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Background. Hospital readmissions are viewed as a
mark of inferior health care quality and are penalized.
Unplanned postoperative readmission reason and timing
after lung resection are not well understood. We examine
related, unplanned readmissions after thoracoscopic
versus open anatomic lung resections to identify oppor-
tunities to improve patient care.

Methods. We analyzed the American College of
Surgeons National Surgical Quality Improvement Pro-
gram (ACS NSQIP) data set, 2012 to 2015, characterizing
30-day related, unplanned postoperative readmissions
after anatomic lung resections for primary lung cancer.
Risk-adjusted comparison of readmission after thoraco-
scopic and open resection was performed using pro-
pensity matching.

Results. Patients (n [ 9,510) underwent anatomic lung
resections; 4,935 (51.9%)were thoracoscopic resections and
4,575 (48.1%) were open resections. Of the thoracoscopic
patients, 10.9% experienced one or more complications,
versus 19.4% of patients with open resection (p < 0.0001).
Of the thoracoscopic patients 5.5% experienced related,
unplanned readmissions versus 7.2% of the patients with
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open resection (p < 0.001). 24.8% of complications after
thoracoscopic approach occurred after discharge, versus
15.5% after open approach (p < 0.0001). Timing of
unplanned readmission was similar for both groups. The
propensity-matched odds ratio of risk of readmission after
thoracoscopic versus open resection was 1.16 (95%
confidence interval, 0.949 to 1.411, p [ 0.15).
Conclusions. Open anatomic lung resections for pri-

mary lung cancer had nearly twice the complication rate
but only a slightly higher readmission rate than thoraco-
scopic resection. More complications occurred after
discharge after thoracoscopic than open resections. Most
readmissions occurred within 2 weeks after both thoraco-
scopic and open resections. Risk-adjusted comparison
identified no statistically significant difference in risk of
related, unplanned readmission after thoracoscopic versus
open resections. Future studies should focus on identifi-
cation of processes of care to decrease complications and
unplanned readmissions after lung cancer resection.

(Ann Thorac Surg 2017;104:1782–90)
� 2017 by The Society of Thoracic Surgeons
eadmission after thoracic operation ranges between
R11% and 24% and is associated with postoperative
complications [1, 2]. High readmission rates are
associated with inferior health care, a problem recognized
by health care providers, policy makers, and patients, and
are penalized under the Affordable Care Act [3–5].
The Supplemental Tables and Figures can be viewed in
the online version of this article [https://doi.org/
10.1016/j.athoracsur.2017.08.047] on http://www.annals
thoracicsurgery.org.
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Abbreviations and Acronyms

ACS NSQIP PUF = American College of Surgeons
National Surgical Quality
Improvement Program
Participant Use File

CI = confidence interval
CPT = Current Procedural

Terminology
ICD-9-CM = International Classification of

Diseases Ninth Revision
Clinical Modification

LOS = length of stay
OR = odds ratio
SSI = surgical site infection
UTI = urinary tract infection
VTE = venous thromboembolism
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Both open and minimally invasive lung resection
operations for primary lung cancer are commonly per-
formed. Video-assisted thoracoscopic surgery typically
results in shorter hospital stays and is associated with
fewer postoperative complications [6]. Whether compli-
cations after discharge are related to increased read-
missions is especially poignant because attention has
turned to shortened length of stay (LOS) [7, 8].

Identifying patients at the greatest risk of postoperative
complications that result in readmission could direct re-
sources to reduce this. To understand this, we examined
related, unplanned readmission after thoracoscopic
versus open resection for lung cancer. Factors examined
include operation type, postoperative complications,
LOS, and timing of readmission after operation.
Patients and Methods

We identified patients aged 18 years and older who un-
derwent anatomic lung resections for primary lung cancer
in the American College of Surgeons National Surgical
Quality Improvement Program Participant Use File (ACS
NSQIP PUF), 2012 to 2015. The ACS NSQIP PUF collects
preoperative patient variables, operative data, and 30-day
postoperative outcomes for a sample of patients undergo-
ing operation, including patient demographic character-
istics, preoperative comorbidities, operative data, 30-day
postoperative complications, and LOS. Patients undergo-
ing anatomic lung resection were identified using Current
Procedural Terminology (CPT) codes and International
Classification of Disease (ICD) codes, and subsequently
were divided into thoracoscopic and open groups accord-
ing to operation type. Patients were excluded if they died
during index admission. The indications for operation are
provided in Supplemental Table 1.

Related, unplanned readmission was defined by the
ACS NSQIP PUF as readmission related to the index
operation, occurring within 30 days of operation without
documented plans for readmission. Related, unplanned
readmission reasons were classified into groups using the
ACS NSQIP-reported postoperative complications and
ICD Ninth Revision Clinical Modification (9-CM) or ICD
Tenth Revision Clinical Modification (10-CM) diagnosis
code, followed by free text. The 18 reported ACS NSQIP
perioperative complications were grouped into the
following eight categories based on our prior research: (1)
pulmonary (prolonged intubation >48 hours, unplanned
intubation, pneumonia, and septic shock), (2) infectious
(sepsis, deep incisional surgical site infection [SSI], organ/
space SSI, superficial SSI, and wound disruption), (3)
urinary tract infection (UTI), (4) cardiac (myocardial
infarction, cardiac arrest that required cardiopulmonary
resuscitation), (5) transfusion (bleeding that required
packed red cell transfusion), (6) renal (acute renal failure
that required dialysis or hemofiltration, and progressive
renal insufficiency), (7) venous thromboembolism (VTE)
(deep venous thrombosis/thrombophlebitis that required
treatment, and pulmonary embolism), and (8) neurologic
(stroke/cerebrovascular accident with neurologic deficit)
[9]. Additional complication categories were (9) gastro-
intestinal, (10) pain, (11) metabolic, (12) malignancy, (13)
other, and (14) unknown. Pleural effusion, pneumothorax,
subcutaneous emphysema, postoperative air leak,
dyspnea, and respiratory failure were also characterized
as pulmonary complicaitons (Supplemental Table 2).
Fisher exact test was used for categorical variables. The t
test or Wilcoxon rank-sum test was used for continuous
variables. The association between readmission reason
and CPT grouping was tested with c2. Time between
discharge and related, unplanned readmission was
described using histograms.
Propensity matching was used to compare related,

unplanned readmissions after thoracoscopic versus open
resection. A propensity score for each patient was
calculated using a multivariable logistic regression model
in which the dependent variable was treatment group
(thoracoscopic and open resection) and the independent
variables were those that occurred before discharge,
including patient preoperative and operative factors,
LOS, discharge destination, wound class, and occurrence
of in-hospital complications. For the propensity model
the b-coefficients were combined with the patient’s
values for each covariate to generate model-specific
propensity scores for each patient. Patient-level pro-
pensity scores were used to match thoracoscopic patients
1:1 to open patients to produce the propensity-matched
cohort using the greedy matching method. The quality
of the matching process was assessed by comparing the
standardized differences between treatment groups for
the covariates before and after matching [10]. Absolute
standardized differences 0.1 or less indicate groups are
well balanced for that characteristic. Generalized esti-
mating equation models were used to test our hypothesis
of no difference in risk-adjusted readmission rates be-
tween thoracoscopic and open resections for the
propensity-matched cohort to account for correlation
within each matched pair. As a sensitivity analysis, we
performed multivariable logistic regression analysis on
the full cohort of patients to test our hypotheses about the
association between thoracoscopic and open anatomic
lung resections and related, unplanned readmission.
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Significance was set at a two-sided p value less than 0.05
for propensity analysis and multivariable logistic
regression analysis.

Comparison of LOS after index lung resection,
frequency of occurrence, and identification of complica-
tions after discharge (postdischarge morbidity) and
related, unplanned readmission between the two cohorts
was also performed. SAS software version 9.4 (SAS Inc,
Cary, NC) was used for analyses. Our institutional review
board determined this study exempt from review.

Results

Anatomic lung resection was identified in 9,758 patients
in the ACS NSQIP PUF, 2012 to 2015. One hundred
twenty-five patients (1.3%) died in the hospital, and 9,633
patients (98.7%) were discharged alive from the hospital.
One hundred twenty-three patients (1.3%) patients were
excluded because of missing key data (readmission sta-
tus, complication timing, comorbidities), resulting in an
analytic cohort of 9,510 patients (97.5%). Of these 4,935
patients (51.9%) underwent thoracoscopic anatomic lung
resection (4,348 lobectomies, 552 segmentectomies, 35
pneumonectomies) and 4,575 patients (48.1%) underwent
open anatomic lung resection (3,618 lobectomies, 386
pneumonectomies, 296 bilobectomies, 275 segmentec-
tomies) (Table 1).

Demographic and preoperative characteristics of the
patient cohort compared by thoracoscopic versus open
resection are reported in Supplemental Table 3. In gen-
eral, the patients who underwent thoracoscopic resection
were more frequently women, slightly older, but also
slightly healthier than patients who underwent open
anatomic lung resection. The total complication rate after
thoracoscopic resection was 540 (10.9%) compared with
886 (19.4%) after open resection (p < 0.0001). Pulmonary,
transfusion, and infectious complications were the most
prevalent, occurring in 289 (5.9%), 165 (3.3%), and 106
(2.2%) of thoracoscopic patients, respectively, and 430
(9.4%), 412 (9.0%), and 130 (2.8%) of open anatomic lung
resection patients, respectively.

Of the total cohort of patients, 603 (6.3%) experienced a
related, unplanned readmission. Of the 4,935 thoraco-
scopic patients, 273 (5.5%) experienced a related,
Table 1. Sample Size by Anatomic Lung Resection Type
(n ¼ 9,510)

CPT Code Description No. %

Thoracoscopic (total) 4,935 51.9
32663 Thoracoscopic lobectomy 4,348 45.7
32669 Thoracoscopic segmentectomy 552 5.8
32671 Thoracoscopic pneumonectomy 32 0.4

Open (total) 4,575 48.1
32480 Lobectomy 3,618 38.0
32440 Pneumonectomy 386 4.1
32482 Bilobectomy 296 3.1
32484 Segmentectomy 275 2.9

CPT ¼ Current Procedural Terminology.
unplanned readmission, compared with 330 (7.2%) of
4,575 open resection patients (p < 0.001) (Supplemental
Table 3). ICD-9-CM provided readmission reasons for 400
patients (66.3%), ICD-10-CM for 2 patients (0.3%), and
recorded reasons for 201 patients (33.3%) (Supplemental
Table 2).
Of the 4,935 thoracoscopic patients, 540 (10.9%) expe-

rienced one or more postoperative complication. Of these
540 complications, 390 (72.2%) were identified during
index admission, 131 (24.3%) after discharge, and 19
(3.5%) both during and after index admission. Of the 111
thoracoscopic patients who experienced a complication
and were readmitted, complications were identified in 18
(16.2%) during index admission, in 84 (75.7%) after
discharge, and in 9 (8.1%) both during and after index
admission. Of the 4,575 open resection patients, 886
(19.4%) had one or more postoperative complications. Of
these 886 complications, 696 (78.6%) were identified
during index admission, 138 (15.6%) after discharge, and
52 (5.9%) both during and after index admission. Of the
164 open resection patients who experienced a compli-
cation and were readmitted, complications were identi-
fied in 32 (19.5%) during index admission, in 105 (64.0%)
after discharge, and in 27 (16.5%) both during and after
index admission (Table 2).
When reason for related, unplanned readmission was

known, pulmonary complications accounted for 152
(55.7%) of thoracoscopic versus 171 (51.8%) of open pa-
tient readmissions. Pneumothorax was the single most
common cause of unplanned readmission after thoraco-
scopic resection (59, 21.6%), occurring more than after
open resection (47, 14.2%). Pneumonia, the leading cause
of readmission after open resection (65, 19.7%), only
occurred in 44 (16.1%) thoracoscopic patients who
required readmission. Infectious complications
(excluding pneumonia) were more commonly associated
with readmission after open resection (59, 17.9%) than
after thoracoscopic resection (30, 11.0%). VTE was more
commonly associated with unplanned readmission after
open resection (19, 5.8%) than after thoracoscopic resec-
tion (14, 5.1%). Cardiac complications were more
commonly associated with readmission after thoraco-
scopic resection (14, 5.1%) than after open resection (14,
4.2%). Pain was associated with unplanned readmission
more frequently after open resection (15, 4.5%) than after
thoracoscopic resection (7, 2.6%). Gastrointestinal com-
plications were more commonly associated with read-
mission after thoracoscopic resection (10, 3.7%) than after
open resection (11, 3.3%). A summary of these findings
are presented in Table 3. Multiple other complications
associated with related, unplanned readmission occurred
with a low frequency after both thoracoscopic and open
resections, including metabolic, transfusion, neurologic,
UTI, renal failure, malignancy, and other reasons
(Supplemental Table 4).
Postoperative complications were compared with rea-

sons for readmission for 409 patients in whom these data
were available (Table 4). For patients in both the open
and thoracoscopic resection groups, greater than 50%
concordance was demonstrated for postoperative



Table 2. Rate and Timing of Complications After Anatomic Lung Resection, Including In-Patients Who Experienced Related,
Unplanned Readmission

Complications

Complication After
Open Resection (n ¼ 886)

Complication After Thoracoscopic
Resection (n ¼ 540)

All Patients Readmitted Patients All Patients Readmitted Patients

One or more complications 886 164 540 111
Occurrence of one or more

in-hospital complications
696 (78.6) 32 (19.5) 390 (72.2) 18 (16.2)

Occurrence of one or more
postdischarge complications

138 (15.6) 105 (64.0) 131 (24.3) 84 (75.7)

Occurrence of one or more
in-hospital and postdischarge
complications

52 (5.9) 27 (16.5) 19 (3.5) 9 (8.1)

Values are n or n (%).
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neurologic, pulmonary, VTE, and infectious complica-
tions, and less than 50% concordance for all other
complications.

Within 7 days of discharge, 156 of 268 unplanned
readmissions (58%) occurred in the thoracoscopic resec-
tion group versus 176 of 327 (54%) in the open resection
group (Fig 1). Within 14 days of discharge, 216 unplanned
readmissions (81%) occurred in the thoracoscopic
resection group versus 266 (82%) in the open resection
group. Although most readmissions for pulmonary
reasons occurred within the first 2 weeks after both thor-
acoscopic and open resections (Supplemental Fig 1A),
readmissions for infectious reasons occurred less
predictably (Supplemental Fig 1B).

Comparison of the likelihood of experiencing a related,
unplanned readmission between the unmatched sample
of 4,935 thoracoscopic resection patients and 4,575 open
resection patients demonstrated an odds ratio (OR) of
0.753 (95% confidence interval [CI]): 0.638 to 0.889,
p < 0.001) (Table 5). The propensity analysis matched
3,399 thoracoscopic to 3,399 open resection patients. On
propensity matching, we found no significant difference
in the risk of related, unplanned readmission after thor-
acoscopic versus open resection (OR 0.847, 95% CI: 0.696
Table 3. Summary of Related, Unplanned Readmission Reasons A

Complication Category Total (n ¼ 603) Open

Pulmonary 323 (53.6) 171
Pneumonia 109 (18.1) 65
Pneumothorax 106 (17.6) 47
Pleural effusion 46 (7.6) 24

Infection 89 (14.8) 59
Organ/space SSI 40 (6.6) 24

Venous thromboembolic 33 (5.5) 19
Cardiac 28 (4.6) 14
Gastrointestinal 21 (3.5) 11
Pain 22 (3.6) 15

a Full data can be found in Supplemental Table 4.

Values are n (%).

SSI ¼ surgical site infection.
to 1.030, p ¼ 0.10) (Table 5). Patient and postoperative
characteristics before and after matching for open and
thoracoscopic resections are presented in Supplemental
Table 5, including the 19 preoperative independent vari-
ables that were included in the propensity analysis (age,
sex, place of origin of admission, diabetes mellitus, cur-
rent smoker status, dyspnea, functional health status
before operation, severe chronic obstructive pulmonary
disease, disseminated cancer, >10% loss of body weight,
bleeding disorder that required hospitalization, trans-
fusion of packed red blood cells, inpatient/outpatient
operation, primary surgeon specialty, American Society
of Anesthesiology physical status classification, LOS,
surgical wound class, discharge destination, and
in-hospital complication). Before matching, 7 of 19
variables had absolute standardized differences greater
than 0.1; after matching all 19 variables had absolute
standardized differences of 0.1 or less. Despite applying a
range of calipers there was no statistically significant
difference in readmissions between thoracoscopic versus
open resection patients.
The multivariable logistic regression performed for

sensitivity analysis concurred with the propensity
matching (OR 0.948, 95% CI: 0.741 to 1.212, p ¼ 0.67)
fter Anatomic Lung Resectiona

(n ¼ 330) Thoracoscopic (n ¼ 273) p Value

(51.8) 152 (55.7) 0.29
(19.7) 44 (16.1)
(14.2) 59 (21.6)
(7.3) 22 (8.1)
(17.9) 30 (11) 0.002
(7.3) 16 (5.9) 0.15
(5.8) 14 (5.1) 0.38
(4.2) 14 (5.1) 1.00
(3.3) 10 (3.7) 0.83
(4.5) 7 (2.6) 0.09



Table 4. Agreement Between Related, Unplanned Readmission Reasons and Postoperative Complications After Anatomic
Lung Resection

Postoperative
Complication

Readmission Reasons After

Open Resection Thoracoscopic Resection Any Type of Resection

Same Different Same Different Same Different Total

Pulmonary 68 (70.1)a 29 (29.9) 48 (72.7)a 18 (27.3) 116 (71.2)a 47 (28.8) 163
Infection 35 (59.3)a 24 (40.7) 23 (60.5)a 15 (39.5) 58 (59.8)a 39 (40.2) 97
Transfusion 0 (0.0) 37 (100) 0 (0.0) 13 (100) 0 (0.0) 50 (100) 50
VTE 16 (59.3)a 11 (40.7) 12 (63.2)a 7 (36.8) 28 (60.9)a 18 (39.1) 46
UTI 1 (10.0) 9 (90.0) 2 (40.0) 3 (60.0) 3 (20.0) 12 (80.0) 15
Cardiac 1 (10.0) 9 (90.0) 1 (20.0) 4 (80.0) 2 (13.3) 13 (86.7) 15
Renal 2 (25.0) 6 (75.0) 2 (40.0) 3 (60.0) 4 (30.8) 9 (69.2) 13
Neurologic 4 (80.0)a 1 (20.0) 4 (80.0)a 1 (20.0) 8 (80.0)a 2 (20.0) 10

a Concordance greater than 50%.

Values are n or n (%).

UTI ¼ urinary tract infection; VTE ¼ venous thromboembolism.
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(Table 5). An indicator variable was included for extent
of resection (segmentectomy, lobectomy/bilobectomy, or
pneumonectomy). Regardless of thoracoscopic or open
approach, patients who underwent pneumonectomy were
Fig 1. Time to related, unplanned readmission from discharge after
(A) open and (B) thoracoscopic anatomic lung resections.
more likely to be readmitted than patients who under-
went segmentectomy but not lobectomy or bilobectomy
(p ¼ 0.05). This suggests that there is a small difference in
related, unplanned readmissions between operation types
even after controlling for approach.
We evaluated if the LOS after the index lung resection

was correlated with postdischarge morbidity and with
unplanned readmissions. Shorter LOS was associated
with both increased frequency of postdischarge morbidity
(Fig 2A) and related, unplanned readmission (Fig 2B) after
both thoracoscopic and open anatomic lung resection for
lung cancer.
Comment

Limited data exist on readmissions after anatomic lung
resection. Prior review of the ACS NSQIP database
revealed an overall 30-day readmission rate for thoracic
operations of 11.1% [11]. Although prior studies have
outlined postoperative characteristics, including read-
mission, after open and thoracoscopic resections, they
have not examined related, unplanned readmissions
specifically [12]. Our study represents the largest multiple
institutional analysis of related, unplanned readmissions
after thoracoscopic versus open anatomic lung resection
Table 5. Comparison of Related, Unplanned Readmission
Between Thoracoscopic and Open Anatomic Lung Resection

Analysis
OR (95% CI) of
Readmission

p
Value

Unadjusteda 0.753 (0.638–0.889) <0.001
Propensity matchedb 0.847 (0.696–1.030) 0.10
Multivariable adjusteda 0.948 (0.741–1.212) 0.67

a Unmatched sample size: VATS ¼ 4,935, Open ¼ 4,575. b Matched
sample size: VATS ¼ 3,399, Open ¼ 3,399.

CI ¼ confidence interval; OR ¼ odds ratio; VATS ¼ video-
assisted thoracoscopic surgery.



Fig 2. The frequency of (A) postdischarge morbidity and (B) related, unplanned readmission by length of stay.
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for primary lung cancer. After propensity-matching risk
adjustment, we found no statistically significant differ-
ence in odds of related, unplanned readmission between
the two surgical approaches. We also report notable
findings about complications and readmission after lung
cancer resection.

Complications occur almost twice as frequently after
open versus thoracoscopic resection with more compli-
cations occurring after discharge after thoracoscopic than
open resection, consistent with prior studies [13]. A lower
proportion of patients with complications after open
resection than thoracoscopic resection required read-
mission. This suggests that more complications are
identified and managed during the longer LOS associated
with open anatomic lung resection, leading to fewer
complications that present after discharge and require
readmission for management.

Most complications occurred as an inpatient for all pa-
tients undergoing resection for lung cancer. However, in
the subset of patients who experienced readmission most
complications occurred after discharge. Related, un-
planned readmission occurred considerably more
frequently after open resection than after thoracoscopic
resection. Pneumothorax was the leading cause of un-
planned readmission after thoracoscopic resection, and
pneumonia was the leading cause of readmission after
open resection, similar to findings of Freeman and col-
leagues [5]. Postoperative, postdischarge complications,
specifically pulmonary and infectious complications, drive
unplanned readmissions after anatomic lung resection, in
agreement with earlier studies [14]. Occurrence of VTE,
pulmonary, infectious, and neurologic complications after
operation correlated with unplanned readmission for the
same reason. Thus, occurrence of these complications are
predictors of unplanned readmission for these same
complications and should raise awareness in practitioners.

We found that shorter LOS is associated with both
increased frequency of postdischarge complications and
related, unplanned readmission. After both thoracoscopic
and open resections, most patients who experienced an
unplanned readmission did so within the first week of
discharge. Median LOS after thoracoscopic resection was
substantially shorter than LOS after open resection, and a
greater percentage of patients readmitted after thoraco-
scopic resection than open resection were done so during
the first week. We conclude that shorter LOS, particularly
after thoracoscopic resection, drives increased read-
missions sooner after operation.
Patients who underwent thoracoscopic resection had a

lower overall complication rate, shorter LOS, lower rate
of unplanned reoperation, and were more likely to be
discharged home, versus patients undergoing open
resection. These differences in postoperative outcomes
between open and thoracoscopic resections are likely a
surrogate for differences in the patients who are selected
for thoracoscopic versus open resection as identified in
prior studies using different data sources [12]. After risk
adjustment, there was no difference in the risk of un-
planned readmission after thoracoscopic versus open
resection, consistent with the findings of Assi and col-
leagues [15].
Historically, readmission rates have been determined

using administrative data [16]. The ACS NSQIP-collected
data on postoperative readmissions have been demon-
strated to be superior to claims data for such analysis
because its accuracy in identifying all-cause and
unplanned readmissions has been validated [17]. Read-
missions to any hospital, not just the index hospital, are
captured by the ACS NSQIP, therefore improving its ac-
curacy at capturing all readmissions over claims data [18].
In addition, the ACS NSQIP PUF records information on
readmission reason, distinguishing between planned and
unplanned, and related and unrelated readmissions [19].
Prior analyses have shown that readmission after lung
cancer resection is associatedwith a significantly increased
short-term mortality rate [20]. Although readmissions are
associated with postoperative morbidity, quality of care is
likely not the cause of readmission. Nonmodifiable
comorbidities are frequently associatedwith postoperative
readmission [15]. Kansagara and colleagues [21] and Joynt
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and colleagues [22] showed relationships between
discharge process and discharge resources as a cause of
readmission rather than quality of care [2]. Readmissions
are also costlier than prolonged length of index hospitali-
zation, related to admission costs, emergency department
costs, and complication severity [5].

Unlike the Centers for Medicare and Medicaid Services
definition of readmission (within 30 days of discharge)
the ACS NSQIP tracks readmissions and complications
for only 30 days after the index operation. Therefore,
complications and readmissions occurring more than 30
days after the index operation are not reported. Some
variables that may factor into operative approach and
unplanned readmission are not recorded in the ACS
NSQIP PUF, including preoperative pulmonary function,
cancer stage, administration of preoperative chemo/
radiotherapy, and geographic and socioeconomic factors.
These unrecorded factors may contribute to the differ-
ence between the open and thoracoscopic populations.
Characterization of patients undergoing planned versus
unplanned and related versus unrelated readmissions, as
reported by ACS NSQIP reviewers, was taken at face
value, without ability to verify these. Data on readmission
reason in the ACS NSQIP PUF are not as straightforward
as that on postoperative complications. Patients may be
readmitted for multiple reasons, but only one is recorded.
Our clustering of readmission reasons demonstrates that
reasons stated in charts vary widely. Developing a stan-
dardized list of readmission reasons comparable with our
data-driven clustering of postoperative complications
may ease future tracking, analysis, and intervention on
readmissions [9]. Date of follow-up appointments is not
available, preventing further confirmation of our suspi-
cion that most readmissions occur before them. Although
using The Society of Thoracic Surgeons General Thoracic
Database would overcome some of these limitations, it
would reflect the outcomes of predominantly thoracic
surgeons, not that of the mix of general, cardiothoracic,
and thoracic surgeons who perform lung operations in
the United States, as better reflected in the ACS NSQIP
PUF.

Numerous efforts to reduce postoperative complica-
tions exist [23]. However, intervention relies on accurate
and early identification of complications. Given that a
quarter of complications become clinically apparent af-
ter discharge, and these are correlated with unplanned
readmissions, efforts to identify complications that occur
as an outpatient will provide an opportunity for inter-
vention. Because most complications leading to read-
mission are pulmonary and infectious in nature and
occur within the first 2 weeks of discharge, the typical
follow-up of a clinic appointment 2 weeks after
discharge may not be adequate to capture these issues.
Instead, surveillance methods to detect and manage
postdischarge complications in conjunction with earlier
outpatient follow-up may serve to prevent unplanned
readmissions [15, 24–27]. Further, improved patient and
family education about signs and symptoms and how to
manage common postoperative issues could decrease
the rate of unplanned readmissions after lung resection.
Further analysis of readmission after lung cancer should
focus on identifying which types of complications are
associated with readmission after risk adjustment of
thoracoscopic versus open resections and how these can
be prevented or treated to minimize related, unplanned
readmissions.
In conclusion, we found that thoracoscopic anatomic

lung resection for lung cancer is associated with a higher
rate of postdischarge complications than open anatomic
lung resection, but overall open resection had an
increased rate of related, unplanned readmissions. On
risk adjustment, there was no notable difference in the
odds of related, unplanned readmission between thor-
acoscopic and open resections. Earlier discharge after
thoracoscopic versus open resection is associated with
increased related, unplanned readmissions. Most patients
are readmitted within the first week of discharge. Prior
studies have demonstrated improved identification of
postdischarge complications. Additional efforts should be
focused at reduction of and early identification of post-
discharge surgical complications to reduce readmissions.
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DISCUSSION
DR RICHARD K. FREEMAN (Indianapolis, IN): For those of you
that do not know, our presenter is actually an undergraduate
student. So I congratulate you on your presentation and your
poise today.

You and your coauthors found that the rates of complications
and readmissions were significantly higher in thoracotomy pa-
tients compared with VATS [video-assisted thoracoscopic sur-
gery] patients, but a correlation between postoperative
complications and readmissions could not be consistently
demonstrated.

I have two questions for you. The first. As you mentioned, our
group in 2013 did report a series of 4,300 lobectomies, all by
thoracotomy, looking at 90-day readmissions rate. We found a
strong correlation between length of stay and readmission rate,
with a breakpoint at 5 days. In other words, patients discharged
before the fifth postoperative day had a significantly higher rate
of readmission than patients who stayed 5 or more days after
operation. Did you find any similar correlation?

MR BHAGAT: We recently found that minimally invasive ap-
proaches had a shorter length of stay and a high rate of post-
discharge complications resulting in readmissions. We did not
perform an analysis like you suggested with length of stay, but
we do note that in your analysis, prolonged length of stay is more
cost efficient than a readmission.
DR FREEMAN: The second question is more philosophical, so
there is no wrong answer. Recent investigations have suggested
that readmission rate alone is not an optimal measure of quality
but rather a measure of resource utilization or cost. Based on
your work, do you think we should be measuring readmissions
as a quality metric? If so, what interval should we be measuring,
30, 60, or 90 days?

MR BHAGAT: You pointed out that readmissions may be more
indicative of cost and quality. There are many factors that could
be associated with readmissions, but our group believes that
postoperative complications might be a better way to charac-
terize quality of health care.
As for a specific cut off, we might think that it is better to use a

standardized definition for readmissions. Instead of, say, 30 days
arbitrarily or 90 days arbitrarily, it should be standardized.

DR MARA ANTONOFF (Houston, TX): Did you stratify the
patients at all by comorbidities, pulmonary function tests, use of
blood thinners preoperatively, or anything else of that sort?

MR BHAGAT: We did not stratify them like that. We split them
up into open and VATS. We did characterize the comorbidities of
these patients, but we did not put them into specific groups
based on that.
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DR ANTONOFF: My other question has to do with your prep-
aration of the patients for discharge. We recently looked at a
group of patients in whom we performed pulmonary resection
over a 12-month period, and we found that patients who had less
invasive operations, robotic and thoracoscopic procedures, and
also women were discharged after a shorter length of stay, and
we found that those patients when telephoned by nurses from
our thoracic center 3 to 4 days after operation frequently had
problems and needs that were unmet at that point in time; about
30% of our patients had needs that were unmet. Many of them
could be addressed in telephone counseling; many of them
required readmission or escalation to a higher level of care. And
that led us to believe that the ways that we were preparing our
patients for discharge really needed to be modified either
through increased preoperative teaching in a clinic setting or
better teaching in a perioperative setting during inpatient
admission.

Can you tell us a little bit about how your patients prepared for
discharge and what types of preoperative teaching you used to
try to minimize these types of complications and readmissions
that may occur in a postdischarge setting?

MR BHAGAT: As Dr Freeman noted, I am a student. The senior
investigator, Dr Meguid, could expand on that. But what we
were talking about is keeping patients in the hospital or area
long enough to deal with those problems. Is it more cost
effective, as Dr Freeman’s study has shown, than readmitting
patients later on.

DR MEGUID: Dr Antonoff, the study sample is from NSQIP, so
we do not have any of that preoperative information, unfortu-
nately. Our institution pools, as many institutions do, multiple
states; we treat patients from about seven states at the University
of Colorado. We found, along the lines of your study that you
presented at the Western Thoracic Surgical Association 2 years
ago, that if a patient lives more than about 4 hours away from the
hospital, it is hard for us to get them back to see us should they
have an urgent issue. So we may opt to treat those patients with a
little bit more time in the hospital. That is not necessarily as cost
effective as a discharge, but it is aimed at reducing unplanned
readmissions.
DR DANIEL L. MILLER (Marietta, GA): We have instituted a 48-
hour call, just like what you were talking about, I mean, the
sooner the better, and it kind of nips a lot of things.
Now, were they readmitted back to your institution? Because a

lot of times if they are farther away, they will go to an emergency
department, they get a chest x-ray and it is a normal post-
operative film, and they say, oh, you have pneumonia. There is
no way we can prevent that. We have to do a better job as far as
communication and so forth.

MR BHAGAT: Part of the reason that we want to keep people in
the hospital or area a bit longer is because when we send them
back several states away, there is a reason they came, because
there are probably no thoracic surgeons there. So those surgeons
and those providers may not be able to treat them in an outpa-
tient setting. So if you can keep them there, I guess the idea
would be that if you have a thoracic surgeon that did the oper-
ation at that site, then they could treat the patient better.

DR STEPHEN C. YANG (Baltimore, MD): Rohun, a great job,
and also congratulations to Rob. I mentored Rob when he was at
Hopkins and he was known for starting the academic versus
nonacademic outcomes. So I guess I am your grand mentor.
Thanks for making me feel old.
We looked at this readmission recently at our institution. We

frequently send patients home, or actually frequently send a
nursing follow-up, either they need additional nursing skill sets
or they go to a rehabilitation center, and we found that to be
actually a very strong predictor of readmissions, about 30%. Did
you find that in your data, or is that able to be tracked through
the NSQIP?

MR BHAGAT: What happened after discharge?

DR YANG: Yes.

MRBHAGAT:We did find that approximately 80% of people who
did have a complication and then were readmitted had a post-
discharge complication. So, although we did not present where
they were discharged to, we found that patients who did have a
postdischarge complication were more likely to be readmitted.
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