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The value of preoperative lung spirometry test for 
predicting the operative risk in patients undergoing 
gastric cancer surgery

Oh Jeong, Seong Yeop Ryu, Young Kyu Park

Division of Gastroenterologic Surgery, Department of Surgery, Chonnam National University Hwasun Hospital, Hwasun, Korea

Purpose: We evaluated the predictive value of preoperative lung spirometry test for postoperative morbidity and the nature 
of complications related to an abnormal pulmonary function after gastric cancer surgery. Methods: Between February 2009 
and March 2010, 538 gastric cancer patients who underwent laparoscopic (n = 247) and open gastrectomy (n = 291) were div-
ided into the normal (forced expiratory volume in 1 second [FEV1]/forced vital capacity [FVC] ≥ 0.7, n = 441) and abnormal 
pulmonary function group (FEV1/FVC ＜ 0.7, n = 97), according to the preoperative lung spirometry test. The predictive val-
ue of lung spirometry for postoperative morbidity was evaluated using the univariate and multivariate analysis. Results: 
After surgery, the abnormal pulmonary function group showed a significantly increased incidence of local (29.9% vs. 18.1%, 
P = 0.009) and systemic complications (8.2% vs. 2.0%, P = 0.005) than the normal group. Of local complications, anastomosis 
leakage and wound complication were found to be more common in the abnormal pulmonary function group. In the uni-
variate and multivariate analysis, an abnormal pulmonary function was an independent predictor for postoperative local 
complication (odds ratio, 1.75; 95% confidence interval, 1.03 to 2.97) after adjusted by old age, total gastrectomy, open sur-
gery, and tumor-node-metastasis stage. Meanwhile, an old age and a history of pulmonary disease were independent pre-
dictors for systemic complication. Conclusion: Preoperative lung spirometry is a simple and useful means to predict post-
operative morbidity after gastric cancer surgery. In view of its simplicity and low cost, we recommend adding preoperative 
lung spirometry test to assess the operative risk and aid in proper perioperative treatment planning.
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INTRODUCTION

Gastric carcinoma is largely a disease of old age, and 
thus surgical patients often have various underlying co-
morbidities at the time of operation [1]. Accordingly, a 
thorough preoperative assessment of underlying disease 

is crucial for making proper treatment decision and pre-
dicting possible postoperative complications [2]. Pulmon-
ary comorbidity is one of the most common underlying 
problems, which is widely believed to increase the risk of 
postoperative respiratory complications [3]. Although it is 
assumed that pulmonary disease may also increase the 
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risk of surgical complications due to the impaired wound 
healing process associated with tissue hypoxia, only a few 
studies have demonstrated the association between pul-
monary comorbidity and surgical complications in pa-
tients undergoing major abdominal surgery [4].

Preoperative screening of pulmonary disease usually 
depends on the history taking of patients’ previous medi-
cal history. However, pulmonary disease is seldom diag-
nosed and treated until patients visit physicians with 
overt respiratory symptoms. Meanwhile, lung spirometry 
allows patients with pulmonary abnormality to be ob-
jectively screened, and could be useful for predicting oper-
ative risk related to an abnormal pulmonary function [5]. 
In the field of thoracic surgery, preoperative lung spi-
rometry is widely used to select surgical candidates and 
predict the occurrence of postoperative respiratory com-
plications [6]. However, lung spirometry is not commonly 
recommended for patients with major abdominal surgery 
because of its uncertainty about predictive value for post-
operative complications [7,8]. In the present study, we 
have investigated the value of preoperative lung spi-
rometry test for predicting postoperative complications 
after gastric cancer surgery. We have also sought to inves-
tigate which complications may arise after gastric cancer 
surgery related to an abnormal pulmonary function.

METHODS

Patients and data collection
From February 2009 through March 2010, 582 consec-

utive gastric cancer patients underwent pulmonary func-
tion test using lung spirometry prior to surgery. Preoper-
ative examinations included endoscopy with biopsy and 
an abdominal computed tomography (CT) scan, along 
with basic blood testing, chest radiography, and electro-
cardiography. Chest CT, liver magnetic resonance imag-
ing, or endoscopic ultrasonography was performed in se-
lected patients for tumor staging. Of the patients, 46 were 
excluded as following reasons; 1) underwent an operation 
under an emergency condition, such as, for bleeding or 
perforation (n = 14), 2) underwent exploratory or bypass 
surgery for unresectable disease (n = 16), or 3) received 

preoperative systemic chemotherapy (n = 16), were ex-
cluded from the investigation. Finally, 538 patients who 
underwent elective gastric cancer surgery were included 
in the present study. 

Patient data regarding demographic characteristics, op-
erative results, pathologic findings, hospital courses, and 
postoperative complications were prospectively collected. 
Regarding postoperative complications, when a complica-
tion occurred near the operation field, it was considered as 
a local complication, and when a complication was not as-
sociated with the operation field, it was considered as a 
systemic complication. The following postoperative surgi-
cal complications were included in the data-recording 
protocol: abdominal bleeding, luminal bleeding, abdomi-
nal infection, pancreatic fistula, pancreatitis, anastomosis 
leakage, paralytic ileus, duodenal stump leakage, ascites, 
and wound infection. Other complications were recorded 
as considered appropriate. Anastomosis leaks were diag-
nosed based on the CT scan or upper gastrointestinal find-
ings of clinically suspected patients. Abdominal infection 
was diagnosed radiologically when a clinical infection 
sign was accompanied by abdominal fluid collection. 
Pancreatic fistula was diagnosed based on a continued 
high amylase concentration in drainage fluid from the per-
ipancreatic area for more than 7 days. Bleeding was diag-
nosed based on abdominal CT findings or clinical suspi-
cion, due to, for example, bloody abdominal drainage or 
melana. Types of complications were judiciously defined 
and recorded according to the diagnostic criteria, and the 
severities were classified based on the Accordion Severity 
Grading System of surgical complications [9]. In-hospital 
mortality was defined as operation-related death within 
30 days of surgery or during the period of hospitalization.

To evaluate the predictive value of lung spirometry, a 
comparative analysis was carried out between the normal 
(n = 441) and the abnormal pulmonary function group (n = 
97) with respect to postoperative morbidity and mortality. 
The ability of pulmonary function test results to predict 
postoperative morbidity was determined using the uni-
variate and multivariate analysis. This study was ap-
proved by the Institutional Review Board at the Chonnam 
National University Hospital, South Korea.
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Variable Abnormal 
(n = 97)

Normal 
(n = 441) P-value

Age (yr) 69.5 ± 8.1 60.1 ± 11.6 ＜0.001
Gender ＜0.001

Male 87 (89.7) 281 (63.7)
Female 10 (10.3) 160 (36.3)

Body mass index (kg/m2) 22.1 ± 2.8 23.8 ± 3.3 ＜0.001
ASA score ＜0.001

1 10 (10.3) 176 (39.9)
2 75 (77.3) 249 (56.5)
3 12 (12.4) 16 (3.6)

History of pulmonary disease 37 (38.1) 18 (4.1) ＜0.001
Other comorbidities

Cardiovascular 13 (13.4)  41 (9.3) 0.223
Endocrine 5 (5.2)  20 (4.5) 0.790
Hepatic 1 (1.0)    9 (2.0) 1.000
Renal 1 (1.0)    2 (0.5) 0.450

Operation type 0.902
Total gastrectomy   98 (22.2)   21 (21.6)
Distal gastrectomy 343 (77.8)   76 (78.4)

Operative approach 0.018
Open surgery 63 (64.9) 228 (51.7)
Laparoscopic surgery 34 (35.1) 213 (48.3)

Lymphadenectomy 0.236
D1 plus beta 32 (33.0) 174 (39.5)
D2 65 (67.0) 267 (60.5)

Combined organ resection 0.095
None 78 (80.4) 387 (87.8)
Splenectomy 9 (9.3) 16 (3.6)
Distal pancreatectomy 1 (1.0)   6 (1.4)
Others 9 (9.3) 32 (7.3)

Operating time (min)  162 ± 58  173 ± 64 0.104
TNM stagea) 0.793

I 71 (73.2) 323 (73.2)
II 13 (13.4) 42 (9.5)
III 7 (7.2) 43 (9.8)
IV 6 (6.2) 33 (7.5)

Values are presented as mean ± standard deviation or number (%).
a)Sixth edition of Union for International Cancer Control tumor- 
node-metastasis (TNM) classification.
ASA, American Society of Anesthesiologists.

Table 1. Clinicopathological characteristics of the normal and 
abnormal pulmonary function groups

Preoperative pulmonary function testing
Preoperative pulmonary function testing was per-

formed using the SensorMedics Vmax22 diagnostic spi-
rometer (SensorMedics, Loma Linda, CA, USA). Based on 
the postbronchodilator forced expiratory volume in 1 sec-
ond [FEV1]/forced vital capacity [FVC] ratios and FEV1 
values, pulmonary function airway limitations were clas-
sified as normal (FEV1/FVC ≥ 0.7), mild (FEV1/FVC ＜ 0.7, 
FEV1 ≥ 80% predicted), moderate (FEV1/FVC ＜ 0.7, 50% 
≤ FEV1 ＜ 80% predicted), severe (FEV1/FVC ＜ 0.7, 30% 
≤ FEV1 ＜ 50%), or very severe (FEV1/FVC ＜ 0.7, FEV1 ＜ 

30% predicted), according to the spirometric classification 
of chronic obstructive pulmonary disease (COPD) [10].

Operative procedure and perioperative care
Patients underwent distal or total gastrectomy with re-

gional lymph node dissection, as described by the gastric 
cancer treatment guideline issued by the Japanese Gastric 
Cancer Association [11]. Laparoscopic surgery was in-
dicated based on the preoperative tumor staging (cT1- 
2N0). Billroth I reconstruction was the primary procedure 
after distal gastrectomy, and Billroth II or Roux-en Y gas-
trojejunostomy was considered in selected cases, such as 
wide resection of the stomach. Roux-en Y esophagojeju-
nostomy was performed routinely after total gastrectomy. 

All the patients were managed using a standardized 
clinical pathway protocol. For example, no preoperative 
mechanical bowel preparation or nasogastric tube was 
employed. Postoperatively, patients were administered an 
oral diet from postoperative day 1, and intravenous fluid 
(20 to 25 mL/kg/day) was administered during the first 
three postoperative days. Prophylactic antibiotics were 
administered before skin incision and were continued un-
til 12 hours after surgery. Thromboprophylaxis was per-
formed using a pneumatic intermittent compression 
device. Hospital discharge was decided based on the ful-
fillment of the following objective discharge criteria; no 
evidence of a postoperative complication, the ability to 
ambulate without assistance, tolerable pain on admin-
istration of oral analgesia, the ability to take more than 
70% of any given meal, and a willingness to go home. 

Statistical analysis
The Student’s t-test was used to analyze continuous da-

ta, and the chi-square test or Fisher’s exact test was used to 
analyze categorical data. During the analysis of predictors 
of postoperative morbidity, all continuous data were di-
chotomized, and thus, the chi-square test or Fisher’s exact 
test was used for univariate comparisons. Statistically sig-
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Total (n = 538) Abnormal (n = 97) Normal (n = 441) P-value

Overall morbidity 113 (21.0) 29 (29.9) 84 (19.0) 0.018
Local complication 109 (20.3) 29 (29.9) 80 (18.1) 0.009
Systemic complication 17 (3.2) 8 (8.2) 9 (2.0) 0.005
Severity of complicationa)

Mild grade 27 (5.0) 6 (6.2) 21 (4.8) 0.606
Moderate grade   57 (10.6) 11 (11.3)  46 (10.4) 0.792
Severe grade 29 (5.4) 12 (12.4) 17 (3.9) 0.001

Values are presented as number (%).
a)Based on the Accordion Severity Classification System of surgical complications [9].

Table 2. Postoperative morbidities in the normal and abnormal pulmonary function groups

nificant factors (P ＜ 0.05) by univariate analysis were used 
as covariates for multivariate analysis to identify pre-
dictors of postoperative morbidity. All the statistical anal-
yses were performed using SPSS ver. 12.0 (SPSS Inc., 
Chicago, IL, USA), and P values of ＜ 0.05 were regarded 
significant.

RESULTS

Patient characteristics
Table 1 presents the clinicopathological characteristics 

of patients included in the present study. The study sub-
jects consisted of 368 males and 170 females of mean age 
(standard deviation) of 61.8 (11.6) years, and 419 patients 
(77.9%) underwent distal gastrectomy and 119 patients 
(22.1%) underwent total gastrectomy. Laparoscopic sur-
gery was performed in 247 patients (45.9%). Pathologic ex-
aminations revealed that 394 patients (73.2%) were of 
stage I, 55 (10.2%) were of stage II, 50 (9.3%) were of stage 
III, and 39 (7.2%) were of stage IV, according to the sixth 
edition of the Union for International Cancer Control tu-
mor-node- metastasis (TNM) classification. 

Based on preoperative lung spirometry, 97 patients 
(18.0%) had an abnormal pulmonary function, which 
means, 44 (8.2%) had mild, 40 (7.4%) moderate, and 13 
(2.4%) severe airway limitation, but none of them had very 
severe airway limitation according to the spirometric clas-
sification of airway limitation. Of the 97 patients with an 
abnormal pulmonary function, 37 (38.1%) have had a pre-
vious medical history of pulmonary disease, such as, 
COPD or asthma, and 18 (4.1%) of 441 patients with a nor-

mal pulmonary function had a history of pulmonary 
disease. 

The abnormal pulmonary function group had a greater 
mean age (69 years vs. 60 years, P ＜ 0.001), more number 
of male patients (89.7% vs. 63.7%, P ＜ 0.001), a higher 
American Society of Anesthesiologists (ASA) score (ASA 
score of ≥2, 89.7% vs. 60.1%, P ＜ 0.001), and a lower body 
mass index (22.1 kg/m2 vs. 23.8 kg/m2, P ＜ 0.001) than the 
normal pulmonary function group. However, no sig-
nificant intergroup differences were found for other co-
morbidities, such as, cardiovascular, endocrine, hepatic, 
or renal diseases. Despite no consideration of pulmonary 
function during decision making regarding operative ap-
proaches, a greater proportion of the abnormal pulmo-
nary function group underwent open surgery (64.9% vs. 
51.7%, P = 0.018). 

Postoperative morbidity and mortality
Table 2 presents the postoperative morbidities and mor-

talities of the two study groups. After surgery, 113 (21.0%) 
of the study subjects developed postoperative complica-
tions, which included 109 surgical and 17 systemic 
complications. The severities of these postoperative com-
plications were as follows; 27 (5.0%) mild, 57 (10.6%) mod-
erate, and 29 (5.4%) severe. Not even a single case of 
in-hospital mortality occurred after surgery. 

Patients with an abnormal pulmonary function had a 
significantly greater incidence of postoperative complica-
tion when compared to normal patients, in terms of both 
surgical (29.9% vs. 18.1%, P = 0.009) and systemic compli-
cations (8.2% vs. 2.0%, P = 0.005). When the severities of 
postoperative complications were compared, the inciden-
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Local 
complication

Systemic 
complication

No. (%) P-value No. (%) P-value

Abnormal pulmonary
  functiona) 1.000 0.346

    Mild (n = 44) 13 (29.5) 2 (4.5)
    Moderate (n = 40) 12 (30.0)   5 (12.5)
    Severe (n = 13)   4 (30.8) 1 (7.7)
a)Based on the spirometric severity classification of pulmonary 
function [9].

Table 3. Postoperative morbidities according to the airway 
limitation severities

ces of mild and moderate complications were similar in 
the two groups, but the rate of severe grade complications 
was significantly higher in patients with an abnormal pul-
monary function (12.4% vs. 3.9%, P = 0.001) (Table 2). 

Table 3 provides the details of postoperative morbid-
ities for different airway limitation severities. No sig-
nificant differences in local (29.5%, 30.0%, and 30.8% for 
mild, moderate, and severe airway limitation, respecti-
vely) or systemic complications (4.5%, 12.5%, and 7.7%, re-
spectively) were observed with respect to the severity of 
airway limitation.

Predictive value of preoperative lung spirometry 
for postoperative complications

Table 4 presents the results of univariate analysis for 
predictors of postoperative complications. By univariate 
analysis, an age of ≥ 65 years (P = 0.026), total gastrectomy 
(P = 0.005), open surgery (P = 0.017), an abnormal pulmo-
nary function (P = 0.009), and TNM stage (P = 0.018) were 
found to be significantly associated with the occurrence of 
postoperative surgical complications, whereas an age of 
≥ 65 years (P ＜ 0.001), an abnormal pulmonary function 
(P = 0.005), and a history of pulmonary disease (P ＜ 0.001) 
were found to be significantly associated with systemic 
complications. 

We performed multivariate analysis adjusting the varia-
bles that were statistically significant in the univariate 
analysis, to further investigate the relationship between 
abnormal pulmonary function and postoperative compli-
cations. Multivariate analysis revealed that an abnormal 
pulmonary function was an independent predictive factor 

for postoperative surgical complications (odds ratio [OR], 
1.75; 95% confidence interval [CI], 1.03 to 2.97) after ad-
justed by old age, resection type, operative approach, and 
TNM stage (Table 5). Meanwhile, an age of ≥ 65 years (OR, 
8.12; 95% CI, 1.76 to 37.38) and a history of pulmonary dis-
ease (OR, 5.75; 95% CI, 1.67 to 19.82) were independent 
predictors for systemic complications, whereas an abnor-
mal pulmonary function was not. 

Postoperative complications related to an abnor-
mal pulmonary function

Table 6 summarizes the details of complication types in 
both the normal and abnormal pulmonary function 
groups. In terms of surgical complications, anastomosis 
leakage (4.1% vs. 0.5%, P = 0.011) and wound complication 
(4.1% vs. 0.9%, P = 0.039) were found to be significantly 
more common in patients with an abnormal pulmonary 
function. For systemic complications, respiratory compli-
cations (6.1% vs. 1.1%, P = 0.006) were found to be sig-
nificantly more common in patients with an abnormal 
pulmonary function. As far as respiratory complications 
were concerned, there were two cases of pleural effusion 
and four cases of pneumonia in patients with an abnormal 
pulmonary function, and all were associated with local 
complications, such as, abdominal bleeding, anastomosis 
leakage, or a wound complication. 

DISCUSSION

Preoperative pulmonary function testing is often or-
dered before major surgery to screen patients for an abnor-
mal pulmonary function [2]. However, unlike a general ac-
ceptance of preoperative lung spirometry as an effective 
tool for predicting operative risk in the field of thoracic 
surgery, its role, in terms of predicting postoperative mor-
bidity, is somewhat controversial in the field of major ab-
dominal surgery [6]. Some studies have even demon-
strated that clinical findings are more predictive of post-
operative respiratory complications than pulmonary 
function test results [12,13]. However, a comprehensive re-
view of pulmonary function testing in the context of ab-
dominal surgery by Lawrence et al. [8] revealed significant 
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Variable Patients (n = 538)
Local complication (n = 109) Systemic complication (n = 17)

No. (%) P-value No. (%) P-value

Age (yr) 0.026 ＜0.001
＜65 312 53 (17.0) 2 (0.6)
≥65 226 56 (24.8) 15 (6.6)

Gender 0.137 0.209
Female 170 28 (16.5) 3 (1.8)
Male 368 81 (22.0) 14 (3.8)

Body mass index (kg/m2) 0.228 0.094
＜25 390 74 (19.0) 9 (2.3)
≥25 148 35 (23.6) 8 (5.4)

Spirometry finding 0.009 0.005
Normal 441 80 (18.1) 9 (2.0)
Abnormal 97 29 (29.9) 8 (8.2)

Pulmonary disease 0.086 ＜0.001
Absent 55 16 (29.1) 8 (14.5)
Present 483 93 (19.3) 9 (1.9)

Cardiovascular disease 0.462 0.217
Absent 484 96 (19.8) 14 (2.9)
Present 54 13 (24.1) 3 (5.6)

Endocrine disease 0.587 0.184
Absent 513 105 (20.5) 15 (2.9)
Present 25 4 (16.0) 2 (8.0)

Hepatic disease 0.984 1.000
Absent 528 107 (20.3) 17 (3.2)
Present 10 2 (20.0) 0 (0)

Renal disease 1.000 1.000
Absent 535 109 (20.4) 17 (3.2)
Present 3 0 (0) 0 (0)

Resection type 0.005 0.230
Distal gastrectomy 419 74 (17.7) 11 (2.6)
Total gastrectomy 119 35 (29.4) 6 (5.0)

Operative approach 0.017 0.372
Laparoscopy 247 39 (15.8) 5 (2.4)
Open 291 70 (24.1) 11 (3.8)

Lymphadenectomy 0.206 0.207
D1 plus beta 206 36 (17.5) 9 (4.4)
D2 332 73 (22.0) 8 (2.4)

Operating time (min) 0.193 0.211
＜140 169 40 (23.7) 3 (1.8)
≥140 367 69 (18.8) 14 (3.8)

TNM stage 0.018 0.068
I 326 68 (17.3) 11 (2.8)
II 41 14 (25.5) 1 (1.8)
III 37 13 (26.0) 1 (2.0)
IV 25 14 (35.9) 4 (10.3)

TNM, tumor-node-metastasis.

Table 4. Univariate analysis results for predictors of postoperative morbidity

methodological flaws associated with all the previously 
performed studies, and thus, it was recommended that the 
efficacy of pulmonary function testing for abdominal sur-

gery should be reexamined. In the present study, we found 
that preoperative lung spirometry could effectively pre-
dict the risk of postoperative surgical complications, as 
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Adjusted 
OR 95% CI P-value

Local complications
Age (≥65 yr) 1.42 0.91–2.22 0.128
Resection type (total) 1.62 0.97–2.70 0.065
Spirometry finding (abnormal) 1.75 1.03–2.97 0.037
Operative approach (open) 1.11 0.65–1.89 0.680
TNM stage 1.26 0.99–1.61 0.060

Systemic complications
Age (≥65 yr) 8.12   1.76–37.38 0.007
Spirometry finding (abnormal) 1.11 0.32–3.86 0.872
History of pulmonary disease 5.75   1.67–19.82 0.006

Multivariate analysis after adjusting the variables with P-value of 
＜0.1 in the univariate analysis. 
OR, odds ratio; CI, confidence interval; TNM, tumor-node- 
metastasis.

Table 5. Multivariate analysis results for predictors of post-
operative morbidity

Type of complication Total 
(n = 538)

Abnormal 
(n = 97)

Normal 
(n = 441) P-value

Surgical complications
Abdominal infection 25 (4.6) 3 (3.1) 22 (5.0) 0.596
Abdominal bleeding 20 (3.7) 6 (6.2) 14 (3.2) 0.229
Luminal bleeding 22 (4.1) 4 (4.1) 18 (4.1) 1.000
Wound complication 8 (1.5) 4 (4.1) 4 (0.9) 0.039
Anastomosis leakage 6 (1.1) 4 (4.1) 2 (0.5) 0.011
Gastric stasis 6 (1.1) 3 (3.1) 3 (0.7) 0.075
Ileus 5 (0.9)    0 (0) 5 (1.1) 0.591
Duodenal stump leakage 4 (0.7) 2 (2.1) 2 (0.5) 0.151
Pancreatic fistula 4 (0.7) 1 (1.0) 3 (0.7) 0.550
Others 9 (1.7) 2 (2.1) 7 (1.6) 0.751

Systemic complications
Pulmonary 11 (2.0) 6 (6.2) 5 (1.1) 0.006
Renal 3 (0.6) 1 (1.0) 2 (0.5) 0.450
Cerebrovascular 2 (0.4) 1 (1.0) 1 (0.2) 0.328
Cardiovascular 1 (0.2)    0 (0) 1 (0.2) 1.000

Values are presented as number (%).

Table 6. Comparisons of complication types in the two study 
groups

well as systemic complications in patients undergoing 
gastric cancer surgery. 

Several authors have investigated the impact of under-
lying comorbidities on surgical outcomes after gastric can-
cer surgery, and it is generally accepted that the presence 
of comorbidity is a major determinant of postoperative 
morbidity after gastrectomy [14-16]. Regarding the pul-
monary disease, previous studies have arrived at different 
conclusions about its impact on surgical outcomes. In a 
large multicenter based study on laparoscopic gastrec-
tomy, Kim et al. [16] investigated the operative risk pre-
sented by different comorbidity types and found that pul-
monary disease was significantly associated with post-
operative morbidity. On the other hand, several other 
studies have concluded that pulmonary disease did not 
significantly increase the risk of postoperative complica-
tions after gastric cancer surgery [14,15]. Because pulmo-
nary disease is seldom clinically diagnosed unless overt 
respiratory symptoms develop, preoperative screening of 
pulmonary disease simply based on history taking or pre-
vious medical history might have inconsistent predictive 
value for postoperative morbidity. In fact, in the present 
study, of 97 patients with an abnormal pulmonary func-
tion suggested by lung spirometry, 60 (61.9%) had no pre-
vious medical history of pulmonary disease, which sug-
gests that conventional clinical assessments significantly 

underestimate pulmonary abnormalities. Therefore, we 
consider that preoperative screening using lung spi-
rometry is likely to be more useful than conventional pre-
operative assessment, in terms of evaluating pulmonary 
abnormality and predicting postoperative complications.

 Tissue hypoxia, poor nutritional status, and systemic 
inflammatory reactions, which are common in patients 
with pulmonary disease, are widely held responsible to 
lead to an increase in the risk of surgical complications by 
inhibiting the wound healing process after gastrointes-
tinal surgery [4]. However, no study has been undertaken 
to identify as which surgical complications after gastric 
cancer surgery are related to preoperative abnormal pul-
monary function. In the present study, we identified that 
wound complications and anastomosis leakage were sig-
nificantly increased in an abnormal pulmonary group. In 
addition, gastric stasis tended to be more frequent among 
those with an abnormal pulmonary function (P = 0.075). 
Similarly, a large study conducted on identification of the 
impact of comorbidity on postoperative complications af-
ter laparoscopic gastrectomy, revealed a significant in-
crease in wound complications and intestinal obstruction 
in pulmonary disease [16]. Our study does stimulate ques-
tions and the role of hypoxia by an abnormal pulmonary 
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function on anastomosis healing, and this needs to be fur-
ther investigated by carrying out animal or laboratory 
study in the future. 

In the present study, we classified abnormal pulmonary 
function using a spirometric airway limitation classi-
fication system to diagnose COPD [9], but we found no 
significant differences in the incidences of local or sys-
temic complications with respect to the airway limitation 
severity. Spirometric cut-off points (a postbronchodilator 
FEV1/FVC ratio of ＜0.70 or an FEV1 of ＜80, 50, or 30% of 
predicted) provide a straightforward means of achieving a 
clinical diagnosis and of classifying abnormal pulmonary 
function [17]. However, these spirometric classifications 
alone do not reflect symptom severity, disease pro-
gression, or prognosis in patients with pulmonary disease 
[18], and thus, we think perioperative management aimed 
at optimizing lung function should be considered for any 
patient with abnormal spirometric findings, regardless of 
the severity of airway limitation.

Other common comorbidities, such as, cardiovascular, 
endocrine, and hepatic disease, are likely to be more com-
mon in patients with an abnormal pulmonary function, 
and could contribute to increased postoperative morbi-
dity. Thus, the predictive value of lung spirometry should 
be evaluated by adjusting for the operative risks asso-
ciated with these comorbidities. In the present study, no 
significant differences were observed between the normal 
and abnormal pulmonary function groups with respect to 
the incidence of other comorbidities. In addition, co-
morbidities, such as cardiovascular, endocrine, hepatic, 
and renal diseases, were not found to significantly in-
crease the risk of postoperative morbidity as per the uni-
variate analysis. However, the impact of comorbidities 
other than pulmonary disease on surgical outcomes needs 
to be further evaluated in terms of large studies in which 
accurate preoperative assessment is implemented.

In the present study, most of the respiratory complica-
tions of patients with an abnormal pulmonary function 
followed surgical problems and so might be the con-
sequence of factors other than the pulmonary status of the 
patients. Based on the present results, it is difficult to clear-
ly conclude whether increasing incidence of pulmonary 
complications is directly related to an abnormal pulmo-

nary function or just a consequence of increased surgical 
complications. However, it is apparent that patients with 
an abnormal pulmonary function tend to be more vulner-
able to subsequent pulmonary problem when compared 
to normal patients. Therefore, patients with an abnormal 
pulmonary function should be carefully monitored with 
emphasis on the development of subsequent pulmonary 
problems when they develop local complications. 

In the present study, the abnormal pulmonary function 
group received a greater extent of open surgery than the 
normal group (64.9% vs. 51.7%, P = 0.018), which might be 
thought to contribute to the greater postoperative morbid-
ity observed in patients with an abnormal pulmonary 
function. However, our multivariate analysis was ad-
justed for operative approach, and it revealed that lung 
spirometry independently predicts postoperative mor-
bidity regardless of operative approaches. 

The present study is limited by the fact that the cohort 
was confined to patients that underwent gastric cancer 
surgery, and thus, we are unable to comment on the ability 
of preoperative pulmonary function testing to predict out-
comes after other forms of abdominal surgery. In addition, 
we have to admit that we cannot provide useful infor-
mation in the present study about what measures should 
be undertaken to reduce the operative risk in patients with 
an abnormal pulmonary function. Actually, we tried to 
find any controllable surgeon factors, such as operative 
approaches, operating time, or lymph node dissection, 
which may be expected to change the risk of complications 
in patients with an abnormal pulmonary function. Unfor-
tunately, however, our data showed no significant differ-
ences in postoperative morbidity according to any surgi-
cal factors in patients with an abnormal pulmonary func-
tion. Actually, proper perioperative interventions for opti-
mizing lung function would be of essence to reduce the op-
erative risk than surgical factors itself. In the present study, 
every individual patient with an abnormal pulmonary 
function was given some of the preventive measure, such 
as postoperative oxygen supplementation, incentive spi-
rometry, or bronchodilator therapy. Therefore, the proper 
risk reducing strategies and its efficacy need to be further 
evaluated in the form of prospective clinical trial.

In conclusions, preoperative pulmonary function test-
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ing using lung spirometry was found to be effective for the 
screening of an abnormal pulmonary function and for pre-
dicting postoperative surgical complications after gastric 
cancer surgery. More specifically, abnormal pulmonary 
function was found to be significantly related to wound 
problems and anastomosis leakage. The proper evaluation 
of operative risk would undoubtedly improve the quality 
of perioperative management and encourage tailored 
care. Finally, proper strategies to reduce the postoperative 
morbidity in patients with an abnormal pulmonary func-
tion should be evaluated in the clinical trials.
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