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Abstract

Background: To assess the economic impact of powered stapler use in video-assisted thoracic surgery (VATS)
lobectomy for lung cancer in a Chinese tertiary care hospital.

Methods: This study identified 388 patients who received VATS lobectomy using the ECHELON powered stapler
(n=296) or the ECHELON manual stapler (n=92) for lung cancer in a Chinese tertiary hospital. Multiple generalized
linear regression analyses were conducted using data on hospital costs and patient characteristics to develop
predictive equations for hospital costs in a cost-minimization analysis (CMA) model comparing hospital costs
associated with the ECHELON powered stapler and the ECHELON manual stapler. CMA model was used to conduct
scenario analysis to compare the ECHELON powered stapler with another manual stapler (Victor Medical).

Results: The multiple generalized linear regression analyses identified that using the ECHELON powered stapler in
VATS lobectomy for lung cancer was associated with significantly lower drug costs than using the ECHELON
manual stapler (coefficient — 0.256, 95% confidence interval: —0.375 to —0.139). The CMA model estimated that the
ECHELON powered stapler could save hospital costs by ¥1653 when compared with the ECHELON manual stapler
(¥65,531 vs. ¥67,184). The use of the ECHELON powered stapler also saved hospital costs by ¥4411 when compared
with the Victor Medical manual stapler (¥65,531 vs. ¥69,942) in the scenario analysis.

Conclusions: Compared to the two manual staplers used for VATS lobectomy for lung cancer in a Chinese tertiary
hospital, the ECHELON powered stapler had 100% probability to save total hospital costs under present prices of
the three staplers according to the CMA.
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Introduction modern stapler with disposable staple cartridges and

With its genesis as a “mechanical stitching device” in
1908, the stapler evolved from the “Fischer-Hultl stap-
ler”, which weighed 5 kg and took 2 h to assemble, to the
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simplified hand-controlled, automatic firing mechanisms
[1]. The utilization of stapler has been proven to reduce
bleeding, postoperative air leak risk, tissue injury, and
operative time in many surgery settings. Modern surgical
staplers have been widely used for wound closure, organ
resection, organ transection, and anastomoses [2]. One
of the main applications of a mechanical stapler occurs
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in pulmonary resection through video-assisted thoracic
surgery (VATS), which lacks sufficient surgery space to
perform endoscopic suturing [3].

The uneven force distribution inherent in manual stap-
ler operation often causes instability of its distal tip and in-
creases the risk of oozing or bleeding along the staple line.
Therefore, a powered stapler was developed to address
this limitation by using a motor to power both the staple
firing and the cutting action of the blade. A powered stap-
ler can reduce movement at the distal tip by 88% when
compared to a manual stapler [4]. In addition, the use of a
powered stapler can prevent the operating surgeon’s intra-
operative hand tremors thereby minimizing tissue dam-
age. However, there is dissonance among existing
literature on the clinical and economic benefits associated
with the use of a powered stapler in VATS lobectomy. For
example, four real-world studies from the United States,
South Korea, and Japan reported that the use of a powered
stapler was associated with significantly lower risk of com-
plications (i.e., bleeding and pleurodesis) and lower hos-
pital costs than the use of a manual powered stapler in
VATS lobectomy [4-7]. In contrast, three studies from
the United States and Europe observed no significant dif-
ferences in the incidences of complications (e.g., air leak,
bleeding, post-surgery adverse events, and length of drain-
age therapy) between the two types of staplers [8—10]. We
recently conducted a retrospective cohort study that ob-
served comparable clinical outcomes associated with the
two types of staplers but significantly shorter operation
time and length of hospital stay associated with a powered
stapler [11]. To further add meaningful evidence to the
topic, this study employs the cost-minimization analysis
(CMA) method to explore the potential economic benefits
associated with using powered stapler in VATS lobectomy
for lung cancer.

Methods

The superior clinical effects of powered staplers over
manual staplers in VATS lobectomy for lung cancer
have been widely presented [4-7]. To further compare
the two types of staplers, this study uses CMA to assess
the economic impact of utilizing a powered stapler in
VATS lobectomy for lung cancer in a Chinese tertiary
hospital. A retrospective cost analysis was conducted to
support the development of the CMA model. The ethics
approval of this study was obtained from the ethics re-
view board of Xiangya Hospital, which provided de-
identified data extracted from the hospital’s medical and
billing records associated with patients who underwent
VATS lobectomy for lung cancer.

Retrospective cost analysis
A retrospective cost analysis was conducted to develop
predictive models for hospital costs associated with
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VATS lobectomy for lung cancer in a Chinese tertiary
care hospital. The retrospective cost analysis was in-
formed by data from the hospital information system of
Xiangya Hospital, a teaching hospital affiliated with Cen-
tral South University, Changsha, China. The hospital
surgical records were screened to identify hospital epi-
sodes related to VATS lobectomy for lung cancer from
January 1, 2016 to December 31, 2018. This study in-
cluded patients with routine hospital discharge after
VATS lobectomy for lung cancer to control the potential
bias that may stem from incomplete information. Pa-
tients with extreme values for operation time (> 8 hours),
length of hospital stay (> 21 days), excessive bleeding (>
600 ml), and/or excessive post-surgery drainage volume
(> 2400 ml) were excluded to control the potential con-
founding effects from unusual clinical circumstances. Pa-
tients who died during the surgery were excluded as
well. Since patients who used imported medical devices
for surgery usually had a high socioeconomic status in
China [12], the retrospective cost analysis included only
patients who underwent VATS lobectomy using a pow-
ered stapler (ECHELON FLEX™ ENDOPATH?® Staplers)
and a manual stapler (ECHELON FLEX™ Articulating
Endoscopic Linear Cutter) imported from the same
manufacturer (Ethicon, NJ, USA) to minimize the con-
founding effects of a patient’s socioeconomic status.

The electronic medical and billing records of the in-
cluded hospital episodes were used to extract stapler
utilization information (e.g., stapler types, numbers of
utilized staplers and cartridges), patient baseline charac-
teristics (i.e., demographics, social economic status, lung
cancer histology, lung cancer tumor stage, bone marrow
function, comorbidity, and operation site), and hospital
costs (ie., total hospital costs and classified hospital
costs).

This study divided the included patients into two
groups according to the type of stapler used in their sur-
gery (powered stapler group vs. manual stapler group)
and compared their baseline characteristics, numbers of
staplers and cartridges used during surgery, hospital
costs in sub-categories, and total hospital costs. The stat-
istical methods used for these comparisons included a
Student’s t-test for continuous data, a Chi-square test
for categorical data, and a Wilcoxon rank-sum test for
the cost data. To develop predictive models for hospital
costs in sub-categories in the CMA, we conducted sim-
ple and multiple generalized linear regression using pa-
tient characteristics and type of stapler as independent
variables and hospital costs, which included disposable
supplies costs, drug costs, surgery procedure-related
costs, laboratory test costs, and other hospital costs, as
dependent variables. Patient characteristics with a sig-
nificant association with categorized hospital costs in the
simple regression analyses were included in the multiple
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generalized linear regression analyses on the categorized
hospital costs.

Cost-minimization analysis

A decision-analytic model was constructed to simulate
hospital costs for VATS lobectomy for lung cancer for
two scenarios: utilizing the ECHELON powered stapler
and utilizing the ECHELON manual stapler. In each sce-
nario, the model simulated hospital costs associated with
a stapler using the predictive models developed from the
retrospective cost analysis. The baseline characteristics
of the included patients in the retrospective cost analysis
were applied to the model cohort in the constructed
CMA model. The numbers of staplers and cartridges
expended during surgery and their unit prices were used
to calculate the acquisition costs of the staplers and car-
tridges in the two scenarios for the CMA.

The constructed model for CMA was used to conduct
the base case analysis, one-way sensitivity analysis, and
probabilistic sensitivity analysis (PSA) for the point esti-
mations and uncertainty associated with the differences
in simulated hospital costs between the ECHELON pow-
ered stapler and the ECHELON manual stapler. The
baseline characteristics of the patient cohort from the
retrospective cost analysis and the coefficients in the
predictive models for the classified hospital costs were
applied to run the base case analysis for the point esti-
mations of the differences in total hospital costs and cat-
egorized hospital costs between the two scenarios. One-
way sensitivity analysis was conducted to assess the im-
pact of uncertainty associated with each model variable
on the differences in the estimated total hospital costs
associated with the two scenarios. Monte Carlo simula-
tion with 10,000 iterations based on the distributions of
coefficients in the cost predictive equations in the CMA
model was run to plot the distribution of the differences
in the estimated total hospital costs associated with the
two scenarios. To demonstrate the differences in total
hospital costs between the ECHELON powered stapler
and another approved manual stapler brand, this study
applied the constructed model for CMA to conduct a
scenario analysis comparing the ECHELON powered
stapler against the Victor Medical manual stapler—an-
other domestic surgical stapling device approved in
Mainland China. Because the ECHELON and the Victor
Medical manual staplers shared the same mechanics of
operation, the scenario analysis assumed that the two
manual staplers had the same hospital costs except for
their acquisition costs, which were determined by their
unit prices. Accordingly, the scenario analysis used the
same predictive equations for the Victor Medical stapler
and cartridge on categorized hospital costs in the CMA
model to compare the simulated total hospital costs

Page 3 of 13

between the ECHELON powered stapler and the Victor
Medical manual stapler.

This study used the statistical software R to conduct a
retrospective cost analysis. The statistical significance
used in the retrospective cost analysis was a two-sided
p-value less than 0.05. The CMA model was constructed
in Microsoft Excel to run the base case analysis, one-way
sensitivity analysis, and PSA.

Results

The initial search of the hospital surgery records identi-
fied 1022 patients who underwent VATS lobectomy for
lung cancer during the defined study observation period.
Based on the information on the utilization of staplers in
VATS lobectomy, this study included 296 patients using
the ECHELON powered stapler and 92 patients using
the ECHELON manual stapler to conduct the retro-
spective cost analysis. The patient identification flow-
chart is illustrated in Fig. 1. The results of the
retrospective cost analysis and the CMA comparing the
use of a powered stapler with the use of a manual stapler
for total hospital costs and categorized hospital costs are
summarized in the subsequent sections.

Retrospective cost analysis: baseline characteristics of the
included patients

The baseline characteristics of the included patients
were summarized and compared between the two
groups: patients whose procedure used the ECHELON
powered stapler and those whose procedure used the
ECHELON manual stapler. The two study groups had
comparable baseline characteristics including age, gen-
der distribution, BMI, and tumor stage distribution. The
baseline characteristics with significant differences in-
cluded area of residence (provincial capital city: 25.4%
vs. 14.3%, p =0.025; county: 7.5% vs. 19.8%, p = 0.001);
urban resident insurance plan (22.0% vs. 7.7%, p=
0.019); abnormal erythrocyte counting (24.4% vs. 14.3%,
p =0.043); lobectomy site at bottom left lung (11.5% vs.
24.2%, p=0.016); and the comorbidities that included
bronchial disease (13.5% vs. 3.3%, p =0.006), coronary
heart disease (2.7% vs. 9.8%, p = 0.004), and sport system
diseases (9.8% vs. 3.3%, p =0.047). The baseline patient
characteristics of the two study groups are summarized
in Table 1.

Retrospective cost analysis: number of used staplers and
cartridges and categorized hospital costs

The number of staplers used during surgery in the ECH-
ELON powered stapler group and the ECHELON man-
ual stapler group were highly comparable (1.2+/- 0.6 vs.
1.2+/-0.5, p=0.627). However, the powered stapler
group used fewer cartridges than the manual stapler
group (7.0+/-3.9 vs. 7.5+/-4.0, p=0.076). Compared
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Initially identified patients with VATS lobectomy
(n=1022)

Patients with utilization of ECHELON powered
stapler in VATS lobectomy (n=500)

Patients with utilization of ECHELONE manual
stapler in VATS lobectomy (n=231)

Exclusion (n=204)
Age<18:5
Surgery not for lung cancer: 107
Not routine outpatient admission:3
Admission department was not thoracic
surgery: 43
Final surgery procedure was not VATS
lobectomy: 18
Extremely long operation time (>8 hours): 12
Extremely long post-surgery length of hospital
stay(>21days): 6
Excessive bleeding (>600ml): 4
Incomplete medical notes: 5
Death:1

Final inclusion for the ECHELON powered stapler
group (n=296)

manual stapler
A

Fig. 1 The flow chart of creating two study groups for the retrospective cost analysis comparing ECHELON powered stapler vs. ECHELON

Exclusion (n=139)
Surgery procedure without general anesthesia: 1
Surgery not for lung cancer: 76
Admission department was not thoracic surgery:
16
Final surgery procedure was not VATS
lobectomy:25
> *  Extremely long operation time (>8 hours): 11
Extremely long post-surgery length of hospital
stay (>21days): 3
Excessive bleeding (>600ml): 1
Excessive post-surgery drainage volume
(>2400ml): 1
Incomplete medical notes: 4
Death: 1

Final inclusion for the ECHELON manual
stapler group (n=92)

with the ECHELON manual stapler group, the ECH-
ELON powered stapler group had lower hospital costs
for drugs (median: ¥10,161 vs. ¥13,592, p <0.001) but
higher operation-related hospital costs (median: ¥8257
vs. ¥7683, p<0.001). The total hospital costs of the
ECHELON powered stapler group were significantly
lower than those incurred by the ECHELON manual
stapler group (median: ¥64,322 vs. ¥67,298, p <0.001)
because the drug costs saved from the use of the pow-
ered stapler were higher than the sum of the powered
stapler group’s increased operation-related hospital costs
and stapler acquisition costs. The number of staplers
used during surgery and categorized hospital costs for
the two study groups are summarized in Table 2.

Retrospective cost analysis: developing predictive
equations for categorized hospital costs

Our multiple generalized regression analysis identified
that the categorized hospital costs for disposable sup-
plies were significantly associated with BMI distribution
(18.5<=BMI < 24: coefficient - 0.099, p=0.007; 24<=
BMI < 28: coefficient — 0.133, p =0.001; 30 < =BMI < 40:
coefficient - 0.388, p =0.002) and the following comor-
bidities: lung infection (coefficient — 0.286, p = 0.004), tu-
berculosis (coefficient — 0.205, p = 0.027), breast diseases
(coefficient — 0.524, p =0.015). The categorized hospital
costs for drugs were significantly associated with the use
of a powered stapler (coefficient-0.256, p <0.001),
tumor stage I (coefficient — 0.153, p <0.001), BMI distri-
bution for patients with 24 <=BMI <28 (coefficient -

0.148, p = 0.005) and patients with 30 < =BMI < 40 (coef-
ficient — 0.330, p =0.002), and the following comorbidi-
ties: urological diseases (coefficient 0.144, p =0.005),
endocrine diseases (coefficient — 0.164, p =0.019), and
abnormal platelet counts (coefficient 0.233, p =0.002).
Additionally, the categorized hospital costs for operation
were significantly associated with the following comor-
bidities: bronchial diseases (coefficient 0.108, p = 0.025),
urological diseases (coefficient 0.074, p = 0.045), and im-
mune system diseases (coefficient-0.393, p=0.019).
The categorized hospital costs for laboratory tests were
significantly associated with BMI distribution for pa-
tients with 18.5<=BMI<24 (coefficient 0.100, p=
0.024), unspecified insurance plan (coefficient: 0.124,
p =0.019), and the following comorbidities: diabetes (co-
efficient: 0.165, p = 0.019), urological diseases (coefficient
0.133, p=0.007), and immune system diseases (coeffi-
cient — 0.521, p =0.023). Lastly, the categorized hospital
costs for other utilized resources were significantly asso-
ciated with tumor stage I (coefficient — 0.083, p = 0.033)
and the following comorbidities: diabetes (coefficient
0.158, p=0.020) and urological diseases (coefficient
0.176, p <0.001). The results of the multiple generalized
regression analyses for the categorized hospital costs are
summarized in Table 3.

Cost-minimization analysis: base case analysis

The following values were used to conduct the base case
analysis: (1) baseline characteristics of the included pa-
tients at an individual level in the retrospective cost
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Table 1 Summary of patient characteristics of the created two stapler groups in the retrospective cost analysis
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Patient characteristics ECHELON powered stapler group ECHELON manual stapler group P
(N =296) (N=92) value
%/Mean+/-SD %/Mean+/-SD
Demographics
Age (years) 57.9+/-89 585+/-9.0 0.823
Male gender 53.0% 63.0% 0.092
BMI (kg/m?) 23.8+/-3.1 23.5+/-2.8 0343
BMI <185 3.8% 0.0% 0.609
185 <=BMI< 24 50.2% 62.4% 0.168
24 <=BMI< 28 36.9% 27.5% 0.280
28 <=BMI<30 6.4% 7.6% 0.730
30 <=BMI <40 2.7% 2.5% 1.000
Place of residence
Provincial capital city 254% 14.3% 0.025
Prefecture-level city 59.3% 60.4% 0910
County 7.5% 19.8% 0.001
Other cities 7.8% 5.5% 0450
Public insurance plan
Urban employee medical insurance 27.1% 19.2% 0.294
Urban resident medical insurance 22.0% 7.7% 0.019
New rural cooperative medical insurance 27.1% 36.5% 0.180
Others 23.7% 36.5% 0.080
Marital status
Married 99.3% 100.0% 1.000
Single 0.7% 0.0% 1.000
Comorbidity
Digestive system diseases 43.9% 38.0% 0319
Urinary system diseases 23.0% 16.3% 0173
Hypertension 20.3% 17.4% 0.543
Reproductive system diseases 17.2% 13.0% 0.342
Cerebrovascular/cerebrovascular diseases 15.9% 17.4% 0.731
Bronchial diseases 13.5% 33% 0.006
Endocrine system diseases 11.1% 7.6% 0.329
Sports system diseases 9.8% 3.3% 0.047
Diabetes 9.1% 8.7% 0.901
Heart disease 8.8% 12.0% 0.365
Emphysema 7.4% 7.6% 0.955
Bullae 5.1% 54% 0.889
Coronary heart disease 2.7% 9.8% 0.004
Tumor histology
Squamous cell carcinoma 14.6% 14.8% 1.000
Adenocarcinoma 78.2% 81.5% 0.809
Other 7.1% 3.7% 0.792
Tumor stage
Carcinoma in situ 1.0% 0.0% 0.332
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Table 1 Summary of patient characteristics of the created two stapler groups in the retrospective cost analysis (Continued)

Patient characteristics ECHELON powered stapler group ECHELON manual stapler group P
(N =296) (N=92) value
%/Mean+/-SD %/Mean+/-SD
I 56.5% 47.8% 0.148
Il 11.8% 174% 0.167
Il 29.7% 33.7% 0471
% 1.0% 1.1% 0951
Bone marrow function
Abnormal INR 3.9% 3.5% 1.000
Abnormal hemoglobin 15.9% 24.2% 0.085
Abnormal erythrocyte counts 24.4% 14.3% 0.043
Abnormal leukocyte counts 8.5% 9.9% 0.675
Abnormal platelet counts 7.5% 12.1% 0.197
Lobectomy site
Upper right 38.1% 25.8% 0.082
Right middle 7.5% 3.0% 0.268
lower right 14.3% 24.2% 0.062
Upper middle right 0.8% 0.0% 1.000
Lower middle right 1.6% 1.5% 1.000
Left lung 0.4% 0.0% 1.000
Upper left 25.8% 21.2% 0.523
Bottom left 11.5% 24.2% 0.016

analysis; (2) the unit prices of the ECHELON powered
stapler (PSE45A stapler: ¥6790, ECR45B cartridge:
¥2441) and the ECHELON manual stapler (EC45A stap-
ler: ¥3970, ECR45B cartridge: ¥2441); and (3) the base-
line coefficients of the predictive equations for the
categorized hospital costs. As a result, the base case

CMA estimated that the total hospital costs associated
with the utilization of the ECHELON powered stapler
and the ECHELON manual stapler were ¥65,531 and
¥67,184, respectively. The comparison of the distribu-
tions of hospital costs associated with the two types of
staplers in the CMA suggested that the powered stapler

Table 2 Summary of the utilizations of staplers and classified hospital costs associated with VATS lobectomy for lung cancer in the

created two stapler groups

Study group ECHELON powered stapler ECHELON manual stapler P
Sample size 296 92 value
Outcomes Mean SD Median Q1-Q3 Mean SD Median Q1-Q3
Utilized number of staplers and cartridges
Staplers 12 0.6 12 0.5 0.627
Cartridges 7.0 39 7.5 4.0 0.076
Classified hospital costs
Staplers costs ¥24,645 ¥10592 ¥21437 (¥18996-¥26,319) ¥23,255 ¥10291 ¥21,058 (¥16,845-¥24,570) 0.656
Disposable supplies costs ¥9853  ¥3022  ¥9913 (¥7769-¥11,793)  ¥10,518 ¥3638  ¥10358 (¥8707-¥12,064) 0.080
Drug costs ¥10,079 ¥4504  ¥10,161 (¥7737-¥9212) ¥14,066 ¥5352  ¥13592 (¥7298-¥8395) <0.001
Operation related costs ¥7743  ¥2279  ¥8257 (¥1780-¥2731) ¥7523  ¥1731 ¥7683 (¥1834-¥2576) <0.001
Laboratory tests costs ¥10,264 ¥4209  ¥10323 (¥59307-¥70450) ¥11,215 ¥3723  ¥10900 (¥63,141-¥74,624) 0077
Other utilized hospital resources costs  ¥2253  ¥892 ¥2269  (¥1780-¥2731) ¥2229  ¥743 ¥2179  (¥1834-¥2576) 0.524
Total hospital costs ¥64,836 ¥8928  ¥64,322 (¥59,307-¥70450) ¥68806 ¥10616 ¥67298 (¥63,141-¥74,624) <0.001
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Table 3 The results of the multiple generalized linear regression analyses exploring the predictors for the classified hospital costs

associated with VATS lobectomy for lung cancer in a Chinese tertiary care hospital

A Hospital costs for disposable supplies

Hospital cost classification

Variables

Intercept
Powered stapler vs. Manual stapler
Demographics
Male vs. female
BMI
18.5 < =BMI < 24 vs. Other BMI distribution ranges
24 < =BMI < 28 vs. Other BMI distribution ranges
30 < =BMI < 40 vs. Other BMI distribution ranges
Tumor histology
Adenocarcinoma vs. Non-adenocarcinoma
Tumor stage
Stage | vs. Non-stage |
Bone marrow function
Abnormal INR vs. Normal INR
Abnormal hemoglobin vs. Normal hemoglobin
Lobectomy site
Upper left vs. Non-upper left site
Comorbidity

Hypertension vs. Non-hypertension

Immune system diseases vs. Non-immune system diseases

Breast diseases vs. Non-breast diseases
B. Hospital for drugs
Hospital cost classification

Variables

Intercept

Powered stapler vs. Manual stapler
Demographics

Male vs. female
BMI

24 < =BMI < 28 vs. Other BMI distribution ranges

28 < =BMI < 30 vs. Other BMI distribution ranges
Residence city

County vs. Other cities
Marital status

Married vs. Other marital status
Public health insurance plan

Urban worker insurance plan vs. other insurance plan
Tumor histology

Adenocarcinoma vs. Non-adenocarcinoma

Hospital costs for disposable supplies

Coefficient

9.279
-0.007

0.041

-0.099

-0.133

—-0.388

-0.041

0.058

0.141
0.076

-0.026

—-0.051

0.177
-0.524

95% Cl
Lower
9.203
—0.084

—-0.048

-0171

-0214

- 0624

-0.108

—-0.005

—-0.022
—-0.004

—0.100

-0.128

-0.193
-0917

Hospital costs for drugs

Coefficient

9492
—-0.256

0.041

—-0.148
-0.330

-0.010

—-0.049

0018

95% Cl

Lower

9.337

-0.375

—-0.048

—-0.250
—0535

-0.002

-0.129

—0.155

-0.074

Upper
9.357
0.069

-0.028
—0.052
-0.134

0.025

0311
0.157

0.050

0.026

0.583
-0.075

Upper
9.649
-0.139

—-0.044
-0.112

0.273

0.058

P value

<0.001
0.854

0.361

0.007

0.001

0.002

0.225

0.072

0.099
0.066

0.500

0.193

0.355

0.015

P value

<0.001
<0.001

0.361

0.005
0.002

0.058

0.864

0.367

0.702
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Table 3 The results of the multiple generalized linear regression analyses exploring the predictors for the classified hospital costs
associated with VATS lobectomy for lung cancer in a Chinese tertiary care hospital (Continued)

A Hospital costs for disposable supplies

Tumor stage
Stage | vs. Non-stage |
Bone marrow function
Abnormal platelet counts vs. normal platelet counts
Lobectomy site
Upper left vs. Non-upper left site
Comorbidity
Diabetes vs. Non-diabetes
Cerebrovascular diseases vs. Non-cerebrovascular diseases
Urological diseases vs. Non-urological diseases
Cardiovascular diseases vs. Non-cardiovascular diseases
Endocrine diseases vs. Non-endocrine diseases
C. Hospital costs related to operation
Hospital cost classification

Variables

Intercept
Powered stapler vs. Manual stapler

Tumor stage
Stage | vs. Non-stage |

Lobectomy site
Upper left vs. Non-upper left site

Comorbidity
Bronchial diseases vs. Non-bronchial diseases
Immune system diseases vs. Non-immune system diseases
Cerebrovascular diseases vs. Non-cerebrovascular diseases
Urological diseases vs. Non-urological diseases
Cardiovascular diseases vs. Non-cardiovascular diseases
Sport system diseases vs. Non-sport system diseases
Vascular diseases vs. Non-vascular diseases

D. Hospital costs for laboratory tests
Hospital cost classification

Variables

Intercept
Powered stapler vs. Manual stapler
Demographics
Age
18.5 < =BMI < 24 vs. Other BMI distribution ranges
Public health insurance plan
Urban worker insurance plan vs. Other insurance plans
New rural cooperative medical insurance vs. Other insurance plans

Tumor histology

-0.153

0.233

0.029

0.124
0.095
0.144
0.073
-0.164

Hospital costs related to operation

Coefficient

8.925
0.004

—-0.052

0.002

0.108
-0.393
0.040
0.074
0.066
0.071
0.088

Hospital costs for laboratory tests

Coefficient

-0.029

—-0.240

0.085

-0.071

-0.017
-0.018
0.045

—-0.066
-0.297

95% Cl
Lower
8.856

—-0.065

-0.110

-0.070

0.015

—-0.707
—-0.038
0.002

-0.032
—-0.033
-0.142

95% ClI
Lower
8.851

—-0.203

-0.003
0013

-0.128

- 0.067

0.386

0.270
0.210
0.246
0.217
-0.026

Upper
8.994
0.072

0.006

0.075

0.203
—0.047
0.120
0.146
0.167
0.178
0334

Upper
9417
0.014

0.007
0.188

0.071

<0.001

0.002

0.576

0.091
0.103
0.005
0310
0.019

P value

<0.001
0.909

0.079

0.954

0.025
0.019
0316
0.045
0.196
0.186
0472

P value

<0.001
0.082

0.367
0.024

0.562
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Table 3 The results of the multiple generalized linear regression analyses exploring the predictors for the classified hospital costs
associated with VATS lobectomy for lung cancer in a Chinese tertiary care hospital (Continued)

A Hospital costs for disposable supplies

Adenocarcinoma vs. Non-adenocarcinoma
Tumor stage
Stage | vs. Non-stage |
Bone marrow function
Abnormal white cell counts vs. Normal white cell counts
Lobectomy site
Upper left vs. Non-upper left site
Comorbidity
Immune system diseases vs. Non-immune system diseases
Diabetes vs. Non-diabetes
Cerebrovascular diseases vs. Non-cerebrovascular diseases
Urological diseases vs. Non-urological diseases
Cardiovascular diseases vs. Non-cardiovascular diseases
E. Other hospital costs
Hospital cost classification

Variables

Intercept
Powered stapler vs. Manual stapler
Tumor stage
Stage | vs. Non-stage |
Lobectomy site
Upper left vs. Non-upper left
Comorbidity
Immune system diseases vs. Non-immune system diseases
Diabetes vs. Non-diabetes
Cerebrovascular diseases vs. Non-cerebrovascular diseases

Urological diseases vs. Non-urological diseases

—-0.031
-0.033
-0.117
0014
-0.521
0.165
0.046
0.133

0.088

Other hospital costs

Coefficient

7.707
—-0.008

-0.083
-0.019
-0410
0.158

0.068
0.176

-0117

-0.113

-0.256

-0.082

- 0944
0.030
—-0.063
0.038
—-0.046

95% Cl
Lower
7618

—-0.099

=0.111

-0.817
0.028
-0.033
0.084

0.055

0.048

0.026

-0.039
0.305
0.157
0.230
0.225

Upper
7.798
0.080

—-0.007

0.075

0.054

0.292

0172
0.269

0480

0427

0.781

0.023
0.019
0415
0.007
0.206

P value

<0.001
0.854

0.033

0.684

0.064

0.020

0.195
<0.001

Table 4 Summary of the results of base case CMA comparing ECHELON powered stapler vs. two manual staplers for hospital costs
associated with VATS lobectomy for lung cancer in a Chinese tertiary care hospital

Cost ECHELON ECHELON Victor Medical Difference (ECHELON powered Difference (ECHELON powered stapler

classification powered manual manual stapler stapler vs. ECHELON manual vs. Victor Medical manual stapler)
stapler stapler stapler)

Stapler ¥8327 ¥4790 ¥4882 ¥3537 ¥3445

Cartridge ¥17,129 ¥18,308 ¥20,974 -¥1179 -¥3845

Disposable ¥9918 ¥9989 ¥9989 -¥72 ¥72

supplies

Drugs ¥10,095 ¥13,043 ¥13,043 -¥2948 -¥2948

Operation ¥7674 ¥7643 ¥7643 ¥31 ¥31

related

Laboratory ¥10,159 ¥11,162 ¥11,162 -¥1003 -¥1003

tests

Others ¥2229 ¥2248 ¥2248 -¥19 -¥19

Total hospital  ¥65,531 ¥67,184 ¥69,942 -¥1653 -¥4411

costs
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saved the total hospital costs mainly through reducing
costs incurred for cartridges, laboratory tests, and drugs.
The results of the base case CMA are summarized in
Table 4.

Cost-minimization analysis: sensitivity analyses

The one-way sensitivity analyses found that the uncer-
tainty associated with patient characteristics had a lim-
ited impact on the differences in total hospital costs
between the powered stapler model scenario and the
manual stapler model scenario in CMA. The coefficients
associated with the stapler type in the predictive models
were the driving variables that could increase the differ-
ence in total hospital costs between the two groups from
¥309 to ¥2381. The results of the one-way sensitivity
analyses are illustrated in Fig. 2.

Based on the outputs of 10,000 Monte Carlo simula-
tions in the CMA model, the median difference in the
estimated total hospital costs between the ECHELON
powered stapler and the ECHELON manual stapler was
-¥1651 (95% credible interval: -¥1787 to -¥1520). The
ECHELON powered stapler presented a 100% probabil-
ity to save total hospital costs when considering the
current unit prices of the staplers and cartridges and the
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overall uncertainty associated with patient characteristics
and coefficients in the predictive equations developed
for categorized hospital costs. The distribution of the
simulated differences in total hospital costs of the two
staplers are plotted in Fig. 3.

Cost-minimization analysis: scenario analyses

The ECHELON manual stapler was replaced with the
Victor Medical manual stapler in the CMA, which had a
cheaper unit price (¥3800) but a more expensive cart-
ridge (¥2987), to conduct the scenario analysis. The sce-
nario analysis indicated that the ECHELON manual
stapler was associated with lower point estimation for
total hospital costs than the Victor Medical manual stap-
ler (¥65,531 vs. ¥69,942). The scenario analysis used the
same predictive equations for categorized hospital costs;
therefore, the replacement of the ECHELON manual
stapler with the Victor Medical manual stapler had no
influence on the impact of uncertainty associated with
the variables of the CMA model in the one-way sensitiv-
ity analysis. The 10,000 Monte Carlo simulations using
the new CMA model were plotted to identify the median
difference in total hospital costs between the ECHELON

for lung cancer

N
-¥1,500 -¥1,000 -¥500 Yo ¥500 ¥1,000 ¥1,500 ¥2,000 ¥2,500 ¥3,000
Patient characteristics
Male gender ¥11
Age ¥4 .
24<=BMI<28 1¥32
28<=BMI<30 1¥34
Residence in county ¥21 1
Comorbidity: Diabetes 271
comorbidity: Cerebrovascular discases ¥211
Comorbidity: Urological diseases ¥4l 0
Comorbidity: Endocrine discases 1¥%26
Tumor stage | " ¥43
Abnormal platelet counts ¥34 1
Coefficients in the prediction model of classified hospital costs for disposable suppli
Powered stapler vs. Manual stapler — ¥ | 52|
Coefficients in the prediction model of classified hospital costs for drugs
Intercept ¥926
Powered stapler vs. Manual stapler ¥2,381
Male gender -¥289 m—
24<=BMI<28 ¥127 ==
Marmied ¥579 E—
Urban worker insurance plan ¥118 ==
comorbidity: Cerebrovascular discases ¥110 ==
Comorbidity: Urological discases ¥125 =
Tumor histology: Adenocarcinoma 289 m—
Tumor stage | ¥277 —
Lobectomy site: left upper ¥123 ==
Coefficients in the prediction model of classified hospital costs for op
Powered stapler vs. Manual stapler ¥ ] 054
intercept ¥577 —
Coefficients in the prediction model of classified hospital costs for laboratory tests
Powered stapler vs. Manual stapler ¥2,209
Age ¥542 m—
Coefficients in the prediction model of other hospital costs
Powered stapler vs. Manual stapler — Y399

Fig. 2 The results of one-way sensitivity analyses comparing the hospital costs associated with powered and manual stapler in VATS lobectomy
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Fig. 3 The distribution of the 10,000 Monte Carlo simulations for the differences in total hospital costs associated with ECHELON powered stapler
and the two manual staplers in VATS lobectomy for lung cancer in a Chinese tertiary care hospital

powered stapler and the Victor Medical manual stapler
(- ¥4409, 95% credible interval: -¥4545 to -¥4278).

Discussion

The economic advantages of powered stapler use in
VATS lobectomy for lung cancer have been previously
reported in retrospective studies from the United States
[5] and Korea [6]. Like previous cost studies, our retro-
spective cost analysis presents significantly lower total
hospital costs associated with the use of a powered stap-
ler in China. Therefore, the findings of our study re-
affirm the existing pool of economic evidence and
external validity for powered stapler use in VATS lobec-
tomy for lung cancer. In addition, a cost-minimization
model was implemented in this study to assess the ro-
bustness of the findings under the overall uncertainty of
model variables. Consequently, the findings of this study
can be assuredly used to support hospital budget plan-
ning and reimbursement decision making.

The majority of the patients included in this study
(76.3%) underwent VATS lobectomy for lung cancer using
a powered stapler. Although this study did not survey sur-
geons for their preferences for the stapler type, the ob-
served differences in patient characteristics in the two
study groups suggest the powered stapler as the preferred
option for surgeons due to its operational advantages. For
example, the greater operability of a powered stapler than
a manual stapler in VATS with limited surgical space
would lead surgeons to use a powered stapler on patients
with a high BMI who often presents further spatial

constraints [13, 14]. In addition, the even force distribu-
tion of a powered stapler could reduce lung damage [15]
and allow surgeons to operate on complex anatomical
sites that require precise and delicate operation [16]. Our
retrospective cost analysis observed significantly lower
total hospital costs associated with the use of a powered
stapler as corroborated by previous studies [5, 6]. Both un-
adjusted and adjusted comparisons of the classified hos-
pital costs of the two stapler types identified that the
powered stapler saved sufficient hospital drug costs to
fully offset the increase in costs for the acquisition costs of
a powered stapler and matching cartridges. This study did
not further investigate the utilization of drugs in the two
stapler groups. However, our previous study with the
same patient cohort found that the powered stapler was
associated with significantly shorter post-surgery hospital
length of stay [11], which could partially explain the lower
hospital drug costs observed in the powered stapler group.

This study additionally assessed the robustness of its
findings under the overall uncertainty of patient charac-
teristics using CMA. The one-way sensitivity analysis of
CMA found that patient characteristics had a minimal
impact on the differences in the total hospital costs of
the two stapler groups. These differences were mainly
driven by the acquisition costs of the staplers and
matching cartridges. The PSA, which is used to translate
model parameter uncertainty into outcome values and
decision uncertainty, reported 100% probability for the
powered stapler to save total hospital costs in the model
cohort. This, therefore, verifies the robustness of our
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finding that lower total hospital costs were associated with
powered stapler use in VATS lobectomy for lung cancer.
In comparison to the retrospective cost analysis—the most
common method used in cost studies—the CMA
employed in our study has several advantages. First, the
simulation was conducted on the entire patient cohort for
each stapler type, resulting in a substantial improvement
in the model cohort size and reduction in the uncertainty
of model outputs for cost outcomes. Next, the use of a
paired test in the comparison of the simulated cost out-
comes associated with the two staplers in the model co-
hort excluded any confounding effects in the analysis.
Another advantage is that our CMA allowed for the inves-
tigation of the impact of the uncertainty of model vari-
ables on model outputs through one-way sensitivity
analysis and PSA. Our study findings that have gone
through the uncertainty assessment can thus better inform
the decision making in both clinical and reimbursement
contexts. Lastly, the CMA can be adapted to conduct sce-
nario analyses using other types of staplers. For example,
we applied the constructed model for CMA to conduct a
scenario analysis comparing the powered stapler with an-
other type of manual stapler. After adjusting the prices of
the stapler and cartridge, we were able to easily estimate
the differences in total hospital costs between the powered
stapler and another type of manual stapler.

Our study has several implications on clinical practice,
research methods, and policy making. To our knowledge,
the economic impact of powered stapler use in VATS lob-
ectomy has never been assessed as comprehensively as in
the present study. The identified differences in hospital
costs associated with the two stapler types could inform
the selection of a stapler type for clinical procedures using
an economic lens, which is crucial for reimbursement de-
cision making, hospital budget control, and patient afford-
ability in China. Additionally, our study demonstrates that
health economic evaluations should focus on the total
costs associated with the complete pathway of the man-
agement but not the acquisition costs of the interventions.
New technologies are often more costly. However, the po-
tential clinical benefits of such new technologies could
have positive economic implications that offset their high
costs. In our case, the ECHELON powered stapler cost
more than the manual stapler to purchase but incurred
lower overall hospital costs. Furthermore, our study sug-
gests that medical costs could be an alternative outcome
measure to address the measurement bias frequent in
retrospective studies. The lack of standard data collection
method for medical information could substantially con-
found the comparisons of interventions in real-world set-
tings. With growing utilization of real-world evidence in
reimbursement decision making and health policy devel-
opment, measurement bias associated with real-world evi-
dence from retrospective studies should be carefully
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assessed and economic outcomes should be always con-
sidered for validation in real-world studies. Finally, our
study demonstrates a great use case of CMA in informing
health policy making. The constructed model for CMA
can be adapted as a policy making tool to guide policy-
makers in understanding the cost rationales and the un-
certainty of the economic benefits of powered stapler use.
CMA can be applied to studying a wide array of stapler
types and settings with appropriate adjustments.

Common limitations inherent in the retrospective
research method were found in this present study.
Despite the low probability of missing data on med-
ical costs and information on stapler utilization as a
result of using hospital billing records, there is chance
that patients’ medical records may be missing infor-
mation that could confound the cost comparison ana-
lyses between the two stapler groups. For example,
the medical records did not collect sufficient informa-
tion to adjust for residual confounding in our data
analyses because powered stapler use was likely more
attractive to surgeons for use in VATS lobectomy and
patients with higher socioeconomic status may prefer
to receive more expensive and advanced medical de-
vices [17]. Therefore, a prospective study design could
be more appropriate than a retrospective design to
study the economic benefits of a powered stapler.
Additionally, the assumption that the ECHELON
manual stapler and the Victor Medical manual stapler
share the same clinical effects and health resource
utilization in the scenario analysis should be con-
firmed in the future. Interpreting evidence from the
scenario analysis therefore requires caution.

Conclusions

This study conducted a retrospective cost analysis to
develop a CMA model to demonstrate the economic
impact of the ECHELON powered stapler in compari-
son to the ECHELON manual stapler in VATS lobec-
tomy conducted for early-stage lung cancer in a
Chinese tertiary hospital. With a full adjustment for
the patient characteristics from historical medical re-
cords, the use of the ECHELON powered stapler
could cost less than two approved manual staplers in
China as evinced by a base case analysis and sensitiv-
ity analyses. Utilizing a powered stapler in VATS lob-
ectomy for lung cancer could support health budget
controls in Chinese tertiary hospitals.
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