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Abstract

Whether preoperative spirometry in non-thoracic surgery can predict postoperative pulmo-
nary complications (PPCs) is controversial. We investigated whether preoperative spirome-
try results can predict the occurrence of PPCs in patients who had undergone laparoscopic
abdominal surgery. This retrospective observational study analyzed the records of patients
who underwent inpatient laparoscopic gastric or colorectal cancer surgery at Seoul National
University Bundang Hospital between January 2010 and June 2017. Preoperative spirome-
try was performed for patients at a high risk of PPCs, such as elderly patients (age >60
years), patients aged <60 years with chronic pulmonary disease, and current smokers. The
main outcome was the association between the results of spirometry tests performed within
1 month prior to surgery and the occurrence of PPCs, as determined by multivariable logistic
regression analysis. Of the 898 included patients who underwent laparoscopic gastric (372
patients) or colorectal cancer surgery (526 patients), PPC occurred in 117 patients (gastric
cancer: 74, colorectal cancer: 43). A 1% greater preoperative forced vital capacity (FVC)
was associated with a 2% lower incidence of PPCs after laparoscopic gastric or colorectal
cancer surgery (odds ratio: 0.98, 95% confidence interval: 0.97-0.99, P=0.018). However,
the preoperative forced expiratory volume in 1 second (FEV1) (%) and FEV1/FVC (%) were
not significantly associated with PPCs (P=0.059 and P = 0.147, respectively). In conclu-
sion, lower preoperative spirometry FVC, but not FEV1 or FEV1/FVC, may predict PPCs in
high-risk patients undergoing laparoscopic abdominal surgery.

Introduction

Postoperative pulmonary complications (PPCs) remain an important issue after major surgery
performed under general anesthesia, especially in elderly patients or patients with lung dis-
eases. Laparoscopic surgery has many advantages over laparotomy, one of which is the
decreased incidence of PPCs [1]. However, PPCs remain important in terms of perioperative
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management of laparoscopic surgery patients [2]. Atelectasis and subsequent pneumonia can
occur after insufflation of high-pressure carbon dioxide into the abdominal cavity after laparo-
scopic surgeries [3, 4].

Spirometry is a universal, simple, and non-invasive pulmonary function test [5]. Spirome-
try, along with calculation of the forced expiratory volume in 1 second (FEV1) and forced vital
capacity (FVC), is helpful for diagnosing obstructive or restrictive ventilatory defects. These
defects are closely related to preoperative chronic obstructive pulmonary disease (COPD),
asthma, or interstitial lung disease [6]. Therefore, preoperative spirometry results are used for
predicting the occurrence of PPCs, especially in thoracic surgery patients [7]; however, their
predictive value in non-thoracic surgery patients has not yet been established. In addition,
according to the American College of Physicians guidelines, preoperative spirometry is recom-
mended only in high-risk patients, such as those with COPD or asthma [8].

Given the increased use of laparoscopic surgery, it is important to consider the validity of
the American College of Physicians guidelines and the necessity for preoperative spirometry in
laparoscopic abdominal surgery patients [8]. Therefore, this study was undertaken to investi-
gate the association between preoperative spirometry results and the incidence of PPCs in
patients at a high risk of these complications who underwent laparoscopic abdominal surgery
for cancer. We hypothesized that abnormal preoperative spirometry results would be associ-
ated with increased occurrence of PPCs after laparoscopic abdominal surgery in such high-
risk patients.

Materials and methods

This retrospective cohort study was conducted with the approval of the institutional review
board of Seoul National University Bundang Hospital (SNUBH) (Approval number: B-1710/
424-107, Approval date: September 26, 2017). The need for obtaining informed patient con-
sent was waived due to the retrospective nature of the study.

Patient selection

Medical records of patients who had been diagnosed with gastric or colorectal cancer between
January 1, 2010, and June 30, 2017, at SNUBH, and who had undergone laparoscopic surgery
under general anesthesia with curative intent, were analyzed. Only those who underwent pre-
operative spirometry were included in the analysis. The exclusion criteria were as follows: bar-
iatric surgery, intraoperative conversion from a laparoscopic to a laparotomy procedure,
incomplete medical records, additional combined resection of extra-abdominal organs, or
reoperation during the hospitalization period. All medical records were processed by a medical
record technician team, all of whom were blinded to the purpose of the study.

Laparoscopic colorectal or gastric cancer surgery

Experienced surgical teams performed laparoscopy-guided gastric [9] or colorectal cancer sur-
gery [10]. To improve the surgeon’s intraoperative field of view, a reverse Trendelenburg posi-
tion was used for laparoscopic gastric surgery and a Trendelenburg position was used for
laparoscopic colorectal cancer surgery. Using carbon dioxide insufflation, intraoperative intra-
abdominal pressure was maintained between 10 and 20 mmHg, in accordance with the judg-
ment of surgeons and anesthesiologists. All surgeries were performed under general anesthesia
and patients were ventilated under the pressure- or volume-controlled mode with a positive
end-expiratory pressure. Opioid-based, intravenous, patient-controlled analgesia was used for
postoperative pain control; incentive spirometry was applied and actively encouraged by medi-
cal staff as postoperative lung care for all patients.
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Spirometry

Physicians conducted preoperative spirometry on the following patient groups: 1) elderly
patients aged > 60-years old, 2) patients < 60-years old with a history of preoperative chronic
pulmonary disease (e.g., asthma, COPD, or lung cancer), 3) patients < 60-years old who were
current smokers. Spirometry tests were performed by a specialized technician from the
Department of Pulmonology within 1 month prior to surgery. If the results of the spirometry
tests were abnormal, the patient was referred to a pulmonologist and was treated periopera-
tively as needed. FEV1 (%), FVC (%), and FEV/FVC (%), standardized according to the
American Thoracic Society and the European Respiratory Society guidelines, were used to
analyze the results of spirometry tests [11].

PPC diagnosis

In this study, a PPC was defined as a condition involving newly developed pulmonological
symptoms, requiring medical or interventional treatment. Pre- and postoperatively, all official
radiological findings on chest X-rays and chest computed tomography (CT), white blood cell
counts (WBC), C-reactive protein (CRP) levels, and postoperative body temperature were
used for the determination of PPC.

The following findings were considered to indicate PPCs: 1) newly developed pleural effu-
sion that had been absent before surgery, which required medical therapy or percutaneous
chest tube insertion; 2) symptomatic atelectasis, defined by atelectasis in chest X-ray + oxyhe-
moglobin saturation < 90% + dyspnea; 3) non-cardiac origin pulmonary edema; 4) postopera-
tive pneumonia; 5) emphysema of the lung (excluding subcutaneous emphysema); or 6) rapid
progression of pulmonary complications leading to endotracheal intubation in the intensive
care unit. Postoperative pneumonia was defined as an official radiological finding of pneumo-
nia on a chest CT or chest X-ray, as interpreted by a radiologist, accompanied by elevated CRP
and WBC or a fever of > 38°C. Two anesthesiologists determined the development of PPCs,
in consultation with a pulmonologist; when they were in agreement with each other, the
patient was recorded as having PPCs.

Measurements

The patient characteristics (sex, age, and body mass index) and comorbidities at surgery,
including American Society of Anesthesiologists classification, Charlson comorbidity index,
history of asthma and chronic obstructive lung disease, and operative characteristics (surgery
time [min], intraoperative total fluid input [ml], intraoperative packed red blood cell transfu-
sion, and intraoperative peak airway pressure) were recorded.

End point

The primary outcome of this study was the association between preoperative spirometry
results (FEV,; FVC, and FEV,/FVC) and occurrence of PPCs after laparoscopic abdominal

surgery.

Statistical analysis

Student’s t-tests and chi-squared tests were used for comparison of continuous and categorical
variables, respectively. First, patterns between spirometry results (FEV;, FVC, FEV/FVC) and
probabilities of PPC occurrence were illustrated by using restricted cubic splines (RCSs). RCSs
were first used to determine the linearity of variables, as shown in S1, S2 and S3 Figs. Preopera-
tive FEV1, FVC, and FEV,/FVC were included as continuous and independent variables in
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logistic regression analysis. Next, univariable logistic regression analysis was performed to
study simple associations between PPCs (as the dependent variable) and other variables in all
patients. Multivariable logistic regression analysis was performed by using factors identified
with a P-value < 0.1 in univariable analysis. After confirming that variance inflation factors
between FEV1, FVC, and FEV1/FVC were > 10, FEV1/FVC were included in another multi-
variable logistic regression model to avoid multi-collinearity. The validity of the multivariable
model was tested using Hosmer-Lemeshow statistics. IBM SPSS version 24.0 was used for all
analyses, and R version 3.3.2 was used for cubic spline analysis. Statistical significance was
defined as a P-value less than 0.05.

Results

A total of 6,160 patients underwent laparoscopic gastric or colorectal cancer surgery at
SNUBH between January 1, 2010, and June 30, 2017. Of those, 971 patients underwent preop-
erative spirometry within 1 month prior to surgery. We excluded the following patients: 1) 19
patients were excluded due to combined resection of extra-abdominal organs, 2) 23 patients
were excluded due to reoperation during the hospitalization period, 3) 31 patients were
excluded due to incomplete medical records. Finally, 898 patients were included in the analy-
ses (Fig 1).

The overall incidence of PPCs was 13.0% (n = 117). Detailed information regarding PPCs is
shown in S1 Table. When comparing the clinical characteristics of patients according to the
occurrence of PPC, the operation time, anesthesia time, and length of hospital stay were longer
in the PPC group than in the no-PPC group (Table 1). Additionally, two patients in the PPC
group died during the hospitalization period because of rapid progression of severe pneumo-
nia in the postoperative period.

Factors associated with the occurrence of PPCs

The results of univariable logistic regression analysis of covariates for occurrence of PPCs are
presented in Table 2.

Factors identified with P < 0.1 in the univariable logistic regression model were selected for
inclusion in the final multivariable logistic regression model, and the results of multivariable
logistic regression analysis after adjusting for covariates are shown in Table 3. A 1% greater
preoperative FVC was associated with a 2% lower PPC incidence after laparoscopic gastric or
colorectal surgery (odds ratio [OR]: 0.98, 95% confidence interval [CI]: 0.97-0.99, P = 0.018).
However, preoperative FEV1 (%) and FEV1/FVC (%) were not significantly associated with
PPC (P =0.059 and P = 0.147, respectively). In addition, other factors related to the occurrence
of PPC after laparoscopic gastric or colorectal surgery were age, type of surgery, duration of
surgery, and intraoperative packed red blood cell transfusion, which are already proven as risk
factors of PPC [12].

Discussion

In this study, we found that a preoperative lower FVC was associated with increased occur-
rence of PPCs after laparoscopic abdominal surgery, while FEV1 and FEV1/FVC were not.
This study is clinically meaningful in that it implicates preoperative spirometry as one of the
important factors for predicting PPCs after laparoscopic abdominal surgery in patients at a
high risk of these complications, such as elderly patients (aged over 60 years), current smokers,
and patients with a history of chronic pulmonary disease.

According to the American College of Physicians guidelines [8], routine preoperative spi-
rometry tests are not recommended for non-thoracic surgery patients, except in cases with
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Fig 1. Flow chart of enrollment. PFT, Pulmonary Function Test; PC, Pulmonary Complication.

https://doi.org/10.1371/journal.pone.0209347.9001

preoperative asthma or COPD, although preoperative spirometry has the advantage of identi-
fying previously undiagnosed lung disease [13]. Our institution followed this guideline [8];
thus, preoperative spirometry testing was performed only for elderly patients (aged over 60
years), current smokers, and patients with a history of chronic pulmonary disease, who were
relatively more vulnerable to PPCs. The results of this study suggest that ventilation in patients
with a lower FVC in these populations should be performed using a more careful strategy
(lung protective ventilation) [14] or an optimal fluid administration strategy to reduce the risk
of PPCs in the perioperative period [15].

Similar to this study, many previous studies have attempted to evaluate the necessity of pre-
operative spirometry tests for non-thoracic surgeries. Similar to our study, Tajima et al. found
that the FVC (%) results of preoperative spirometry tests were helpful for predicting postoper-
ative pneumonia development in patients who underwent colorectal surgery [16]. In another
study, routine preoperative spirometry tests were useful for predicting PPC incidence after
bariatric surgery in obese patients [17]. In contrast to these results, Huh et al. reported that
preoperative spirometry findings could not be used to stratify the risk of PPC in elderly
patients undergoing laparoscopic gastrectomy [18]. These conflicting results may be explained
by the fact that PPC is affected by various factors, such as surgery type (laparotomy vs. laparos-
copy), surgical site (upper or lower abdomen), intraoperative ventilator care strategy, postop-
erative lung care strategy, and other patient characteristics [19]. Consequently, a more
categorical standard than that provided by the existing guidelines is required in order to assess
the necessity for preoperative spirometry, which should be proven through further large popu-
lation-based studies. In part, the results of our study demonstrated that lower FVC% was
related to the PPC-development risk among those patients undergoing laparoscopic abdomi-
nal surgery who were at a high risk of these complications preoperatively.
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Table 1. Perioperative characteristics of patients with and without postoperative pulmonary complications.

Variables PPC* No-PPC P-value
(n=117) (n=781)
Age, year 68.3 (11.4) 65.1 (11.9) 0.006
Sex: male 33 (28.2%) 303 (38.8%) 0.027
Body mass index, kg m? 23.6 (3.6) 23.6 (3.2) 0.895
ASA class 0.171
1 25 (21.6%) 234 (30.0%)
2 80 (69.0%) 479 (61.5%)
>3 11 (9.5%) 66 (8.5%)
Charlson comorbidity index 0.172
0-2 52 (44.4%) 400 (51.2%)
>3 65 (55.6%) 381 (48.8%)
Type of surgery <0.001
Gastric cancer 74 (63.2%) 298 (38.2%)
Colorectal cancer 43 (36.8%) 438 (61.8%)
Preoperative asthma 3(2.6%) 18 (2.3%) 0.863
Preoperative chronic obstructive lung disease 2 (1.7%) 11 (1.4%) 0.799
Intraoperative total fluid input, mL 2,505.8 (1,091.1) 2,304.3 (921.7) 0.033
Intraoperative packed RBC transfusion 37 (31.6%) 123 (15.7%) <0.001
Intraoperative peak airway pressure
Mean value, cm H,O 16.2 (5.2) 16.7 (3.8) 0.179
Maximum value, cm H,O 18.7 (6.1) 19.6 (5.8) 0.120
Surgery time, min 199.3 (84.2) 173.3 (64.2) <0.001
Anesthesia time, min 244.8 (86.8) 219.2 (66.7) <0.001
Length of hospital stay, day 17.4 (12.1) 13.5(6.9) <0.001
Postoperative ICU admission 14 (12.0%) 77 (9.9%) 0.481
Preoperative FEV1, % 97.5 (24.4) 104.3 (22.0) 0.002
Preoperative FVC, % 94.1 (20.7) 99.9 (16.9) 0.001
Preoperative FEV1/FVC, % 71.9 (10.4) 73.4(9.6) 0.105
Preoperative DLCO mL mmHg'1 min’! 16.9 (3.6) 17.7 (3.9) 0.026

Values are expressed as the mean (standard deviation) or number (%).

*PPC, postoperative pulmonary complication; ASA, American Society of Anesthesiologists; ICU, intensive care unit; FEV1, forced expiratory volume in 1 second; FVC,

forced vital capacity; DLCO, diffusing capacity of the lungs for carbon monoxide, RBC, red blood cell

https://doi.org/10.1371/journal.pone.0209347.t001

In the present study, the surgical technique was limited to laparoscopic surgery, which has
various advantages in terms of post-surgical outcomes, including lung function recovery, over
laparotomy [20-22]. However, the intraoperative mechanical ventilation strategy is challeng-
ing in laparoscopic surgery, especially when using the Trendelenburg position. During laparo-
scopic surgery, lung volume and pulmonary compliance are reduced and peak airway pressure
is increased. The diaphragm is displaced upward by increased intra-abdominal pressure,
which results in a reduction in the functional residual capacity, with a ventilation-perfusion
mismatch, and carbon dioxide absorption aggravates hypercapnia [23]. In addition, laparo-
scopic surgery is more advantageous for postoperative pulmonary function recovery than lapa-
rotomy; however, postoperative FVC and FEV1 are decreased even in laparoscopic surgery
[24, 25]. From this perspective, it is plausible that preoperative pulmonary function could be a
predictive factor in the development of PPCs in patients undergoing laparoscopic abdominal
surgery, as demonstrated in this study. Unfortunately, we only found that the lower
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Table 2. Univariable logistic regression analysis of covariates for postoperative pulmonary complications after
laparoscopic gastric or colorectal cancer surgery.

Variables Odds Ratio (95% CI%) P-value
Sex: male 0.62 (0.40-0.95) 0.028
Age, year 1.02 (1.01-1.04) 0.006
Body mass index, kg m~ 0.90 (0.94-1.06) 0.895
Comorbidities at surgery
ASA classification
1 1 (0.174)
2 1.56 (0.97-2.52) 0.066
>3 1.56 (0.73-3.34) 0.251
Charlson comorbidity index
‘ >3 (vs 0-2) 1.31 (0.89-1.94) 0.173
Asthma 1.12 (0.32-3.85) 0.863
Chronic obstructive pulmonary disease 1.22 (0.27-5.56) 0.800
Characteristics of surgery
Type of surgery
Colon or rectum 1 (<0.001)
Gastric 2.79 (1.87-4.17) <0.001
Surgery time, min 1.01 (1.00-1.01) <0.001
Intraoperative peak airway pressure
Mean value, cm H,O 0.97 (0.93-1.01) 0.180
Maximum value, cm H,O 0.97 (0.94-1.01) 0.101
Intraoperative total fluid input, L 1.22 (1.01-1.67) 0.035
Intraoperative packed RBC transfusion 2.47 (1.60-3.82) <0.001
Postoperative ICU admission 1.24 (0.68-2.28) 0.482
Year of surgery
2010-2012 1 (0.270)
2013-2015 0.90 (0.59-1.36) 0.613
2016-2017 0.60 (0.33-1.11) 0.106
Preoperative spirometry test
Preoperative FEV1 (%) 0.99 (0.98-1.00) 0.002
Preoperative FVC (%) 0.98 (0.97-0.99) 0.001
Preoperative FEV1/FVC (%) 0.98 (0.97-1.00) 0.105

All covariates of P < 0.1 in univariable logistic regression analysis were included in multivariable logistic regression
analysis.

CI, Confidence interval; ASA, American society of anesthesiologists; RBC, Red blood cell; ICU, Intensive care unit.

https://doi.org/10.1371/journal.pone.0209347.1002

preoperative FVC was, the higher PPC occurred and could not decide the clear cutoff value of
FVC to predict the PPC risk in laparoscopic abdominal surgery. To set the cutoff point of the
FVC, an international reference value is required, or a point where the slope changes on a RCS
should be identified. However, there was no international reference value of FVC for PPCs
and there was also no clear point where the slope changed on RCS of FVC, FEV1, and FEV1/
FVC in this study.

This study had a few limitations. First, the generalizability of the study may be compro-
mised, as this was a retrospective single-center study; thus, a prospective multicenter study
should be performed in future. Second, we only included patients who underwent laparoscopic
gastric or colorectal cancer surgery, and hence bariatric surgery or technically complicated
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Table 3. Multivariable logistic regression analysis of covariates for postoperative pulmonary complications after
laparoscopic gastric or colorectal cancer surgery.

Variables Odds Ratio (95% CI?) P-value
Sex: male 0.89 (0.55-1.46) 0.653
Age, years 1.03 (1.01-1.05) 0.006
Comorbidities at surgery
ASA classification
1 1 (0.397)
2 1.69 (0.69-4.10) 0.248
>3 1.68 (0.79-3.53) 0.176
Characteristics of surgery
Type of surgery
Colon or rectum 1 (<0.001)
Gastric 2.90 (1.89-4.46) <0.001
Surgery duration, min 1.01 (1.00-1.01) 0.003
Intraoperative total fluid input, L 0.98 (0.78-1.24) 0.871
Intraoperative packed RBC transfusion 2.10 (1.30-3.40) 0.002
Preoperative spirometry test results
Preoperative FEV1 (%)* 0.99 (0.98-1.01) 0.059
Preoperative FVC (%)* 0.98 (0.97-0.99) 0.018
Preoperative FEV1/FVC (%)° 1.02 (0.99-1.05) 0.147

All covariates of P < 0.1 in univariable logistic regression analysis were included in multivariable logistic regression
analysis.

*included in separate multivariable logistic regression models to avoid multi-collinearity

Hosmer-Lemeshow statistic, chi-squared: 7.752, P = 0.458.

CI, Confidence interval; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity

https://doi.org/10.1371/journal.pone.0209347.1003

surgeries (e.g., intraoperative conversion from laparoscopic to laparotomy or combined resec-
tion of multi-organs) were excluded from this analysis. Lastly, only 898 of 6160 patients under-
went preoperative spirometry tests for laparoscopic abdominal surgery in this study, because
our center has been performing preoperative spirometry only for elderly patients (aged over
60 years), current smokers, and patients with a history of chronic pulmonary disease, who are
relatively more vulnerable to PPCs. Thus, our results may not be generalizable to all patients.
However, this study is valuable in that it shows that lower preoperative FVC could be a useful
predictor of PPCs after laparoscopic abdominal surgery in patients with a high risk of these
complications preoperatively. In this perspective, our findings suggest that more careful peri-
operative management is needed in this population with lower preoperative FVC.

In conclusion, we found that lower preoperative spirometry FVC might predict develop-
ment of PPCs in patients undergoing laparoscopic abdominal surgery who are at a high risk of
these complications. However, preoperative FEV1 and FEV1/FVC were not associated with
the occurrence of PPCs after laparoscopic abdominal surgery for cancer treatment.

Supporting information

S1 Fig. Spline estimates for probability in occurrence of postoperative pulmonary compli-
cations, according to preoperative FEV, (%). FEV1, forced expiratory volume in 1 second.
(TIF)
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S2 Fig. Spline estimates for probability in occurrence of postoperative pulmonary compli-
cations, according to preoperative FVC (%). FVC, forced vital capacity.
(TIF)

S3 Fig. Spline estimates for probability in occurrence of postoperative pulmonary compli-
cations, according to preoperative FEV,/FVC (%). FEV, forced expiratory volume in 1 sec-
ond; FVC, forced vital capacity.

(TIF)

S1 Table. Postoperative pulmonary complications.
(DOCX)
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