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Readmission After Lobectomy for Lung Cancer:
Not All Complications Contribute Equally
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Abstract

Objective: The aim of this study was to identify independent predictors of hospital readmission
for patients undergoing lobectomy for lung cancer.

Summary Background Data: Hospital readmission after lobectomy is associated with
increased mortality. Greater than 80% of the variability associated with readmission after surgery
is at the patient level. This underscores the importance of using a data source that includes detailed
clinical information.

Methods: Using the Society of Thoracic Surgeons (STS) General Thoracic Surgery Database
(GTSD), we conducted a retrospective cohort study of patients undergoing elective lobectomy
for lung cancer. Three separate multivariable logistic regression models were generated: the first
included preoperative variables, the second added intraoperative variables, and the third added
postoperative variables. The ¢ statistic was calculated for each model.

Results: There were 39,734 patients from 277 centers. The 30-day readmission rate was

8.2% (n = 3237). In the final model, postoperative complications had the greatest effect on
readmission. Pulmonary embolus {odds ratio [OR] 12.34 [95% confidence interval (Cl),7.94—
19.18]} and empyema, [OR 11.66 (95% Cl, 7.31-18.63)] were associated with the greatest odds
of readmission, followed by pleural effusion [OR 7.52 (95% ClI, 6.01-9.41)], pneumothorax [OR
5.08 (95% Cl, 4.16-6.20)], central neurologic event [OR 3.67 (95% ClI, 2.23-6.04)], pneumonia
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[OR 3.13 (95% CI, 2.43-4.05)], and myocardial infarction [OR 3.16 (95% Cl, 1.71-5.82)]. The ¢
statistic for the final model was 0.736.

Conclusions: Complications are the main driver of readmission after lobectomy for lung cancer.
The highest risk was related to postoperative events requiring a procedure or medical therapy
necessitating inpatient care.

Keywords
Lobectomy; readmission; thoracic surgery

During the last several years, reducing hospital readmissions has been a priority of national
health policy. To reduce preventable readmissions, the Centers for Medicare and Medicaid
Services (CMS) began the Hospital Readmissions Reduction Program (HRRP) which
decreases reimbursement if a hospital has a readmission rate above the average risk-adjusted
rate.! The 30-day risk standardized readmission measure includes all-cause unplanned
readmissions that occur within 30 days of discharge from the index hospitalization; the
readmission may be to the same hospital or another acute care hospital.

Although pulmonary lobectomy is not yet included in the HRRP, hospital readmission is an
active area of research because it has been identified as a marker for hospital quality.23 In
addition, hospital readmission after lobectomy is associated with increased mortality,° with
1 study reporting a 90-day mortality rate 6 times higher among Medicare patients readmitted
within 30 days of discharge.® Therefore, readmissions have important implications for both
hospitals and patients, even though the relationship between mortality and what occurs
before or after readmission is unclear.

One of the challenges with analyzing hospital readmissions after surgery is that there are
several levels of factors that may contribute to an increased risk of readmission including
patient, surgeon, and hospital-level predictors. Most previous studies of readmission after
lobectomy have developed prediction models using primarily patient factors. However, some
have used administrative databases*® or clinical registries such as the National Cancer
Database (NCDB) that do not capture detailed perioperative data.>:’ Others have used

the American College of Surgeons National Surgical Quality Improvement Program (ACS
NSQIP) database that defines readmission as unplanned and within 30 days of surgery,
whereas CMS defines it as all-cause and within 30 days of discharge.8-10

Gani et al determined the proportion of 30-day readmission attributable to patient, surgeon,
and surgical subspecialty in a large cohort of surgical patients from a single institution

and found that >80% of the variability associated with the likelihood of readmission after
surgery is at the patient level.11 Therefore, when predicting readmission at the patient level,
it is important to use a database that includes detailed clinical information. Ideally, a unified
definition of the outcome measure, hospital readmission, according to the CMS HRRP,
permits a precise comparison among studies derived from different databases.

Using the Society of Thoracic Surgeons (STS) General Thoracic Surgery Database (GTSD),
our objective was to identify independent predictors of hospital readmission within 30 days
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of discharge for patients undergoing lobectomy for lung cancer. We sought to determine
whether preoperative, intraoperative, or postoperative factors were most predictive of
readmission. We tested our hypothesis that postoperative complications would have the
greatest effect on the risk of readmission after lobectomy.

METHODS

STS GTSD

The STS GTSD is the largest clinical thoracic surgical database in North America
comprising >506,000 general thoracic surgery procedure records and >950 participating
surgeons. Participating institutions receive data analysis reports after each semiannual data
harvest comparing their institution to the STS and Nationwide Inpatient Sample (NIS)
benchmarks. The data collection form and training manual can be found on the STS
website.12

Patient Cohort

This is a retrospective cohort study of all patients undergoing elective lobectomy for lung
cancer between January 2, 2012 and June 30, 2017 (data collection form versions 2.2

and 2.3). As noted in the consort diagram, we excluded those who died during the index
hospitalization and those that died before having a readmission as these patients were at zero
to minimal risk of readmission (Fig. 1). We also excluded those whose discharge disposition
was coded as either outpatient or observation, and patients with missing data for death,
readmission, or forced expiratory volume in 1 second (FEV). Lastly, we excluded patients
with a Zubrod score >3 or American Society of Anesthesiologists (ASA) class >111 (Fig. 1),
as our assumption is that their weakened preoperative state as defined by poor performance
score placed them at excessive risk for readmission.

Primary Outcome and Predictor Variables

The primary outcome was readmission within 30 days of discharge from the index
hospitalization for elective lobectomy for lung cancer. The association between FEV1 and
readmission was modeled using 2 linear splines: FEV, 80% and FEV; >80%. Furthermore,
the scale of the splines was set to be interpreted at 10% increments in FEV;. Steroid use
was defined as taking oral or intravenous steroids within 24 hours of surgery, excluding

a 1-time prophylactic dose. Past smokers quit before 1 month before surgery and current
smokers continued to smoke within 1 month of surgery. Reoperation was defined as any
previous cardiothoracic operation that affected the operative field of the index operation.
The administration of cephalosporin antibiotic was coded as “yes” if it was ordered, if it
was documented that it was not indicated or there was an allergy or another reason for
substitution. Renal failure was defined as either an increase in serum creatinine level 3 times
greater than baseline or =4mg/dL; acute rise was at least 0.5 mg/dL or a new requirement
for dialysis. Urinary complication was a composite predictor variable including urinary tract
infection, urinary retention requiring catheterization, and/or patient was discharged home
with urinary catheter.
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Statistical Analyses

RESULTS

Descriptive results were compared by readmission status using Wilcoxon tests and chi-
square tests for continuous and categorical variables, respectively. Multivariable logistic
regression was used to determine independent predictors of readmission. Three models
were generated: the first with preoperative variables, the second with preoperative and
intraoperative variables, and the third with preoperative, intraoperative, and postoperative
variables. The ¢ statistic was calculated for each model. The first model using only
preoperative variables included the same variables as the STS database risk models for
major morbidity and mortality after lung cancer resection.13 We used generalized estimating
equations (GEE) with an independent working correlation structure to account for the
clustering of patients within hospitals. This allows for robust variance estimates for the
estimated adjusted odds of readmission ratios for each variable of interest. Each model

fit was investigated by plotting the observed and expected values into 10 homogeneous
groups defined by deciles of expected values. Additionally, each variable was checked for
collinearity with a variance inflation factor (VIF) determined for each variable.

Missing values of postoperative complications were imputed to absence of a complication.
In the STS GTSD, “postoperative events” is a parent variable. If this variable is coded

as “no”, then none of the corresponding individual complications are coded. For our
analyses, there were 4 patients (0.01%) with missing data for “postoperative events” and we
imputed this variable and the corresponding individual complications to be “no.” In addition,
if “postoperative events” was coded as “no,” we imputed the corresponding individual
complications to be “no.” For the remainder of the variables, complete case analyses

were considered for the models as missingness was rare and unlikely to be explained

by known variables. For each variable, there were <4.0% missing data: 9 variables with
<1% missingness, 9 with 1% to 2%, and maximum missingness for FEV (3.3%). All
statistical analyses were performed using SAS v9.4 (SAS Institute, Cary, NC). This study
was exempted from review by the University of California, Davis Institutional Review
Board.

There were 46,562 patients undergoing elective lobectomy for lung cancer at 280 centers.
After exclusion criteria were applied, the final cohort consisted of 39,734 patients from 277
centers (Fig. 1). The 30-day readmission rate was 8.2%, (n = 3237). Predictor variables
included in the risk models by readmission are listed in Table 1.

The first multivariable analysis included only preoperative characteristics (Table 2). There
were several independent predictors of readmission. Interstitial fibrosis was the predictor
with the largest effect {odds ratio [OR] 1.69, [95% confidence interval (Cl), 1.31-2.19], P<
0.0001}. Steroid use [OR 1.42 (95% Cl, 1.18-1.72), P=0.0002], cerebrovascular accident
[OR 1.36 (95% CI, 1.13-1.63), £=0.001], and Zubrod score 2 or 3 [OR 1.35 (95% ClI,
1.12-1.62), P=0.001] were the next 3 independent predictors in terms of effect. The ¢
statistic for this model was 0.600.

Ann Surg. Author manuscript; available in PMC 2024 August 01.
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The second multivariable model included preoperative and intraoperative characteristics
(Table 3). Every independent preoperative predictor in the first model remained

statistically significant in the second model with added intraoperative characteristics. Again,
interstitial fibrosis had the greatest effect [OR 1.66 (95% ClI, 1.28-2.14), = 0.0001].

The intraoperative characteristics independently predictive of readmission were surgical
approach, intraoperative packed red blood cell transfusion, and the location of lobe.

Those undergoing open lobectomy had a 17% increased risk of readmission compared to
lobectomy via a minimally invasive approach. Patients undergoing middle lobectomy were
25% less likely to be readmitted and those undergoing lower lobectomy 15% more likely
than after upper lobectomy. Not associated with readmission were several operative process
measures including IV antibiotic administration within 1 hour of incision, whether the
antibiotic was a cephalosporin and deep vein thrombosis (DVT) prophylaxis. The ¢ statistic
for this model was 0.604.

The third multivariable model included the addition of postoperative to preoperative

and intraoperative characteristics (Table 4). Postoperative complications had the greatest
effect on readmission risk. Pulmonary embolus (PE) [OR 12.34 (95% ClI, 7.94-19.18),
P<0.0001] and empyema [OR 11.66 (95% CI, 7.31-18.63), A< 0.0001] were the 2
complications with the greatest impact on readmission. In descending order of effect, the
next predictors were pleural effusion requiring drainage, pneumothorax requiring chest tube,
central neurologic event, myocardial infarction (MI), and pneumonia. Of 15 preoperative
independent predictors of readmission in the first model, only 10 remained independent
predictors in the third model. And only 1 intraoperative characteristic was associated with
readmission: lower lobectomy was associated with an 18% increased risk of readmission.
The cstatistic for this model was 0.736. The VIF was <5 for each variable; the highest VIF
was 2.75.

DISCUSSION

In our cohort of patients, the readmission rate was 8.2%; corresponding to 1 in every

12 patients undergoing lobectomy for lung cancer. Our rate is similar to previous studies
wherein it ranged from 4.3% to 12.8%.4-6.910 CMS defines 30-day readmission as

an unplanned readmission for any reason to any hospital. Although the definition of
readmission is important, and the STS definition of 30-day readmission varies by including
planned or unplanned readmission to any hospital, only a small proportion, 7.7%, of
readmissions after general, vascular, and thoracic surgery are planned.® Studies using NCDB
underestimate this rate as only readmission to the hospital where the operation was done

are considered 30-day readmissions in that database.® It is estimated that up to one-third of
readmissions are to hospitals other than where the index operation was done.*8 ACS-NSQIP
includes only unplanned readmissions to any hospital, but defines readmission as 30 days
from the date of surgery rather than the date of discharge making comparisons between
studies using other data sources difficult.8-10 Our results reflect most closely a report of
readmission after lobectomy using the State Inpatient Databases (SID) Healthcare Cost and
Utilization Project (HCUP) that included all readmissions to any hospital; the rate of 30-day
readmission in that study was 11.5%.4

Ann Surg. Author manuscript; available in PMC 2024 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Brown et al.

Page 6

Our study illustrates the dominating force of postoperative events over predictors that
precede them in time, but are diminished in their effect by the time postoperative

events occur. Although preoperative and intraoperative variables matter for the general
prediction of operative risk, our findings suggest that readmission may be a consequence
of incomplete care that was originally rendered with the intent to reverse the effect of
specific complications. The order of modeling we selected for this study realistically
recapitulates the temporal sequence in which first preoperative, then intraoperative, and
finally postoperative factors impart their effect on readmission. No other order of modeling
would more appropriately describe and expose the dominance of postoperative events on
readmission as a potential measure of failure in their care.

Postoperative complications had the greatest effect on the risk of readmission, especially
complications requiring a procedure or inpatient medical treatment. Our study adds to the
existing literature by including detailed postoperative complication data in the multivariable
analysis. Pulmonary complications account for approximately 25% to 55% of readmissions
after lung resection..6.910 Bhagat et al reported that pulmonary complications accounted
for 55.7% of readmissions after VATS lobectomy and 51.8% after open lobectomy.?

In that study, pneumothorax was the most common admission diagnosis after VATS
lobectomy and pneumonia after open lobectomy.® Importantly, that study included 10
complications in the composite outcome pulmonary complication.® As the STS GTSD
focuses solely on thoracic surgery patients and includes detailed 30-day morbidity data, we
included individual complications in the multivariable analysis model, rather than composite
complication outcomes. We found that certain complications such as pulmonary embolus
and empyema had a much greater effect on the risk of readmission compared to others

such as atrial arrhythmia and prolonged air leak. Pulmonary embolus, empyema, pleural
effusion requiring drainage, and pneumothorax requiring chest tube all increased the odds
of readmission at least 5-fold. It may be possible to decrease the readmission rate for those
with pleural effusion or pneumothorax if systems allow for outpatient or 23-hour observation
status to treat the problem. The next 3 complications in order of risk of readmission were
central neurologic event, MI, and pneumonia, each increasing the odds of readmission
about 3-fold; these three are likely to require admission for medical therapy. Interestingly,
atelectasis requiring bronchoscopy was associated with a 37% decreased risk of readmission
indicating that it is important to clear mucus plugs before discharge. Bronchopleural fistula
and unexpected admission to an intensive care unit were not predictive of readmission

and this may be because they are associated with other complications, for example,
bronchopleural fistula and empyema.

The accuracy of models for risk prediction can be evaluated to determine how well they
discriminate between those who experience the outcome and those who do not; the ¢ statistic
is a measure of discrimination.14 The ¢ statistic ranges from 0.5, for which the model
discriminates no better than a coin flip, to 1.0 where the scores for all of those with the
outcome are greater than those without.1* Our multivariable model including predictors from
all 3 phases of care had a ¢ statistic of 0.736 which is higher than all others ranging from

0.6 to 0.7 for similar cohorts.>6:8 Our model has precedent as the preoperative factors have
been used in the STS GTSD risk model for predictors of mortality and major morbidity

for lung cancer resection.13:15 Glance et al demonstrated that by predicting postoperative

Ann Surg. Author manuscript; available in PMC 2024 August 01.
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complications, the risk of readmission can be forecasted.1® Therefore, we used preoperative
factors known to increase the risk of complications in patients undergoing lung cancer
resection. Moreover, our model performed well because despite complications being the
main driver of readmissions, there were several preoperative factors that retained their
significance in the final model. Pulmonary specific variables such as FEV; and interstitial
fibrosis were important in this cohort of lobectomy patients. In addition, and similar to other
studies, 816 well established metrics such as Zubrod score (performance status) and ASA
class (physical status) performed well in the final model. Not surprising, those undergoing
lower lobectomy were at increased risk compared to those undergoing upper lobectomy.
The lower lobes are typically larger, particularly in comparison to a right upper lobe

and receive more perfusion than ventilation thereby contributing more to gas exchange.
Moreover, COPD tends to be heterogeneous, affecting the upper lobes more than the

lower lobes and therefore patients undergoing lower lobectomy typically lose the largest
proportion of functional lung. Undergoing middle lobectomy was protective compared to
upper lobectomy;, likely because this lobe is the smallest and accounts for approximately
5% of lung function. None of the intraoperative process measures were independently
predictive of readmission in the final model. DVT prophylaxis, another process measure,
was not significant. This is likely because it is the outcome, DVT or PE, rather than the
process measure DVT prophylaxis, that is more important in terms of risk of readmission.
Surgical approach, VATS, and thoracotomy are commonly compared in the thoracic surgery
literature. We and others#910.17 have shown that surgical approach is not predictive of
readmission after lung resection.

Our study has several limitations. Data on the timing of both complications and readmission
are not available in the STS GTSD database. Both are important to better characterize
hospital readmissions so that interventions to effectively prevent them can be implemented.
A strength of the ACS NSQIP database is that this information is available. Glance et al1®
reported that the 30-day readmission rate after noncardiac surgery was 78.3% for patients
with a complication identified either in-hospital or post-discharge, compared to 12.3% for
those with an in-hospital complication. A large study of VA patients also showed that
patients with post-discharge complications had the highest odds of readmission.18 Bhagat
et al® showed that for patients undergoing lung resection, most complications occurred as
an inpatient. However, for the patients who had a hospital readmission, most complications
occurred after discharge.? It is this subset of patients that warrants further study as they
account for a large proportion of readmissions after lung resection.

Although the STS GTSD includes detailed data on comorbidities, intraoperative factors
and 30-day outcomes, socioeconomic factors are lacking. In an NCDB study of patients
undergoing lobectomy for lung cancer, lower median household income, metropolitan (vs
urban or rural) residence and lack of private insurance were associated with readmission.’
However, this study did not have detailed data on comorbidities or complications and it is
unclear whether these socioeconomic factors would continue to be significant in a more
comprehensive model. 1deally, a complete model would include these factors as well as
the ones we have included. We included insurance status and Medicaid was a significant
predictor of readmission in the first 2 models but lost significance in the final model.
Beyond insurance status, the STS GTSD does not collect data on income nor education

Ann Surg. Author manuscript; available in PMC 2024 August 01.
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level. Moreover, most data sources do not include information on social support or caregiver
availability among other social determinants that are important at the time of discharge and
may contribute not only to readmission but increased health care utilization post-discharge
after major surgery. Furthermore, emerging data in general surgery cohorts indicate that
preoperative opioid use and postoperative pain trajectories predict readmission.19-21 Patients
undergoing lung resection experience some of the most intense postoperative pain.22:23
Accordingly, there is a need to study the effect of preoperative chronic pain syndromes

and opioid use as well as postoperative pain control practices to determine their effect on
readmission after thoracic surgery.

Previous work included length of stay (LOS) in readmission analyses and reported that

the odds of readmission are 3.5 times greater if there was a prolonged LOS.8 We did not
include LOS in our model for 2 conceptual reasons. First, prolonged LOS is a surrogate

for postoperative complications and the driver of readmission is the complication, not the
LOS. Second, there are a variety of factors affecting LOS that are not associated with the
patient’s clinical course including social determinants as well as health care factors such as
surgeon preferences and hospital discharge planning. On the other end of the spectrum, early
discharge after lung cancer surgery does not increase readmissions.24

Strategies to reduce readmissions after lobectomy will be most effective if they target
patients at greatest risk. Using the independent predictors of readmission we have identified,
surgeons performing lobectomy may be better able to determine which patients are

most likely to be readmitted. This is advantageous because interventions can prevent
readmissions.2> In a meta-analysis of 42 clinical trials, the interventions that were most
effective were those that increased patient capacity for self-care and those that were
complex, including at least 5 unique components.?> There are few studies of interventions to
address thoracic surgery patients’ needs around the time of discharge. One study contacted
all patients undergoing lung resection via telephone after discharge and found that one-third
had problems requiring counseling via telephone, whereas 12% required escalation of
care.28 For those who required escalation of care, most problems were resolved via clinic
appointment or additional telephone counseling and only 6.5% were referred to the ED.26
An integrated comprehensive care program consisting of an in-depth needs assessment of
each patient undergoing major thoracic surgery and then meeting those needs as the patient
transitions to home showed a trend toward fewer ED visits and readmissions.2” In 2 thoracic
surgery studies, readmission most often occurred within 2 weeks of discharge; therefore,
short-term follow-up, especially in those who had a complication, may reduce the risk of
readmission.%10

In conclusion, postoperative factors, specifically, complications are the main driver of
readmission within 30 days of discharge after lobectomy for lung cancer. Among all
complications, those requiring a procedure or medical therapy necessitating inpatient care
are associated with the highest risk of readmission. Our findings may guide surgeons
performing lobectomy in identifying patients at high risk of readmission. Further work

is needed to explore other factors that may be associated with readmission such as
sociodemographic and pain status. Once all relevant factors have been considered,
interventions aimed toward reducing readmissions in high-risk patients need to be tested.
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Elective Lobectomy for Lung Cancer

n=46,562
Death during index hospitalization l
n=400
n=46,162
Death prior to readmission l
n=110
n=46,052
Disposition status outpatient, observation
or expired in the OR
n=23
n=46,029
Missing data for death or readmission l
n=2,464
n=43,565
Missing data for FEV, % predicted l
n=153
n=43,412
ASAclass IV, V or VI l
n=3,640
n=39,772
Zubrod score Bedridden or Moribund
n=38
n=39,734

FIGURE 1.
Patient cohort.
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