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Early discharge after lung resection is safe: 10-year experience
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Background: The average hospitalization after lung resection is 6 days, but some patients are discharged
early in the post-operative period. The patient factors associated with early discharge (ED) and the safety of
this approach are unknown. We hypothesized that specific patient populations are associated with ED, and
that complications in this practice are low.

Methods: A prospective database of lung resections performed at an academic medical center between
Jan 1, 2007 and Jan 1, 2017 was queried. Demographic and outcome variables were assessed using standard
techniques. ED was defined as the length of stay (LOS) for the quintile with the lowest LOS for patients
with anatomic resection (AR) or patients with wedge resection (WR). We then compared clinical factors
between patients with ED to those patients discharged by day 7, to determine factors associated with ED
(relative to “average” discharge).

Results: During the study period, there were 922 AR and 1,150 WR performed. A total of 448 (39.0%)
patients had WRED and 211 patients (22.9%) had ARED. The rate of WRED varied by surgeon, but
ARED did not. ARED and WRED patients was associated with several factors, including younger age,
better lung function, and were less likely to have elevated American Society of Anesthesiologist (ASA)
class. Multivariable analysis suggested that patient factors and primary surgeon influence ED. WRED was
associated with 30-day mortality of 0.22% vs. 1.14% for longer LOS (P=0.08). After AR, there were no
post-operative deaths within 30 days among 211 patients discharged on postoperative day 1 or 2 [(vs. 2/541,
0.4%, P=0.376) with longer LOS, P=0.048].

Conclusions: ED after lung resection is multifactorial but is safe among selected patients. Age, lung
function, procedure duration, and surgeon all influence ED. Complications after ED were rare. Individual
surgeon comfort with ED likely impacts LOS, and education or enhanced recovery protocols may help
overcome this barrier. Standardized pathways would likely help identify low-risk patients for expeditious

discharge.
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Introduction

Minimally invasive techniques in anatomic lung resection
have been associated with reduced post-operative
complications and shorter length of hospitalization
(1,2). Although the average length of stay (LOS) after
thoracoscopic lung resection is 6 days, a subset of patients
is likely eligible for accelerated discharge (3,4). Accelerated
care pathways in thoracic surgery have been proposed to
facilitate early discharge (ED) after thoracic surgery (5,6).
Some of these protocols have proposed discontinuing the
chest tube on post-operative day (POD) 2 or 3 as a method
to reduce hospitalization (7). Other studies have advocated
for discharge on the first POD after lung resection, but the
safety of this approach is unknown (8,9). Despite anecdotal
support for ED, this approach has not been studied.

Fewer than 1% patients of patients with anatomic
lung resection are discharged on POD 1 (10), but small
studies suggest that discharge on the first POD can be
safely performed (8,9). We believe that ED should be the
appropriate goal in selected patient populations, as a short
period of post-operative monitoring of respiratory status
will identify patients who will have complications.

We hypothesized that ED is associated with specific
patient populations. Although no formal enhanced recovery
pathway was used during the study period, many patients
were discharged early in the postoperative period. We
performed a retrospective review of our institutional
thoracic surgery database to examine factors associated with
discharge as well as outcomes of patients who have been
discharged in an expedited fashion after lung resection.

Methods

All patients undergoing lung resection between January 1,
2007 and January 1, 2017 at an academic medical center
were identified via a prospectively maintained database.
Exclusion criteria included patients with pneumonectomy
or patients with LOS greater than 7 days. To ensure that
patients with severe complications were not included in our
comparisons, we excluded patients with post-operative LOS
(POLOS) greater than 7 days, thereby comparing patients
with ED to patients with “average” POLOS. Clinical
data were extracted from the institution’s database and
retrospective review from the electronic medical record.
This study was approved by the institution’s Institutional
Review Board (IRB Number: CC439). Study data were
collected and managed using REDCap electronic data
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capture tools hosted at University Hospitals Cleveland
Medical Center (11). All data were analyzed using STATA/
SE, Version 13.0 (Stata Corp, College Station, TX).

Variables extracted from the clinical database included
demographics, preoperative comorbidities, procedure
characteristics, and postoperative complications.
Preoperative characteristics extracted included age,
body mass index (BMI), and hypertension, coronary
artery disease (CAD), prior chemotherapy or radiation,
chronic obstructive pulmonary disease (COPD), diabetes,
congestive heart failure (CHF), Zubrod class, and American
Society of Anesthesiologists (ASA) class. Procedures were
characterized as wedge resection (WR), segmentectomy,
lobectomy, bi-lobectomy, or pneumonectomy. Anatomic
lung resection included segmental resection, lobectomy,
bi-lobectomy, or pneumonectomy, but not WR. Patients
who received multiple procedures on the same side were
characterized by the largest extent of resection. Surgery
technique was classified as video-assisted thoracoscopic
surgery (VATS), VATS converted to open, robotic, robotic
converted to VAT, robotic converted to open, and open
(thoracotomy). Full explanations of these procedures
are available elsewhere (12,13). Complications were
extracted from the database and were verified with chart
review and represent at least 30-day follow-up for all
patients. Complications recorded included return to the
operating room, postoperative infections, arrhythmias,
respiratory issues (including reintubation and pneumonia),
postoperative transfusions, and unexpected admission to
the intensive care unit, readmission to any hospital in the
30-day post-operative period, and were categorized as
defined by the Society of Thoracic Surgeons (STS) (14).
Patients who had any recorded complication, regardless
of complication severity, were categorized as having a
complication.

The primary outcome of interest was ED. POLOS
was defined as the number of “midnights” which occurred
between the procedure and discharge and is reported as an
integer number of days. Descriptive analysis was performed
to determine distribution of LOS. To define the primary
outcome, we examined the distribution of LOS for WR and
anatomic resection (AR) patients. We expected that patients
with WR would have a shorter LOS than patients with
anatomic lung resection. We then defined ED as the LOS
for patients with the lowest quintile of POLOS for WR
(WRED) and AR (ARED).

Based on an a priori hypothesis that surgeon preferences
rather than patient factors may affect ED, we performed a
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Table 1 Description of cohort: patients who underwent lung
resection from Jan 1, 2007-Jan 1, 2017

Variables (r:/;/?ig:O) A(:zitgozn;i)c
Age (years), mean (standard error) 63.6 (0.42) 67.4(0.37)
Male, n (%) 531 (46.2) 417 (45.2)
Caucasian race, n (%) 928 (80.7) 739 (80.2)

Preoperative characteristic

BMI >35 kg/m?, n (%) 164 (14.4) 89 (9.7)

(n=1,140) (n=921)

Hypertension, n (%) 583 (52.3) 537 (58.3)

(n=1,115) (n=921)

Steroid, n (%) 74 (6.6) 20 (2.2
(n=1,115) (n=921)
CHF, n (%) 48 (4.3) 33 (3.6)
(n=1,115) (n=921)
CAD, n (%) 181 (16.2) 169 (18.3)
(n=1,115) (n=921)
PVD, n (%) 52 (4.7) 67 (7.3)
(n=1,115) (n=920)
Diabetes, n (%) 180 (15.7) 139 (15.1)
Any comorbidity, n (%) 715 (62.2) 623 (67.6)
ppFEV1, mean (standard error) 78.9 (0.91)  82.9(0.71)
ppDLCO, mean (standard error) 77.4(1.00) 77.6(0.77)
ASA class >2, n (%) 986 (85.7) 846 (91.8)
Previous cardiothoracic surgery, 205 (18.4) 162 (17.9)
n (%) (n=1,114) (n=903)
Procedure characteristic
Right laterality, n (%) 675 (58.7) 551 (59.8)
Diagnosis of lung cancer, n (%) 244 (21.2) 682 (74.0)

VATS + robotic, n (%) 1,105 (96.1) 657 (71.3)

Procedure time (hours), mean 1.27 (0.04)  3.09 (0.04)
(standard error)
POLOS (days), mean (standard error) 3.2 (0.12) 4.8 (0.15)

CHF, congestive heart failure; CAD, coronary artery disease;
PVD, peripheral vascular disease; VATS, video-assisted
thoracoscopic surgery; POLOS, post-operative length of stay;
BMI, body mass index; ppFEV1, percent predicted forced
expiratory volume in 1 second; ppDLCO, percent predicted
diffusion capacity of carbon monoxide; ASA, American Society
of Anesthesiologists.
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secondary analysis to determine the effects of surgeon on
ED. The attending surgeons of record were responsible
for clinical decisions, including operative approach and
chest tube management. In general, reoperation and/or
comorbidity were not contraindications to performing a
minimally invasive approach. Chest tubes were placed on
“water seal” in the recovery room if there was no significant
air leak or pneumothorax on initial post-operative
radiographic imaging. Chest tube were removed when there
was no evidence of air leak and drainage from the tube was
not sanguineous. There was no formal protocol regarding
an absolute volume of chest tube drainage necessary
for chest tube removal. All patients had Foley catheters
removed on POD 1 unless they demonstrated hypovolemia
or hemodynamic instability. All patients received an
intravenous “patient controlled anesthesia” device, which
was discontinued when they could tolerate oral pain
medications, typically on POD 1 or 2.

Data are presented as median and interquartile range.
Chi-square or Fisher’s Exact test, as appropriate, was utilized
to determine differences between groups for categorical
variables. Kruskal-Wallis one-way analysis of variance
was performed to determine if there were differences
between groups; pairwise comparisons between groups
were then performed when differences were identified.
Logistic regression was preformed among patients with
complete datasets to determine factors associated with ED.
Otherwise, P value less than 0.05 was considered significant.

Results

During the study period, 2,072 lung resections were
performed by seven surgeons. There were 922 AR and 1,150
WR. The characteristics of the cohort are shown in Table 1.
The distribution of hospital LOS is shown in Figure 1.
Among 1,150 WR, 448 (39.0%) were discharged on
POD 1. Based on methods described above, WRED was
defined as discharge within 1 day of surgery. Among WR,
89 patients (7.7%) had POLOS >7 days, and these patients
were excluded from further analysis (Figure S1). The
characteristics of patients with ED after WR is shown in
Table 2. Compared to 613 patients with POLOS 2-7 days,
the 448 patients who were discharged on POD 1 after WR
tended to be younger, have better pulmonary function test
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Length of stay after lung resection
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Figure 1 Length of stay after lung resection. Histogram of percent of patients’ length of stay among wedge resections (light bars) and

anatomic resections (dark bars).

results, and have fewer comorbidities. Patient who were
discharged on POD 1 after WR were also more likely to
have minimally invasive techniques used (99.6% vs. 94.6%
with longer LOS, P<0.001) and tended to have shorter
operating room times (1.08 vs. 1.45 hours, P<0.001).

Among 922 AR, 211 patients (22.9%) were discharged on
POD 1 or 2. As a result, anatomic ED (AED) was defined as
discharge within 2 days of surgery. Among AR, 112 patients
(12.1%) had POLOS >7 days and 79 patients received
pneumonectomy, and these patients were excluded from
further analysis (Figure ST). The comparison of patients
with ARED to longer LOS is shown in 7able 3. Patients
discharged on day 1 or 2 tended to be younger, have better
DLCO, and were less likely to have a primary diagnosis of
lung cancer. ARED patients were also more likely to have
minimally invasive techniques used (95.7% vs. 73.6% with
longer LOS, P<0.001) and tended to have shorter operating
room times (2.6 vs. 3.1 hours, P<0.001).

Post-operative LOS (P<0.001) varied by surgeon (Tuble 4).
The rate of ED after WRED also varied (P<0.001), while
the frequency of ED after AR (ARED) did not differ
(P=0.337). One surgeon (“Surgeon 1”), in particular, was
associated with increased rate of EDs after WR, but their
rate of ED after AR was similar to the others (P=0.844).

Logistic regression was performed to determine which
variables were independently associated with ED for both
WRED and ARED (Tables 5,6). Covariates for the logistic
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regression were included based on selection from univariate
model and clinical relevance. Patients with missing
covariates were excluded from this analysis. To determine
the effect of surgical management, a dichotomous variable
to account for the surgeon with the most POD 1 discharges
was also included. Factors associated with WRED were age,
the presence of a comorbidity, lung function result, surgery
duration, and whether the procedure was performed by
surgeon 1. After AR, age, diffusing capacity of the lung
for carbon monoxide (DLCO), and surgery duration were
associated with ED.

Post-operative complications were infrequent after ED.
No patients discharged on POD 1 or 2 were discharged
with a chest tube in place. After WR there was one
postoperative mortality among 448 POD 1 discharges
(0.22% wvs. 7/613 1.14%, P=0.08, overall mortality for
cohort 8/1,061 0.75%). The one death was among a patient
with interstitial lung disease who underwent diagnostic
WR of middle and lower lobe. After WR, there was a
trend towards fewer readmissions after POD 1 discharge
(25/448, 5.6%) compared to patients with average LOS
(52/613, 8.5%; P=0.08). After WR, there were also
fewer total complications after POD 1 discharge (4/448,
0.9%) compared to patients with average LOS (75/613,
12.2%), P<0.001). The four complications in the WRED
group were a surgical site infection, atrial fibrillation, and
pneumonia (n=2), and no patient required pleural drainage
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Table 2 Description of cohort: patient characteristics and
relationship to day of discharge among patients who received wedge
resections (n=1,061 unless otherwise noted)

Wedge early Wedge Comparison

Wedge resection discharge POLOS 2-7 P value*

(n=448) (n=613)

Towe et al. Early discharge after lung resection

Table 3 Description of cohort: patient characteristics and
relationship to day of discharge among patients who received
non-pneumonectomy anatomic lung resections discharged prior to
day 8 (n=752 unless otherwise noted)

Age (years), mean 62.3 (0.62) 64.8 (0.60) 0.005

(standard error)
Male, n (%) 204 (45.5) 273 (44.5) 0.746
Caucasian race, n (%) 381 (85.0) 487 (79.4) 0.020
Preoperative characteristic

BMI >35, n (%) 57 (12.8) 94 (15.4) 0.229
(n=445) (n=609)

206 (47.8) 326 (54.6)  0.031
(n=431) (n=597

Hypertension, n (%)

)

Steroid, n (%) 23 (5.3) 37 (6.2) 0.561
(n=431) (n=597)

CHF, n (%) 13 (3.0) 26 (4.4) 0.322
(n=431) (n=597)

CAD, n (%) 57(13.2)  110(18.4)  0.026

(n=431) (n=597)

PVD, n (%) 11 (2.6) 38 (6.4) 0.005
(n=431) (n=597)

Diabetes, n (%) 56 (12.5) 109 (17.8)  0.019
Any comorbidity, n (%) 255 (56.9) 395 (64.4)  0.013

PPFEV1, mean 85.3(1.23) 75.6(1.27)  <0.001

(standard error), n=588

ppDLCO, mean
(standard error), n=533

ASA class >2, n (%)

83.9(1.55) 73.2(1.31)  <0.001

372(83.0) 531(86.6)  0.105

Previous cardiothoracic 61 (14.2) 127 (21.3) 0.004
surgery, n (%) (n=431) (n=597)

Procedure characteristic
Right laterality, n (%) 247 (565.1) 369 (60.2) 0.099

Diagnosis of lung 89 (19.9) 144 (23.5) 0.159

cancer, n (%)
VATS + robotic, n (%) 446 (99.6) 580 (94.6)  <0.001

Procedure time (hours), 1.08 (0.03) 1.45 (0.04) <0.001
mean (standard error)

POLOS 1-2 POLOS 3-7 Comparison

Anatomi ti
natomic resection (h=211)  (n=541) P value*

Age (years), mean
(standard error)

65.3 (0.75) 67.9(0.50)  0.007

Male, n (%) 84(39.8) 237 (43.8) 0.319

Caucasian race, n (%) 177 (83.9) 425 (78.6) 0.100
Preoperative characteristic
BMI >35, n (%) 25(11.8) 50 (9.24) 0.284

Hypertension, n (%) 114 (54.0) 326 (60.3) 0.119

Steroid, n (%) 4(1.9) 12 (2.2) 0.781
CHF, n (%) 4(1.9) 20 (3.7) 0.254
CAD, n (%) 35(16.6) 99 (18.3) 0.574
PVD, n (%) 7 (3.3) 45 (8.3) 0.016
Diabetes, n (%) 36 (17.1) 75 (13.9) 0.275

Any comorbidity, n (%) 128 (60.7) 375 (69.3)  0.023

ppFEV1, mean
(standard error), n=713

86.7 (1.35) 83.6(0.94)  0.071

ppDLCO, mean
(standard error), n=676

83.4(1.59) 76.7(1.00)  <0.001

ASA class >2, n (%) 189 (89.6) 497 (91.9) 0.318

Previous cardiothoracic 26 (12.7) 93 (17.6) 0.104
surgery, n (%) (n=205) (n=528)

Procedure characteristic
Right laterality, n (%) 122 (57.8) 324 (59.9) 0.604

Diagnosis of lung
cancer, n (%)

145(68.7) 411(76.0)  0.042

VATS or robotic, n (%) 202 (95.7) 398 (73.6)  <0.001

Procedure time (hours), 2.58 (0.06) 3.11 (0.05) <0.001
mean (standard error)

*, categorical variables assessed using Chi-squared test or
Fisher’s exact test and continuous variables assessed using two-
tailed t-test, as appropriate given assumptions of each test. CHF,
congestive heart failure; CAD, coronary artery disease; PVD,
peripheral vascular disease; VATS, video-assisted thoracoscopic
surgery; POLOS, post-operative length of stay; BMI, body mass
index; ppFEV1, percent predicted forced expiratory volume in 1
second; ppDLCO, percent predicted diffusion capacity of carbon
monoxide; ASA, American Society of Anesthesiologists.
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*, categorical variables assessed using Chi-squared test or
Fisher’s exact test and continuous variables assessed using
two-tailed t-test, as appropriate given assumptions of each
test. Unless otherwise noted, variable was collected for all
patients. CHF, congestive heart failure; CAD, coronary artery
disease; PVD, peripheral vascular disease; VATS, video-assisted
thoracoscopic surgery; POLOS, post-operative length of stay;
BMI, body mass index; ppFEV1, percent predicted forced
expiratory volume in 1 second; ppDLCO, percent predicted
diffusion capacity of carbon monoxide; ASA, American Society
of Anesthesiologists.

7 Thorac Dis 2018;10(10):5870-5878



Journal of Thoracic Disease, Vol 10, No 10 October 2018 5875
Table 4 Length of stay and rate of early discharge by surgeon
Surgeon  Others Wedge resection Anatomic resection
Surgeon i\glr-?: i\gfglse Pifierence VED WED/POLOS =1 Difference POL/O-\ED:1—2, AED/POLOS =1-2 Difference
(days) (days) POLOS =1, n (%) by others, n (%) n (%) by others, n (%)
1 3.7 41 0.07 220/431 (51.0)  228/630 (36.2) <0.001 95/336 (28.3) 116/416 (27.9) 0.906
2 3.9 3.9 0.68 147 /380 (38.7)  301/681 (44.2) 0.081 74/252 (29.4) 137/500 (27.4) 0.571
3 4.4 3.9 0.14 26/84 (31.0) 422/977 (43.2) 0.029 14/66 (21.2)) 197/686 (28.7) 0.195
4 4.3 3.9 0.44 9/24 (37.5) 439/1,037 (42.3) 0.636 5/26 (19.2) 206/726 (28.4) 0.308
5 7.3 3.9 <0.001 7/19 (36.8) 441/1,042 (42.3) 0.632 1/2 (50.0%) 210/750 (28.0) 0.489
6 3.8 3.9 0.71 37/105 (35.2) 411/956 (43.0) 0.127 22/64 (34.4) 189/688 (27.5) 0.240
7 5.1 3.9 0.14 2/18 (11.1) 446/1,043 (42.8) 0.007 0/6 211/746 (28.3) 0.125

WED, wedge early discharge; AED, anatomic early discharge; POLOS, post-operative length of stay.

Table 5 Logistic regression to determine factors associated with
early discharge among wedge resections

Table 6 Logistic regression to determine factors associated with
early discharge among anatomic lung resections

POD 1 discharge (n=515)

Wedge resections

POD 1 or 2 discharge (n=676)

Anatomic lung resections

Oddsratio 95% Cl P value Odds ratio 95% Cl P value
Age* 0.98 0.96-0.99 0.004 Age* 0.98 0.96-0.99 0.006
Any comorbidity 0.62 0.41-0.95 0.028 Any comorbidity 0.99 0.68-1.43 0.936
ppFEV1* 1.01 1.00-1.02 0.008 ppDLCO* 1.01 1.00-1.02 0.003
ppDLCO* 1.01 1.00-1.02 0.002 Surgeon 1 vs. others 1.20 0.84-1.71 0.320
Previous cardiothoracic 0.74 0.464-1.18 0.208 Procedure time (hours)* 0.59 0.48-0.71  <0.001
surgery C-statistic (area under ROC) is 0.67. “n” refers to the number
Surgeon 1 vs. others 2.66 1.78-3.97 <0.001 of patients with all covariates available included in the model,
. and varied based on completeness of available data. Adjustor
Procedure time (hours)* 0.47 0.34-0.64  <0.001

C-statistic (area under ROC) is 0.74. “n” refers to the number
of patients with all covariates available included in the model,
and varied based on completeness of available data. Adjustor
variables marked with * were continuous variables, and the
others were dichotomous. POD, post-operative day; ppFEV1,
percent predicted forced expiratory volume in 1 second;
ppDLCO, percent predicted diffusion capacity of carbon
monoxide; Cl, confidence interval; ROC, receiver operating
characteristic.

procedures.

After AR, there were no postoperative deaths among
211 patients discharged on POD 1 or 2 [vs. 2/541 (0.4%)
with longer LOS, P=0.376]. Patients with ED had similar
readmission rates to patients with longer LOS [7/211
(3.3%) vs. 30/541 (5.5%), P=0.204]. There were also fewer
total complications among the ARED group (4/211, 1.9%)
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variables marked with * were continuous variables, and the
others were dichotomous. POD, post-operative day; ppDLCO,
percent predicted diffusion capacity of carbon monoxide; Cl,
confidence interval; ROC, receiver operating characteristic.

compared to patients with average LOS (1127541, 20.7%;
P<0.001). Complications in the ARED group included
pneumothorax requiring chest tube reinsertion (n=2),
pulmonary embolism, and urinary tract infection.

Discussion

Reducing duration of hospitalization and post-operative
readmission is crucial to achieving the most effective
patient care and the best patient outcomes. Shorter LOS
is associated with lower hospitals costs and possibly fewer
hospital acquired complications, such as pneumonia

7 Thorac Dis 2018;10(10):5870-5878
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and deep vein thrombosis (DVT) (15). For this reason,
accelerated care pathways have been proposed after thoracic
surgery to reduce length of hospitalization (5,6). For
example, Cerfolio’s paper of accelerated discharge after
lung surgery suggested that patients routinely be managed
with a chest tube for at least 2 days, even after WR (7).
Our institution has a robust experience of ED after lung
resection. Among 2,072 consecutive lung resections over
10 years, 480 were discharged on POD 1, including 33 AR.
Among EDs, complications were infrequent and there were
no perioperative deaths.

Very little has been written about ED in thoracic
surgery. In other surgical disciplines, POD 1 discharge has
become commonplace. For example, open cholecystectomy
had an average LOS of 5-7 days prior to laparoscopic
techniques (16), but minimally invasive techniques are now
associated with a median LOS of 1-1.5 days with 30-37%
percent performed as outpatients (17). Laparoscopic Roux-
en-Y gastric bypass is another procedure in which minimally
invasive techniques have been associated with successful
discharge on POD 1 (18). The advent of minimally
invasive techniques in lung surgery have not demonstrated
such a dramatic effect in hospitalization (19). In fact, the
first well-known randomized trial did not show a benefit
in LOS (20). More recent reports of VATS lobectomy
suggest that it is associated with a reduction in LOS from
4-5 vs. 6-7 days with thoracotomy (2,21). While there is
anecdotal support for POD 1 discharge after WR and this
is often considered a common practice, there has been no
specific study to demonstrate safety of this approach or
considerations for patient selection. Mckenna’s report of
1,100 VAT'S lobectomies suggested that 2.9% of cases were
discharged on POD 1, which is far more than suggested
from institutions reporting to the STS (2,4). Several studies
have tried to address the need for accelerated discharge
after thoracic surgery with enhanced recovery pathways
with varying degrees of success (5,7,22). One failure of
“recovery pathway” studies may be that they applied
the same protocol to all of their patients, when different
groups of patients likely require specific care. In this study,
we demonstrate that younger patients, patients receiving
segmental resections or right middle lobe resections, and
those without comorbidity can be discharged early in the
post-operative period with low rates of complications
and readmissions. Based on our findings, we recommend
focusing enhanced recovery pathways on these subsets
of patients with expectations of discharge by POD 1 or 2
rather than expecting all patient to progress at an equal
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pace. We feel strongly that delaying discharge as part of a
pathway or “formula” (such as keeping a chest tube until
POD 2) is not appropriate for these patients.

We believe that POD 1 discharge is an attainable and
reasonable goal in a significant subset of patients after WR
and perhaps after AR. Our data support this in that there
was a significant impact of a single surgeon on POD 1
discharge rate in univariate and multivariate analysis among
WR. We believe rate of ED likely reflects the impact of
meticulous operative technique, avoiding intraoperative
complications and post-operative air leak. Moreover, there
is likely a non-technical “preference” or “comfort” for ED
which guides this provider to discharge their patient faster
than others. In addition to factors related to the procedure,
a multimodal approach to perioperative care involving
adequate postoperative pain control and resumption of
functional status, is essential for ED.

A concern about ED and the possibility of a missed
opportunity to “rescue” a patient from a complication
which may occur outside of a healthcare system. These data
suggest that among selected patients, major complications
are rare after ED. These data may not apply to hospital
systems which serve patients in very remote areas without
access to care.

This retrospective study had several limitations. The
study spans 10 years and seven surgeons, who preferences
and technique have also varied over time. Therefore, the
lack of standardization and the retrospective nature of the
study, make physician judgment a significant confounder in
the decision regarding timing of discharge. We attempted
to mitigate this effect by adjusting for surgeon, which
showed how pronounced this effect can be. The logistic
regression of WR was performed on the subset of patients
with full pulmonary function test data available and this may
have affected the result. Furthermore, other clinical factors,
such as socioeconomic status, disability, and distance from
hospital to home are not included in this analysis and might
affect POLOS. Another limitation of the study is that the
effect of each comorbidity in the logistic regression model
was assumed to be equal. This assumption may have over-
or under-estimated the effect of certain conditions.

This study suggests that discharge on ED is safe for
select patients after lung resection. As techniques improve
to reduce perioperative discomfort and physiologic
aberrations, patients will be eligible for earlier discharge
after major lung surgery. In our institution, the impact of
a single surgeon led to a significantly shorter LOS and
higher rates of POD 1 discharge, suggesting that patterns
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of discharge are surgeon specific and safe early-discharge
outcomes are attainable. We also show that complications
are rare among select patients after POD 1 discharge, even
among patients who received anatomic lung resections.
We believe that there is likely considerable variation in
ED practice among thoracic surgeons, and believe a multi-
institution study to determine characteristics which are
associated with safe POD 1 discharge is appropriate.
Ultimately these data can be used to create a prospective
enhanced recovery pathway to facilitate ED among the
appropriate candidates.
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Supplementary

2,072 patients undergoing
lung resection

1,150 patients undergoing
wedge resection

922 patients undergoing
lung resection

79 patients excluded for
pneumonectomy

89 patients excluded 91 patients excluded

LOS >7 days

LOS >7 days

1,061 wedge resections
analyzed

752 anatomic lung
resections analyzed

448 wedge resection
early discharge

613 wedge resection
average discharge

211 anatomic
early discharge

541 anatomic
average discharge

Figure S1 Description of study cohort and exclusion criteria. Patients were divided into wedge resection and anatomic resection groups.

Patients were excluded from the study if they received a pneumonectomy or had length of stay (LOS) >7 days.



