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Background: Although acute lung injury (ALI) that develops after esophagectomy is associated with
significant morbidity and mortality, there is limited information on its overall clinical course. The objective
of this study was to investigate the prevalence and clinical course of ALI after esophagectomy.

Methods: Data were collected from all consecutive patients diagnosed with ALI after esophagectomy for
esophageal cancer from January 2012 through March 2017 and retrospectively analyzed.

Results: During the study period, a total of 1,132 patients underwent esophagectomy for esophageal cancer
and 52 (4.6%) patients developed postoperative ALI At the time of ALI diagnosis, the median lung injury
score of all patients was 1.8 (1.0-2.0). Among the patients with ALI, 17 (33%) patients required mechanical
ventilation (MV) support, of which two failed to wean from MV and 15 were weaned from MV. The median
MV duration was 4 days (interquartile range, 3-8 days). Corticosteroids were used in 33 (63%) patients.
During corticosteroid treatment, superimposed infections were observed in 10 (30%) patients and surgical
site complications were observed in 9 (27%). Overall in-hospital mortality was 10%.

Conclusions: The prevalence and mortality of ALI following esophagectomy in our study were lower than
those of previous reports. However, the use of corticosteroids in patients with ALI following esophagectomy
requires attention to the occurrence of surgical site complications and close surveillance to identify new

infections.
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Introduction following esophagectomy, involving predominantly the

. . o .
Esophagectomy for esophageal cancer is associated with cardiovascular system, occur in up to 50% of patients (2).

marked morbidity and mortality (1). Despite improvements Among pulmonary complications, acute lung injury (ALI)

in surgical technique and postoperative care, complications after esophagectomy, which is characterized by the acute
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onset of hypoxemia with radiographic pulmonary infiltrates
without a clearly identifiable cause, has been reported (3,4).
A few studies have reported that approximately 25-38% of
patients develop ALI after esophagectomy for esophageal
cancer (1,4,5); however, there are limited data on the
clinical characteristics and outcomes of ALI following
esophagectomy. The objective of this study was to
investigate the prevalence and clinical course of ALI after
esophagectomy.

Methods

Data were collected from all consecutive patients diagnosed
with ALI after esophagectomy for esophageal cancer at
Samsung Medical Center (a 1,989-bed, university-affiliated,
tertiary referral hospital in Seoul, South Korea) from
January 2012 through March 2017 and retrospectively
analyzed. The institutional review board of the Samsung
Medical Center approved the review and publication of
information obtained from the patients’ records (SMC
2017-04-068). Informed consent was waived because of the
observational nature of the study.

Diagnosis of ALI after esophagectomy

During the study period, ALI after esophagectomy was
diagnosed by (I) sudden onset of respiratory distress within
7 days after surgery; (II) diffuse pulmonary infiltrates on chest
computed tomography (CT); (III) impaired oxygenation
with partial pressure of arterial oxygen (PaO,)/fraction
of inspired oxygen (FiO,) ratio (PF ratio) <300 mmHg;
(IV) symptoms not fully explained by cardiac failure or
fluid overload. Other causes of respiratory distress such as
respiratory or systemic infection were excluded. Severity
of ALI was classified by the Berlin definition for acute
respiratory distress syndrome (ARDS) in patients receiving
mechanical ventilation (MV) (6).

Data collection

The medical records of the patients were reviewed and
clinical data were extracted. Preoperative data included
demographic characteristics, body mass index, smoking
history, American Society of Anesthesiologists physical
status, comorbidities (chronic obstructive pulmonary
disease, hypertension, diabetes mellitus, chronic liver
disease, and other malignancies), pulmonary function
tests, location of tumor, histologic type, clinical stage, and
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any neoadjuvant treatment (chemotherapy, radiotherapy,
or concurrent chemoradiotherapy). Intraoperative data
included approach type, lymph node (LN) dissection, total
operation time, one-lung ventilation (OLV) time, peak
airway pressure during OLV, tidal volume (Vt) during OLV,
intraoperative volume, transfusion, and bleeding volume.

The following variables were measured when ALI
diagnosed: Sequential Organ Failure Assessment (SOFA)
score (7), PF ratio, lung injury score (LIS), serum C-reactive
protein (CRP), and arterial blood gas analysis. We also
extracted the following data about treatment modalities
after ALI development: MV settings (FiO2, positive end-
expiratory pressure, and support pressure), monitored
Vt, antibiotics, vasopressor, tracheostomy, continuous
renal replacement therapy (CRRT), and extracorporeal
membrane oxygenation (ECMO). Regarding disease
course and treatment outcomes, we extracted data on
intensive care unit (ICU) admission rate, complications
(arrhythmia, delirium, superimposed infection, and surgical
site complications), weaning from MV, MV days, length
of stay in ICU and hospital, and 28-day, ICU and hospital
mortality.

Data are presented as the median and interquartile range
(IQR) for continuous variables and as frequency (percentage)
for categorical variables. Data were analyzed using IBM SPSS
Statistics for Windows, version 23.0 (Armonk, NY, USA).

Results

During the study period, a total of 1,132 patients underwent
esophagectomy for esophageal cancer and 52 (4.6%)
patients developed ALI within 1 week after surgery. Of
the 52 patients, all were male, most of them had smoking
history (94%), and the median age was 65 years (IQR,
58-71 years). The most common location of the tumor was
middle third (46%) and the most common histologic type
was squamous cell carcinoma (98%). Sixteen (31%) patients
received neoadjuvant treatment before the operation
(Table 1). Intraoperative data are summarized in Table 2.
Regarding approach type, 43 (83%) patients underwent
transthoracic esophagectomy and 9 (17%) underwent
minimal invasive esophagectomy. Two-field LN dissections
(77%) were performed more frequently than three-field LN
dissections (23 %).

At the time of ALI diagnosis, the median LIS and PF
ratio of all patients were 1.8 (IQR, 1.0-2.0) and 255 (IQR,
190-310), respectively. Seventeen (33%) patients required
MV support; 7 (13%) were classified as moderate ARDS

7 Thorac Dis 2019;11(1):200-205



202

Table 1 Preoperative data on patients with acute lung injury after

esophagectomy (n=52)

Choi et al. Postoperative ALI in esophageal cancer

Table 2 Intraoperative data on patients with acute lung injury after

Preoperative variables Value
Age (years), median [IQR] 65 [58-71]
Males, n [%] 52 [100]
BMI (kg/m?), median [IQR] 21.2[18.9-22.8]
Smoking history, n [%]

Ex-smoker 9[17]

Current smoker 40 [77]
ASA physical status, n [%]

1 5[10]

2 42 [80]

>3 5[10]
Comorbidities, n [%]

COPD 15[29]

Diabetes mellitus 10[19]

Chronic liver disease 7 [14]

Other malignancies 7 [14]
Pulmonary function test,
median [IQR]

FVC, L 3.55[3.28-3.89]

FVC, %predicted 85 [81-93]

FEV,, L 2.61[2.18-3.01]

FEV,, %predicted 87 [76-92]
Location of tumor, n [%]

Upper third 10[19]

Middle third 24 [46]

Lower third 18 [35]
Histology, n [%]

Squamous cell carcinoma 51 [98]

Undifferentiated 11[2]
Clinical stage, n [%)]

I 19 [37]

I 25 [48]

I 8[19]
Neoadjuvant therapy, n [%]

None 36 [69]

Chemotherapy 2 [4]

Radiotherapy 11[2]

CCRT 13 [25]

BMI, body mass index; ASA, American Society of Anesthesiologists;
COPD, chronic obstructive pulmonary disease; FEV,, forced
expiratory volume in 1 second; FVC, forced vital capacity;
CCRT; concurrent chemoradiotherapy.
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esophagectomy
Intraoperative variables Value
Surgical approach, n [%]
Minimal invasive esophagectomy 9[17]
Transthoracic esophagectomy 43 [83]
Anastomosis level, n [%)]
Cervical 20 [38]
Intrathoracic 30 [58]
Abdominal 2 [4]
Graft, n [%]
Stomach 51 [98]
Colon or jejunum 11[2]
Graft transposition route, n [%]
Posterior mediastinal 48 [92]
Transpleural 48]
Lymph node dissection, n [%)]
Two-field dissection 40 [77]
Three-field dissection 12 [23]

Total operation time, median [IQR] (min)

Peak airway pressure, median [IQR]
(cmH,0)

Tidal volume, median [IQR] (mL)

One-lung ventilation time, median [IQR]
(min)

Peak airway pressure, median [IQR]
(cmH,0)

Tidal volume, median [IQR] (mL)

Intraoperative volume infusion, median
[IQR] (mL)

Crystalloid volume, median [IQR] (mL)
Colloid volume, median [IQR] (mL)
Transfusion, n [%]

Bleeding, median [IQR] (mL)

330 [300-413]

15 [13-17]

446 [411-479]

100 [90-120]

21 [16-22]

358 [326-402]

1,875 [1,600-2,475]

1,800 [1,600-2,075]
250 [0-500]
1[2]

200 [100-300]
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Table 3 Characteristics, treatment modalities and outcomes of

patients with acute lung injury after esophagectomy

Variables Value
SOFA score 2 [1-3]
Severity of acute lung injury

Lung injury score 1.8 [1.0-2.0]

PaO,/FiO, ratio
Laboratory

pH

Pa0,, mmHg

PaCO,, mmHg

HCO;", mmol/L

CRP, mg/dL
Mechanical ventilation

FiO,

PEEP, cmH,0O

Driving pressure, cmH,O

Tidal volume, mL

Weaning from mechanical
ventilation

Duration of mechanical ventilation,

days

Corticosteroid

255 [190-310]

7.44 [7.41-7.46]

69 [64-79]

33 [29-35]

22 [20-24]
14.0 [12.1-19.5]

17 [33]

0.5 [0.4-0.6]

7 [5-9]

13 [11-15]
390 [325-465]

15 [88]

4[3-8]

33 [63]

Adverse events during corticosteroid treatment (n=33)

Delirium
Superimposed infection
Surgical site complications
Wound dehiscence
Anastomosis site leakage
Antibiotics
Vasopressor
Tracheostomy
CRRT
ECMO
ICU admission
Length of stay in ICU, days
ICU mortality

Length of stay in hospital, days

28-day mortality

In-hospital mortality

9[27]

10 [30]
9[27]

1
8

41[79]

10 [19]
418]
3[6]
2[4

33 [63]
3[1-7]
3[6]

18 [14-36]
11[2]
5[10]

Data are shown as number of patients [%] or median
[interquartile range]. SOFA, sequential organ failure assessment;
PaO,, partial pressure of arterial oxygen; FiO,, fraction of
inspired oxygen; PEEP, positive end-expiratory pressure; CRRT,
continuous renal replacement therapy; ECMO, extracorporeal

membrane oxygenation; ICU, intensive care unit.
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and none were classified as severe ARDS by the Berlin
definition. On laboratory data, the median CRP level of
patients was 14.0 mg/dL (IQR, 12.1-19.5 mg/dL) (Table 3).
Over the study period, 17 (33%) patients required
MYV support. Of the 17 patients receiving MV support,
15 (88%) were successfully weaned from MV after
median of 4 days IQR, 3-8 days). Of the remaining two
patients who could not be weaned from MV, one died
from respiratory failure despite ECMO treatment and the
other died from hypovolemic shock due to gastrointestinal
bleeding. All 35 patients that did not receive MV support
survived. Corticosteroids were used in 33 (63 %) patients
and empirical antibiotics were administered to 41 (79%)
patients. In addition, ECMO and CRRT treatment were
used at the ICU in 3 (6%) and 2 (4%) patients respectively.
During corticosteroid treatment, superimposed infections
were observed in 10 (30%) patients and surgical site
complications were observed in 9 (27%), which included
wound dehiscence (n=1) and anastomosis site leakage (n=8).
The overall in-hospital mortality rate was 10% (Table 3).

Discussion

In this observational study, we investigated the clinical
course of patients with ALI after esophagectomy for
esophageal cancer. The overall prevalence of ALI was 4.6%.
About one-third of the study population required MV
support; these patients had mild to moderate ARDS and
most of them were weaned from MV successfully. Overall
in-hospital mortality was 10%.

Because of the clinical significance of ALI after
esophagectomy, several studies have been conducted to
evaluate its pathophysiology. Release of pulmonary cytokines
and inflammatory mediators (8,9) and ventilator-induced
lung injury during OLV (10,11) have been suggested
as possible mechanisms. In this study, CRP levels were
elevated when ALI was diagnosed, consistent with previous
studies reporting that systemic and pulmonary inflammation
is associated with ALI after esophagectomy (9,12,13).
In addition to inflammation, OLV during esophagectomy
is suggested to be a significant factor underlying the
development of ALI (14). Large tidal volume and high
airway pressure during OLV is associated with an increased
risk of postoperative ALI (15,16). In the present study,
however, the overall prevalence of ALI was 4.6%, which
is relatively low compared with previously reported rates
of 25-38% (1,4,5). We ascribe our lower prevalence rate
in part to our lung protective ventilation strategy during
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OLV, which consisted of FiO, 0.5, Vt 6 mL/kg, positive
end-expiratory pressure 5 cmH,O, and pressure-controlled
ventilation (17). This is supported by a recent meta-analysis
showing that the use of low tidal volume resulted in a lower
incidence of ARDS in patients undergoing OLV (18).

Despite a number of studies, no drugs that directly target
the underlying pathophysiological mechanisms implicated
in the development of ARDS have been identified (19);
however, the role of corticosteroid treatment in the
management of ARDS has been systematically studied.
The beneficial effects of corticosteroids in ARDS are
consistent with the hypothesis that fibroproliferation is
an early response to lung injury that is inhibited by early
low-dose corticosteroid treatment (20). However, there
is limited information on the optimal therapy for ALI
after esophagectomy. Despite the beneficial effects of
early low-dose corticosteroid treatment in ARDS, the
suppressant effect of corticosteroids on wound healing
and the immune response raises concern in patients
undergoing surgery. One meta-analysis analyzing the
effect of perioperative glucocorticoid administration on
postoperative complications following esophagectomy
showed that the rate of severe infection between the control
and methylprednisolone-treated groups were similar (21).
In the present study, however, about two-thirds of the
patients received corticosteroid treatment when ALI
was diagnosed; among these patients, 9 (27%) developed
surgical site complications and 10 (30%) had superimposed
infections. Therefore, the use of corticosteroids in patients
with ALI following esophagectomy requires attention to
the occurrence of surgical site complications and close
surveillance to identify new infections and treat them
promptly.

There are several potential limitations to our study
that should be acknowledged. A major limitation is the
fact that we did not systematically screen patients with
acute hypoxemic respiratory failure within 7 days after
esophagectomy. More severely ill patients might not have
undergone chest CT scanning even if they were strongly
suspected to have ALL In addition, given the retrospective
nature of our study, there is the inherent possibility that
selection bias may have influenced the significance of our
findings. Furthermore, our study population was from a
single institution with the largest number of esophageal
cancer surgeries performed in Korea for the last 5 years,
which limits the generalization of our findings to other
institutions.

In summary, the prevalence and mortality of ALI
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following esophagectomy in our study were relatively low
compared with previous reports. These might be associated
with lung protective ventilation strategy during surgery and
corticosteroid treatment. However, the use of corticosteroids
in patients with ALI following esophagectomy requires
attention to the occurrence of surgical site complications
and close surveillance to identify new infections. Further
evaluation with a prospective study with a large sample size is
needed to confirm our observations.
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