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Abstract. The development of surgical and postoperative 
management techniques has improved the treatment outcomes 
of esophageal cancer resection. However, respiratory morbidity 
is still the most frequent complication after esophagectomy. 
The objective of the present study was to identify risk factors 
for respiratory complications following resection for esopha-
geal cancer. This study included 96 patients with esophageal 
cancer who had undergone esophagectomy with lymph node 
dissection. The patients were divided into 2 groups according 
to the presence (20 patients, 17 had pneumonia and 3 had acute 
respiratory distress syndrome) or absence (76 patients) of post-
operative respiratory complications (PRC). The two groups 
were compared with respect to their preoperative clinical vari-
ables, such as age, body mass index, smoking history, serum 
albumin, serum C-reactive protein (CRP), number of lympho-
cytes, %VC, FEV1.0% and FEV1.0. Furthermore, multiple 
logistic regression analyses were used to estimate relative risk 
factors for respiratory complications. Results of the univariate 
analysis showed that smoking history (+/-, patients with 
PRC, 19/1 and without PRC, 53/23), serum CRP (≥1.0 mg/
dl/<1.0 mg/dl, patients with PRC, 6/14 and without PRC, 6/70) 
and FEV1.0% (≥60%/<60%, patients with PRC, 16/4 and 
without PRC, 73/3) were significantly different between the 
two groups. Multiple logistic regression analysis showed that 
FEV1.0% was the strongest predictor of PRC. FEV1.0%, serum 
CRP and smoking history are reliable predictors of the risk of 
respiratory complications following esophageal cancer resec-
tion. For patients with these factors, perioperative management 
for the prevention of postoperative respiratory complications 
should be considered.

Introduction

Radical esophagectomy is the primary curative therapy for 
patients with esophageal cancer, and recent progress in surgical 
and postoperative management techniques has improved treat-
ment outcomes (1). However, esophageal resection is associated 
with considerable morbidity and mortality. In particular, respira-
tory morbidity remains the most common serious complication 
after esophagectomy (2-4), and the incidence of major respira-
tory complications can reach 30% or higher, even in experienced 
centers, although results of a number of reports have shown a 
respiratory complication rate of approximately 20% (5).

The surgical trauma caused by esophagectomy is greater 
than that caused by any other general surgical operations. It 
often involves the abdomen, chest, and neck, and it may cause 
postoperative respiratory complications and postoperative 
immune depression, resulting in the inhibition of host immunity 
against postoperative infections (6). In addition, postoperative 
dysfunction of the respiratory muscles and recurrent laryn-
geal nerve injury lead to a high pulmonary risk of respiratory 
complications after esophagectomy (7). Furthermore, patients 
with esophageal cancer are often heavy smokers, consume 
large quantities of alcohol, and suffer from chronic diseases. 
The majority of these patients are also malnourished as a result 
of reduced food intake due to malignant stenosis. Advanced 
age, abnormal lung function, and poor performance status are 
reported to contribute to postoperative pulmonary complica-
tions (3,4,8).

Prediction of postoperative respiratory complications 
using preoperative data of patients is crucial in preventing 
such complications. The objective of the present study was to 
identify risk factors for respiratory complications following 
resection for esophageal cancer using preoperative clinical 
parameters, such as age, body mass index, smoking history, 
blood biochemical parameters, and respiratory function.

Patients and methods

Patients and clinicopathologic parameters. The present 
study included 96 patients with esophageal cancer who had 
undergone right transthoracic esophagectomy with extensive 
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lymph node dissection at the Division of Digestive Surgery, 
Department of Surgery, Kyoto Prefectural University of 
Medicine between 2007 and 2009. The patients were divided 
into 2 groups according to the presence (20 patients) or absence 
(76 patients) of postoperative respiratory complications.

The 2 groups were compared with respect to their clinico- 
pathological parameters, such as T, N, M categories; patho-
logical stage; curativity; thoracic approach; and preoperative 
therapies. Histopathological examinations were performed on 
the primary lesions and all dissected lymph nodes using serial 
sections. All histopathological diagnoses were performed by 
experienced pathologists. T, N, M categories and pathological 
stage were classified according to the pTNM Pathological 
Classification (UICC International Union Against Cancer 
TNM Classification of Malignant Tumours; 7th edition) (9). 
Curativity was classified according to the Japanese Guidelines 
for Clinical and Pathologic Studies on Carcinoma of the 
Esophagus (10th edition) (10). With respect to the surgical 
thoracic approach, 76 patients underwent thoracotomy, while 
20 patients underwent thoracoscopic surgery (11). A total of 
43 patients received preoperative chemotherapy with cisplatin 
plus 5-fluorouracil. Of the 43 patietns, 16 underwent preopera-
tive radiotherapy involving a total of 40.0 Gy.

To determine effective predictors of postoperative respira-
tory complications, the 2 groups were compared with respect 
to their preoperative clinical parameters, such as age, body 
mass index, smoking history, serum albumin, serum C-reactive 
protein (CRP), number of lymphocytes, percentage vital 
capacity (%VC), FEV1.0%, and forced expiratory volume in 
one second (FEV1.0). Furthermore, multiple logistic-regression 
analyses were used to estimate relative risk factors.

The study was approved by the institutional review board. 
Written informed consent was obtained from all patients.

Statistical analysis. Statistical analysis was carried out using 
the Student's t-test and Fisher's exact test for clinicopathological 
characteristics and preoperative clinical parameters. Multiple 
logistic regression was used to identify risk factors associated 
with postoperative respiratory complications. Differences 
were considered significant when p<0.05. These analyses 
were performed electronically using statistical software (JMP, 
version 5).

Results

Respiratory management following surgery. The 96 patients 
included in this study were divided into 2 groups according 
to the presence (20 patients) or absence (76 patients) of post-
operative respiratory complications. Postoperative respiratory 
complications occurred in 20.8% patients, of whom, 17 patients 
had pneumonia, and 3 patients had acute respiratory distress 
syndrome (ARDS) (Table I). No significant differences were 
found between the two groups with regards to clinicopatho-
logical background, such as T, N, M categories; pathological 
stage; curativity; thoracic approach; or preoperative therapy 
(Table II). The period of respiratory management following 
surgery was significantly longer in patients with postoperative 
respiratory complications (3.9±1.0 days) in comparison with 
patients without postoperative respiratory complications 
(1.3±0.1 days) (mean ± SEM) (Fig. 1).

Preoperative clinical parameters for patients with and with- 
out postoperative respiratory complications. To determine 
effective predictors of postoperative respiratory complications,  
we compared the 2 groups with respect to preoperative clinical 
parameters, such as age, body mass index, smoking history, 
serum albumin, serum CRP, number of lymphocytes, and 
the results of conventional respiratory function tests (%VC, 
FEV1.0% and FEV1.0) (Table  III). The patients with and 
without postoperative respiratory complications did not differ 
significantly with respect to age, body mass index, serum 
albumin, number of lymphocytes, %VC or FEV1.0. Results 
of the univariate analysis showed that smoking history, serum 
CRP and FEV1.0% were significantly different between the 
two groups. A history of smoking was noted in 19 of 20 patients 
with postoperative respiratory complications (95.0%) and 53 
of 76 patients without complications (69.7%) (p=0.021). With 
respect to serum CRP, a level of ≥1.0 mg/dl was detected in 
30.0% of patients with postoperative respiratory complica-
tions and in 7.9% of patients without complications (p=0.016). 
With respect to FEV1.0%, 20.0% of patients with and 3.9% of 

Table I. Postoperative respiratory complications of 96 patients 
who underwent esophagectomy.

Group	 No. of cases

Patients with postoperative	 20
respiratory complications
  Pneumonia	 17
  ARDS	   3
Patients without postoperative 	 76
respiratory complications

ARDS, acute respiratory distress syndrome.

Figure 1. Comparison of the duration of respiratory management following 
surgery between patients with and without postoperative respiratory compli-
cations (PRC). The period of respiratory management after esophagectomy 
was significantly longer in patients with PRC. Mean ± SEM. *P<0.05 was 
considered to indicate a statistically significant result.
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those without postoperative respiratory complications had an 
FEV1.0% of <60% (p=0.033).

Effect of the presence of postoperative respiratory complica-
tions as a dependent variable. Multiple logistic-regression 
analysis was performed using the presence of postoperative 
respiratory complications as the dependent variable. Four 
preoperative clinical parameters, i.e., smoking history, serum 
albumin, serum CRP, and FEV1.0%, which showed low 
p-values (<0.10) in the univariate analysis were used as inde-
pendent variables. The multiple logistic-regression analysis 
revealed that FEV1.0% was the most effective predictor of 
postoperative respiratory complications (p=0.017) (Table IV). 
In addition, serum CRP and smoking history were the second 
(p=0.076) and third (0.097) most effective predictors of post-
operative respiratory complications (Table IV). 

Discussion

Pulmonary complications remain the most common and serious 
complications after esophagectomy (2-4). Various factors have 
been suggested to predispose patients to pulmonary morbidity, 
including advanced age, a history of smoking, cirrhosis, diabetes, 

an abnormal chest radiograph, lung disease, spirometric or 
nutritional parameters, blood loss, blood transfusion volume, 
low serum albumin, adjuvant oncologic therapy, general perfor-
mance status, inadequate postoperative analgesia, and disease 
stage (2,3,5,12-14). In the present study, we found FEV1.0%, 
serum CRP and smoking history to be effective preoperative 
predictors of postoperative respiratory complications.

Preoperative pulmonary dysfunction is significantly 
associated with the development of postoperative pulmonary 
complications (4,8,15). In general, a poor pulmonary status 
involving a %VC of <80% and an FEV1.0% of <70% is associ-
ated with both pulmonary and non-pulmonary postoperative 
morbidity (15). In the present study, FEV1.0% was the most 
effective predictor of postoperative pulmonary complications, 
whereas %VC was not an effective predictor of postopera-
tive pulmonary complications. Avendano et al reported that 
impaired pulmonary function (in particular an FEV1.0% of 
<65%) is associated with prolonged mechanical ventilation 
and prolonged hospital stay (8). Based on their report, we used 
an FEV1.0% value of 65% as the threshold value and found 
that FEV1.0% was a reliable predictor of the risk of respira-
tory complications following esophageal cancer resection 
(data not shown). Furthermore, when we used an FEV1.0% 

Table II. Comparison of clinicopathological backgrounds between patients with and without postoperative respiratory complications.

Variables	 No. of cases	 p-value
	            ----------------------------------------------------------------------------------------
	 With PRC	 Without PRC

pT category	
  pTis-2	 9	 45	 0.314
  pT3-4	 11	 31		
pN category	
  pN0	 6	 42	 0.077
  pN1-3	 14	 34		
pM category	
  pM0	 16	 68	 0.266
  pM1	 4	 8		
Pathological stage	
  pStage 0-II	 11	 52	 0.296
  pStage III-IV	 9	 24		
Curativity	
  A	 10	 48	 0.313
  BC	 10	 28		
Thoracic approach	
  Thoracotomy	 18	 58	 0.229
  Thoracoscopic surgery	 2	 18		
Preoperative radiotherapy	
  +	 3	 13	 1.000
  -	 17	 63		
Preoperative chemotherapy	
  +	 8	 35	 0.801
  -	 12	 41		

PRC, postoperative respiratory complications.
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value of 60% as the threshold value, FEV1.0% proved to be 
the strongest predictor. Thus, an FEV1.0% threshold value of 
<60% appears to be the most sensitive and effective predictive 
factor of pulmonary complications after esophagectomy in 
clinical practice.

On the basis of these results, it is crucial to plan periop-
erative management to prevent postoperative respiratory 
complications caused by esophageal surgery (16). In the 
present study, FEV1.0% was found to be the most effective 
predictor of postoperative respiratory complications. In several 
randomized controlled trials, the efficacy of preoperative reha-
bilitation to improve the activity of the respiratory muscles and 
thoracic compliance has been investigated (17,18). Chumillas 
et al reported the result of a single blind randomized clinical 
trial of 81 patients following upper abdominal surgery and 
showed that the incidence of postoperative pulmonary compli-
cations was 7.5% in the rehabilitation group and 19.5% in the 
control group (18). Recently, the introduction of enhanced 

recovery after surgery (ERAS) protocols has revolutionized 
preoperative and postoperative care (19,20). Evidence suggests 
that these methods are associated with a reduced hospital stay 
and minimal morbidity, without affecting patient care, particu-
larly in patients undergoing colorectal surgery (19). Similarly, 
in esophageal cancer, we believe that the availability of the 
ERAS protocol, including respiratory rehabilitation, affects 
postoperative outcomes.

In the present study, we have reported that preoperative 
serum CRP is a reliable predictor of the risk of respiratory 
complications following esophagectomy. Elevated serum 
CRP levels have been shown to be associated with disease 
progression and poor prognosis in patients with esophageal 
cancer, and preoperative serum CRP levels have been shown 
to be an independent prognostic factor in patients with resect-
able esophageal cancer (21,22). In the present study, we also 
performed a multiple logistic-regression analysis with serum 
CRP- and tumor progression-related factors, such as the  

Table III. Comparison of preoperative clinical parameters between patients with and without postoperative respiratory complications.

Variables	 Number of cases	 p-value
	          ----------------------------------------------------------------------------------------
	 With PRC	 Without PRC		

Age	
  ≥75	 3	 4	 0.155
  <75 years	 17	 72		
Body mass index	
  ≥25	 3	 5	 0.357
  <25	 17	 71		
Smoking history	
  +	 19	 53	 0.021a

  -	 1	 23		
Serum albumin (g/dl)	
  ≥3.8	 12	 62	 0.070
  <3.8	 8	 14		
Serum CRP (mg/dl)	
  ≥1.0	 6	 6	 0.016a

  <1.0	 14	 70		
Number of lymphocytes (/mm2)	
  ≥1500	 11	 51	 0.431
  <1500	 9	 25		
%VC	
  ≥70	 19	 74	 0.508
  <70	 1	 2		
FEV1.0%	
  ≥60	 16	 73	 0.033a

  <60	 4	 3		
FEV1.0	
  ≥1.5 l	 19	 73	 1.000
  <1.5 l	 1	 3		

PRC, postoperative respiratory complications; CRP, C-reactive protein; FEV, forced expiratory volume. aP<0.05 was considered to indicate a 
statistically significant difference.
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T, N, M categories and pathological stage, as independent 
variables and found that serum CRP was the most effective 
factor. This finding suggested that the serum CRP level itself 
is an independent predictor of respiratory complications, 
regardless of the tumor volume (data not shown). Although the 
clinicopathological significance of this result remains unclear, 
we consider that the preoperative serum CRP level may reflect 
basal host immunity, which can be affected by postoperative 
infection or inflammation.

Our results regarding preoperative serum CRP suggest the 
importance of perioperative chemical mediator modulation 
therapy using chemical agents, such as steroids and neutrophil 
elastase inhibitor (NEI). Steroids directly attenuate surgical 
stress-induced inflammatory responses by suppressing the 
release of proinflammatory cytokines, such as IL-6. The use 
of steroids during the perioperative period following esopha-
gectomy is effective at blocking this inflammatory cascade 
and preventing postoperative complications (23,24). Sato et al 
reported that steroid use significantly reduces the incidence 
of postoperative pneumonia (23). Furthermore, the efficacy 
of NEI, a selective inhibitor of neutrophil elastase, used for 
preventing postoperative pneumonia in esophagectomies has 
been evaluated (25,26). Suda et al concluded that the dura-
tion of postoperative SIRS after esophagectomy, the duration 
of mechanical ventilation, and the length of ICU stay were 
significantly shortened in NEI-treated patients (25). In their 
study, Ono et al reported that the preventive administration of 
NEI reduced the rate of postoperative SIRS in patients with 
severe conditions on mechanical ventilation after esophagec-
tomy (26). For patients that exhibit an elevated preoperative 
serum CRP level, perioperative chemical mediator modulation 
using these agents may be effective at preventing postopera-
tive respiratory complications.

Smoking is a high-risk factor for cardiopulmonary postop-
erative complications (4,27). The relative risk of complications 
after surgery for smokers is increased from 1.4-to 4.3-fold in 

comparison with non-smokers (28,29). In the present study, 
smoking history was an effective predictor of postoperative 
pulmonary complications, suggesting the importance of 
smoking cessation. Bluman et al reported that the incidence 
of postoperative pulmonary complications is 22.0% in current 
smokers, 12.8% in past smokers, and 4.9% in patients who 
have never smoked, respectively (30). Barrera et al evaluated 
300 patients who had undergone thoracic surgery and divided 
them into 4 groups: non-smokers, past quitters (who stopped 
smoking >2 months ago), recent quitters (who stopped >1 week 
ago and ≤2months ago) and current smokers (31). The inci-
dence of postoperative pneumonia was significantly different 
between the non-smokers and the smokers in the 4 groups, (3, 
10, 15, and 23%, respectively). In the present study, we were 
not able to analyze the duration of smoking cessation in detail 
due to insufficient smoking data. However, based on these 
reports, we recommended that smoking should be ceased for 
at least 1 month prior to esophagectomy.

In conclusion, the present study investigated the relation-
ship between the preoperative parameters and postoperative 
pulmonary complications in detail. The results showed that 
FEV1.0%, serum CRP and smoking history are reliable 
predictors of the risk of respiratory complications following 
esophageal cancer resection. Thus, our findings suggest that 
perioperative management for the prevention of postoperative 
respiratory complications should be planned on the basis of 
these predictors.
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