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Introduction

The surgical resection of the thymus for management 
of thymic pathology has been well described for more 
than 80 years (1). According to Blalock’s teachings, the 
standard approach to thymectomy is sternotomy; Blalock 
eschewed the cervical approach taken by others because 
he believed that “one should not rely upon the imperfect 
view which is obtained through an incision in the lower 

part of the neck” (2). The popularization of minimally 
invasive thoracoscopic surgery techniques in the 1990’s 
the landscape of thoracic surgery has shifted (3). Video-
assisted thoracoscopic surgery (VATS) and robotic-assisted 
thoracoscopic surgery (RATS) became the standard approach 
for corpus procedures of general thoracic surgery such as 
lobectomies and esophagectomies, etc. (4,5). The benefits 
of minimally invasive techniques, such as decreased length 
of stay and post-operative pain, are well established (6,7). 
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Previous studies have proven equivalent likelihood of an R0 
resection as well as long-term oncologic outcome differences 
between transsternal and thoracoscopic approaches (8). 
When performed for myasthenia gravis, transthoracic 
and transsternal thymectomy yielded equivalent rates of 
symptomatic relief (9).

Despite the multitude of studies designed to demonstrate 
clinical equivalence between the two approaches, none 
have focused on patient centered outcomes or health care 
costs. In the current atmosphere of emphasis on savings and 
outcomes tracking, the relative efficiency and efficacy of 
each procedure is essential (10). The objective of this study 
was to evaluate the differences of short-term outcomes 
of invasive and transsternal thymectomy and VATS 
thymectomy using a large national database. We analyzed 
the metrics of quality and cost effectiveness by studying 
charges and length of stay as well as post discharge use of 
skilled nursing facilities. 

Methods

Patient selection and data 

We obtained our data from the NIS database, a multi-
institutional clinical database capturing the administrative 
records of all payers (uninsured, Medicaid, Medicare 
and private insurance) (11). The 2010–2012 HCUP NIS 
database files provided the data for our analysis. We used 
the ICD-9 codes 07.8, 07.80, 07.81, 07.82 to identify 
patients undergoing open trans-sternal thymectomy. 
Patients undergoing VATS thymectomy were identified 
using the ICD-9 codes 07.83, 07.84. We performed 
multiple imputation for missing data once confirmed they 
were missing completely in random (12). We excluded 
patients younger than age 16 and also patients who had 
converted or had both open and thoracoscopic procedures 
performed. Additionally, given the relative rarity of the 
transcervical approach, our analysis focused only on the two 
most widespread approaches (13). Our study was granted 
an exemption by our institutional review board (IRB net 
exemption 1305029-1). 

Data presentation

Continuous data are presented as the mean and standard 
deviation. Categorical data are presented as proportions and 
percentages. Univariate analysis included Student’s t-test or 
Chi-square test and for multivariate analysis we used binary 

logistic regression and linear regression. For our study, we 
considered P<0.05 as statistically significant.

Statistical analysis

Univariate and multivariate analyses controlling for 
demographics and comorbidities were analyzed using IBM 
SPSS. Multivariable logistic regression was performed with 
inpatient mortality as our primary outcome. We adjusted 
for demographics, socioeconomic status, comorbidity 
status, hospital size and type (urban vs. rural, teaching vs. 
community) and geographical location. We excluded the  
4 cases of conversion to open approach in our data series to 

Outcomes 

Primary outcomes of interests were total length of 
stay (LOS), in patient mortality and charges. We also 
performed a subgroup analysis for patients who survived 
for the outcome of discharge to rehab/hospice/home 
with healthcare compared to discharge home. We defined 
optimal discharge as discharge to home with no further 
healthcare requirements, non-optimal discharge was defined 
as discharge to rehab/hospice/home with skilled care. 

Results

A total of 2,065 patients who underwent thymectomy were 
identified. Patients were divided into 2 groups based on type 
of surgery (open standard thymectomy via sternotomy vs. 
VATS thymectomy). Table 1 details the demographics of our 
population and provides comparison between the 2 groups. 
A total of 373 (18.1%) underwent VATS thymectomy and 
1,692 (81.9%) underwent standard thymectomy. There was 
no difference in age between the two groups (P=0.12). The 
majority of patients in each group were Caucasian (65.5%). 
Just under half of the standard open approach patients were 
male (43.9%), while the majority of the VATS approach 
patients were female (36.1% male; P<0.001).

In univariate analysis, charges were higher for patients 
undergoing open thymectomy ($88,838±$120,892 vs. 
$57,251±$54,929, P<0.001) and hospital mortality was also 
higher in patients with open thymectomy (0.9% vs. 0%, 
P<0.05). Patients undergoing standard thymectomy had 
longer hospital LOS (6.1±6.6 vs. 3.3±3.4 d, P<0.001) in 
univariate analysis.

Mult ivariate analysis  revealed thymectomy via 
sternotomy was independently associated with increased 
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hospital LOS (B =1.6 d, P<0.001) and charges (B =$13,041, 
P=0.041) (Tables 2,3); There was no difference in mortality 
rate in multivariate analysis. When we looked at a subgroup 
of the patients who survived, patients undergoing VATS 
thymectomy were more likely to be discharged home 
compared to patients undergoing open thymectomy (87.1% 
vs. 77.2%, P<0.001) who were discharged to rehabilitation 
centers, hospice, or home with healthcare. We were 
also able to demonstrate a significant increased usage of 
discharges requiring further skilled healthcare support (odds 
ratio 1.6) (Table 4).

When we performed a trend analysis, there was a 

significant interval increase in number of patients undergoing 
VATS thymectomy (10% in 2010 vs. 19.2% in 2012, 
P<0.001). The shift to a minimally invasive approach for 
thymectomy was present in all regions but there was a more 
rapid initial adoption of the technique in the Northeast and 
South regions than the West and Midwest (Table 1).

Discussion

In this large retrospective U.S. database review of short-
term postoperative outcomes following thymectomy, we 
noted a statistically increased length of stay, mortality and 
overall hospital charges. Furthermore, the differences 
in length of stay and charges held true on multivariate 
review based on approach. These results parallel other 
studies demonstrating decreased length of stay with 
equivalent results when comparing VATS lobectomy vs. 
open approach. In addition to demonstrating oncologic 
equivalence, minimally invasive approaches demonstrate 
decreased costs, secondary to decreased length of stay that 

Table 1 Demographics

Variables
Open 

thymectomy
VATS 

thymectomy
P

Age, years 53±16 52±17 0.12

Male 43.90% 36.10% 0.006

Caucasian 65.70% 64.70% 0.91

Rural hospital 3.80% 0.50% <0.001

Teaching hospital 70.10% 80.40% <0.001

Non-teaching 
hospital

26.00% 19.10% 0.006

Regions <0.001

Northeast 73.60% 26.40%

Midwest 84.60% 15.40%

South 85.50% 14.50%

West 82.50% 17.50%

VATS, video-assisted thoracoscopic surgery.

Table 2 Multivariate analysis for length of stay

Variables B coefficient
95% confidence 

interval
P

Open thymectomy 1.61 0.95–2.28 <0.001

Age −0.01 −0.03–0.001 0.07

Female −0.52 −1.03–−0.01 0.04

Teaching hospital 0.12 −0.35–0.61 0.60

Household income 
quartile

−0.11 −0.34–0.10 0.30

Number of 
comorbidities

0.82 0.73–0.92 <0.001

Table 3 Multivariate analysis for charges

Variables B coefficient
95% confidence 

interval
P

Open thymectomy 13,041 550 to 25,532 0.041

Age −268 −566 to 28 0.07

Female −19,508 −28,969 to −10,046 <0.001

Teaching hospital −15,096 −23974 to −6,219 <0.001

Household income 
quartile

7,983 3,845 to 12,121 <0.001

Number of 
comorbidities

14,617 12,889 to 16,345 <0.001

Table 4 Multivariate analysis for non-optimal discharge requiring 
further healthcare 

Variables Odds ratio
95% confidence 

interval
P

Open thymectomy 1.60 1.12–2.26 0.008

Age 1.031 1.02–1.039 <0.001

Female 0.91 0.72–1.15 0.45

Teaching hospital 0.88 0.71–1.09 0.27

Household income quartile 1.05 0.95–1.16 0.30

Number of comorbidities 1.19 1.14–1.24 <0.001
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make up for increased operating room time and instrument 
costs (14,15). Likewise, there was decreased rate of 
discharges requiring further skilled healthcare, representing 
an additional significant cost savings to the health care 
system (16).

Teaching hospitals were associated with decreased length 
of stay both in open and VATS thymectomy patients with 
a pronounced cost savings; likely secondary to decreased 
length of stay as well as decreased rate of non-optimal 
discharges, though these metrics failed to reach statistical 
significance in multivariate testing. The improved outcomes 
are presumed to be related to an increased volume of similar 
cases and potentially familiarity with minimally invasive 
approaches (17). Nonetheless, given the significant cost 
savings, these results suggest further study about whether 
thymectomy should be performed at high volume centers.

Interestingly, though perhaps not unexpectedly, female 
patients realized significant cost savings compared to 
matched male counterparts, presumably due to decreased 
length of stay. Corresponding to previously published 
research (18), female patients were also less likely (though 
not statistically significant) to utilize skilled nursing facilities 
post discharge. Also corresponding to earlier published 
research, increased household income was associated with 
decreased hospital charges (19); though unlike female 
patients there was not a statistically significant decrease in 
length of stay. Higher income patients were also more likely 
to be discharged requiring further skilled care, though again 
this failed to reach statistical significance. 

As expected, the prevalence of the minimally invasive 
techniques increased during the study period. This 
corresponds to the increasing shift towards minimally 
invasive surgery both in general and when applied to 
thoracic surgery specifically (20,21). In line with the 
increasing emphasis placed on length of stay and patient 
satisfaction in the new bundled payment approach, the 
adoption of minimally invasive approaches will only 
continue to increase (22). 

The strengths of our study are that it is nationally 
representative and can be applied to any hospital. The large 
sample size increased our statistical power and decreased 
likelihood of a type 2 error. Our study possesses several 
limitations. Firstly, NIS is an administrative inpatient 
sampling database, therefore long-term outcomes are 
unavailable. As in all large databases there is variability 
of data recording methods across institutions, limiting 
our ability to account for unrecorded comorbidities. 
Thirdly, the etiology behind length of stay is unclear and 

may be due to a confounding factor such as physician 
caution. Additionally, as NIS is an administrative database, 
collected retrospectively, the rate of conversion to open 
approach is unknown. Likewise, we do not have access or 
preoperative indications or histologic/pathologic findings 
in the specimens as this is a retrospective administrative 
database and these factors may have impacted short term 
outcomes Furthermore, Finally, since this is a retrospective 
observational study, residual confounding cannot be 
completely accounted for. 

Conclusions

In summation, we observed a statistically significant 
decreased length of stay, charges and mortality comparing 
thoracoscopic vs. trans sternal approach to thymectomy. 
The choice of approach on multivariate analysis was 
found to favor a thoracoscopic approach as opposed to a 
transsternal approach. Based on these recommendations, 
combined with previous literature demonstrating improved 
outcomes for minimally invasive approach, it appears 
that the thoracoscopic approach is safer and more cost 
effective for patients. However further long term follow 
up is needed; as is the case in any oncologic/symptomatic 
resection, to ensure that any short term benefit is not at the 
expense of long term survival.
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