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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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Health Technology Assessment of Robot-assisted
Versus Laparoscopic Low Anterior Resection for
Middle and Low Rectal Cancer:

a prospective cohort study Progress Report

By XUEFENG HU  ZERONG CAl  QINGBO WANG

Z1ITING WU AND BEINI LyU *

Background: Robot-assisted surgery shows promising applications
in the treatment of rectal cancer. Despite its numerous advantages,
controversy surrounds its use due to inconsistent research findings
and high costs.Objective: 1) This study aims to establish a nation-
wide multicenter observational cohort to evaluate the efficacy,
health outcomes, and costs associated with robot-assisted surgery
compared to traditional approaches for rectal cancer. 2) This study
also aims to compare the total medical expenses, direct medical
costs, and indirect medical costs among rectal cancer patients un-
dergoing robot-assisted, laparoscopic, and open surgeries for low
anterior resection. The analysis will assess differences in cata-
strophic health expenditure and the probability of falling into pover-
ty due to illness among these patient groups, along with identifying
influencing factors.Methods: 1) Clinical hospitals will be selected
based on factors such as geographic location, economic develop-
ment level, hospital infrastructure, colorectal surgery expertise,
and willingness of collaboration. 2) Data will be collected from the
“Health Technology Assessment of Robot versus Traditional Lap-
aroscopic-Assisted Low Anterior Resection in Mid to Low Rectal

Cancer” project. One-way ANOVA will be used to compare total

* Hu: Institute for Global Health and Development, Peking University, huxuefengDSG@outlook.com. Cai: Colorectal Sur-
gery, the SixthAffiliated Hospital of Sun Yat-sen University; Guangdong Provincial Institute of Gastroenterology; Guangdong
ProvincialKeyLaboratoryofColorectaland PelvicFloorDiseases. Wang: Institute forGlobal Healthand Development, Peking
University, wangqingbo89@163.com. Wu: Institute for Global Health and Development, Peking University, wuziting@pku.
edu.cn. Lyu (Corresponding Author):Institute for Global Health and Development, Peking University, blyu@pku.edu.cn.
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medical expenses, direct medical costs, and indirect medical costs
among the three patient groups. A Probit model will be employed
to analyze the factors associated with catastrophic health expen-
diture/poverty due to illness. And a Cox regression model will be
used to assess the influencing factors of catastrophic health expen-
diture/poverty due to illness.Results: At present, 16 hospitals were
selected based on regional and technological criteria in this study,
representing the real-world application of robot-assisted surgery in
rectal cancer treatment. Analysis of the differences in catastrophic
health expenditure/the probability of falling into poverty due to ill-

ness among the three types of surgeries is currently ongoing.

I. Background

Colorectal cancer is one of the most common malignant tumors of the digestive sys-
tem in China, with an increasing incidence in recent years. Rectal cancer constitutes
50%-60% of all colorectal cancers, predominantly occurring below the peritoneal reflec-
tion in the mid to low rectum. Surgery for these rectal cancers is technically challenging,
demanding clear exposure and meticulous surgical skills to preserve anal function and
protect urinary and reproductive nerves.

Low anterior resection of the rectum is the most widely performed procedure aimed
at sphincter preservation. Numerous domestic and international studies have investigat-
ed the effectiveness and safety of robot-assisted surgery versus traditional laparoscopic
surgery in rectal cancer treatment. Due to higher costs associated with robot-assisted
surgery compared to traditional methods, there is a need for health economic evaluations
of robot-assisted rectal cancer surgery.

Current research in this field primarily focuses on clinical outcomes, with a few stud-
ies from abroad considering short-term quality-adjusted life years and cost-effective-
ness (Collinson et al. 2012;Jayne et al. 2019) . However, these studies have several
limitations: (1) Health economic evaluations of robot-assisted surgery are predominant-
ly model-based studies lacking unified and definitive conclusions. (2) Studies are mostly
single-center retrospective studies with small sample sizes, leading to inadequate sta-
tistical power. (3) Many health economic evaluations are based on small-scale clinical

studies using health outcome measures as cost-effectiveness outcomes, with limited con-
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sideration of preoperative and postoperative psychological factors and long-term quality
of life. (4) Currently, there is a lack of cost-effectiveness analyses specific to the Chinese
population regarding robot-assisted surgery for rectal cancer.

This study aims to establish a prospective, nationwide multicenter observational co-
hort to compare the clinical effectiveness, health outcomes, and costs among rectal can-
cer patients undergoing different surgical approaches. This initiative seeks to provide
health economic insights into the application of robot-assisted low anterior resection in

rectal cancer patients in China.

I1. Objectives

This study aims to select nationally representative clinical hospitals, considering fac-
tors such as geographic location, economic development level, hospital infrastructure,
colorectal surgery expertise, and willingness to collaborate, to ensure the representative-
ness and reliability of the research findings. Additionally, it seeks to compare the total
medical expenses, direct medical costs, and indirect medical costs among rectal cancer
patients undergoing low anterior resection using three surgical approaches: robot-assist-
ed surgery, laparoscopic surgery, and open surgery. The analysis will assess the differ-
ences in catastrophic health expenditure and the probability of falling into poverty due to

illness among these patient groups, along with identifying influencing factors.
I11. Methods

In cohort studies, the geographical representativeness of participants is crucial (Healy
and Devane 2011) , necessitating the inclusion of hospitals from different geographic
locations with varying levels of economic development. This approach ensures a com-
prehensive sample that encompasses diverse healthcare settings. Economically devel-
oped regions are chosen to evaluate rectal cancer treatment outcomes under conditions
of strong technical capabilities and abundant medical resources. Conversely, less devel-
oped regions are selected to assess outcomes under conditions of relatively constrained
medical resources (Willett and Colditz 1998) .

Selected hospitals must meet established standards in terms of technology and expe-
rience (Wang and Kattan 2020) . Given the need to compare clinical effectiveness,
health outcomes, and costs among rectal cancer patients undergoing different surgical
approaches, hospitals selected for this study must demonstrate proficiency across these

surgical modalities to ensure research accuracy (Keung et al. 2020) .
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Based on the above requirements, the following approach was adopted to select rep-
resentative hospitals with adequate technical proficiency. Firstly, potential hospitals na-
tionwide were screened based on factors such as geographical location and economic
development level, thus ensuring the regional representativeness of the participants.
Secondly, the technical status of the hospitals was analyzed, assessing their technical
and experiential adequacy via medical infrastructure, physician composition, and surgi-
cal volume. Subsequently, connections were established with the selected hospitals for
cooperation. Finally, comprehensive consideration of various factors led to the selection
of the hospitals.

Data will be collected from the “Health Technology Assessment of Robot versus Tra-
ditional Laparoscopic-Assisted Low Anterior Resection in Mid to Low Rectal Cancer”
project. One-way ANOVA will be used to compare total medical expenses, direct med-
ical costs, and indirect medical costs among the three patient groups. A Probit model
will be employed to analyze the factors associated with catastrophic health expenditure/
poverty due to illness. And a Cox regression model will be used to assess the influencing
factors of catastrophic health expenditure/poverty due to illness.

These methodologies aim to provide robust insights into the economic implications
of robot-assisted surgery for rectal cancer patients, addressing both clinical and health

economic considerations effectively.

IV. Results

In this paper, only the selected hospitals are reported. We selected 16 hospitals for this
cohort study, including the Sixth Affiliated Hospital of Sun Yat-sen University, Shenzhen
People’s Hospital, Fudan University Shanghai Cancer Center, the First Affiliated Hos-
pital of Nanchang University, Union Hospital Affiliated to Fujian Medical University,
Peking University People’s Hospital, Shengjing Hospital of China Medical University,
Xinjiang Uygur Autonomous Region People’s Hospital, Southwest Hospital of Army
Medical University, Lanzhou University First Hospital, Chengdu Third People’s Hos-
pital, the First Affiliated Hospital of Zhengzhou University, the Affiliated Hospital of
Qingdao University, the Second Affiliated Hospital of Harbin Medical University under
the People’s Liberation Army General Hospital, and the Second Affiliated Hospital of
Harbin Medical University.
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FIGUREL. DISTRIBUTION OF THE SELECTED HOSPITALS IN THE COHORT STUDY

Figure 1 illustrates the distribution of these hospitals, which exhibits excellent regional
representativeness, covering both the eastern and mid-western regions. Specifically, the
Sixth Affiliated Hospital of Sun Yat-sen University and Shenzhen People’s Hospital are
representative hospitals in South China, renowned for their advanced medical equipment
and vast clinical experience. Fudan University Shanghai Cancer Center holds a strong
technical influence in East China. The First Affiliated Hospital of Nanchang University,
located in the central region, also boasts advanced technology and significant influence.
Meanwhile, Union Hospital Affiliated to Fujian Medical University reflects the high
medical standard of the southeastern coastal area.

Furthermore, hospitals such as Peking University People’s Hospital, Shengjing Hospi-
tal of China Medical University, Xinjiang Uygur Autonomous Region People’s Hospital,
Southwest Hospital of Army Medical University, Lanzhou University First Hospital,
Chengdu Third People’s Hospital, The First Affiliated Hospital of Zhengzhou Universi-
ty, and The Affiliated Hospital of Qingdao University, represent the medical standards
of northern, northeastern, northwestern, and southwestern China, respectively. This geo-
graphical distribution of the cohort study thus exhibits typical characteristics.

In terms of technical proficiency and experiential adequacy, these hospitals exhibit
a high degree of expertise and strong technical capabilities in the field of rectal cancer
surgery. Hospitals like the Sixth Affiliated Hospital of Sun Yat-sen University, Shenzhen
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People’s Hospital, Fudan University Shanghai Cancer Center, and the First Affiliated
Hospital of Nanchang University possess robust technical strengths in robotic surgery,
laparoscopic surgery, and open surgery, and have accumulated extensive experience in
these surgical procedures. Additionally, hospitals such as Union Hospital Affiliated to
Fujian Medical University and Peking University People’s Hospital possess high techni-
cal proficiency and rich clinical experience in comprehensive treatment, early diagnosis,
and individualized therapy for rectal cancer. These hospitals’ technology and experience
fully meet the requirements for comparing robotic, laparoscopic, and open surgeries, and

are capable of providing high-quality data for the study.
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How Will Medical Robot Effect the Risk and
Uncertainty of Surgery

By Ermo CHEN*

A retrospective research 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-dom-
inating medical robot provider, and the other is a sta- tistical result
data from a info-tech provider covering thousands of hospitals in
China. Results show that the medical robot can lead significantly
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 introducing
medical robots, see Borden et al. (2007) and 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.

Prior works does not show coherent significantly benefit on surgeries with intro- duc-
ing medical robots (Borden et al., 2007). while in real world it does become more and
more popular. More driving factors need to be excavated. Too few samples to draw reli-
able 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

* 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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records in mainland China. It recorded the name of hospital, surgery date and category
of surgery of each case.

Statistical records from a info-tech provider are provided by a inner statistical report,
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-
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. Effect on death rate

The regression model in this section is

(1D DeathRate:. ~ Roboti..+ Xi+ I, @ =SampleSizei: .

where we use two kinds of variables measuring the level of introducing robots, the num-
ber of cases down with robots, and the rate of cases down with robots w.r.t. the sample
size (robot rate). This is because that the statistical record data are drawn on samples but
not fully records, making the evaluation of robot rate not accurate 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 by 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 options, for robustness
and reducing endogeneity.

Results of accounting amount of surgery cases done with robots are shown as below
in Table II.
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Hospital Level, Robot Count

Num_of_Robot 1.65E-06 1.12E-06 -6.19E-06 -2.12E-06
p-Value: Num_of Robot 0.0838 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 30,936
F-stats 2.9890 5.1351 100.2786 17.8164
R-squared 0.0001 0.0104 0.2454 0.7417

The result showed significantly negative relationship between robot surgery count and
death rate, under the control of fix effect of time and hospital (both directly and indirect-
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 in model points are shown as below in Tablell.

Hospital Level, Robot Rate

Robot_Rate 2.27E-02 1.79E-02 -2.88E-02 3.10E-02
p-Value: Robot_Rate 0.1020 0.1960 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 0.2443 0.7417

Similar results could be drawn from this analysis about proportion, while things chang-
es 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. So the result on
the robot surgery count is more reliable in judging the direction of robot effect.

Similar analysis are done with the statistical results data separating divisions for dif-

ferent surgeries. The results are shown as Table II for robot counts below.
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Division Level, Robot Count

Num_of _Robot -9.06E-07 -5.88E-07 -4.07E-06 -1.97E-05
p-Value: Num_of Robot 0.5228 0.6820 0.0105 0.0000
Fix Effect: Time Yes Yes Yes
Fix Effect: Hospital Yes
Fix Effect: Divisioin Yes Yes Yes Yes
Fix Effect: Province Yes
Fix Effect: Hospital Lv Yes
Fix Effect: Hospital_Grade Yes
Num of Model Points 12,849 12,849 12,849 12,849
F-stats 109.2986 12.6725 13.3416 8.6823
R-squared 0.0638 0.0649 0.0999 0.6055

And Table II for robot rates.

Coherent conclusions with former regression results.

Division Level, Robot Rate

Robot_Rate -1.39E-03 -8.91E-04 -5.97E-03 -1.38E-02
p-Value: Robot_Rate 0.5963 0.7368 0.0351 0.0000
Fix Effect: Time Yes Yes Yes
Fix Effect: Hospital Yes
Fix Effect: Divisioin Yes Yes Yes Yes
Fix Effect: Province Yes
Fix Effect: Hospital Lv Yes
Fix Effect: Hospital Grade Yes
Num of Model Points 12,849 12,849 12,849 12,849
F-stats 109.2816 12.6717 13.3194 8.6144
R-squared 0.0637 0.0649 0.0998 0.6036

I11. Effect on in-hospital days

The regression model in this section is
(2) InHospitalDays; ; ~ Robot;; + X; + 1, w = SampleSize, ,,
where modelling the length of stay in hospital. Other settings are similar with the former
section.
Results are displayed as below, firstly is the result with hospital level statistics on

robot case counts.
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Effect on in-hospital days

Num _of_Robot
p-Value: Num_of_Robot
Fix Effect: Time
Fix Effect: Hospital
Fix Effect: Divisioin
Fix Effect: Province
Fix Effect: Hospital_Lv
Fix Effect: Hospital_Grade
Num of Model Points
F-stats
R-squared

-1.33E-01  -9.52E-02
0.8756 0.9121
Yes
30,904 30,904
0.0245 0.2178
0.0000 0.0004

-2.99E-02

0.9729
Yes

Yes

Yes

Yes
30,904
0.9134
0.0030

7.37E-01
0.5969
Yes
Yes

30,904
0.3736
0.0568

Secondly, there is the result with hospital level statistics on robot case proportions.

Effect on in-hospital days

Robot_Rate
p-Value: Robot_Rate
Fix Effect: Time
Fix Effect: Hospital
Fix Effect: Divisioin
Fix Effect: Province
Fix Effect: Hospital _Lv
Fix Effect: Hospital Grade
Num of Model Points
F-stats
R-squared

-1.13E403  -7.70E+02
0.9277 0.9508
Yes
30,904 30,904
0.0082 0.2177
0.0000 0.0004

-2.00E+4-02

0.9873
Yes

Yes

Yes

Yes
30,904
0.9134
0.0030

3.91E+03
0.8382
Yes
Yes

30,904
0.3735
0.0568

And similar results with division level shown as below two tables.

It shows that, no significant changes are shown in the results, means that the length

in hospital will not be effected heavily with introducing the robot for surgeries. This is

coherent with the conclusions of other researches.

Effect on in-hospital days

Num_of_Robot
p-Value: Num_of_Robot
Fix Effect: Time
Fix Effect: Hospital
Fix Effect: Divisioin
Fix Effect: Province
Fix Effect: Hospital Lv
Fix Effect: Hospital_Grade
Num of Model Points
F-stats
R-squared

-4.04E-03  5.79E-02
0.9969 0.9561
Yes
Yes Yes
12,847 12,847
2.0274 0.2798
0.0013 0.0015

1.57E-01

0.8945
Yes

Yes
Yes
Yes
Yes
12,847
0.3284
0.0027

5.42E-01
0.8309
Yes
Yes
Yes

12,847
0.1813
0.0311
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Effect on in-hospital days

Robot_Rate -8.98E+00 9.68E+01 2.20E+02 5.22E-+02
p-Value: Robot_Rate 0.9963 0.9602 0.9169 0.8716
Fix Effect: Time Yes Yes Yes
Fix Effect: Hospital Yes
Fix Effect: Divisioin Yes Yes Yes Yes
Fix Effect: Province Yes
Fix Effect: Hospital Lv Yes
Fix Effect: Hospital Grade Yes
Num of Model Points 12,847 12,847 12,847 12,847
F-stats 2.0274 0.2798 0.3283 0.1813
R-squared 0.0013 0.0015 0.0027 0.0311

IV. Effect on cost expectation

The regression model in this section is
3) ExpectedCost; , ~ Robot; s + X; +1I;, w = SampleSize; ,,
where modelling the expected cost. Other settings are similar with the former section.

Results are shown as below.First is the results on robot surgery case numbers.

Effect on cost expectation

Num_of_Robot 2.72E401 2.63E4+01 1.93E401 3.34E400
p-Value: Num_of Robot 0.0000 0.0000 0.0000 0.0017
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 744.2504 17.9099 113.2246 9.5432
R-squared 0.0235 0.0353 0.2686 0.6060

Second is the the results on robot surgery case proportions.

Effect on cost expectation

Robot_Rate 3.47E+05 3.37TE+05 2.67TE+05 1.18E+05
p-Value: Robot_Rate 0.0000 0.0000 0.0000 0.0000
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 564.6737 15.4653 112.8116 9.5755

R-squared 0.0179 0.0306 0.2679 0.6068
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Both groups of results show significant increment in cost when introducing the robot.
This is common as it does take some more cost using the machine, such as start-up fee,

equipment fee, maintenance fee.

V. Effect on cost uncertainty

The regression model in this section is

4)
VarianceCost; ¢ ~ Robot; s +Robot; (1 —Robot; ) + X; +1;, w = SampleSize; 4,

where modelling the variance of cost. Other settings are similar with the former section.
The term of Roboti,t(1 — Roboti,t) is used to separate the Within-group variance from the
total variance. We proof the reason of this method in appendix.

In this section, only proportion of robot is available, as the number of robot could not
face the constrains of variance regression theory.

The results are shown as below. First is the result on hospital level statistics.

Effect on cost uncertainty

Robot_Rate 3.71E+12 1.85E+4+12 -1.34E+12 -6.30E+12
p-Value: Robot_Rate 0.9400 0.9702 0.9784 0.9318
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 0.0185 0.4753 0.6423 0.7605
R-squared 0.0000 0.0010 0.0021 0.1092

Second i1s the result on division level statistics.

Effect on cost uncertainty

Robot_Rate -1.43E+13 -1.07TE+13 -3.34E+12 3.72E+12
p-Value: Robot_Rate 0.9398 0.9553 0.9869 0.9919
Fix Effect: Time Yes Yes Yes
Fix Effect: Hospital Yes
Fix Effect: Divisioin Yes Yes Yes Yes
Fix Effect: Province Yes
Fix Effect: Hospital Lv Yes
Fix Effect: Hospital_Grade Yes
Num of Model Points 12,849 12,849 12,849 12,849
F-stats 0.0825 0.0397 0.0445 0.0589

R-squared 0.0001 0.0002 0.0004 0.0103
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We can claim that there is no significant difference between robot surgeries and tradi-

tional ones.

VI. Discussion on cost-effectiveness

We may measure the cost-effectiveness with the estimated incremental cost and the
decrements in death, with the help of monetary life value. This may suggest a lower

bound of the HTA result on robot surgeries.
VII. Conclusions

* Surgery Robots will help reducing the death rate in hospital significantly.
* Although the average cost has a significant increment, the variance does not change
much.

* The length in hospital is not significantly effected.

Filter Settings and Reasons

The regression will not get stable result unless using the statistics of model points with
sample sizes larger than a hurdle level.

We use a common regression

(A1) ExpecedCost, , ~ X; + I; + SampleSize, ,,

which modeling the cost effect in areas and periods. A reasonable result should shows
that the cost increasing along time, and positive diffs from large city to low-income ar-
eas. The Figure below shows the estimation of coefficients, using different hurdle level

on sample sizes.
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FIGURE Al. ESTIMATION OF COEFFICIENTS

Stable and reasonable results generate for estimations with model points larger than

30 samples. In our paper, we use model points larger than 50 samples for reliable results.

Proof of Variance Regression Theory

One could not directly use the regression on proportion to estimate the effect on total
variance, if there is difference both on expectations and variances. So we propose this

specially designed regression for this propose.

We have

(B1) X; ~E[X] = p1,  Var[Xi] = 02, Vi
and

(B2) Y; ~E[Y;] = p2, Varl¥j] = 03,V

say X for other surgeries and Y for robot ones for example. We have model points’ result
of variance, with N; cases of X and Ny cases of Y in some unique model point. We
know the variance is indeed evaluated as the following equation, although we could not
get the detailed data.
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Ny Ny Ny N3
L |~ LXFEY XtV

= j=
(B3) vailz) = o | X [ X S *Z e

i=1

1 Ny Ny 1 Ny Na
Sl DIRED BRI B |
i=1 j=1 i=1 j=1

where N = N1 + Ns.

Then we can get

E[Var[Z]}: [Nl #i +o1) +N2(M2+02)——E %X +§2:Y :|
i=1 j=1
B4 = N_1 {Nl i +0%) + Na(u3 + 03) **(Nl #1+U1)+N2(H2+02))]
o [1 (N1(N1 = 1)ps2 + Na(N — 1):3 + 2N1 Nojur io }
:NW( 240 )+—(u2+ 2)7%]]\@ #%*%JX?:;H%* %Nyu p2-

Use 22— for simplification, and under the assumption that
(B5) N1 < N2 < 1,

which is suitable for our case, we can get

N Ny —1 Ny —1
(B6) AL B W PV WL P R Y
N N -1 N -1

Then we can finally get

E[Var(Z]] = [0 — 07 + (2 — 111)?]A = (2 = m)* N +
(B7) _ 2 2 2
= (03 = DA+ (2 — )AL = V)] +e

where c is independent with A.

This means that we can regression E[Var[Z]] with A and A(1 —A) to get the estimation

and test result of o3 — o7,
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Robot Adoption in Chinese Hospitals:
Analysis Plan

By KWANTING LEUNG  YUHANG Pan*

We empirically examine the impact of the first-time using of medi-
cal robots on department level performance in China. Employing
a robust analytical framework combining Two-Way Fixed-Effect
(TWFE) and Event Study methodologies, we analyze daily depart-
ment data spanning from Jan 2013 to Dec 2022. Our focus is on
quantifying the shifts in In total revenue following the first-time

using of this advanced surgical technology.

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 accredited, 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 et.al, 2021).

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.

* Leung: Institute for Global Health and Development, Peking University (e-mail: kwanting@stu.pku.edu.cn); Pan
(Corresponding Author): Institute for Global Health and Development, Peking University (e-mail: yhpan@pku.edu.cn).
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FIGURE 1. NUMBER OF CHINESE HOSPITALS WITH DA VINCI RAS

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-
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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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Data

The patient-level data, with each observation representing information for a single
patient’s entire stay, is aggregated at the department level daily. The data includes patient
characteristics, spending, length of stay, and dates of admission and discharge.

Due to the lack of information on daily patient payments, we make three assump-
tions regarding how hospitals collect these payments. First, the hospital collects an equal
amount daily; second, the hospital collects a lump sum on the date of admission; third,
the hospital collects a lump sum on the date of discharge.

Assuming that patients spend the same amount of money each day during admission,
daily revenue is calculated by using their total spending divided by the length of stay. As-
suming that the hospital charges once at admission, total revenue on the admission date
is calculated by adding up the total spending of each patient on the date of admission.
Assuming that the hospital charges once at discharge, total revenue on the discharge date
is calculated by adding up the total spending of each patient on the date of discharge.

The two-digit number Age Gender contains information about the patient’s gender and
age. Gender includes 1 for male, 2 for female, and 3 for unknown. Six age groups are
assigned: 0-15, 16-30, 31-45, 46-60, 61-75, and above 76. Three types of patient charac-
teristics are calculated: first, cumulative for all patients currently in the hospital; second,
for patients who have just been admitted; third, for discharged patients.

Empirical Model

To test for parallel trends and study the dynamics of treatment effects of using the Da
Vinci machine on hospital departments, we estimate an event-study version of the Two-
Way Fixed-Effect model. Specifically, we estimate the following specification (Braghieri
etal., 2022):

k<—15, k#1
_ k
Yie= a;+ 6+ Br X Z Dije + €4
k=15

Our outcome variables Yj;  is a mix of payment variables for hospital in depart-
ment j attimet. Yy,  includes daily revenue, total revenue for admission, total revenue
for discharged, revenue from self-pay, service, operational, Nursing, other, pathological
diagnosis, laboratory diagnostics, imaging, clinical diagnosis, non-surgical treatment,
surgical treatment, rehabilitation.

The dummy variable Dy jointly represent the da Vinci first-time using event, define
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s; as the year when hospital i department j first install the da Vinci robotic system. We
define Di?tls =1ift—s; < — 15 and 0 otherwise. In the baseline model we control
fixed effects a;; at the hospital level i department j and time fixed effect .. Standard
errors are clustered at hospital level; in future robustness checks, we will cluster on
smaller category level.

For the next three models we run a different combination of fixed effects. In the second
model we add a hospital-time effect to capture variance between hospital and time. Note
that capturing hospital effect also indicate a location effect since hospital are not likely
to move around. In the third model we add a department-time fixed effect to capture

variance between department and time. In the last model we add in both fixed effects.

k<-15, k#1
k
Yijt = aj + 6; X 6t + Bk X 2 Dijt + €ijt
k=15
k<-15, k+#1
Yijt = + n; X 5t + ﬁk X z D{(]t + €ijt
k=15
k<-15, k+1
— k
k=15
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Health Economics Study of Robots and Laparos-
copy for Hepatocellular Carcinoma Resection

By X1a0 LIANG  HAUING GUAN

JuNHAO ZHENG AND CHENYUE YANG*

Background: Compared to laparoscopic liver resection, robotic
liver resection can reduce postoperative complication rates and
hospital stay, and improve patients’ postoperative quality of life.
However, the costs of robotic liver resection are relatively high,
and there is currently a lack of evidence from China on whether
robotic liver resection for hepatocellular carcinoma is cost-effec-
tive. Objective: To explore the clinical value and medical costs of
robotic liver resection compared to laparoscopic liver resection for
hepatocellular carcinoma. Methods: We retrospectively collected
data from patients with hepatocellular carcinoma who underwent
minimally invasive liver resection by a single medical team at Sir
Run Run Shaw Hospital of College of Medicine of Zhejiang Univer-
sity from January 2016 to July 2023. Patients were divided into the
study group (robotic liver resection group) and the control group
(laparoscopic liver resection group). After propensity score match-
ing, we compared perioperative indicators and medical costs before
and after matching and conducted subgroup analyses with surgical
difficulty as a covariate to analyze the differences in perioperative
outcomes and medical costs between the two surgical methods un-
der different surgical difficulties. Results: A total of 277 patients
were included in this study (175 in the laparoscopic liver resec-
tion group and 102 in the robotic liver resection group). After con-

trolling for baseline characters using propensity score matching,

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



024 SMART SURGICAL QUARTERLY June 2024

162 patients (81 in each group) were included for further analysis.
The results showed that the robotic liver resection group had less
intraoperative bleeding, fewer postoperative complications, a low-
er conversion to open surgery rate, and better surgical safety com-
pared to the laparoscopic liver resection group. The robotic liver
resection group had higher medical costs (¥82,885.3 vs. ¥58,643.8,
p<0.001); however, the non-surgical costs of laparoscopic liver re-
section group is significantly higher costs higher than robotic liver
resection group. The subgroup analysis indicates that there was no
significant difference in costs between the two surgical methods in
high-difficulty liver resections. Conclusion: For patients with he-
patocellular carcinoma, robotic liver resection has better surgical
safety and higher medical costs compared to laparoscopic liver re-
section. Simultaneously, robotic liver resection appears to be more

cost-effective for patients with high surgical difficulty.

I. Background

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-
lated proof.

Currently, there are few reports on the health economics of robotic liver resection both
domestically and internationally. A meta-analysis in 2022, which included four relevant
studies, showed that the cost of RLR (USD 20,205.92) is significantly higher than that
of LLR (USD 15,789.75). Cost is a major factor restricting 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 liver resection patients and indicated that, despite the higher costs, RLR resulted in
shorter hospital stays compared to LLR, making it a better choice for patients requiring
minor liver resections (Mejia et al., 2020). Nonetheless, in 2016, Chinese researchers,
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based on data from 39 patients undergoing robotic and laparoscopic left lateral liver lobe
resection, pointed out that RLR is more expensive than LLR for left lateral liver lobe
resection, but there is 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 debate.

The 2023 International Guidelines for Robotic Liver Resection experts pointed out
that, compared to LLR, RLR has unique therapeutic value in liver-related diseases, and
its cost-effectiveness merits further research (Liu et al., 2023). In disciplines such as
urology and colorectal surgery, studies have suggested that robotic surgery is cost-ef-
fective or highlighted the cost reductions needed to improve the adoption rate of robots
(Simianu et al., 2020; Song et al., 2022).

I1. 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 factors
were controlled through propensity score matching (PSM) 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
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. (Figure 1)
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FIGURE 1. INCLUSION AND EXCLUSION CRITERIA AND FLOWCHART

II1. Results

After applying the inclusion and exclusion criteria, a total of 277 patients were includ-
ed in this study. They were divided into the LLR group (175 patients) and the RLR group
(102 patients) based on the surgical method. After PSM, 81 patients in each group were

further analyzed and compared.

A. baseline characteristics of the patients

Before PSM, the LLR group had significant differences compared to the RLR group
in BMI, AFP, PLT, INR, ALB, AST, liver cirrhosis, Child-Pugh classification, portal
hypertension, and IWATE surgical difficulty classification (all p < 0.05). There were no

significant differences in the remaining indicators. After balancing the baseline char-
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acteristics through PSM, 162 patients (81 in the LLR group and 81 in the RLR group)
were included for further analysis, and there were no significant differences in baseline
characteristics between the LLR and RLR groups (Table 1).

TABLE1 — BASELINE CHARACTERISTICS OF THE LLR AND RLR GROUPS BEFORE AND AFTER PSM

Baseline characteristics

before PSM (n=277)

after PSM (n=162)

LLR RLR P VALUE LLR (N=81) RLR (n=81) P VALUE
(~N=175) (N=102)
AGE (SD), YEAR 58.7412.2 60.6£11.5 0.056 62.9+11.6 61.4+11.2 0.390
BMI (SD), KG/M2 23.242.8 24.143.6 0.021 23.6£3.0 24,0433 0.406
GENDER, N(%) 0.309 0.678
FEMALE 23(13.1) 18(17.6) 13(16.0) 15(18.5)
MALE 152 84(82.4) 68(84.0) 66(81.5)
(86.9)
Tumor size (IQR), 2.6 3.0 0.163 2.5(1.8-4.4) 3.2(2.2-4.7) 0.082
M (1.8-4.3) (2.2-4.5)
AFP (IQR), NG/ML 17.2 6.6 0.048  10.2(3.2-139.8)  6.6(2.6-1102)  0.403
(3.4-277.5) (2.5-110.2)
PLT (IQR), x109/L 126.0 143.5 0.005  124.0(95.5-170.0)  138.0(108.0- 0.050
(89.0-172.0)  (111.0-191.2) 190.0)
PT (IQR), s 13.8 13.5 0.068  13.5(12.9-14.1)  13.5(13.1-142)  0.437
(13.1-14.6) (13.0-14.2)
INR (IQR) 1.0 1.0 <0.001 1.0(1.0-1.1) 1.0(1.0-1.0) 0.307
(1.0-1.2) (1.0-1.1)
TBIL (IQR), 14.9 14.8 0.728 142(9.6-21.3)  15.3(11.4-18.8)  0.589
umoL/L (11.1-21.1) (11.2-19.1)
ALB (SD), 6/L 39.4+4.8 40.9+4..5 0.013 40.2+4.4 40.0+3.6 0.794
AST (IQR), U/L 27.0 30.0 0.026  25.0(17.0-41.0)  29.0(23.5-38.0)  0.100
(18.0-40.0) (23.8-38.0)
ALT (IQR), UL 29.0 27.0 0364  29.021.5-39.0)  27.0(19.0-41.5)  0.559
(22.0-39.0) (19.0-42.3)
NUMBER OF TUMORS, 0.819 0.658
N(%)
SINGLE 151(86.3) 87(85.3) 63(84.0) 70(86.4)
MULTIPLE 24(13.7) 15(14.7) 13(16.0) 11(13.6)
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ASA 0.206 0.692
CLASSIFICATION,
N(%)
I 8(4.6) 1(1.0) 2(2.5) 1(1.2)
I 155(88.6) 94(92.2) 72(88.9) 75(92.6)
I 12(6.9) 7(6.9) 7(8.6) 5(6.2)
IV~VI 0(0.0) 0(0.0) 0(0.0) 0(0.0)
TYPE OF MEDICAL 0.074 0.070

INSURANCE, N(%)
BASIC MEDICAL 164(93.7) 101(99.0) 74(91.4) 80(98.8)
INSURANCE FOR
URBAN WORKERS
THE OTHERS 11(6.3) 1(1.0) 7(8.6) 1(1.2)
PLACE OF 0.803 0.727

RESIDENCE, N(%)

LocaL 47(26.9) 26(25.5) 24(29.6) 22(27.2)
NONLOCAL 128(73.1) 76(74.5) 57(70.4) 59(72.8)
B. clinical outcomes of the patients

Before PSM, the LLR group had significantly higher intraoperative blood loss (100.0
ml vs. 50.0 ml, p <0.001), intraoperative transfusion rate (33 [18.8%] vs. 10 [9.8%], p =
0.045), postoperative complication rate (35 [20.0%] vs. 7 [6.8%], p = 0.003), conversion
to open surgery rate (20 [11.4%] vs. 0[0.0%], p=0.001), postoperative hospital stay (6.0
days vs. 5.0 days, p = 0.001), and total hospital stay (13.0 days vs. 9.5 days, p =0.001)
compared to the RLR group, with no significant differences in the remaining indicators
(all p>0.05).

After balancing baseline characteristics through PSM, a total of 162 patients (81 in the
LLR group and 81 in the RLR group) were included in the study. The LLR group still
had significantly higher intraoperative blood loss (100.0 ml vs. 50.0 ml, p = 0.002), post-
operative complication rate (16 [19.8%] vs. 7 [8.6%], p = 0.043), postoperative hospital
stay (6.0 days vs. 5.0 days, p = 0.005), and total hospital stay (12.0 days vs. 10.0 days,
p <0.001) compared to the RLR group, with no significant differences in the remaining
indicators (all p > 0.05) (Table 2).
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TABLE2 — OUTCOMES OF THE LLR AND RLR GROUPS BEFORE AND AFTER PSM

OUTCOMES
BEFORE PSM AFTER PSM
(N=277) (N=162)
LLR (N\=175) RLR (N=102) P LLR (x=81) RLR (n=81) P
VALUE VALUE
OPERATION TIME 168.0 165.0 0.263 180.0(120.0-  160.0(107.5-220.0)  0.134
(IQR), N (125.0-240.0)  (110.0-220.0) 250.0)
STATUS OF SURGICAL 0.464 1
MARGINS, N(%)
RO 172(98.3) 98(96.1) 80(98.8) 79(97.5)
R1 or R2 3(1.7) 4(3.9) 1(1.2) 2(2.5)
INTRAOPERATIVE 100.0(50.0- 50.0 <0.001 100.0(50.0- 50.0(50.0-125.0) 0.002
BLOOD LOSS (IQR), 400.0) (50.0-112.5) 275.0)
ML
INTRAOPERATIVE 33(18.8) 10(9.8) 0.045 12(14.8) 8(9.8) 0.339
BLOOD TRANSFUSION,
N(%)
POSTOPERATIVE 35(20.0) 7(6.8) 0.003 16(19.8) 7(8.6) 0.043
COMPLICATIONS, N(%)
CLAVIENDINDO 0.006 0.062
CLASSFICATION, N(%)
No 140(80.0) 95(93.1) 65(80.2) 74(91.4)
TorII 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)
CONVERSION TO OPEN 20(11.4) 0(0.0) 0.001 5(6.2) 0(0.0) 0.069
SURGERY DURING
OPERATION, N(%)
REOPERATION DURING 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
HOSPITALIZATION,
N(%)
PERIOPERATIVE 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
MORTALITY, N(%)
POSTOPERATIVE 6.0(4.0-7.0) 5.0(3.8-6.2) 0.001 6.0(4.0-7.0) 5.0(3.5-6.0) 0.005
HOSPITAL STAY (IQR),
DAY
READMISSION 3(1.7) 1(1.0) 1 2(2.5) 1(1.2) 1

WITHIN 30 DAYS
POSTOPERATIVELY DUE
TO COMPLICATIONS,

N(%)
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TOTAL HOSPITAL STAY 13.0(10.0- 9.5(7.0-13.0)  <0.001 12.0(10.0-16.0) 10.0(8.0-12.0) <0.001
(IQR), DAY 16.0)
TotaL 57150.9 814325  <0.001 586438 82885.3 <0.001
HOSPITALIZATION (44313.0- (74644.9- (45171.2- (75617.3-90501.2)
cosT (IQR), ¥ 76302.3) 90934.2) 75899.8)
OUT-OF-POCKET COST  16875.0 503334 <0.001 15972.7 50706.2 <0.001
(IQR), ¥ (9911.2- (46274.6- (8999.7-  (46796.8-57640.6)
23013.9) 57632.8) 23056.8)
DRUG cost (IQR), ¥ 15879.4 9955.6 <0.001 16517.6 9975.0(7861.8-  <0.001
(11219.3- (7687.4- (11994.0- 141174)
23459.2) 14007.0) 24028.5)
SURGICAL COST 6916.0 434249 <0.001 6616.0 43424.9(42754.1-  <0.001
(IQR). ¥ (6302.0- (42808.6- (6165.0-7431.4) 43994.5)
7834.3) 43897.9)
EXAMINATION COST  1260.0(930.0-  1160.0(673.0-  0.010 1365.0 1115.0(659.0-  0.001
(IQR), ¥ 2153.0) 1752.8) (1075.0-2340.0) 1602.0)
NURSING COST 1164.0879.0-  989.6(784.0-  0.004 1174.0 988.6(779.9-  0.012
(IQR), ¥ 1521.0) 1291.3) (832.5-1555.0) 1255.1)
CONSUMABLES COST 21113.4 12094.4 <0.001 21565.4 12069.4(10898.8-  <0.001
(IQR). ¥ (15486.0- (10839.8- (15899.2- 19094.2)
31411.4) 18034.8) 32842.0)
OrwEr cost (IQR), ¥ 386.0(182.0-  486.5(246.5-  0.054  341.0(182.0-  535.0(276.5-863.0)  0.004
722.0) 851.8) 683.4)
C. cost outcomes of the patients

Before PSM, the LLR group had significantly lower total hospitalization cost (57,150.9
¥ vs. 81,432.5¥%, p < 0.001), out-of-pocket cost (16,875.0 ¥ vs. 50,333.4 ¥, p < 0.001),
and surgical cost (6,916.0 ¥ vs. 43,424.9 ¥, p <0.001) compared to the RLR group. How-
ever, the LLR group had significantly higher medication cost (15,879.4 ¥ vs. 9,955.6 ¥,
p <0.001), examination cost (1,260.0 ¥ vs. 1,160.0 ¥, p=0.010), nursing cost (1,164.0
¥ vs. 989.6 ¥, p=0.001), and consumable cost (21,113.4 ¥ vs. 12,094.4 ¥, p < 0.001).

After balancing baseline characteristics through PSM, a total of 162 patients (81 in
the LLR group and 81 in the RLR group) were included in the study. The LLR group
still had significantly lower total total hospitalization cost (58,643.8 ¥ vs. 82,885.3 ¥,
p < 0.001), out-of-pocket expense (15,972.7 ¥ vs. 50,706.2 ¥, p < 0.001), surgical cost
(6,616.0 ¥ vs. 43,424.9 ¥, p <0.001), and other cost (341.0 ¥ vs. 535.0 ¥, p=0.004) com-
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pared to the RLR group. However, the LLR group had significantly higher medication
cost (16,517.6 ¥ vs. 9,975.0 ¥, p <0.001), examination cost (1,365.0 ¥ vs. 1,115.0 ¥, p =
0.010), nursing cost (1,174.0 ¥ vs. 988.6 ¥, p =0.001), and consumable cost (21,565.4 ¥
vs. 12,069.4 ¥, p <0.001) compared to the RLR group (Table 2).

D. outcomes of subgroup analysis

Subgroup analysis using the IWATE surgical difficulty classification as a covariate
showed that in the “Low,” “Intermediate,” and “Advanced” subgroups, the total hospi-
talization cost for the LLR group were significantly lower than those for the RLR group
(Low: 46,125.7 ¥ vs. 76,647.9 ¥, p <0.001; Intermediate: 52,692.8 ¥ vs. 76,428.8 ¥, p =
0.003; Advanced: 67,548.3 ¥ vs. 84,725.0 ¥, p=0.001). However, in the “Expert” group,
there was no significant difference in total hospitalization cost between the LLR and
RLR groups (75,709.0 ¥ vs. 88,292.6 ¥, p = 0.325) (Figure 2).
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FIGURE2. SUBGROUP ANALYSIS OF TOTAL HOSPITALIZATION COST BASED ON SURGICAL DIFFICULTY
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IV. Conclusion

For patients with hepatocellular carcinoma, robotic liver resection has better surgical
safety and higher medical costs compared to laparoscopic liver resection. Simultaneous-
ly, robotic liver resection appears to be more cost-effective for patients with high surgical
difficulty.
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Clinical Efficacy and Health Economic Evaluation of
Robot-Assisted Hip and Knee Joint Replacement
Based on Real-World Data: Progress Report

By BEInt Lyu  YanNG Song AND YixiNn ZHou*

Knee replacement is the most effective treatment for end-stage knee
arthritis. Compared to traditional surgical procedures, robot-as-
sisted knee replacement offers advantages such as high precision
in positioning, high consistency, reduced postoperative pain, and
early functional recovery, potentially improving patient prognosis.
However, the costs associated with robot-assisted knee replace-
ment are higher than traditional surgery, necessitating a system-
atic health technology assessment of its value. After preliminary
data cleaning, this study included 281 patients who underwent
robot-assisted total knee replacement (TKA). After matching on
age, gender, date of surgery, and side of surgery, 281 patients who
underwent non-robotic-assisted TKA were included. Patients in
both groups were similar in age, body mass index and baseline co-
morbidity burden. Compared with patients with non-robot-assist-
ed TKA, those with robot-assisted TKA had longer operation time
(97.56 minutes vs. 79.05 minutes, p<0.001), but less intraoperative
drainage volume (1.42% vs. 9.25% intraoperative drainage vol-
ume >0, p<0.001). The study will continue to follow up and collect
data on patients’ satisfaction, quality of life, and medical expendi-
tures to further evaluate the clinical prognosis and economics of

the two surgeries.

*Lyu: Institute for Global Health and Development, Peking University (email: blyu@pku.edu.cn); Song & Zhou: Bei-
jing Jishuitan Hospital, Capital Medical University.
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L.Introduction

With population aging in China, the burden of knee arthritis is steadily increasing.
By the end of 2019, approximately 120 million people in China were estimated to have
knee arthritis (Long et al. 2020). Joint replacement is the most effective treatment for
end-stage knee arthritis (Kim et al. 2020). Traditional knee replacement surgery faces
problems such as insufficient surgical accuracy, lack of digital intelligent tools, and high
revision failure rate. Robot-assisted knee replacement has attracted widespread atten-
tion due to its advantages such as high positioning accuracy and consistency, reduced
postoperative pain, and early functional recovery (Yang et al. 2024; Subramanian et al.
2019). Early research shows that compared with traditional surgery, robot-assisted knee
replacement has the advantages of accurate osteotomy, personalized prosthesis place-
ment, better protection of soft tissue around the knee joint, and reduced use of analgesic
drugs. However, there are shortcomings such as prolonged surgical time (Shao et al.
2023; Subramanian et al. 2019; Yang et al. 2024). Although robot-assisted knee replace-
ment is expected to improve patient outcomes, its medical costs are much higher than
traditional surgery, which poses a challenge to balance limited medical resources and
improve patient health. The policy for basic medical insurance for orthopaedic surgical
robots is evolving. For robot-assisted knee replacement, there is currently a lack of sys-
tematic economic evaluation in Chinese population, which restricts the formulation and
adjustment of key policies such as medical insurance payment.

Using data from real-world patients undergoing total knee replacement surgery (TKA),
the study will compare the clinical outcomes, quality of life, and costs of robotic-assisted
and non-robotic knee replacement, aiming to exam the cost-effectiveness of robotic-as-
sisted knee replacements.

II. Methods

The study is a retrospective cohort study. The study includes patients aged 21-80 years
old, with osteoarthritis or joint deformity, underwent robot-assisted or traditional total
TKA at the Jishuitan Hospital Orthopedics Department from July 2020 to March 2024,
and with ASA scores of I-11. Patients who are pregnant, undergoing knee joint revision,
have severe flexion deformity (>20°), severe varus or valgus deformity (>20°), rheuma-
toid arthritis, or infectious arthritis are excluded.

The study extracted patient’s demographic characteristics (age and sex), surgical in-

dications, comorbidities (cerebrocardiovascular disease and diabetes), surgical duration,
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intraoperative bleeding and drainage volume, postoperative complications and other in-
formation from electronic medical records. Follow-up and data collection are ongoing
regarding radiographic assessment (such as hip-knee-ankle angle, distal femoral lateral
angle, and proximal medial tibial angle), clinical outcomes such as prosthetic revision
and prosthetic loosening, quality of life, and healthcare expenditures.

Statistical analysis: Continuous variables are presented as mean (standard deviation)
and categorical variables are presented as frequency (percentage). The study used t-test
or chi-square test to compare the differences in patient characteristics between the two
groups of robot-assisted and traditional knee replacements, with two-sided p<0.05 de-

fined as a statistically significant difference.
II1.Preliminary results

After preliminary data cleaning, the study included 281 patients who received robotic
assisted TKA. After matching 1:1 on age (£3 years), sex, date of surgery (60 days),
and side of surgery, we included 281 patients who underwent non-robotic assisted TKA.
After matching, the age and sex distributions of patients in the robot-assisted and non-ro-
botic-assisted groups were almost identical (age: 67.33 [6.86] years in the robot-assisted
group was and 67.38 [6.51] years in the non-robotic surgery group, Table). The preoper-
ative knee disease diagnosis of all patients was osteoarthritis, and 52.67% of the patients
had left joint replacement. There were no significant differences in body mass index
(BMI), cerebrocardiovascular diseases, diabetes, or American Society of Anesthesiology
(ASA) scores between the two groups (p>0.05 for all).

We observed significant differences in surgery-related indicators between the two
groups. The operation time of the robotic assisted group was 97.56 (21.25) minutes,
while that of the non-robotic group was 79.05 (19.54) minutes. The operation time of
the robotic surgery group was significantly longer than that of the non-robotic group
(p<0.001). In terms of the amount of intraoperative drainage, most patients had no in-
traoperative drainage, and the study used whether there was drainage as the outcome
indicator. We found the proportion of patients with intraoperative drainage was signifi-
cantly lower for robotic surgery group than that in the non-robotic group (1.42% VS.
9.25, p<0.001). There was no significant difference in intraoperative blood loss between

the two groups of patients.
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IV. Brief discussion

After matching key characteristics, there were no significant differences in baseline
characteristics between patients who underwent robot-assisted TKA and those who un-
derwent non-robotic TKA. Regarding surgery-related indicators, robot-assisted surger-
ies took longer but had less intraoperative drainage. The lower drainage associated with
robot-assisted TKA is consistent with the literature. Research suggests that robot-assist-
ed TKA better protects the medial and lateral collateral ligaments and preserves the tibial
attachment of the posterior cruciate ligament than traditional surgery (Hampp, Sodhi, et
al., 2019). A prospective cohort study indicated that robot-assisted TKA could reduce
iatrogenic soft tissue capsule damage (Kayani et al., 2018). Siebert et al. (2002) retro-
spectively analyzed 120 patients, with 70 of whom underwent robot-assisted TKA, and
found that soft tissue swelling was less after robot-assisted TKA.

Furthermore, as a technique that enhances the accuracy of bone cutting, robot-assisted
knee arthroplasty can effectively reduce alignment abnormalities (Hampp, Chughtai, et
al., 2019). The protection of soft tissues in robot-assisted surgery facilitates better resto-
ration of postoperative lower limb alignment, maintenance of the joint line, balancing of
flexion and extension gaps, and preservation of a normal Q angle (Shao et al., 2023). Ac-
curate bone cutting may lower the rate of osteotomy failures, minimize unnecessary soft
tissue damage, and result in lower pain levels, reduced analgesic needs, and fewer phys-
ical therapy sessions compared to traditional surgery (Hampp, Chughtai, et al., 2019).

The study will continue data collection to clarify the impact of robot-assisted TKA on

clinical outcomes, quality of life, and medical costs and to better evaluate the economic

value of robot-assisted TKA.

TABLE. CHARACTERISTICS OF PATIENTS IN ROBOT ASSISTED TKA AND NON-ROBOT-ASSISTED TKA GROUPS.

ROBOT-ASSISTED NON-ROBOT-ASSISTED (N=281) P VALUE
(Nn=281)

AGE, YEAR 67.33 (6.86) 67.38 (6.51) 0.38
SEX, FEMALE 230 (81.85) 230 (81.85) 1.0
OSTEOARTHRITIS 281 (100) 281 (100) 1.0

YEAR OF SURGERY, AFTER 2022 147 (52.31) 142 (50.53) 0.74
SIDE OF SURGERY, LEFT 148 (52.67) 148 (52.67) 1.0

BMI, kG/m2 28.94 (10.93) 26.68 (3.86) 0.068
CEREBROCARDIOVASCULAR DISEASE 156 (55.52) 136 48.40) 0.11

DIABETES 50 (17.79) 48 (17.08) 0.91
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ASA, cLass 1 93 (33.10) 106 (37.72) 0.33
SURGERY DURATION, MIN 97.56 (21.25) 79.05 (19.54) <0.001
BLOOD LOSS DURING OPERATION, 50.14 (37.79) 46.26 (27.55) 0.17
ML
INTRAOPERATIVE DRAINAGE >0 ML 4(1.42) 26 (9.25) <0.001

BMI, body mass index; ASA, American Society of Anesthesiologists.
Continuous variables were presented as mean (standard deviation) and categorical

variables were presented as number (percentage).
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Subjective attitudes in the adoption choices of
surgical robot technology

By TING CHEN LuAo YUHANG PaN

CHUFAN ZHOUAND JIiE PAN*

Attitude is an individual s psychological tendency toward a certain
type of social phenomenon, comprising cognitive, emotional, and
behavioral components. Although the formation of subjective at-
titudes is always based on existing objective evidence and actual
experience, in society and the market, subjective attitudes are often
influenced by a variety of social factors and social network inter-
actions, especially in the healthcare market. In this short essay,
we will use a literature review and interview analysis to briefly
describe, from multiple perspectives, the subjective attitudes, and
their causes towards the adoption of health technology, exemplified
by surgical robots, in both the international and Chinese health-

care markets.

Surgical robotics is an acknowledged popular and promising technology with high
cost and unknown cost-efficiency (Abrishami, Boer, and Horstman 2020; Lanfranco et
al. 2004). Over 7,700 robotic surgical systems had been clinically used worldwide at the
end of 2022(Intuitive Surgical 2023; Peng et al. 2023), and more than 14 million pro-
cedures have been performed in the past nearly three decades(Intuitive Surgical 2023),
mainly in the departments of general surgery, urology, gynecology, and cardiothoracic
surgery(Anderson et al. 2012). Generally, the clinical benefits of robotic surgery is feasi-
ble, including a comfortable operating environment for surgery, high-resolution three-di-

mensional vision in all-round view, elimination of hand tremors, and the achievement of
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al Health and Development, Peking University (email: yhpan@pku.edu.cn);Zhou:West China School of Public Health,
Sichuan University/The Fourth Hospital of West China, Sichuan University(email:HEOA Group 202322404004 1@stu.
scu.edu.cn); Pan:West China School of Public Health, Sichuan University/The Fourth Hospital of West China, Sichuan
University(email:HEOA Group panjie.jay@scu.edu.cn)
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precise operation performed as envisioned by the surgeon(Lanfranco et al. 2004), resulting
in some clinical benefits, which were reported widely those years, such as lower surgical
complications, a shorter length of stay in hospital, and better and faster postoperative
functional recovery(Song et al. 2022). However, there still was controversial of the ev-
idence on the costs and benefits of robotics versus traditional technologies, also those
benefits were varied by different surgical site, surgical volume, and the proficiency of the
surgeon, which all might be considered by who deciding whether to purchase the tech-
nology. (Abrishami, Boer, and Horstman 2020) pointed that over two decades of rapid
dissemination of da Vinci surgery was accompanied by a growing body of research, but
the results of these studies are inconclusive and cannot guide the decisions on the acqui-
sition, procurement, and large-scale provision of robotic surgery.

Rational, evidence-based thinking is a necessary process, but a growing body of evi-
dence seemingly all have pointed to a conclusion that health technology adoption may
be more of a matter of judgment. (Randell et al. 2019) emphasized that not only the tech-
nical limitation, social and psychological factors were important clinically obstructive
factor influencing the adoption of this new technology by medical professionals. Public
acceptance towards the development of new (robotic) technologies is believed to be one
of the most crucial factor, as drive innovation and investment in these advancements
(Fabian Dekker, Anna Salomons, and Jeroen van der Waal 2017). However, research re-
ported that journalists believed much of the public's interests in a health innovation was
came from its technical mechanism of action or how the new thing works rather than the
clinical effects it works (Abrishami, Boer, and Horstman 2020).

A study of Europe explored people perception of robots in 2007, medicine and surgery
is one of the most frequent words associated with the term “robot” in the popular mind,
but only less than 5% saw positive aspects in the development of robots for medicine
and surgery(Ray, Mondada, and Siegwart 2008). However, the perceptions and attitudes
towards contemporary robots in different cultures exhibited substantial variances, cul-
tural differences are found by a following Japanese study who can see robots in medi-
cine(80%) more than Europeans (Haring et al. 2014). Furthermore, for the famous Da
Vinci surgical robot, the name will give the public a high-end impression: a robot; the
novelty of the technology; The da Vinci robot has been enthusiastically received as a
‘symbol’ of providing advanced care(Abrishami, Boer, and Horstman 2020).

In general, in the hospital administrators’ perspective, the subjective attitude towards
technology adoption decision-making can be divided into two aspects: hospital support

and gain of social benefits. The hospital support might be divided into two aspects. One
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is the material and management cost: providing adequate funding, time for study, space
for the placement and operation of new technologies and staffing(Randell et al. 2019).
Some scholars believe that the diffusion of robotic surgery has been slow, mainly be-
cause of the high capital and maintenance costs(Soomro et al. 2020). The other one is the
cultural: there needs to be an open-minded culture that encourages innovation and tol-
erates disruption of the previous practice(Randell et al. 2019), furthermore, whether the
adoption of innovation were coherence with organizational values and mission was also
a key factor(Compagni, Mele, and Ravasi 2015). Gain of social benefits means searching
for organizational visibility, building reputation for technological leadership, and using
technology as a marketing tool(Compagni, Mele, and Ravasi 2015). A lot of the time,
surgical robots have been seemed as a frequent focus of hospital advertising, and used
as a signal of quality by patients (Schwartz and Woloshin 2019; Sheetz, Claflin, and
Dimick 2020). Competition is a key word of the social benefit. In traditional markets,
many organizations are interested in making themselves be seen as“cutting-edge” with
the most advanced and newest technological equipment. like most innovative technolo-
gies, “Acquiring a surgical robot is in essence the entry fee into marketing an institution’s
surgical specialties as the most advanced”(Lanfranco et al. 2004). Regional competition
has been identified as a key determinant of hospital adoption of robotics(Barbash et al.
2014; Wright et al. 2016). However, a new study in USA find when the competitors have
adopted robotic surgery system, some organizations that serve more difficult custom-
er might choose to defer the investment in order to differentiate and focus elsewhere
(Sundaresan, Boysen, and Nerkar 2023). However, the degree of competition to which
an organization is subjected is difficult to assess objectively, and it is mainly judged by
the subjective feelings of management decision makers.

For the surgeons’ perspective, the subjective attitude might be affected by: Technical
benefits; Pressure from the organization and patients; Career development and prefer-
ence. Although, results on the benefits of treatment effects and economic returns were
inconsistent, robotic surgery systems do offer direct advantages to surgeons in the sur-
gical process. A study comparing musculoskeletal ergonomic parameters of open, lapa-
roscopic and robotic prostatectomy, reported that 50% and 56% of surgeons after open
and laparoscopic approach would reported a neck and/or back pain, but the number just
23% in surgeons operating with robotic assisted(Bagrodia and Raman 2009). Learning
might be a real consideration of the surgeons. A study reported that the average urologist
could adopt the robotic prostatectomy with greater ease than the laparoscopic approach,

the number of cases to achieve competency is estimated to be between 200—750 cases
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for the traditional laparoscopic surgery while the learning curve for robotic surgrey to
bring operative times below 4 hours was about just 40 cases(Shah et al. 2021). How-
ever, there were still some obstacle characteristics of this technology for surgeons. For
example, robot-assisted surgery has been considered having longer operating times for
many procedure types, which may influence the efficiency of the surgeons with a busy
schedule(Turchetti et al. 2012). Some surgeons described the feeling of “pressure” from
higher management to “offer” robotic surgery for surgical procedures that “had not been
thought about before.”(Abrishami, Boer, and Horstman 2020). In addition, for institu-
tions already had this equipment, increasing the volume of procedures helps to reduce
the average cost of the procedure, this encouragement will intensify(Shah et al. 2021).
Moreover, some “pressure” also came from the patients, some scholars point out that dif-
ferences in patients’ preferences can be an important source of variation in the adoption
of robotic surgery(Miraldo et al. 2019). Some surgeons reflected that when the results
of patients with da Vinci procedures were good, they often attributed the results to the
method of surgery, but if the results turned out less satisfactory, the results were often
attributed to the experience of the surgeon who has not mastered the robot well(Abrish-
ami, Boer, and Horstman 2020).

There are research finding that the implementation of robot-assisted surgery has large-
ly been surgeon led. Also, these innovations are usually introduced into surgical practice
through informal processes with an absence of quality control efforts, and risk assess-
ment(Randell et al. 2019). Search for social gains or career development might be a
major driver of adoption for surgeons: opportunity to gain prominence and profession-
al growth(Compagni, Mele, and Ravasi 2015). Moreover, research-related affordances
were considered commonly, surgeons have a stake in conducting and publishing research
on the robot(Abrishami, Boer, and Horstman 2014). However, in addition to these sub-
jective factors, some constraints also occur in practice. For instance, the opportunities
for learning this new technology are different within one department, studies point that
more senior residents were involved in robotic cases compared with junior residents(-
Farivar, Flannagan, and Leitman 2015), this may be due to the limited access to learning

and training in the early days of technology introduction.

Summary and Further Plan
In this short essay, we briefly described the important role of the subjective attitudes
of various stakeholders in the decision-making process of adopting surgical robots, as

well as the possible reasons for the formation of these attitudes. However, the attitudes
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and perceptions of various stakeholders actually influence and constrain each other, and
they vary in different healthcare markets. This study will conduct further research, inter-
views, and analysis to clarify the current situation and characteristics, major conflicts,

and extended issues within the Chinese healthcare system.
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Al And Career Barriers in Surgery Departments:
Analysis Plan

By YUHANG PAN  JUNJIAN YT  QINGYUAN ZHOU *

The study examines the impact of surgical robot adoption on the
gender composition in surgical departments. In this article, we
summarize data sources, the baseline model, robustness checks,
heterogeneity analysis and methods for testing potential mecha-

nisms.

I.Data

In order to examine the effects of the introduction of da Vinci surgical robots on gender
ratios in different departments, we use three data sources. The first data source specifies
months in which da Vinci robots are installed and first used in a procedure at 284 Chi-
nese hospitals from 2006 to 2023. The second data source documents every surgery that
is performed using da Vinci surgical robots. It contains detailed information such as the
surgeon, the location and time of the procedure. From 2007 to 2022, we observe 314,138
da Vinci procedures conducted by 282 female surgeons and 2,349 male surgeons. The
third data source consists of front pages of medical records from 498 tier-3, grade-A
hospitals across China, among which 79 hospitals have introduced surgical robots while
419 hospitals have not.

In the front pages, we can observe names of four physicians — the department head,
the chief, the attending, and the resident — that are in charge of the patient. This enables
us to ascertain the physicians’ professional titles and predict their genders based on the
names. We then utilize the “ngender” package from github to predict gender, achieving
an accuracy rate of approximately 82%. Additionally, we employ other machine learning

methods to predict gender as a part of robustness checks.
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I1.Estimation Specifications

To identify the effect of the staggered adoption of surgical robots on gender ratio
in surgical departments as well as promotion opportunities of females, we employ the
event study model. After the introduction of robots, it may take some time for changes
to gradually occur in recruitment decisions of hospitals and the choices made by medical
students regarding their specialties. This potentially results in the dynamic treatment
effect. Thus, we first assume homogeneous treatment effects between hospital-depart-
ments treated at different times, and use the standard event study model as the baseline
model to decompose the dynamic effect of robot adoption and test the parallel pre-trend

assumption. Our estimation specification is as follows:

k=24
Yie = Z BxMR ) +6; + 1. + €:#(1)
k=—12, k+—3

where the outcome variables Y;, denotes indicators of the presence, the workload as
well as the promotion opportunities of females in hospital-department i in month-year t
. As for the extensive margin, Yj; takes 1 if there are females in hospital-department i in
month-year t, and 0 otherwise. Besides, it equals 1 if there are female heads and 0 other-
wise. As for intensive margins, the dependent variables are ratios of female physicians,
ratios of procedures conducted by female physicians, as well as ratios of female heads,
chiefs, attendings and residents in hospital-department i in month-year t. MRy, rep-
resents dummy variables that equal 1 if in month-year t, there are months before(after)
the first robotic-assisted procedure in hospital-department i ,and 0 otherwise. The esti-
mation window goes from one year before the first procedure to two years after the first
procedure in hospital-department , enabling us to show both the short-term and long-
term impacts through dynamics of Bk. We use k=-3 as the reference group because the
effects of robot adoption could happen before its first operational use, and the dummy
for k=-3 is omitted. We also control for hospital-department fixed effect and month-year
fixed effect m.. The hospital-department fixed effect §; control for time-invariant and
hospital-department specific confounders that might influence female ratios. The month-
year fixed effect Nt- account for shocks that are common to all hospitals in a specific
month, such as changes in nationwide healthcare policies and seasonal fluctuations in
number of visits by patients. € is the idiosyncratic error term. The standard errors are

clustered at the hospital-department level.
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However, as discussed in Sun and Abraham 2021, the estimator in the dynamic TWFE
regression in equation (1) can be inconsistent if treatment effects are heterogeneous
across groups. In our setting, for instance, effects of robot adoption on female ratios
might be more significant for hospitals in more developed parts of China. If this is the
case, with parallel trend, the pre-treatment coefficients may not be zero and with deviat-
ing trends, the pre-treatment coefficients may still be zero. In order to provide consistent
estimator with such heterogeneity in treatment effects across groups, we refer to hetero-
geneity-robust estimators proposed by Borusyak, Jaravel, and Spiess 2024, Callaway
and Sant’Anna 2021, de Chaisemartin and d’Haultfoeuille 2020 and Sun and Abraham
2021. Note that we use the never-treated groups as controls for the estimator proposed by
Sun and Abraham 2021. Therefore, it is identical to the estimator proposed by Callaway
and Sant’Anna 2021.

III.Robustness Checks

This section presents a series of robustness checks.

First, a threat to our estimation is the violation of no anticipation effect. In some hospi-
tals, different departments share a single da Vinci surgical system. Actually, we observe
a delay between the installation of systems and their first operational use in certain de-
partments. Consequently, the recruitment staff in these departments may anticipate the
use of the surgical robots and make personnel adjustments before the first procedure in
their departments. Therefore, we exclude hospital-department where the time between
the installation of the robot and its first surgical use exceeds three months.

Second, we examine spillover effects. The adoption of surgical robots in one hospital
may influence gender ratios in neighboring hospitals. For instance, hospitals with robots
may attract skilled surgeons, including female surgeons, from nearby hospitals. Addi-
tionally, hospitals in the vicinity of those with surgical robots might anticipate adopting
the same technology in the near future and proactively recruit surgeons, particularly
females. Therefore, we redefine the treatment group as hospital-departments that first
introduce da Vinci robots in a city. We categorize control groups into the nearby control
group and the distant control group. The former are departments of never treated hos-
pitals in cities that introduce surgical robots. The latter are hospitals in cities that never
introduce surgical robots. Then, we exploit the estimation specification of equation (1)

to compare these three groups pairwise to explore whether there are spillover effects.
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Third, we estimate equation (1) with alternative estimation windows, drop branches of
hospitals and keep hospital-departments that continuously appear during the estimation

window.

IV.Heterogeneity

In this section, we examine the heterogeneous impacts of robot adoption for different
subsamples based on hospital and department characteristics.

First, we examine whether hospitals departments with females doing robot-assisted
procedures in the first quarter after the adoption are more likely to see a rise in the
number of female surgeons afterwards. It is plausible that with female role models in
place, recruiters are more inclined to perceive females as capable of performing da Vinci
surgeries. As a result, female role models may encourage more female to enter the de-
partment and recruiters may hire more females.

Second, we explore which types of hospitals are more likely to respond to the robot
adoption. We hypothesize that changes in female ratios might differ along rankings and
geographical factors of hospitals. For example, it is possible that employers in hospitals
with higher rankings and in more developed regions are more likely to recognize the
change in comparative advantages brought by the technological advancement. Hence,
we measure the rankings of hospitals by whether it appears on “2022 China Hospital
Rankings”, which contains top 100 hospitals in China compiled by experts from Chi-
nese Medical Association and Chinese Medical Doctor Association. As for geographical
factors, following the regional economic division by the National Bureau of Statistics,
we divide China into four regions: eastern, central, western and northeastern. Addition-
ally, we categorize hospitals based on whether they are located in provincial capitals or

direct-administered municipalities.

V.Mechanisms

In this section, we explore three underlying channels through which robot adoption
can influence gender dynamics in surgery departments: reduction in physical demands,
changes in financial incentives and changes in patient preferences.

First, the rise in female ratios may be driven by the change in gender comparative

advantage. The use of robots can decrease the need for physical stamina and strength
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which previously favor male surgeons. To examine whether females are no longer at a
disadvantage due to physical strength, we will distribute questionnaires to the recruit-
ment staff and physicians.

Second, the change in gender composition may stem from gender difference in re-
sponse to changes in compensation structures and financial incentives. The adoption of
robotic technology leads to changes in surgical fees and, consequently, the compensation
structure for surgeons. Males and females may respond differently to the financial incen-
tive, potentially due to social norms and career aspirations. For instance, if robotic-as-
sisted procedures lead to higher compensations, they might attract more female surgeons
if they place a higher value on financial rewards. To rule out this competing hypothesis,
we control for average price differentials between robotic-assisted and traditional surger-
ies in each hospital department.

Third, the adoption of surgical robots might change patients’ preferences regarding the
gender of surgeons in charge. This shift could be driven by patients’ perceptions regard-
ing which gender of surgeons is more adept with such technology. Therefore, we assess
patients’ preferences towards the gender of surgeons in traditional open surgeries and da

Vinci robotic-assisted surgeries through a survey.
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Does Robotic Surgery Help Reduce the Economic
Burden of Malignant Tumors in the Pancreas?

A Cost-of-lliness Study

By YN Sur  Ziting Wu*

Objective: To summarize the effectiveness and costs of comparing
robotic surgery with laparoscopic or open surgery for pancreat-
ic cancer. Methods: Through literature review, we summarized the
main results and conclusions from existing studies, as well as the
unresolved issues in this field. Results and conclusions: Despite
higher initial expenses, robotic pancreatic cancer surgery shows
potential for enhancing patient results and reducing long-term
costs. To validate these claims, more extensive research with stan-
dardized methods is imperative, alongside a focus on large-scale
studies in both developing countries and long-term effects. Ensur-
ing sufficient sample sizes and accounting for surgeons’ learning
curves in future research are critical to comprehensively assess ro-

botic surgery s cost-effectiveness across diverse settings.

I. Background and Objective

Although the history of pancreatic surgery spans over a century, it is still considered
the most challenging abdominal surgery due to the high incidence of complications and
mortality rates. Treatment modalities for pancreatic cancer include open surgery, lapa-
roscopic surgery, and robot-assisted surgery. Open surgery is the traditional treatment

for pancreatic cancer, while laparoscopic and robotic surgery are minimally invasive
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approaches that have developed in recent years. Currently, the controversy over the ap-
plication of laparoscopic or robot-assisted surgery for curative treatment of pancreatic
cancer mainly focuses on the oncological evaluation of treatment effects and surgical

safety. However, there lacks the cost comparison between those surgery methods.

II. Methods

We searched PubMed without language restrictions, using the terms “pancreatic” and

99 ¢¢

“pancreas” in combination with “cancer,” “adenocarcinoma,” and “carcinoma.” We also
combined these terms with “cost effectiveness,” “cost utility,” or simply “cost,” and
further combined the results with “robot,” “robotic,” and “surgery.” The most relevant
clinical trials, systematic reviews and meta-analyses, other original research articles,
and guidelines from January 1, 2011, to May 30, 2024, were included. One researcher

screened the literature and summarized the key points.
I11. Results

Cost or Cost-Effectiveness/Utility Studies Comparing Robotic Surgery with

Laparoscopic or Open Surgery for Pancreatic Cancer

There are currently few studies on the cost or cost-effectiveness/utility of robotic sur-
gery compared to laparoscopic or open surgery for pancreatic cancer, with a total of 5
studies found(Kowalsky et al. 2019; Vicente et al. 2020; Caruso et al. 2022; Di Franco
et al. 2022; Benzing et al. 2022). Among them, 3 are cost analyses and 2 are cost-utility
studies (Table 1).

Most existing studies are based on real-world data and are retrospective in nature,
focusing on short-term perioperative or postoperative outcomes within one year. (Kow-
alsky et al. 2019; Vicente et al. 2020; Caruso et al. 2022; Di Franco et al. 2022; Benzing
et al. 2022) — Data is typically collected retrospectively from institutional databas-
es. There is a lack of long-term cost-effectiveness studies, making it difficult to assess
whether robotic surgery has advantages over laparoscopic or open surgery in terms of
long-term outcomes and cost-benefit. In addition, all five studies are single-center stud-
ies, which may affect the external validity and generalizability of the research results.
(Kowalsky et al. 2019; Vicente et al. 2020; Caruso et al. 2022; Di Franco et al. 2022;
Benzing et al. 2022)
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Current research generally shares similar outcome measures, with the measurement
indicators in cost-effectiveness studies being ICER and health outcome indicators be-
ing QALY — Clinical efficacy-related indicators include perioperative-related measures
such as hospital stay duration, operative time, blood loss, complication rates (e.g., pan-
creatic fistula, wound infection), and recovery time. Cost collection only considers direct
medical costs during the perioperative period. Comprehensive cost analyses are required
to include not only direct surgical costs but also long-term outcomes and indirect costs
such as rehabilitation and return to work. (Caruso et al. 2022)

Existing research predominantly focuses on developed countries, lacking results from
developing countries. — Due to differences in economic and social development lev-
els, the cost-effectiveness results from developed countries are difficult to generalize to
developing countries. It is highly necessary to pay attention to the cost-effectiveness of
robotic surgery in the treatment of pancreatic cancer in developing countries.

Most studies considered robotic surgeries generally have higher intraoperative costs
due to expensive equipment and longer operative times. However, these costs are often
offset by reduced hospital stays and lower complication rates. (Caruso et al. 2022; Di
Franco et al. 2022; Benzing et al. 2022)— Studies indicate that robotic pancreatic sur-
gery may be cost-effective within certain willingness-to-pay thresholds. For instance,
ICERs often fall within acceptable ranges for cost-effectiveness. (Caruso et al. 2022;
Benzing et al. 2022) Some studies highlight the high upfront costs of robotic systems
as a barrier to widespread adoption, emphasizing the need for long-term cost savings
through reduced postoperative care and faster recovery. (Caruso et al. 2022; Benzing et
al. 2022) Other studies argue that the learning curve associated with robotic surgery can
initially increase costs and operative times, but these metrics improve significantly as
surgeons gain experience.

Overall, while robotic surgery for pancreatic cancer presents higher initial costs, it
shows promise in improving patient outcomes and potentially reducing long-term
healthcare costs. Further research with standardized methodologies and larger sample
sizes is necessary to solidify these findings. Additionally, studies focusing on developing
countries and long-term outcomes are crucial to provide a more comprehensive under-

standing of the cost-effectiveness and benefits of robotic surgery in various contexts.
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TABLE 1— SUMMARY OF KEY INFORMATION ON COST OR COST-EFFECTIVENESS/UTILITY STUDIES
COMPARING ROBOTIC SURGERY WITH LAPAROSCOPIC OR OPEN SURGERY FOR PANCREATIC CANCER

Author Coun- Eco- Per- Design Inter- Com- Time Primary conclusion
and try nom- spec- ven-  pari-  horizon outcomes
year ic tive tion son
anal-
ysis

Kow- usS Cost / Retro- RPD  OPD 2-year postopera- A combination of en-

alsky anal- spective tive hanced recovery after sur-
SJ ysis study LOS for  gery and robotic approach

(2019) the index  synergistically decreases

(Kow- (operative)  hospital stay and overall
alsky admission  cost compared with other
etal. and total  strategies.

2019) 30-day costs
(including
costs of any
readmis-
sions within
this period)

Vicen- Spain CUA pay- Pro- RDP  LDP 1 year ICER The overall mean total
teE er spective cost was similar in both
(2019) per- study groups. Mean QALY's for
(Vi- spec- RDP (0.652) was higher
cente tive than that associated with
etal. LDP (0.59) (P> .5). The
2020) result showing some

benefits for RDP.

Caruso Spain CUA pay- pro- RPE OPE 1 year ICER RPE may be

R er spective acceptable in terms of

(2022) per- study cost-effectiveness.

(Caru- spec-  (Case-
so et tive  matched
al. analysis)

2022)

Franco Italy  cost / Case- RPD  OPD short- Perioper-  Robot-assisted surgery is
GD anal- matched term ative data  more expensive because
(Di ysis analysis post-op-  and direct  of higher acquisition

Franco erative healthcare  and maintenance costs.

et al. course costs However, although RPD
2022) is associated to high-

er material costs, the
advantages of the robotic
system associated to
lower hospital stay

costs and the absence

of difference in terms of
personnel costs thanks to
the similar operative time
with respect to OPD,
make the OVCs of the
two techniques no longer
different.
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Hence, the higher costs of
advanced technology can
be partially compensated
by clinical advantages,
particularly within a
high-volume multidis-
ciplinary center for both
robot-assisted and
pancreatic surgery.

Ben- Ger-  Cost / Retro- RPS OPS  Periop- Periop- Surgical outcomes of RPS
zingC many anal- spective erative erative were similar to those of
(2022) ysis analysis dataand  OPS. Higher intraoper-
(Ben- intra- and  ative costs of RPS are

zing postopera-  outweighed by advantages
et al. tive costs  in other categories of
2022) cost-effectiveness such

as decreased lengths of
hospital stay

RPD, robotic pancreatoduodenectomy; OPD, open pancreatoduodenectomy; RDP,
robotic distal pancreatectomy; LDP, laparoscopic distal pancreatectomy; RPE, robotic
pancreatic enucleation; OPE, open enucleation; RPS, robotic pancreatic surgery; OPS,
open pancreatic surgery. QALYs, quality-adjusted life years; ICERs, cost-effectiveness

ratios.
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Medical Technologies with Comparative
Advantages on Different Dimensions:
Evidence from Hysterectomy

By NATHANIEL BREG *

Understanding the extent of technological diffusion is important
to economics broadly and in the context of health care specifically.
I show that new technologies may pose tradeoffs between differ-
ent dimensions or quality or productivity. In a Roy model, I show
that these tradeoffs can explain why two technologies coexist. The
model also serves as a theoretical basis for using an instrumen-
tal variable to uncover evidence of tradeoffs. These local average
treatment effects can be used in a benefit-cost analysis to assess
whether the technology has diffused to an efficient extent. I use a
patient’s distance to hospitals performing laparoscopic (minimal-
ly invasive) surgery, relative to her distance to hospitals perform-
ing any surgery at all, as an instrument for whether she undergoes
laparoscopic, as opposed to abdominal (open), hysterectomy. In
Medicare inpatient claims, 1 find that laparoscopic surgery causes
a shorter length of stay but a greater readmission rate, relative to
abdominal hysterectomy, among patients on the margin between
the alternatives with respect to this quasi-experiment. This demon-
strates laparoscopic surgery’s tradeoff, at least among some pa-
tient subpopulations. In a back-of-the-envelope benefit-cost analy-
sis, I estimate that laparoscopic surgery may pose a net loss among
these marginal cases, suggesting there may be too much laparo-

scopic surgery in this setting.

* Nathaniel Breg, Stanford University.
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I.Contribution

My main conceptual contribution is to show that old and new technologies may co-
exist if a technology poses tradeoffs between different dimensions of quality or pro-
ductivity. The prior literature finds that products evolve along multiple dimensions of
features and that consumers value these innovations, for example, in the markets for
computed tomography (CT) scanners and for cars (Trajtenberg, 1989; Grieco, Murry and
Yurukoglu, 2023). Different features could affect different dimensions of a technology’s
productivity. I demonstrate with a Roy model that two technologies may coexist because
one technology offers relative improvements on one dimension but also pose setbacks
on another dimension, at least in some applications. In my setting, laparoscopic surgery
causes a shorter length of stay than the alternative, open procedure in all cases, but
not all patients choose it. Therefore, it must cause greater readmission risk for patients
near-indifferent between the two technologies. Prior work has found other factors in the
speed or incompleteness of diffusion of new technologies, such as financial incentives
(Finkelstein, 2007; Acemoglu and Finkelstein, 2008; Clemens and Gottlieb, 2014), in-
formation frictions (Skinner and Staiger, 2015), and administrative hurdles to billing for
the use of new procedures (Dranove, Garthwaite, Heard and Wu, 2021). In other indus-
tries, coexistence of technologies has been attributed to the costs and benefits of different
coinventions (Bresnahan and Greenstein, 1996), limitations imposed by product fea-
tures (Gross, 2018), firm size (Karshenas and Stoneman, 1993), and lack of presence of
complementary capital (Goldfarb, 2005). I show that technologies may coexist because
old technologies may still have an advantage among some patients in terms that affect
patient’s physical health.

My first methodological contribution is to show how to uncover evidence of a tech-
nology’s tradeoff by estimating the relative effectiveness of the technology among mar-
ginal patients using instrumental variable methods. I build on the intuitive and common
approach of estimating treatment effects among patients on the margin between two
alternatives by using a patient’s relative distance to one alternative over the other as an
instrumental variable (McClellan, McNeil and Newhouse, 1994). Similarly, I estimate
the effects of laparoscopic, as opposed to abdominal, hysterectomy on two key adverse
outcomes by comparing patients who live closer to hospitals that perform laparoscopic
hysterectomy, relative to their distance to hospitals that perform any hysterectomies. I
ground this approach with a microeconomic model of cases sorting between treatments
on the basis of comparative advantage. Patients who are near indifferent between alter-

natives face a tradeoff between improvement on one dimension and detriment on anoth-
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er. They could also be induced into one or other by an instrumental variable. Marginal
treatment effect methods from the labor econometrics literature identify the treatment
effects of these marginal cases, and the local average treatment effect identified by two-
stage least squares regression is a positively weighted combination of these marginal
treatment effects (Heckman and Vytlacil, 1999, 2001; Heckman, Urzua and Vytlacil,
2006).

Second, this quantification of the tradeoff can be used to show how to assess the effi-

ciency of a technology’s diffusion using these estimates of marginal effects.

IL.Theory

To illustrate the paper’s central point,I build a Roy (1951) model in which patients and
physicians choose a technology on the basis of how the alternatives affect two dimen-
sions of productivity, rather than just one as is typical. This allows me to consider the
role that heterogeneity of a technology’s improvements across quality dimensions may
play in determining the extent of that technology’s diffusion. In this setup, laparoscopic
surery is better on the length of stay dimension of quality in all cases because it is mini-
mally invasive, but not everyone chooses it. Therefore, laparoscopic surgery must cause

greater readmission risk than abdominal surgery, at least among marginal patients and

inframarginal abdominal patients.

III.Methods

To estimate laparoscopic surgery’s relative effectiveness among marginal cases, I use
a patient’s distance to her nearest hospital that performs laparoscopic surgery, relative to
her nearest hospital performing any hysterectomy method, as an instrumental variable
for undergoing laparoscopic, as opposed to abdominal, hysterectomy. I estimate the local
average treatment effect in Medicare Part A insurance claims. This identification strat-
egy, following McClellan, McNeil and Newhouse (1994), uses patients’ preference for
health care providers who are closer to their residence. To assuage concerns raised by
Hadley and Cunningham (2004) that the effect of distance on care choices may be con-
founded by socioeconomic conditions related to health, I control for a host of character-
istics of the patient’s neighborhood, some hospital characteristics, and Hospital Referral

Region fixed effects.
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IV.Data

I observe all Medicare Part A-covered total hysterectomies from 2007 to 2008. This
includes 61,241 hysterectomies performed in 3,340 hospitals. These claims detail the
patient conditions as well as procedures performed. It also details patient and hospital

Zip codes. | merge in patient neighborhood characteristics from the American Commu-

nity Survey.
V.Results

1 find evidence that laparoscopic surgery poses a tradeoff between reducing a patient’s
length of stay in the hospital and increasing her readmission risk, at least for patients on
the margin between the alternative hysterectomy methods. I estimate that patients who
comply with the relative distance instrument experience about a 55 percentage point
lesser chance of a length of stay of 2 or more days under laparoscopic surgery than under
abdominal surgery, but they also experience a 23 to 36 percentage point increase in the
chance of a 10-day all-cause readmission. I am unaware of any other literature that uses
instrumental variables to seek evidence of a tradeoff between different quality dimen-
sions among marginal patients.

I use these point estimates to conduct a preliminary benefit-cost analysis of laparo-
scopic hysterectomy relative to abdominal hysterectomy among these compliers of the
relative distance quasi- experiment, to demonstrate how to assess the efficiency of the
extent of diffusion of a technology like laparoscopic hysterectomy. If an extra day in the
hospital costs $2,490 (Foundation, 2021) and a readmission costs $15,200 (Weiss and
Jiang, 20006), then my point estimates suggest that laparoscopic surgery poses a net loss
of $2,054 in expectation among patients on the margin. This is likely an underestimate,
since this excludes non-pecuniary costs, which are likely higher for a readmission than
for an extra day in the hospital. Therefore, there may be too much laparoscopic surgery
among these Medicare-covered hysterectomy patients, from the perspective of an indi-
vidual patient’s utility.

Finally, I also find suggestive evidence that different cases perceive a different tech-
nology to have the comparative advantage because patients with the greatest unobserved
resistance to (i.e., least propensity for) laparoscopic surgery would experience the great-
est increases in readmission risk, even though they would experience the greatest poten-

tial reductions in length of stay due to that procedure, although these marginal treatment
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effect estimates are imprecise. These point estimates tell a story similar to that of Suri
(2011), who finds that farmers who would experience the greatest benefit from adopting
new hybrid maize technology also face the highest costs of adoption and thus do not use
it.
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BRERW, aESHAMERNE KL (EEMEE WELT, BAF
ARBERTRZEFARADN AR KR W R ER B R, A2 ERRN,
BRABAREAR. ERATERAT #NE AN FELERREZE RN, XHRE
REN, HHNBZEANFREEH FHN,

RTEHLPITER
IEBEAFANEK 1. 65E-06 1. 12E-06 -6. 19E-06 -2. 12E-06
HBAFARAHK K p-value 0. 0838 0. 2436 0.0000 0.0094
BRHE: iE Yes Yes Yes
BN EBR Yes
BR¥A: HE
ERKR: &H Yes
ERHEM: EREL Yes
BeKp: ERLH Yes
HARRK 30,936 30,936 30,936 30,936

F&AHE 2. 9890 5.1351 100. 2786 17. 8164
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PELE 0. 0001 0.0104 0. 2454 0. 7417

4.2 FHERFTRKGSATER

DUIMBAFAABN A EERE, NERATEEENEDLERWTEAT.

FHEREKNISNER
NEBAFAAK -1.33E-01 -9.52E-02  -2.99E-02  7.37E-01
MNBAF AP HMp-value 0.8756 0.9121 0.9729 0.5969
BB : W Yes Yes Yes
ERHKE: Ek Yes
ERHEA: FE
Eiﬁﬁ £4% Yes
B 2 B E%%% Yes
Bedp: EREZA Yes
BARAK 30,904 30,904 30,904 30,904
F&HE 0.0245 0.2178 0.9134 0.3736
MAELE 0.0000 0.0004 0.0030 0.0568

HEREH, IINNBAFAGTFHERR KNP HEATLENAR, XH5HM
FRGEE R KT AL,

4.3 FHRAE DAL

DALBEAFARGIB A B E, MNERRELFIKANERER W T LT,

P 35 )R AWy 2 BT 4 R
WBAFAAHK 2.72E+01 2.63E+01 1.93E+01 3.34E+00
HEBAFAAKWDp-value 0.0000 0.0000 0.0000 0.0017
BB . W Yes Yes Yes
BEHERE: BB Yes
BEeRN: BHE
B RKR: Fh Yes
BeKE: ERFX Yes
BB ERZA Yes

BAR¥K 30,936 30,936 30,936 30,936
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F&itE 744.2504 17.9099 113.2246 9.5432
PARE 0.0235 0.0353 0.2686 0.6060

MERTUBRBHIAFANBARFIARATREENABRT, X5 R
B R EA 6o HH L B95 RAVEIE T A SCHIE fo 77 iR 9 B

4.4 WBATT AW HHTEE

UMBAFAERN A BEXE, MERRKHEART ZHEBLER 0T LT
fxET WAZa B ERBERZEAEANEAFAS KT TE

BEREENZ,
Bl 4 24T B
BAFEZRRNTER
WBAFAHIHK 3.71E+12 1.85E+12 -1.34E+12 -6.30E+12
B AFAAKNDp-value 0.9400 0.9702 0.9784 0.9318
B b Yes Yes Yes
BEEHkA: ER Yes
BREM: F=ZE
ERHKE: R Yes
EREE: ERER Yes
BEREN: EREZH Yes
BARK 30,936 30,936 30,936 30,936
F&it & 0.0185 0.4753 0.6423 0.7605
PARE 0.0000 0.0010 0.0021 0.1092

AMERET, WBAFARANAATZHARETHUERFAEANTH
M, BAEEERANBAFANIANZETIATHORNGRE X,

B, H

UL MERIHT W THE R,

L MBAFANTINGIRT EREF %A D Z 5

2. NBAFAWIINGIRT ERFARTRNIFE T4,

3. WL AFARBITIANRAN T2 1E e MK ok B35 #vm;

4. BAMERANEAFRNGINEFIINT #8178 2 M kR
RSN T, BIN2FINELEMHFIARREE R R RAATIRA
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Alemzadeh, Homa, Jaishankar Raman, Nancy Leveson, Zbigniew Kalbarczyk, and Ravishankar K Iyer. 2016.
“Adverse Events in Robotic Surgery: A Retrospective Study of 14 Years of FDA Data.” PloS one, 11.

Borden, Lester S Jr, Paul M Kozlowski, Christopher R Porter, and John M Corman. 2007. “Mechanical failure rate
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A BT = EIEENERFR

LR AFMHTE T EHREFENERN, WRAHPAEHEMTELY
FEZR, BNREALERZNEETRABHFIANN— A2 ANFZREE R 4A
AAREWNER. AW, ATHRFANBAZRANTZEERFARNADKRER,
HATFI A T B IHTT

mTA

X; ~E[X;] = p1, Var[X;] = o2, Vi
(5
Fu

Y; ~E[Y;] = p2, VarlYj] = 02,V
(6)
EFXREERAFA, YRENBAFA. EENFHENERANGFEWELRS, &
W H BENLEIX %ﬂNZTfJYéELﬁSz RETGANE G —Fl ARy 5, EEHR(NpEZN
My 7z 2@ T4 T 77 Xt EF 2

Ny No Ny N.
1 Ny Z:IX’L+ZY7 No Z1Xl+ ZIYJ
Var[Z X, — = = Y, — = =
arlZl = v 2| N +j§ J N
1 N1 No Ny No
=T (XY - QX+ YY)
=1 Jj=1 =1 j=1

P

He N =Nl + N2,
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F e & AT PLAR 2

N1 Ny
EVarlz]) = {Nl(u% o)+ Na(uE +03) - SEI.Xi+ Y Ym]
i=1 =1

1 1
— T M o) Mo o) - (Vi + o)+ Mo + D)) |

1 1
+ [N (N1 (Ny — 1)pu? + No(Na — 1) + 2N1N2M1M2)}
1

N—1
Ny N1 —1 27&]\[2— 2 N1 N2

N1 o9 2 N2 o 2
= — + + — + - — —2——= .
N (n1+01) N (n2+02) N N-—-1 1 N N72'u2 N Nmm

@ B N2 = N e mE— iR

N < N2 <1, (9)

AT LA 3
N No — 1 Np —1
—1:1—)\,2—z ,1—z1—)\.
N N -1 N -1 (10)
A LA B

E[Var[Z]] = [05 — 0f + (p2 — p1)?]A — (p2 — p1)?2% + ¢
= (05 — o)A+ (2 — p1)?’ A1 = N)] + ¢ (11)
Hepch M,

xEHRETURR E[Var[Z]] &M F A (1-0) #F e B0 — 07804k
HAkRE R,
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Mg ATEF EERSRA: 247X
RHE  BEA

# FE RMNEZEARTEFNEATREAN+EERME
GBI, RA%ES T N E KA (TWFE) FfE 4% (Event—
Study) FiEEIRESATER, 24T N201341 A 21202248 12 A # &
BREHE. RIMERREMTRAEARIMERNFARAS,
BERRAN R

HTHEMARAEWEF L EMEREKNER, PELRAFANEARK
RHEHERZ —. REXZEWARTEER, BARHZFEAFHFFAZRE (KF
FHOBFARZLE) WHEAXAERL. RE 2024, BFEFFANEANFNT —
HME E Intuitive Fosun— # 1A ¥ 2 & AWHL & A EIF A (Robotic Assisted
Surgery) HAREYIEE R B, H3KA FDA FINIE. 438 8T 70 NE K 7000 & ik
FEHAGPATT EiL 1000 7R MANEAFARF (B, X%, 2021

BREFIMALET 2006 FEREFEIIN, SHFEARBAELERKXAT
ARG, 2006 FF 2023 4, EH2BAXRFEERLIH T A5 H RAS R4, X —
AW EH 2000 £ BB EAERTEZMHFAR, XEAFEELLHITT 180 £HF K,
HPREPHWFRERSE, AN 15 7K.

§_
I installed RAS = 1

[N Installed RAS = 2
Installed RAS > 3

Number of Hospitals
200
)

100

o
2005 2007 2009 2011 2013 2015 2017 2019 2021 2023

B 1. vYERALSTFARGNERLKE

* RHE. WEAFLHKEELEFARKE (E-mail: kwanting@stu. pku. edu.cn); EE#it (GEfE
fE#) « AEAFLRBELEFMRKR (E-mail:yhpan@pku. edu. cn)  RATR WL FREWT
T X F TR IR S mEE A,
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FEERINANILSFTF ALY @HE: DaVinci SP. DaVinci S. DaVinci Si
#nDaVinci Xio RINNEEXERFHFFARARELRA R FMAEREFHTHE —
EFA A1ETRTRFHFARGETEERW S RLENL. TURAEIANTF
WK, F—MNRAE044F, YNRLELAFTFAANERKE/LTEE, £
KERKEAEE 2019 F, MELFFHFFARGANERKEN 69 ZHEmE 119 K.

W2 T RERGFHFRRGAEAELANSIFIT G KA Z 8 Hy Bt 18] 18 1%
BAREH, LRSI MWERSIBI TR G LXK ZATR R B B, TaEdH
TRUEFHAFAMEFTFARAEF R AEEA L. BEFFARETAT
R FEREF, EWESF, CTURTHFIR, BREABERENKEFA, £F
BB, ZAATUEELENENREEHRTERMEMENHREF A%,
AR NAI R LG T EHRINERBEMRERFRF. EA™, RFEHFRAAT
DATFEMG, e85k, WERSANEE. EE 2o KEa L, RIOWHHT
FRIAERDIIRA, GF IR, BEHEBIF. IFREESR F TR
WE 3R, REFRBABELSTTRAALREL A REZEARLERER, X
KAX L L VA FHFHEFANEANNAMAT LN K.

§ i Cardiac General Surgery Gynecology
8
&
©» 8-
e
B _”/
1]
£ o
B o Head & Neck Thoracic Urology
5
Qo
Eo
2 1
8- ‘J

o T T T 1T T T T 1T T T T
2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020

Number of Hospitals with RAS Installed Number of Hospitals with RAS Operated‘

Bl 2. EMR&RAREEERMERBEE R
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Cardiac Gastrointestinal Gynecology
§ A
g/ M//
) L= ____——4‘7'/_
K] Hepatobiliary and Pancreatic Otorhinolaryngology Pediatric
2 &1
o
Io_rr///
=R
= ___’_/_/
2 s
E O
2 g Thoracic Thyroid Urology
g _/J/
o T T T 1T T T T 1T T T T
2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020
Number of Hospitals with RAS Installed Number of Hospitals with RAS Operated|
e 3 2 o S VAN N1 el RE
B 3. ERAEMEREZSLERMEHFE R

EMUMNERERENFAEMGTHRNGEL, FRAZANEEENZZHNE
HiCE. BECERARFME. HHE. FREAMANRRX KBS, d THRZEFHR
AHER, BIMNERSARIXLEFZBET =B E. g4, EREGRXKRAHE
Fle#; =, EMEANRHHUR —KAKHLEH; F=, ERELREBHER—K
M AR

Bim AT R R FAARE, RIEHATHEHF R UERE EITES H
Y. BIRERENEE BRI —K SR, EANRHEHEEFRANEHEEAEWITHE
LHEWRA. BRERERRE KR —KER, EHix SR ANLHEEME
it &Y HE

WAREGER AW R, HAEE 1 REFH, 2 RELH, 3REX
Ho AT ANAFRE: 0-15 %, 16-30 ¥, 31-45 %, 46-60 ¥, 61-75 %, LUK
T6LUL HET MR FARE: F—, YEWNEERWAARARIL &2,
HRINFEEREA; &=, AHEAREA

KU
ATMRFATESHARRERALT TNENERMFOETRRAE, KA
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T e B R M AR R FE A R BRI, RATEIT T LT A

k<—15, k1
_ k
Yie= a;+ &+ Br X Z Dije + €
=15

RNWEELE Yy RERI BE jENE t WFRAKRANES., Yy A
FHRN, NEERA, BEAKA. BERFUAN. FAPBEUFEDE, &
BEDU . BREDW . ERLE. EFRLT. FABF. BRI

ENEED, HARERAFFEREAEH, YERIHE j EREERS
FHEARGHEHRZ LA s . RAEX DS =1ift—s;< =15 57 % 0,
EEREAY, RIOBHTREERIAZT ] o FHNS. WHEMRN. HAEEEE
ERETLR%; EARWBERREY, RIEEEIGEFER R,

EBETRWEAEE B, ROEFT FRALHWEERA. EF - AER S,
ROVFMTER - K, UBRERMHEZ WY 2, 18, BEERKE
WERE-ARERE, BAERTTHBH. EE - EEE, RIFPTHE -
o E R, UERHERMEZ AN S L, ERE—AERE, RIOFMTH
AN E AL

k<-15, k+1
— k
Yijt = aj + 0; X 6t + ﬁk X Z Dijt + €ijt
k=15
k<-15, k+#1
— k
Yie= ay+ 1m; X8+ By X Z Dije + €t
k=15
k<-15, k#1
— k
k=15
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BUEB A5 BB T 41 A 6 77 FF 40 B A
TAZFFFA

BE TiEb RS AR

¥ E HUEREFTRA, EAFTRATUERAS
FERERER, FEixetlE, RABEFAGEGRE. AW, HLEAM
MR AWF RS, ERNLEAFTIBRAGBT A REZ S ERZRF
M, BRIAGZ PEIEE. BW: RENEAFTBR A LE R
FHRTBRARTRERETRANERNESET A, 7k &
B4 E T 201641 £2023 47 A ML K ¥ B AR K Efr 2 — &
STHEWAEX AT R AT H R RENEE, BEE2 AR
HBIHLE AR A G X RAB I R E IR A, #HATH A iF 4 T
e, WRERweEWEABERMETRA, AUFAEEIRBE
AT AL, AR FAEE T # M AKX B ARG fE T %
FER, &R RF2TTHBREWNNAFR (EREEFIHRELTS
Bl, MEAFTRELO2F]) o &5 KA M F 4 T B4z R 2 B &
Ja, H1e2¢l & (MALSIHD HANFE—F oM. ERET, M
BAFVBRAEAHMBEREETIGRARATER., REHLERD. T4
FRERMK, FALLUHEF, MBEAFTREEFREGHETHA
(82885. 370 vs. 58643.870, p<<0.001) , &1, MEEEFIILER
FAINAEMEATHR AL EZE . LHELTER, EREERTHRK
B, ARAXNFALREEZEZR. &1 STHEREES, L&
AR ERGET IR EFEANFAL UM EGHNET A,
FlET, BT AEESHERANEAFIBRAELRZHF%E,

HL#& A% A (robotic liver resection, RLR) 1€ 5 —T#T & A, 48 b iz % AF
]/ A& (laparoscopic liver resection, LLR) F[ B H EHEWF AL 2 W, HEFA

x RE, MIAFEFRMEBRKER; BEH, THREMAFMBARREZER; MRS,
HMIA¥EFHEMBEHRKRER; HRE, HIA¥EFHMETALER. BEMHFHE: £F

E-mail: srrshlx@zju.edu. cn,
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FREEES. BHit, FRANEATRABITFHEEE (Hepatocellular carcino-
ma, HCC) E & EFZWFFRA, HEIAEZ AR

LYEANBEAFTBREANITEAEFRFHAREEBASRER D, 2022 F 1 B4
AT 4 B % SCHk B meta 447 R, RLR (20,205.92 % 70) B & AL & T LLR
(15,789.75 %70) . H#ARGARRFBHWEEZRHZ (Ciria % 2022) . 4T,
MEAREFWAE, FTAIRNENTHER, WEATRELERE, 2020
Mejia FRE T 214 FIFIR BEE, #HHE5 LR AN, RIRREHA LS, EHEHE
frefal 5, ST/ NEEFIGREEEEFNEE (Mejia F 20200 . 4T, 2016
EREFHFRENEAFBEBEER AT THRF AN FAEZ LML, XTHA
Shet bk, RLIRHIGLLR FAHAE S K, BEETHILL LZRLATFEX (FiE
¥%& 2016) . A, RIREHFHKEAENEHEARARZMAZ — M1k,

2023 FRIE RV EAN IR T XIEHIE H, ME T LLR, RLR £ IEAE X & A
b EAA RGN E, HRRUAEGERRBEFR (LiuF 2023) o F BRI
AR EERT, EAFARIANANBEAFARAERARE, ZFHERATRES
HLE A B R R BT F K E % F (Simianu & 2020; Song % 2022) .

= FER Tk

TFRFE SRR, EFMERERTAFHENRXER 2016 £ 1 A -2023 £
THUHAHCC MERREH, REXFNFAFTX S NRIRAS LLIR A, EHAEKS
MrevsEa b, EXMEUITLCRERAEAER, RETRET AR THEITEER
FERTFAWERE, FRATEFF RN, FRELHALN, REHARERNBENY,

EANHNES T EHRRANTFHE £ /T kZE, RAQPFNESEHTEREN
P (M E) , 2 RREHRAME T 0. K FEH. BUL. AFP. INR,
ALB. AST. TBIL. Child 4% . B &I, FAKEE. ASA FEANE EHNER
HATIA, WEME TS, HATHAFLELE . PSM & A SPSS 25. 0 BRAFHAT 44T
WELILHE IWATE FAEELZL N “REE” “PERE” “BRE” “£X
EE” ANTH, HTEHEPH,
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THIBRFREE (n=515)

HEBR (n=238)

REEFE (n=97)
BT (n=>58)
JFAIEERE (n=38)
WETE (n=2)

FEP A (n=5)
WHZFHER (n=38)

AR AR B (n=277)

— T

[RGB (n=175) Bl A FERELIRA (n=102)

[k R A = BRIP4 IS RE /R
Y

Y

PG ARRIRA (n=81) DL NI (n=281)

\\\\“////

WAMT

Bl L . HErimg R E

=. %
ZMN., B EREE, XBE2ITHEFRINAHRK, REFATRNSH
LLR 40 (1751]) #2 RLR 4 (102 ) ., PSM /&, P4 % 81 73t — 2 FHAT L B 447,

3.1 BHF A&

T o M 4 Z BT, LLR 4 B9 BMI. AFP, PLT. INR. ALB. AST. AF % ft.
Child-Pugh 4+ & . [1fk& E. IWTE FARE 2 X SRIRAFTLEMHEZR (Hp
<0.05) . #TENH/LEENZR, EHXWMAEIFL, LR FH#ELERE, 162 6
B# (LLRAES5RIRAE 8L FD HhAN#H—F o4, LLRES RIR AMELIBFHT
pEEER. (XD
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3.2 BH I K& By AR AR

EM AT Z 8, LLRAWAFEmE (100.0 vs. 50.0 ml, p<0.001) .
A F i E (33 [18.8%) vs. 10 [9.8%], p=0.045) . K G H# K E £ £ F (35
[20.0%] vs. 7 [6.8%], p=0.003) . A#4#FHE (20 [11.4%] vs. 0 [0.0%],
p=0.001) . R/GEEE (6.0 vs. 5.0 day, p=0.001) . EAEFEAE (13.0 vs.
9.5 day, p=0.001) B EF®& T RLRH, HAKABEHFHLEFRLZR (Hp=0.05 .
GZAMEE T, LR FHEE LG, 1626 &F (LLR4 5 RLR 44 81 ) #
IR, LLRAWAFEHmE (100.0 vs. 50.0 ml, p=0.002) . KEHXEX
£ (16 [19.8%] vs. 7 [8.6%], p=0.043) . KJFEREE (6.0 vs. 5.0 day,
p=0.005) . A EFLH A (12.0 vs. 10.0 day, p<0.001) 2F& T RIR4, H4
WAL EERZR (Hp=0.05) . (k2

3.3 BT RAL IR

T 1 VT Z BT, LLR 4 B fE B % % R (57150.9 vs. 81432.5 75, p<<0.001) .
Bl % F (16875.0 vs. 50333.4 75, p<0.001).F K% H (6916.0 vs. 43424.9 TG,
p <<0.001) 2 F{KT RLR4, A4 % A (15879.4 vs. 9955.6 7G, p < 0.001) .
&% F (1260.0 vs. 1160.0 7T, p=0.010) . #FIFEH A (1164.0 vs. 989.6 7T,
p=0.001) . #FHM %A (21113.4 vs. 12094.4, p <0.001) £ EETF RIR 4. &3t
e PR T BD P L dE AR e, 2R 162 6 B (LLRA 5 RLRA & 81 FD A NFA A,
LLR 4L Wy fEft % % 7 (58643.8 vs. 82885.3 74, p < 0.001) . EfF# A (15972.7
vs. 50706.2 70, p < 0.001) . FA#FA (6616.0 vs. 43424.9 7T, p <0.001) .
H A% (341.0 vs. 535.0 70, p=0.004) EF KT RLR 4, 4% A (16517.6
vs. 9975.0 7C, p < 0.001) . #&# A (1365.0 vs. 1115.0 7u, p=0.010) . #
B #H A (1174.0 vs. 988.6 7T, p=0.001) . M %A (21565.4 vs. 12069. 4 7T,
p<0.001) BF®HTRIRH. (k2

3.4 LU HpWER

DLUIWATE FAEE QAWK EH#TR A o4, ERET, £ “BKEE” “4
SHET “BRE” IATHA, LREWERFEAZFALZMTRIRE (K%
: 46125.7 vs. T6647.9 70, p <0.001; FE%#EE: 52692.8 vs. 76428.8 7T,
p=0.003; & % &: 67548.3 vs. 84725.0 G, p=0.001) , &, £ “LXEE"”
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H, LLRASRIRAWEREFARFELZEEZR (75709.0 vs. 88292.6 7T,
p=0.325) ., (& 2)

LR
[CIrLR
ET T Hk Ak ns
120000
100000 T
80000 -
A
60000 -
40000
20000 -
0-
A P RE A SO

ERR S0 H

K2 ERRARFRANFAEELASAN
VE:
wkk {K & p < 0.001
*xx X % p < 0.005
ns K&k p>0.05

MTHEREEE, WBEAFTRLEEERTGREFEGHFAZEEME
BHETRA, A, BFAREEZXANE AR AEALR L5 .
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gioka et al. 2022. “The impact of robotics in liver surgery: a worldwide systematic review and short-term outcomes
meta-analysis on 2,728 cases.” Journal of Hepato-Biliary-Pancreatic Sciences 29 (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 (32): 4815.

Mejia, Alejandro, Stephen S. Cheng, Elaina Vivian, Jimmy Shah, Hellen Oduor, and Priyanka Archarya. 2020.

“Minimally invasive liver resection in the era of robotics: analysis of 214 cases.” Surgical Endoscopy 34 (10): 339-
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Minggen Hu and Rong Liu. 2016. “Economic analysis of robotic and laparoscopic left external lobectomy of the
liver.” Chinese Journal of Laparoscopic Surgery: Electronic Edition 9 (2):86-88.

& 2. PSMEJE LLR A5 RLR 44 R i54F

S X ko
PSMEI (n=277) PSM/G (n=162)

LLR RLR LLR RLR
m=175) (m=102) (n=81) (n=381)

4 (SD), year 58.7+12.2 60.6£11.5  0.056  62.9+11.6 61.4+11.2  0.390
BMI (SD), kg/™2  23.2+2.8 24.143.6  0.021  23.6+3.0  24.0+3.3  0.406

pla pl&

M A, n(%) 0.309 0.678
23
’s (13.1) 18(17.6) 13(16.0)  15(18.5)
5 152 84(82.4) 68(84.0)  66(81.5)
(86.9) ' ' '
it 8 & A& 2.6 3.0 25
(IQR), cm (1.8-43) (2.2-4.5) 0.163 (1.8-4.4) 32(22-47) 0.082
17.2 6.6 10.2
/:F fm(iQR)’ (3.4- (2.5- 0.048 (3.2- 61'%2'26)' 0.403
& 277.5) 110.2) 139.8) ‘
126.0 143.5 124.0 138.0
};LlTOg(/IBR)’ (89.0- (111.0-  0.005 (95.5- (108.0-  0.050
172.0) 191.2) 170.0) 190.0)
13.8 13.5 13.5 135
PT (IQR), s (13.1- (13.0- 0.068 (12.9- (131_'1 42) 0.437
14.6) 14.2) 14.1) S
1.0 1.0 1.0 1.0
< .
INR (IQR) (1.0-12)  (1.0-1.1) 0.001 (1.0-1.1)  (1.0-1.0) 0.307
14.8
TBIL (IQR), 14.9( 14.2 153
pmol/L 11.1-21.1) (11.2- 0.728 (9.6-21.3)  (11.4-18.8) 0.589

19.1)
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ALB (SD), g/L  39.4+4.8 409+4.5 0.013  402+4.4  40.0+3.6  0.794
27.0
AST(IQR). UL (18- 30023.8- e 2500170- 29.0235- o
38.0) 41.0) 38.0)
40.0)
29.0(22.0- 27.0(19.0- 29.0(21.5-  27.0(19.0-
ALT (IQR), U/L 39.0) 123) 0.364 30.0) 415) 0.559
fit & 42, n(%) 0.819 0.658
= 151(86.3)  87(85.3) 68(84.0)  70(86.4)
% % 24(13.7)  15(14.7) 13(16.0)  11(13.6)
FEEE AL, n(%) 96(54.8)  41(40.2)  0.016  38(46.9)  32(39.5)  0.341
Child-Pugh/ %%,
(%) 0.049 1
A 159(90.9)  99(93.1) 78(96.3)  78(96.3)
BorC 16(9.1) 3(2.9) 3(3.7) 3(3.7)
& E, n(%)  11(6.2) 0(0) 0.028 5(6.2) 0(0.0) 0.074
=R &
Ej(t/ff k., 22(12.6)  14(13.7)  0.844  12(14.8)  12(14.8) 1
(1]
E’E“f)%ﬂg%*’ 56(32.0) 35(34.3)  0.693  27(33.3)  31(38.3)  0.512
0
BE 1 #7 4 Bh UG
(%) 25(14.2)  10(9.8) 0.279 6(7.4) 9(11.1) 0.416
IWATE f¥ 8 {2 5.0(3.0-  5.0(3.0- 5.0(3.0-
£ (I0R) 5.0) 5.0) 0.949 5.0) 5.0(3.0-5.0) 0.576
IWATEf 58 A 0.0(0.0-  1.0(0.0- 0.0(0.0-
M (I0R) 10) 10) 0.179 1.0) 1.0(0.0-1.0)  0.140
IWATEF K %  0.000.0-  3.0(0.0- 0.0(0.0-
+ (I0R) 4.0) 40) 0.195 40) 0.0(0.0-4.0)  0.946
IWATE % T fk  0.0(0.0-  0.0(0.0- 0.0(0.0-
% (I0R) 0.0) 0.0) 0.541 0.0) 0.0(0.0-0.0)  0.135
IWATE  Child- 0.0(0.0-  0.0(0.0- 0.0(0.0-
Pugh (IQR) 0.0) 0.0) 0.049 0.0) 0.0(0.0-0.0)  0.988
IWATEF B JE 0.0(0.0-  0.0(0.0- 0.0(0.0-
f2 48 (IQR) 0.0) 0.0) ! 0.0) 0.0(0.0-0.0) !
IWATE ¥ 4 6.0(5.0-  7.0(5.0- 6.0(4.0-
(I0R) 9.0) 9.0) 0.176 9.0) 6.0(4.5-9.0)  0.57
AN
IWATE & % 0.003 0.916

%, n(%)
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15 Z 27(15.4)  19(18.6) 16(19.8)  16(19.8)
oA 82(46.9)  28(27.5) 29(35.8)  25(30.9)
& 31(17.7)  35(34.3) 21(25.9)  23(28.4)
TR 35(20.0)  20(19.6) 15(18.5)  17(21.0)
ASAZG, n(%) 0.206 0.692
1% 8(4.6) 1(1.0) 2(2.5) 1(1.2)
1B 155(88.6)  94(92.2) 72(88.9)  75(92.6)
1164 12(6.9) 7(6.9) 7(8.6) 5(6.2)
IV~VIZ% 0(0.0) 0(0.0) 0(0.0) 0(0.0)
E:i A ((f) f# 0.074 0.070
% ité Jf{;;ﬁl 164(93.7)  101(99.0) 74(91.4)  80(98.8)
HA AR F 11(6.3) 1(1.0) 7(8.6) 1(1.2)
JFEAEH, n(%) 0.803 0.727
A 47(26.9)  26(25.5) 24(29.6)  22(27.2)
S 128(73.1)  76(74.5) 57(70.4)  59(72.8)

M %&2. PSMEIJELLR4L 5RLR4 4 & 647

% B 18
PSME (n=277) PSM/G (n=162)
LLR RLR LLR RLR
(m=175) (n=102) pfE (n=81) (n=81) plE
F R B 168.0 165.0 180.0 160.0
(IQR), (125.0- (110.0-  0.263 (120.0- (107.5-  0.134
min 240.0) 220.0) 250.0) 220.0)
&R,
%) 0.464 1
RO 172 98(96.1) 80(98.8)  79(97.5)
(98.3) ' ' '
R1 or 3
R an 4(3.9) 1(1.2) 2(2.5)
\ o 50.0 50.0
A& 100.0 (50.0-  <0.001 100.0 (50.0-  0.002

(IQR), mL  (50.0-400.0) (50.0-275.0)

112.5) 125.0)
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A o i
I, 33(18.8) 109.8)  0.045 12(14.8) 8(9.8) 0.339
n(%)
REHX
i 35(20.0) 7(6.8) 0.003 16(19.8) 7(8.6) 0.043
n(%)
ClavienD-
indo# %%, 0.006 0.062
n(%)
No 140(80.0) 95(93.1) 65(80.2) 74(91.4)
TorII 25(14.3) 6(5.9) 10(12.3) 6(7.4)
III or
IV or v 10(5.7) 1(1.0) 6(7.4) 1(1.2)
A # T
&I, 20(11.4) 0(0.0) 0.001 5(6.2) 0(0.0) 0.069
n(%)
£ B2 4 18]
BRFAR, 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
n(%)
Bl A HA ST T
HR. n(%) 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
AEER
Fit [ 6.0(4.0-7.0) > '2%8' 0.001  6.0(4.0-7.0) 3 '2(355 T 0.005
(IQR), day ' '
AJE30K
HEIEFN 3(1.7) 1(1.0) 1 2(2.5) 1(1.2) 1
T, n(%)
EAEREE  13.0(10.0- 9.5(7.0- 12.0(10.0- 10.0
(IQR), day 16.0) 1300 0001 o) (80-120) 000
G 57150.9 81432.5 58643.8 82885.3
a Q’f{;‘ - (44313.0-  (74644.9- <0.001 (45171.2-  (75617.3- <0.001
» 7t 76302.3) 90934.2) 75899.8) 90501.2)
b 16875.0 50333.4 15972.7 50706.2
a QR)’\ _ (9911.2- (46274.6- <0.001  (8999.7-  (46796.8- <0.001
» U 23013.9) 57632.8) 23056.8) 57640.6)
15879.4 9955.6 16517.6 9975.0
?Qﬂfﬁ)% A (11219.3- (7687.4-  <0.001  (11994.0-  (7861.8-  <0.001
» 7t 23459.2) 14007.0) 24028.5) 14117.4)
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AR 6916.0 43424.9 6616.0 43424.9
(IQR)", (6302.0-  (42808.6- <0.001  (6165.0-  (42754.1- <0.001
» Tt 7834.3)  43897.9) 7481.4)  43994.5)
1260.0 1160.0( 1365.0 1115.0
5 2
??Qi% A (930.0- 673.0- 0010  (1075.0-  (659.0-  0.001
» 7U 2153.0) 1752.8) 2340.0) 1602.0)
‘ 1164.0 989.6 1174.0 988.6
F
T jS;% A (879.0- (784.0- 0004  (832.5- (779.9-  0.012
(IQR), 7o 1521.0) 1291.3) 1555.0) 1255.1)
w2134 12094.4 215654  12069.4
(10R) ” (15486.0-  (10839.8- <0.001  (15899.2-  (10898.8- <0.001
& 31411.4)  18034.8) 32842.0)  19094.2)
486.5 535.0
o ] ]
(/I\Q% ® A 3867'(2)(213)2'0 (2465-  0.054 3416'2(312)2'0 (276.5-  0.004
» 7l ' 851.8) ' 863.0)
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AT EXEREENNE ARG R T EHEA
e R REM T2 Z R HRME

B RFE F—H*

B E HKEBRXTERRFRAEEZ, HPAIXTERBETEAR
HRAFTRRERN T E. HELTHEENFATA, LEAHIRX
TEBREAEAREEES. —BUR. REEABRIULSGEKRKER
EhE, FEREEFTE. ENBARBRATETRARESLF
A&, REARZFMHFEHRTRAANTAZFF IR, ZH A H%K
BEE, KRARXNABIBNEAHE 2 RXTERNWESL, TRF
. MR FAEBEARME, W8I EZENEARFI LB X
HTEBRWEH., MPHELN, HHAEZESR. AEHH L LR
BT, MUETENEAHEFARE, NBEARBFAEETF
AEFEE K (97,564 4#VS. 79. 054 4%, p<0.001) , (ERFEREK
A (1.42% VS, 9. 25% A F 5| E>0,p<0. 001) o B KMk E R Tk &
BEXTHRE. £EREMETXHEHE, Ud—FIFEHHA
KA R TG Fn & 5

. b ¥
~ A

MEREADERUBE T WA, BRXTRERAELESH LA, &HE
2019 4 &, HZEHN .21 A 0 BF & K+ %k (Long et al. 2020)according to age,
sex, and geographical location, from 1990 to 2017.</p><h3>Methods</h3><p>Data were
obtained from systematic reviews of symptomatic osteoarthritis of the knee and hip in the
Global Burden of Diseases, Injuries, and Risk Factors Study 2017 (GBD 2017, A T x%
BHRIET ARG X T RFH M & (Kim et al. 2020) . FHAMBRXTELRAT
EEFAEERETRE, OB FHERLTIE, BB ARETEF A, MILEAR
BRAXTELEAEL TR EEN —BE. REXRBRBROURS#KEFEMR S
W% 3| %% (4 etal. 2024; Subramanian et al. 2019) , EHIWHI %Xk H, 5%
FAMWL, IBEAHBRTELAEAEABHET. MAAENBK, EFHER

*  BER, ARAFERERLER IR RE, EHRERHAFHERAEER;
Bl—#, EMEMAFHERKEER., BEHFH: EHEE, E-nail: blyulpku.

edu. cno
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PRXTABRRAR, ROERAMERFHS, ELFEFAERERETR (B
4 2023; Subramanian % 2019; #% 2024), RENBEARHATELRFLRER
HWE, EAETRARGTEATAR, X4 T PFEHEARNETRESRALE#
BATFHRT ke BRFANBAEEBETRE TENE R EAZH TE, 4
MNBEAMBATER, BWEARZ ZRENEFME TN, XFLTERIFEX
BEKOH EfEE, AABEXHEBEATHBENETHR EFHE, AREXT AN
BN FATENZEAFAR. BATHELWERZR., £EREMRK, B
THHANEAHBTR R T ESLAARER,

=, Tk

R KR B BT 5, 4N 2020. 7-2024. 3 HA 18] [ B * ¥ 3k & x Fug
THRYTRAEBEERGFNEM, EXNBEAHBRELLBXATESRA. ASA TS
I-11 . 21-80 W &%, ARHRIEKRMLAMEL. BRXTHBEES. #57E
WE e (>20° ) RTERSBEL (>20° ) . ARBHAT R, BREEX
TR EA
HRELETRFHAHNEZNADFHE (FH8. %3 . FARENE.
AW 2 HERF. FARK, RFHOFIIRE. REHAREFEL. XTEHHS
FIPMIES (W -B-RA. RETHIMMAFREEEMAMNA . BEEE.
BHRMRAFEHURBENAFTRER AT EEHEE, EERTREF.
GitogM: AREEURREEAHNKX N FHE (FEZ) , 2 XL ENEAW
AAFEK (Balk) . ARBEA R RIAFARRUBENEA BB ELBEXT
BERAFARERMELNER, WM p0.06 EXAHERUTFREZR

=. My EE

BAAHAKEFE, ARPNNBAHS L BEXTERF AR 281 ], LL1:
1 R (£32)  BAl. FAEH (£60 X) FAEM, 4 281 FlEZENE
ANBHABRATERTFARE., ELERE, NBEABIFRASENBEARBFAS
WREASP AT EL K (NEAMBFALETHFE N 67.33 [6.86] %; Al
BANFAHAN67.38 [6.51]1 %, 1. A BFERWB AT RRFLWH N ERT R,
HF 52, 6ThMEF A AMET B, MAEFERERL BMD . QWM EER.
WK, ZEREFS (ASD) T2 LEERZR (FTAEESLITEN p>0.05)

RANERRARFEEFAEAER AR EZR. EFANKE, NEAL
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FHFARKA 97.56 (21.25) 44F, MAEALE AL N 79.05 (19.54) 44F, HL#
AFAAFARKTE FTENEAL (p<0.001) . MEAFEIREL, KHWHEE
ARG REHNR D, HARMIURTHIIRENE IR, ARAEE, HEA
R F IR LA T T ENE AL (1.42% VS. 9.25,p<0.001) . HAEFEARF
HhE LR EZER,

. #Fitie

B RBRELE, ARNNANBEARB LR XTELRTFAEZ SENEA
FAUBLEREGRELEEZR . EFAMEXENRL, MBEAHIFARARK,
ERFERED, XEREFARE K. ARRTINEAHIBRATESLAGGE
R AU BT, R JE A U B2 F Mk & (Hampp, Sodhi, et al. 2019), —
TR MEPA BB 52 R B, AL8 A HH BO IR % 7 B 3 AT DL D B IR U R B FE R 5
(Kayani et al. 2018). Siebert % A EIFl1E 24T T 120 ] &= (F o 70 ] 4 4L 2 A% By
ARATERA) , ARETNEAMB AT ERA S RHLIFIKE /D (Siebert et al.
2002), M4, fEH—HREEMEEHENEA, NEABBBRATELETFT AT
H R D B 3 55 B 7 % 1 0T (Hampp, Chughtai, et al. 2019), #1285 A % B F A 4t # 41
FHRPERTEFHRERBETREAENFT. REXT L. TH T &R IR,
FEREFM QM (FF etal 2023), EHEGFIEI VT AEREREA T R BE, ROHKAE
PRRBEWNRG, GEAFAMEL, NBEARMIATERAGEZNEERE. &
JB T SR A 4 3 6 9T ok $% T BE 3% (Hampp, Chughtai, et al. 2019).

HREREHBEUE, AANBEARHFAN AT ELREFESERTE.
EaREURET X HOPH, LWEFHITEINEAREFRANEF .

Pk . ALEE A% By & B k0 B A AL A BB F AL B LR

HLBEAH FEMNEAA P &
(n=281) (n=281)
F¥, & 67.33 (6. 86) 67.38 (6.51) 0.38
WA, & 230 (81.85) 230 (81.85) 1.0

BEHEEH R 281 (100) 281 (100) 1.0
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FAEMR, 147 (52.31) 142 (50.53) 0. 74
2022 4 LLJ5
A, 22 148 (52.67) 148 (52.67) 1.0
BMI, kg/m2 28.94 (10.93) 26.68 (3.86) 0. 068

& L R R 156 (55.52) 136 48. 40) 0.11
& R 50 (17.79) 48 (17.08) 0.91
ASA P4 1% 93 (33.10) 106 (37.72) 0.33
FAEK, min 97.56 (21.25) 79.05 (19.54) <0. 001
AP HmE, L 50.14 (37.79) 46.26 (27.55) 0.17
A#FFME >0 mL 4 (1.42) 26 (9. 25) <0. 001

BMI,

body mass index; ASA, American Society of Anesthesiologists.

EERTEHNTHE OREZE) , 2 XX EARK (ALl .
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FANBABRARFALEEFWEULE
PR HOE B E A AR B

W E AEEMERX-RULFRHN—MOEME, HEK
SatEila, BRI ANE. BEREZUSENHREEETFEN
ENETIEFEALTRER, BEEHSTTT, ENSEEEXIE
SHeFEFIMHLMENIXEH, RAZETTT. £AKNX
B, EATEE R BB A AT, LS Tl AFR T BF L AR
EETTHFUFANBAAAN T ERARFEBHERASEREL
A o

X & | FANBEA BEARA; EULSE

REFANBZNEA & RAF AR5 T T HRERE, REHFREEN
B2y #H1h E A B 5 By 377 /7 (Abrishami, Boer, and Horstman 2020; Lanfranco
et al. 2004), & £ 2022 F )k, 2IKEAHEKL 7,700 &L & A F ARG AE G R+ E A
(Intuitive Surgical 2023; Peng et al. 2023), H it Ef = +F 9, #HAT T #ET 1,400 7
] F K (Intuitive Surgical 2023), FEZ £ LHE /A, WERE., @RI ERZE
JF J& (Anderson et al. 2012), B iR =, NHEAFANERLHZ AW, GFEHTF
AEHEFENRETE, 27U E S HE BN, HhrFHEH UK EIAIH
& % B0 # & 1 % (Lanfranco et al. 2004), 78 314 R4 1F £ s )R B 0L 5L 7] —
REELHREFHIERRR, WREOFAFLE. HhiE. FHEMERNFE L
RESHFEREAJE S G K Z % (Song et al. 2022). 4T, KT FANEARLAE H5
BAML B AT RGN EENFESDEWN, ZEGRAAFATFAGFALML, F
AEANAHEENREREMARNAR, B LA AX U TRREFEELELETY
FUBAREER, HAREKA, BA- T2 RHHESTTFFANREEHELERT
AENERERAR, EXLHRANERNLTER, LERFXTNEAFANX
W Fa % JF| B4 AE % 4 5 (Abrishami, Boer, and Horstman 2020).,

ETHFEREENELESE - NMLENTRE, ERXREL L Z LT

* REE, WIAFETALTAFR/ ) AFEHENER HEOA Group chenting 723@163.
com; #E, WNAFEBANAXLTEFR/WIAFELEENER HE0A Group 2352480696@

aq. com; EEM, LEAFLHEELEAXK yhpanpku. edu. cn; B EW, W AFELTEA
T A ¥R/ AT E W ER HEOA Group 2023224040041@stu. scu. edu. cn; EA GEfE
B , WIAFETAETAZR/ NI AFEFEEWER HEOA Group panjie. jay@scu. edu.
Cho
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B, TABA, HAZEHBKANXATEE L HH T T - ENA BT B9 RE
i (Randell et al. 2019), #F X, EHAT HLEF, TIREAKFNMER,
AACEHRFOEZHEGCRKRAL —HEANEELE,

DA EA (FANEA) KEIEXEH AT A G H 0 5 W&
% 4% H & z — (Fabian Dekker, Anna Salomons, and Jeroen van der Waal 2017), [ i,
HAREH, KEHEA AN TERFHRANABAL R EEEANFRFTEH w0
I E, WA 2 H F I8 kR 2 F (Abrishami, Boer, and Horstman 2020), — T 7£ %X
MAREFREFNFARERA, EARRY, “EFMIRFRA”ZLE “HNBEA” —HK
MEAMRRICZ —, BRF TR 5% 8 A A IHE AL EFFo S F AT L
J& Z& A 4% #7 (Ray, Mondada, and Siegwart 2008), 4k, £ E X & T4 A 8
AN REEFEREZR, —TEEZARXKHA, HERMN, HRA 80%) E
B8 B 2L B AT E #4889 B 1B F| (Haring et al. 2014), M4h, STFFLHH “ L35
FFANBEA”, IANALFECERNNME RS E—f “wBER " WK, A
EHAERRE RHFETRS "< FAE " M % 2| F 45 Ffr 18 # (Abrishami, Boer, and
Horstman 2020).

RAEME, BAXRRARKNETIM A EELESTFANEANERALSE, £
BEEELAWANTE: “ERAIXFERA"F“HEakia”. “ERBIFAR T
AATFANTEH. —MRYFFAEERAR: REARHFEE. FIE., FIEANK
B AR fE R 5 DL R A R4 (Randell et al. 2019), #4a¥ %Y, NEAFAWE R
HEEAR, TEEETRGREEE LG &R AT LS KA (Soomro et al. 2020)
F—MNTEZEXNEF: FEH MBI H 2 A DR AR L i T3 0 7T e
4 < fk (Randell et al. 2019), S4h, EIFTE KA ZE T 5 HH W = 4 E WA —
L — /% H £ (Compagni, Mele, and Ravasi 2015), “#H 2 > Bk g F R4
RWmeE., BIBRATR AW E A, UK AEAEH T E (Compagni, Mele,
and Ravasi 2015), RZ &, FANBEARAAER EWEL, FHEENAAE
T i & & 8947 & (Schwartz and Woloshin 2019; Sheetz, Claflin, and Dimick 2020),
M, REFERELLHANAET. REALHCAFEA—F, “REFANEAZR
ERE AN FARE R E N & & H B A F# 7 (Lanfranco et al. 2004),
X 3 4 A & B T & R L& A AR HY X 8 o € ] & (Barbash et al. 2014; Wright
etal. 2016)=, BAALER KA, EAMBWFEETTZ T, FANZEAWN < FF UK
wPHEEUERE R, RAARNAARAEXE, H7rEREXSFSFX
T FANEAT “AB” ZEAETMEALCEA, URBE5FETFH XA
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1t ”(Sundaresan, Boysen, and Nerkar 2023), X 7 &t 5 E 7 W37, A4 ELF % & W B
HX, FARFE—Fit, BE, —MAKRONESFRELERET2ZNTEH,
TERBAETHEARZHNENRZ KA,

ENREENAAT, FTFANEANEE, TEBRETHMY “HAKZE ™ M
MoEZEEA BRI LRSEM"HRBEEAX. BREETBRRBEFER T E
WARERAT -, ENBAFARGHLEFALB T AN ELARET B E
BEFl, FRIEE, 50% f156% WA EAEFTHFEERTFAESRETHRET I
K, EENEAHBFAFS, X—#HF WA 23%(Bagrodia and Raman 2009)., 7 4},
FIMETREIPRELAELETENEMZ —, —THRER, FHEMUERIFE
R UNBEBEEFAEZZHXANEANIBIGRA, FREEEFAGUHFTE
200-750 Fl &, T ALE A F AR F AR B AE 4 NE LR EF ] dh &2 8 40 B
(Shah et al. 2021), 4T, ZHEAMSIFEFbfFE LR, Flio, JLEAHBTF
AW IANAEFZFARR FBERBERK, XT84 E £ NZE (Turchetti
etal. 2012) , FEB 73R K, FANEABWTNTAR KK, 42D HEAEHA
BARZ = “NMFREEN " WEBESIMELEFTRA, —BEAMNELHRT kE
BEEEWNCREA”, ERMACRENBEAFAKT L UWARBLH " FA,
(Abrishami, Boer, and Horstman 2020), b4, T EZ B & & AW, EAHLE
BT 4 F AR % 8 LS K T34 5 & (Shah et al. 2021), | RH % K80, BHWRET
B R AR E A2 KR A8 A B — A~ E Z H & (Miraldo et al. 2019), — 4P A E 4+ KBk,
UNBAFARZNERBRFHN, IIZERERTH T THA, EWRERTE
WE, WEFEEE T EELFRTHZENZE A (Abrishami, Boer, and Horstman
2020).

HRARRY, MBAFAWEIRERARE LEHIMEALAETTH, HX LA
T 5L BRI g 2 T A% B9 T E 5 4 A KU 3F A5 (Randell et al. 2019), SMAHE A
Xt R gl R B A B R X A1 3T R B 4 g 5 B9 AZ 0 [l & 2 — (Miraldo et al.
2019), FRtaRMARIRL LRI ZIMELE LB BAEF: ARTLARE
M4z Ao BR AL B K B9 L4 (Compagni, Mele, and Ravasi 2015), M4, #FREwIA K, 4
A B A XA F & R Y38 Sk = e 2 A B B9 B 2 — (Abrishami, Boer, and Horst-
man 2014). BA T WA E D KA RE, EENFHEARMEEZ R, Fla, £—4
BEA, FIFBAWNEZEEFEN, SREXAEEMN, SFFRHAIHELE
25 FRNBEABEAF Y 5 F L2 £ & (Farivar, Flannagan, and Leitman 2015),
WorFREANEAEAEREN WL ELI, FHAZEBAERANTEH,
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ENRAENRERE EWHRT S
R EFE TR ALY

NATHANIEL BREG*

F E EEEAVHWBEEZFFOEULSZHETR
BOBFHEFTEE, XEAXETTHBEATRESRNEE L FE
BB B AR FWARAE . R RA FRoy A AT Z AR F A, Hd
WHRBERFEATULFNER. ZEA L FF TELT EETE
MERIEFEHNE LI, BI-FHAERN T AR T RAR ST, U
TREEAEGET MBI ARNEE. KRAREALZFINFRELER (
HeD) FANERWES, BN THATECTEFANERWER,
EAMEGTEZEEGEMERT (F) FEURANTIELE. &£
MedicareE IR fhfe R, B EZRERIT, AFARKLIA, HTEX
AMFAFTAZ B EENAGESE, M THEMBTFTENRAR, BEEER
FAREHNERKENESL, EF\NKEEFH. XEH, 2OEFZLE
HFIFHAEY, BERFAFEN ., BINFRARFT N, KAR
fEit, TXEAFEE, BEEFATEF REFREL, XRAST
AR, TREELLNERET A,

JEL 4 % 11, Jo

X B W URH®H EAEFE EAHAR BEAAR FA &
{EX-3:3

—. WK

ARAREBME LN TETHREET T WRBEAESRAREREFREE L F
ERE, MLAHFHEATUEF, UEXREH, PR ES MEMELEE L TWE
#, HEHOLERXLEH, XAARLETHENESH (CT) AARETHFHEET
& 3], (Trajtenberg, 1989; Grieco, Murry and Yurukoglu, 2023). 1 [6 89 % 1L ¥ g8 & &
WAL RN EEE. A REH Roy A EH, EOAX LN AR P, ﬁﬁ
MEATULE, BHA-—MEAE—NEE LREES RS, EEF—NEE
EFEERGE, EAMRT, BEERFAERARE %T%ﬁth%ﬁk%ﬂﬂihﬂflﬂffﬂ,

* Nathaniel Breg, Stanford University.
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EHERAFEEHAET . B, vXANEAHBAZBELFLZRWELE
REBHHENRNG, ZMWRAELI, ZRHFTEAT REERIS T2 EHEM
H %, &4 W % % (Finkelstein, 2007; Acemoglu and Finkelstein, 2008; Clemens and
Gottlieb, 2014), 1z & 4 (Skinner and Staiger, 2015) Fu# # A i % 3L 12 F B9 1T B [E 55
(Dranove, Garthwaite, Heard and Wu, 2021), 7 H£ ATV, AL FHAEZHTE T
A [l # A $E 7] € 37 84 pk A 48 35 (Bresnahan and Greenstein, 1996). 7= &b & 4E 7 IR
(Gross, 2018)., /& ### (Karshenas and Stoneman, 1993) DL % & = & %} % #& (Goldfarb,
2005). AHREHATBEAT UL, BAEBRAEXLEZNARBERIANARL
kS

RAAREFE LT EAARBILIT AL EF ARG ATREEL PR AENH
B, UWEBEBERA LW, #RETENES NE 7 % (McClellan, McNeil and
Newhouse, 1994), #R EH#E —MERFTEMN T 7 —MERTENESEEE A
TEALXE, REHTEAMHEEZALTARRASHWEZWLERN., FHF, #ARE
HHREFHHTEREETETRANERRANEZF B HTEATENBRAY
ERRAWNEENENES, REHEERETEVRAENS TES FTEMBRAER
NMNEEARER LR W, ARFEET - IMHBREBHUAZFER ., JLFLEA
EEWREERNEE LRt fo 7 — AN E ERydF 2 9 | e A, %MTEW
TALZETRAFEHLF A Wﬂﬁi 2 2 SCHR P R B AL B R A v R R X

AT E BB, BN & AR BT R A A B?i'ﬂﬁtfiﬂﬁﬂmk;k%ﬁt
P2 N HY IE A AR 4 A (Heckman and Vytlacil, 1999, 2001; Heckman, Urzua and Vytlacil,
2006).

ok, Wit B AAE, UG A 2RO R AY SRR,
—. ¥

AT AR E O R, AFAMET —A Roy (1951) # A, FEZHEE +,
BEMEARBEERTENEFERH I MEENTE (MARRE-—MEE) R&EE
A, BEGAFAREGRARARELEZ RS LR FAEERAY WEE T
A EHEAY, BEERFAEHARATHAEERMAEE LXAESF, BHER
welm, EXEREAREREY. ik, BREREFAZEDELUTREE ML BHF
ABETEREGHEANRAL,



106 HEEFAET 2024568

=, Tk

K IR E T AR AR IR Bl o B AR X R, AR R AE R R B Ry T R
BRFAERNER, MY THIAKIWTREMNTETRAERWER, FAE
XREFEFAMFEEBTETNRANTEL &, A7 F A Medicare Part A R &
Wit AP ER L, XM RAKEANAT RENEEEARANET RF R
HEE AT, # &7 McClellan, McNeil 1 Newhouse (1994) #9# % 4 % . Hadley #u
Cunningham (2004) 4% 45, BB % 47 2 & 0 2200 v Be 4k 5 2 R AE RN & Z 5 &1
BE, ABERZPE, KARRERT AV EZFELXRE. ERFEMER
A X 1] AR o

W, Ik

KA RPN T 2007 4 Z 2008 4 f7 A Medicare Part A B £ WA FTETHR A, X
B 3340 K EMFH#HATHN 61,241 Bl FETIRA, XERBEFAHEART BERITU
FH#ATHFA, GIBRT REMERWEH R AL, AATEXLEEELSZEFHK
WE TR EH A RKAFELREHATT 65

A, %R

MERH, TERMTEVRATEZ M EENATER, BEREFALER
DEE A g I BN 2 A7 AR E. AT, ReEtER TAXER
RHWEZERIEERFTAR, ERHAAE 2 AREKHBEELEZETF AL
BHKY 55%, Ef(110 RA2HEBANRHBEE BT 23%-36%. KL HAF HLAM
XA TAX ERER AR EHEF FE 4 E 2 8 A

ARREA MBI, SELRFRFEAGNELFHRTEERT EWBRAENT
BT EMSRANNE RARE S, UWIFEERUTEER T EWRAZFNEAR
RAEZAKE. BIRER— K% Z 2,490 % 7T (Foundation, 2021), F A\ [ Hy 5%
A& 15,200 % 7T (Weiss and Jiang, 2006), A2 A B 708y 2 1t & H, A TUREH,
FERE S F R T REA R TR S A 0 2,054 0, XN RRT KM T 2 MK,
ARAFRPNELSEEAR, MEFSEREAEBEANRELTTRILERSE —KREH.
i, AAEEEZANAERE, EXY Medicare BEENTETRARE Y, K
BRFATRTRLS.

wE, ARALRARNBENFAEANR L EAEZR, THT ZAHNLRES.
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