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Background: Recently, surgical apgar score (SAS) has been reported to be strongly associated with major
morbidity after major abdominal surgery. The aim of this study was to assess the value of esophagectomy
SAS (eSAS) in predicting the risk of major morbidity after open esophagectomy in a high volume cancer
center.

Methods: The data of all patients who admitted to intensive care unit (ICU) after open esophagectomy
at Cancer Hospital of Chinese Academy of Medical Sciences & Peking Union Medical College from
September 2008 through August 2010 was retrospectively collected and reviewed. Preoperative and
perioperative variables were recorded and compared. The eSAS was calculated as the sum of the points of
EBL, lowest MAP and lowest HR for each patient. Patients were divided into high-risk (below the cutoff)
and low-risk (above the cutoff) eSAS groups according to the cutoff score with optimal accuracy of eSAS
for major morbidity. Univariable and multivariable regression analysis were used to define risk factors of the
occurrence of major morbidity.

Results: Of 189 patients, 110 patients developed major morbidities (58.2%) and 30-day operative mortality
was 5.8% (11/189). There were 156 high risk patients (eSAS <7) and 33 low risk (eSAS >7) patients.
Univariable analysis demonstrated that forced expiratory volume in one second of predicted (FEV1%) <78%
(44% vs. 61%, P=0.024), McKeown approach (22.7% wvs. 7.6%, P=0.011), duration of operation longer
than 230 minutes, intraoperative estimated blood loss (347263 vs. 500+510 mL, P=0.015) and eSAS <7
(62.2% wvs. 90.0%, P=0.001) were predictive of major morbidity. Multivariable analysis demonstrated that
FEV1% <78% (OR, 2.493; 95% CI, 1.279-4.858, P=0.007) and eSAS <7 (OR, 2.810; 95% CI, 1.105-7.144;
P=0.030) were independent predictors of major morbidity after esophagectomy. Compared with patients
who had eSAS >7, patients who had eSAS <7 had longer hospital length of stay (25.39£14.36 vs. 32.22+22.66
days, P=0.030). However, there were no significant differences in ICU length of stay, duration of mechanical
ventilation, ICU death, 30-day death rate and in-hospital death rate between high risk and low risk patients.
Conclusions: The eSAS score is predictive of major morbidity, and lower eSAS is associated with longer

hospital length of stay in esophageal cancer patients after open esophagectomy.
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Introduction

It is estimated that 455,800 new esophageal cancer cases and
400,200 deaths occurred in 2012 worldwide (1). According
to statistics of esophageal cancer in China, the number of
new esophageal cancer cases and death were 286,700 and
210,900 in 2012 respectively, being the half of those in the
world (2). Surgery remains the main treatment modality
for resectable carcinoma of the esophagus (3). However,
esophagectomy for esophageal cancer is a complex procedure
which carries high risk of morbidity rate of 24% (4)
and a mortality rate of 2% to 5.6%, respectively (4-8).

Preoperative variables including age, forced expiratory
volume in one second (FEV1), medical comorbidities
have been identified and validated as risk factors for the
development of major morbidity after esophagectomy
(4,8-10). Moreover, major morbidity negatively impacts
the long-term survival in patients who underwent
esophagectomy after neoadjuvant treatment for locally
advanced adenocarcinoma (11). Therefore, defining
preoperative risk factors is important for clinicians to
define whether patients will tolerate the anesthesia and pass
through perioperative period safely.

In addition to preoperative predictors, intraoperative
factors have drawn more attentions recently in the risk
prediction of postoperative morbidity. Gawande ez al.
developed the surgical apgar score (SAS) based on three
variables during operation in 2007 (12). The SAS was a
10-point scoring system which was based on a patient’s
estimated amount of blood loss, lowest heart rate, and lowest
mean arterial pressure during general or vascular operations,
and the score was significantly associated with major
complications or death within 30 days. Subsequent validated
studies demonstrated that the SAS was effective in identify
patients who are at risk of developing major complications
after they underwent general, orthopaedic, gynecologic,
obstetric, urologic, and vascular surgeries (13,14).

Recently, Janowak and Eto reported their experiences
of usefulness of the SAS in predicting the risk of major
morbidity after esophagectomy (15,16). They concluded
that the SAS was strongly associated with 30-day major
morbidity after esophagectomy. However, in Janowak study,
the proportion of open esophagectomy was only 48%, and
the other half patients underwent hybrid or total minimally
invasive esophagectomy, which led to fewer EBL with a
median volume of 200 mL (15). While in Eto study, all
patients underwent three incisional esophagectomy which
led to more EBL with a median volume of 500-600 mL (16).
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Based on above results, we postulated that different cutoff
value of EBL derived from different surgical procedures
adopted, hence different SAS cutoff score. Therefore,
the purpose of our study was to investigate a modified
esophagectomy SAS, in which the EBL, one of the three
components of SAS, was based on cutoff value in patients
who underwent open esophagectomy mainly by Sweet

approach.

Methods

The data of all patients who admitted to intensive care
unit (ICU) after esophagectomy at Cancer Hospital of
Chinese Academy of Medical Sciences and Peking Union
Medical College from September 2008 through August
2010 was collected and reviewed. Patients’ data included
age, sex, body mass index (BMI), American Society of
Anesthesiologists (ASA) score, smoking history, preoperative
forced expiratory volume in 1 second of predicted
(FEV1%), comorbidities and administration of neoadjuvant
chemotherapy, and/or radiotherapy. Comorbidities included
history of hypertension, coronary heart disease, diabetic
mellitus, and chronic obstructive pulmonary disease.
Postoperative variables included 30-day major morbidity
rate, ICU length of stay, ICU death, hospital LOS, 30-day
death and in-hospital death.

Intraoperative data including surgical approach adopted,
duration of operation, estimated blood loss (EBL), lowest
mean arterial pressure (MAP), and lowest heart rate
(HR) were recorded. Surgical approaches included Sweet
(left thoracoabdominal incision), open Ivor Lewis and
open McKeown. Intraoperative data were collected from
handwritten anesthesia records. The methodology described
by Gawande was used to assign points for lowest MAP and
lowest HR (12). However, we used a modified range of EBL.
The EBL cutoff points were based on quartile values of EBL
and the median EBL was 300 mL (range, 50-4,800 mL;
interquartile range, 200-600 mL) in our cohort (Tuble I).
The eSAS was calculated as the sum of the points of EBL,
lowest MAP and lowest HR for each patient (7able 1).
FEV1% and duration of operation were divided into two
groups according to cutoff value defined as the median
value of all patients respectively.

Institutional Review Board of Cancer Hospital of
Chinese Academy of Medical Sciences approved the
study and patients’ consent was waived owning to the
observational nature of this study.

The primary outcome of our study was 30-day major
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Table 1 The esophagectomy surgical apgar score

Xing et al. The eSAS and major morbidity after open esophagectomy

Variables 0 points 1 points 2 points 3 points 4 points
EBL (mL) >600 301-600 201-300 <200 -
Lowest MAP (mmHg) <40 40-54 55-69 >70 -
Lowest HR (beats/min) >85 76-85 66-75 56-65 <55

EBL, estimated blood loss; MAP, mean arterial pressure; HR, heart rate.

Number of patients

eSAS
Figure 1 Distribution of eSAS in 189 esophageal cancer patients

after esophagectomy. eSAS, esophagectomy surgical apgar score.

morbidity. Morbidity was evaluated according to the
thoracic morbidity and mortality (TM&M) classification
system (17). Complications meeting the definition for class
T and class IV were categorized as major morbidity. Class
III complications includes those which require intervention
with or without general anesthesia such as surgical drainage
of anastomotic leak, ligation of ruptured thoracic duct.
Class IV complications includes single or multiple organ
dysfunctions such as respiratory insufficiency in need of
mechanical ventilation, shock, and acute kidney injury. All
patients with 30-day death were recorded as having major
morbidity. Other outcomes include ICU LOS, duration
of mechanical ventilation, ICU death, hospital LOS,
30-day death and in-hospital death. Pathological staging
was performed using the American Joint Committee on

Cancer (AJCC) Cancer Staging Handbook (7™ edition) (18).

Statistics

Statistical analyses were carried out using SPSS software
for Windows, version 16.0 (SPSS Inc., Chicago, IL, USA).
Continuous variables are presented as mean = standard
deviation and compared respectively using Student’s 7-test.
Categorical variables were reported as absolute numbers
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(frequency percentages) and analyzed using x’ test. The
area under the receiver operating characteristic curve
(AUROC) was used to evaluate the ability of eSAS to
discriminate between patients who developed postoperative
major morbidity or not. Patients were divided into high-
risk (below the cutoff) and low-risk (above the cutoff) eSAS
groups according to the cutoff score with optimal accuracy
of eSAS for major morbidity. Univariable and multivariable
regression analysis were used to define risk factors of the
occurrence of major morbidity. A two-tailed P value <0.05
was considered statistically significant.

Results
Patient characteristics

Of all 189 patients who underwent esophagectomy for
esophageal cancer, 161 patients (85.2%) were male, and
the median age was 64.55+9.61 years. Mean FEV1% was
(76.85+10.86) %, and mean duration of operation was
252487 min. Median ICU LOS was 3 days. Of 189 patients
who underwent open esophagectomy, 154 patients (81.5%)
were through Sweet approach, 31 patients (16.4%) through
open McKeown approach, and 4 patients (2.1%) through
open Ivor Lewis approach. No patients with minimally
invasive esophagectomy were admitted to ICU during
this period. Histological classification was squamous cell
carcinomas in 141 patients (74.6%), adenocarcinomas in
45 patients (23.8%), and small cell carcinomas of esophagus
in 3 patients (1.6%). Distribution of eSAS is displayed in
Figure 1. Other preoperative and intraoperative variables
are displayed in Tables 2,3.

Patients were divided into low risk (eSAS score >7) and
high risk groups (eSAS score <7) according to the cutoff
value determined by the AUROC of eSAS to discriminate
whether patients who developed postoperative major
morbidity or not. The AUROC of eSAS in patients
was displayed in Figure 2. Of 189 patients, 110 patients
developed major morbidities (58.2%), 15 patients
developed minor morbidities, and 64 patients recovered

7 Thorac Dis 2016;8(7):1780-1787



Journal of Thoracic Disease, Vol 8, No 7 July 2016

Table 2 Preoperative and postoperative variables of patients who developed major morbidity or not
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Clinical characteristics Major morbidity (n=110) No or minor morbidity (n=79) P value
Age (years) 0.140
<65 54 (49.1) 30 (38.0)
>65 56 (50.9) 49 (62.0)
Male gender (%) 92 (83.6) 69 (87.3) 0.538
ASA class (%) 0.461
-1 60 (54.5) 38 (48.1)
-1V 50 (45.5) 41 (51.9)
BMI (kg/m?) 24.07+4.21 23.72+3.50 0.555
FEV1% (%) 0.024
<78 64 (61.0) 33 (44.0)
>78 41 (39.0) 42 (56.0)
Smoking history (%) 70 (63.6) 54 (68.4) 0.537
Hypertension (%) 41 (37.3) 37 (46.8) 0.231
Coronary heart diseases (%) 1(10.1) 9(11.4) 0.814
Diabetic mellitus (%) 1(10.1) 12 (15.2) 0.367
COPD (%) 3(2.7) 1(1.3) 0.641
Neoadjuvant therapy (%) 6 (5.5) 1(1.3) 0.242
AJCC staging (%) 0.272
Stage 0-1 7 (6.4) 8 (10.1)
Stage 2 45 (40.9) 24 (30.4)
Stage 3-4 58 (562.7) 47 (59.5)

ASA, American Society of Anesthesiologists; FEV1, forced expiratory volume in 1 second of predicted; BMI, body mass index; COPD,
chronic obstructive pulmonary disease; AJCC, American Joint Committee on Cancer.

Table 3 Intraoperative variables of patients who developed major morbidity or not

Clinical characteristics Major morbidity (n=110) No or minor morbidity (n=79) P value
Surgical approach (%) 0.011
Sweet 84 (76.4) 70 (88.6)
Open McKeown 25 (22.7) 6 (7.6)
Open Ivor Lewis 1(0.9 3(3.8)
Duration of operation (min) 0.027
<230 48 (43.6) 48 (60.8)
>230 62 (56.4) 31(39.2)
EBL (mL) 500+510 347+263 0.015
Lowest MAP (mmHg) 84.30+9.50 86.10+7.53 0.164
Lowest HR (/min) 75.58+8.69 77.06+10.76 0.367
The eSAS (%) 0.001
<7 99 (90.0) 57 (62.2)
>7 1(10.0) 22 (27.8)

EBL, estimated blood loss; MAP, mean arterial pressure; HR, heart rate; eSAS, esophagectomy surgical apgar score.
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Figure 2 Receiver operator characteristic curve for eSAS and
major morbidities. Area uder the curve =0.620+0.042 (P=0.005;
95% CI, 0.538 to 0.703). eSAS, esophagectomy surgical apgar

score; CI, confidential interval.

Table 4 Major complications after esophagectomy (n=110)

Grade Complication Number (%)
Ila Esophageal leak 7 (6.4)
Pleural fluid 1(0.9
Thoracic wound dehiscence 1(0.9
Intrathoracic abscess 3(2.7)
b Reoperation because of bleeding 3(2.7)
Chyle leak 2(1.8)
IVa  Respiratory insufficiency 52 (47.3)
Esophageal leak with respiratory insufficiency 23 (20.9)
Acute renal failure 1(0.9)
Pneumonia with respiratory insufficiency 15 (13.6)
Pulmonary embolus 1(0.9
IVb  Respiratory insufficiency and acute renal failure 1(0.9)

uneventful (7able 4). The most common major morbidity
was respiratory insufficiency (n=91, 82.7%), followed by
anastomotic leak (n=30, 27.3%), and pulmonary infection
combined with respiratory insufficiency (n=15, 13.6%).
Thirty-day operative mortality rate was 5.8% (n=11) and
in-hospital death rate was 6.9% (n=13).

Univariable and multivariable analysis

Univariable analysis including preoperative and
intraoperative variables demonstrated that compared with
patients who developed minor or no morbidity, patients
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Table 5 Multivariable analysis of predictors of major morbidity after

open esophagectomy

Clinical characteristics Adjusted OR (95% CI) P value
FEV1 <78% 2.493 (1.279-4.858) 0.007

The eSAS <7 2.810 (1.105-7.144) 0.030
Duration of operation >230 min  1.413 (0.670-2.979) 0.363
EBL 1.001 (0.999-1.002) 0.362

Surgical approach

Open Mckeown approach 2.671 (0.916-7.792) 0.072
0.288 (0.025-3.359) 0.321

reference

Open Ivor Lewis approach

Sweet approach

OR, odds ratio; Cl, confidential interval; EV1, forced expiratory
volume in 1 second of predicted; eSAS, esophagectomy surgical
apgar score ; EBL, estimated blood loss.

who developed major morbidity had low preoperative
pulmonary function with FEV1% <78% (44% vs. 61%,
P=0.024), underwent more open McKeown approaches
(22.7% wvs. 7.6%, P=0.011), experienced longer operation
more than 230 minutes (39.2% vs. 56.4%, P=0.027), had
more EBL (347+263 vs. 500510 mL, P=0.015) and had
more eSAS <7 (62.2% wvs. 90.0%, P=0.001). While age,
sex, ASA class, BMI, history of smoking, comorbidities,
neoadjuvant chemotherapy and/or radiotherapy, AJCC
stage, intraoperative lowest MAP, and lowest HR were not
predictive the occurrence of postoperative major morbidity.

Multivariable analysis demonstrated that FEV1%
<78% (OR, 2.493; 95% CI, 1.279-4.858, P=0.007) and
eSAS <7 (OR, 2.810; 95% CI, 1.105-7.144; P=0.030)
were independent predictors of major morbidity after
esophagectomy (Table 5).

Compared with patients who had eSAS >7, patients who
had eSAS <7 had longer hospital length of stay (25.39+14.36
vs. 32.22+22.66 days, P=0.030). However, there were no
significant differences in ICU length of stay, duration of
mechanical ventilation, ICU death rate, 30-day death rate
and in-hospital death rate between high risk and low risk
patients (Table 6).

Discussion

In this study, we found that eSAS is an independent
predictor of major morbidity after esophagectomy.
Moreover, patients who had eSAS <7 had longer hospital
length of stay than patients who had eSAS >7.
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Table 6 Perioperative outcomes of patients who had eSAS >7 and <7
eSAS >7 (n=33) eSAS <7 (n=156) P value

ICU length of stay (d) 3.79+4.54 5.52+5.87 0.112
Hospital length of stay (d) 25.39+14.36 32.22+22.66 0.030
Duration of mechanical ventilation (d) 1.30+£3.34 2.92+5.34 0.096
ICU death (%) 1(3.0) 2(1.3) 0.465
30-day death (%) 0 11(7.1) 0.217
In-hospital death (%) 1(3.0) 12 (7.7) 0.472

eSAS, esophagectomy surgical apgar score; ICU, intensive care unit.

Prediction of postoperative morbidity is challenging
for clinicians. Lagarde and colleagues developed a risk
model including 6 preoperative factors using data of
663 patients and validated the model in 95 patients (19).
"Two subsequent studies validated the risk score of Lagarde.
However, the risk score was moderately good in predicting
the risk of postoperative morbidity with area under the
curve of 0.64-0.71 in these two studies (13,14). On the
other hand, the occurrence of postoperative morbidity was
not only related to preoperative factors, intraoperative and
postoperative management also played important roles in
the development of postoperative morbidity. Minimally
invasive esophagectomy has been reported to be associated
with decreased major complication rate compared with open
esophagectomy (20). Postoperative fluid management was also
important as positive fluid balance was predictive of pulmonary
complications in patients after esophagectomy (21). Therefore,
in addition to preoperative predictors (22), ntraoperative
physiologic variables resulting from intraoperative
management and postoperative management may also play
important roles in the prediction of risk of major morbidity.

Recently, studies demonstrated that the SAS developed
by Gawande in 2007 was effective in identify patients who
are at risk of developing major complications after several
types of operations (13,14). In 2015, Janowak applied the
concept of SAS to esophagectomy and concluded that the
eSAS was predictive of postoperative morbidity using data
of 168 esophagectomy patients (15). Eto et /. validated
the SAS in 399 esophageal cancer patients and concluded
that SAS was useful in predicting the development
of postoperative morbidities after esophagectomy for
esophageal cancer (16). In our study, we assessed the
eSAS in 189 patients after esophagectomy who were in
need of intensive care, and concluded that the eSAS score
is predictive of major morbidity after esophagectomy.
Therefore, the eSAS was both important for thoracic

© Journal of Thoracic Disease. All rights reserved.

surgeons and intensivists to predict the risk of major
morbidity for patients after esophagectomy.

The eSAS score was consisted of three variables: EBL,
lowest MAP and lowest HR. Intraoperative blood loss
may occur first, followed by low MAP and elevated HR.
As inadequate systemic perfusion resulted from significant
EBL, tachycardia and hypotension were physiologic
responses to hypoperfusion. In Eto and our studies, greater
EBL was associated with major morbidity, but no significant
association was found in Janowak study (15,16). The
mechanism needs further studying.

Janowak er al. demonstrated that the eSAS <6 was a strong
predictor of postoperative major complications in multivariable
analysis (15). Eto er al. validated the SAS in esophageal
cancer patients and concluded that a SAS <5 was found to
be an independent risk factor for major morbidities (16).
In our study, we found that eSAS <7 is an independent
predictor of major morbidity after esophagectomy.
Different cut-off values for eSAS may be due to different
points assigned for EBL. The values assigned for lowest
MAP and lowest HR was same in Janowak and Eto and
our study. However, in Janowak and Eto study, the value to
assign 0 point was >300 and >1,000 mL, respectively, while
it was >600 mL in our study (15,16). Different approaches/
techniques may lead to different cut-off value of EBL,
hence leading to different SAS cutoff value. There are
transhiatal esophagectomy, open/minimally invasive Ivor
Lewis esophagectomy (ILE), and open/minimally invasive
McKeown esophagectomy (MKE) in Janowak study (15).
In our study, techniques included Sweet, open ILE and
open MKE. While all patients underwent three-incision
esophagectomy in Eto study (16). Based on above results,
we concluded that different cutoff value of EBL derived
from different surgical procedures. Therefore, caution
is needed when using the eSAS to predicting the risk of
morbidity after esophagectomy, and type of esophagectomy
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should be taken into account. Our score applies to
patients undergoing open esophagectomy through Sweet
approach, and Eto score applies to patients undergoing
open three-incisional esophagectomy, while Janowak score
applies to patients undergoing open/minimally invasive
esophagectomy.

Patients who had eSAS <7 had longer hospital length of
stay than patients who had eSAS >7. More rate of morbidity in
patients who had eSAS <7 may account for the results. Early
intervention was independently associated with decreased in-
hospital mortality rate in critically ill cancer patients (23).
Theoretically, intensive care for patients after esophagectomy
who were at high risk may timely detect and intervene the
major morbidity, which may lower in-hospital death and
shorten hospital length of stay. However, prospective studies
are needed to assess the value of eSAS in predicting the risk
of major morbidity, and whether intensive care of high risk
patients based on eSAS could lower the morbidity and shorten
hospital LOS in patients after esophagectomy.

In our study, only seven patients received neoadjuvant
therapy. Several meta-analyses demonstrated survival
advantage of neoadjuvant treatment over surgery alone for
resectable esophageal adenocarcinoma (24-26). However,
there were limited data regarding the survival advantage
of neoadjuvant treatment over surgery alone for resectable
esophageal squamous cell carcinoma. Therefore, the rate
of neoadjuvant treatment for locally advanced esophageal
carcinoma was only 20% in our hospital (27).

There are several limitations in our study. The first
limitation of our study comes from the retrospective nature,
and relatively small sample. Further large prospective
studies are needed to determine the role of eSAS in
predicting the occurrence of major morbidity. Second,
the results are from single medical center, which need to
be validated in multicenter trial. Last, our study included
only open Sweet esophagectomy, the results may not be
applicable to other approaches including transhiatal or
minimally invasive esophagectomy.

In conclusion, the eSAS score is predictive of major
morbidity after open esophagectomy. Low eSAS is
associated with longer hospital LOS.
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