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Abstract

Background—Obesity is a risk factor for increased peri-operative morbidity and mortality in
surgical patients. There have been limited studies to correlate the morbidity of lung cancer
resection with obesity.

Methods—We performed a retrospective study of patients who underwent surgical resection for
lung cancer at the Medical College of Wisconsin from 2006 to 2010. Data on patient
demographics, weight, pathology findings and hospital course were abstracted after appropriate
IRB approval. Peri-operative morbidity was defined as atrial fibrillation, heart failure, respiratory
failure, pulmonary embolism or any medical complications arising within 30 days after surgery.
Fisher’s exact test was used to test the association between BMI and peri-operative morbidities.

Results—Between 2006 and 2010,320 lung resections were performed for lung cancer. Median
age was 67(IQR 59-75) years and 185(57.8%) were females.121 (37.8%) patients had a BMI<25
and 199(62.18%) patients had a BMI=25. The 30-day mortality rate was 1.8 % (n=6) in the whole
group; only 2 of these patients had a BMI = 25. Peri-operative morbidity occurred in 28(23.14%)
of normal BMI patients and in 47(23.61%) of BMI > 25 patients (p=0.54). Specific morbidities
encountered by patients with normal vs. BMI = 25 were: atrial fibrillation 11(9.09%) vs.
24(12.06%) (p=0.46), Pulmonary embolism 1(0.83%) vs. 3(1.51%) (p=1.0), congestive heart
failure 2(1.65%) vs. 2(1.01%) (p=0.63), renal failure 4(3.3%) vs.2 (1.0%)(p=0.29), respiratory
failure 12(9.92%) vs. 17(8.54%) (p=0.69) and acute respiratory distress syndrome 2(1.65%) vs.
1(0.50%) (p=0.55). Median hospital stay was 5 days in the lower BMI group and 4 days in the
BMI =25 groups (p=0.52).
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Conclusions—Overweight and normal weight patients do not differ significantly in rates of
perioperative morbidities, 30-day mortality and length of stay. Our study indicates that potential
curative surgical resections can be offered to even significantly overweight patients.
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Introduction

Methods

It is estimated that more than 65%of US residents are currently overweight or obese (1).
Obesity is associated with many medical co-morbidities including hypertension, diabetes
and coronary artery disease (2, 3). Its presence has been associated with an increased risk of
cancers including breast, colon, endometrium and kidney (4, 5). There is evidence that obese
patients may also be at increased risk of developing lung cancer regardless of smoking status

).

Obesity is considered a risk factor for poor outcome in many surgical procedures including
urologic, gynecologic, cardiac and pancreatic surgical procedures (6-8). However this issue
remains controversial, as it has not been found to be consistent with all studies, some studies
indicate that in non-cardiac surgery, obesity alone is not a risk factor for peri-operative
morbidity and mortality (8-11).

Not much is known about the effects of an elevated BMI on surgical morbidity and mortality
after the resection of lung cancers. However it is commonly and widely assumed that obese
patients are at higher risk of surgical complications than those who are not obese. Many
studies assessing the outcomes have included obesity as one variable with little comment on
its prognostic significance (12, 13). Whether or not higher BMI is associated with worse
outcomes in patients undergoing lung cancer resections has been poorly studied (14-17).To
our knowledge there have been only three published studies on the subject. In a retrospective
review of 499 patients who underwent resections for non-small cell lung cancer (NSCLC), a
higher BMI was not associated with increased incidence of perioperative complications,
mortality or length of stay (18).In contrast two retrospective studies have shown no effect on
mortality but higher incidence of intra-thoracic complications (19, 20).

In order to further describe the effects of a higher BMI in patients undergoing resection of
lung cancer we performed a retrospective study to assess the impact of obesity on
perioperative complications and mortality after resections for lung cancer.

We performed a retrospective study of patients undergoing resection for lung cancer at The
Medical College of Wisconsin. After obtaining appropriate Institutional Review Board
approval, data from patients, who underwent lung cancer resection from January 2006 to
December 2010, were abstracted. Resections of lung metastasis or benign tumors were
excluded.
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Patient demographics were collected that included age, sex, height and weight. Patient
variables and outcomes were stratified by BMI into two groups BMI<25 and the
BMI>=25.Subjects were staged according to the 2010 American Joint Committee on Cancer
staging. Outcomes measured included mortality within the 30 days of surgery, length of stay
and in-hospital complications. The in-hospital complications were defined as atrial
fibrillation, heart failure, respiratory failure, pulmonary embolism or any medical
complications arising within 30 days of surgery. Respiratory failure was defined as any
condition of respiratory distress from severe COPD, Pneumonia that requires close
monitoring including the non-invasive and invasive ventilation.

Patients were admitted on the day of surgery unless they required preoperative management
of medical comorbidities. One of three board certified thoracic surgeons performed all the
procedures. The prophylaxis for venous thromboembolism and the management of post-
operative pain was carried out as per standard guidelines. The duration of hospital stay was
calculated from the day of surgery until the patient was discharged. The duration of chest
tube was calculated from the day chest tube was placed (on the day of surgery) until the tube
was taken out which may happen even after discharge in cases of an air leak. We defined
mortality as any death occurring within 30 days after surgery.

Statistical Methods

Results

Association for BMI and hospital days was tested using the Wilcoxon Rank Sum test and
Pearson and Spearman correlation. Fisher’s exact test was used to test the dichotomous
association between BMI greater than (or equal to) 25 and the presence of perioperative
morbidities. Odds ratios are given with 95%exact confidence intervals. The log-rank test was
used to compare the overall mortality between the groups.

Multivariate logistic regression of factors predicting perioperative morbidities were
considered for all types of morbidity combined, and for specific types where there were
more than 25 events. None of these multivariate models indicate more than a single
predictive factor for any of the morbidities considered.

The analysis was performed using SAS version 9.2(The SAS Institute, Cary, NC).

Patient characteristics

Between 2006 and 2010, there were 320 lung resections for NSCLC. The patient baseline
demographics are shown in Table 1. The median age was 67(IQR 59-75) years and
consisted of 135 (44.2%) men and 185(55.7%) women. The frequencies of surgical
procedures were wedge resections in 99(32.7%), lobectomies in 207 (62.9%), and
pneumonectomies in 14 (4.3%) patients. Adenocarcinoma was the most prevalent histology
present in 138(43.9%), followed by squamous cell carcinoma in 107(31.6%),
bronchoalveolar carcinoma in 25(7.1%), large cell carcinoma in 19(5.4%) and others in
31(11.7%). The median tumor size was 2.3 cm (IQR 1.5-3.9) and was highest in the
pneumonectomy group. Out of 14 pneumonectomies, 8 were left sided and the remaining 6
right sided.
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The distribution of patients in different BMI groups is shown in a histogram in figure 2. The
majority of patients were overweight 124(38.7%) defined as BMI 25-29.9. Patient
demographics, tumor characteristics and types of surgery performed were similar in two
groups of BMI1<25 and >=25 as shown in table 1.

Morbidities from surgery

The morbidities encountered peri-operatively are shown in Table 3. A total of 62(19.3%)
peri-operative morbidities were encountered in 320 patients, with no significant difference in
the rate of overall and specific morbidities (p>0.05 in all cases) in between the two groups.
The distributions of these morbidities between the two BMI groups are shown in Table 3.

The median hospital stay in the normal BMI group was 5 days compared to 4 days (p=0.52)
in the higher BMI group. The median chest tube duration was same 3 days across both the
groups (p=0.052).

Mortality from surgery

The mortality rate in our population was 1.8% (n=6)(table=4). The causes of death were
different for all of them and only 2 of the people that died had a BMI greater than 25.The
overall survival was similar between the two groups (p=0.46)(fig.1).

Interpretation of Multivariate results(Table 5)

Any Perioperative Morbidity—FEV1 was the only significant predictor of morbidity
considered overall. For each 10 points decrease in FEV1 the odds of any sort of morbidity
increased by about 14% (95% CI 2%, 25%), p=0.0228. Although COPD was significant in
univariate analysis (p=0.0253), COPD was no longer significant in multivariate analysis
controlling for FEV1 (p=0.2001).

Air Leak—Among the factors considered, including a considerable effort to detect non-
linear effects of BMI, the only significant predictor was BM1<20 vs BMI 20+, with the BMI
20+ group having considerable lower odds of an air-leak morbidity (OR-0.26, 95% CI 0.12,
0.58, p=0.0011). This effect was not significant when considering BMI<25 vs. BMI 25+
(p=0.5035). We consider the BMI<20 vs. 20+ result to be a post-hoc test. It is reported for
completeness, but it does not relate directly to our main result about high BMI and
morbidity.

Atrial fibrillation—No significant predictors were found.

Respiratory Failure—COPD was the only significant predictor of Respiratory Failure
morbidity on univariate and multivariate analysis (OR=4.1, 95% CI 1.9,9.0, p=0.0008).

DISCUSSION

In order to further describe the surgical risks of overweight patients undergoing resections
for lung cancer we carried out a retrospective single-institution review. Our series identified
no difference between the morbidities encountered post-surgically nor in mortality between
overweight and normal patients. However, there could be small associations, which are
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present, but too weak to be detected. BMI did not have any effect on the overall and specific
peri-operative morbidities whether as a linear (continuous variable) or dichotomous variable
with 25 as the cutoff (table 5). Our analysis also divided BMI into four different groups as
per WHO classification; with no significant difference in the overall morbidities in these
groups except for the air leak which tends to occur more in the lower BMI groups (table 5).

In the logistic regression model considering any perioperative morbidity, after controlling for
FEV1 (p=0.0228), continuous BMI is not significant (p=0.3944). ROC plots show no
difference all in the model including both FEV1 and BMI, compare to FEV1 alone. There is
no indication that BMI at any cut-point would add significant predictive power.

In the logistic regression model considering Air-Leak, continuous BMI is not significant
(p=0.2731). The ROC plot for BMI maximizes the sum of Sensitivity and Specificity around
24-25 BMI, but there is no significant predictive power(fig 3).

The duration of hospital stay is determined by many factors like wound healing,
comorbidities and physical deconditioning from surgery. Our study suggests that a higher
BMI doesn’t have any effect on the duration of hospital stay, as the median length of
hospital stay was same between the two groups. The median chest tube duration was 3 days
in both the groups, however due to higher incidence of outliers in the non-obese groups the p
value approached the level of significance, this should be interpreted with caution as this
number is highly influenced by a few patients with a high value of chest tube days, and is
not adjusted for multiple comparisons. Length of stay and even the chest tube duration is
influenced by many factors including the surgeon preference, variable discharge criteria and
the varying protocols for chest tube management along with other social factors.

The outcome of our study is similar to the study by Smith and colleagues, where no
difference in overall morbidity, mortality, and length of stay was found (18). The mortality
rate in their study was 1.4%, slightly lower than our 1.8%mortality rate but both were within
the accepted standards. In the study by Smith and collaborators, the patients were divided
into two groups of BMI<30 and=30. Our study is different from that, as we divided our
patients into two groups with a cut off BMI of 25 as we decided to study the risks of
overweight population versus those who have normal BMI. Analysis of our data using the
cutoffs used by Smith and collaborators didn’t change our results. In the same study it was
shown that obese patients were at higher risk of developing renal failure, (0.3% vs. 3.9%,
p=0.001). However this was not confirmed in our series. They also showed a decreased
tendency for respiratory complications in obese patients (21.8% vs. 14.2%, p=0.06 on
bivariate analysis) due to higher DLCO and low smoking rates in obese patients. Our study
showed the opposite trend, as there was no significant difference in respiratory
complications when compared to normal BMI patients (9.94 % vs. 8.54%, p= 0.69). FEV1
was the only significant predictor of morbidity considered overall.

In contrast, another study by Petrella and colleagues showed that overweight and obese
patients that underwent pneumonectomies for lung cancer had a higher risk of respiratory
complications as compared to patients with a normal BMI (21.4 % vs. 4.9 %, p=0.005) (20).
The study however did not show any difference in cardiac complcations, 30-d mortality and
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length of stay between the two groups (20). Our study was not limited to pneumonectomies,
only 14 patients with such procedure were included part of our cohort. No differences in
outcomes between normal and overweight patients were seen in this subgroup in our series.

Our study is limited by its retrospective nature; it is possible that selection bias is
responsible for our findings. The sample size is also small in our study to detect the
meaningful differences between the two groups. We also did not take into account the other
factors that can affect the morbidity and mortality like diabetes, hypertension, and
underlying lung disease among others and were limited to COPD and CHF only. Moreover
in our series the sample size is even smaller when we use higher BMI (>35) to see if the
differences exist. We also did not look into the baseline nutritional status of our patients like
prealbumin/albumin, which might influence the overall outcome. Our study did not look the
outcomes with minimal invasive surgery and also the extent of resection. In our multivariate
analysis we took into account the three major types of surgery and found no difference in
outcomes with the types of surgery. Over 5 year period the changing approach for lung
resection would have influenced the peri-operative outcomes and our study was limited to
that aspect. Large multi-institutional and prospective studies are needed to fully elucidate the
effects of higher BMI due to several limitations of our retrospective study.

Due to the changing lifestyles both the BMI and lung cancer is on the rise. In the future
thoracic surgeons are likely to encounter more patients with higher BMI with non-small cell
lung cancer. Our study suggests that higher BMI doesn’t carry significant risk for lung
cancer surgery. However large, multi-institutional and prospective studies are needed to
support this evidence.
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Kaplan-Meier survival curve showing no significant difference in the survival between the

two groups.
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Table 1

Baseline Characteristics, Surgery type and Pathology

1duosnuey Joyiny 1duosnuen Joyiny
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BMI<25 BMI>=25 | pvalue

Characteristics
Female sex-no. (%) 72(59.50) 113(56.78) | 0.632
Male sex-no. (%) 49(40.50) 86(43.22)
Age-yrs.

Median 67 67 0.96

Range 25-88 44-85
Surgery type
Lobectomy-no. (%). 76(62.81) 131(65.83)
Wedge Resection-no. (%). 38(31.40) 61(30.65) 0.61
Pneumonectomy-no. (%). 7(5.79) 7(3.52)
Tumor size-
Median cm (range) 2.3(0.5-10) | 2.4(0.6-7) | 0.32
Pathology
Adenocarcinoma-no (%) 52(16.25) 111(34.6)
Squamous cell carcinoma-no (%) | 50(15.62) 57(17.8)
Large Cell Carcinoma-no (%). 6(1.8) 13(4.06) 0.0817
Mixed type=no (%). 10(3.1) 21(6.5)
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Table 2

Hospital duration, Chest tube duration

| BMI<25 | BMI=25 | P value

Hospital duration-median (d)

Chest tube duration-median (d)

5
3

4
3

0.52
0.052

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2016 August 16.

Page 12



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Dhakal et al.

Morbidities during perioperative period

Table 3

BMI<25 | BMI1=25 | p value

All-no. (%)

Atrial fibrillation-no. (%)

Respiratory Failure-no. (%)

Pulmonary embolism-no. (%)

CHF exacerbation-no. (%)

Acute respiratory distress syndrome-no. (%)

Renal Failure-no. (%)

30-d mortality-no (%)

28(8.75)
11(9.09)
12(9.92)
1(0.83)
2(1.65)
2(1.65)
4(3.3)
4(1.25)

47(14.6)
24(12.06)
17(8.54)
3(1.51)
2(1.01)
1(0.50)
2(1.0)
2(0.62)

0.54
0.46
0.69
1.00
0.63
0.55
0.29
0.29
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30 d mortality (causes)

BMI | Surgery types

Pulmonary Embolism/CHF
Hypotension/lschemic bowel
Renal failure

Gl bleed

Suicide

Cerebrovascular accident

275
24.8
24.8
231
19.7
25.3

Lobectomy
Lobectomy
Lobectomy
Lobectomy
Lobectomy

Wedge resection
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Univariate and Multivariate analysis of all and specific peri-operative morbidities with different predictors.

Qutcome

Any morbidities

Air leak

Atrial Fibrillation

Respiratory failure

predictors
COPD (Y v N)

CHF (Y VN)

Sex (M v F)

Surgery Procedure
BMI (linear

BMI (5 df)

BMI25 (25+ v <25)
BMI20 (20+ v <20)
FEV1 (per 1 unit FEV)
FEV1 (per 10 unit FEV)
DLCO (per 1 unit)

age (per year)

COPD (Y v N)

CHF (Y VN)

Sex (M v F)

Surgery Procedure
BMI (linear

BMI (5 df)

BMI25 (25+ v <25)
BMI20 (20+ v <20)
FEV1 (per 1 unit FEV)
DLCO (per 1 unit)

age (per year)

COPD (Y v N)

CHF (Y VN)

Sex (M v F)

Surgery Procedure
BMI (linear

BMI (5 df)

BMI25 (25+ v <25)
BMI20 (20+ v <20)
FEV1 (per 1 unit FEV)
DLCO (per 1 unit)

age (per year)

COPD (Y Vv N)

CHF (Y VN)

Sex (M v F)

Surgery Procedure

BMI (linear

OR (95% Cl)

univariate p-value

multivariate p-values

1.85 (1.09, 3.15)
0.72 (0.34, 1.55)
1.02 (0.63, 1.63)

0.98 (0.95, 1.02)

0.84 (0.52, 1.35)
0.49 (0.24, 1.00)
0.98 (0.97, 1.00)
0.86 (0.75, 0.98)
0.99 (0.98, 1.01)
1.01 (0.99, 1.03)
1.45 (0.71, 2.93)
052 (0.15, 1.77)
1.05 (0.55, 1.99)

0.97 (0.92, 1.02)

0.77 (0.40, 1.47)
0.26 (0.12, 0.58)
0.99 (0.98, 1.01)
1.00 (0.98, 1.01)
1.00 (0.97, 1.03)
1.15 (0.51, 2.57)
0.99 (0.33, 2.97)
0.98 (0.65, 1.47)

1.01 (0.96, 1.06)

1.37 (0.65, 2.91)
0.88 (0.29, 2.66)
0.99 (0.97, 1.01)
1.00 (0.98, 1.02)
1.02 (0.98, 1.05)
4.13(1.89, 9.01)
1.25 (0.41, 3.82)
1.31(0.61, 2.82)

0.98 (0.93, 1.05)

0.0253
0.4614
1.0000
0.7887
0.3095
0.5053
0.5405
0.0513
0.0228
0.0228
0.3144
0.5367
0.3382
0.4450
1.0000
0.0998
0.2731
0.0400
0.5035
0.0011
0.4876
0.5914
0.9867
0.8325
1.0000
1.0000
0.0990 (df=2)
0.6344
0.6320
0.4639
0.8181
0.2530
0.7790
0.3862
0.0008
0.7589
0.5558
0.7809
0.6122

0.2001
0.1544
0.9376

0.6734 (df=2)
0.3944

0.5687 (df=5)
05879
0.0683
0.0228
0.0228
0.9945
0.7376
0.3969
0.2800
0.9461

0.3295 (df=2)
0.2731

FkKk

already in MV model
—
0.6211
0.7174
0.9402

0.0008
0.7104
0.5659
0.7068
0.8222
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Dhakal et al.
Outcome predictors OR (95% Cl)  univariate p-value multivariate p-values
BMI (5 df) 0.8557 0.8630
BMI25 (25+ v <25) 0.85 (0.39, 1.84) 0.6917 0.8794
FEV1 (per 1unit FEV)  0.98 (0.96, 1.00) 0.1095 0.7572
DLCO (per 1 unit) 1.00 (0.98, 1.03) 0.7444 0.1751
age (per year) 1.01 (0.97, 1.05) 0.6074 0.8353

-Multivariate analysis not performed for atrial fibrillation as there are no significant predictors.

Aok kA

only in place of BMI 25.
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