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Abstract

Background: Lung cancer is highly prevalent in Chinese population. The association of operative approach with
economic burden in these patients remains unknown.

Objectives: This institution-level cohort study aimed to compare the cost-related clinical outcomes and health care
costs among patients undergoing video-assisted thoracoscopic surgery (VATS) and open lobectomy, and to investi-
gate the factors associated with the costs.

Methods: This retrospective cohort study included patients who underwent VATS or open lobectomy in a provincial
referral cancer center in China in 2018. Propensity score matching (PSM) method was applied to balance the baseline
characteristics in VATS lobectomy and open lobectomy group. Clinical effectiveness measures included post-oper-
ative blood transfusion, lung infection, and length of stay (LOS). Hospitalization costs were extracted from hospital
information system to assess economic burden. Multivariable generalized linear model (GLM) with gamma probability
distribution and log-link was used to analyze the factors associated with total costs.

Results: After PSM, 376 patients were selected in the analytic sample. Compared to open lobectomy group, the VATS
lobectomy group had a lower blood transfusion rate (2.13% vs. 3.19%, P =0.75), lower lung infection rate (21.28% vs.
39.89%, P <0.001) and shorter post-operative LOS (9.4 £3.22 days vs. 10.86 £4.69 days, P <0.001). Total hospitaliza-
tion costs of VATS lobectomy group and open lobectomy were similar: Renminbi (RMB) 84398.03 £+ 13616.13, RMB
81,964.92 +16748.11, respectively (P=0.12). Total non-surgery costs were significantly lower in the VATS lobectomy
group than in the open lobectomy group: RMB 41948 40 4 7747.54 vs. RMB 4575236 + 1034642 (P <0.001). VATS
approach, lung infection, longer post-operative length of stay, health insurance coverage, and lung cancer diagnosis
were associated with higher total hospitalization costs (P <0.05).

Conclusions: VATS lobectomy has a lower lung infection rate, and shorter post-operative LOS than open lobectomy.
Future studies are needed to investigate other aspects of clinical effectiveness and the economic burden from a
societal perspective.
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lung cancer in 2018 was 18.1% in China, and the death
rate due to lung cancer was 24.1% [1]. Lobectomy is
a surgical procedure that removes an entire lobe of the
lung. This procedure can be performed either through
one or few small incisions (minimally invasive) or one
long incision (thoracotomy/open lobectomy) [2]. Video-
assisted thoracoscopic surgery (VATS) is a type of the
minimally invasive thoracic surgery (MITS). It can com-
plete the same task as the traditional thoracotomy and
does not require spreading apart the ribs. Compared
with traditional open lobectomy, VATS has smaller scars,
fewer complications, shorter hospital stay, and less blood
loss [3].

Various studies have compared complication rates
of open lobectomy and VATS lobectomy. Patients with
VATS lobectomy had a significantly lower incidence of
short-term complications, a reduced readmission rate,
and a shorter length of stay [4—10]. A few studies com-
paring the economic burden between the two approaches
suggested that the VAT lobectomy approach was associ-
ated with lower [5, 6, 11] or comparable [7, 8] costs com-
pared to the open lobectomy approach.

In China, the application of MITS, especially VATS
lobectomy, among primary lung cancer patients sig-
nificantly increased from 2.4% in 2008 to 34.4% in 2014
[12]. In 2015, 86.6% of Chinese tertiary hospitals car-
ried out VATS lobectomy, and 73.74% of lung cancer
operations in these hospitals adopted the VATS tech-
nique [13]. With the rapid adoption of VATS technique
in China, consequent outcome assessments are needed
to ensure that VATS lobectomy provides equivalent or
better outcomes compared with traditional open lobec-
tomy approach. Few studies have examined the Chinese
population. In addition, there is a lack of evidence on
the economic comparison between the open lobectomy
and VATS lobectomy approaches. Thus, this study was to
quantify the total medical costs during hospitalization as
well as the costs breakdown associated with a lobectomy
operation.

The objective of this study was to compare the clini-
cal effectiveness and medical costs of these two existing
lobectomy approaches in the Chinese population using
real-world data, and to address risk factors associated
with total hospitalization costs.

Methods

Study population

This retrospective cohort study identified adult patients
(> 18 years old) with diagnoses of lung diseases, who were
admitted to the Department of Thoracic Surgery, Cancer
Hospital of China Medical University, Liaoning Cancer
Hospital & Institute for lobectomy in 2018. Inclusion cri-
teria were, (a) patients with general anesthesia for their
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surgeries; (b) patients who were routinely admitted from
outpatient setting; and (c) patients were routinely dis-
charged from the study hospital. Exclusion criteria were
(a) patients underwent operations in other organs or sys-
tems during the same inpatient admission, (b) patients
with incomplete data, or (c) patients with secondary
operation during the same hospitalization period. Lung
diseases were identified using “diagnosis name” in the
EHR. Patients with “diagnosis name” with “lung” were
considered as having lung diseases. Furthermore, lung
cancer was identified using International Classification
of Diseases, Tenth Revision, Clinical Modification (ICD-
10-CM) code C34.

Comparison groups

Two lobectomy approaches were compared, (1) VATS
lobectomy, and (2) open lobectomy. Lobectomy
approaches were identified based on procedure names
in the electronic medical record (EMR). Open lobec-
tomy was defined as with the keywords of “open” AND
“lobectomy”. VATS lobectomy was defined as having the
keywords of “video-assisted thoracoscopic surgery” AND
“lobectomy”.

Measurement of cost-related clinical outcomes and costs
The EMR was used to collect baseline characteristics and
to identify post-operative clinical outcomes and costs.
Baseline characteristics included age, gender, health
insurance coverage, lung cancer diagnosis status, comor-
bidities such as hypertension, diabetes, heart disease, and
other diseases.

The primary outcomes in this study were cost-related
clinical outcomes and hospitalization costs. Cost-related
clinical outcomes were measured in terms of blood trans-
fusion rate, lung infection rate, and post-operative length
of stay (LOS). Blood transfusion was identified based on
the procedures in the EMR and blood transfusion costs at
discharge, with the keywords of “transfusion’, or “blood
transfusion”. Lung infection was identified as with key-
words of “infection” or “pneumonia” in the EMR. Post-
operative LOS was measured as the time period from the
date of surgery to the date of hospitalization discharge.

Medical costs during hospitalization included general
medical service costs, diagnosis costs, non-surgical treat-
ment costs, anesthetic costs, procedure costs, drug costs,
blood costs, supply costs for surgery (e.g., stapler costs,
cartridge costs, hemostatic material costs, and other sup-
ply costs for surgery), supply costs for diagnosis, supply
costs for treatment, and other costs (e.g., costs for nurs-
ing service or caregivers, and meals) during the hospital
stay (cost categories and definitions see Additional file 1:
Table S1). Surgery costs were defined as direct medical
costs related to operation, including procedure costs,
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anesthetic costs and supply costs for surgery. We also
evaluated the non-surgery costs, which were defined
as the total costs excluding anesthetic costs, procedure
costs, and supply costs for surgery. For example, a typi-
cal item for non-surgery cost category included general
medical cost, diagnosis cost, drug cost, and blood cost.
We evaluated the direct medical costs from the health-
care system’s perspective.

Statistical analysis

Propensity score matching (PSM) method was applied,
using 1:1 match with a caliper of 0.02 [14]. The propensity
scores were calculated by logistic regression. Controlled
baseline characteristics included age, sex, health insur-
ance, lung cancer diagnosis, hypertension, diabetes, heart
disease and other thoracic disease conditions. The logis-
tic regression estimates for propensity score matching is
shown in Additional file 2: Table S2. Descriptive analy-
sis was used to report the baseline characteristics of the
study population. Continuous variables were presented
as mean =+ standard deviation (SD). Categorical variables
were reported as counts and percentages. Between-group
comparisons were performed. T-tests were used to com-
pare continuous variables, and chi-square tests were used
to compare categorical variables. Two-sample Wilcoxon
rank-sum (Mann—Whitney) test was used to compare
non-normally distributed variables (i.e., post-operative
LOS, and costs). Multivariable generalized linear model
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(GLM) with gamma probability distribution and log-
link was used to analyze the factors associated with total
costs. Adjusted cost ratio and 95% confidence interval
(95% CI) were reported. GLM with gamma distribution
can account for significant skewed cost data without the
need for retransformation and is the recommended mod-
eling method for cost data in health services research [15,
16]. Significance level was set at two tailed P <0.05 for all
tests. Patients with lung cancer diagnosis were analyzed
as a subgroup for above analysis concerned the clinical
outcomes and medical costs. Stata 14.0 (StataCorp LLC,
College Station, Texas, USA) was used to perform the
statistical analysis.

Results

Study population

A total of 2131 patients were admitted to thoracic depart-
ment in 2018, and 1639 (76.91%) of them were diagnosed
with lung disease. After excluding patients without lobec-
tomy, patients who received surgeries in other organs or
systems and patients with incomplete data, 797 patients
were included in our study. Out of 797 patients studied,
208 (26.10%) patients went through open lobectomy and
589 (73.90%) patients had VATS lobectomy (Fig. 1).

Patient characteristics
Table 1 shows the patients’ demographic characteristics
before and after the PSM. Prior to the PSM, 797 patients
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Fig. 1 Sample selection flow chart
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were selected based on the inclusion criteria. Only sex
was statistically significantly different between the VATS
lobectomy and open lobectomy group (p<0.001). 131
(62.98%) patients in the open lobectomy group were
male, compared to 244 (41.43%) patients in the VATS
lobectomy group. All the comorbidities were compara-
ble between groups (P >0.05). Before the PSM, the most
common comorbidity in both groups was hyperten-
sion (15.38% in open lobectomy group and 19.35% in
VATS lobectomy group). Baseline patient characteristics
were similar between the selected study population and
excluded patients (Additional file 3: Table S3).

After the PSM, 376 patients were included in the ana-
lytic sample. The average age in the overall sample was
59.87 £8.16 years old. 345 (91.76%) patients had health
insurance coverage. 334 (88.83%) patients had lung can-
cer diagnosis. Overall, 56 (14.89%) patients had hyper-
tension, as the most common comorbidity among the
sample (Table 1).

Cost-related clinical outcomes

Three cost-related clinical outcomes assessed in this
study were (1) blood transfusion rate, (2) lung infec-
tion rate, and (3) post-operative LOS (Table 2). Overall,
10 patients had blood transfusion post operation. The
open lobectomy group (n=6, 3.20%) had a similar blood
transfusion rate, compared with the VATS lobectomy
group (n=4, 2.10%) (P=0.75). One hundred fifteen (115)
patients experienced post-operative lung infections in
the study sample. Patients with open lobectomy (n="75,
39.89%) had a higher lung infection rate post operation
than patients in the VATS lobectomy group (n=40,
21.28%) (P<0.001). On average, the post-operative LOS
for all patients was 10.14£4.08 days. A longer post-
operative LOS was observed in patients with open lobec-
tomy, with a mean of 10.86 £4.69 days. For patients who
underwent the VATS lobectomy, the average post-opera-
tive LOS was 9.42 4-3.22 days. The difference was statisti-
cally significant between these two groups (P <0.001).

Total hospitalization costs and cost breakdown

VATS lobectomy and open lobectomy did not differ in
the total hospitalization costs (RMB 84398.03 £13161.13
vs. RMB 81964.92+16748.11, P=0.12) (Table 2). Non-
surgery costs were significantly lower for VATS lobec-
tomy than open lobectomy (RMB 41948.40 47747.54 vs.
RMB 45752.36 £10346.42, P <0.001).

Figure 2 and Additional file 4: Table S4 present the hos-
pitalization cost breakdown by cost categories. In all cat-
egories of cost breakdown, supply costs for surgery were
the biggest driver of the total hospitalization costs, and it
was significantly higher for VATS lobectomy than open
lobectomy (RMB 30350.94 +8229.41 in VATS lobectomy
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vs. RMB 26283.924+11070.10 in open lobectomy,
P <0.001). Among the supply costs for surgery, cartridge
costs were significantly higher in VATS lobectomy group,
while hemostatic material costs in VATS group was sig-
nificantly lower (Additional file 5: Table S5). The second
biggest cost driver for both groups was drug costs, and
it was significantly lower for VATS lobectomy than open
lobectomy (RMB 17296.26+5294.47 in VATS lobec-
tomy vs. RMB 19981.01+6984.33 in open lobectomy,
P<0.001).

Associated factors of total hospitalization costs
Lobectomy approach types, baseline characteristics and
clinical outcomes were included in the GLM regression
to further evaluate their impacts on the total hospitali-
zation costs (Table 3). Age group was used in the model
instead of using age as a continuous variable.

In the overall study population, after controlling for
covariates, the VATS lobectomy approach was significantly
associated with higher total hospitalization costs. Com-
pared to open lobectomy, the VATS lobectomy approach
increased the total hospitalization costs by 9% (coeffi-
cient=1.09, 95% CI 1.06, 1.13. P<0.001). Lung infection
post operation also increased the total hospitalization
costs by 1.18 times (95% CI 1.14, 1.22. P<0.001), compared
with patients without lung infection. An additional day
of post-operative LOS increased the total hospitalization
costs by 1.01 times (95% CI 1.01, 1.02. P <0.001).

Patients aged between 50 to 59 years old had the high-
est total hospitalization costs, and its impact on the hos-
pitalization costs was significant (P=0.04). Controlling
for other covariates, health insurance coverage increased
the total hospitalization costs by 1.08 times (95% CI 1.02,
1.14. P=0.01). Additionally, the total hospitalization
costs for patients with lung cancer diagnosis was 1.11
times (95% CI 1.05, 1.16. P<0.001) higher than patients
without lung cancer diagnosis.

Subgroup analyses
Demographic characteristics In the matched sample,
of the 326 patients with lung cancer, 163 (50%) patients
had open lobectomy and the other 163 (50%) patients
had VATS lobectomy (Table 1). The characteristics of the
subgroup were comparable with the overall study sample.
Post-operative outcomes Among 326 patients with lung
cancer, 10 patients had blood transfusion with 4 (2.45%)
patients from the open lobectomy group, and 6 (3.68%)
patients from the VATS lobectomy group. The differ-
ence in blood transfusion between open lobectomy and
VATS lobectomy group was not significant in this sub-
group (P =0.75). The VATS group had a lower lung infec-
tion rate (19.02% vs. 39.26%, P <0.001) and a shorter LOS
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Table 2 Cost related clinical outcomes and hospitalization costs comparisons between groups
Clinical Patients with lung disease Patients with lung cancer
outcomes
Overall, n=376 Open lobectomy,  VATS lobectomy, P-value Overall, n=326 Open lobectomy,  VATS lobectomy,  P-value
n=188 n=188 n=163 n=163
Blood transfu- 10 (2.66) 6(3.19) 4(2.13) 0.75 10(3.07) 4(2.45) 6(3.68) 0.75
sion, n (%)
Lung infec- 115 (30.59) 75 (39.89) 40(21.28) <0.001 95(29.14) 64 (39.26) 31(19.02) <0.001
tion, n (%)
Post- 10.14£4.08 10.86 £4.69 942+£322 <001 10.19+4.25 11.06 £4.91 9324325 <0.001
operative
LOS (days),
mean £ SD
Total hospi- 8318147 £ 1509094 81964.924+16748.11 84398.03+13161.13 012 84139.26 £15170.14 8284846 +£16928.87 85430.05 £13105.24 013
talization
costs (RMB),
mean=+SD
Total non- 43850.384+9324.20  45752.36+10346.42 41948404 7747.54 <0.001 44520.89+£9474.80 46633.034+1053843 42408.75+7749.95 <0.001
surgery
costs (RMB),
mean+SD

LOS length of stay, SD standard deviation

General medical service costs®

Costs in total population
!
+ 26,284
Supplycosts o sugery _am
19,981
* ,
Drug costs 17.29
Diagnosis costs
Procedure costs*®
General medical service costs
Supply costs for diagnosis*
Anesthetic costs*
Non-surgical treatment costs
Supply costs for treatment*®
Other costs
62 [] open lobectomy (n=188)
[l VATS lobectomy (n=188)
Blood product costs 28
p 20
*comparison between groups P<0.05.
Fig. 2 Cost breakdown comparisons between VATS and open lobectomy procedures

Costs in subgroup of lung cancer
I

26,007
30,560

20,531
17,565

Supply costs for sugery®

Drug costs®

Diagnosis costs

Procedure costs®

Supply costs for diagnosis®

Anesthetic costs®

Non-surgical treatment costs

Supply costs for treatment™®

Other costs
78 [] open lobectomy (n=163)

[ VATS lobectomy (n=163)
Blood product costs

(9.32+£3.25 vs. 11.06 £4.91, P<0.001), compared to the
open lobectomy group (Table 2).

Hospitalization costs and cost breakdown In this sub-
group, the mean difference in total hospitalization costs
between open lobectomy and VATS lobectomy was not
significant (RMB 82848.46 £+ 16928.87 in the open lobec-
tomy group vs. RMB 85430.05+13105.24 in the VATS

lobectomy group, P=0.13) (Table 2). Non-surgery costs
were significantly lower for VATS lobectomy than open
lobectomy (RMB 42408.75+7749.95 in VATS lobec-
tomy vs. RMB 46633.03£10538.43 in open lobectomy,
P <0.001). Diagnosis costs, treatment costs, blood prod-
uct costs and other costs remained equivalent between
the two lobectomy groups (P> 0.05). Other types of costs
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Table 3 Multivariable generalized linear model for total hospitalization costs
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Patients with lung disease, n=376

Patients with lung cancer, n=326

Adjusted cost 95% Cl P value Adjusted cost 95% Cl P value
ratio ratio
Lobectomy approach (reference: open lobectomy) 1.09 (1.06,1.13) <0.001 1.10 (1.06, 1.14) <0.001
Blood transfusion (reference: no) 1.07 (0.97,1.18) 0.15 1.03 (0.93,1.13) 0.62
Lung infection (reference: no) 1.18 (1.14,1.22) <0.001 1.19 (1.15,1.24) <0.001
Post-operative length of stay 1.01 (1.01,1.02) <0.001 1.01 (1.01,1.02) <0.001
Age group (reference: < 50 years old)
50-59 years old 1.06 (1.00,1.13) 0.04 1.06 (O 99,1.13) 0.10
> 60 years old 1.05 (0.99,1.12) 0.08 1.07 (1.0 14) 0.07
Sex (reference; female) 1.03 (1.00, 1.06) 0.07 1.03 (O 99,1 06) 0.12
Health insurance (reference: not insured) 1.08 (1.02,1.14) 0.01 1.01 (0.95, 1.08) 0.75
Lung cancer diagnosis (reference: no) 1.11 (1.05,1.16) <0.001 NA NA NA
Hypertension (reference: no) 1.02 (0.97,1.06) 0.51 1.02 (0.96,1.07) 0.55
Diabetes (reference: no) 1.04 (0.98, 1.09) 0.19 1.04 (0.98,1.10) 0.19
Heart disease (reference: no) 1.05 (0.98,1.12) 0.19 1.1 (1.02,1.19) 0.02
Other thoracic diseases (reference: no) 0.98 (0.92,1.05) 0.64 0.99 (0.91,1.07) 0.74

95% Cl 95% confidence interval

remained significantly different between the open lobec-
tomy group and VATS lobectomy group (P <0.05) (Fig. 2).

Associated factors of total hospitalization costs Under-
going VATS lobectomy, having lung infection, longer
post-operative LOS, and having heart disease were posi-
tively associated with total hospitalization costs P <0.05)
(Table 3).

Discussion
To our best knowledge, this was the first study compar-
ing the post-operative outcomes and costs with the most
comprehensive cost analysis between VATS lobectomy
and open lobectomy among Chinese patients with lung
diseases, regardless of lung cancer status. The post-
operative outcomes of VATS lobectomy, including lung
infection rate and post-operative LOS, were significantly
better than open lobectomy. This was also the first study
assessing risk factors for high hospitalization costs of
lobectomy operation in the Chinese population. Overall,
total hospitalization costs among the patients with VATS
lobectomy were comparable with open lobectomy. How-
ever, the total non-surgery costs were significantly lower
in VATS compared to open lobectomy. This may be due
to the lower complication rates found in the study popu-
lation, as well as better intraoperative and postoperative
clinical outcomes, the drug costs, costs for blood transfu-
sion and non-surgical treatment costs were significantly
lower in the VATS group.

Our findings were consistent with the previous stud-
ies [4, 7, 9, 17, 18]. First, post-operative clinical out-
comes including lung infection, and post-operative LOS

were all better in the VATS lobectomy group, compared
to the open lobectomy group. Second, the procedure
costs, cartridge costs for VATS lobectomy were signifi-
cantly higher, and may be due to the advanced technol-
ogy of VATS lobectomy. Blood costs, drug costs and
hemostatic material costs in the open lobectomy group
were higher, and it might result from a relatively greater
trauma from open lobectomy approach. A prior study
also found hospitalization costs in the VATS lobectomy
group were significantly higher due to higher opera-
tive and instrument costs, compared with the open
lobectomy approach [18]. The GLM regression results
showed that the total hospitalization costs were associ-
ated with post-operative lung infection, post-operative
LOS, sex, and lung cancer diagnosis status.

Besides lung infection and blood transfusion, hospital
readmission due to surgical complications in the study
population was investigated. However, no hospitaliza-
tion due to the complications or failure of operation
was found in either VATS or open lobectomy group.
Thus, it was not reported in the clinical outcomes.

Long-term survival from these two approaches was
also evaluated in the previous studies. Most study
findings showed the long-term survival was compa-
rable between open lobectomy and VATS lobectomy
[19-24]. We did not include this as a clinical outcome
in our study. The main reason was that even either
VATS or open lobectomy could lead to blood loss,
infection, and physical pain, significant bleeding dur-
ing lung resection surgery was found to be rare in a
retrospective matched cohort analysis using real-world
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data [25]. Thus, we assume the complications such
as bleeding or lung infection from either lobectomy
approach would not significantly increase the chance
of death from the procedure.

In our study population, before the PSM, patients
in open lobectomy group and VATS lobectomy group
were similar, except for the sex distribution. More males
received open lobectomy, while more females received
VATS lobectomy. It may be because more males were
smokers, with worse pulmonary function, and with
advanced lung cancer. Thus, open lobectomy might be
more appropriate in this situation, as it would be safer
and more likely to remove the whole tumor [26].

There were some limitations in our study. First,
either open lobectomy or VATS lobectomy requires
surgeons to have sufficient training and experience,
and it plays an important role in the assessment of
complications and hospitalization costs, as the eco-
nomic impact could be magnified as the surgeons’
experience increases [5]. Thus, without the considera-
tion of surgeons’ experience, the interpretation of the
comparison between open lobectomy and VATS lobec-
tomy might be biased. Second, this study used medi-
cal records for a single hospital. Due to the unbalanced
development of the thoracic surgery technology in dif-
ferent regions in China, the study population may not
be representative for the other regions of China. Third,
due to a lack of access to smoking history, pulmonary
function, cancer stage, and adjunctive treatment, these
baseline characteristics were not controlled for in the
PSM. These factors may have confounded the results.
Fourth, due to a lack of information of ICU stay, the
LOS was not differentiated between ICU admission
and ward hospitalization. The length of the lobec-
tomy operation for each group was not available, thus,
when reporting the other costs, the opportunity cost
of operation between the two techniques was not
able to be considered. Fifth, PSM can only match on
the observables. It cannot manage the differences in
unobserved variables that still introduce selection bias.
Lastly, readmission which could be an important post-
operative complication was not considered as a clinical
outcome in this study because no cases were identified
in the EHR. All the patients were usually followed up
in outpatient settings. A lack of readmission may have
contributed to the relatively lower non-surgery costs
with the VATS approach.

The findings of this study can provide the patients,
physicians, and health caregivers with a view of the
clinical effectiveness and economic burden of each
approach. It can also help policy-makers to make
informed decisions to improve healthcare outcomes at
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both the individual and population levels. More assess-
ments are still needed in the future.

Conclusions

Our study suggests that from the health system’s perspec-
tive, the utilization of the VATS lobectomy approach led
to higher hospitalization costs. However, these direct
procedure costs were offset by reductions in post-oper-
ative blood transfusion rate, lung infection rate and hos-
pital LOS, compared with the open lobectomy approach.
A more comprehensive and prospective comparison is
needed to include patient-reported outcomes, as well as
to assess it from the societal perspective.
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