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On May 19, 2023, PKU Institute for Globe Health and Development has launched the Survey of Medi-
cal Assessment for Robotic Technology (SMART), a longitudinal multi-center study in China. In order
to ensure the SMART study progress to be updated timely and effectively among all the participants,
The SMART Surgical Quarterly is launched accordingly as an internal journal. This quarterly journal

will serve as a comprehensive platform to update the key information on the SMART progress as well

as the progress for the parallel studies.
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Robotic-Assisted versus Laparoscopic Low
Anterior Resection for Mid-Low Rectal Cancer:
A Health Technology Assessment

By Z1ITING WU, ZERONG CAlL, YIN SHI, YUDAN YU, YUHANG PAN,
XUEFENG Hu, GorDON G. L1u, AND BEINI LYUu™

Colorectal cancer ranks among the most prevalent digestive tract malignan-
cies in China, with low anterior resection of the rectum being the predom-
inant anal-preserving procedure. However, there remains inconsistency in
research findings regarding the comparative effectiveness of robotic surgery
versus laparoscopic surgery in rectal cancer treatment. This study aims to
assess the cost-effectiveness of robot-assisted surgery compared to laparo-
scopic or open surgery in mid-low rectal cancer patients undergoing low an-
terior resection of the rectum from a societal perspective. It aims to establish
a nationwide multicenter observational prospective cohort to evaluate the
clinical efficacy, quality of life, and economic costs between robot-assisted

versus laparoscopic and open surgery.

I. Background

Robot-assisted surgery (RAS) represents a significant advancement in clinical surgery,
offering distinct advantages such as minimal invasiveness and expedited postoperative
recovery compared to traditional open surgery. Colorectal cancer is highly prevalent
in China, with low anterior resection of the rectum being the most widely performed
anal-preserving procedure. Medical robot is increasingly utilized in such surgeries due
to potential benefits including improved oncological outcomes, smaller incisions, and
faster recovery. However, the higher costs associated with robotic surgery necessitate
a comprehensive health economic evaluation to ascertain its value. Existing research

primarily relies on modeling and small-scale clinical data, lacking long-term quality of

* Wu: Institute for Global Health and Development, Peking University; Cai: Department of Colorectal Surgery, the Sixth
Affiliated Hospital, Guangdong Institute of Gastroenterology, and Guangdong Provincial Key Laboratory of Colorectal
and Pelvic Floor Diseases, the Sixth Affiliated Hospital, Sun Yat-sen University; Shi: Department of pharmacy and Na-
tional Clinical Research Center for Geriatric Disorders, Xiangya Hospital Central South University; Yu: Institute for Glob-
al Health and Development, Peking University; Pan: Institute for Global Health and Development, Peking University;
Hu: Institute for Global Health and Development, Peking University; Liu: Institute for Global Health and Development,
Peking University; Lyu: Institute for Global Health and Development, Peking University (email: blyu@pku.edu.cn).
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life and cost-effectiveness analyses specific to the Chinese population. Thus, this study
aims to fill this gap by conducting a nationwide multicenter prospective real-world ob-
servational cohort study to assess the cost-effectiveness of robotic surgery compared to

laparoscopic and open surgery in mid-low rectal cancer patients.

I1. Methods

This study is a nationwide multicenter cohort study and plans to include 12-16 centers
with a follow-up period of 3 years. The study population comprises patients undergoing
curative low anterior resection surgery for rectal cancer and includes robotic surgery,
laparoscopic and open surgery. Based on 3-year disease-free survival (DFS) being the
primary outcome, the study plans to enroll 1200 participants, including 540 participants
each in the robotic surgery group and laparoscopic surgery group, and 120 participants
in the open surgery group.

The inclusion criteria are patients who received low anterior resection surgery, with
preoperative diagnosis of mid-low rectal adenocarcinoma (with the tumor edge distance
from the anus <10cm on pelvic MRI), preoperative stage cT1-T3 NO-1, or post-neoadju-
vant therapy ycT1-T3 Nx, no distant metastasis M0, American Society of Anesthesiologists
(ASA) score <3, aged 18-75 years, preoperative good cardiopulmonary, liver, and kidney
function, tolerance to robotic or laparoscopic/open surgery, and enrollment in urban em-
ployee medical insurance or urban and rural resident medical insurance.

Exclusion criteria include patients with benign or non-adenocarcinoma rectal lesions,
inability to receive curative surgical resection of rectal cancer lesions or the need for
combined organ resection, with multifocal colorectal cancer, with familial adenomatous
polyposis or inflammatory bowel disease, with other malignant tumors within the past
5 years or diseases deemed unsuitable for the study by the investigator, previous pelvic
surgery history that may affect surgical procedures deemed by the investigator, with
distant organ tissue metastasis (M 1), with planned lateral lymph node dissection or non-
one-stage anal-preserving surgery (such as abdominoperineal resection or rectal resec-
tion + proximal colon single-lumen colostomy Hartmann’s procedure) or planned tran-
sanal total mesorectal excision (TaTME) or natural orifice specimen extraction surgery
(NOSES).

The study will exam patients’ economic (including direct medical costs, indirect med-
ical costs, indirect costs), clinical (including perioperative safety, complications and on-
cological efficacy indicators), and quality of life indicators.

Direct medical costs will include the costs of medical health resources used by pa-
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tients for diagnosis and treatment such as surgical fees, medication costs, and examina-
tion costs. Direct non-medical costs will include additional expenses such as transpor-
tation and accommodation for treating diseases. Indirect costs will include patients’ and
family members’ losses of schooling, work, or wages due to illness. Perioperative safety
indicators include intraoperative blood loss, conversion to open surgery, time to first
flatus postoperatively, unplanned readmission within 30 days postoperatively, unplanned
reoperation within 30 days postoperatively, and mortality within 30 days postoperative-
ly. Additionally, the location and length of surgical incisions will be recorded, along with
occurrences of wound infection, anastomotic leakage, and urinary dysfunction, etc.

The study will use the EQ-5D-5L to measure patients’ quality of life and the preop-
erative anxiety scale to assess patient anxiety levels. Baseline characteristics such as
demographic features and socioeconomic indicators (such as education and occupation)
will also be collected. After enrollment, patients will be followed for 3 years, and the
above information will be collected pre- and post-surgery, 1 month, 3 months, 6 months,
9 months, 12 months, 18 months, 24 months, 30 months and 36 months after surgery,
respectively. Information will be collected from electronic health records in the hospital
and questionnaire survey.

This study will use incremental cost-effectiveness analysis (ICEA) and incremental
cost-utility analysis (ICUA) methods to evaluate the economic value of robotic surgery

versus laparoscopic and open surgery.
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How Will Medical Robot Effect
the Death Rate of Surgery

By ErmMO CHEN*

A retrospective study is done to analysis the effect on death rate of robotic
surgeries, investigating the changes of death rate with introducing medical
robots into healthcare systems. This is part of the project of researches on
medical errors. The analysis is done with two data sources, one is the service
record from a market- dominating medical robot provider, and the other is
a statistical result data from an info-tech provider covering thousands of
hospitals in China. Results show that the medical robot can lead significant-
ly reduce on death rate of surgery, which might mean medical robots could

reduce medical errors. And that will be investigated further.

Prior works does not show coherent significantly benefit on surgeries with introduc-
ing medical robots (Borden et al. 2007; Alemzadeh et al. 2016), while in real world it
does become more and more popular. More driving factors need to be excavated. Too
few samples to draw reliable result beyond expectation, such as risk and uncertainty, in
cohort studies. This force us to use larger data sets in a retrospective way.

We investigate the effect on death rate changes by introducing medical robots. Results
show that the medical robot can lead significantly reduce on death rate of surgery. This

is part of the project of researches on medical errors.

I. Data

Service record from a market-dominating medical robot provider, with all its service
records in mainland China. It recorded the name of hospital, surgery date and category
of surgery of each case.

Statistical records from an info-tech provider are provided by an inner statistical re-
port, with samples covering 2007-2022 calendar years and 6252 hospitals in mainland
China. Number of Samples, Death rate, Average Cost, Variance of Cost and In-hospital
Days are reported for each hospital each month and each category of surgery or division.
The location, level and grade of the hospitals are also accessible.

These two sources could be merged with hospital and date, making the analysis fea-

* School of Mathematical Sciences and PKU China Center for Health Economic Research, Peking University, No.5 Yiheyuan
Road, Haidian District, Beijing, 100871 (email: chenermo@stu.pku.edu.cn).
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sible. 6252 hospitals are covered in the analysis, containing 97 hospitals with medical
robots using records, covering 28328/314152 = 9% of all the service record in robot
provider. With a data filter, 4231 hospitals with 30936 hospital-quarters are finally used

in drawing statistical conclusions.

I1. Death Rate Modeling

The regression model in this section is
(1) DeathRate  ~ Robot, + X +1, = SampleSize,,

where we use two kinds of variables measuring the level of introducing robots, the
number of cases done with robots (Num_of Robot), and the rate of cases down with
robots w.r.t. the sample size (Robot Rate). This is because that the statistical record data
is drawn on samples but not fully records, making the evaluation of robot rate not accu-
rate enough. However, the robot rate is necessary to evaluate the level of effect beyond a
signature judgement. So both of them are considered in the process of analysis.

Two kinds of fix effected for hospitals are considered. One is to use the unique ID of
hospital directly, which is simple while constrained by some missing result in statistical
result data. The other one is to use the province, level and grade instead, with may loss
some information but more reliable. We check the result of both settings, for robustness

and reducing endogeneity.

I11. Result

Results of modeling surgery cases with Num_of Robot are shown as below in Table 1.

TABLE |—Num_of Robot AND DEATH RATE

Hospital Level, Robot Count

Num of Robot 1.65E-06 1.12E-06 -6.19E-06 -2.12E-06
p-Value: Num of Robot 0.2436 0.0000 0.0094
Fix Effect: Time Yes Yes Yes
Fix Effect: Hospital Yes
Fix Effect: Divisioin
Fix Effect: Province YES
Fix Effect: Hospital Lv YES
Fix Effect: Hospital Grade YES
Num of Model Points 30,936 30,936 30,936
F-stats 5.1351 100.2786 17.8164
R-squared 0.0104 0.2454 0.7417

The result shows a significantly negative relationship between robot surgery count and

death rate, under the control of fix effect of time and hospital (both directly and indirect-
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ly). Without the control of fix effect, especially the hospital effect, the result becomes
complex. This is caused by the selection bias on introducing robots among hospitals,

which is common as it is very expensive.
Results of accounting amount of proportion of surgery cases done with robots w.r.t.

sample cases are shown as below in Table 2.

TABLE 2—Robot_Rate AND DEATH RATE

Hospital Level, Robot Count
Num of Robot 2.27E-02 1.79E-02 -2.88E-02 3.10E-02
p-Value: Num of Robot 0.1020 1.79E-02 0.0184 0.0057
Fix Effect: Time Yes Yes Yes
Fix Effect: Hospital Yes
Fix Effect: Divisioin
Fix Effect: Province YES
Fix Effect: Hospital Lv YES
Fix Effect: Hospital Grade YES
Num of Model Points 30,936 30,936 30,936 30,936
F-stats 2.6734 5.1401 99.6580 17.8172
R-squared 0.0001 0.0104 0.2454 0.7417

Similar results could be drawn from this analysis about proportion, while things
change as the fixed effect is chosen directly using hospital ID. This is because that the
data of robot service is full covered, but the statistical results are sampled. It then will

disturb the evaluate of measuring real robot rate, as the denominator is not reliable.

IV. Conclusion

Results show that the medical robot can lead significantly reduce on death rate of sur-

gery. This might mean medical robots could reduce medical errors. Effects on average
cost, variance of cost and in-hospital days will be investigated further, and casual infer-

ence will be done by following works.

REFERENCES
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Clinical Evaluation of Robot-Assisted
Laparoscopic Radical Prostatectomy
Based on Real-World Data

By XIN YONG, ZHEN-HUA L1u, YU-JIE MAO, Di-51A WANG, QIANG DONG,
BING-JIE LUO, YING ZHAO, XIAO-DONG WANG, AND LEI CHEN*

Radical prostatectomy stands as one of the preferred therapeutic interven-
tions for local prostate cancer, with robot-assisted laparoscopic radical pros-
tatectomy (RALP) garnering widespread attention in the medical community
for its precision and minimally invasive nature. However, there is a lack of
comprehensive assessments regarding the efficacy, safety, and cost-effective-
ness of RALP. This retrospective study aims to conduct an in-depth analysis
of RALP cases undertaken from 2017 to 2021 at West China Hospital of Si-
chuan University, employing Health Technology Assessment (HTA) method-

ologies that encompass surgical costs, clinical outcomes, and patient safety.

As the incidence of prostate cancer continues to climb, identifying treatment methods
that are effective, safe, and economical has become a global medical challenge. Radical
prostatectomy stands as one of the preferred therapeutic interventions for local pros-
tate cancer, with robot-assisted laparoscopic radical prostatectomy (RALP) garnering
widespread attention in the medical community for its precision and minimally invasive
nature. However, there is a lack of comprehensive assessments regarding the efficacy,
safety, and cost-effectiveness of RALP. This retrospective study aims to conduct an in-
depth analysis of RALP cases undertaken from 2017 to 2021 at West China Hospital
of Sichuan University, employing Health Technology Assessment (HTA) methodologies
that encompass surgical costs, clinical outcomes, and patient safety. The research is de-
signed to provide robust evidence for healthcare administrative bodies and hospitals in

making equipment allocation decisions, optimizing the treatment pathway for prostate

* Yong: Equipment and Materials Department, West China Hospital, Sichuan University; Liu: Department of Urology,
West China Hospital, Sichuan University; Mao: Equipment and Materials Department, West China Hospital, Sichuan
University; Wang.D: Equipment and Materials Department, West China Hospital, Sichuan University; Dong: Department
of Urology, West China Hospital, Sichuan University; Luo: Equipment and Materials Department, West China Hospital,
Sichuan University; Zhao: Equipment and Materials Department, West China Hospital, Sichuan University; Wang.X:
Institute of Hospital Administration, West China Hospital, Sichuan University; Chen(Corresponding Author): Department
of Neurology, West China Hospital, Sichuan University (email: leilei 25@126.com).
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cancer. The current main progress of the project is as follows:

@

(i)

The research proposal and academic review materials have been submitted ac-
cording to the requirements of the hospital’s Biomedical Ethics Committee for
the extraction and analysis of clinical patient-related data. Approval of West
China Hospital Sichuan University Biomedical Ethics Committee (Approval
No. 43, 2024) has been obtained in January 2024, allowing for the ethical data

research of the project;

Following discussions with experts in the fields of urology, economics, and re-
lated areas, as well as considering existing hospital data, the research team is
currently further optimizing and clarifying the evaluation dimensions and con-
tent of safety, effectiveness, and economic indicators. The consensus reached in

the discussion is as follows:

Traditional open surgery for radical prostatectomy is not prevalent, with limited

surgical cases and insufficient data. This group will be removed,

Regarding effectiveness and safety indicators, clinical staging holds significant sub-
jectivity and is not required items in clinical case records, with insufficient data. This
indicator will be removed. Various indicators including prostate volume, intraoper-
ative blood transfusion rate, transfer surgery rate, surgical infection rate, functional
assessment scale, positive surgical margin rate, and biochemical recurrence-free
survival rate lack records or standardized recording, requiring further adjustments.
Additionally, indicators including Gleason score from needle biopsy, underlying
disease, intraoperative blood loss, drainage tube removal time, surgical complica-
tions, among others, lack complete records and require further adjustments. Pathol-
ogy and laboratory-related data (such as pre- and post-operative hemoglobin levels)

is suggested as indicators and it’s easy to extract from existing clinical data.

Regarding economic indicators, costs of equipment operation and maintenance
cannot be accurately measured and holds minimal significance. It’s suggested to
focus more on postoperative related expenses (such as postoperative care, second-

ary surgical expenses, etc.).
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Health Economics Study of Robots and Laparos-
copy for Hepatocellular Carcinoma Resection

By X140 LIANG, HADING GUAN, JUNHAO ZHENG, AND CHENYUE YANG*

To explore the clinical value and medical costs of robotic liver resection
compared to laparoscopic liver resection, we retrospectively collected data
from patients with hepatocellular carcinoma who underwent minimally in-
vasive liver resection at Sir Run Run Shaw Hospital affiliated with Zhejiang
University from January 2016 to July 2023, to analyze the cost-effectiveness
of robotic liver resection versus laparoscopic liver resection for the treat-
ment of hepatocellular carcinoma. A total of 277 patients were included in
this study (175 in the laparoscopic liver resection group and 102 in the ro-
botic liver resection group). After controlling for confounding factors using
propensity score matching, a total of 162 patients (81 in each group) were
included for further analysis. The results showed that compared to the lap-
aroscopic liver resection group, the robotic liver resection group had less
intraoperative bleeding, fewer postoperative complications, a lower con-
version rate to open surgery, and better surgical safety. The robotic liver
resection group had higher medical costs (82885.3 vs. 58643.8%, p<0.001),
however, the costs other than the surgery itself were significantly higher in
the laparoscopic liver resection group. Furthermore, in high-difficulty liver
resections, the cost difference between the two procedures decreased. For
patients with hepatocellular carcinoma, robotic liver resection offers bet-
ter surgical safety and higher medical costs compared to laparoscopic liver
resection. However, other than the surgical costs, the other expenses asso-
ciated with robotic liver resection are lower. Additionally, the increase in

surgical difficulty narrows the cost gap between the two procedures.

1. Introduction

Robotic liver resection (RLR), as a new technology, may offer better surgical safe-
ty compared to laparoscopic liver resection (LLR), though it tends to be more costly.
Therefore, whether using robotic resection for the treatment of hepatocellular carcinoma

(HCC) is economically effective remains to be evidenced due to the current lack of re-

* Liang: Sir Run Run Shaw Hospital, Zhejiang University (email: 3190104362@zju.edu.cn); Guan: Beijing Tiantan Hospi-
tal, Capital Medical University; Zheng: Sir Run Run Shaw Hospital, Zhejiang University; Yang: Sir Run Run Shaw Hospital,
Zhejiang University
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lated proof.

II. Literature Review

Current health economics research related to robotic liver resection is rarely report-
ed both domestically and internationally. A meta-analysis in 2022, which included four
related pieces of literature, showed that the cost of RLR ($20,205.92) is significantly
higher than that of LLR ($15,789.75). Cost has become a crucial factor limiting the
implementation of RLR (Ciria et al. 2022). However, with the development of modern
medicine, surgery aims not only to cure but also to improve the quality of life. In 2020,
Mejia et al. reported on 214 cases of liver resection, noting that compared to LLR, RLR,
despite being more expensive, resulted in shorter hospital stays, making it a better op-
tion for patients undergoing minor liver resections (Mejia et al. 2020). In contrast, a
2016 study by Chinese scholars, based on data from 39 patients undergoing robotic and
laparoscopic left lateral liver section resection, indicated that for left lateral liver section
resection, RLR was more expensive than LLR, but there was no statistically significant
difference in efficacy and safety (Yin et al. 2016). Therefore, whether RLR can improve
quality of life and be cost-effective remains a matter of debate.

The 2023 international guidelines on robotic liver resection pointed out that RLR has
unique therapeutic value in liver-related diseases compared to LLR, and its cost-effec-
tiveness warrants further study (Liu et al. 2023). In disciplines such as urology and col-
orectal surgery, studies have found robotic surgery to be cost-effective, or have pointed
out the need to reduce costs to improve the application rate of robotics (Simianu et al.
2020; Song et al. 2022).

II1. Methods

Conduct real-world research, retrospectively collecting data on inpatients diagnosed
with HCC at Sir Run Run Shaw Hospital affiliated with Zhejiang University from Jan-
uary 2016 to July 2023. Patients were divided into RLR and LLR groups based on the
type of surgery they underwent. On the basis of descriptive analysis, confounding fac-
tors were controlled through propensity score matching to explore the net benefits of
different treatment methods on treatment outcomes and medical costs, and to conduct an
economic evaluation. Subgroup analyses were carried out to explore the robustness of
the research results.

Continuous variables with a normal distribution are described as mean + standard
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deviation, while those with a skewed distribution are described as median (interquartile
range), and categorical variables are described as frequency and percentage. Age, BMI,
AFP, INR, ALB, AST, TBIL, Child-Pugh classification, vascular invasion, difficulty of
operation, and ASA classification were included as covariates in the model for fitting,
and propensity scores were calculated for nearest neighbor matching. PSM analysis was
conducted using SPSS version 25.0. Patients were divided into four subgroups based on
IWATE surgical difficulty grading as “Low”, “Intermediate”, “Advanced”, and “Expert”

for subgroup analysis.

IV. Results

After screening based on inclusion and exclusion criteria, a total of 277 patients were
included in this study, divided into LLR group (175 cases) and RLR group (102 cases)
according to the surgical method. Before propensity score matching, the LLR group had
significantly higher intraoperative blood loss (p=0.000), intraoperative transfusion rate
(p=0.045), postoperative complication rate (p=0.003), intraoperative conversion rate to
open surgery (p=0.001), length of hospital stays (p=0.001), and postoperative hospital
stay (p=0.001) compared to the RLR group. The total hospitalization cost (p=0.000),
out-of-pocket costs (p=0.000), and surgical costs (p=0.000) in the LLR group were sig-
nificantly lower than those in the RLR group, while drug costs (p=0.000), examination
costs (p=0.010), nursing costs (p=0.001), and material costs (p=0.000) were significantly
higher in the RLR group. After propensity score matching to balance baseline indicators,
162 patients (81 in each group) were included for further analysis. The results showed
that intraoperative blood loss (p=0.002), postoperative complication rate (p=0.043),
length of hospital stay (p=0.005), and postoperative hospital stay (p=0.000) in the LLR
group were significantly higher than those in the RLR group. The total hospitalization
cost (p=0.000), out-of-pocket costs (p=0.000), surgical costs (p=0.000), and other costs
(p=0.004) in the LLR group were significantly lower than those in the RLR group, while
drug expenses (p=0.000), examination costs (p=0.010), nursing costs (p=0.001), and
material costs (p=0.000) were significantly higher in the RLR group. (Table 1)

Subgroup analysis was conducted using IWATE surgical difficulty grading as a co-
variate. The results showed that within the “Low”, “Intermediate”, and “Advanced” sub-
groups, the hospitalization costs of the LLR group were significantly higher than those
of the RLR group (Low: p=0.000; Intermediate: p=0.003; Advanced: p=0.001). Howev-
er, in the “Expert” subgroup, there was no significant difference in hospitalization costs
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between the LLR and RLR groups (p=0.325). Additionally, it can be observed that as the

surgical difficulty increased, the difference in hospitalization costs between the RLR and

LLR groups narrowed.

Tablel. OUTCOME INDICATORS OF LLR AND RLR GROUPS BEFORE AND AFTER PSM

Outcome
Before PSM (n=277) After PSM (n=162)
LLR RLR LLR
(n=175) (n=102) p value (n=81) RLR (n=81) p value
Optime (IQR), 160 166 160
min (115) (106) 0.263 180(130) (113) 0.134
Status_of surgi-
cal_margin, n(%) 0494 !
166 98
RO (98.2) 96.1) 79(98.8) 79(97.5)
R1 or R2 3(1.8) 4(3.9) 1(1.3) 2(2.5)
Hemorrhage
. . 100.0 50.0 100.0 50.0
during_operation <0.001 0.002
(IQR), mL (350.0) (63.0) (225.0) (75.0)
Intraoperative
ransfusion, n(%) 33(18.9) 10(9.8) 0.045 12(14.8) 8(9.9) 0.339
Cogl(g/l‘)catlon’ 35(20.0) 7(6.9) 0.003 16(19.8) 7(8.6) 0.043
0
ClavienDindo,
n(%) 0.006 0.062
No 140(80.0) 95(93.1) 65(80.2) 7491.4)
I or I 25(14.3) 6(5.9) 10(12.3) 6(7.4)
II_or IV or V 10(5.7) 1(1.0) 6(7.4) 1(1.2)
Open_conver-
sion, n(%) 20(11.5) 0(0.0) 0.001 5(6.2) 0(0.0) 0.069
Re operation,
(%) 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
Mortality in_
hos, n(%) 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
PostopStay
(IQR), day 6.0(3.0) 5.03.0) 0.001 6.0(3.0) 5.03.0) 0.005
Re admission
30days, (%) 3(1.7) 1(1.0) 1 2(2.5) 1(1.2) 1
12.0
LOS (IQR), day 13.0(6.0) 9.5(6.0) <0.001 (6.0) 10.0(4.0) <0.001
Hospitalization 57150.9 81432.5 <0.001 58643.8 82885.3 <0.001
cost (IQR), ¥ (31989.2) (16289.2) (30728.6) (14883.9)
Out_of pocket 16875.0 50333.4 <0.001 15972.7 50706.2 <0.001
payment (IQR), ¥ (13102.7) (11358.2) (14057.0) (10843.8)
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Drug_cost 15879.4 9955.6 16517.6 9975.0
<0.001 <0.001
(IQR), ¥ (12239.8) (6319.6) (12034.57) (6255.6)
Surgery_cost 6916.0 434249 <0.001 6616.0 434249 <0.001
(IQR), ¥ (1532.3) (1089.4) (1316.4) (1240.4)
Examine cost 1260.0 1160.0 0.01 1365.0 1115.0 0.001
(IQR), ¥ (1223.0) (1079.8) ’ (1265.0) (943.0) ’
Nursing_cost 1164.0 989.6 1174.0 988.6
(IQR), ¥ (642.0) (507.25) 0-004 (722.5) (475.2) 0.012
Material cost 21113.4 12094.4 <0.001 21565.4 12069.4 <0.001
(IQR), ¥ (15925.4) (7195.0) (16942.8) (8195.4)
Other cost 386.0 486.5 341.0 535.0
(IQR), ¥ (540.0) (605.2) 0.054 (401.4) (586.5) 0.004
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Clinical Efficacy and Health Economic Evaluation of
Robot-Assisted Hip and Knee Joint Replacement

Based on Real-World Data

By BEINI Lyu, YANG SONG, AND YIXIN ZHOU*

Artificial joint replacement is the most effective treatment for end-stage hip
and knee arthritis. Compared to traditional surgical procedures, robot-as-
sisted hip and knee joint replacement offers advantages such as high pre-
cision in positioning, high consistency, reduced postoperative pain, and
early functional recovery, potentially improving patient prognosis. However,
the costs associated with robot-assisted hip and knee joint replacement are
higher than traditional surgery, necessitating a systematic health technology
evaluation its value. This study is based on individual patient-level data and
include patients undergoing total knee and total hip joint replacement. The
study uses electronic medical record data and active follow-up to exam the
impact of robot-assisted surgery (vs. traditional surgery) on patients’ clini-
cal outcomes, quality of life, and medical expenses. The study uses cost-ef-
fectiveness analysis to economic value of robot-assisted hip and knee joint

replacement.

I. Background

With the continuous aging of the population in China, the burden of hip and knee ar-
thritis is steadily increasing (Long et al. 2020). By the end of 2019, approximately 120
million people in China were estimated to have hip and knee arthritis (Kim et al. 2020).
Artificial joint replacement is the most effective treatment for end-stage hip and knee ar-
thritis. Traditional hip and knee joint replacement surgery faces challenges such as insuf-
ficient surgical precision, lack of digital intelligent tools, and high revision failure rates.
Robot-assisted hip and knee joint replacement, with its high precision in positioning
and consistency, reduced postoperative pain, and early functional recovery, has attracted
widespread attention (Yang et al. 2024; Subramanian et al. 2019). Early studies have
shown that compared to traditional surgery, robot-assisted joint replacement surgery has
advantages such as accurate bone cutting assistance, individualized implant placement,

better protection of soft tissues around the knee joint, reduced use of analgesics, and

* Lyu: Institute for Global Health and Development, Peking University (e-mail: blyu@pku.edu.cn); Song: Beijing Jishui-
tan Hospital, Capital Medical University; Zhou: Beijing Jishuitan Hospital, Capital Medical University.
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shortened hospital stays, but also shortcomings such as prolonged operation time (Shao
et al. 2023; Subramanian et al. 2019; Yang et al. 2024). Despite the potential improve-
ment in patient prognosis with robot-assisted joint replacement, its medical costs are sig-
nificantly higher than traditional surgery, posing a challenge to balancing limited medi-
cal resources and improving patient health. Reimbursement policies about robot-assisted
joint replacement are developing but there is currently a lack of systematic economic
evaluations for robot-assisted joint replacement in China, which hinders the formulation
and adjustment of key policies. By utilizing real-world patient data undergoing hip and
knee joint replacement, this study will compare the clinical outcomes, quality of life, and
costs of robot-assisted and non-robot-assisted hip and knee joint replacement, aiming to
clarify the cost-effectiveness of robot-assisted hip and knee joint replacement.

I1. Brief Methods

The study is a retrospective cohort study. The study includes patients who aged 21-80,
with osteoarthritis or joint deformity, underwent robot-assisted or traditional total knee/
total hip joint replacement surgery at the Jishuitan Hospital Orthopedics Department
from August 2020 to December 2023, and with ASA scores of I-II. Patients who are
pregnant, undergoing knee joint revision, have severe flexion deformity (>20°), severe
varus or valgus deformity (>20°), theumatoid arthritis, or infectious arthritis are exclud-
ed.

Patients’ demographic characteristics (such as age, gender), surgical indications, com-
plications (including hypertension, diabetes, coronary heart disease, osteoporosis), sur-
gical-related information (including surgical site, duration, intraoperative blood loss),
medical expenses (total hospitalization costs, surgical costs, diagnosis and treatment
costs, examination costs) are extracted from electronic medical records. Radiological
assessment such as hip-knee-ankle angle, distal femoral lateral angle, and proximal tibial
medial angle is performed by orthopedics. The study conducts telephone follow-ups to
ascertain whether patients experience events such as prosthesis revision or prosthesis
loosening. Additionally, the study measures patients’ quality of life using EQ-5D-5L and
assess joint function and patient satisfaction using WOMAC scores, both of which are
completed via telephone follow-ups.

For data analysis, study conducts separate analyses for total knee and total hip joint
replacement. Descriptive analysis will first be conducted to compare clinical outcomes,
quality of life and costs among patients who received robot-assisted and those who re-

ceived traditional hip and knee joint replacement surgery. Survival analysis will be used
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to evaluate the impact of different surgical procedures on risk of joint revision, a two-
step model will be used to assess the impact of surgical procedures on medical expenses,
and linear regression analysis will be used to evaluate the impact of surgical procedures
on joint function and satisfaction. To balance the potential differences between the two
groups of patients, propensity scores and inverse probability weighting will be used.
The study will calculate the incremental cost-effectiveness ratio (ICER) between the
robot-assisted hip and knee joint replacement group and the traditional surgery group to

determine the economic value of robot-assisted hip and knee joint surgery.

II1. Preliminary Results

Through preliminary data cleaning, the study included 250 patients undergoing ro-
bot-assisted total knee joint replacement surgery, with a mean age of 66.9 (7.5) years.
Patients who underwent non-robot-assisted total knee joint replacement surgery were
matched 1:1 based on age and gender, and data cleaning and patient follow-up are cur-
rently underway. The study will further include patients undergoing total hip joint re-

placement surgery.
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Acceptance, Adoption, and Use of Surgical
Robots in China: Distribution, Variation, and
Subjective Attitudes

By TING CHEN, LU Ao, YUHANG PAN, CHUFAN ZHOU, AND JAY PAN*

The cost-effectiveness differences in the use of surgical robots vary signifi-
cantly across different providers (institutions, physicians), procedures, and
patient characteristics. Understanding the current distribution and patterns
of technology is fundamental to the design of Health Technology Assess-
ment (HTA) and related health economic studies. This study adopts a pri-
mary structural approach of “current status description-distribution differ-
ences-differential analysis.” Currently, a spatiotemporal description method
was employed to demonstrate the partial usage and distribution differences
of Da Vinci surgical robots in China. Based on literature review and expert
consultation, a preliminary subjective survey scheme has been designed,
establishing a theoretical foundation of subjective attitudes among deci-

sion-makers, surgeons, and patients, along with a questionnaire outline.

1. Introduction

Innovation is seen as a necessary condition for progress. Since the latter half of the last
century, there has been rapid technological innovation and progress in the field of health-
care, providing a strong foundation for the construction and enhancement of healthcare
systems (Gelijns 1990). However, utilization of technology remains inadequate in health
care, according to the data of U.S. health care, comparing some other industries, the
industry has been growing faster than the overall economy, but where the productivity
growth has been minimal, one of the reasons is the lagged use of technology (Sahni et
al. 2017).

The use and demand for robotic medical and surgical platforms is increasing and new

technologies are continually being developed (Peters et al. 2018), but its application in

* Chen: School of Public Health, Sichuan University / West China Fourth Hospital, Sichuan University HEOA Group
(email: chenting_723@163.com); Ao: School of Public Health, Sichuan University / West China Fourth Hospital, Sichuan
University HEOA Group (email:2352480696@qq.com); Pan.Y: Institute for Global Health and Development, Peking
University (email:yhpan@pku.edu.cn ); Zhou: School of Public Health, Sichuan University / West China Fourth Hospi-
tal, Sichuan University HEOA Group (email: 202322404001 @stu.scu.edu.cn); Pan.J: School of Public Health, Sichuan
University / West China Fourth Hospital, Sichuan University HEOA Group (email: panjie.jay@scu.edu.cn).
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healthcare often faces obstacles(Randell et al. 2019; Szabd, Orsi, and Csukonyi 2024),
leading to uneven distribution of its technological diffusion and suboptimal utilization
of'its benefits(Miraldo et al. 2019). Apart from the limitations inherent to the technology
itself, factors such as demographics, socio-economic status, and psychological aspects
of the adopters or users are considered significant constraints influencing the adoption
of surgical robots and their ability to fully leverage their clinical, economic, and societal
benefits (Randell et al. 2019), and also results in varied cost-effectiveness of the technol-
ogy across different surgical procedures and study populations. (Abrishami, Boer, and
Horstman 2020).

China is still in the early stages of applying surgical robots, and effectively managing
and promoting the development of surgical robots is an important issue. Currently, the
application status, distribution characteristics, and equity among different populations
regarding the use of surgical robots in China are not well understood and severely lack
empirical evidence. Understanding the distribution status and differential characteristics
of surgical robots is the basis for the design of Health Technology Assessment (HTA)
and related health economic studies. At the same time, analyzing the subjective attitudes
and acceptance of surgical robots by different stakeholders can reflect the market laws
and causes from the perspective of the “real world”, helping to improve the efficiency
and fairness of medical procedures and provide evidence for the development of “hu-
man-centered” surgical robots. This project aims to understand the acceptance, adoption,
and use of surgical robots in China, considering distribution, variation and subjective
attitudes from the perspectives of medical institution decision-makers, surgeons, and pa-
tients. It considers fairness at the regional and population levels and analyzes the macro,
meso, and micro influencing factors affecting the application of technology by various
stakeholders, providing empirical evidence and suggestions for the management of rele-

vant medical and health markets and the promotion of technology.

I1. Method

Currently, this study employed spatial-temporal descriptive statistical methods to
showcase partial usage patterns and distribution disparities of Da Vinci surgical robots
in China. The data utilized primarily comprise records of Da Vinci surgical robot tech-
nology usage from 2007 to 2022 in China. The demographic equity was explored by
provinces regarding the emerging technology representative, the Da Vinci surgical robot
technology. Based on literature review and expert consultations, a preliminary subjective

survey plan has been designed, incorporating theoretical foundations of subjective atti-



March 2024 SMART SURGICAL QUARTERLY 019

tudes from decision-makers, surgeons, and patients, along with a questionnaire outline,

awaiting subsequent research and further analysis.

I11. Result

A. doption and use of surgical robots in China

Since the introduction of the Da Vinci surgical robot in China in 2007, up until the end
of the second quarter of 2022, a total of 269 Da Vinci surgical robots have been adoption
in the country. These robots have been used in 314,152 surgeries. Both the number of
devices and the usage have shown an upward trend over the years, particularly since the
mid to late 2014 period when the rate of usage notably accelerated, demonstrating an
exponential growth trend (excluding the years 2019-2020 affected by the COVID-19

pandemic), as depicted in Figure 1.

FIGURE 1. THE TREND OF THE ADOPTION AND UTILIZATION OF DA VINCI SURGICAL ROBOTS

FROM 2007 TO 2022 1N CHINA

The utilization of Da Vinci surgical robots in various provinces of China shows signif-
icant distribution disparities. Initially, it was primarily used in economically developed
regions such as Beijing, Shanghai, and Guangdong. Gradually, it diffused to less devel-
oped inland areas. However, as of mid-2022, provinces such as Xinjiang, Qinghai, and
Ningxia still had relatively low usage rates, and there has been no introduction of the
technology in Tibet.

As of the end of the second quarter of 2022, a total of 229 institutions in China have
adopted Da Vinci surgical robots, comprising 228 hospitals and 1 medical center. Among
these, 226 are tertiary hospitals (99.12%), 223 are public hospitals (97.81%), and 219 are
research-oriented hospitals (96.05%). Among all surgical cases, urological surgery is the
most common, accounting for 45.58%, followed by general surgery (25.82%), thoracic

surgery (14.23%), and obstetrics and gynecology (11.37%). The most performed types
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of procedures are prostatectomy (18.49%), partial nephrectomy (13.05%), and lung re-
section (10.37%).

B. Theoretical Framework of Surgical Robot Technology Adoption

The study constructs a theoretical framework based on systematic literature review(Sz-
abo, Orsi, and Csukonyi 2024; Compagni, Mele, and Ravasi 2015; Randell et al. 2019;
Abrishami, Boer, and Horstman 2014; Maynou et al. 2022; Sundaresan, Boysen, and
Nerkar 2023; Menchik 2020) and expert consultations to analyze the factors influencing
the adoption of Da Vinci surgical robot technology among institutional decision-makers,
surgeons, and patients, incorporating both objective conditions and subjective attitudes
of relevant stakeholders. Based on this theoretical framework, the study has developed
preliminary interview guidelines and questionnaires for decision-makers, surgeons, and
patients. Utilizing descriptions of the spatial-temporal distribution of technology usage
and drawing upon innovation diffusion theory, the study will select one “technology pio-
neer” institution (introduced the surgical robot technology before 2014), one “technolo-
gy conservative” institution (introduced the technology after 2014), and one “non-adopt-
er” institution (a tertiary hospital yet to adopt the technology) for further investigation.
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IV. Summary and Further Plans

Currently, this study has conducted preliminary analysis on the usage status and distri-
bution disparities of Da Vinci surgical robots in China. Systematic literature reviews and
partial expert consultations have been completed, and a theoretical framework and in-
vestigation plan for studying influencing factors have been constructed. Next, the study
will further analyze the distribution disparities and equity, explore patterns, and causes
in conjunction with the characteristics of demand-side patients, and conduct field re-
search to collect primary data. This will provide an evidence base for policy formulation

related to surgical robots’ research in China.
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Robot Adoption in Chinese Hospitals

By KwaN TING LEUNG, AND YUHANG PaN *

Due to its unprecedent economic development and increasingly growing de-
mands, China has become one of the fastest-growing markets for the surgical
robotics developer. This short article briefly reviews the technology adoption
of da Vinci surgical system (da Vinci RAS) in Chinese hospitals, especially at
the hospital department level.

Due to its unprecedent economic development and increasingly growing demands,
China has become one of the fastest-growing markets for the surgical robotics developer.
This short article briefly reviews the technology adoption of da Vinci surgical system (da
Vinci RAS) in Chinese hospitals, especially at the hospital department level. As of 2022,
da Vinci RAS was recognized as the largest provider of robotic-assisted surgical (RAS)
technology training to be accredited2, and nearly 7000 da Vinci RAS have been installed
in more than 70 countries, with more than 10 million minimally invasive robotic surgical
procedures performed (Xue and Liu 2022).

The da Vinci surgical system was first introduced in China in 2006, where it was ad-
opted at Chinese PLA General Hospital. Over the period from 2006 to 2023, a total of
284 Chinese hospitals have implemented the da Vinci RAS system. This technology has
then been utilized by approximately 2,300 surgeons among a diverse range of surgical
procedures. These surgeons have performed over 180 kinds of procedures, with the high-
est volume observed in Urology at around 150 thousand procedures.
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FIGURE 1. NUMBER OF CHINESE HOSPITALS WITH DA VINCI RAS

* Leung: Institute for Global Health and Development, Peking University (email: kwanting@stu.pku.edu.cn); Pan (Cor-
responding Author): Institute for Global Health and Development, Peking University (email: yhpan@pku.edu.cn). We
thank Da Vinci for providing the market data. All errors are our own
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The adoption of da Vinci systems in Chinese hospitals encompasses four distinct mod-
els: DaVinci SP, DaVinci S, DaVinci Si, and DaVinci Xi. Our focus lies in examining
the inaugural procedures performed using the da Vinci system within each category and
across various hospital-department pairings. Figure 1 depicts the prevalence of da Vinci
RAS systems across Chinese hospitals. Two notable periods of growth are observed.
The first eye-catching growth occurred in 2014, where the number of hospitals with the
da Vinci system nearly doubled. The second substantial growth took place around 2019,
resulting in a rise from 69 hospitals to 119 hospitals with da Vinci systems.

Figure 2 illustrates the time lag between the installation of the da Vinci RAS system
and its initial application across various surgical departments. The data suggest that Gen-
eral Surgery and Urology departments show a short interval from system installation to
operation, possibly due to the high demands and immediate applicability of the da Vinci
RAS for procedures common to these fields. The da Vinci RAS system is leveraged for
an extensive array of procedures. For Urology, it can perform oncological management
of prostate, kidney, and bladder cancers. In the sphere of General Surgery, the RAS
system is for intricate removal of gastrointestinal malignancies, including gastric and
colorectal cancers. Thoracic Surgery harnesses the advanced capabilities of the RAS for
conditions like lung and esophageal cancers. For Gynecology, the da Vinci can be used
to hysterectomies and managing gynecologic cancers. Building upon the classification
initiated in Figure 2, the analysis extends to the level of hospital departments, incorporat-
ing additional specialties such as Pediatrics, Gastroenterology, Hepatobiliary Pancreatic,
and Thyroid. As presented in Figure 3, only the Thyroid department exhibited a notable
delay between the installation of RAS systems and their operational use, suggesting a
latent phase of adoption for certain specialties.
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FIGURE 2. INSTALLATION AND OPERATION OF RAS BY CATEGORY
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FIGURE 3. INSTALLATION AND OPERATION OF RAS BY HOSPITAL DEPARTMENTS
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Does Robotic Surgery Help Reduce the Economic
Burden of Malignant Tumors in the Pancreas?

A Cost-of-lliness Study

By Z1TinG WU, YIN SHI, AND XIUPING ZHANG*

Compared to open surgery, laparoscopic surgery and robotic surgery have
the advantages of causing less trauma to the human body and allowing for
faster postoperative recovery. Compared to laparoscopic surgery, robotic
surgery offers benefits such as clearer surgical views, more flexible robotic
arms, and better feature for tremor filtration, which are conducive to delicate
operations. However, the high cost of robotic surgery makes it uncertain
whether it contributes to reducing the overall economic burden. This study
aims to assess from the perspectives of medical institutions, and the society:
the disease economic burden of robotic-assisted, laparoscopic and open sur-
geries on pancreatoduodenectomy for the treatment of pancreatic cancer.
In this study, a retrospective cross-sectional design was utilized. Patients
with pancreatic cancer who underwent pancreaticoduodenectomy at Gen-
eral Hospital of the People’s Liberation Army of China between 2006 and
December 2023 were included. The direct costs and indirect costs will be
collected by Hospital Information System and questionnaire. Data retrieval

and analysis are currently in progress.

I. Data Collection

For clinical diagnosis, treatment, surgical, and in-hospital cost information, this study
plans to collect and analyze data by accessing the internal system of the cooperating
hospital, the General Hospital of the People’s Liberation Army of China (301 Hospital),
under its authorization.

Currently, the cooperation center, 301 Hospital, has completed the agreement signing

and ethical approval. The data application approval has been granted, and we are cur-

* Wu (Corresponding Author): Institute for Global Health and Development, Peking University, Beijing, China 100871
(email: wuziting@pku.edu.cn); Shi: Department of Pharmacy & National Clinical Research Center for Geriatric Disor-
ders, Xiangya Hospital Central South University, Changsha, Hunan Province, China 410008, and Institute for Global
Health and Development, Peking University, Beijing, China 100871 (email: shiyin910515@csu.edu.cn); Zhang: Hepa-
to-Biliary-Pancreatic Surgery, Chinese People’s Liberation Army (PLA) General Hospital, Institute of Hepatobiliary Sur-
gery of Chinese PLA, and Key Laboratory of Digital Hepatobiliary Surgery, PLA (email: xiupingzhang@aliyun.com).
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rently waiting for the Information Department of 301 Hospital to retrieve relevant data

on in-hospital costs.

I1. Follow-up Method

This study plans to use electronic questionnaires, hiring survey personnel to complete
the relevant electronic questionnaires using personal mobile devices to obtain outpatient
medical costs, direct non-medical expenses, and indirect costs. The study will investi-
gate the cost information from admission to the survey date within 0-5 days after dis-
charge, and the cost information for the past 30 days within 30-35 days, 60-65 days, and
90-95 days after discharge for the selected samples.

After preliminary communication with 301 Hospital, the above follow-up is proposed
to be implemented by hospital graduate students, with the Peking University team re-

sponsible for training on the questionnaire content.

ITI. Expansion of Research Centers

After communicating with 301 Hospital, it is proposed to further expand the research cen-
ters based on the preliminary analysis of retrospective data from 301 Hospital to increase the
national representativeness of the study samples. The research team will further negotiate and
determine the method of center expansion in the future.

The preliminary plan includes:

First, adding one to two research centers with a large volume of surgeries, which has the
advantage of covering a large proportion of robotic surgery samples for the pancreatic cancer
in China, resulting in better national representativeness of the study results. However, the co-
operation threshold for such research centers is high.

Second, adding several research centers with an average volume of surgeries, which has the
advantage of being able to cooperate with research centers in a relatively short time and helps
evaluate the cost differences of robotic surgery in hospitals of different levels. However, the

representativeness of the samples from such research centers is limited.
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Al and Career Barriers in Surgery Departments:
A Short Literature Background

By YUHANG PAN, JUNJIAN Y1, AND QINGYUAN ZHOU *

Women face career barriers in many fields. In this short article, we review
the attributions of these barriers and briefly summarize a series of previous
studies on career barriers for women. Finally, the article explores how arti-
ficial intelligence can help address career barriers for women in the surgical

industry.

Females encounter career barriers in many fields. These barriers can manifest in various
forms, such as gender bias, stereotypes, limited access to leadership positions, and wage
discrepancies (e.g., Bjerk 2008; Blau and Kahn 2017; Hospido, Laeven, and Lamo 2022;
Lazear and Rosen 1990; Sloane, Hurst, and Black 2021; Winter-Ebmer and Zweimuller
1997; Zhang et al. 2021). These barriers can be attributed to both the demand and supply
sides of the labor market. On the demand side, women suffer from preference-based and
belief-based discrimination. Preference-based discrimination suggests that discrimina-
tion stems from inherent preferences, as employers have a distaste for certain groups,
leading them to refuse to hire or only offer wages below their productivity level (Becker
1957). Belief-based discrimination comprises accurate statistical discrimination and in-
accurate statistical discrimination, which stem from incomplete information available
to employers regarding the true productivity of workers. As a result, employers rely on
statistical inferences based on observable characteristics associated with workers’ social
groups, often resulting in discriminatory treatment of individuals from disadvantaged
groups (Aigner and Cain 1977; Arrow 1985; Bohren et al. 2023; Phelps 1972).

On the supply side, the lack of female role models and cultural barriers hinder females
from majoring and succeeding in male dominated fields (Jayachandran 2021; Porter and
Serra 2020). For example, in Porter and Serra (2020)’s RCT, students in introductory
economics classes are randomly exposed to successful and charismatic women who had
majored in economics at the same university. They document a significant impact on

female students’ enrollment in further economics classes, leading to an increase in the

* Authors contribute equally and are ranked in alphabetical order. Pan: Institute for Global Health and Development,
Peking University (email: yhpan@pku.edu.cn); Yi: National School of Development and Institute for Global Health
and Development, Peking University (email: junjian@nsd.pku.edu.cn); Zhou: School of Economics, Peking University

(email: gqingyuanzhou.econ@gmail.com). All errors are our own.
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likelihood of majoring in economics by 8 percentage points. Bertrand et al. (2021) find
that the gender identity — in particular, an aversion to the wife’s income exceeding the
husband’s — impacts the wife’s labor force participation and division of home pro-
duction. Goussé, Jacquemet, and Robin (2017) find that in more conservative families,
women will dedicate more time to home production compared with the liberal ones.
Adda, Dustmann, and Stevens (2017) suggest that fertility intrigues loss of skills, lost
earnings, and selection into more child-friendly occupations.

Surgery departments are among the fields where women perhaps face one of the most
severe career barriers (Schizas et al. 2022; World Health Organization 2019). According
to the investigation of the Chinese College of Surgeons across 30 provinces, municipali-
ties, and autonomous regions in 2019, females comprise only 6.04% of all surgeons (Bai
2021). Even in developed countries, this proportion remains low, ranging from 10% to
20% (Burgos and Josephson 2014). As highlighted by Schizas et al. (2022), despite the
increasing numbers of female medical students, surgery remains male-dominated. By
surveying a group of female surgeons, Epstein (2017) shows a limited representation of
female surgeons in department chair roles or as full professors within academic institu-
tions. To investigate the underlying factors contributing to these career barriers, some
studies have utilized surveys to gauge supply-side beliefs. Zhou et al. (2022) reveal that
a majority of female respondents who are uninterested in pursuing a surgical career
believe that tutors tend to favor male candidates during the recruitment process. Male
dominance within the field is cited as a primary reason by nearly all respondents who
perceive females as unsuitable for surgery. Richardson and Redfern (2000) and Gargiulo,
Hyman, and Hebert (2006) also argue that women are deterred from entering the surgery
departments owing to a lack of role models in the field and the perception of surgery as
an “old boys’ club. Additionally, the perceptions of inability to have a good work-life
balance as well as the requirement of physical strength also impede medical students
from pursuing a career in the field of surgery (Rohde, Wolf, and Adams 2016; Bai 2021).
Therefore, misperceptions about the job, the employer and oneself all lead to gender bias
in the career choice as a surgeon. Another concern is the higher rates of infertility and
pregnancy complications of female surgeons than the general population (Anderson and
Goldman 2020). Some other studies summarize key challenges for women in surgery
using qualitative methods. For example, Schizas et al. (2022) and Stephens et al. (2020)
categorize the career barriers into gender discrimination and harassment, academic ad-
vancement, leadership, work- life imbalance, physical demands, pregnancy difficulties

and gender pay gap. However, female surgeons may have similar or even better surgical
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outcomes compared to their male colleagues (Tsugawa et al. 2018; Wallis et al. 2017).
For instance, Wallis et al. (2017) indicate that there is no evidence that the length of stay,
complications, and readmission rates differ between patients treated by male surgeons
and female surgeons, while male surgeons’ patient tend to have the 30-day mortality
rates. Additionally, Roter and Hall (2004) find that medical visits with female physi-
cians are, on average, two minutes longer than those of male physicians, during which
female physicians engage in significantly more patient-centered communication. Female
physicians also engage in more active partnership behaviors, positive talk, psychosocial
counseling, psychosocial question asking, and emotionally focused talk.

Skill-biased technological changes could alter the existing career barriers for females
via multiple ways. First, technological advancement can influence the transformation
of gender norms, thereby lowering the cultural barriers for females. However, usually
gender norms take time to change. Existing literature primarily focuses on the long-run
impact of agricultural technologies on the gender division of labor, and hence gender
roles. In the seminal work of Boserup (1970), she argues that men have comparative
advantages over women in terms of upper body and grip strength in engaging in the
plough agriculture. Therefore, men historically play a more dominant role in breadwin-
ning, leading to the gender gap in today’s labor market. Alesina, Giuliano, and Nunn
(2013) causally estimate the differential impacts of labor-intensive shifting agriculture
and capital-intensive plough agriculture on outcomes related to employment, politics,
entrepreneurship, and attitudes towards gender inequality among women. Similarly, Xue
(2016) explores the relationship between the adoption of weaving technologies during
China’s cotton revolution and a lasting change in the biased belief regarding women’s
agency and abilities. These studies shed light on the influence of technological changes
on gender dynamics and societal perceptions. With the introduction of surgical robots,
physical strength is less needed in surgical procedures, thus undermining the compara-
tive advantage of men and reshaping the beliefs. Second, robot adoption has been linked
to increased labor productivity (Graetz and Michaels 2018). In the context of surgical
procedures, the utilization of robotic technology could lead to shorter operation dura-
tions, potentially allowing women to achieve a better work-life balance. This, in turn,

may facilitate greater female participation and entry into surgery departments.
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Cost-Effectiveness of Da Vinci Robotic-Assisted
Thoracoscopic Surgery for Operable Early-Stage
Non-small Cell Lung Cancer in China

By TianFu Gao*

Lung cancer is the leading cause of cancer-related death in China with the
tremendous disease and economic burden. Non-small cell lung cancer (NS-
CLC) accounts for approximately 85% in lung cancer patients, the gold stan-
dard treatment is surgical resection, including thoracotomy and minimally
invasive surgery. The Da Vinci robotic surgery system offers clinical advan-
tages over traditional thoracoscopy. This study conducted a partitioned sur-
vival model to evaluate the cost-effectiveness of Da Vinci robotic-assisted
thoracoscopic surgery (RATS) compared to video-assisted thoracoscopic

surgery (VATS) in early-stage NSCLC from healthcare system perspective.

I. Background

Lung cancer is the leading cause of cancer-related death in China. In 2022, approxi-
mately 870,000 new lung cancer patients with 760,000 deaths in China, ranking the first
in the world (Xia et al. 2022; Cao et al. 2019). In 2020, the economic burden of lung
cancer patients in China was approximately 29.1 billion USD, accounting for 0.121%
of the country’s GDP, and showing an increasing trend year by year (Liu et al. 2021).
Non-small cell lung cancer (NSCLC) accounts for approximately 85% in lung cancer
patients. The “Non-Small Cell Lung Cancer Diagnosis and Treatment Guidelines 2023
issued by the Chinese Society of Clinical Oncology recommend that for stage I and
II NSCLC patients, the gold standard treatment is surgical resection, including thora-
cotomy and minimally invasive surgery. With the advancement of minimally invasive
surgical techniques, lung cancer surgery has transitioned from traditional thoracotomy to
thoracoscopic surgery. However, thoracoscopic surgery still has limitations for complex
lung cancer cases. The Da Vinci robotic surgery system, with three-dimensional optics
and multi-angle robotic arm operation, offers advantages over traditional thoracoscopy
such as less intraoperative bleeding, more thorough lymph node dissection, lighter post-
operative pain, and better prognosis (Yang et al. 2017; Nguyen et al. 2020; Nelson et al.
2019).

* Tianjin Medical University Cancer Institute and Hospital (email: tianfugary@163.com).
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Da Vinci robot is widely recognized as an innovative medical technology in clinical
practice, but the high surgical costs have hindered its widespread adoption. This study,
from the perspective of the healthcare system, constructs a partitioned survival model to
systematically evaluate the cost-effectiveness of Da Vinci robotic-assisted thoracoscopic
surgery (RATS) compared to video-assisted thoracoscopic surgery (VATS) in early-stage
NSCLC. Aiming to provide economic evidence to health insurance payer in China and
to offer insights for the development and application of innovative medical technologies
under DRG payment system in China.

I1. Model Instruction

A partitioned survival model was developed to assess the expected Progression-Free
Survival (PFS), Overall Survival (OS), Quality-adjusted life-years (QALYs) and life-
time costs between RATS compared to VATS in I-Illa stage non-small cell lung cancer.
The partitioned survival model is similar to that used in prior economic evaluations of
treatments for cancers with three mutually exclusive health states: PFS, PD and Death
(Delea et al. 2015).

Patients were set into a progression-free state when entering the model and received
treatment until detection of progression. The proportion of patients in each health state
over the course of time was estimated based on the survival distribution for PFS and OS
survival. Costs and QALY's were dependent on the treatments and the expected time in
each health state. Expected PFS and OS time were estimated as the area under the curve
(AUC) for the PFS and OS curves, respectively. Expected PD was calculated as the
difference area between the PFS and OS curves. To evaluate the long-term health and
cost outcomes, we considered six parametric distributions to estimate survival projection
curve, including: exponential, Weibull, log-logistic, log-normal, Gamma and Gompertz.
PFS and OS data was extracted from a published literature from Peter J. Kneuertz in
2020, which reviewed Society of Thoracic Surgeons outcomes data and surveillance
records of patients with stage I-Illa NSCLC who had undergone lobectomy from 2012

to 2017 in America (Kneuertz et al. 2020). The model time horizon was set to 10 years.

III. Costs and Utility Estimates

Model inputs in terms of costs were generated basted on medical data of Tianjin Med-
ical University Cancer Institute and Hospital. Our hospital performs more than 3,000

lung cancer operations per year, including over 500 Da Vinci robotic lung cancer op-
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eration. The patients were mainly from Heilongjiang, Jilin, Liaoning, Inner Mongolia,
Hebei, Shandong, Tianjin and other northern regions of China, which could represent the
population of lung cancer patients in northern China.

At present, no data has published about the utility of QOL after RATS for pulmonary
resection. Basing on the publish literature, we assumed the PFS and PD utility for RATS
was similar to that for VATS (Jin et al. 2022; Jin et al. 2023). Bendixen M conducted a
randomized clinical trial (RCT) to investigate the QOL after lobectomy under VATS or
open thoracotomy (OT) for patients with NSCLC. The utility of VATS reported by the
RCT was recognized as the utility for RATS which PFS utility was 0.815 and PD was
0.473 (Bendixen et al. 2016).

IV. Model Outcomes

The primary outcomes were total medical costs, QALYs, PFS, OS and incremental

cost-effectiveness ratios (ICER).

V. Sensitivity Analyses

Sensitivity analyses were conducted to evaluate the uncertainty and robustness of the
model. Deterministic sensitivity analyses (DSA) were estimated to assess the impact
of key parameters on model outputs. Probabilistic sensitivity analyses (PSA) were per-
formed with 1000 iterations of Monte Carlo simulations. All parameters were varied
with a defined statistical distribution simultaneously. Gamma distribution was used for
all input costs, and a beta distribution was adopted for utility and discount rate. The
results of DSA and PSA were represented as a tornado diagram and cost-effectiveness

acceptability curves (CEAC), respectively.
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Technology, Skills, and Performance:
The Case of Robots in Surgery

By ELENA ASHTARI TAFTT*

Disparities in access and quality of services concern regulators and policy makers.
This is particularly true in healthcare, where substantial effort has been devoted to study-
ing why differences in patient outcomes across areas and providers persist, even after
controlling for patient risk (Skinner 2011). Providers’ use of alternative treatments may
explain part of this phenomenon (Tsugawa et al. 2017; Birkmeyer et al. 2013). Health
outcomes appear nonetheless to be only marginally affected by it (Molitor 2018). In fact,
heterogeneity in healthcare providers’ skills may be at the root of this variation (Chandra
and Staiger 2020; Hull 2018; Chandra and Staiger 2007).

In this paper, I investigate the potential of robots to reduce variation in patient out-
comes. Across and within occupations, individuals differ substantially in their level of
skills, and healthcare providers, such as surgeons and doctors, are no different (Chan
et al. 2022; Currie and MacLeod 2017; Kolstad 2013). Differences in providers’ skills
generate inequality and can exacerbate systematic disparities in access (Finkelstein et al.
2016; Chandra and Skinner 2003; Deaton 2003). I show that, in England, the diffusion of
robots coincided with an improvement in average surgical performance and convergence
in outcomes between high and lower-skilled surgeons. I exploit quasi-random variation
in the geographic allocation of robots to study whether this is attributable to adopting
robotic surgery. Using administrative data on prostate cancer patients, the most common
type of cancer in men in the United Kingdom (UK), I show that robots played a funda-
mental role in this process.

Part of my contribution is to identify the impact of this technology in the presence
of both heterogeneous treatment effects and a selection problem. To this day, medical
evidence that robotic surgery improves patient outcomes, relative to the more invasive
alternative, has been at best inconclusive (Coughlin et al. 2018; Yaxley et al. 2016; Rob-
ertson et al. 2013; Bolla et al. 2012). Existing studies are based on small and selected
samples (Neuner et al. 2012) and are not designed to identify causal effects (Ho et al.
2013). If the potential of robotic surgery to improve performance depends on surgical
skills, small sample studies will reflect only part of the picture. Moreover, suppose the
uptake of this technology is also heterogeneous across the skills distribution. In that case,

any naive correlation will speak more to the characteristics of the adopters rather than
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the technology itself. Importantly, when treatment effects are heterogeneous, surgeons
and patients may choose the robot based on their specific technological gains (Bjorklund
and Moffitt, 1987). Regression-adjusted comparisons between robotic and traditional
surgery would, in this case, provide misleading estimates if adoption is informed by
unobserved factors that influence selection.

To identify causal effects, I use an approach introduced by Bjorklund and Moffitt
(1987) and generalized by Heckman and Vytlacil (2005) that concentrates on the mar-
ginal treatment effect (MTE). In this context, the MTE is the average effect of robots on
the outcome of individuals at a particular margin of indifference between robotic and
traditional surgery. With this approach, I identify the causal effects of robots on patient
outcomes and how these depend on surgical skills. I focus on two patient outcomes:
the speed of recovery (i.e., postoperative length of stay) and the occurrence of adverse
events from surgery (i.e., postoperative morbidity). These are two dimensions of surgi-
cal performance that matter to physicians, patients, and policymakers (Lotan 2012), and
robotic surgery should have a measurable effect on them because it increases precision
and requires smaller incisions (Higgins et al. 2017; Coelho et al. 2010; Lowrance et al.
2010; Nelson et al. 2007). I measure skills by using a single risk-adjusted indicator of
surgeons’ patient outcomes. Because I expect the robot to impact surgeons’ performance,
I estimate this indicator using data from the years preceding the national introduction of
this technology. In fact, the indicator is measured when all operations were carried out
without technological aid and is not affected by the surgeons’ adoption behavior.

Identification of causal effects in the MTE framework requires, in most cases, no
stronger assumptions than standard instrumental variable methods but poses a more sub-
stantial burden on the instrument (Cornelissen et al. 2016). Indeed, this method requires
at least one instrumental variable to be continuous. I exploit the staggered adoption of
robots over time to construct two instruments that arguably satisfy the conditions for
identification.

I find that robotic surgery improves surgeons’ performance. The robot reduces post-
operative length of stay and morbidity across patients. However, my analysis shows that
these effects are highly heterogeneous, and technological gains significantly depend on
the surgeon’s skills. High-skilled surgeons benefit the least from the technology, while
lower-skilled surgeons gain the most from it. This result suggests that the robot exhibits
decreasing returns in surgeon skills, which means that it complements lower- skilled
surgeons more strongly than higher-skilled ones. With traditional surgery, the patients of

highly skilled surgeons are four percentage points less likely to experience an adverse
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event than those of lower-skilled surgeons. However, with the robot, they are around
one percentage point less likely to experience these events. A similar pattern emerges
for the length of stay. As differences in patient outcomes between highly and less skilled
surgeons shrink, my analysis suggests that the robot may potentially reduce variation
in patient outcomes. That said, I uncover a strong pattern of negative selection. High-
skilled surgeons use the technology more intensively, while lower-skilled ones use it
less despite their higher returns. Heterogeneous actual or perceived costs to adopt the

technology may explain this result (Suri 2011).
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EFABEWAE, RLRE L LLR SR8 % FA £ B A% /N,

#1 PSMETJELLR4 5RLR4 4 B 4547

Outcome
Before PSM (n=277) After PSM (n=162)
LLR RLR e LLR RLR e
(n=175) m=102) P (n=81) (n=81) P
Optime (IQR), 160 166 160
o 11s) (106) 0.263 180(130) (113) 0.134
Status_of surgi-
cal_margin, n(%) 0494 !
166 98
RO (©82) ©6.1) 79(98.8) 79(97.5)
R1 or R2 3(1.8) 4(3.9) 1(1.3) 2(2.5)
Hemorrhage
during_operation (;(5)33) (2(3)'8) <0.001 (;ggg) 50.0(75.0) 0.002
(IQR), mL ' ' '
Intraoperative
ronsfusion, oo 33(18.9) 10(9.8) 0.045 12(14.8) 8(9.9) 0.339
C"Irf(lz/h)ca“on’ 35(20.0) 7(6.9) 0.003 16(19.8) 7(8.6) 0.043
0
ClavienDindo,
2%) 0.006 0.062
No 140(80.0) 95(93.1) 65(80.2) 74(91.4)
Lor II 25(14.3) 6(5.9) 10(12.3) 6(7.4)
I or IV or V 10(5.7) 1(1.0) 6(7.4) 1(1.2)
Open_conversion, 20(11.5) 0(0.0) 0.001 5(6.2) 0(0.0) 0.069

n(%)
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Re operation,

2% 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
Mortality in_hos,
s 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
Posmz?yay (IQR), 6.0(3.0) 5.0(3.0) 0.001 6.0(3.0) 5.0(3.0) 0.005
Re_admission
30days, (%) 3(1.7) 1(1.0) 1 2(2.5) 1(1.2) 1
12.0
LOS (IQR), day 13.0(6.0) 9.5(6.0) <0.001 69 10.0(4.0) <0.001
Hospitalization_ 57150.9 81432.5 <0.001 58643.8 82885.3 <0.001
cost (IQR), ¥ (31989.2) (16289.2) (30728.6) (14883.9)
Out_of pocket 16875.0 50333.4 0,001 15972.7 50706.2 0,001
payment (IQR), ¥ (13102.7) (11358.2) (14057.0) (10843.8)
Drug cost (IQR), 15879.4 9955.6 0,001 16517.6 9975.0 ~0.001
¥ (12239.8) (6319.6) (12034.57) (6255.6)
Surgery_cost 6916.0 434249 <0.001 6616.0 43424.9 <0.001
(IQR), ¥ (1532.3) (1089.4) (1316.4) (1240.4)
Examine cost 1260.0 1160.0 0.01 1365.0 1115.0 0.001
(IQR), ¥ (1223.0) (1079.8) : (1265.0) (943.0) :
Nursing cost 1164.0 989.6 1174.0 988.6
(IQR), ¥ (642.0) (507.25) 0.004 (722.5) (475.2) 0.012
Material cost 21113.4 12094.4 <0.001 21565.4 12069.4 <0.001
(IQR), ¥ (15925.4) (7195.0) (16942.8) (8195.4)
Other_cost (IQR), 386.0 486.5 341.0 535.0
¥ (540.0) (605.2) 0.054 (401.4) (586.5) 0.004
S K

ciria, Ruben, Giammauro Berardi, Felipe Alconchel, Javier Briceiio, Gi Hong Choi, Yao-Ming Wu, Atsushi Sugioka
et al. 2022. “The impact of robotics in liver surgery: a worldwide systematic review and short-term outcomes meta-anal-
ysis on 2,728 cases.” Journal of Hepato-Biliary-Pancreatic Sciences 29, no. 2: 181-197.

Liu, Rong, Mohammed Abu Hilal, Go Wakabayashi, Ho-Seong Han, Chinnusamy Palanivelu, Ugo Boggi, Thilo
Hackert et al. 2023. “International experts consensus guidelines on robotic liver resection in 2023.” World Journal of
Gastroenterology 29, no. 32: 4815.

Mejia, Alejandro, Stephen S. Cheng, Elaina Vivian, Jimmy Shah, Hellen Oduor, and Priyanka Archarya. 2020. “Min-
imally invasive liver resection in the era of robotics: analysis of 214 cases.” Surgical Endoscopy 34, no. 1: 339-348.

Simianu, Vlad V., Wolfgang B. Gaertner, Karen Kuntz, Mary R. Kwaan, Ann C. Lowry, Robert D. Madoff, and
Christine C. Jensen. 2020. “Cost-effectiveness evaluation of laparoscopic versus robotic minimally invasive colecto-
my.” Annals of surgery 272, no. 2: 334-341.

Song, Chao, Lucia Cheng, Yanli Li, Usha Kreaden, and Susan R. Snyder. 2020. “Systematic literature review of cost-ef-
fectiveness analyses of robotic-assisted radical prostatectomy for localised prostate cancer.” BM.J open 12, no. 9: €058394.

Yin Zhuzeng, Guodong Zhao, Yong Xu, Yuanxing Gao, Xuan Zhang, Xianglong Tan, Chenggang Li, Zhiming Zhao,
Minggen Hu, and Rong Liu. 2016. “Economic Analysis of Robot-assisted and Laparoscopic Left Lateral Sectionectomy
for Liver Resection.” Chinese Journal of Laparoscopic Surgery: Electronic Edition 9, no. 2: 86-88.
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AT RS RO B ATLA A B B R R oK B A R AL
e T A 2250 F P

EER RE A—3

W B REBEATYTERRAEE, HFATIXTEHRZET
ARBBRARTRRAERN T . MLTHEANFATA, NEAH
BB ATELRAARUHEES. —RER. AEKRBERDURSA
AR FMhE, FERERETE. ENBEABBTR XY ET#
ABREGSFAE, REEAREHFUEFEHT RGN T AL FITM0,

AR RKIEEENMEAFEE, BPNBEL LR TERTLH X

TERWESE, FCETE TR AKEN T, FAAILE AW

FAERZRFAML, TEFWERER. £EREMETXHNE

v, EHARAROMNMAAINE AR TR X T EHRNE T,
R

MEREARZRUEETW MR, BEXTRERFAECETKH LA, BE
2019 FJx, KEHN 1210 A 0 BABHRT K (Longetal,, 20200 . AT XH E#%E
BITAKBB R AT REEZN A E (Kimetal, 2020) . ERWHBEAT Bk
HEEFAKELETIR, ROKFHERAUTE, BEAKEFEE A, MILEA
HEBBMBRATERRELRREEN —BMT. ABKRRI UL GKE RS
B % 2|z %< 7F (Yang et al., 2024; Subramanian et al., 2019) . & A gy #F 57 & ¥,
E®GEFAMENL, WBEAHBATERRATARHGEE. MAAENBIK, EFH
RPBXRTABRAR, BROERGHER . FEERN SRS, BoFEF AL
#E K % 1~ Z (Shao et al., 2023; Subramanian et al., 2019; Yang etal., 2024), R &
NBBABHATERALERERET G, BAETHALE THELAFA, XN TF
WHARNETRRESRAREREAFHRT K. BHFANEAELET R
RAFENBREEZRH TE, SAANBEAMB A TER, BUEANKZ RFWEN
MM, XHLTERIMFERBERRNG I RE, ARAEIHBRRTHENE
EHFREHE, ARESUNBAFBFATENEAFAR. BT HENIE

* BER GEEEL) , ARAFLAREELEFAN AR (E-mail: blyupku. edu. cn) 5 R, &
HMEMAFHBALERARER; A3, eHERAFHBEALTRARER.
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AR, EEREMRAK, BATHHINE AHBE G R E RN EARE.
—. Fik

B9 6 R R ELFME A B A 58, 4N 2020.8-2023.12 HA 18] [ B % ¥ Kk 2 % T e
TR THRAEERFALEN, BEXNEARYAELLBXTER/ ABATE
TR, ASAIFL I . 21-80 PB4 . MAMARERMLEEE. RATEHEBE
. HATENREERY (>200 EKTEASMIEL (>200) . KRBEXT K,
REMRTROER

REWMAUOZRE (WEH. BAD . FAENE. HAE (BEELE. B
K. . BFRER) . FAEXGERE (BHEFAHMML. KK, AFHOESF) |
ErxH (RERER. FAZR. 07%. REFS BREETETRAIHAL,
BE MBS F AR (8- 8- RA. RETwmIMAFRFEMAMA KiEE
BEAFAR TG ARG ELEIERITAAEE 2T HIBAERE  BERTFE4.
FlB;, B %K% KA EQ-5SD-5SL Il & B & W A7 il &, £/ WOMAC iF 4 iF f X ¥ fu
RAEBRE, LR @ T B 17 2 Ak

EHEST L, AREH4T2RXTERFTLABATESRS A ET 2. R
Beak i BEAFHRERBEBATESLRANRARRATHEA LN, WEF
HEEAEGRER. @R EFMLTMRASTENER. AREER £ 72T
TEARM A THGENRZE, EAFRLSHEAFELRARN ETFANZE, &
AEAMEESMAEARARNS AT G FEREN T H, AT FERELEE TN E
7, ARERAMEEITS, EEEMEMAE, RO EELEELZRTERNT .
FRE#F—FHEANBZEARFEERATERAERFAANE ERARRN (in-
cremental cost-effectiveness ratio, ICER) , #| WAL 2 A BI85 R 2 7 F AR A 7% .

=. My EE

BRHAHKEFE, AANNBEARI 2 RATERFARES 250 ], £F
FHER A 66.9(7.5) F. HRET 1: 1 REFH. WAMNEZENE MBI 2 KX
TERFARYE, BN LT REEFEMELMTF. AXKH—FPALHRT
BEHRFANEE.
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Kim, Chang-Wan, Chang-Rack Lee, Heui-Chul Gwak, Jung-Han Kim, Yong-Uk Kwon, and Doo-Yeol Kim. 2020.
“The Effects of Surgical Technique in Total Knee Arthroplasty for Varus Osteoarthritic Knee on the Rotational Align-
ment of Femoral Component: Gap Balancing Technique versus Measured Resection Technique.” The Journal of Knee
Surgery 33 (2): 144-51.

Long, Huibin, Xinying Zeng, Qiang Liu, Haidong Wang, Theo Vos, Yunfei Hou, Chutong Lin, et al. 2020. “Burden
of Osteoarthritis in China, 1990-2017: Findings from the Global Burden of Disease Study 2017.” The Lancet. Rheu-
matology 2 (3): e164-72.

Shao, Hongyi, Lidong Wu, Guanglei Cao, Zheng Li, Dejin Yang, and Yixin Zhou. 2023. “Precision of Domestic
Robot-Assisted Total Knee Arthroplasty: A Multicenter Randomized Controlled Clinical Study.”Chinese Journal of
Orthopedics and Traumatology 16 (4): 310-16.

Subramanian, Padmanabhan, Tom W. Wainwright, Shayan Bahadori, and Robert G. Middleton. 2019. “A Review
of the Evolution of Robotic-Assisted Total Hip Arthroplasty.” Hip International 29, no. 3 (2019): 232-238.

Yang, Yongze, Qinghao Cheng, Anren Zhang, Xin Yang, Zhuangzhuang Zhang, Hua Fan, Fukang Zhang, and
Hongzhang Guo. 2024. “Pros and Cons of Traumatic Effects in Robot-Assisted Total Knee Arthroplasty.”Chinese
Journal of Tissue Engineering Research 28 (21): 3413-17.
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FANEATLERAER NG 2 FE & 5 AT K50
A ERANNE EZNAEBEL T

Mhir RE EEM AR BN

#H B FANBEANEAETRSAHERT . EE) . A
AFMELRETENENRARZZRAL. THAANLF 5ANE
REHEEZHTAf A X T A ZF Rt wE b, AR UL BT
WR-NHER-ZRIAMNM N EENENER, BHl, RARSHAEST
FERTATREBGHFFANEANX G ERFELALAER; T X
BE A B\ F R T ENEELTE, WETETRESE. 4
HEAFMEZFNEINAEEREMEENERN, UFEENEAFE L
e

—. Hx

RIFTH A A H TS ES M, ML TR, BT T AR
Fo#t S R REAGE, A TARZAHNRAZRPRARE T KEN A EA (Gelijns,
1990) . 4AT, $AE T A& BT o5 FAA TR, U= B ETRENEE NG,
58, sREEFEL TN, ETITIEARNTIEKETTEREFHEKN-F
HNFE, BEREFHEFERKEACERS, REZ —E2 T AZANEHAE (Sahni
etal., 2017) .

FANEAEAF AL ERANKERET HEER. LEH . THAEK (Pe-
tersetal., 2018) , EEAEE T HRE PN AL EIEE F > EHE (Randell et al.,
2019; Szabd et al., 2024) , SFHEEARY oW 1~ H M, W L EA T4 (Miral-
doetal,2019) . RABARIHIRE, BAXAKEAZWA DI HES, ZFFAQ
BEHRFHRNARZHFANEAZGHKAA. BE ARG RERL KR, EFfods
3 41 9 B E 29 (Randell et al., 2019), .5 BE A B9 R A3 E T B AR TS L
8 F 2 7 5| (Abrishami et al., 2020) ,

* RiE, W AFRELAETAFR/ NI AF4YE % M EKRHEOA Group (E-mail: chent-
ing_723@163.com) ; A HE, WNAFEBELA XTI AFR/ W AFEEENERK
HEOA Group (E-mail: 2352480696@qq.com) ; F i, t mAFAHKBEELEHEK
(E-mail: yhpan@pku.edu.cn) ; AEH, W AFEEAETEFR/ W AFETENER
HEOA Group (E-mail: 2023224040041 @stu.scu.edu.cn) ; &A& CGEE/EH) : W A¥ETBALT
&R/ W) K 4T % W E FEHEOA Group (E-mail: panjiejay@scu.edu.cn)
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KEHATFANEANLAFH, wATHREEMESFRNEANLEE—
MERPGE. BE, REFANEAW K AT, 2 FAEA AR TP # R 20,
FHTERZZILE. A FANEAN L FTIRE ZFFAENEERE HTA X T
EGFARARAT I ER. M, FFTEREERFENSFANEAN RS E A&
ZEARBAIHR"AATOTIARE RE, AHTRSETEFHREN
NFE, ACUARFQ”WFANEALREMLE. RARANETETHA R
RE. EAREF=FTOA, NERARENAFHNEE T BREFANEAMEFHIL
MR Z7, £ R AR EEE AT, FEANTm AR A8 K7 MR AR
EN. PR LHE R, AMRET T ETE BB LR KR H T
A5 2V

=\ Tk

B, AFMAXAMZHAG I FERT T REZS T FANEABNH L EH
B A 25, R MEKIEEE N 2007-2022 4 & B 15 5 5 FANE A A A
EREE: U EMERFARARE I T F ARG AT AR DT
ETXHEFMLZE gL Rt T ENREFR, WETETREF. IHEL
FEEFHEASEBREMEFERN, URBELEWNIRAT Gt —F MM,

=. &X

(=) REBFFFANEANERANNE 5 A

B 2007 FREE AT #HAGFHFFANEALUER, 202255 -FEFK, RE
EBIHRFTFFANEA 209 &, FRABFHFFANEAFTFA34152 4], Tk
RREELREAEZRFE LAMY, KAL 2014 FH EHTHE, RAEAE LA
HEHTRAFENBEE KRS (HR 2019-2020 F2#HERELH) , LE 1.

Bl 12007-2022 435 2% & F ARALE A 5] 2t Fn 6 A e 3] 4 35
RELFTFANBANERAELZE NPT EZRESF, EAMATIAR, L
B RERF ALK, FEA AR LLHX, HHE2022 5+, HE. FE.
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TEXHANEREMRYD, ARARMER AT #H, BEL A E5ADEFE
EAAMEXME, LHEIL 2.

k2022 £ ¥ —FE, KEHL 29 RAMFIHEFTFFANEA, £228KE
ffr 1 REFFQ, £ 220 XA =ZFER (99.12%) , 223 Z AN LERE (97.81%) ,
20X AMAAER (96.05%) . EFFEFARAF, WEIBFARS, &
45.58%, HoRAHHEIF (25.82%) . BISNFE (14.23%) Fogd =7 (11.37%) o
FERFZHAREE FWIIBEIBRA (1849%) . B oWk A (13.05%) Ffii]
A (1037%) , WH* 1,

(Z) BHFFANBARAR A NELER

B 5% 38 34 A Y5 B9 CERIEYE E L (Szabd et al., 2024; Compagni et al., 2015; Ran-
dell et al., 2019; Abrishami et al., 2014; Maynou et al., 2022; Sundaresan et al.,
2023; Menchik, 2020) fo& X EWAET £ TN RFE . S E L EE R L
FAFANBAZHERHELER, RFEEEXNE W EAL B ERSE
FE. ETHERER, ARXCHWIHAELRE, IMMEEFBENTHRERNK
FE. REMHAERNOHZ A HA, FETAHRT RER, AFARANERT X
CHAEATE” (014 FZAFHAFANBEANER) , —K “BHARTFH " (2014
FZEIAER) =K “RBRRAE” (BRIARAN=ZFER) NHHTT—F
W .

administer surgeon patient

« Policy Environment Support
+ Organizational Positioning: Industry
Leader; Leading Entity

« Personal Positioning: Industry Leader
(0] - Isomorphic Response: Imitation (of
nand other institutions in the same field and
other departments within the same

1
i
H + Tnnovation Worship
i
i
institution), Imitation, and Coercive 1
i
i
i
i
I
i
i

Propensif
P! ty *  Media Influence

+ Tsomorphic response (Imitation): v &
0 Innovate

imitation of successful pioneers; Career

Imitation of close rivals * Brand Pursuit

« Isomorphic response (Coercive

()it pressure): patients demand robotic

surgery; media shape patients'

preferences

- Isomorphic response (Bandwagon
effect): of being left behind by
technological evolution; Conforming to

pressure.
+ Demand for carcer development and
advancement.

Leading Technology

: Adoption

Types and Severity
of Diseases

n * Reduce postoperative pain;

+  Facilitate recovery;
*  Reduce blood loss;

* Increase the success rate;

+ Reduce vibration;
* Reduce fatigue;
+ Easy to operate;

Expected
technical
benefits

‘Economic Level and
Health Insurance

i
i
i
i
i
i
i
i
i
i
i
L
i
i
i
i
il
2 common trend i + Suitable for high-difficulty surgeries
Propensity . ) | and complex conditions;
to * Openness to innovation i * Increase/Decrease efficiency;
| © Fascination with new technology i
i
i
i
I
I
i
I
i
il
i
i
i
i
i
i
i
i
i
i

+ Increase surgical duration.

* Increase the risk of operating with

new technologies.

* Concemns about potential errors by

+  Increase Exposure Establish
. i Utilizati 3 and Guidance 5 the robot
el Reputation as Technological Leader ilization PO . eccinaion with now technology Risk gkt
T |+ titize Technology as a Marketing Concerns erceived higher risk of failure
« Perceived significant pressure on

Tool ISupport/Opposition to

(OO - ntance industy reputsion
Adoption | Social an
S| sa ards
I Economic Salary rew
T |+ Organizational incentives/pressure
+__research-related revenue

- Research Revenue surgeons.

i
i
i
i
i
i
i
i
I
- . i
Incentivize Technology | 820 S i | +  Openness to innovation | Recommendations
i
i
i
i
i
i
i
i
i

* Talent Attraction and Recruitment *  Gender: Males tend to be more

Socio-
demographic
characteristic

« Significant Investment in Equipment receptive to innovative technologies

Economic
Benefits

Costs (equipment, staffing, facilitics, + Learning Experience Age

+  Economic Status

i
i

consumables) « Practical Experience i
i

i

H +___Knowledge of technology |+ Educational Level

B 2 FAMEAEZARA R W E R ERERE

+ Long-term Economic Returns
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#r, #RRRZEXBRIEEEREH ) LT R EW, WETZHERAANELER
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WA ES — PR EEMEMRE, HTRIHAFTRE - FEE, AREFANE
AR5 R A 4R BB A A
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Exploring the Value Profile of Robotic Surgery Beyond the Early Introduction Phase.” Medical Care Research and
Review 77 (6): 596—608.
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&I AREDFAER

H 7 AR FAE
1 R R R A Prostatectomy 18.49%
2 B M Partial Nephrectomy 13.05%
3 Jiti o1 B A Lung Resection 10.37%
4 FE R A-EM® Hysterectomy - Malignant 7.99%
5 JiF JIELJgR 47 T A HPB 7.11%
6 H kA Rectal Resection 7.03%
7 Bk A Gastrectomy 4.22%
8 B e A Nephrectomy 4.04%
9 LEE S22l N Cystectomy 3.85%
10 FOR AR Thyroid 2.81%
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FE BB F AL ABTIA

RHE BEM

# B HHEANTAENZFARMHZRKHOFR, +E
ERAFANBALEREZRHERZ —. ZRXEXHENETEE
e, HARERMZEEZRFTFARS (BEFFMBFARL) WK
AXFEI.

HHEEMARANEFARMEOEHEKATER, FELRAFANEALTEK
RHERZ - XEXERAENBYEER, FARERMZFELAFHFFARR (X
HEIBMFARG) WEAXKAFENL. HE2022F, AENEEH AR RANNE
A# B F K (Robotic Assisted Surgery, RAS) % A& B, 7375 FDA %A1k,
IR E W, AEEL 70 MEFKLI 7000 58T REHAT T AL 1000 77 KK AL
AFAEF (Xueand Liu, 2022)

2006 &, FEARMAUELERIANTBGZFHFFARG, BEREETRIIAZAR
FHIEIR. 2006 F % 2023 F, FEXAF4RERTET EFHF 25, 22300
LM EEELMINFATERAZR R, XUHNEAERALSTFHFRAA T KT 8
180 M FAR, HFEMENINFAERSE, NF 157K,

+ [E & 3 A B3k 25 3 F K & 45 &4 DaVinci SP, DaVinci S, DaVinci Si #2 Da-
Vinci Xi Wk, BT EXELFTFFARREARKAMAAREFHTHNE— &
FA B1EFTREHFFARGEFEERWN L X EL. T UNEZI AT EH
BEH, F—AMREE2014F, SHAFLFFRAGNERKE/LFHT —F. &
ZREKPRAEEWI9F, AAED X FTFARGHWEREE N 69 K p
2 119 %K.

C R EE ALK ¥ A IR E R A BT R IE (E-mail: kwanting@stu.pku.edu.cn); & F AT CEE1EZ)
: bR AFAIREEL BRI (E-mail: yhpan@pku.edu.cn) o AT A S 7 82 T 7 848,
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N installed RAS = 1
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Installed RAS =3
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O T T T T T
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1 HERTRGFTFARANERKE

B2#% T ZREFFTFARGMAAE NI ZRE G REAZ 088
B R, I REA, T AR AR IR AR B TN R G % 3 2135 AT B9 A R B R AR A
TREETELFEFANESTTFARAGRE RV EAREN Y. BHEFTFARS
ART O FARF ARESF, B UHATRIFIRR . B AR 7 B B9 R F A
L BSFGE, ZRGTUEEFEEN RS AT BB E 8 el F A4
Bro BIAMRMAMALS TR EARANEREMRERESF KA. EAM, 2HFFTA
GENLUATTENR, BFE, WEEFAMNEE. AE2H2REME, RNOW
MY REIERIMITEA, @FE/NUSF B & B FH AT RERR AR Fo B3R AR ST A

W3R, ARERRBARELR ST AR ZRELEREEZATLENARE.
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Xue, Ruihua, and Rong Liu. 2022. “Statistical analysis of da Vinci procedure volumes of 2021 in the Chinese Main-
land.” Intelligent Surgery 4: 18-22.



2024438 BEFAZFH 065

W8 A TF A A BT PR R AR S 1 Fib T B9 5 e 2 7 4R
— UL AR AT R

RyE @ KEF

#H E HLTHAEFA EEEFARNEAFAELAN ALK
gl REREHRE®RE; HULTEESEFA, ILEAFAEAF
AAEFw . VURE RE. K., AATHEREERE. AW,
BAFANFAZRRAGR, RETE, WEAFARGTHETHRE
HWE G RENMAFT . R RN E T Fr 2t & M B
SEEBEERFEFANL, NEAMHBRT MR ARETRIZE
MEREFAE., ARARXAEFEEHTHAR LT, NAEEZEN
20064 £2023F 12 A HE E P EA RBHE R ERETHNEAF A
BEEFA, ThT BTGB ANREELESLE., KEHXABER AR
B B A . KA BRI AR IEE#EAT F

—. HdEAR

HAMERDT. FAMRANEAGE, ARAXUESFERTEARBRE L
Efe (301 EfE) BT, XEERATRRKE, TREEL .

Brl & 030l ERE A WNATHEEFM. HKEFEFHOHE, B
B %45 301 E P M & A EEAT e 19 Ak A % A48 % 8038 R 3L,

—. Mz 7 X

AR RMRER BT A&7 R, BHEAERTARERNNABRE T KA RE
FEAEHER, KRS ETRA, AEFETHAMEZAEL, THREO~S
AA B EARENREREZ HHRAR L, THRE30~35K, 60~ 65K
A1.90 ~ 95 RAf Frib B AWM E L 30 H 8y &AL B o

25301 EleAFm®, U LREIUR G ERF R ELHE, Bt AN AT
UEE R

CRTE (EEEE) , AEAFLKERELEMAAIE (E-mail: wuziting@pku.edu.cn) ; %
W, PTEAFHEBEERG¥M, PEA¥HERERESFARERERFRE, LRAFLK
g% B IK (E-mail: shiyin910515@csu.edu.cn) ; 5%k6-F, FEARMERELERFER
SE, PEARBHRENFEIBRFARS, TEARBEAERFIFESAEL LR E (E-mail:

xiupingzhang@aliyun.com) o
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= YRR

25301 EfRA®E, WA 301 EREBEKENS S Me £ L, #£—FF
FAFT A, AR R 2B R, REAARAAFH —FHFHTFQ
¥ RAA

77 R AL

L Bim—EREXFARERANHARLF O, BARRRKEAFQOERARE L
Wz T KEWRBRESEFBILEAFARELR, AREREAEFNEENRRME, B
R FCEFEITRERS.

2. WhhE THEFARE-—MRWARFO, WTENRAZRGEREHAANE
HRFQEREE, FAHTIMNEAFAELEERERTFHAAZR. HlL
RAT O ARRKERIR.
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AT RES AR B £
BEN BEM BEE

W OE LBEEFSIEMBIRLEL, ERRPNEXF,
BMNEBT cHERYEL2OETE, FEAREN TR E2H—
RAB R &, AXHERITT AMATE T AW By & £ S F
ATk s ER AV BE 2

TV L AR 2 & B BR Y BE 2 X sl B 28] DUR I M AR L. ZUAR BT & .
HIRATFHRUN ST HEZ RS LM HA (e, Bjerk, 2008; Blau and Kahn,
2017; Hospido et al., 2022; Lazear and Rosen, 1990; Sloane et al., 2021; Win-
ter-Ebmer and Zweimuller, 1997; Zhang et al., 2021) ., X 2B L5 LEE T3 A
THNERFELEATE, EFRKFTE, aEXANETRIFETEANEA. R
HERBRETREEAENRET, BEREFLHEANA, AlELREMAMBIISRA LR
BRERKTEAEATEAKTWIA (Becker, 1957) . £ T EAWEN CFEH Tk
BHEITEN, XEFTIAWNEAZAFENTREEIRSAZAGER. Bk, BEEK
EITAFTBAL S BARB T MRS T AR A& = R FATHRITHEY, XEERH
AT 4 A BER AN E 2 B A (Aigner and Cain, 1977; Arrow, 1985; Bohren et
al., 2023; Phelps, 1972) ,

ER-ETH, I BB CNELb2HELEAET T E 2 HIEI; K
75 (Jayachandran, 2021; Porter and Serra, 2020) . %7, #& Porter 7 Serra (2020)
AL, RFFANTRENFEMNER T CEZAFEBEFFHR
NMAERAN L, AREREKA, B aEFEHRIERG T LFA# —SHFEHL
MEGFFRENHEE, FEEMNEBEFFLLAMELL v T 8%. Bertrand %
(2021 &, HEFUANBILLKRREHNEANE, 2@ HETHFH S 558
F i £ 7 T, Goussé, Jacquemet 7 Robin (2017) %3, EFEZHXEF, &
Mo E £ e A £ 5 £~ . Adda, Dustmann, 7 Stevens (2017) A A, £ &
FET LA, AL, URSEEE FERBRZTHRL,

CEEN: LEAFAREEL EHRIE (E-mail: yhpan@pku. edu. cn) ; ZE#E: L EA¥E
FEBEFT I A EEL BRI (Email: junjian@nsd. pku. edu. cn) ; EVEE: HEAFZ

¥ F K (E-mail: qingyuanzhou. econ@gmail. com).
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SNAE R AoV [ ER Y B 2 & B B 4TS, 2. — (Schizas et al., 2022; World Health
Organization, 2019) . R{EF ESFEFTF 2 4E 2019 Fx4 30 2. T EEBEXH
WA, LWL A E £ B 6.04% (Bai, 2021) . BIEAE LR ER, x—HHF
RRAR, /T 10% Z| 20% =z |8 (Burgos and Josephson, 2014) . iF#n Schizas %
(2022) freaifl, RELXEFEWNEETHE M, IRMAZEEEFHAE, &
wxt— W4 SN FHE A B &, Epstein (2017) K I & 4R E £ &% AN FHEAE ZR
FERABYABXAWLAI AR, YRRFRXLPVELWBEER R, —LHAAA
B A EER T MEAMEEA. Zhou % (2022) 5 H, A% KA HFHE £ BRI T &
KB LEZHH LY, BIFE R FHMERA. SRR BRI E AN
A E A NESF TS5 H1E N 8 % EH . Richardson 7 Redfern (2000) LA
K Gargiulo, Hyman F2 Hebert (2006) LA %, SN D L5 48 DL RCK AR
“EEREREORRT LT RNAESSN I . A, AHSIRBDAEES T
WP, DURAMR AR EREH AT L E¥ £ %% F (Rohde et al.,
2016; Bai, 2021) . FHk, *F TfE. B £ B & 0945 1% A\ 0 40 2 BN A B ) & 487
55— AR KSR E R R R F R IR K E AR R — M A B E & (Anderson
and Goldman, 2020) ., 7 —LH R A EMW 7 ELE T A E LT IEN EEHK.
fl4m, Schizas 4 (2022) F# Stephens & (2020) ¥ BRAk B 2 7 4 14 BB AL, ML,
FAEA. MRRA. TESEBPE. RAEX, HREEFEINFHEES T E.
R, SHEFEML, THIBELATHEEAENEZEFNF AL R (Tsugawa et
al., 2018; Wallis et al., 2017) . fil4n, Wallis & (2017) 45, ZHILEXRAES
BOAREERLIMELEBTHNEZNERKE., HREABEANREHALRE, W
FHORMEEMEFEEEAETR 30 AL X, M4, Roter f Hall (2004) %,
TEEWTCHEFHANEELAKT 24, EIENE, KEEHTTELULEEN
FOHE, K EARREATERRARR, CEEW, URERSEATE.

FabmE R AR RETURBL LM AR KRR L rE R EL, 54, &
A#AFTUBREWAAE, NIRRT IENXHESL, KT, HAMEAK
TG EE. O X EERERLE AN WA 5 214 At 5l A 60K H 50,
7 Boserup (1970) s4FF QUM%+, Ml Yy ER# RV ESF, FHELBEAES
FTEENTAHEARRESE. Ek, AL L EUHEAZMOTERETENER
A, SRTAEZATH EHMEAZIE, Alesina, Giuliano 71 Nunn (2013) &
RURANTFAFERNRH T AT EANES SR, RESE, @A
WEAESELFTENEH. E0M, Xue (2016) R T + B8 L7 A %4 28
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PEFARWIANH T LU R ENZEE KRR, REFRETTHALE
MNUA SR A N E . BEFANEANIIN, HORF AR R H
FRED, AT ENLRES, FEEUANACSE. LK, LEAW
KRN AN G550 & = F R EH X (Graetz et al., 2018) . EAMFAFTE, M
BABAWFN T oA FARFERE, AECEEF I TS £ G FH,
TR RT G BT RA LN E

EESE ]
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KI5 A FAANE AT F AR /2 R AR R
BEA"

¥ E MEFAREBAREMATCERSHHNTENE, S22
ok T RABR AL G . /N LT 20 5 R B B985Y%,
MNTRHA N EIEIE B E R F AT, IS B F AR
HHTTR. BEANBEAFARGRGERMERALEAA T E 0
EFES). MEEBFHENRMOEEFERS . AHANET L AR
F0A, BEAREFHE, RATGRFTNBAFAENERT
ARG T F 5 AE /D 4 LR R B R AR BR

—. FRHx

MEEARERAFERMATERe EHNE, "EAFAREER, 2o
ETRAKRFAEF A, FEDR, 2022 FHREFAMBELEL8T T A, fik
RT&FT6O A, ETHREEM (Xiaetal, 2022; Caoetal, 2019) . ¥4 if,
2020 4 Ik [E i £ B4 5 L4849 4 2034 27T, & K E GDP # 0.121%, HEIZ
FEFR#HESE (Liuetal, 2021) , fig £FF, E/NEHEMHE (non- small cell lung
cancer, NSCLC) %75 85% (Yangetal., 2017) . MRE+ EHE KB F2ma 0 (E
/NG R RE VT 38 R 2023) 45, AT IH. HH#INSCLC B F B4t F K, B#F
T M FAM M #AT TR, MEMAFARANKLRESHY, EFALE
NEHOTHFATEAAMBERFA, EEREFAN —LELWHEFARTLNF
E—RARE, BFEFNEAFARGAAL =8 XF, SAENNRERE, 5
BaMEREALEREATENEE L. KELEFHENR. AEXBERER, filE
¥4 &% (Yangetal,, 2017; Nguyenetal.,, 2020; Nelsonetal., 2019) , ikZ #
MBEBAEACFETEAEBRFH ZARE, EaToaanFAREAERFZEA
HRGENER, AFRNETIAGCRNA, EEIREFHEY, RRFGESF
FANBEAGERFART FHE /D8RR RARR. A RE I ETHALN
NERIAREESE, Y TEREDRG XA TEIHFETRANKLRSLARESF,

x* REEMAFHEER; (E-mail: tianfugary@l63. com)
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. A

AHRETIABRFARRANAE, WEIKEFHEAL, FTHEEFFNE
AFAEEREEFAATHE TN HE N NEARTEEENRARR. AH
%Al F E PR o 7R W E B L B & F (Progression free survival, PFS) #Fr1 & A&
% (Overall survival, OS) %, K EHFHWEERS S N T #H E £ FWRA.
HREGERAFTR RS, FMHRIEPFS F10S & 7 8 & k&1t &4 # 2 0|9
B b AR S AR Hl (Deleaetal, 2015) . AP /B FALEE K@
B 5 kK% R, K R 4 A K A exponential, Weibull, log-logistic. log-nor-
mal, Gamma, Gompertz [E VI # A xf PFS fn OS #h & # 1T L & 5 4 ¥, H+ #k
EHWERERFOETEANEHELEEAFIOFHBEBERES KA H,

=\ B AR RA

FHRBABFERERZERAFMBERRE TN, EREHFEMERBHK
ENHERE. REEMNKFMEERFET A 3000 26 /5, LFAFFNEAM
BFARS00LEF /£, EHEZEREBERLL. M. A7, AFEH. A, LK.
REFFEATHX, HRERL LT URF K& EA 7Kg EH AR

AR R #AE R IR T 2020 4 % [E Peter J. Kneuertz ﬁ%%%ﬁqﬂ/t\lﬂfﬁ/fﬂ%%
(Kneuertz et al., 2020), Z#f %% % 2012-2017 FEZ P OH#H AT EFAEF ER
BT HATRKEME T, REAPNNBFTNEAFARE245 A, BEFAHL 1S A,
E Bl KA Sk A7 38 5 F L8 A F R IT I B & 893 F &, Runsen Jin £ F £
Bie ERITRAMKALEAFBEER TR ANERRAEARERET, A4
EHAJE 48 BN EM % 4 T EMHMN inetal, 2022; Jinetal., 2023) . F
RARBRINEAFASHEREFAEE PFS, PD R A EAHE, ZAEKE X
El 2016 4 Morten Bendixen % % By x T M fE 4% ff o F A g R i 5 45 & (Bendixen et
al., 2016) . W% AH %K PFS K HE 4 0.815, PD ZH 4 0.473,

M., R AEAT

AR £ BB RIS A PFS.OS.QALYs, & AR A FAHK OEH
W R, RS EMFER. CHEHETHEA. HEHETRA. —&ETHEA%,
R AT E I E R A E L (incremental cost-effectiveness ratio, ICER)
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A RS HT

FAHRXAEEZRBR MR ERR TR R ER WREE. 2HEE
GRUSNATEREN NS HESERNTHE, . MEGRELATA THEIUS
T SRR B R A R A A S R R, R R A R AR E B B 1000 K,
It G R FHY ICER 1,

P ES 3
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na and United States, 2022: profiles, trends, and determinants.” Chinese medical journal 135, no. 05 (2022): 584-590.

Yang, Hao-Xian, Kaitlin M. Woo, Camelia S. Sima, Manjit S. Bains, Prasad S. Adusumilli, James Huang, David
J. Finley et al. 2017.“Long-term survival based on the surgical approach to lobectomy for clinical stage I nonsmall
cell lung cancer: comparison of robotic, video-assisted thoracic surgery, and thoracotomy lobectomy.” Annals of sur-
gery 265, no. 2 (2017): 431-437.



074 HEEFAET 2024538

B HEEAIE T R I F A F LA A

ELENA ASHTARI TAFTI"

EENMABREFREEEEXETERSFRABARE B A FFE. ETRE
TR FEUEALZE R E, MEEEHRT BEFNRZE, 1B XM ETISEZ
5] # B s # B4R 7 (Skinner, 2011) . 742 44 (F F & RT % 7 EH o
AT X —3I % (Tsugawa et al., 2017; Birkmeyer et al., 2013) ., &7, EELEFE
TR %3] LR HBEMEHE (Molitor, 2018) ., L b, ETRE&EREHE
By T BE 2 X FF = F B9 MR JE (Chandra and Staiger, 2020; Hull, 2018; Chandra
and Staiger, 2007) .

EAXE, EARTNEALEBRD RETERUTENE . LibZRLZHE
AEBY R, MNAWRKBERFERRA, ETGREEFEEWIBELMEL, 4
A X # ) (Chan etal., 2022; Currie and MacLeod, 2017; Kolstad, 2013) . f %
REEHGNEZER 2T ETTE, HTRMERTRS A ZMEZER (Finkelstein et
al., 2016; Chandra and Skinner, 2003; Deaton, 2003) . & ¥E8H, ZHZE, L&
AHEREFHAFARIANE TSGR M EKIIAELEZBHAFERZEY
G KA ANEAHRE S T oy ERANE AR KX ETTETRANEZAFA,
BAEHA P REEENEELE (AP REEXE TR Lo EELRE) ,
RIEATNBEAER BT RETEERA.

0 B - 5T R R AL B RN R M A 1 R 1] BT AR B AR UL T R R AZ B B9 RO
ARk, SEERANENERFAML, MBEAFAREEETNEWEFILELE
A~# F# (Coughlin et al., 2018; Yaxley et al., 2016; Robertson et al., 2013; Bolla
etal., 2012) . AW R E T/ INFERFiE FHEFEAR (Neuner et al.,, 2012) , FH 15
EATHEHRXA (Hoetal, 2013) ., mRNBEAFAREGFARIAWHE I I L
TFARKTT, MAMEARFR AR BRH L FI. W, BRIAXAERKELSH L
WM. EXHELT, RARGEIEFIETHREMKFE WAFEME XK, T
TRMBAREERIK. EEWNE, YETHRTEMN, MHELAREETE2RK
Y& B o ELR 5 A i 22 ok % # AL 2 A (Bjorklund and Moffitt, 1987) . EXMIEIN T,
WRMABZEAWEXAZEARNERN W ERRT, ALINEAFAMESRFARAT
BFRHZEEH LR ~F BRI,

AT #HEHRRF, ®EAT & Bjorklund f2 Moffitt (1987) %8 3 1 Heck-

*EREAY¥ (E-mail: elena. ashtari@econ. lmu. de),
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man 1 Vytlacil (2005) &) 8 7%, ZHELTETARET RN (MTE) . MTE
EENBAFAREZFAZEHATERT, NBEAMNIMERERNFHRH, &
Xk, RARTNEANBEERGERD W, UKL LRk T F
A, BURTANBEER: KERE (BIAREERNEFED) MFATREFHN
ZeE (BIREEARE) . XEMEL, BEMRRFAZERREZNFAXRIANH
4 (Lotan, 2012) , MLBEAF AR ZAMAT" £ EHEWNEH, AAHERST
HE, FEZE/ Yo (Higgins etal.,, 2017; Coelho et al., 2010; Lowrance et al.,
2010; Nelson et al., 2007) . i 3L 6 F SN FHE £ A6 T 4 R a9 2 — R0 F 48
ARG ERE. AANBATRSTHIIME LML, FAUKERT BRI #Z
TEAZALFNEERE T XANER. FELE, ZEFRENTFALRARA
HENMER THATH, AR EERTRALARHAT AN H EASLKBERT,
EMIEERFHZHARXRAAAFENNRAETIARE AR ERNER, ExBTA
Mok E AHIPEEL (Cornelissen et al., 2016) , Lfr E, BMHFEERELHF AT
AR EREZEW, BRANFNE A ERFW A &, MAET WA LG RRA &
LA,

BEAANBAFAER T ELENRI. NEARD T ARG EF N EREH
MERFER, KW, KOS EH, XEPREFEFREN, BRANESRAEE
FERRTHMEENK . BRI EENZITHAFRER D, TIRK AW
SIMEENTRERS . T—ERZH, IBEAESINELENRKETEHERZEZ
BE, ERARECHEHAENINELER RREBEAIBEELE, EERFATE,
BRI EENEF L RIBIPELENEFT LA ETREHNTRREMKIANTH
Fo 8T, ARINBA, NEIXLECNTRERKT AA—1TETR. KE
REMHAT AUNEX., BEm A FREAFIMELEERABTER LNEZR
N, BREQAMTERHA, MBATRLIBIBABTERNEZR. W2, KA
T MR B, ERENIRELEFEREH ZTRA, WIRERE
WA E AR RSD, REMNOERES. XA ZHA BT B LT S0 F A 7]
DU — 4R (Suri, 2011
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