0008), and Y=10.161 + 1.303(CRS) +
1.404(CRS)? for 30-day mortality (R=0.997, N =5,
P = .0060) .

64.0%). However, for the in-hospital mortality rates,
there was a steep increase at a CRS greater than
0 (<0, 0%; 0 to <0.5, 0.75%; 0.5 to <1.0, 6.0%; 1.0
to <1.5, 15.1%; and =1.5, 44.0%). The 30-day mor-
tality rates increased as the CRS increased { <0, 0%;
0 to <0.5, 0.42%; 0.5 to <1.0, 1.5%; 1.0 to <1.5,
4.0%; and =1.5, 8.0%). Subsequently, we evaluated
these rates in individual diseases (Fig 2). In each
situation, the in-hospital mortality and morbidity
rates increased as the CRS increased.

When we analyzed the relationship between the
mortality rates and the CRS in all patients of group
A by various regression models. A polynomial
model best fit this relationship for both in-hospital
and 30-day mortality rates (Fig 3), providing an
equation of ¥ = —0.465 + 1.192X + 10.91X" for in-
hospital mortality rates, and ¥= 0.161 + 1.303X +
1.404X® for 80-day mortality rates, where Y is the
estimated mortality rate and Xis the CRS. However,
some problems occurred when we simply applied
these equations. Although the CRS varied from
—0.56 to 3.14 in these patients, the equation for in-
hospital mortality gave a minus value for the
mortality rates in the range of CRS —0.268 to
0.159. Moreover, the in-hospital mortality rates
increased when the CRS decreased below —0.268,
even though no patients died when the CRS was
below 0. In contrast, when the CRS exceeded 2.98,
the equation produced rates greater than 100%.
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Fig 4. Relationship between the observed and estimated mortality rates in individual diseases. The
estimated and observed rates for in-hospital mortality were 0.18% and 0.18% in patients with gallstones and
common bile duct stones (N = 2179), 2.1% and 1.4% in patients with colorectal carcinoma (N = 1130},
2.0% and 8.1% in patients with gastric carcinoma (N = 1076), 6.8% and 5.6% in patients with liver
carcinoma (N = 124), 8.7% and 8.0% in patients with carcinoma of pancreas and bile duct (N = 112), and
9.7% and 12.4% in patients with esophageal carcinoma {N = 121), respectively. The estimated and
observed rates for 30-day mortality were 0.059% and 0.046% in patients with gallstones and common bile
duct stone, 0.58% and 0.53% in patients with colorectal carcinoma, 0.60% and 0.94% in patients with
gastric carcinoma, 1.7% and 1.6% in patients with liver carcinoma, 2.0% and 1.8% in patients with
carcinoma of the pancreas and bile duct, and 2.5% and 8.3% in patients with esophageal carcinoma,
respeciively. Dotted lines indicate the 95% confidence limits. ‘
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Fig 5. Accuracy of the estimated mortality rates in the E-
PASS, POSSUM, and P-POSSUM systems. The observed
and estimated mortality rates at 5 ranges of risk were
computed in the 1934 patients of group B.

Therefore, this equation should be used only when
0.159 = CRS «<2.98. Since the in-hospital mortality
rate was 0.07% for CRS <0.159 (2 deceased patients
in 2936 operations), the estimated mortality rate
was determined as almost 0 for this range (Table
IV). Similarly, the equation for 30-day mortality
produced values that exceeded the estimated in-
hospital rates at the CRS range of 0.263 or less,
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Since the 30-day mortality rates for CRS <0.263 was
0.03% (1 deceased patient in 3123 operations), the
estimated mortality rate was determined as almost
0 for this range. When we applied these rules, the
estimated mortality rates agreed well with the
observed rates (Table V). Furthermore, the est-
mated mortality rates in individual diseases were
significantly correlated with the observed rates
(Fig 4).

Subsequently, we evaluated the usefulness of the
E-PASS in defining quality of care in another series
of 1934 patients (group B), compared with the
POSSUM and P-POSSUM. As shown in Fig 5, all of
the systems had significant correlations with the
observed rates; however, the POSSUM and P-
POSSUM overpredicted the mortality rates. The
E-PASS estimated the 30-day mortality rates by 0.63-
fold (linear analysis), whereas the POSSUM was
11.0fcld (exponential analysis). The E-PASS esti-
mated the in-hospital mortality rates by 1.2-fold
(linear analysis), whereas the P-POSSUM was 4.5-
fold (linear analysis).

We then compared the OE ratios among 6
hospitals using 3 audit systems (Fig 6). In estimating
30-day mortality rates, the OE ratios defined by
the E-PASS significantly correlated with those by
the POSSUM. Similarly, the OE ratios defined
by the E-PASS significantly correlated with those
by the P-POSSUM when evaluating in-hospital
mortality rates. The OE ratios defined by the
E-PASS to estimate 30-day mortality also correlated



592 Haga et al

R=20.986,
N=8,
P<0.000%

(-4
-
o

o
Y
-1

8
o™

OE Ratio by POSSUM

0 08 1.0 15 20 23 30 38
OFE Ratio by E-PASS

g 028
-
o 020

2 010

& o1

Surgery
June 2004

030 4

0 02 04 08 08 10 12 14
OE Ratio by E-PASS

Fig 6. Results of quality care determined by the E-PASS, POSSUM, and P-POSSUM systems. The OE ratio
among 6 hospitals of group B were determined by E-PASS for 30-day and in-hospital mortality rates,
POSSUM for 30-day mortality rate, and P-POSSUM for in-hospital mortality rate. Each coordinate indicates
the OFE rato of each hospital. Lefi: The OE ratios determined by E-PASS for 30-day mortality had
a significant correlation with those determined by POSSUM for 30-day mortality. Right: The OE ratios
determined by E-PASS for in-hospital mortality had a significant correlation with those determined by
PPOSSUM for in-hospital mortality. Dotted lines indicate the 95% confidence limits.
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Fig 7. Relationship between CRS and TRP. In groups A
and B. There were significant correlations between CRS
and TRP.

with those by the E-PASS to estimate hospital
mortality (R= 0.881, N =6, P=.0204). The OFE
ratios defined by the POSSUM to estimate 30-day
mortality correlated with those of the
P-POSSUM 1o estimate in-hospital mortality (R =
0.995, N = 6, P <.0001).

To obtain a risk-stratification system that is more
convenient for use in clinical practice, we gener-
ated a point-adding system that mimics the CRS
(Table IV) as done in other prediction rules."*
Total risk points (TRP) obtained in this system
significantly correlated with the CRS in groups A
and B (Fig 7).

DISCUSSION

Comparisons of surgical quality between in-
dividual hospitals must consider differences in
patient populations and the complexity of surgery
performed. We previously generated a scoring
system, E-PASS, that predicts the postoperative risk
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Table IV. Equations for estimated mortality rates
in gastrointestinal surgery

In-hospital moriality rate

X< 0.159 Y=0
0.159=X< 298 ¥=-0.465 + 1.192X + 10.91x2
X =298 ¥ =100

X is CR3; Y is in-hospital mortality rates,

30-day mortality rate

X< 0.263
X=0.263

Y=0 _
Y= 0161 + 1.303X + 1.404X?

X is CRS; Y is 30-day mortality rates,

by estimating the patients’ physiologic ability and
the effects of surgical stress. This study was un-
dertaken to obtain a mortality equation with the
use of the E-PASS scoring system and to evaluate
the equation’s usefulness in defining the surgical
quality. This study produced equations for estimat-
ing in-hospital and 30-day mortality rates by poly-
nomial regression analysis, We did not simply apply
these equations as a prediction rule, since they
sometimes have contradictory values at the extreme
risk ranges.'®*® We therefore checked the
equations and applied them at ranges with no
contradictory values. For example, the equation for
in-hospital mortality gave minus values at the CRS
range of <0.159; therefore, the equation was not
applied at this range. After this manipulation, the
rules correlated well with the observed mortality
rates.

Using these rules, we conducted a prospective
comparative study with POSSUM and P-POSSUM.
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Table V. Comparison between estimated- and observed-mortality rates

In-hospital death rates (%)

30-day death rates (%)

Range of CRS N Average of CRS Observed Estimated Observed Estimated
<0 2238 -0.314 0 0 0 0
0-<0.5 2187 0.237 0.75 0.70 0.42 0.29
0.5-<1.0 686 0.689 6.0 5.7 15 L7
1.0-<1.5 126 1.17 15.1 16.0 4.0 3.9
=15 25 1.96 440 45.7 8.0 7.8

The estimated- and observed-mortality rates were compared in 5212 patients who underwent elective gastrointestinal surgery.

Table VI. Determination of TRP

Faciors Points
1 Age . ‘ X3
2 Presence of severe heart disease +300
3 Presence of severe pulmonary disease +190
4 Presence of diabetes mellitus +140
5 Performance status (0-4) X 140
6 ASA class (1-5) X 60
7 Blood loss (g) /body weight (kg) X 14
8 Operation time (h) X 40
9 Extent of skin excision (0-2) x 840

TRP Pts.

Toual risk prints {TRP) is computed by the sum of points for factors 1-9.
Factors 1-6 can be determined preoperatively and 7-9 immediately after
the operation. Criteria for factors 2, 3, 4, 5 and 9 are shown in Patients
and Methods. The in-hospital mortality rates were 0% for TRP < 500
(N = 1681}, 0.26% for TRP of 500.1000 (N = 1943), 8.0% for TRP of
1000 to 1500 (N = 1258), 9.3% for TRP of 1500 to 2000 (N = 280}, and
82.7% for TRP of 2000 or greater (N = 55) in group A.

Our data revealed that the POSSUM and the P-
POSSUM overpredicted the mortality rates, The
reason for the over-prediction is unclear. The
POSSUM and P-POSSUM targeted both emergency
and elective operations, but there may be sub-
stantive differences in mortality between these
types of operations,™ which would explain why
the scoring systems overpredicted the mortality
rates of the data that included only elective
operations. Alternatively, it is possible that di-
fferences in quality of care exist among countries,
Therefore, these rules may need some adjustment
when applied in different countries. There was
a significant correlation between the surgical
quality of 6 hospitals defined by the E-PASS and
the POSSUM or its modified version, P-POSSUM.
The E-PASS and the POSSUM have only 2 factors,
age and blood loss, in common. Therefore, these
systems may be reliable and useful for the surgical
audit. The E-PASS scoring system requires only 10
variables, whereas the POSSUM or P-PQSSUM
needs 18 variables. Therefore, the E-PASS may
have advantages over the POSSUM or P-POSSUM
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in amount of data entry needed and the complexity
of the analysis.

Both the E-PASS and POSSUM were devised to
be applied to a wide variety of procedures.
However, it is possible that procedures for in-
dividual diseases differ in their mortality rules,?’
although this study demonstrated significant cor-
relations hetween the observed and estimated mor-
tality rates defined by the E-PASS in the individual
diseases. Therefore, it would be better to develop
a curve for each procedure. This study had in-
sufficient patients to generate mortality curves in
individual diseases. The number of patients with
gastric carcinoma and colorectal carcinoma, how-
ever, exceeded 1000 with a sufficient number of
deaths, thus allowing a valid statistical analysis. In
these patients, there were polynomial correlations
between the CRS and in-hospital mortality rates
(gastric carcinoma R=0.985, N=5, P=.0053;
colorectal carcinoma R= 0.991, N = 5, P=.0024).
Further studies will be performed to determine if
there were significant differences in mortality rates
between individual diseases.

For the comparison of surgical quality, 30-day or
in-hospital mortality usually was used as an end-
point.*® This study demonstrated that the outcome
of 6 hospitals for 30-day mortality, as defined by the
E-PASS, was significantly correlated with that for
hospital mortality by the same scoring system.
Although 30-day mortality represents only a small
percentage of the operated patients, it is more ob-
Jjective and easier to investigate than the in-hospital
mortality; therefore, 30-day mortality should be
used as the endpoint for surgical audits. On the
other hand, avoiding in-hospital mortality is the
most important goal for clinicians, This rule for in-
hospital mortality will be useful as a prediction
guideline in clinical practice. Itis difficult to remem-
ber and calculate the equations; therefore, we used
a computer program in a surgical ward to calculate
the estimated mortally rates within 10 seconds.
Such programs are indispensable for the E-PASS
scoring system and will be developed in the future,
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The POSSUM or P-POSSUM scoring system can-
not be used as a prediction guideline, since the
estimated mortality rates can be determined only
after the pathologic results are obtained.!
Moreover, the POSSUM, devised for exponential
analysis, does not provide accurate predicted
mortality rates for individual patients. The E-PASS
scoring system was originally generated as a pre-
diction guideline, so the estimated mortality rates
can be computed immediately after an operation. A
quick chart of the TRP presented in this paper may
predict the postoperative course and may be useful
in promoting the outcome management. However,
when surgeons analyze risk stratification using the
CRS or TRP, they should be aware of a broad range
of mortality for the various numerical ranges of the
risk.
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Abstract

Objective: When a new scoring system, ‘E-PASS’, stand-
ing for the Estimation of Physiologic Ability and Surgical
Stress that predicts the postoperative surgical risk by
quantification of the patient's reserve and surgical stress
applied to a population of genera! thoracic surgery pa-
tients, it should be investigated if this system could help
us or not. Methods: The comprehensive risk score {CRS)
of the E-PASS and the clinical course were evaluated ret-
rospectively in 282 consecutive patients with primary
lung cancer (group A}, and in 458 patients who under-
went elective thoracic operations {group B). Results: The
morbidity and mortality rates in both group A and group
B increased as the CRS increased. The CRS correlated
significantly with the morbidity score, length of stay and
cost of hospitalization. Conclusions: E-PASS scoring sys-
temn may be useful in surgical decision-making and eval-
uating quality of care in patients who are tolerable for
lung resection.

Cuopyright ©2004 8. Karger AG, Basel

Introduction

A variety of tests have been evaluated to aid the identi-
fication of patients at high risk of developing complica-
tions after thoracic surgery. These tests include arterial
blood gas analysis, spirometry, exercise testing, and radio-
nuclide lung scanning. Most of these studies have utilized
a combination of these modalities to define the risk [1-6].
However, the difficulty to find a test, data, and a multifac-
torial scoring system capable to predict with a high grade
of certainty mortality or severe morbidity after pulmo-
nary resection is well known. ‘

It has recently been reported that homeostasis cannot be
maintained and it leads to various postoperative complica-
tions if surgical stress greatly exceeds a patient’s reserve
capacity [7]. Therefore, the balance between the surgical

“stress and patient’s physiologic reserve is important.

We hypothesized that the morbidity and mortality
rates may be correlated with a patient’s physiologic risk
and the surgical stress applied, and that surgical stress
may be estimated in general since tissue destruction,
bleeding, and ischemia caused by basic surgical tech-
niques produce inflammatory cytokines.

Previously, we generated a predictive scoring system
designated as E-PASS (Estimation of Physiologic Ability
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and Surgical Stress) to estimate the postoperative risk in
general gastrointestinal surgery [8]. Based on the results of
multiple regression analysis using 11 preoperative factors
and 6 surgical factors, 6 preoperative and 3 surgical fac-
tors were identified as risk factors in gastrointestinal sur-
gery. Using these factors, multiple regression analysis was
reperformed to obtain the preoperative risk score (PRS),
surgical stress score (SSS), and comprehensive risk score
(CRS) determined by the PRS and SSS. Our multicenter
prospective study revealed that the postoperative morbid-
ity and mortality rates increased as the CRS increased [9,
10]. The CRS was significantly correlated with the severi-
ty of postoperative complications and the cost of hospital-
ization. In this study, we demonstrated that the E-PASS is
useful in estimating the morbidity and mortality rates in
general thoracic surgery even if all the patients were toler-
able for lung resection, similar to the results observed in
gastrointestinal surgery.

Patients and Methods

This study was approved by the institutional ethics committee of
each hospital and two different groups of patients. Group A, which
was investigated retrospectively, consisted of 282 consecutive pa-
tients who underwent elective thoracic operations for lung cancer
between January 1995 and November 2000 in three regional hospi-
tals in Kumamoto (Kumamoto National Hospital, Kumamoto Chuo
Hospital, Arac Municipal Hospital), Japan. This study excluded
patients who underwent emergency operations and patients who met
the criteria of systemic inflammatory response syndrome (SIRS)
prior to surgery. The male to female ratio was 177:105, The median
age was 65 years old with a range of 29-79 yedrs, The subjects
included patients who underwent extended operation (n = 9), bron-
choplasty (n = 4), pneumonectomy (n = 17), bilobectomy (n = 20),
lobectomy {n = 171), partial resection or segmentectomy {n = 6, vid-
eo-assisted thoracoscopic surgery (VATS), VATS-lobectomy (n = 51),
VATS-partial resection or segmentectomy (n = 7), and others. All
findings were collected retrospectively for the E-PASS scores, surgi-
cal procedure and postoperative course.

On the basis of these analyses of group A, we extended the target
to all kinds of thoracic disease which consisted of 458 consecutive
patients who had undergone elective thoracic operations between
April 2000 and March 2002 in four national hospitals (Kumamaoto
National Hospital, National Himeji Hospital, National Ryukyu Hos-
pital, National Seiranse Hospital} in Japan (group B). The male to
female ratio was 323:135, The median age was 65 years with a range
of 14-85 years. A number of thoracic disease types are included in
this study as follows: primary lung cancer (n = 253), metastatic lung
cancer (n = 27), pneumothorax (n = 76), mediastinal tumor (n = 25),
and others, 1.e. infection or benign tumor.

The subjects included patients who underwent extended opera-
tion (n = 12), pneumonectomy (n = 6}, bilobectomy (n = 7), lobecto-
my (n = 70), partial resection or segmentectomy (n = 82), mediastinal
tumor resection (n 11), video-assisted thoracoscopic surgery

250 Eur Surg Res 2004;36:249-255

(VATS); VATS-pneumonectomy (n = 1), VATS-bilobectomy (n = 1,
VATS-lobectomy (n = $0), VATS-partial resection or segmentectomy
(n = 124), VATS-mediastinal tumor resection {n = 9), and others.
Table | shows the characteristics of the patients. All findings were
collected prospectively for the E-PASS scores, surgical procedure,
postoperative course and the costs of hospitalization. The equations
for the E-PASS scoring system are shown in table 2, The hospitaliza-
tion costs were calculated only for the surgical period. These included
the fees for the operation, hospital Jaboratory tests, diagnostic imag-
ing, ward costs and costs for the treatment of postoperative complica-
tions. These excluded the costs unrelated to surgical operations, such
as chemotherapy and radiotherapy. The Japanese government has
maintained a health insurance policy for 40 years that compels all
people to join one of the public insurance systems, where everybody
can receive necessary medical care for a small fee. These systems are
regulated by the same rules — securing free access to the providers and
sustaining a traditional fee-for-service system.

Postoperative complications were only included when medical or
interventional treatment had been carried out. The complications
included wound infection, alveolar air leakage, wound dehiscence,
anastomotic leakage of the bronchus, intra-thoracic abscess or em-
pyema, intra-thoracic bleeding, severe atelectasis, anastomotic steno-
sis requiring dilation, pneumonia, interstitial pneumonitis, atrial
fibrillation, bronchial asthma, mediastinitis, chirothorax, heart fail-
ure, disseminated intravascular coagulation, acute respiratory dis-
tress syndrome, acute renal failure and multiple organ failure, Com-
plications developed in 37 of 282 patients (crude morbidity rates;
13.1%) in the retrospective study and 88 of 458 (19.2%) in the pro-
spective study. The crude mortality rates were 0.35% (1 of 282
patients) and 0.65% (3 of 458 patients), respectively. The morbidity
score (MS) was determined arbitrarily as [8]: grade 0, no complica-
tions; grade 1, mild complications that were not life-threatening;
grade 2, moderate complications that were potentially life-threaten-
ing unless adequate treatment was initiated; grade 3, severe crgan
dysfunction that usually required mechanical support, being equiva-
lent to stage III in our own classification of organ dysfunction [7],
with precise definitions determined in seven organs, and grade 4,
in-hospital death as a direct result of complications.

Statistical analyses were carried out as previously reported {11].
Significance between the values of three independent groups was
determined by the Kruskal-Wallis test. The correlation between dif-
ferent variables was quantified by the Spearman rank correlation (ry),
the significance of which was determined using the Spearman rank-
sum test. Linear regression analysis between two variables was done
using a simple regression methed, the significance of which was
quantified by analysis of variance (ANOVA). Two-tailed p < 0.05
was considered significant.

Results

Retrospective E-PASS Analyses of Surgery for Lung

Cancer Patients

As the E-PASS scoring system was designated to assess
the postoperative morbidity and mortality rates in general
gastrointestinal surgery, we retrospectively investigated if
this scoring system is useful for thoracic surgery or nof.
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All patients were operated after the estimation whicha
predicted minimum forced expiratory volume in 1 s
(FEV o) was more than 1 liter for lobectomy and 0.8 liters
for pneumonectomy, and determined as tolerable for pul-
monary resection by each thoracic surgeons.

Figure 1 shows a range of SSSs for each operative tho-
racic surgery procedure. The SSS was higher for major
operations, such as pneumonectomy. The SS8 for VATS
was extremely low, namely, that for VATS-lobectomy, a
less-invasive alternative to standard lobectomy, was
about a quarter of that for standard lobectomy, indicating
that the SSS seems to represent surgical stress.

The relationship between the CRS and postoperative
complications in group A is shown in figure 2. The inci-
dence of postoperative complications graduatly increased
as CRS increased.

A marked step-up of morbidity rates was observed
with a CRS of more than 0.5, reaching 44.3%. There were
no patients whose CRS exceeded 1.0; therefore, the rela-
tionship between the mortality rates and CRS was un-
clear. The CRS correlated well with the severity of postop-
erative complications as determined by the Spearman’s
rank correlation test (r = 0.427, p < 0.0001, n = 282;
fig. 3).

Multicenter Analyses of General Thoracic Surgery for

E-PASS

On the basis of analyses of group A, we investigated the
usefulness of the E-PASS scoring system in all kinds of
thoracic surgery. Although this investigation was planned
as a multicenter prospective study, the relationship be-
tween the CRS and the postoperative complications
showed reproducible results similar to group A.

The incidence of postoperative morbidity linearly in-
creased as the CRS increased. When the CRS was less
than 0.5, the postoperative mortality rate was 0%; how-
ever, the mortality rate increased to 9.5% when the CRS
ranged between 0.5 and < 1.0. It reached 66.6% when the
CRS exceeded 1.0 (fig. 4). The CRS significantly corre-
lated with the morbidity score MS (R, = 0.728, p <
0.0001, n = 458). It also correlated with the cost of hospi-
talization (fig. 5a) and the length of hospital stay (fig. 5b).

Discussion

Several methods analyzed by univariate analysis have
been applied to generate an equation for risk estimation
[12-18]. However, these metheds cannot account for the
influence of other factors on the selection of risk factors

E-PASS Scoring System and Prediction of
Postoperative Morbidity and Mortality in
Thoracic Surgery

Table 1. Demographic data of the subjects

Retrospective Prospective

study study
Number of patients 282 458
Extended operation 9 12
Tracheoplasty or bronchoplasty 4 23
Pneumonectomy 17 6
Bilobectomy 20 7
Lobectomy 167 70
Partial or segmental
Resection 6 32
VATS-pneumoneciomy - 1
VATS-bilobectomy - 1
VATS-lobectomy 51 20
VATS-partial resection 124
Mediastinal tumor resection - 11
VATS-resection - 9
Others 1
Male to female 177:105 323:135
Age 65[29-79] 65 [14-85]
Crude morbidity rate, % 13.1 10.2
Crude mortality rate, % 0.35 0.65

VATS = Video-assisted thoracoscopic surgery.

Table 2. Equations for E-PASS scores: preoperative risk score (PRS),
surgical stress score (SS8), and comprehensive risk score (CRS)

. PRS=-0.0686+0.00345 X1+ 0,323 X2 +0.205X3 +0.153 X4,
+0.148 X5 +0.0666 X6 )

X1, age; X2, presence (1) or absence (¢) of severe heart disease;
X3, presence (1) or absence (0 of severe pulmonary disease; X4,
presence (1) or absence (0) of diabetes m ellitus; X5, performance
status index (0-4); X6, American Society of Anesthesiologists
physiological status classification (1-5)

Severe heart disease was defined as heart fajlure of New York
Heart Association Class II1 or IV, or severe arrhythmia requiring
mechanical support; severe pulmonary disease was defined asany
condition with a %VC of less than 60% and/or 2 FEV 0, of less
than 50%; performance status index was based on the definition
by the Japanese Society for Cancer Therapy

2. §SS=-0.342 +0,0139 X1 +0.0392X2+0.352X3

X1, blood loss/body weight (g/kg); X2, operation time {h); X3,
extent of skin incision (0: minor incisions for laparoscopic or tho-
racoscopic surgery [including scope-assisted surgery]; 1: laparoto-
my or thoracotomy alone; 2: both laparotomy and thoracotomy)

3. CRS=-0.328 +0.936 (PRS) + 0.976 (SSS)

Eur Surg Res 2004,36:249-235 251
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Fig. 1. SSS of each surgical procedure. The
SSS for each individual surgical procedure is
shown in the retrospective study. A horizon-
tal bar within a box, a box, and outer bars
represent the median, the 25th to 75th per-
centile range, and the 10th to 90th percentile
range, respectively.

Partial resection

and did not produce a marked step-up of morbidity and
mortality rates, except for the CRS.

The E-PASS scoring system was designated on the
basis of our hypothesis that the balance between the
patients’ reserve capacity and surgical stress is important
in the occurrence of postoperative complications. The E-
PASS scores were calculated by multiple regression analy-
sis and can express degree of the patients’ reserve capacity
and severity of surgical stress as continuous variables [8].

Although several estimation methods for postopera-
tive lung function have been proposed, these methods
have limited accuracy rates and still remain unclear for
prediction of postoperative morbidity and mortality. The
aim of this study is the prediction of postoperative mor-
bidity and mortality of the patients who get through sever-
al kinds of lung function test. In this study, all patients
were evaluated tolerable by predicted FEV, 4 for pulmo-
nary resection and resting oxygen saturation more than
90%.

The E-PASS scoring system (especially PRS) doses not
include several factors for predicting residual lung func-
tion. In the present study, the E-PASS scoring system
reflected the mortality and morbidity rates well, even if
this system was generated by general gastrointestinal sur-

gery.

252 Eur Surg Res 2004;36:249-255
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Fig. 2. Relationship between the CRS and postoperative complica-
tions. The morbidity and mortality rates were quantified according
to the CRS in the retrospective study, B = Morbidity rate; 0= mor-
tality rate.

Of course, it might be unusual to apply a model for
gastrointestinal surgery to thoracic surgery; however, we
could evaluate the risk in addition to the well-known pul-
monary function test.

A physiologic and operative severity score for the enu-
meration of mortality and morbidity (POSSUM) was val-
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Morbidity grade: 0 = no complications; 1 =
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Fig. 4. Relationship between the CRS and postoperative complica-
tions. The morbidity and mortality rates were quantified according
to the CRS in the prospective study. The CRS correlated significantly
with the MS (r, = 0.728, p < 0.0001, n = 458). M = Morbidity rate; 0=
mortality rate,

E-PASS Scoring System and Prediction of
Postoperative Morbidity and Mortality in
Thoracic Surgery
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Fig. 5. a Relationship between the CRS and surgical cost. The corre-
lation between the CRS and the surgical cost was quantified by the
Spearman rank correlation (r; = 0.530, p < 0.0001, n = 282). b Rela-
tionship between the comprehensive risk score (CRS) and length of
hospital stay. The correlation between the CRS and the surgical cost
was quantified by the Spearman rank correlation {r; = 0,332, p <
0.0001,n =282). '
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idated for the same purpose and previously reported for
thoracic surgery [19, 20]. However, the POSSUM scoring
system calculated a greater number of variables and over-
predicted the morbidity and mortality rates compared
with E-PASS {unpubl. data].

The relationship between the CRS and morbidity and
mortality rates obtained in the present study was quite
similar to that of previous studies in gastrointestinal sur-
gery [8, 9, 10]. . ‘

The current PRS comes from the comprehensive cate-
gories of age, performance status index, ASA class, severe
heart disease, severe pulmonary disease, and diabetes
mellitus. In patients with severe diseases other than of the
heart or lung, the risk will be reflected by the ASA class.

The SSS is quite simple, consisting of blood loss/body
weight, operation time, and the extent of skin incision.
Instead of the last factor, skin incision, resected lung vol-
ume (i.e. partial, one-lobe, two-lobe, etc.) might take its
place in a modified system. Regardless, these scores do
not require special examinations, and can be determined
in any hospital. o : '

Postoperative complications may depend on three ma-
jor factors: namely, the quality of the surgical team, the
patient’s physiological status, and the degree of surgical
stress. The quality of the surgical team includes surgeons’
skill, quality of postoperative care, number of staff in
attendance, equipment, and availability of an ICU,
Where the quality of a surgical team in one hospital has
remained stable for a certain period, the morbidity and
mortality rates for individual patients can be estimated by
quantification of the patient’s physiological status and the
surgical stress applied. Using the E-PASS scoring system,
a surgeon can clarify the relationship between CRS and
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