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Abstract
Background: Although corticosteroids were known to reduce acute respiratory distress syndrome (ARDS)
after esophagectomy, the e�cacy of corticosteroid remains debatable. Moreover, the risk of anastomosis
leakage or infection, which relates to the administration of corticosteroid is another concern. Therefore,
we compared the incidence of composite complications between patients who received or not the
preventive administration of corticosteroid in esophagectomy.

Methods: All patients who underwent esophagectomy from 2010 to 2015 at a tertiary care university
hospital, were reviewed in this retrospective study (n=1,041). Patients were divided into Steroid (n=120)
and Control (n=860) groups based on the preventive administration of corticosteroid during surgery. The
primary endpoint was the incidence of composite complications (acute respiratory distress syndrome,
wound dehiscence, and infection). Comparison between the two groups was performed after adjustment
of co-variables.

Results: The incidence of composite complications was not different between Steroid and Control group
(21.7% vs 17.4%, respectively; P=0.26). Incidence of complications in each category between Steroid and
Control groups were not signi�cantly different: acute respiratory distress syndrome (5.0% vs 3.8%;
P=0.46), graft dehiscence (6.7% vs 4.8%; P=0.37), and infection (15.8% vs 12.8%; P=0.36). After
propensity score matching, the difference between the groups was also not signi�cant. In multivariable
analysis, age, lower body mass index, diabetes mellitus and duration of operation were independent risk
factors of composite complications. Additionally, intraoperative vasopressor was a risk factor of graft
dehiscence (odds ratio, 2.06; 95% con�dence interval, 1.03-4.12; P=0.0407).

Conclusions: The preventive use of corticosteroid was not related to the incidence of composite
complications after esophagectomy. Application of corticosteroid for prevention of acute respiratory
distress syndrome is not recommended due to its lack of apparent bene�t. 

Keywords: Acute respiratory distress syndrome, corticosteroid, esophagectomy.

Background
Despite improvements in surgical techniques and postoperative management, esophagectomy is an
invasive and high-risk procedure in the thoracic surgeries as ever [1]. And respiratory complications,
including acute respiratory distress syndrome (ARDS) are major causes of postoperative mortality and
morbidity after esophagectomy [1]. Mortality exceeds 50% when ARDS occurs [2]. ARDS, which is not
related to pneumonia or anastomotic leak, results from a massive release of in�ammatory cytokines
during esophagectomy due to the radical dissection of gastro-enteral organs [3-5] and one lung
ventilation (OLV) which increases in�ammatory cytokines in both dependent and non-dependent lungs
[6]. Excessive neutrophils recruited in response to the pro-in�ammatory cytokines increase pulmonary
vascular permeability [7]. These reactions often precede systemic in�ammatory response syndrome or
ARDS [4, 8].
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Preventive administration of corticosteroid was reported to reduce ARDS after esophagectomy by
inhibiting in�ammatory responses [9, 10]. However, there are also studies that showed no bene�cial effect
of corticosteroid on ARDS [3, 11]. Moreover, there are concerns that corticosteroid can impair the healing
process of surgical wounds and produce leakage of the anastomosis site by anti-in�ammatory effects
and antagonistic effects on growth factors [12-14]. Abnormal immune defenses from the perioperative
use of corticosteroid can cause surgical site infection and may increase the incidence of pneumonia [14-
16]. Graft dehiscence and infection are another major morbidities in esophagectomy [1].

Due to the complex effects of corticosteroid, studies on its preventive use are required in terms of risk-
bene�t. However, a few studies have compared the composite complications (ARDS, graft dehiscence,
infection) in esophagectomy. In this retrospective study, we reviewed our clinical data from a large group
of patients who underwent esophagectomy to compare the incidence of composite complications until
discharge in patients who received or not the preventive administration of corticosteroid. Preventive use
of corticosteroid waspure ARDSc leak  problem  de�ned as an intravenous corticosteroid administered
during surgery for the prevention of ARDS.

Methods
Patient records

This retrospective cohort study was approved by our institutional review board (approval No. 2017-11-
004). The need for written informed consent from participant was waived because of non-interventional
retrospective design. Electronic medical records for all patients who underwent esophagectomy from
January 2010 to December 2015 in our institute, were reviewed in this study (n=1,041). Patients who
received corticosteroid to prevent ARDS during operation were assigned to the Steroid group and patients
who did not receive corticosteroid during the same period were assigned to the Control group. Preventive
use of corticosteroid waspure ARDSc leak  problem  de�ned as an intravenous corticosteroid
administered during operation for the preventive purpose of ARDS. A single bolus dose of 100 mg of
hydrocortisone was usually administered during the surgery by anesthesiologist H. J. A. and thoracic
surgeon Y. S. C. These two physicians routinely administered corticosteroid in esophagectomy for the
prevention of ARDS during the study period. Other anesthesiologists and thoracic surgeons did not use
corticosteroid for the preventive purpose.

Information collected from patient’s medical record included administration of perioperative
corticosteroids, age, gender, comorbidities, body mass index (BMI), American Society of Anesthesiologists
(ASA) physical status, duration and type of surgery, preoperative hemoglobin and albumin, intraoperative
administration of inotrope or vasopressor, perioperative transfusion, net volume of �uid administrated
during and within 24 hours after the surgery, and method of postoperative analgesia (thoracic epidural
analgesia or intravenous patient-controlled analgesia). Comorbid conditions included hypertension,
diabetes mellitus, renal dysfunction (serum creatinine > 1.2 mg/dl), cerebrovascular disease, cardiac
disease, and pulmonary dysfunction. Cerebrovascular disease included a history of cerebral infarction,
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cerebral hemorrhage, and Parkinson’s disease/dementia/Alzheimer’s disease. Cardiac disease included
coronary artery disease, arrhythmia and heart failure. Pulmonary dysfunction included lung diseases (i.e.,
chronic obstructive pulmonary disease, bronchiectasis, asthma, and interstitial lung disease),
preoperative forced expiratory volume in one-second (FEV1) < 60% of predicted value, and current smoker.
Current smoker was de�ned as patients who were smoking or had stopped smoking within 1 month
before surgery.

 

De�nition of postoperative complications

Composite complication was the primary outcome of this study. Three categories of complication until
discharge were included: ARDS, graft dehiscence, and infection. ARDS was de�ned in according to the
2012 Berlin de�nition as acute (within one week of a known clinical insult) hypoxemic respiratory failure
(a ratio of the partial pressure of arterial oxygen to the fraction of inspired oxygen [PaO2/FiO2] less than
300 mm Hg) requiring positive end-expiratory pressure (PEEP) of 5 cm H2O or greater with bilateral
opacities on chest imaging that are not fully explained by cardiac failure or �uid overload [17]. Graft
dehiscence included the development of anastomotic leakage, signi�cant esophageal �stula, perforation
of bowel or stomach, bronchopulmonary �stula, and graft failure. Infection included pneumonia,
empyema, surgical site infection, and catheter-related infection.

 

Anesthesia and postoperative management

Anesthesia and postoperative management were performed according to our institutional protocol. Most
patients received a balanced anesthesia, which was a combination of volatile anesthetic agents, non-
depolarizing neuromuscular blocking agents, and a continuous intravenous infusion of remifentanil.
Maintenance �uid was lactated Ringer’s solution, infused at a rate of 3 - 5 ml/kg/h. If volume de�ciency
was suspected, 5% human albumin (Green Cross Corp., Gyeonggi, Korea) or 6% hydroxyethyl starch
(Fresenius Kabi, Seoul, Korea) was infused to the patients. In case of intraoperative bleeding, transfusion
was performed for effective resuscitation (transfusion cut-off: hemoglobin < 8 g/dl). The protective
ventilation protocol was applied to all patients. Mechanical ventilation during OLV was maintained with a
tidal volume of 5-6 ml/kg predicted body weight at 5 cm H2O PEEP. A recruitment maneuver to the
dependent lung was performed immediately after OLV and at the restart of two lung ventilation.

For postoperative management, patients stayed in the intensive care unit (ICU) for two days. The
postoperative analgesic methods were determined by surgeon’s preference and existence of
contraindications for regional analgesia. Maintenance �uid was administered at a rate of 2-3 ml/kg/h.
ICU intensivists administered additional �uid based on the patient’s vital sign. Patients were encouraged
to ambulate from postoperative day (POD) 1 and received a daily physiotherapy program, which included
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deep-breathing exercises, incentive spirometry, and chest physiotherapy by physiotherapists and
attending nurses during the ICU and the ward stays.

 

Statistics

Patient demographic and clinical data were summarized as frequency (percentage) for categorical
variables and median (interquartile range) for continuous variables. Wilcoxon rank sum test was used to
determine the signi�cant differences in continuous variables between the Steroid and Control groups. Chi-
square test or Fisher’s exact test was used to compare categorical variables between the two groups.
Multivariable logistic regression analysis was used for the risk factors of postoperative complications.
Univariable analysis was done for all variables and variables with P <0.2 were further analyzed by
multivariable analysis. Propensity score matching (PSM) was performed between the two groups.
Matched variables were gender, age, body mass index, ASA classi�cation, hypertension, diabetes mellitus,
cardiac disease, pulmonary dysfunction, renal dysfunction, cerebrovascular disease, liver disease,
preoperative hemoglobin, preoperative albumin, duration of surgery, intraoperative inotrope or
vasopressor, transfusion, intraoperative �uid balance, minimally invasive surgery, and thoracic epidural
analgesia. Based on the standard deviation of the logit of the estimated propensity score, one to one
matching was performed using the nearest-neighbor method with a caliper width of 0.2 in pairwise
manner. The matched data included n=115 for each group. For all analyses, a 2-sided P <0.05 was
considered signi�cant. Data were analyzed using SAS 9.4 software (SAS Institute, Inc, NC, USA).

Results
A total of 1,041 patients received esophagectomy in our institute between 2010 and 2015. Patients with
incomplete data in their medical record were excluded (n=61). The �nal analysis included 980 patients.
No patients received corticosteroid before operation. Overall, 120 patients received preventive use of
corticosteroid and the remaining 860 patients were assigned to the Control group (Figure 1).

Hydrocortisone was administrated in most cases (100 mg per patient, n=95), but dexamethasone (10 mg
per patient, n=15) or methylprednisolone (250 mg per patient, n=10) was used in a small number of
cases.

Demographic and clinical characteristics between the groups are shown in Table 1. There were no
differences in demography and underlying comorbidities between the Steroid and Control groups except
in cardiac disease (1% vs 5%, Steroid vs Control; P=0.040). The Steroid group received more �uid (net
�uid balance, median [interquartile range]: 533 [158-986] vs 381 [34-770]; P=0.006), transfusion (10% vs
5%; P=0.031), thoracic epidural analgesia (45% vs 35%; P=0.033) and underwent less minimally invasive
surgery (7% vs 15%; P=0.018) than the Control group.



Page 7/21

The incidence of composite complications was not different (21.7% in the Steroid group and 17.4% in the
Control group, P=0.26) (Table 2). The incidence of complications in each category was also not different
between the Steroid and Control groups: ARDS (5.0% vs. 3.8%; P=0.46), graft dehiscence (6.7% vs. 4.8%;
P=0.37), and infection (15.8% vs. 12.8%; P=0.36) (Table 2).

PSM was performed to adjust confounders between the two groups (PSM balance in Figure 2, n=115 for
each group). Composite complication (21.7% vs. 20.9%, Steroid vs Control; P=0.86) and individual
categories of complication were not different between the two groups after PSM (ARDS [5.2% vs. 4.3%;
P=0.76], graft dehiscence [7.0% vs. 2.6%; P=0.14], and infection [15.7% vs. 16.5%; P=0.85]) (Table 3).

Multivariable logistic regression analysis showed that preventive administration of corticosteroid did not
affect the development of composite complications (OR [odds ratio], 1.33; 95% CI [con�dence interval]
0.82 to 2.18; P=0.25). Instead, age, lower BMI, diabetes mellitus and longer duration of operation were
independent risk factors of composite complications (Table 4). We also conducted multivariable logistic
regression analysis in each category of complication in the same manner to con�rm independent risk
factors of subcategory. In these analyses, we could not �nd the variables that are related to ARDS.
Duration of surgery (OR, 1.01; 95% CI, 1.00 to 1.01, per minute; P<0.0001) and use of vasopressor (OR,
2.06; 95% CI, 1.03 to 4.12; P=0.0407) were related to graft dehiscence. Age (OR, 1.04; 95% CI, 1.02 to 1.07;
P=0.0009), BMI (OR, 0.92; 95% CI, 0.86 to 0.99; P=0.0180), and duration of surgery (OR, 1.00; 95% CI, 1.00
to 0.01, per minute; P=0.0003) were related to infection (Table 5-7).

Discussion
In the current study, the preventive administration of corticosteroid did not affect the occurrence of
composite complications after esophagectomy, nor to any individual category of the complications (i.e.,
ARDS, graft dehiscence, and infection).

Corticosteroids inhibit the transcription of mRNA that encodes in�ammatory cytokines, thus reducing the
production of cytokines and acute-phase reactants [18]. And by this mechanism, corticosteroids have
been used to suppress in�ammatory reactions in many clinical conditions [14, 19]. Previous studies have
shown reduction of pro-in�ammatory cytokines with the use of corticosteroids in esophagectomy [10, 11,
20, 21]. Interleukin (IL)-6 and IL‐8 were shown to be decreased with the preventive use of corticosteroids
in a meta‐analysis [22]. However, few publications have shown reduction of pulmonary complications [9,
10].

A randomized controlled trial (RCT), which included a total of 66 patients undergoing esophagectomy,
showed that corticosteroids administered 30 minutes before the surgery reduced IL-6 and IL-8 levels and
organ failure of heart, lung, kidney, and liver (33% vs 61%, steroid vs control) [10]. However, the de�nition
of organ failure was quite broad in that study [10]. In addition, another RCT (n=40) [11] did not show
statistical differences in the incidence of postoperative complications according to the preoperative use
of corticosteroids.
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A retrospective study (n=234) showed that corticosteroids administered after graft anastomosis reduced
C-reactive protein level and acute respiratory failure (acute lung injury, ARDS and pneumonia; 2 vs 16
patients, steroid vs control) [9]. However, the sample size was relatively small as a retrospective study and
the incidence of complications was low for analysis.

A meta-analysis in 2014 reported that the preoperative use of corticosteroid during esophagectomy
reduced organ failure, cardiovascular complications, and pulmonary morbidity [22]. However, another
meta-analysis [3] that was based on the same RCTs did not show signi�cant differences in the incidence
of postoperative complications between steroid and control group [3]. These meta-analyses were
comprised of small studies (minimum 17 patients to maximum 66 patients) published more than a
decade ago (between 1994 and 2005).

The strength of our study is that, although not an RCT, we included a large group of patients who were
treated using a uniform protocol (anesthesia, operation, and perioperative care) and investigated
composite complications including three major complication categories after esophagectomy. Each
category was de�ned more comprehensive than the previous studies.

In multivariable analysis, old age, lower BMI, diabetes mellitus and longer duration of operation were risk
factors of composite complications. These results are in line with previous reports except lower BMI that
is newly reported in our study. Patients with esophageal cancer have the highest incidence of malnutrition
(79.8%) among various cancers [23]. Perioperative malnutrition can cause biochemical or immunological
abnormalities which are critical to the postoperative healing process and defense system against
infection [24]. In addition, preoperative malnourishment was likely to be correlated with esophageal
cancer progression [25].

Interestingly, the use of vasopressor during esophagectomy was a risk factor of postoperative graft
dehiscence. Since avoiding overload of �uid is important to prevent postoperative acute lung injury after
esophagectomy, vasopressors are frequently used to restore systemic blood pressure [26, 27]. However,
vasopressors can impair blood �ow in the graft while providing adequate perfusion to vital organs [28,
29]. In swine model, the esophageal graft was shown to experience severe hypoperfusion after the
administration of vasopressor especially in hypovolemic state [28]. Poor perfusion of the graft, in turn,
correlates to increased incidence of anastomotic leaks after esophagectomy [30]. Our data also showed
that the decision to use vasopressors need to be made with a caution due to the risk of graft dehiscence.
A goal directed �uid therapy may be recommended for adequate graft perfusion [31].

This study has some limitations. First, this is a retrospective study. Uncontrolled data inherent in the
retrospective designed study might have in�uenced the results. In this study, we performed multivariable
logistic regression and PSM analysis to adjust and minimize confounding variables between the groups.
Second, we only focused on major complications related to corticosteroids, but other complications such
as hyperglycemia may also be related to the use of corticosteroids. Third, the type and dose of
corticosteroids were not controlled. In our study, hydrocortisone was the most commonly administered
corticosteroid, while most previous studies used methylprednisolone. There are no studies comparing
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different types of corticosteroids on postoperative complications, but the difference between
corticosteroids is considered negligible [32]. In previous studies, various doses of corticosteroids were
used [3, 9, 10]. But no differences existed with doses [3, 9, 11, 22]. The lack of standard on the steroid
types and doses can be a signi�cant hurdle to draw any solid conclusions in this and future studies.

Conclusions
The preventive use of corticosteroid was not related to the incidence of composite complications after
esophagectomy. Application of corticosteroid for prevention of ARDS is not recommended due to its lack
of apparent bene�t.

Abbreviations
ARDS: acute respiratory distress syndrome; OLV: one lung ventilation; BMI: body mass index; ASA:
American Society of Anesthesiologist; FEV1: forced expiratory volume in one-second; PEEP: positive end-
expiratory pressure; ICU: intensive care unit; POD: postoperative day; PSM: propensity score matching; OR:
odds ratio; CI: con�dence interval; IL: interleukin; RCT: randomized controlled trial.
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Table 1. Baseline characteristics of patients and operations

Variables Control

(n=860)

Steroid

(n=120)

P value

Preoperative data      

Age 63 [57-70] 65 [60-70] 0.06

Male 786 (91) 109 (91) 0.84

Body mass index (kg/m2) 23 [20-25] 23 [21-25] 0.25

Hemoglobin (mg/dl) 14 [12-15] 14 [13-15] 0.64

Albumin (g/dl) 4 [4-5] 4 [4-5] 0.52

ASA physical status ≥3 47 (6) 5 (4) 0.52

Stage 3, 4 135 (19.0) 21 (18.8) 0.95

Neoadjuvant CCRTa 91 (13.6) 21 (13.5) 0.95

Comorbid condition      

  Hypertension 332 (39) 40 (33) 0.27

  Diabetes mellitus 130 (15) 17 (14) 0.79

  Pulmonary dysfunctionb 253 (29) 39 (32) 0.49

  Cardiac disease 43 (5) 1 (1) 0.0389

  Cerebrovascular disease 42 (5) 7 (6) 0.66

  Renal dysfunction 7 (1) 1 (1) 1.00

Intraoperative data      

Duration of surgery (min) 276 [237-348] 268 [237-355] 0.80

Type of surgery      

  Ivor Lewis operation 480 (56) 74 (62) 0.16

  Three fields operation 161 (19) 27 (23)

  Three holes operation 107 (12) 8 (7)

  Etc.c 51 (6) 5 (4)

Minimally invasive surgeryd 125 (15) 8 (7) 0.0184

Net balance of fluid (ml) 381 [34-770] 533 [158-986] 0.0064

Use of inotrope 203 (24) 29 (24) 0.89

Use of vasopressor 485 (56) 79 (66) 0.05
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Transfusion 44 (5) 12 (10) 0.0308

Thoracic epidural analgesia 301 (35) 54 (45) 0.0328

Hospital days (day) 13 [11-16] 12.5 [11-16] 0.75

ICU stay (day) 2 [2-3] 2 [2-3] 0.92

Values are presented as median [interquartile] or n (%).

aNeoadjuvant CCRT was analyzed in 823 patients (Control vs. Steroid; 667 vs. 156, respectively) due to missed

data.

bPulmonary dysfunction included lung diseases (chronic obstructive pulmonary disease, bronchiectasis, asthma,

interstitial lung disease), preoperative forced expiratory volume in one-second (FEV1) < 60% of predicted value

and current smoker; current smoker was defined as patients who kept smoking or stop smoking within 1 month

before surgery.

cEtc. included esophagocolonogastrostomy, esophagocolonojejunostomy, transhiatal esophagectgomy, and total

gastrectomy.

dMinimally invasive surgery indicated a video assisted and robotic esophagectomy. Abbreviations: ASA American

society of anesthesiologist, CCRT concurrent chemoradiotherapy, ICU intensive care unit. 
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Table 2. Postoperative complications between Control and Steroid groups

Complication [n (%)] Control

(n=860)

Steroid

(n=120)

P value

Composite complication 150 (17.4) 26 (21.7) 0.26

ARDS 33 (3.8) 6 (5) 0.46

Graft dehiscence 41 (4.8) 8 (6.7) 0.37

Infection 110 (12.8) 19 (15.8) 0.36

Other complications      

Chylothorax 27 (3.1) 4 (3.3) 0.78

Atelectasis 19 (2.2) 2 (1.7) 1.00

Secretion retention 6 (0.7) 0 1.00

Arrhythmia (A.fib) 58 (6.7) 10 (8.3) 0.52

Arrhythmia (non A.fib) 52 (6) 7 (5.8) 0.93

Myocardial infarction 1 (0.1) 0 1.00

Cerebral infarction 3 (0.4) 1 (0.8) 0.41

Delirium 39 (4.5) 9 (7.5) 0.16

Seizure 2 (0.2) 0 1.00

Acute kidney injury 8 (0.9) 1 (0.8) 1.00

Pulmonary thromboembolism 2 (0.2) 1 (0.8) 0.32

Postoperative bleeding 6 (0.7) 1 (0.8) 0.60

Vocal cord paresis 131 (15.2) 20 (16.7) 0.68

Deatha 1 (0.1) 0 1.00

Values are presented as n (%). aDeath within 30 days after surgery.

Abbreviations: ARDS acute respiratory distress syndrome, PSM propensity score matching, A.fib atrial

fibrillation, PTE pulmonary thromboembolism.
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Table 3. Postoperative complications between Control and Steroid groups after propensity score matching

Complication [n (%)] Control

(n=115)

Steroid

(n=115)

P value

Composite complication 24 (20.9) 25 (21.7) 0.86

ARDS 5 (4.3) 6 (5.2) 0.76

Graft dehiscence 3 (2.6) 8 (7.0) 0.14

Infection 19 (16.5) 18 (15.7) 0.85

Values are presented as n (%). Abbreviations: ARDS acute respiratory distress syndrome, PSM propensity score

matching.

Table 4. Multivariable logistic regression

Composite complications

Variables Univariable   Multivariable

OR 95% CI P value   OR 95% CI P value

Group 1.31 0.82 - 2.09 0.26   1.33 0.82 – 2.18 0.25

Age, per year 1.02 1.01 - 1.04 0.0143   1.03 1.00 - 1.05 0.0178

Male 1.94 0.95 - 3.94 0.07        

BMI (kg/m2) 0.91 0.86 - 0.96 0.0005   0.90 0.85 - 0.96 0.0010

Hemoglobin (mg/dl) 0.89 0.82 - 0.98 0.02        

Albumin (g/dl) 0.58 0.39 - 0.88 0.01        

Duration of surgery, per min 1.00 1.00 - 1.01 <0.0001   1.00 1.00 - 1.01 <0.0001

Use of inotrope 1.61 1.12 - 2.31 0.01        

Use of vasopressor 1.49 1.06 - 2.10 0.02        

Transfusion 1.91 1.04 - 3.50 0.04        

All variables underwent univariable analysis and variables with P <0.2 were entered into multivariable analysis.

Variables with P <0.2 in univariable analysis were presented in this table. Abbreviations: OR odds ratio, CI

confidence interval, BMI Body mass index.
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Table 5. Multivariable logistic regression for acute respiratory distress syndrome

Acute respiratory distress syndrome

Variables Univariable   Multivariable

OR 95% CI P value   OR 95% CI P value

Group 1.32 0.54 - 3.22 0.54   1.24 0.50 - 3.06 0.64

Age, per year 1.03 0.10 - 1.08 0.08        

Male 3.72 0.51 - 27.47 0.20        

Body mass index (kg/m2) 0.92 0.82 - 1.02 0.12        

Pulmonary dysfunctiona 1.68 0.87 - 3.22 0.12        

Use of vasopressor 1.69 0.85 - 3.38 0.14        

All variables underwent univariable analysis and variables with P <0.2 were entered into multivariable analysis.

Variables with P <0.2 in univariable analysis were presented in this table.

aPulmonary dysfunction included lung diseases (chronic obstructive pulmonary disease, bronchiectasis, asthma,

interstitial lung disease), preoperative forced expiratory volume in one second (FEV1) < 60% of predicted value

and current smoker; current smoker was defined as patients who kept smoking or stop smoking within 1 month

before surgery. Abbreviations: OR odds ratio CI confidence interval.
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Table 6. Multivariable logistic regression for graft dehiscence

Graft dehiscence

Variables Univariable   Multivariable

OR 95% CI P value   OR 95% CI P value

Group 1.43 0.65 - 3.12 0.37   1.43 0.61 - 3.36 0.41

Body mass index (kg/m2) 0.88 0.80 - 0.97 0.0134        

Hemoglobin (mg/dl) 0.85 0.73 - 0.99 0.0375        

Albumin (g/dl) 0.45 0.23 - 0.90 0.0240        

Hypertension 0.46 0.23 - 0.91 0.0248        

Duration of surgery, per min 1.01 1.01 - 1.01 <0.0001   1.01 1.00 - 1.01 <0.0001

Net balance of fluid 1.00 1.00 - 1.00 0.0006        

Use of inotrope 1.77 0.96 - 3.25 0.07        

Use of vasopressor 2.11 1.11 - 4.04 0.0234   2.06 1.03 - 4.12 0.0407

Transfusion 3.00 1.28 - 7.02 0.0113        

All variables underwent univariable analysis and variables with P <0.2 were entered into multivariable analysis.

Variables with P <0.2 in univariable analysis were presented in this table. Abbreviations: OR odds ratio CI

confidence interval.
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Table 7. Multivariable logistic regression for infection

Infection

Variables Univariable   Multivariable

OR 95% CI P value   OR 95% CI P value

Group 1.28 0.76 - 2.18 0.36   1.27 0.74 - 2.19 0.39

Age, per year 1.04 1.02 - 1.06 0.0005   1.04 1.02 - 1.07 0.0009

Male 1.76 0.79 - 3.90 0.16        

Body mass index (kg/m2) 0.92 0.87 - 0.98 0.0108   0.92 0.86 - 0.99 0.0180

Hemoglobin (mg/dl) 0.90 0.81 - 0.99 0.0330        

Albumin (g/dl) 0.58 0.37 - 0.92 0.0205        

ASA physical status ≥3 1.84 0.92 - 3.68 0.08        

Diabetes mellitus 1.52 0.95 - 2.44 0.08        

Duration of surgery, per min 1.00 1.00 - 1.01 0.0001   1.00 1.00 - 1.01 0.0003

Use of inotrope 1.61 1.07 - 2.41 0.0209        

Use of vasopressor 1.50 1.02 - 2.21 0.0406        

All variables underwent univariable analysis and variables with P <0.2 were entered into multivariable analysis.

Variables with P <0.2 in univariable analysis were presented in this table. Abbreviations: OR odds ratio CI

confidence interval.

Figures



Page 20/21

Figure 1

Flow diagram and the incidence of complications in each group. Abbreviation: ARDS Acute respiratory
distress syndrome.
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Figure 2

Covariance balance plots of standardized mean differences before (blue triangle) and after (red square)
propensity score matching. Abbreviations: BMI Body mass index, ASA American Society of
Anesthesiologist.


