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Abstract
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Background—Data surrounding risk factors for readmissions following surgical resection for
lung cancer are limited and largely focus on postoperative outcomes including complications and
hospital length of stay. The current study aims to identify preoperative risk factors for
postoperative readmission in early stage lung cancer patients.
Methods—The National Cancer Data Base was queried for all early stage lung cancer patients
with clinical stage ≤T2N0M0 who underwent lobectomy in 2010–2011. Patients with unplanned
readmission within 30 days of hospital discharge were identified. Univariate analysis was utilized
to identify pre-operative differences between readmitted and non-readmitted cohorts; multivariable
logistic regression was used to identify risk factors resulting in readmission.
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Results—A total of 840/19,711 (4.3%) patients were readmitted postoperatively. Male patients
were more likely to be readmitted vs. females (4.9 vs. 3.8%, p<0.001), as were those who received
surgery at a non-academic vs. an academic facility (4.6 vs. 3.6%; p=0.001) and had underlying
medical comorbidities (Charlson/Deyo Score 1+ vs. 0; 4.8 vs. 3.7%; p<0.001). Readmitted
patients had a longer median hospital LOS; (6 vs. 5 days; p<0.001) and were more likely to have a
minimally invasive approach (5.1% VATS vs. 3.9% open; p<0.001). In addition to these
aforementioned variables, multivariable logistic regression analysis identified that median
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household income level, insurance status (government vs. private), and geographic residence
(metro vs. urban vs. rural) had significant influence on readmission.
Conclusions—Socioeconomic factors identified significantly influence hospital readmission and
should be considered during preoperative and postoperative discharge planning for patients with
early stage lung cancer.
Keywords
Lung cancer surgery; Lobectomy; Readmissions
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Postoperative readmissions have become both an indicator of healthcare quality and a
financial variable impacting hospital reimbursement. When the Centers for Medicare and
Medicaid Services (CMS) started penalizing hospitals for “excessive” readmissions in 2012,
both hospital administrators and doctors alike started focusing on ways in which
unnecessary hospital readmissions might be preventable.1,2 As a result, recent studies have
identified risk factors for readmission following surgery. Common postulated risks for
unplanned postoperative readmission include postoperative complications,3–5 hospital length
of stay (LOS),6–8 patient race,9–11 and site of hospital care.12
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The current data surrounding risk factors for readmissions following surgical resection for
lung cancer are limited, with relatively non-generalizable results. In 2013, Freeman et al.
reported that readmission rates following lobectomy via open thoracotomy for non-small
cell lung cancer (NSCLC) are inversely associated with postoperative LOS; minimally
invasive approaches were excluded from their analysis.6 In 2014, Hu et al. concluded that
preoperative comorbidities, procedure type and socioeconomic factors all increased the risk
of postoperative readmission following surgical resection of lung cancer. The study utilized
Medicare data and was thus limited to patients ≥66 years old.13
Taking these data into account, identification of patients at high-risk for readmission is an
essential part of the pre-operative evaluation. If providers are able to recognize patients more
likely to be readmitted, it will enable them to appropriately focus limited resources available
to them. Furthermore, such data allow for appropriate risk stratification, which ultimately
impacts the way in which surgical outcomes data are interpreted and may influence
reimbursement rates. The current study utilizes a large, national, generalizable dataset and
aims to identify preoperative risk factors for postoperative readmission in early stage lung
cancer patients. We hypothesize that socioeconomic factors are part of equation that links to
risk for hospital readmission following lobectomy.
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MATERIAL AND METHODS
Data Collection and Definition of Study Variables
The National Cancer Data Base (NCDB) Participant Use File 2011, an oncology outcomes
database administered by the American Cancer Society and the American College of
Surgeons, was queried for non-small cell lung cancer (NSCLC) patients with clinical stage
≤T2N0M0 who underwent lobectomy in 2010–2011. All lung cancers were staged using the
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American Joint Committee on Cancer (AJCC) 7th Edition of Lung Cancer Staging
guidelines
The primary outcome variable of interest was unplanned readmission to the same facility
within 30 days of discharge following surgical resection for early-stage NSCLC. Patient
demographics (gender, age, race), socioeconomic variables, preexisting comorbidities, and
facility type were examined in relation to readmission status. The facility type was
determined by Commission on Cancer program accreditation level and was based on types
of services provided and case volume.14 Definitions of socioeconomic variables are shown
in Table 1.15
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Because surgical approach (video assisted thoracic surgery (VATS) vs. open thoracotomy is
decided upon prior to arrival in the operating room, it was considered a pre-operative
variable and was defined on an intention-to-treat basis (thoracoscopic cases converted to
open were classified as VATS).
Cases with unknown surgical approach, concomitant cancer diagnoses, end-of-life palliative
care, preoperative radiation, or missing primary outcome variable (readmission) were
excluded from the data set (Figure 1). Additionally, patients who died within 30 days of
surgery or whose vital status was unknown were excluded; this was done in an attempt to
exclude patients who died during their index hospitalization since they would not be at risk
for subsequent readmission. After all inclusion and exclusion criteria were met, 19,711 cases
remained available for analysis. Approval for the study was obtained from the Institutional
Review Board of Emory University.
Data Analysis and Statistical Methods
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Descriptive statistics for each variable were reported, which are presented as mean values
with standard deviations or as counts with percentages. All data are complete except where
noted within the text or footnotes of tables. The univariate association of each covariate with
readmission was assessed using the chi-square test for categorical covariates and ANOVA
for numerical covariates.
Multivariable logistic regression was then used to model readmission. All covariates were
entered into the model and backward selection with an alpha = 0.20 criteria for removal
from the model was used. All statistical tests were two-sided, with the alpha threshold of
significance set at 0.05.Statistical analysis was conducted using SAS Version 9.3 (Cary, NC)
and SAS macro developed by Biostatistics and Bioinformatics Shared Resource at Winship
Cancer Institute.16
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RESULTS
The majority of patients were female (n=10,820; 54.9%) and Caucasian (n=17,229; 88.1%),
with a mean age of 66.6 (±10.2) years. Approximately half of all patients (n=9,830; 49.9%)
had one or more co-existing medial comorbidities. Most patients lived in a metro area
(n=14,786; 80.5%) and carried a form of government insurance (n=12,497; 64.1%).
Education and income levels varied widely throughout the study cohort (Table 2).
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More than two-thirds of cases were accomplished via thoracotomy (n=13,920; 70.6%).
Approximately one third of cases were performed at an academic or research institution
(n=6,762; 34.3%). Median postoperative length of stay was 6 days, and a total of 840 (4.3%)
patients had an unplanned readmission within 30 days following lobectomy for their early
stage lung cancer (Table 3).
Male patients were more likely to be readmitted compared to female patients (4.9 vs. 3.8%,
p<0.001), as were those who received their surgery at a non-academic facility vs. an
academic one (4.6 vs. 3.6%; p=0.001). Readmitted patients also had more underlying
medical comorbidities (Charlson/Deyo Score 1+ vs. 0; 4.8 vs. 3.7%; p<0.001) and had a
longer median hospital LOS; (6 vs. 5 days). Patients who were readmitted were from a lower
income bracket and more likely to either be uninsured or carry government insurance (Table
4).
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Multivariable logistic regression analysis identified that male gender (OR 1.23; CI 1.07–
1.43), one or more pre-existing medical comorbidities (OR 1.23; CI 1.06–1.42), and median
household income level<$46,000 were all significantly associated with higher risk of
readmission (Table 5). Private insurance status (OR 0.79; CI 0.67–0.93), urban (OR 0.71; CI
0.57–0.88) or rural (OR 0.47; CI 0.26–0.84) geographic residence, and academic/research
facility type (OR 0.75; CI 0.56–1.01) all appeared to have a protective effect against
readmission. Operative approach (VATS vs. Open) remained a significant variable predicting
higher readmission rates in both univariate (5.1 vs. 3.9%, p<0.001) and multivariable
analysis (OR 1.42, 95% CI 1.2–1.65).
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Study demographics and median postoperative LOS based on operative approach and
readmission status is shown in Table 6 and Table 7, respectively. There were no significant
differences in race or comorbidity status based on operative approach. Regardless of
operative approach, readmitted patients had a longer median LOS during their index
hospitalization; however, the VATS cohort had a total length of stay that was one day shorter
than the open cohort, even if they were readmitted.

COMMENT

Author Manuscript

In 2001, a full decade before readmissions started becoming so highly scrutinized, Handy
and colleagues were the first to publish a series focused on identifying risk factors for
readmission following lung surgery.17 The authors concluded that the only significant risk
factor for readmission was the type of procedure itself (pneumonectomy), and specifically
noted that patient age, gender, diagnosis, comorbidities, LOS, or postoperative
complications were not risk factors. Twelve years later, a retrospective study of lobectomy
patients of a single healthcare system concluded that age and hospital LOS were the only
significant factors increasing the risk of postoperative readmission.6
A 2014 study using SEER-Medicare data concluded that male gender, age >75 years,
regional population density, procedure type, and comorbidities (acute MI, CHF, COPD,
diabetes, renal failure, and induction chemo-radiation therapy) all significantly increased the
risk of readmission following surgical resection of lung cancer.13 While the study included
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all procedure types (ranging from pneumonectomy to VATS wedge resection) and all stages
of lung cancer, it was the first study to highlight the potential for numerous preoperative risk
factors leading to readmission in lung cancer patients. In 2016, a study analyzing California,
Florida and New York state inpatient databases identified that male gender, government
insurance, and COPD significantly increase the risk of readmission following lobectomy.18
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The current study reveals that male gender, pre-existing medical comorbidity, median
household income level, insurance status (government vs. private), geographic residence
(metro vs. urban vs. rural), facility type (academic vs. community) all exerted significant
influence on unplanned 30-day readmissions. Of interest, we found that age and race were
not significantly associated with readmission, a result that differs from previous studies
within the literature.6,9,10,13 On the other hand, similar to previously reported series, our
results confirm that male gender, pre-existing comorbidity, lack of private insurance and
geographic area of patient residence remain important preoperative characteristics associated
with increased risk of readmission.13,18 The current series is the first within the literature to
report that lower income level and surgery at a non-academic/research facility are additional
significant preoperative factors associated with readmission.
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Socioeconomic variables have all been analyzed in a variety of other cancers, including lung
cancer, and have been shown to have significant impact on survival.19–23 As highlighted by
both our study results and those that have been previously published, socioeconomic factors
are now starting to be recognized as important preoperative indicators for increased risk of
hospital readmission.9,10,13,23 Although SES factors are non-modifiable in and of
themselves, they have been repeatedly linked with poor outcomes, including readmission.24
Reasons for this finding have included patient preference for hospitalization versus
ambulatory care and lack of access to follow-up visits.25 To improve outcomes, extensive
research has been done to identify interventions that are most effective in this and other
patient populations to reduce readmission rates.26 While many of these interventions have
not been applied specifically to thoracic surgery for lung cancer, they include targeted
strategies to reduce readmissions following vascular surgery,27,28 cardiac surgery,29,30
colorectal surgery,31 and general medicine patients.32 Future studies should investigate such
interventions in patients undergoing lobectomy for NSCLC.
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Because operative approach is an important aspect of preoperative decision-making, we
considered it an important variable within our analysis. The current data indicate that
operative approach (VATS vs. Open) remained a significant variable associated with
readmission in both univariate (5.1 vs. 3.9%, p<0.001) and multivariable analysis (OR 1.42,
95% CI 1.2–1.65). While operative approach has been associated with risk of readmission in
numerous series within the literature, it is usually the open or more invasive approach that is
the significant variable.13,17 It is well documented that minimally invasive surgeries are
associated with shorter LOS and fewer postoperative complications across nearly all surgical
sub-specialties, and as a result, it is intuitive that such operative approaches would be
associated with fewer readmissions.
In our series, the minimally invasive approach (VATS) was associated with a 40% increased
likelihood of readmission. One might postulate that patients undergoing VATS are likely to
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be older and sicker than those undergoing thoracotomy; however, our analysis shows no
such difference between the cohorts based on operative approach (Table 6). Furthermore,
patients undergoing VATS are more likely to be female, have private insurance, earn higher
income, have higher education levels, and reside in metropolitan areas than patients
undergoing open thoracotomy, and based on our analysis, all such variables should in theory
be protective against readmission. It is possible that patients undergoing VATS may be
placed on an enhanced recovery protocol with the goal of expedited hospital discharge. It
could be speculated that patients are being discharged too soon following VATS, thus
leading to increased risk of readmission. Interestingly, however, a recent retrospective study
from Madani and colleagues examined outcomes before and after the implementation of an
enhanced recovery pathway following open lobectomy and concluded that although LOS is
significantly shorter, there was no difference with regards to both complication and
readmission rate.33 There is not such data for VATS patients, and it is an area that deserves
more attention.
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Several recent series have concluded that hospital readmission following lobectomy is not
affected by surgical approach. A retrospective, single-institution analysis of 213 patients
undergoing lobectomy reports that 9% of VATS patients and 14% of thoracotomy patients
were readmitted (p=0.3).34,35A second study examining 1,847 pulmonary resection patients
from the National Surgical Quality Improvement Program (NSQIP) database also reports
that surgical approach was not associated with increased risk of readmission (HR 1.07; 95%
CI 0.75–1.52).27 Conversely, a cohort study utilizing an insurance claims database
(MarketScan) examined 9,962 lobectomies and reported a significantly lower rate of
readmission for VATS vs. open approach (10 vs. 12%, p=0.03).36 Finally, similar to our
results, a recent NCDB study comparing outcomes of minimally invasive lobectomy [both
VATS (n=7,824) and robotic (n=2,025)] also concluded that readmission was higher
following a minimally invasive approach (5% vs. 4% for open; p<0.01).37 Given the
differences these data, combined with the results from the current study, prospective studies
are needed with regards to VATS vs. open lobectomy as a risk factor for hospital
readmission.
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The current study has several limitations that deserve to be highlighted. First, it is a
retrospective analysis of a de-identified dataset, and thus there are unmeasured confounding
variables influencing the results of our analysis. Second, the NCDB only captures
readmissions to the same hospital where the surgical procedure was performed and thus
readmissions to other hospitals are not included in analysis. Third, the reason for
readmission is not available within NCDB and thus we cannot draw any conclusions as to
specifically why patients are being readmitted. Fourth, socioeconomic factors are derived
using census tract data, and while it is considered an acceptable surrogate for estimating a
patient’s income and education level, it is limited in capturing the specific socioeconomic
status of each individual patient. Prospective studies will be needed to analyze the impact of
socioeconomics upon hospital readmission following surgery for lung cancer.
Despite these weaknesses, utilizing the NCDB allows for analysis of a large generalizable
national dataset that include more contemporary data than the National Cancer Institute’s
SEER analysis.38 Specifically, the NCDB has accrued nearly 120,000 cases of primary lung
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cancer, a number which is significantly higher than SEER, and contains greater patient
diversity in terms of geography, patient age, and surgeon specialty training than Medicare
and STS databases.38,39 As a result, these data are felt to be widely applicable to surgeons in
a variety of settings, and particularly relevant in light of current healthcare reform.
CONCLUSION

Author Manuscript

In addition to clinical and procedure-related variables, the current study suggests that
socioeconomic factors need to be considered in regards to identifying patients who are at
risk for postoperative readmission following lobectomy for early stage lung cancer. Male
patients with medical comorbidities, as well as those without private insurance and who
reside in lower-income and metropolitan areas should be considered more-likely to be
readmitted within 30 days of surgery. Awareness of these risk factors is important for
preoperative planning and allocation of limited resources to help prevent hospital
readmissions in this patient population. Examples of potential interventions include
improved pre-operative patient education and more careful post-operative discharge
planning, including possible home health follow-up. Future studies should aim to develop
risk-calculators for use in the preoperative setting, with the goal of preventing unplanned
readmissions, decreasing healthcare spending, and, most importantly, improving the quality
of care for our patients.
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Figure 1.

Patient Inclusion and Exclusion Algorithm
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Definition of Socioeconomic Variables
Income

Education

Geographic Setting17

•

Derived from 2000 U.S. Census data

•

Presented is the median household income associated with the patient’s zip code

•

Derived from 2000 U.S. Census data

•

Presented based on the percentage of adults in the patient’s zip code who did not graduate
from high school

•

Area-based measure of rurality and urban influence

•

Typology published by the United States Department of Agriculture (USDA) Economic
Research Service

•

Distinguishes metropolitan counties by the population size of their metro area, and
nonmetropolitan counties by degree of urbanization and adjacency to a metro area

Author Manuscript
Author Manuscript
Author Manuscript
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Table 2

Author Manuscript

Study Cohort Demographics
Variable*

N=19,711

%

Female

10,820

54.9

66.6

±10.2

0

9,881

50.1

1

7,049

35.8

2+

2,781

14.1

Race

White

17,229

88.1

Insurance Status

Not insured

444

2.3

Private insurance

6,568

33.7

Government insurance

12,497

64.1

<$30,000

2,556

13.8

$30,000–$34,999

3,508

18.9

$35,000–$45,999

5,331

28.8

$46,000+

7,126

38.5

≥29%

3,065

16.5

20–28.9%

4,569

24.7

14–19.9%

4,718

25.5

<14%

6,168

33.3

Metro Area

14,786

80.5

Urban

3,128

17.0

Rural

452

2.5

Sex
Age, years (Mean, SD)
Charlson/Deyo Comorbidity Score

Income

Author Manuscript

Education

Geographic Setting

SD (standard deviation)

Author Manuscript

*

Data incomplete for the following variables: race(n=163), insurance status(n=202), income(n=1190), education(n=1191), and geographic
setting(n=1345)
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Table 3

Author Manuscript

Operative and Postoperative Variables
Variable*

N=19,711

%

Thoracotomy (Open)

13,920

70.6

VATS

5,791

29.4

Academic/Research Program (Includes NCI)

6,762

34.3

Comprehensive Community Cancer Program

11,454

58.1

Community Cancer Program/Other

Operative
Surgical Approach

Facility Type

1,495

7.6

Tumor Size, cm (Mean, SD)

2.83

±2.3

Surgical Margin Positive

482

2.5

Postoperative

Author Manuscript

Postoperative Length of Stay,
Days (Median)
Unplanned

6
30-day Readmission

840

4.3

*

Data incomplete for the following variables: tumor size(n=35), surgical margin(n=81), and postoperative length of stay(n=828)

VATS: Video-assisted thoracic surgery
SD: Standard Deviation
LN: Lymph node

Author Manuscript
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Table 4

Author Manuscript

Univariate Association with Unplanned Readmission
Unplanned Readmission?
Covariate

Level

No
N=18871

Yes
N=840

P-valuea

Surgical Approach, n(%)

Open

13,374(96.1)

546(3.9)

<.001

Minimally Invasive (VATS)

5497(94.9)

294(5.1)

Community Cancer Program/Other

1424(95.3)

71(4.8)

Comprehensive Community Cancer Program

10,930 (95.4)

524(4.6)

Academic/Research Program (Includes NCI)

6517(96.4)

245(3.6)

Facility Type

Male

Sex

Female
Age, years (Mean, SD)

Author Manuscript

Race: White

Income

Education

Author Manuscript
a

<.001

67.06(±9.9)

0.165

2229(96.1)

90(3.9)

0.310

Yes

16,482(95.7)

747(4.3)

424(95.5)

20(4.5)

Private Insurance

6326(96.3)

242(3.7)

Govt. Insurance

11,925(95.4)

572(4.6)

<$30,000

2436(95.3)

120(4.7)

$30,000–$34,999

3338(95.2)

170(4.9)

$35,000–$45,999

5095(95.6)

236(4.4)

$46,000+

6855(96.2)

271(3.8)

>=29%

2915(95.1)

150(4.9)

20–28.9%

4358(95.4)

211(4.6)

14–19.9%

4526(95.9)

192(4.1)

<14%

5924(96.0)

244(4.0)

14,127(95.5)

659(4.5)

3006(96.1)

122(3.9)

Urban

Charlson/Deyo Score

408(3.8)

66.56(±10.2)

Metro Area

Urban/Rural

432(4.9)

No

Not Insured

Insurance

8459(95.1)
10,412(96.2)

0.006

Rural

439(97.12)

13(2.88)

0

9516(96.31)

365(3.69)

1+

0.015

0.046

0.105

0.118

<.001

9355(95.17)

475(4.83)

Tumor Size, cm (Mean, SD)

2.83(±2.3)

2.89(±2.6)

0.466

Postoperative Length of Stay,
Days (Median)

6

5

<.001

Parametric p-value calculated by ANOVA for numerical covariates and chi-square test for categorical covariates
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Table 5

Author Manuscript

Multivariable Association with Unplanned Readmissiona
Covariate
Surgical Approach

Level

Minimally Invasive (VATS)
Open

Facility Type

Author Manuscript

Insurance

<.001

0.004

-

0.99(0.75–1.30)

0.952

Male

1.23(1.07–1.43)

0.004

0.004

0.091

0.091

0.016

-

Yes

1.23(0.97–1.57)

No

-

Not Insured

1.00(0.62–1.60)

0.991

Private Insurance

0.79(0.67–0.93)

0.004

-

<$30,000

1.51(1.18–1.92)

<.001

$30,000–$34,999

1.38(1.12–1.71)

0.003

$35,000–$45,999

1.23(1.03–1.48)

0.025

0.002

-

Rural

0.47(0.26–0.84)

0.011

Urban

0.71(0.57–0.88)

0.002

Metro Area
Charlson/Deyo Score

<.001

Comprehensive Community Cancer Program

$46,000+
Urban/Rural Residence

1.42(1.21–1.65)

0.061

Govt. Insurance
Income

Type3 Pvalue

0.75(0.56–1.01)

Female
Race: White

OR Pvalue

Academic/Research Program (Includes NCI)

Community Cancer Program/Other
Sex

Odds Ratio
(95% CI)

<.001

-

1+

1.23(1.06–1.42)

0

-

0.006

Author Manuscript

a

0.006

Number of observations in the original data set =19711. Number of observations used =17708 (cases with missing variables excluded). Backward
selection with an alpha level of removal of 0.2 was used. The following variables were removed from the model: Patient Age, Education, Year of
Diagnosis, Primary Site, and Tumor size.
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Table 6

Author Manuscript

Demographics by Operative Approach
Open
N=13,920
Variable

Female

Sex
Age, years (Mean, SD)
Charlson/Deyo Comorbidity Score

0

VATS
N=5,791

n(%)

n(%)

P-value

7,529(54.1)

3,291(56.8)

<.001

66.5(±10.2)

66.8(±10.0)

0.100

6,945(49.9)

2,936(50.7)

0.302

1+

6,975(50.1)

2,855(49.3)

Race

White

12,170(88.1)

5,059(88.2)

0.866

Insurance Status

Not insured

0.023

Author Manuscript

Income

Education

Geographic Setting

329(2.4)

115(2.0)

Private insurance

4,562(33.2)

2,006(34.9)

Government insurance

8,870(64.5)

3,627(63.1)

<$30,000

1,884(14.4)

672(12.4)

$30,000–34,999

2,574(19.6)

934(17.3)

$35,000–$45,999

3,875(29.6)

1,456(26.9)

$46,000+

4,778(36.4)

2,348(43.4)

≥29%

2,256(17.2)

809(15.0)

20–28.9%

3,394(25.9)

1,175(21.7)

14–19.9%

3,324(25.4)

1,394(25.8)

<14%

4,136(31.6)

2,032(37.6)

Metro Area

10,281(79.3)

4,505(83.5)

Urban

2,340(18.0)

788(14.6)

Rural

352(2.7)

100(1.9)

<.001

<.001

<.001

SD: standard deviation
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Table 7

Author Manuscript

Median Length of Stay by Operative Approach and Readmission Status
Operative Approach

Yes
(N=840)

No
(N=18,871)

P-value

Open

7 days
(n=536)

6 days
(n=12,742)

<0.001

VATS

6 days
(n=294)

5 days
(n=5311)

<0.001
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