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ABSTRACT
Objective: To evaluate the relative incremental cost of complications after
lobectomy for stage I non–small cell lung cancer (NSCLC).
Methods: Patients treated with open or video-assisted thoracoscopic surgery
(VATS) lobectomy for stage I NSCLC between 2008 and 2014 were selected.
A patient registry was queried for all complications recorded during a 90-day
postoperative interval. Hospital cost data for each patient was concatenated
with clinical data. Linear regression was used to assess the impact on direct
hospital costs of specific complications.
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Results: Among the 488 patients included in this study, 34% experienced
1 complication and 17% experienced 1 major complication. In patients
experiencing complications, atrial arrhythmia (13%), prolonged air leak
(8.6%), atelectasis (6.4%), and transfusion requirement (4.5%) were most
common. Minor complications increased the relative cost of lobectomy by
29% (95% confidence interval [CI], 23%-34%; P < .001) compared to the
cost of an uncomplicated lobectomy. Major complications increased costs by
57% (95% CI, 53%-62%; P < .001). The greatest predictor of increased
90-day cost was major pulmonary complications, which increased cost by
111% (95% CI, 96%-126%; P <.001). Prolonged air leak increased relative
mean cost by 22% (95% CI, 10%-33%; P < .001) and pneumonia by 96%
(95% CI, 75%-117%; P <.001).
Conclusions: Complications, both major and minor, contribute significantly to
the total 90-day direct hospital cost of lobectomy for stage I NSCLC. Analysis
of 90-day postoperative outcomes more accurately captures costs. Major pulmonary complications, atrial arrhythmia, pneumonia, and prolonged air leak represent 4 high-yield targets for cost reduction. Efforts to control health care
spending while improving patient outcomes might optimally focus on reducing
complications that incur the greatest relative incremental cost. (J Thorac Cardiovasc Surg 2018;155:1804-11)
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Incremental costs of specific complications after
lobectomy for NSCLC.
Central Message
Preventable complications increase the 90-day
cost of lobectomy in varying but significant
ways. Reducing the incidence of high-impact
complications may decrease costs while
improving patient outcomes.
Perspective
With health care costs growing at an
unsustainable rate and increasing scrutiny of
outcomes as a measure of performance, there
is growing need to understand the cost impact
of postoperative complications. This study
aims to describe the relative incremental cost
of complications of lobectomy for stage I
non–small cell lung cancer and relate cost
reduction to patient outcome improvement.

See Editorial Commentary page 1812.

Recently, there has been growing interest in the cost impact
of complications following surgery, fueled in part by the
rapid increase in national health care spending and efforts
to curb excess costs while improving patient outcomes. A
recent study estimated that health care spending is
Scanning this QR code will take
you to a supplemental video for
this article.
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increasing 2.5 times more rapidly than the US gross domestic product, and that nearly 1 in 3 health care dollars is spent
on surgery and related care.1 Although national efforts have
long sought to contain health care spending,2 studies have
only recently begun to shed light on the specific cost impact
of various surgical procedures and their complications.
These studies have demonstrated that complications
following lobectomy increase total costs in predictable
ways.3-6 However, to date, there is a lack of data
quantifying the cost impact of specific complications,
both major and minor, over a 90-day postoperative interval.
The purpose of this study was to quantify the incidence
of several commonly encountered complications
following the most common operation for lung cancer
(lobectomy), and to estimate the relative incremental
direct hospital cost of relevant specific complications.
By considering both major and minor complications in
patients undergoing both thoracotomy and video-assisted
thoracic surgery (VATS), and by incorporating a 90-day
postoperative window, we improved our understanding
of the detailed cost implications of surgical complications
after lobectomy. Specifically, this data may direct
quality improvement efforts to optimize patient outcomes
and target specific complications for cost reduction (see
Video 1 for more details).
METHODS
Data Collection
This was a retrospective cohort study of patients undergoing routine
lobectomy for stage I non–small cell lung cancer (NSCLC) at a single
institution between 2008 and 2014. All clinical data were
extracted from hospital records compiled for inclusion in a national
surgical patient database. The records include demographic information
as well as diagnoses, procedures, length of stay (LOS), comorbidities,
and intraoperative and postoperative complications. To correlate
complications with cost, financial records were independently queried
from the hospital’s billing department, then concatenated with the
corresponding clinical data per patient medical record number. Direct
hospital costs incurred during a 90-day window (beginning on the date
of surgery) were included in the query. This period included the encounter
in which the lobectomy took place, as well as subsequent encounters
within the first 90 days postoperatively. Total direct hospital cost was
reported on a per-encounter level and summarized to a total 90-day direct
cost for each patient. Approval for this study was obtained from the
Partners Human Research Committee Institutional Review Board (IRB
#2015P002021, activated October 13, 2015), which waived the need for
informed consent.

VIDEO 1. Presentation of manuscript findings at 43rd annual Western
Thoracic Surgical Association annual meeting; slides with audio recording.
Video available at: http://www.jtcvsonline.org/article/S0022-5223(17)
32702-2/fulltext.

Patient Selection
Patients undergoing open or VATS lobectomy for NSCLC between
2008 and 2014 (inclusive) were selected for inclusion in this study.
No patients underwent robotic lobectomy at our institution during the study
period. Patients were identified from a prospectively collected institutional
database of lobectomy cases. Those undergoing lobectomy for any
indication other than NSCLC were excluded. Lobectomies performed
before January 1, 2008, were also excluded due to technical limitations
of the financial dataset. Patients were excluded if their cancer was advanced
beyond stage I by clinical staging to minimize the potential confounding
effects on adverse outcomes—and cost—of adjuvant chemotherapy or
radiation. The query was restricted to selected patients from only a single
institution rather than from all institutions pooled in the database, to
maintain consistency of complication–cost relationships. As a quality
control, patients were further excluded if 90-day follow up data, either
clinical or financial, were unavailable or incomplete.

Outcomes and Analysis
Outcomes measured in this study included the frequency of specific
complications, the relative incremental cost of major versus minor
complications (ie, the above-baseline attributable cost), and the relative
incremental cost of specific complications and complication subtypes,
classified as either major or minor. In the analysis of cost, hospital billing
department records were queried for total direct hospital costs, which
were summarized for all encounters occurring between the day of surgery
and postoperative day 90 (inclusive). This includes both fixed direct
costs and variable direct costs. Indirect costs were not included in the
analysis.
Complication frequency was assessed by dividing the cohort incidence
of each complication by the total number of patients in the cohort. Relative
incremental cost was defined as cost divided by the cost of an
uncomplicated lobectomy, expressed as a percentage, such that a cost of
100% represents the mean total 90-day direct hospital cost of an
uncomplicated lobectomy. The cost of uncomplicated lobectomy refers
to the mean total direct hospital cost of the encounter containing the
lobectomy without complications. Included in this figure is some cost
contribution from hospital stay, medications, and so on, which are
necessary components of the hospital encounter for even an uncomplicated
lobectomy. Absolute dollars were not reported in this analysis due to the
regional variation of health care delivery across the United States that
renders the data less translatable.
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CI
¼ confidence interval
ERP
¼ enhanced recovery pathway
IQR
¼ interquartile range
LOS
¼ length of stay
NSCLC ¼ non–small cell lung cancer
VATS ¼ video-assisted thoracoscopic surgery
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TABLE 1. Patient characteristics stratified by surgical approach
Characteristic

Open
(n ¼ 179)

VATS
(n ¼ 258)

P
value

Age, y, mean  SD

66.5  12.2

68.2  10

.137

Female sex, n (%)

106 (59.9)

160 (62.5)

.650

Race, n (%)
White
Asian
Black
Hispanic or other

163 (92.1)
9 (5.1)
1 (0.6)
7 (4)

241 (94.1)
7 (2.7)
5 (2)
5 (2)

.156

Smoking status, n (%)
Never
Former
Current

28 (15.8)
118 (66.7)
31 (17.5)

45 (17.6)
168 (65.6)
43 (16.8)

.936

Pack-years, mean  SD

46.37  31

43.41  26.4

THOR

79 (44.6)
97 (54.8)
1 (0.6)

159 (62.1)
97 (37.9)
0 (0.0)

Comorbidity, n (%)
Hypertension
Congestive heart failure
Coronary artery disease
Diabetes mellitus
Peripheral vascular disease
Cerebrovascular disease
Steroid use

98 (55.4)
0 (0.0)
15 (8.5)
18 (10.2)
14 (7.9)
10 (5.6)
1 (0.6)

137 (53.5)
0 (0.0)
38 (14.8)
35 (13.7)
15 (5.9)
13 (5.1)
3 (1.2)

6.0

4.0

Median length of stay, d

.360
<.001*

Performance status, n (%)
0
1
2

.648
N/A
.108
.443
.258
.964
.614
<.001

VATS, Video-assisted thoracoscopic surgery; SD, standard deviation; N/A, not
applicable. *Significant at a ¼ 0.05.

To determine the impact of major versus minor complications on cost,
linear regression was used to model the dependence of cost on major and
minor complications. Results are reported as means with 95% confidence
intervals (CI). All figures display means, with error bars representing 95%
CIs. Univariate linear modeling was used to assess the additive impact of
increasing complications on cost, using Sidak correction for multiple comparisons and controlling for surgical approach. Risk factors for
postoperative complications were assessed using multivariate logistic
regression with the dichotomous outcomes no complications and 1
complication.
In the secondary analysis, complications were subdivided further
per primary organ system(s) involved, and multivariable linear regression
was used to model the impact of each category on total 90-day direct
hospital cost.

RESULTS
This retrospective cohort analysis spanned 2008 to 2014
and included 488 patients undergoing lobectomy for stage I
NSCLC. Patient characteristics are summarized in Table 1.
A total of 305 complications were seen in these patients, the
distribution of which is summarized in Table 2. Of the 488
patients included in the analysis, 169 patients (34%)
experienced at least 1 complication, and 82 patients
(17%) experienced at least 1 major complication. The
most common complications were atrial arrhythmia,
1806

prolonged air leak, and minor pulmonary complications
(including pneumothorax, atelectasis requiring bronchoscopy, pleural effusion, and other pulmonary events not
otherwise specified). Atrial arrhythmia occurred in 64
patients (13.1%) and represented 21% of all
complications in the cohort. Prolonged air leak occurred
in 42 patients (8.6%), accounting for 13.8% of all
complications. Minor pulmonary complications, which
occurred in 60 patients (11.3%), accounted for 19.7% of
all complications observed.
The relative cost of major versus minor complications
was then modeled by linear regression. Major complications on average increased the cost of lobectomy by
57.4% (95% CI, 52.7%-62%; P<.001) per complication,
whereas minor complications increased the cost of
lobectomy by an average of 28.9% (95% CI, 23.5%34.3%; P<.001) per complication (Figure 1). The additive
impact of increasing complications on total cost is
summarized in Figure 2. No difference in additive cost
impact was found between patients who underwent
lobectomy via an open thoracotomy approach and those
who did so via a VATS approach (Figure 3), except at the
level of zero complications, where the VATS approach
was still associated with a decreased median LOS compared
with thoracotomy (4 days [interquartile range (IQR), 3-5]
versus 5 days [IQR, 4-6]; P ¼ .002). Patients undergoing
VATS lobectomy were less likely to experience
complications than those undergoing open thoracotomy,
even after controlling for other risk factors (odds ratio,
0.48; 95% CI, 0.30-0.77; P ¼ .002).
Secondary analysis examined the relative incremental
cost of various subgroups of complications. The cost of
complications was modeled using multivariable linear
regression (Figure 4). The complication associated with
the greatest relative incremental cost was major pulmonary
complications (excluding pneumonia and prolonged air
leak), which increased total cost by 111% above baseline
(95% CI, 97%-126%; P < .001), yet occurred in only
2.9% of patients and accounted for only 4.6% of all
complications observed. Atrial arrhythmia, the most
common complication, affecting 13.1% of patients,
increased cost by 25% (95% CI, 16%-33%; P < .001).
Of interest, the mean LOS was 4.6 days for patients with
uncomplicated lobectomy compared with 5.6 days for
patients with postoperative atrial arrhythmia (and no other
complications) (P ¼ .001). Prolonged air leak, which
occurred in 8.6% of patients and accounted for 13.8% of
all complications, increased 90-day cost by 21.8% (95%
CI, 10.5%-33.1%; P < .001). Other minor pulmonary
complications, which affected 11.3% of patients and
accounted for 19.7% of all complications, increased cost
by 31.7% (95% CI, 22.4%-41.1%; P <.001). Pneumonia
occurred in only 2.7% of patients, accounting for only
4.3% of all complications, yet the relative incremental
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TABLE 2. Complication list with per event frequency
Patients affected, % (n ¼ 488)

Proportion of all complications, % (n ¼ 305)

Major pulmonary complications*
Prolonged air leak (>5 d)
Pneumonia
Complicated pleural effusion
Acute respiratory distress syndrome
Bronchopleural fistula
Pulmonary embolus
Tracheostomy
Respiratory failure
Re-intubation

63
42
13
2
1
0
1
4
3
3

11
8.6
2.7
0.4
0.2
0
0.2
0.8
0.6
0.6

20.7
13.8
4.3
0.7
0.3
0
0.3
1.3
1
1

Minor pulmonary complications
Atelectasis
Pneumothorax
Continued ventilator requirement
Other pulmonary events not otherwise specified

60
31
8
1
20

11.3
6.4
1.6
0.2
4.1

19.7
10.2
2.6
0.3
6.6

Major cardiac or bleeding complications
Myocardial infarction
Ventricular arrhythmia
Deep venous thrombus
Transfusion requirement

33
1
1
2
32

5.1
0.2
0.2
0.4
4.5

10.8
0.3
0.3
0.7
10.5

Minor cardiac complications
Atrial arrhythmia
Pericarditis

65
64
1

13.3
13.1
0.2

21.3
21
0.3

8
2
6

1.6
0.4
1.2

2.6
0.7
2

13

2.7

4.3

4
2
2

0.8
0.4
0.4

1.3
0.7
0.7

20
19
1
0

4.1
3.9
0.2
0

6.6
6.3
0.3
0

3

0.6

1.0

Other major complications
Chylothorax
Other event requiring surgery

10
2
8

2
0.4
1.6

3.3
0.7
2.6

Other minor complications
Postoperative ileus
Other gastrointestinal event
Urinary retention
Other event not requiring surgery

22
2
4
12
3

4.3
0.4
0.8
2.4
0.6

7.2
0.7
1.3
4
1

Major neurologic complications
Central nervous system event
Recurrent laryngeal nerve paralysis
Delirium
Major infection
Sepsis
Empyema
Minor infection
Urinary tract infection
Wound infection
Infection not otherwise specified
New renal failure

THOR

Incidence, n

Complication

*Significant at a ¼ 0.05.

cost of pneumonia was 97.1% (95% CI, 76%-118%;
P < .001). Other statistically significant complications
and their associated relative incremental costs were renal
failure (defined as both creatinine >2 and creatinine
>2 times baseline) at 78.1% (95% CI, 34.4%-121.8%;
P < .001), major cardiovascular and bleeding events at
22.1% (95% CI, 13.2%-31.0%; P < .001), major

neurologic events at 36.8% (95% CI, 13.9%-59.6%;
P ¼ .002), minor neurologic events at 36.8% (95% CI,
18.6%-55%; P < .001), other major events at 57.4%
(95% CI, 36%-78.8%; P <.001), and other minor events
at 15% (95% CI, 1.9%-28.1%; P ¼ .025). Major
infections and minor infections did not meet statistical
significance.
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FIGURE 1. Per-event cost impact of major versus minor complications.
Data points reflect means with 95% confidence intervals (CIs). By
definition, uncomplicated lobectomy had a relative cost of 100% (95%
CI, 96.1%-103.9%; P <.001). Incurring 1 minor complication increased
the relative cost by 28.9% (95% CI, 23.5%-34.3%; P < .001) and
incurring one major complication increased relative cost by 57.4%
(95% CI, 52.7%-62.0%; P <.001) above baseline.

DISCUSSION
In this retrospective cohort study, we have identified the
relative incremental cost impact of complications of
lobectomy for stage I NSCLC. Although few previous
studies have reported on the cost impact of lobectomy and
its associated complications,7,8 in our study we used
90-day direct costs taken from administrative hospital
data, rather than extrapolated from national datasets. The
incidence of complications observed in this study are
similar to those reported in the literature, with some
differences.9 Some of these differences can be attributed
to reporting complications within a 30-day interval rather
than 90 days, and to differing definitions of major and minor
complications. Our institution is a major referral center, and
patients readmitted to outside emergency departments for
postoperative complications were not captured in our
database, which also might have affected the complication
rates observed in this study. We implemented a 90-day
interval to capture readmissions that were surrogates of
delayed complications related to the primary procedure.
We were careful to include a comprehensive list of both
major and minor complications tabulated from clinical
data rather than administrative data, including pulmonary,
cardiovascular, neurologic, gastrointestinal, renal, and
infectious complications.
1808
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FIGURE 2. Additive impact of increasing complications on mean relative
overall cost. Bars reflect means with 95% confidence intervals (CIs).
Relative cost compared to uncomplicated lobectomy: 1 complication,
22.6% (95% CI, 12.6%-32.5%; P < .001); 2 complications, 53.4%
(95% CI, 37.0%-69.8%; P < .001); 3 complications, 184.6% (95%
CI, 165.6%-203.6%; P <.001).

This study identifies several complications associated
with significantly increased 90-day direct hospital costs,
some due to a high per-event cost impact and others due
to a high complication frequency. For example, major
pulmonary complications affected only 2.9% of all
patients, but increased the cost of lobectomy by a mean of
111% above baseline. By contrast, atrial arrhythmia only
increased the relative cost of lobectomy by 25% (partly
by increasing hospital LOS), but occurred in 13% of all
patients. Strategies to decrease health care costs while
improving patient health outcomes may reasonably target
both types of complications.
Enhanced recovery pathways (ERPs) are gained
popularity in multiple surgical disciplines to protocolize
postoperative care and shorten LOS, but evidence is lacking
for their use following pulmonary lobectomy. Madani and
colleagues10 reported on the impact of an ERP on LOS
and complication rates following open lobectomy.
Compared with standard postoperative care, the ERP
conferred a shorter median LOS (6 vs 7 days; P < .01)
and lower 30-day complication rate (37% vs 50%;
P ¼ .03).10 When analyzed in the context of minimally
invasive lobectomy, the benefit of ERPs is less compelling,
however. Brunelli and colleagues11 compared 365 patients
receiving standard care and 235 patients receiving ERPs
undergoing VATS lobectomy between 2014 and 2017, and
found no difference in LOS, cardiopulmonary complication
rates, 30- and 90-day mortality, or 30- and 90-day
readmission rates between the 2 groups. The authors
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FIGURE 3. Additive impact of increasing complications on mean relative
overall cost, separated by surgical approach. Data points reflect means with
95% confidence intervals. Controlling for number of complications, no
significant difference was found in cost between open thoracotomy and
video-assisted thoracoscopic surgery (VATS) lobectomy, except at the level
of 0 complications, which may be attributable to decreased length of stay in
the VATS group.

concluded that ‘‘[ERP] elements may be insufficiently
different than previous standards of perioperative care to
confer detectable benefits in our settings.’’11 Similarly, a
recent systematic review and meta-analysis of ERPs in
elective lung resections concluded that ‘‘some studies
suggest [ERPs] may reduce LOS and hospital costs, but
they should be interpreted in light of several methodologic
limitations.’’12 ERPs might not adequately address the
specific complications and risk factors most associated
with increased LOS and hospital costs, hence their lack of
proven efficacy in improving outcomes following
lobectomy. Nevertheless, interventions specifically aimed
at addressing relevant complications have shown
varying degrees of benefit in reducing morbidity after
lobectomy.

FIGURE 4. Relative incremental cost of specific complications. Bars
reflect means with 95% confidence intervals. CV, Cardiovascular.

In a randomized controlled trial comparing preoperative
amiodarone to no prophylaxis, Tisdale and colleagues13
showed that amiodarone significantly reduced the incidence
of atrial fibrillation after pulmonary resection (13.8% vs
32.3%; P ¼ .02) and also reduced intensive care unit
LOS. Unfortunately, there was no difference in hospital
LOS and no corresponding decrease in the cost of
hospitalization. Of interest, the risk of acute lung injury
with short-term use of amiodarone after pulmonary
resection (often a reason to avoid its use) has not been
substantiated in more recent studies,14 but caution remains
in patients with pneumonectomy.
The PRESAGE (Prevention of Atrial Fibrillation in
High-Risk Patients Undergoing Lung Cancer Surgery) trial
randomized 320 patients with elevated N-terminal
pro-brain natriuretic peptide to prophylactic treatment
with metoprolol or losartan, initiated soon after lung cancer
surgery.15 The incidence of postoperative atrial fibrillation
was significantly lower in the metoprolol and losartan
groups compared with the control group (6%, 12%, and
40%, respectively; relative risk, 0.19 [P < .001] in the
metoprolol group vs 0.29 [P<.001] in the losartan group).
Notably, the lower incidence of atrial arrhythmia was associated with a shorter postoperative LOS and a lower incidence of postoperative adverse events.
At least 1 major complication was observed in 17% of
patients who underwent lobectomy. Strategies to curb
postoperative complications that should be considered
by surgeons and suggested best practices are listed in
Table 3. Some of these interventions can be implemented
before the operation, such as antiarrhythmia loading in
high-risk patients and placement of paravertebral blocks
in lieu of epidural catheters. Of note, paravertebral blocks
were found to be as effective as thoracic epidurals in a
randomized trial assessing postoperative analgesia in
VATS lobectomy.16 Although a Food and Drug
Administration–approved biodegradable lung sealant has
been shown to significantly reduce air leaks and LOS in a
randomized study,17 techniques to reduce postoperative
air leak include fissureless dissection when possible,
mobilization of all intrapleural adhesions, and mitigation
of air leaks intraoperatively. Some accepted interventions
to reduce LOS in the management of prolonged
postoperative air leak (defined as>5 days) include chemical
pleurodesis,18 autologous blood patches,19 and one-way
chest tube valves.20
To our surprise, the relative cost of complications did not
depend on whether patients underwent open or VATS
lobectomy (Figure 3); however, patients undergoing VATS
lobectomy were overall less likely to experience any
complications, even after controlling for performance status
and other risk factors (odds ratio, 0.48; 95% CI, 0.30-0.77;
P ¼ .002). Although the mean overall 90-day cost of care
was higher in open lobectomy group, this effect was
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TABLE 3. Suggested best practices to reduce complications after lobectomy for NSCLC
Postoperative complication

Suggested best practices

Atrial arrhythmia

 Selected use of prophylactic perioperative amiodarone in patients deemed high risk*13
 Prophylactic treatment with metoprolol or losartan, initiated soon after lung cancer surgery
in patients with high NT-proBNP levels15

Prolonged air leak







Pneumonia, respiratory failure

 Minimally invasive lobectomy when possible
 Early ambulation to prevent atelectasis and promote clearance of secretions, head of bed elevation,
incentive spirometry, oral hygiene with chlorhexidine28

Attempt fissureless dissection when possible
Mobilization of all intrapleural adhesions
Routinely check for air leaks at completion of anatomic resection
Direct suture of large air leaks
Consider chemical pleurodesis,18 autologous blood patch,19 or Heimlich valve20 in
postoperative air leaks 5 d to reduce length of stay

NT-proBNP, N terminal pro-brain natriuretic peptide. *Age, history of previous heart disease, and preoperative supraventricular arrhythmia in patients undergoing major thoracic
operations.26,27

THOR

mediated by the increased complication rate associated with
the open approach compared with VATS, with no significant
difference in the per-event cost of complications between
the open lobectomy and VATS groups. There was similarly
no difference in overall 90-day costs between the open and
VATS approaches after controlling for complication rate
(Figure 3), except at the level of zero complications. This
difference may be explained by the shorter median LOS
associated with VATS lobectomy compared with thoracotomy in patients without complications (4 days [IQR, 3-5]
vs 5 days [IQR, 4-6]; P ¼ .002). Furthermore, in our univariate linear model, the interaction of surgical approach and
total number of complications was not significant, suggesting the estimated cost impact of complications was not
affected by surgical approach.
Although no previous prospective randomized controlled
trials have compared VATS and open anatomic lung
resection for NSCLC, multiple retrospective analyses
have demonstrated the superiority of VATS resection in
reducing postoperative morbidity.21-23 In a review of
>11,000 patients derived from the Society of Thoracic
Surgeons’ General Thoracic Surgery database, VATS
lobectomy was associated with a significantly lower rate
of pulmonary complications compared with thoracotomy
(18% vs 21%; P ¼ .017).24 Accordingly, increased use of
a VATS approach may be expected to decrease overall
90-day direct costs vis-a-vis a reduction in complication
incidence.
Our study has several limitations. Although we initially
identified nearly 1000 patients who underwent lobectomy
for early-stage NSCLC in the time period under study,
financial data were available for only approximately
one half of this cohort. In addition, our study is a major
referral center, and patients suffering postdischarge
complications may have been treated at a local hospital
1810

rather than readmitted to our institution. These
complications would be missing from our database. This
would mostly affect our observed complication rates, but
because all complications captured in our database were
treated at our institution, we believe that our cost data are
accurate for the complications that we did capture, and
thus the relative incremental cost of those complications
should be reasonably accurate. Although this study was
underpowered to identify the cost of several complications
at a significance level of a ¼ 0.05 due to their low event rate
(eg, major infections and minor infections), we show here
that all complications do not equally contribute to the cost
of care following lobectomy.
We believe that the present study can contribute to the
development of future best practice models of lobectomy
for NSCLC while addressing modifiable complications.
The cost analysis of complications is analogous to the
work of the Virginia Cardiac Surgery Quality Initiative, in
which 17 state-wide centers reported on outcomes, hospital
resource utilization, and costs in patients undergoing
coronary artery bypass grafting with or without aortic valve
replacement.25 Through the process of reporting the cost
impact of complications and outcomes in cardiac surgery,
the authors spawned several initiatives aimed at improving
overall surgical quality within the Commonwealth of Virginia. As a consequence, protocol-driven approaches were
implemented to address the high-cost complications, a
goal that we strive to translate to lobectomy for NSCLC.
Efforts to reduce health care costs while improving
outcomes should focus on the leverage points identified in
this study—that is, complications for which an incidence
reduction is expected to yield the greatest proportional
cost impact reduction. Further analysis is needed to identify
the cost of low event rate complications using larger
cohorts.
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