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The Impact of Surgical Robotics on
Surgical Risk and Uncertainty:
A Comprehensive Economic Evaluation

By Ermo Chen*

The widespread adoption of surgical robotics in clinical practice
stands in stark contrast to the inconsistent findings in health tech-
nology assessment (HTA) studies. This divergence likely stems from
the inability of mean-based HTA tools to capture the risk mitigation
capabilities of surgical robotics. While surgical robotics may not
fundamentally alter the clinical mechanisms of certain surgeries,
their standardization and stability mitigate the inherent uncertain-
ties of human actions, potentially leading to more consistent out-
comes. This distributional aspect of outcome warrants discussion

in HTA evaluations.

This paper evaluates the impact of introducing surgical robotics in
healthcare institutions on the risk and uncertainty of service out-
comes. The variation of in hospital stay duration, clinical outcomes,
postoperative complications, clinical errors and intervention costs
are all incorporated into the assessment. Utilizing service records
from a market-dominant surgical robotics supplier and statistical
data from an IT provider covering over four thousand hospitals in
China, a sample set of 4,231 hospitals with 30,936 hospital-quar-
ters, covering 15 years (2007 - 2022) and 29 provinces is analyzed
in this paper.

To analysis the overall effect on hospitals by introducing surgical
robotics, the evaluation is made on model points made of hospi-
talquarters, because only grouped attributes contain distributional

information. A time-varying difference-in-differences approach is

* 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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introduced to identify the causal effects of introducing surgical ro-
botics. A mixed causal inference test is used to ensure robust con-
clusions. And also, we developed a novel generalized linear regres-
sion method tailored for variance decomposition is proposed for a

coherent framework of uncertainty analysis.

In conclusion, this paper shows that the introduction of surgical
robotics significantly reduces surgical mortality rates and sub-
stantially diminishes the uncertainty associated with medical er-
rors and postoperative complications. These benefits are under a
considerable but acceptable cost. These findings underscore the
importance of considering the risk-mitigating aspects of surgical
robotics in economic evaluations of this health technology, which

may lead consistent HTA findings.

Keywords: Medical Robot, Death Rate, Surgery

The prevalence of robotic surgery has seen a significant increase in recent years,
transforming the landscape of surgical procedures. A cohort study analyzing data from
169,404 patients across 73 hospitals revealed a substantial rise in the use of robotic
surgery for general procedures, increasing from 1.8% in 2012 to 15.1% in 2018 (Mehta
et al., 2022). This trend indicates a broad and immediate adoption of robotic surgery,
often at the expense of traditional laparoscopic minimally invasive surgery, which saw
a decrease in usage.

The adoption of robotic surgery has been driven by several factors, including tech-
nological advancements and the potential for improved precision and control during
operations. A review article highlighted the evolution of robotic surgery from skepticism
to becoming a standard of care (George et al., 2018). The integration of robotics in sur-
gery has been facilitated by developments such as the Da Vinci Surgical System, which
allows for complex procedures with enhanced dexterity and a three-dimensional view.

Despite the technological advancements, concerns regarding the cost-effectiveness of
robotic surgery persist. Some studies have suggested that robotic surgery may be more
costly than traditional laparoscopic surgery, without always providing additional clinical
benefits. For instance, the FDA has issued warnings against the use of robotic surgery

for certain cancer treatments due to a lack of evidence supporting its efficacy (Food and



September 2024 SMART SURGICAL QUARTERLY 003

Administration, 2023).

The clinical benefits of robotic surgery are still a subject of debate. While some studies
have reported improved outcomes in specific procedures, such as roboticassisted liver
resection (Lafaro et al., 2020), others have found no significant difference in outcomes
when compared to laparoscopic or open surgery. A metaanalysis comparing robot-as-
sisted liver resection to laparoscopic liver resection found no significant differences in
clinical outcomes (D"1az et al., 2015).

The rapid growth of robotic surgery has also raised questions about the training and
expertise required for surgeons to effectively utilize these advanced technologies. The
learning curve associated with robotic surgery is a critical factor in determining its effec-
tiveness and safety. Additionally, the economic implications of adopting robotic surgery,
including the impact on healthcare costs and resource allocation, are significant consid-
erations for hospitals and healthcare systems.

In conclusion, while robotic surgery has shown promise in enhancing surgical preci-
sion and patient outcomes in certain contexts, its increasing prevalence raises important
questions about cost, efficacy, and the need for ongoing evaluation of its role in various
surgical procedures. The surgical community and regulatory bodies must continue to
monitor the adoption of robotic surgery to ensure that its use is supported by robust clin-
ical evidence and that it contributes positively to patient care.

The impact of robotic surgery on clinical outcomes has been a subject of considerable
debate, with studies yielding both positive and negative results. While some research
indicates that robotic surgery can lead to improved precision and reduced postoperative
complications, other studies suggest that it may not always offer significant benefits over
traditional surgical methods and can sometimes result in higher costs and longer opera-
tive times. A systematic review and metaanalysis by Kowalewski et al. (Kowalewski et
al., 2021) compared laparoscopic and robotic-assisted rectal resection, finding no signifi-
cant differences in most clinical outcomes. However, they noted that robotic surgery was
associated with a higher cost, raising questions about its cost-effectiveness. Similarly, a
study by Bongiolatti et al. (Bongiolatti et al., 2020) on robot-assisted minimally invasive
esophagectomy found no significant differences in oncological outcomes between robot-
ic and open surgery, but highlighted the need for further research to validate the benefits
of robotic surgery.

On the positive side, Ramirez et al. (Ramirez et al., 2017) reported that minimally
invasive radical hysterectomy using robotic assistance resulted in fewer conversions to

open surgery compared to laparoscopic methods. Additionally, a systematic review by
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Vijayakumar et al. (Vijayakumar et al., 2020) in the field of oncology suggested that ro-
botic surgery could offer improved outcomes, although they also noted the need for more
rigorous research to support these findings.

Conversely, a study by Audenet et al. (Audenet et al., 2020) found evidence of atypical
recurrences after robot-assisted radical cystectomy, indicating potential risks associated
with robotic surgery. O’Sullivan et al. (O’Sullivan et al., 2018) conducted a meta-anal-
ysis of lobectomy approaches and found no significant differences in outcomes between
robotic, video-assisted thoracoscopic, and open surgery, suggesting that robotic surgery
may not always provide superior results.

The inconsistent impact of robotic surgery on clinical outcomes is further highlighted
by a systematic overview of reviews by Muaddi et al. (Muaddi et al., 2021), which found
that while robotic-assisted radical prostatectomy offered some benefits, such as fewer
biochemical recurrences and improved quality of recovery, these were only observed
up to six weeks postoperatively. The authors concluded that more research is needed to
determine the true value of robotic surgery.

In summary, the literature suggests that while robotic surgery has the potential to of-
fer certain benefits, such as improved precision and reduced conversion rates, it is not
universally superior to conventional surgical approaches. The decision to adopt robotic
surgery should be based on a careful evaluation of its clinical benefits, cost-effective-
ness, and the availability of robust evidence supporting its use (Kowalewski et al., 2021;
Bongiolatti et al., 2020; Ramirez et al., 2017; Vijayakumar et al., 2020; Audenet et al.,
2020; O’Sullivan et al., 2018; Muaddi et al., 2021).

In summary, prior works does not show coherent significantly benefit on surgeries
with introducing 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 reliable result beyond expectation, such as risk and uncertainty, in cohort studies.
This force us to use larger data sets in a retrospective way.

We investigate the effect on death rate changes by introducing medical robots. Prior
works does not show coherent significantly benefit on surgeries with introducing med-
ical 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- ducing medical

robots (Borden et al., 2007). while in real world it does become more and more popu-
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lar. More driving factors need to be excavated. Too few samples to draw reliable result
beyond expectation, such as risk and uncertainty, in cohort studies. This force us to use
larger data sets in a retrospective way.

We investigate the effect on death rate changes by introducing medical robots. Results
show that the medical robot can lead significantly reduce on death rate of surgery. This
is part of the project of researches on medical errors.Results show that the medical ro-
bot can lead significantly reduce on death rate of surgery. This is part of the project of

researches on medical errors.

I. Data

A. Data sources

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

Statistical records from 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.
B. 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

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

which modeling the cost effect in areas and periods. A reasonable result should shows
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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

SMART SURGICAL QUARTERLY

on sample sizes.

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.

II. Cross-sectional Analyses

A. Effect on death rate

The regression model in this section is

Frovince{T 12]

where we use two kinds of variables measuring the level of introducing robots, the
number of cases down with robots, and the rate of cases down with robots w.r.t. the sam-
ple 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.

(2)

2000

DeathRate; ; ~ Robot; ; + X; + I,
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FIGURE 1. ESTIMATION OF COEFFICIENTS

So both of them are considered in the process of analysis.

September 2024




September 2024 SMART SURGICAL QUARTERLY 007

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 IL.A.

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.

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_ Yes
Grade
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

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.A.

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
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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.A for robot counts below.

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_ Yes
Grade
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.A for robot rates.

Coherent conclusions with former regression result
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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

B. Effect on in-hospital days

The regression model in this section is

3)

InHospitalDays; ; ~ Robot;; + X; + I,

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.

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

-1.33E-01 -9.52E-02 -2.99E-02
0.8756 0.9121 0.9729
Yes Yes
Yes
Yes
Yes
30,904 30,904 30,904
0.0245 0.2178 0.9134

7.37E-01
0.5969
Yes

Yes

30,904
0.3736
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R-squared 0.0000 0.0004 0.0030 0.0568

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

Effect on in-hospital days

Robot_Rate -1.13E+03 -7.70E+02 -2.00E+02 3.91E+03
p-Value: Robot_Rate 0.9277 0.9508 0.9873 0.8382
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 30,904 30,904 30,904 30,904
F-stats 0.0082 0.2177 0.9134 0.3735
R-squared 0.0000 0.0004 0.0030 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 -4.04E-03 5.79E-02 1.57E-01 5.42E-01
p-Value: Num_of_Robot 0.9969 0.9561 0.8945 0.8309
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 0.3284 0.1813

R-squared 0.0013 0.0015 0.0027 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_ Yes
Grade
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

C. Effect on cost expectation
The regression model in this section is

(4) ExpectedCost; ; ~ Robot;; + X; +1t, 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 2.72E+01 2.63E+01 1.93E+01 3.34E+00
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
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Second is the the results on robot surgery case proportions.

Effect on cost expectation

Robot_Rate 3.47E+05 3.37E+05 2.67E+05 1.18E+05
p-Value: Robot_Rate 0.0000 0.0000 0.0000 0.0000
Fix Effect: Time Yes Yes Yes

Yes

Fix Effect: Hospital
Fix Effect: Divisioin

Fix Effect: Province Yes
Fix Effect: Hospital_Lv Yes
Fix Effect: Hospital_ Yes
Grade
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

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.
D. Effect on cost uncertainty

The regression model in this section is
(5) VarianceCos .« ~ Roboti,: + Robot:,«(1— Robot:.:) + Xi+ I, @ = SampleSize-

where modelling the variance of cost. Other settings are similar with the former section.
The term of Robot; (1 — Robot; ;) 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.
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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+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 is the result on division level statistics.
Effect on cost uncertainty
Robot_Rate -1.43E+13 -1.07E+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

We can claim that there is no significant difference between robot surgeries and tradi-

tional ones.
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III.Time-Varying Difference-in-difference Analyses

In this section, we build a time-varying difference-in-difference model to judge that
if the attribute observed above is actually caused by the introduction of surgical robots.
Similarly, we use model points as hospital x quarter, and a treatment trigger labeled by
if has already introduced the surgical robots for some of the surgeries.

For models except the ones on variance, the regression equation are designed as

(6) Measure; ; = a + p; + A\ + ORobot_Rate; ; x Post; ; + Xj,

where Measure  is the target measure, which could be represented as "Death Rate’,
’Average In-hospital Days’ and "Expectation Cost’. And also, Post, represents for if the

model point is already under treatment, which means
Post; ; = I(Robot_Rate; ; > 0)

For models on variance, the regression equation are designed as

7) Variance; ; = a + p; + A¢ + 61Robot_Rate; ; x Post; ;
+ 62Robot_Rate; (1 — Robot_Rate; ;) x Post; s + X;,

with all other settings the same.

TABLE 1—EFFECT ON COST EXPECTATION BY INTRODUCING SURGICAL ROBOT

()] 2 (3) 4
cost_exp cost_exp cost_exp cost_exp
90858.039*** 67088.417* 64013.461* 63159.306*
(27176.581) (37267.088) (34551.897) (35230.905)
hospital level Controlled 571.574%%% 477.949% %%
(59.393) (60.474)
grade 1597.509%*** 1539.725%%*
(164.393) (148.454)
Province cons 7959.176%** 5215.464%** 23148.462%** Controlled
19944 .458%**
(1884.634) (1847.924) (3502.365) (3627.37)

Observations 30936 30936 30936 30936
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IV. Conclusion

In summary, one can show that both in cross-sectional analysis and DID results, the

effects on outcome by introducing surgical robots into hospitals are similar. The major

findings are shown as below.

TABLE 2—EFFECT ON IN-HOSPITAL STAY LENGTH BY INTRODUCING SURGICAL RoBOT

(1) )] (3) (4)
inhos_exp inhos_exp inhos_exp inhos_exp
670.501 475142 88.884 32562
(873.401) (467.394) (182.644) (214.883)
; Controlled
hospital level 44583 21735
(44362) (21.192)
grade 122.15 128.314
(113.373) (118.296)
Province cons 2171.183 127.005* Controlled
-203.805 -188.545
(1671.862) (199.519) (71.862) (247.309)
Observations 30904 30904 30904 30904
TABLE 3—EFFECT ON DEATH RATE BY INTRODUCING SURGICAL ROBOT
)] (2) (3) )
death_rate death_rate .031 death_rate death_rate .026
- Q5Fx* 026
(.014) (.021) (.024) (.024)
hospital level Controlled
0 0
(0) 0)
grade 0 0
(0) ©)
Province cons 012%* Controlled
005 005 O11**
(.005) (.005) 30936 (.005) (.005)
Observations 30936 30936 30936
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TABLE 4—EFFECT ON COST VARIATION BY INTRODUCING SURGICAL ROBOT
(1 (2 3) “ 5)
cost_var cost_var cost_var cost_var cost_var
1.846e+11 -3.172e+11 1.027e+11 7.298e+10 -6.194e+13
(3.761e+11) (3.121et11) (1.135e+11) (9.318e+10) (6.001e+13)
hospi Controlled
ospital
level
-1.560e+10 -1.388e+10 1.925e+11
(1.278e+10) (1.009¢+10) (1.406e+11)
grade 5.527e+10 5.204e+10 -9.663e+11
(5.575e+10) (5.632¢+10) (6.829e+11)
Province Controlled Controlled
cost_exp 4.601e+08
(3.234e+08)
_cons 9.831e+10%** -1.070e+11 1.234e+10 -1.081e+11 -8.482e+12
(3.096e+10) (1.163e+11) (1.822e+10) (1.248e+11) (6.204e+12)
Observations
30936 30936 30936 30936 30936

* Surgery Robots will help reducing the death rate in hospital significantly.

» Although the average cost has a significant increment, the variance is somehow un-
der control.

* The length in hospital is not significantly effected.

In conclusion, this paper shows that the introduction of surgical robotics significantly
reduces surgical mortality rates and substantially diminishes the uncertainty associated
with medical errors and postoperative complications. These benefits are under a con-
siderable but acceptable cost. These findings underscore the importance of considering
the risk-mitigating aspects of surgical robotics in economic evaluations of this health

technology, which may lead consistent HTA findings.
V. Declaration
This is still a processing version, the finally result could be different.

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.
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We have

(AD)  X; ~E[X;] = p1, Var[X;] =o0?,Vi
and
(A2)  Yj ~E[Yj] = p2, VarlYj] =03,V

say X for other surgeries and Y for robot ones for example. We have model points’ result
of variance, with N7 cases of X and /N 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.

1 Ny ;X71+ 21Y7 No ZIX"'—'— ;1}/]
Varlz) = st |30 - T [ | T
=1 j=1
(A3)
1 N; Ny 1 Ny No
- (T - g v )
N-1 i=1 j=1 N i=1 j=1

where N =N1 +N2 .

Then we can get

1

E[Var[Z]] = N1

Ny Ny
lNl(u% Fod) NG+ o) - LB X+ Y Ym]

(A4) i=1 j=1
1

1
— o (M0 oD + N 4 o) -

L (Vi + o) + NaGu + )|
1 1
t T [ﬁ (N1(N1 — 1)p? + No(No — 1)p3 + 2N1N2,u1#2)]

M N Ni—1, NaNa—1, _NiNy
- 272? H1p2-

No
_N1oo oy Nooo o0 N1 N2
= N(,u1+01)+ N(M2+02) N N_1M TN N_2H N

N o . )
Use 3¢ = A for simplification, and under the assumption that

(A5) N1 < N2 < 1,

which is suitable for our case, we can get
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Then we can finally get

(A7) E[Var[Z]] = [05 — oF + (u2 — p1)?IA — (2 — p1)° X + ¢
= (03 — oA+ (2 — )’ A1 = V)] + ¢

where c is independent with A .

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

and test result of O’% — a%.

(A8) Ho:0? < o5 wv.s. Hi:op>o03
(A9) X~Yot+e — X
(A10) Moy N1 N1
N " N—-1 7 N-1 " :
(A1) Bs~0d0+e — ag, ks
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Robot Adoption in Chinese Hospitals:
Progress Report

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).
We thank Da Vinci for providing the market data. All errors are our own.
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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
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initiated in Figure 2, the analysis extends to the level of hospital departments, incorporat-
ing additional specialties such as Pediatrics, Gastroenterology, Hepatobiliary Pancreatic,
and Thyroid. As presented in Figure 3, only the Thyroid department exhibited a notable
delay between the installation of RAS systems and their operational use, suggesting a

latent phase of adoption for certain specialties.

§ | Cardiac General Surgery Gynecology
o 8
-
[=% _”ﬁﬂd
7]
F =
S § i Head & Neck Thoracic Urology
3
Eo
Z 81
§ J

= T T T o3 1 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 Opera

FIGURE 2. INSTALLATION And OPERATION OF Ras By CATEGORY
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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.

Summary Statistic

The summary statistics presented in Table 1 provides an overview of hospital-level
metrics across the control and the treatment groups, segmented by month and week lev-
els. Key indicators include average length of stay, number of patients, department level
death rate, total revenue, self-pay revenue, and nursing revenue, all measured over the
period from January 2013 to December 2022.

The mean number of patients admitted is substantially higher in the treated group, sug-
gesting that hospitals with the da Vinci system may handle more complex or advanced
cases or these hospitals with da Vinci are generally San Jia hospital with larger com-
pacity for more patients. Although treatment group on average have 2.5 times patients
compare to control group, they make almost 4.7 times more on department total income,

total self-pay, and nursing revenue.
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Table 1:
Summary Statistics for Hospitals in Sample (in Thousands)
M) @) @ @
Month Control Month Treat Week Control Week Treat
Average Length of Stay 12.74 13.86 12.74 13.84
(7.70) (8.54) (7.99) (8.78)
Number of Patients TT1.87 1898.07 186.13 457.23
(1533.33) (4941.31) (365.08) (1181.38)
Deathrate 0.0053 0.0068 0.0053 0.0068
(0.0146) (0.0187) (0.0195) (0.0243)
Total Revenue (1,000 Yuan) 10,200 47,900 2,465 11,600
(25,600) (117,000) (6,220) (27,900)
Self-pay (1,000 Yuan) 3,430 14,800 828 3,681
(11,500) (63,800) (2,723) (15,200)
Nursing (1,000 Yuan) 275 910 66 220
(699) (2,228) (166) (528)
Hospitals 2,854 66 2,859 66
Observations 123,449 4,662 512,059 19,303

Note: This table shows summary statistics for the sample of hospitals included in the main hospital-
level analyses. All characteristics are at the hospital-month and hospital-week level spanning Jan
2013 to Dec 2022. Average length of stay is caleculated by summing all patients length of stay
then divided by total number of patients. Death-rate defined as how many death divided by total
number of patients. Revenues is calculating at hospital department level in thousand of Yuan.
Standard deviations presented in parentheses.

Empirical Model

In this section, we present the empirical analysis to assess the impact of the first-time
usage of the da Vinci Surgical System on various departmental outcomes. Our analy-
sis employs a Difference-in-Differences (DID) approach, leveraging a panel dataset of
hospitals and departments to estimate the causal effects of this advanced surgical tech-
nology. Below, we outline the empirical model, discuss our identification strategy, and
summarize the main findings.

We estimate the impact of the da Vinci Surgical System installation using a general-
ized DID approach, where our outcome variables Yjj¢ are regressed on a set of event-
time dummies representing the periods before and after the installation. The model is
specified as follows: (He and Wang, 2017)

Yi‘j,t = a+ FirstProci,j,t +p;; + Y9 + €ijt
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where Yij¢ is the outcome for hospital i department j in year t, FirstProc;;, is a
dummy indicator that equals 1 if hospital i department j in year t has started to use the
da Vinci robotic system, and 0 otherwise. O, is the fixed effect on time, and P ; is the
fixed effect on hospital departments. Standard errors are clustered at hospital and depart-
ment level.

The DID identification strategy relies on the variation in the timing of the da Vinci
system first-time using across hospitals and departments. By comparing the outcomes
of departments before and after the installation or first-use, and against departments that
have not yet adopted the system, the DID approach aims to isolate the causal effect of the

da Vinci system from other confounding factors.

Test for parallel trend with Event Study

Since both hospital department fixed effects and time fixed effects are included in the
regressions, our empirical strategy essentially follows a generalized difference-in-differ-
ences model. To ensure that the trends in the outcomes between the treated and control
groups are parallel before the usage of the da Vinci Surgical System, we employ an event
study approach. Following Jacobson et al. (1993) and He and Wang (2017), we estimate
the following equation:

k<—12, k#1
Yie= aj+ 8+ B X Z Df + €4
k=24

Our outcome variables Yijc is a mix of payment variables for hospital i in department
jat time t. Yiit includes monthly total revenue, revenue from self-pay to nursing reve-
nues.

The dummy variable Djj¢ jointly represent the da Vinci first-time using event, define
Si as the year when hospital department first install the da Vinci robotic system. We de-
fine Di}tlz =1ift—s; < — 12 and 0 otherwise. In the baseline model we control fixed
effects A jj at the hospital level i department j and time fixed effect & . Standard errors

are clustered at hospital department level.

Baseline results

Table 2 reports the results of the Monthly DID regression analysis. The results indicate
that the first-time usage of the da Vinci system is associated with a significant reduction
in the average length of stay, with a coefficient for first proc of -1.181, significant at the
5% level. This suggests that patients spend approximately one day less in the hospital
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after the initial use of the da Vinci system, reflecting increased efficiency and effective-
ness of robotic-assisted surgical procedures. On the log form of average length of stay
we found a 5% level significant reduction of -0.066%. Continue on patient outcome, we
found that the impact on mortality rate is not statistically significant, as the coefficient is
close to zero. This finding aligns with the surgeon's qualitative insights that the da Vinci
system does not significantly alter patient risk in terms of mortality.

Regarding departmental revenue, we found significant increase of 1.385 on self-pay
revenue, this is likely due to China insurance policy does not cover high-end technol-
ogy surgery. Beside the da Vinci, Patient can choose to conduct laparoscopic surgery
for about ¥ 5,000 which are covered by insurance. However, conducting the da Vin-
ci system means that the patients have to pay 100% of ¥30,000. We do not observe
significant effects from the first-time use of the da Vinci system on other department
outcome, total revenue (0.099), nursing revenue (-0.196). However, there is a sig-
nificant decrease in per person nursing revenue (-0.1955, significant at the 1% lev-

el), suggesting that patients incur lower nursing costs due to shorter hospital stays.

Table 2: Month DID Regression Results

VARIABLES (1) (2) (3) (4) (5) (6)
avgstay deathrate patient Inavgstay Indeathrate Inpatient
First_ proc -1.182%* 0.001 -74.987  -0.066** 0.001 0.113
(0.502)  (0.000)  (55.465)  (0.030) (0.000) (0.125)
Obs. 126641 126641 126641 126641 126641 126641
Adjusted R-Square 0.524 0.367 0.736 0.587 0.380 0.839
VARIABLES (7) (8) (9) (10) (11) (12)
Inzfy Inzfje Inhlf pplnzfy pplnzfje pplnhlf
First_proc 0.099 1.385% -0.196 -0.016 0.958* -0.217%**
(0.139)  (0.788)  (0.150)  (0.038) (0.499) [0.041)
Obs. 126641 126641 126641 126641 126641 126641
Adjusted R-Square  0.795 0.801 0.779 0.674 0.801 0.749

Note: All dependent variables are transformed using levels and natural logs where specified. Fixed effects at the
hospital department and time level are included. Robust standard errors are reported in parentheses. *** p<0.01,
** p<0.05, * p<0.1.

Event Study Results

Figure 4 visualize the dynamic effects by displaying the point estimates of self-pay
revenue on department level, along with their 95\% confidence intervals. Each point rep-
resents an estimated coefficient of the treatment dummy variable for a different number
of weeks or months before or after the event. Notably, out-of-pocket revenue exhibits a

strong increasing trend starting from month 7, indicating a substantial positive impact of
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the da Vinci system on patient expenses. Nursing revenue on the second graph display

a negative trend starting from month 6, with significance at the 5% level by month 12

and beyond.
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FIGURE 4. EVENT STUDY FOR SELF-PAY REVENUE AND NURSING REVENUE

Robustness Checks
For robustness check we conducted studies with Event DD and Stagger DID and did

not find conflict coefficients.

Heterogeneity

We conducted additional DID regression and Event Study using each department data
only. We choose departments that have a high amount of da Vinci machines, which
include Cardiac, General Surgery, Gynecology, Thoracic, to Urology. We also filter the
data to focus on department with more elderly patients and the youngest patients. Lastly,

we split gender in order to see the effect of using da Vinci on different gender.

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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Health Economics Study of Robots and

Laparoscopy for Hepatocellular Carcinoma Resection

By X140 LIANG, HADING 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,
162 patients (81 in each group) were included for further analysis.

The results showed that the robotic liver resection group had less

* 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
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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,
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
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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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Patients undergoing liver resection (n=515)

Exclude (n=238)
Benign lesions (n = 97)
Metastatic liver cancer (n = 58)
Intrahepatic cholangiocarcinoma (n = 38)
Mixed hepatocellular-cholangiocarcinoma (n=2)
Other malignant tumors within the liver (n=5)

Missing pathological data (n =38)

Y

Patients undergoing liver resection for HCC (n =277)

e

LLR (n=175) RLR (n=102)
after PSM after PSM
4 Y
LLR (n=81) RLR (n=81)
Subgroup analysis

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
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significant differences in the remaining indicators. After balancing the baseline char-
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).

TABLE] — BASELINE CHARACTERISTICS OF THE LLLR AND RLR GROUPS BEFORE AND AFTER Psm

Baseline
characteristics
before PSM (n=277) after PSM (n=162)
LLR RLR LLR RLR P
p value

(n=175) (n=102) (n=81) (n=81) value

Age (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 24.1£3.6 0.021 23.6£3.0 24.0£3.3 0.406

Gender, n(%) 0.309 0.678
23

Female 18(17.6) 13(16.0) 15(18.5)
(13.1)
152

Male 84(82.4) 68(84.0) 66(81.5)
(86.9)
2.6 3.0 2.5 32

Tumor size (IQR), cm 0.163 0.082
(1.8-4.3) (2.2-4.5) (1.8-4.4) (2.2-4.7)
17.2 6.6 10.2 6.6

AFP (IQR), ng/mL 0.048 0.403
(3.4-2717.5) (2.5-110.2) (3.2-139.8) (2.6-110.2)
126.0 143.5 124.0 138.0

PLT (IQR), x10°%L 0.005 0.050
(89.0-172.0) (111.0-191.2) (95.5-170.0) (108.0-190.0)
13.8 13.5 13.5 13.5

PT (IQR), s 0.068 0.437
(13.1-14.6) (13.0-14.2) (12.9-14.1) (13.1-14.2)
1.0 1.0 1.0 1.0

INR (IQR) <0. 001 0.307
(1.0-1.2) (1.0-1.1) (1.0-1.1) (1.0-1.0)
14.9 14.8 14.2 153

TBIL (IQR), pmol/L 0.728 0.589
(11.1-21.1) (11.2-19.1) (9.6-21.3) (11.4-18.8)

ALB (SD), g/L 39.4+4.8 40.94+4..5 0.013 40.2+4.4 40.0£3.6 0.794
27.0 30.0 25.0 29.0

AST (IQR), U/L 0.026 0.100
(18.0-40.0) (23.8-38.0) (17.0-41.0) (23.5-38.0)
29.0 27.0 29.0 27.0

ALT (IQR), U/L 0.364 0.559
(22.0-39.0) (19.0-42.3) (21.5-39.0) (19.0-41.5)

Number of tumors, n(%) 0.819 0.658
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Single 151(86.3) 87(85.3) 68(84.0) 70(86.4)
Multiple 24(13.7) 15(14.7) 13(16.0) 11(13.6)
Liver cirrhosis, n(%) 96(54.8) 41(40.2) 0.016 38(46.9) 32(39.5) 0.341
Child-Pugh classifica-
0.049 1
tion, n(%)
A 159(90.9) 99(93.1) 78(96.3) 78(96.3)
BorC 16(9.1) 3(2.9) 3(3.7) 33.7)
Portal hypertension,
11(6.2) 0(0) 0.028 5(6.2) 0(0.0) 0.074
n(%)
History of liver
22(12.6) 14(13.7) 0.844 12(14.8) 12(14.8) 1
resection, n(%)
History of
56(32.0) 35(34.3) 0.693 27(33.3) 31(38.3) 0.512
laparotomy, n(%)
History of neoadjuvant
25(14.2) 10(9.8) 0.279 6(7.4) 9(11.1) 0.416
therapy, n(%)
IWATE tumor 5.0 5.0 5.0 5.0
0.949 0.576
location (IQR) (3.0-5.0) (3.0-5.0) (3.0-5.0) (3.0-5.0)
0.0 1.0 0.0
IWATE tumor size (IQR) 0.179 1.0(0.0-1.0) 0.140
(0.0-1.0) (0.0-1.0) (0.0-1.0)
IWATE the extent of 0.0 3.0 0.0 0.0
0.195 0.946
liver resection (IQR) (0.0-4.0) (0.0-4.0) (0.0-4.0) (0.0-4.0)
IWATE proximity to 0.0 0.0 0.0
0.0(0.0-0.0) 0.541 0.135
a major vessel (IQR) (0.0-0.0) (0.0-0.0) (0.0-0.0)
TWATE liver 0.0 0.0 0.0 0.0
0.049 0.988
function (IQR) (0.0-0.0) (0.0-0.0) (0.0-0.0) (0.0-0.0)
IWATE 0.0 0.0 0.0 0.0
1 1
HALS/hybrid (IQR) (0.0-0.0) (0.0-0.0) (0.0-0.0) (0.0-0.0)
6.0 7.0 6.0 6.0
TWATE total score (IQR) 0.176 0.57
(5.0-9.0) (5.0-9.0) (4.0-9.0) (4.5-9.0)
IWATE difficulty
0.003 0.916
level, n(%)
Low 27(15.4) 19(18.6) 16(19.8) 16(19.8)
Intermediate 82(46.9) 28(27.5) 29(35.8) 25(30.9)
Advanced 31(17.7) 35(34.3) 21(25.9) 23(28.4)
Expert 35(20.0) 20(19.6) 15(18.5) 17(21.0)
ASA classification, n(%) 0.206 0.692
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)
11 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)
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Type of medical
0.074 0.070

insurance, n(%)
Basic medical insurance

164(93.7) 101(99.0) 74(91.4) 80(98.8)
for urban workers
The others 11(6.3) 1(1.0) 7(8.6) 1(1.2)
Place of residence, n(%) 0.803 0.727
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).

TABLE2 — OUTCOMES OF THE LLR AND RLR GROUPS BEFORE AND AFTER Psm

Outcomes
before PSM (n=277) after PSM (n=162)
LLR (n=175) RLR (n=102) p value LLR (n=81) RLR (n=281) p value
L . 168.0 165.0 180.0(120.0- 160.0
Operation time (IQR), min ;5 540.0) (110.0-220.0) 0.263 250.0) (107.5-220.0) 0.134
Status of surgical margins,
n(%) 0.464 1
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) 22.5)
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Intraoperative blood loss
(IQR), mL

Intraoperative blood
transfusion, n(%)

Postoperative
complications, n(%)

ClavienDindo classfication,
n(%)

No
Torll
IlorlIVorV

Conversion to open surgery
during operation, n(%)

Reoperation during hospi-
talization, n(%)

Perioperative mortality,
n(%)

Postoperative hospital stay
(IQR), day

Readmission within 30
days postoperatively due to
complications, n(%)

Total hospital stay (IQR),
day

Total hospitalization cost

(IQR), ¥

Out-of-pocket cost (IQR), ¥

Drug cost (IQR), ¥

Surgical cost (IQR), ¥

Examination cost (IQR), ¥

Nursing cost (IQR), ¥

Consumables cost (IQR), ¥

Other cost (IQR), ¥

SMART SURGICAL QUARTERLY

100.0
(50.0-400.0)

33(18.8)

35(20.0)

140(80.0)
25(14.3)
10(5.7)

20(11.4)

0(0.0)

0(0.0)

6.0(4.0-7.0)

3(1.7)

13.0
(10.0-16.0)

57150.9
(44313.0-
76302.3)

16875.0
(9911.2-
23013.9)

15879.4
(11219.3-
23459.2)

6916.0
(6302.0-7834.3)

1260.0
(930.0-2153.0)

1164.0
(879.0-1521.0)

211134
(15486.0-
31411.4)

386.0
(182.0-722.0)

50.0
(50.0-112.5)

10(9.8)

7(6.8)

95(93.1)
6(5.9)
1(1.0)

0(0.0)

0(0.0)

0(0.0)

5.0(3.8-6.2)

1(1.0)

9.5(7.0-13.0)

814325
(74644.9-
90934.2)

50333.4
(46274.6-
57632.8)

9955.6
(7687.4-14007.0)

434249
(42808.6-
43897.9)

1160.0
(673.0-1752.8)

989.6
(784.0-1291.3)

12094.4
(10839.8-
18034.8)

486.5
(246.5-851.8)

<0.001

0.045

0.003

0.006

0.001

0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.010

0.004

<0.001

0.054

100.0(50.0-
275.0)

12(14.8)

16(19.8)

65(80.2)
10(12.3)
6(7.4)

5(6.2)

0(0.0)

0(0.0)

6.0(4.0-7.0)

2(2.5)

12.0
(10.0-16.0)

58643.8
(45171.2-
75899.8)

15972.7
(8999.7-
23056.8)

16517.6
(11994.0-
24028.5)

6616.0
(6165.0-
7481.4)

1365.0
(1075.0-
2340.0)

1174.0
(832.5-1555.0)

21565.4
(15899.2-
32842.0)

341.0(182.0-
683.4)

September 2024

50.0

(50.0-125.0) 0.002
8(9.8) 0.339
7(8.6) 0.043

0.062
74(91.4)
6(7.4)
1(1.2)
0(0.0) 0.069
0(0.0) /
0(0.0) /

5.0(3.5-6.0) 0.005
1(1.2) 1

10.0(8.0-12.0)  <0.001

82885.3
(75617.3- <0.001
90501.2)
50706.2
(46796.8- <0.001
57640.6)
9975.0
(7861.8- <0.001
14117.4)
43424.9
(42754.1- <0.001
43994.5)
1115.0
(659.0- 0.001
1602.0)
988.6
(779.9- 0.012
1255.1)
12069.4
(10898.8- <0.001
19094.2)
3350 0.004

(276.5-863.0)
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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-
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 DIFEICULTY

*Ex: p<<0.001
**: p<<0.005
ns: p>0.05

Combining patients with "Low" and "Intermediate" IWATE surgical ratings into a low
surgical difficulty group, and those with "Advanced" and "Expert " IWATE surgical rat-
ings into a high surgical difficulty group, a subgroup analysis was performed. The results
showed that in both surgical difficulty subgroups, the LLR group had significantly high-
er intraoperative blood loss (low surgical difficulty: 100.0 (50.0-200.0) vs. 50.0 (20.0-
150.0) mL, p=0.013; high surgical difficulty: 200.0 (80.0-400.0) vs. 100.0 (50.0-137.5)
mL, p=0.024), longer postoperative hospital stay (low surgical difficulty: 5.0 (4.0-7.0) vs.
4.0 (3.0-5.5) days, p=0.010; high surgical difficulty: 6.5 (5.0-9.0) vs. 5.0 (4.0-7.0) days,
p=0.046), and longer LOS (low surgical difficulty: 12.0 (9.0-16.0) vs. 10.0 (7.0-12.0)
days, p=0.005; high surgical difficulty: 13.5 (10.0-16.0) vs. 9.5 (8.0-12.0) days, p<0.001)
compared to the RLR group. There were no significant differences between the LLR and

RLR groups in other outcome indicators in either surgical difficulty subgroup. (Table 3)



September 2024 SMART SURGICAL QUARTERLY 039

TABBLE 3 — ANALYSIS OF CLINICAL OUTCOME INDICATORS FOR IWATE SURGICAL DIFFICULTY SUBGROUPS

Outcomes
Low + Intermediate (n = 86) Advanced + Expert (n = 76)
LLR (n=45) RLR (n=41) p value LLR (n=36) RLR (n=40) p value

Operation time (IQR), 155.0 120.0 0228 195.0 187.5 0265
min (100.0-223.8) (85.0-180.0) ’ (164.0-260.0) (150.0-240.0) :
Status of surgical ) 1
margins, n(%)

RO 45(100.0) 41(100.0) 35(97.2) 38(95.0)

Rl orR2 0(0.0) 0(0.0) 1(2.8) 2(5.0)
Intraoperative blood loss 100.0 50.0 0.013 200.0 100.0 0.024
(IQR), mL (50.0-200.0) (20.0-150.0) : (80.0-400.0) (50.0-137.5) ’
Intraoperative blood
ransfusion, n(%) 7(15.6) 3(7.3) 0.393 5(13.8) 5(12.5) 1
Postoperative
complications, n(%) 8(17.8) 3(7.3) 0.147 8(22.2) 4(10.0) 0.145
ClavienDindo
classfication, n(%) 0.063 0.341

No 37(82.2) 38(92.7) 28(78.8) 36(90.0)

Torll 4(8.9) 3(7.3) 6(16.7) 3(7.5)

M orIVorV 4(8.9) 0(0.0) 2(5.6) 1(2.5)
Conversion to open
surgery during 3(6.7) 0(0.0) 0.274 2(5.6) 0(0.0) 0.428
operation, n(%)
Reoperation during
hospitalization, n(%) 00.0) 00.0) / 000) 00.0) /
Perioperative mortality, 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
n(%)
Postoperative hospital 5.0
stay (IQR), day 4.0-7.0) 4.0(3.0-5.5) 0.010 6.5(5.0-9.0) 5.0(4.0-7.0) 0.046
Readmission within 30
days postoperatively due 2(4.4) 12.4) 1 0(0.0) 0(0.0) /
to complications, n(%)

12.0 10.0 13.5 9.5

LOS (IQR), day (9.0-16.0) (7.0-12.0) 0.005 (10.0-16.0) (8.0-12.0) <0.001

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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Evaluation of Clinical Effectiveness and
Health Economics of Robot-Assisted
Total Knee Arthroplasty Based on
Real-World Data: Progress Report

By BEINI Lyu, YANG SONG AND YIxiN ZHOU™

Knee joint disease imposes a substantial health burden in China,
with total knee arthroplasty (TKA) being the most effective treat-
ment for end-stage knee osteoarthritis. Compared to traditional
surgery, robot-assisted knee arthroplasty (RA-TKA) offers im-
proved precision, alignment consistency, reduced postoperative
pain, and faster recovery, which may enhance patient outcomes.
However, RA-TKA incurs higher costs than conventional TKA, ne-
cessitating a thorough health economic evaluation to determine its
cost-effectiveness. After initial data cleaning, this study included
281 patients who underwent RA-TKA and matched them with 281
patients who received conventional TKA based on age, sex, sur-
gery date, and side. Preliminary follow-up for 43 patients in each
group revealed that, compared to conventional TKA, RA-TKA had
a significantly longer operation time (97.56 minutes vs. 79.05 min-
utes, p<0.001) but less intraoperative drainage (1.42% vs. 9.25%,
p<0.001). While RA-TKA may show a potential advantage in im-
proving joint function and quality of life, these findings are not yet
conclusive. Notably, costs during hospitalization were significant-
ly higher for RA-TKA compared to conventional TKA. Continued
follow-up will further clarify the differences in clinical outcomes,
Jjoint function, quality of life, and hospitalization costs between the
two groups.

*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

Total joint replacement is the most effective treatment for end-stage hip and knee os-
teoarthritis, addressing joint deformity, pain, and limited mobility to improve patients’
quality of life (Kim et al., 2020). Robot-assisted surgery is a pioneering development
in the field of joint arthroplasty, providing advantages such as improved positioning
accuracy, precise bone cutting, and customized prosthesis placement. Prior studies have
shown that, compared to traditional total knee arthroplasty (TKA), robot-assisted knee
arthroplasty (RA-TKA) offers benefits such as accurate bone resection, individualized
prosthesis placement, better preservation of periarticular soft tissue, and reduced use
of analgesics. However, it also tends to require longer surgical time (Shao et al., 2023;
Subramanian et al., 2019; Yang et al., 2024).

Since 2012, policies at various government levels have encouraged the development
and application of surgical robotics. The "Guiding Opinions on Promoting the Healthy
Development of the Pharmaceutical Industry" (2016) advocated for technological in-
novation in medical devices, including surgical robots. In January 2024, the Ministry
of Industry and Information Technology and 17 other departments released the "Imple-
mentation Plan of the 'Robot+' Application Action," aiming to accelerate technological
breakthroughs in robotics across multiple fields. The rapid development of orthopaedic
surgical robots requires balancing socio-economic considerations to guide their rational
advancement. Accurately assessing the clinical and economic value of surgical robots
and setting appropriate payment standards are crucial for supporting both the develop-
ment of robotic surgery and relevant policy-making.

Using real-world data from patients undergoing TKA, this study aimed to compare the
clinical outcomes, quality of life, and in-hospital medical costs between RA-TKA and

conventional TKA, with the goal of clarifying the cost-effectiveness of RA-TKA.

I1. Methods

This retrospective cohort study included patients aged 21-80 years with American
Society of Anaesthesiologists (ASA I-II) scores who received RA-TKA or conventional
TKA for osteoarthritis or joint deformity at Jishuitan Hospital's Orthopedic Department
between July 2020 and March 2024. Exclusion criteria included pregnancy, knee revi-
sion surgery, severe knee deformities (flexion >20° or varus/valgus >20°), rheumatoid
arthritis, or infectious arthritis.

Demographic and clinical data, including age, sex, surgical indications, preoperative
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comorbidities, operation time, intraoperative blood loss and drainage, and postoperative
complications, were collected from electronic medical records. In-hospitalization med-
ical costs, including total hospital expenses, surgical fees, examination fees, consum-
ables, laboratory fees, drug costs, and other expenses, were also recorded.

Patients were followed up by healthcare staff via telephone to assess joint function and
quality of life. Joint function was evaluated using the Western Ontario and McMaster
Universities Arthritis Index (WOMAC), and quality of life was assessed using the EQ-
5D-5L questionnaire, based on the established utility score system for the Chinese popu-
lation (Liu et al., 2014). Information on prosthesis revision, loosening, and joint-related
visits was also collected during follow-up.

Statistical Analysis. Continuous variables were presented as mean (standard devia-
tion) or median (interquartile range), and categorical variables as frequency (percent-
age). T-tests or chi-square tests were used to compare the characteristics of patients in
the RA-TKA and conventional TKA groups. A two-sided p-value <0.05 was considered

statistically significant.
III.Preliminary results

After data cleaning, 281 patients who underwent RA-TKA were matched 1:1 by age
(£3 years), sex, surgery date (£60 days), and surgical side with 281 patients who re-
ceived conventional TKA. Age and sex distributions were nearly identical between the
groups (mean age of RA-TKA group: 67.33 [6.86] years; conventional TKA group:
67.38 [6.51] years, Table 1). All patients were diagnosed with osteoarthritis, and 52.67%
underwent left-sided knee replacement. There were no significant differences between
the two groups in body mass index (BMI), cardiovascular disease, diabetes, or ASA
scores (all p>0.05).

Significant differences were observed in surgical parameters between the two groups.
The average operation time for RA-TKA was 97.56 (21.25) minutes, compared to 79.05
(19.54) minutes for conventional TKA (p<0.001). Regarding intraoperative drainage,
most patients had minimal drainage; therefore, the presence or absence of drainage
was used as an outcome measure. A significantly lower proportion of RA-TKA patients
had intraoperative drainage compared to conventional TKA patients (1.42% vs. 9.25%,
p<0.001). No significant differences were found in intraoperative blood loss between the
groups.

Based on telephone follow-ups for 43 matched pairs, the median follow-up time was
15.01 (9.78, 22.35) months, with no significant difference between groups (Table 2).
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No cases of prosthesis revision, loosening, or infection were observed in either group.
One patient in the RA-TKA group experienced joint-related rehospitalization and sur-
gery post-discharge, while no related events were observed in the conventional group.
In terms of outpatient visits, three cases (6.98%) were observed in the RA-TKA group,
compared to two cases (4.65%) in the conventional TKA group.

No significant differences in joint function or quality of life measures were found be-
tween the groups at follow-up, including patient satisfaction, WOMAC scores, EQ-5D
health scores, and quality-adjusted life years (QALYSs) (Table 3). Although the RA-TKA
group showed greater improvements in WOMAC scores and overall EQ-5D-5L health
scores, these differences were not statistically significant.

During hospitalization, the RA-TKA group incurred significantly higher costs than the
conventional TKA group, with higher total hospital expenses (47,634 CNY vs. 40,750
CNY), surgical fees (10,972 CNY vs. 4,813 CNY), and drug costs (2,905 CNY vs. 2,481
CNY) (p<0.05 for all, Table 4). Other expense categories showed no significant differ-

ences between the groups.

IV. Preliminary summary

Preliminary data analysis and partial follow-up suggest that RA-TKA may offer ad-
vantages in joint function and quality of life improvement over conventional TKA,
aligning with patient feedback. However, the limited sample size precludes definitive
conclusions. Notably, hospitalization costs for RA-TKA, particularly surgical fees, are
significantly higher than those for conventional TKA.

The study will continue to follow up with patients to further clarify the impact of RA-
TKA on joint function, quality of life, and medical expenses. Additionally, subgroup
analyses will be conducted to explore the effects of RA-TKA versus conventional TKA

on these outcomes in patients of different ages and varying levels of joint disease sever-

ity.

TABLE 1. PATIENT CHARACTERISTICS IN THE ROBOT-ASSISTED AND CONVENTIONAL SURGERY GROUPS AFTER MATCHING

Robot-Assisted Group ~ Conventional Surgery P value

(n=281) Group (n=281)
Age, years 67.33 (6.86) 67.38 (6.51) 0.38
Female 230 (81.85) 230 (81.85) /

Knee osteoarthritis 281 (100) 281 (100) /
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Surgery year, post-2022
Surgery site, left

BMI, kg/m?

Cardiovascular disease

Diabetes
ASA class 1
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147 (52.31)
148 (52.67)
28.94 (10.93)
156 (55.52)
50 (17.79)
93 (33.10)

142 (50.53)
148 (52.67)
26.68 (3.86)
136 48.40)
48 (17.08)
106 (37.72)

0.74
/
0.068
0.11
0.91
0.33

045

ASA, American Society of Anesthesiologists. BMI, body mass index.

TABLE 2. CLINICAL OUTCOMES OF PATIENTS

Robot-Assisted Group Conventional Surgery P value
(n=43) Group (n=43)
Postoperative months 14.90 (9.85, 21.87) 15.13(8.88, 22.43) 0.86
Prosthesis revision 0 0
Prosthesis loosening 0 0
Prosthesis infection 0 0
Joint-related hospitalization 1(2.33) 0
Joint-related surgery 1(2.33) 0
Joint-related outpatient visits 3(6.98) 2 (4.65) 0.79
TABLE 3. HEALTH OUTCOMES OF PATIENTS
Robot-Assisted Group Conventional Surgery Group P value
(n=43) (n=43)
Satisfaction with current 29 (67.44) 30 (69.77) 0.55
knee function,
very satisfied
WOMAC Score
Preoperational 53.19 (23.88) 48.56 (22.54) 0.36
Follow-up 5.09 (7.07) 6.79 (11.71) 0.42
Difference 48.09 (22.96) 41.77 (22.08) 0.20
ED-5D-5L Health score
Preoperational 53.69 (16.12) 55.70 (12.84) 0.53
Follow-up 86.71 (10.49) 86.28 (11.40) 0.86
Difference 33.02 (17.73) 30.58 (14.20) 0.49
QALYs 0.95 (0.47) 0.90 (0.42) 0.63

QALYs, quality-adjusted life years
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TABLE 4.IN-HOSPITAL MEDICAL EXPENDITURES

September 2024

Robot-Assisted Group (n=43) Conventional Surgery Group P value
(n=43)

Total hospitalization cost, RMB 39520 (34417,61589) 41329 (28042,51123) 0.15
Surgery 10376 (10376,14409) 4838 (2376, 6409) <0.001
Examination 674.4 (410.8, 1073.0) 802.9 (314.4, 1574.9) 0.99
Consumable 20596 (14471, 41737) 29025(17140, 39287) 0.50
Laboratory 387 (305, 1257) 1361 (207, 1699) 0.84
Medication 2758 (2109, 3366) 2209 (18157, 2983) 0.026
Others 67 (4, 67) 45 (4, 67) 0.35
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Al and Career Barriers in Surgery Departments:
Research Progress

By YUHANG PaN, JunjiaN YT AND QINGYUAN ZHOU *

1. Baseline Results

In this section, we present our main findings, showing the effect of the introduction of

da Vinci robots on gender composition in surgical departments.
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FIGURE 2. MONTHS TO/FROM DA VINCI FIRST PROCEDURE AND FEMALE WORKLOADS

Figure 1 depicts the changes in female presence and ratio of female heads, chiefs,
residents and attendings across various departments over time. We use the difference be-
tween the treated and control hospital-departments one month before the introduction of
the robots as the reference group. We find that in the months following the introduction
of the da Vinci surgical system, the relative presence of females increases in departments
of urology and general surgery, while remaining relatively stable in others. Additionally,
in the department of general surgery, proportions of female heads and chiefs increase,

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

(email: gingyuanzhou.econ@gmail.com). All errors are our own.
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indicating more promotion opportunities for females. However, these changes do not
occur immediately after the adoption of robots, possibly because it takes time to make
personnel adjustments.

Figure 2 illustrates trends in female workloads across different departments. It reveals
that after the technology adoption, departments of thoracic and urology experience an
increase in the volume of procedures performed by female surgeons. This provides ev-
idence that skill-biased technological changes could alter the comparative advantage
between males and females and facilitate greater female participation and entry into

surgery departments.
2. Work in progress

The evidence in the previous section suggests increasing presence and opportunities
for promotion of females in some departments. This section examines mechanisms relat-
ed to this narrowing gender gap. Specifically, we employ case-level and physician-level
data to estimate the impact of da Vinci robot adoption on physicians’ decisions concern-

ing resource utilization and patient health outcomes by gender.
2.1 case-level evidence on physician productivity by gender

Outcome Variables. To measure medical resource use, we include two primary out-
comes: (i) the patient length of stay (i.e., the date between patient assignment to the
provider and patient discharge), (ii) fees spent on tests and exams performed on the
patient and (iii) the total cost of care during the current hospital stay. To mitigate the ef-
fect of extreme values, we take log of the medical spending. To measure quality of care,
we examine two prominent patient outcomes: (i) indicators of patient 30-day inpatient
readmission—whether the patient is rehospitalized within 30 days of the discharge and
(i1) indicators of patient in-hospital mortality.

Control Variables. Our specification also includes a vector of patient covariates, in-
cluding indicators for five-year age bins, gender and indicators for three-digit Interna-
tional Classification of Diseases, Tenth revision (ICD-10) codes of patient’s primary
diagnosis of the visit.

Our empirical specification takes the following form:

k=24
Yie = z BiMR; ) + Xiy+ 8; + n, + €;:#(1)
k=—12, k#—1
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where the Yj denotes measures of medical resource use and quality of care for case
1 in hospital-department j and month-year t. MRy represents dummy variables that
equal 1 if in month-year t, there are months before(after) the first robotic-assisted pro-
cedure in hospital-department j, and 0 otherwise. X, denotes patient risk adjusters. We
also include hospital-department fixed effect &; and month-year fixed effect n. € is

the idiosyncratic error term. We cluster standard errors by hospital-department.
2.2physician-level evidence on physician productivity by gender

To investigate why female surgeons have more promotion opportunities after the in-
troduction of robots, we assess the extent to which robot adoption alter surgeons’ pro-
ductivity separately for males and females.

We adopt the following specification to estimate the causal effect of the physician’s

use of robots on his/her productivity and workloads:

k=24

Ye= D> BiMRyc+ 5+ ot e(2)
k=—12, k#—1

where subscript i denotes a physician and t denotes the quarter-year. The dependent
variable Y;, represents in-hospital death rate, 30-day inpatient readmission rate, aver-
age hospitalization days and average spendings of physician i’s patients as well as total
number of procedures of physician i in time t. The independent variables of interest
MRy are dummy variables that equal 1 if in quarter-year t, there are k quarters be-
fore(after) physician i first conduct a surgery using da Vinci robot, and 0 otherwise. We
include physician fixed effects &; to control for physician heterogeneities. That is, the
estimation in equation (2) exploits within-physician variations. Finally, €it is the error
term. Standard errors are clustered at physician level.



050 SMART SURGICAL QUARTERLY September 2024

Does Robotic Surgery Help Reduce the Economic
Burden of Malignant Tumors in the Pancreas?

A Cost-of-lliness Study

By YIN SHi1, ZITING WU*

Abstract: Through a literature review, this study summarizes the
main findings and conclusions of existing research regarding the
effectiveness of robotic surgery compared to laparoscopic or open
surgery for the treatment of pancreatic malignancies, as well as un-
resolved issues in the field. The primary findings and conclusions
are as follows: Laparoscopic surgery demonstrates advantages in
perioperative safety compared to open surgery, although the on-
cological benefits are not clearly superior, robotic surgery shows
advantages in perioperative safety over open surgery, with some
benefits in oncological outcomes for pancreatic head cancer, while
no significant advantage is observed for pancreatic body and tail
cancer. The comparison between robotic and laparoscopic surger-
ies regarding perioperative safety and oncological metrics requires
support from large sample studies, and the impact of the learning
curve on robotic surgical outcomes must be considered. To validate
these claims, broader studies using standardized methods are need-
ed, with an emphasis on large-scale research and long-term out-
comes in developing countries. Additionally, the surgeon's learning
curve and the subtype of pancreatic malignancies are crucial for a
comprehensive assessment of the effectiveness and cost-effective-
ness of robotic surgery. We will also provide a detailed report on
the statistical analysis methods to be employed in this study and

plan to conduct data analysis accordingly after data acquisition.

*Shi: Department of pharmacy, Xiangya Hospital Central South University, Changsha, Hunan, P.R. China, 410008

; National Clinical Research Center for Geriatric Disorders, Xiangya Hospital, Central South University, Changsha,
Hunan, P.R. China, 410008; Institute for Global Health and Development, Peking University, Beijing, China, 100871,
(email: shiyin910515@csu.edu.cn); Wu (Corresponding author): 2.Institute for Global Health and Development, Peking
University, Beijing, China, 100871 (email: wuziting@pku.edu.cn).
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I. Background and Objective

Since the first laparoscopic pancreatoduodenectomy (LPD) was reported in 1994, the
exploration of the application of laparoscopic or robotic technology in pancreatic sur-
gery has been ongoing (Shah and Singh 2024). Currently, the controversy over the appli-
cation of laparoscopic or robot-assisted surgery for curative treatment of pancreatic can-
cer mainly focuses on the oncological evaluation of treatment effects and surgical safety.
Regarding laparoscopic or robot-assisted radical surgery for pancreatic cancer, Chinese
experts discussed its efficacy and safety in the 2022 consensus, believing that minimally
invasive radical surgery has a broad application prospect (Study Group of Minimally
Invasive Treatment for Pancreatic Cancer in China Anti-Cancer Association and Chinese
Pancreatic Surgery Association 2023), but it is necessary to emphasize a long learning
curve (Pancreatic Cancer Committee of Chinese Anti-cancer Association 2021).

This research progress report consists of two parts. First, it includes a literature re-
view evaluating the effectiveness of robotic surgery compared to laparoscopic and open
surgery for pancreatic cancer, aiming to supplement the previous findings on cost-effec-
tiveness studies of robotic versus laparoscopic and open surgeries. Second, it provides a
detailed account of the statistical analysis methods to be used in this study, with plans to

conduct data analysis based on these methods after data acquisition.

II. Methods

A.Literature review
We searched PubMed without language restrictions, using the terms "pancreatic" and

nn

"pancreas" in combination with "cancer," "adenocarcinoma," and "carcinoma." We also
combined these terms with "robot," "robotic," and "surgery." The most relevant clinical
trials, systematic reviews and meta-analyses, other original research articles, and guide-
lines from January 1, 2011, to May 30, 2024, were included. Two researchers screened

and summarized literature on economics and health effects, respectively.

B.Statistical analysis methods
Description of Demographic and Temporal Distribution (for three types of surger-
ies): The demographic characteristics and time distribution of all participants will be
described, categorized by the three surgical approaches.

Cost Discounting Not Required Due to Study Timeframe: Since the study duration
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does not exceed one year, there is no need for cost discounting. For retrospective data
involving past expenses, to account for inflation or deflation, the costs will be converted
to 2023 values using the Consumer Price Index (CPI) [Data source: National Bureau of
Statistics, https://data.stats.gov.cn/search.htm?s=CPI].

Sample of 240 Participants for Initial Modeling: A sample of 240 participants will be
extracted, and their demographic characteristics and time distribution will be described
across the three surgical approaches.

Predictive Models for Unobservable Costs Based on Initial Sample: First, predictive
models for various unobservable costs will be constructed using data from the 240 par-
ticipants, then extrapolated to the entire sample. During the study period, direct medical
costs, direct non-medical costs, and indirect costs will be collected for all participants

within 30 days post-discharge.

(1) Cox regression model will be used to assess the relationship between post-discharge
survival and its influencing factors for patients with pancreatic malignancies. The
Lasso method will be used to estimate the coefficients of the Cox regression mod-
el, reducing the risk of overfitting due to high-dimensional and complex data.

Lasso regression shrinks some insignificant coefficients to zero, enhancing model

interpretability and predictive power. The specific model is as follows:

A(t) = AO (t) exp[31X1+{32X2+ ot BnXn

Where A(t) is the hazard function at time t(in days),Ay(t)is the baseline haz-
ard function representing the average risk, and B1~Bn are the regression co-
efficients for covariates x; ~ x, , which include gender, age, ethnicity, type of
medical insurance, marital status, residential location (urban/rural), clinical stage,
age-adjusted Charlson comorbidity index, surgical approach (robotic/laparoscop-
ic/open), operation duration, intraoperative blood loss, and surgeon's experience
(number of surgeries previously performed).

(2) The model will predict the survival time t for each individual (in days).

(3) Based on the survival model, predictive models for direct non-medical costs and

indirect costs will be constructed as follows:
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Costyon—med—inhosp = COStmeq + X1 + ... + %, + LOS

COStnon—med—outhosp/t = COStmed +x + .+ Xy

Where CoSt,on—med—inkosp 1S the direct non-medical costs during hospitalization;
CoSthon—med—outhosp/t  is the daily direct non-medical costs post-discharge;
X1 ~ X, is the surgical approach (robotic/laparoscopic/open), gender, age, eth-
nicity, type of medical insurance, marital status, residential location (urban/coun-
ty/town/rural), clinical stage, age-adjusted Charlson comorbidity index, operation
duration, intraoperative blood loss, and surgeon's experience (number of surger-

ies previously  performed); and LOS is the length of hospital stay.

COStindirect—inhosp = COStmed + X1 + ...+ Xn + LOS

COStindirect—outhosp = COStmed + X1+ ..+ X

Where COStingdirect—inhosp 18 the indirect costs incurred during hospitalization;

Costingirect—outhosp the indirect costs outside the hospital; ¥2 the indirect costs
outside the hospital; x; ~ x, is the surgical approach (robotic/laparoscopic/
open), gender, age, ethnicity, type of medical insurance, marital status, residential
location (urban/county/town/rural), clinical stage, age-adjusted Charlson comor-
bidity index, operation duration, intraoperative blood loss, and surgeon's experi-
ence (number of surgeries previously performed); and is the length of hospital
stay.

(4) The constructed predictive models for direct non-medical and indirect costs will
be used to estimate cost information for the entire sample during hospitalization
and within 30 days post-discharge.

Descriptive Statistics for Quantitative Indicators: For quantitative indicators,
the following descriptive statistics will be calculated: count (N), mean, standard
deviation (SD), median, minimum (Min), and maximum (Max). The Kruskal-Wal-
lis test will be used for non-normally distributed variables, and the T-test for nor-
mally distributed variables. Categorical variables will be presented as numbers

and percentages, and compared using the Chi-square test.
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Adjustments for Confounding Variables Using Inverse Probability of Treatment
Weighting (IPTW).: IPTW will be applied to adjust for differences in baseline pa-
tient characteristics. This method controls for observable confounders such as
demographic, disease-related, and surgeon-related factors.

(1) A logistic regression model will be constructed to predict the likelihood of receiv-
ing a particular treatment based on individual characteristics (e.g., socioeconomic status,
disease-related indicators, surgeon's characteristics).

(2) Weights will be calculated using the predicted probability P(Treatment | X) from
the logistic regression model. For individuals who received the treatment, the weight
will be 1/P(Treatment | X).

(3) Weighted regression analysis will be performed using least squares or generalized
linear models (GLM), applying the calculated weights wi to estimate causal effects and
reduce confounding.

(4) Sensitivity analysis will be conducted to assess the robustness of the results to
different model assumptions.

Evaluation of Cost Impact Using Generalized Linear Model (GLM) Based on Gam-
ma Distribution: A GLM based on the Gamma distribution will be used to evaluate the
impact of robotic surgery on direct medical costs, non-medical costs, and indirect costs.

The model is as follows:

J
log (Y) = By + z Bjcomorbidity; + €
j=1
Where Y is the direct medical costs, direct non-medical costs, or indirect costs, j denotes
the j-th comorbid condition of the patient (where the patient may have from 1 to j co-
morbid conditions).

AF; = p;(efi— 1)

Where AFj is the proportion of total costs attributed to comorbid condition j, and Pj is
the probability of simultaneous occurrence of the target disease and comorbid condition
in the sample. When = AF;=0.006, it indicates that 0.6% of the total costs are attributed to
comorbid condition j. The total costs attributed to various comorbid conditions will be

referred to as "outflow," calculated as follows:

outflow = total expenditure of target disease * Z AF;
j
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The costs attributable to pancreatic cancer are calculated as follows:

Adjusted total expenditure of target disease

= total expenditure of target disease — outflow

Using a generalized linear model (GLM), the impact of robotic surgery on
cost levels will be assessed, with costs assumed to follow a gamma distribution.
Adjusted total expenditure; is the costs for individual i, X; a set of influencing factors,
including the surgical approach (robotic/laparoscopic/open), gender, age, ethnicity, type
of medical insurance, marital status, residential location (urban/county/town/rural), clin-
ical stage, age-adjusted Charlson comorbidity index, operation duration, intraoperative
blood loss, and surgeon's experience (number of surgeries previously performed);and

€ is the error term.
log (Adjusted total expenditure;) = By + BX; + &;

Subgroup Analysis: Subgroup analyses will be conducted based on different disease
types and whether the lead surgeon has surpassed the learning curve, utilizing the gener-

alized linear model from the previous step.
II1. Results

A.Evaluation of the effectiveness of robotic surgery compared to laparoscopic and

open surgery for pancreatic cancer treatment.

Most existing studies compared the differences in effectiveness between laparoscopic
surgery, or minimally invasive surgical approaches mainly involving laparoscopic sur-
gery, and open surgery. In summary, laparoscopic surgery has advantages in perioper-
ative safety but not in oncological benefits. — Laparoscopic surgery for pancreatic head
and body-tail cancer has some advantages over open surgery in perioperative safety
indicators, but no advantage in postoperative 90-day mortality rate. For pancreatic head
and body-tail cancer, the total operating time for LPD is slightly longer than that for
open pancreatoduodenectomy (OPD) (Kuesters et al. 2018; Feng et al. 2021; Zhou et
al. 2019; Stauffer et al. 2017). LPD has advantages over OPD in terms of hospital stay

and intraoperative blood loss, while there is no statistical significance in postoperative
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complications such as pancreatic fistula, postoperative bleeding, and perioperative mor-
tality rate (Feng et al. 2021; Jiang, Zhang, and Zhou 2019; Yin, Jian, Hou, and Jin 2019).
Chapman et al. (Chapman et al. 2018) analyzed the 90-day mortality rate of patients over
75 years old with pancreatic head cancer who underwent LPD and OPD in the National
Cancer Database (NCDB) and found that the mortality rate of elderly LPD patients was
lower than that of OPD. However, the results of a retrospective study of a large sample of
pancreatic body-tail cancer case data in the NCDB suggested that there was no statistical
significance in the 90-day mortality rate between LDP and ODP (Kantor et al. 2017).

The oncological benefits of laparoscopic surgery for pancreatic head cancer are un-
clear, and no oncological benefits were found for the treatment of pancreatic body-tail
cancer. For pancreatic head cancer, LPD has advantages over OPD in RO resection rate,
the number of lymph nodes obtained, and the start time of postoperative adjuvant che-
motherapy(Jiang, Zhang, and Zhou 2019; Yin, Jian, Hou, and Jin 2019; Feng et al. 2021;
Peng et al. 2019); however, another study did not find any differences between LPD and
OPD in the aforementioned outcome indicators (Chen et al. 2020). But the difference
in the proportion of postoperative adjuvant chemotherapy received by the two surgical
methods is not statistically significant (Chen et al. 2020; Peng et al. 2019). Meta-anal-
ysis results for long-term survival after LPD for pancreatic head cancer show that the
disease-free survival period of LPD is longer than that of OPD(Peng et al. 2019; Chen et
al. 2020); however, some literature believes that there is no statistical significance in the
overall survival (OS) difference between the two (Feng et al. 2021; Zhou et al. 2019).
For pancreatic body-tail cancer, there is no statistical significance in the differences be-
tween LDP and ODP in RO resection rate (Ricci et al. 2015; Riviere et al. 2016; Gavrii-
lidis, Roberts, and Sutcliffe 2018) and the number of lymph nodes removed (Gavriilidis,
Roberts, and Sutcliffe 2018; Ricci et al. 2015). In terms of long-term survival, there is no
statistical significance in the differences in chemotherapy completion rate, postoperative
recurrence rate, and overall survival after patients with cancer undergo LDP or ODP
(Ricci et al. 2015).

Limited studies have compared the differences between robotic and open surgery and
found that robotic surgery has advantages in perioperative safety, but in terms of onco-
logical indicators, robotic surgery for pancreatic head cancer has certain advantages,
while there is no obvious advantage for pancreatic body-tail cancer. — Robotic sur-
gery for pancreatic head and body-tail cancer has some advantages over open surgery in
perioperative safety indicators. A multicenter randomized controlled trial based on the

Chinese population showed that robotic surgery was superior to open surgery in reduc-
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ing hospital stay (Liu et al. 2024). Vining et al. (Vining et al. 2020) conducted a Propen-
sity Score-Matched (PSM) analysis of pancreatic head cancer data in the American Col-
lege of Surgeons-National Surgical Quality Improvement Program (ACS-NSQIP), and
the results showed that the incidence of postoperative bleeding in the RPD group was
lower than that in the OPD group, while there was no statistical significance in postoper-
ative pancreatic fistula. Two other single-center small sample PSM studies also reached
similar conclusions (Kauffmann et al. 2019; Baimas-George et al. 2020). Nassour et al.
(Nassour et al. 2020) included 332 and 2,386 patients with pancreatic body-tail cancer
treated with RDP and ODP respectively in their study, and the results showed that RDP
was superior to ODP in terms of hospital stay and 90-day mortality rate.

Some oncological indicators of robotic surgery for pancreatic head cancer are better
than those of open surgery, and the oncological advantages of robotic surgery for pancre-
atic body-tail cancer are still controversial. Nassour et al. (Nassour et al. 2020) analyzed
the data in the NCDB and found that the number of lymph nodes obtained and the rate
of postoperative adjuvant chemotherapy in the RPD group were better than those in the
OPD group, while there was no statistical significance in RO resection rate and postoper-
ative survival. Two single-center PSM analyses also reached similar conclusions (Kauff-
mann et al. 2019; Baimas-George et al. 2020). Some researchers believe that pancreatic
head cancer patients who undergo RPD can receive adjuvant chemotherapy earlier after
surgery than those who undergo OPD (Boggi et al. 2016). Some studies show that RDP
is superior to ODP in the number of lymph nodes removed and the rate of postoperative
adjuvant chemotherapy, while there is no statistical significance in RO resection rate
(Nassour et al. 2020), but some studies did not find any differences between the two in
the number of lymph nodes removed and RO resection rate (Lee et al. 2015).

There are limited investigations into the differences between robotic surgery and lap-
aroscopic surgery. Based on relevant studies, we found that the comparison between ro-
botic surgery and laparoscopic surgery in terms of perioperative safety and oncological
indicators needs to be supported by large-sample studies. At the same time, the impact of
the learning curve on the effectiveness of robotic surgery should be considered. — The
advantages of robotic surgery for pancreatic head and body-tail cancer in perioperative
indicators need to be confirmed by large-sample studies. For pancreatic head cancer,
a multicenter retrospective study(Zhang et al. 2023) based on a sample population of
2,255 in China showed that robotic surgery helps to shorten operating time, reduce in-
traoperative blood loss, and conversion rate to open surgery, with no obvious advantages

in other indicators. The remaining study results show that the conversion rate to open
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surgery for RPD is lower than that for LPD (Stiles et al. 2018; Kamarajah et al. 2020),
and it can also reduce the rate of intraoperative transfusion (Kamarajah et al. 2020), with
no difference in other perioperative safety indicators (Kamarajah et al. 2020; Stiles et al.
2018). However, the results of this study were based on about 20 patients who received
RPD, so they only represent the safety data in the early stage of the learning curve. For
pancreatic body-tail cancer cases, retrospective analysis found that the conversion rate
to open surgery for RDP is lower than that for LDP, but there is no statistical significance
in the differences in hospital stay and 90-day mortality rate (Watson et al. 2020; Raoof
etal. 2018).

The advantages of oncological indicators for robotic surgery for pancreatic head cancer
are not obvious, and most of the oncological indicators for robotic surgery for pancreatic
body-tail cancer are not obvious or controversial. There is no statistical significance in
the differences between RPD and LPD in RO resection rate, the number of lymph nodes
removed, the rate of postoperative adjuvant chemotherapy, OS, and the survival rates at
1, 2, and 3 years for pancreatic head cancer (Nassour et al. 2020; Wehrle et al. 2024).
For pancreatic body-tail cancer, there is no statistical significance in the differences be-
tween RDP and LDP in RO resection rate, the number of lymph nodes obtained, the time
of postoperative adjuvant chemotherapy, and the rate of adjuvant chemotherapy (Raoof
et al. 2018). Watson et al. (Watson et al. 2020) analyzed the pancreatic body-tail cancer
case data in the NCDB, and except for the number of lymph nodes obtained by RDP
being better than LDP, there was no advantage in other oncological indicators. From the
long-term survival results, except for Watson et al.(Watson et al. 2020) reporting that the
OS of RDP is better than LDP, other studies did not find any statistical significance in
the differences between the two in OS and the survival rates at 1, 2, and 3 years (Raoof
et al. 2018; Baimas-George et al. 2020; Daouadi et al. 2013).

B.Progress on Data Collection

Acquisition of Direct Non-Medical and Indirect Costs through Surveys:

(1)A total of 17 qualified surveys have been collected to date. The collection process
is as follows:

(2)Ward nurses at Chinese People's Liberation Army (PLA) General Hospital are re-
sponsible for gathering the survey information.

(3)Data collection has begun for pancreatic malignancy patients discharged since Sep-
tember 2, specifically those who underwent pancreatic resection, with a target of 80

cases each for robotic, laparoscopic, and open surgeries.
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(4)Either patients or their family members can fill out the surveys.
(5)To ensure the accuracy of the collected information and minimize disruption to
patients and clinical operations, the survey questions have been simplified and kept to a

minimum in number, following discussions with clinical doctors.

Acquisition of Medical Costs through Institutional Data Recording:

A total of 12,166 cases of patients who underwent robotic, laparoscopic, or open pan-
creatic resection from January 1, 2014, to September 12, 2024, have been identified in
the hospital system using surgical keywords. After filtering for diagnoses, 4,713 cases
of pancreatic malignancy have been selected. Further selection will continue for patients
diagnosed with malignancies in the ampullary region, specifically those confirmed as
pancreatic malignancies. Currently, information has been recorded for 600 pancreatic

malignancy patients.
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Assessing equity in the distribution of
high-technology medical equipment in China:
evidence of surgical robot

By TING CHEN, Lu Ao AND YUHANG PAN . JAy PAN*

Against the backdrop of rapid economic development, people's de-
mand for health services is growing, presenting a high-level and
diversified situation. The health equity faces severe challenges in
China. This study provides an empirical basis for relevant regula-
tory policies in the literature by analyzing the inequity of the dis-
tribution of surgical robots, a high-tech medical device, in China.
Gini coefficient (Lorenz curve), Theil index, and spatial autocor-
relation were used to demonstrate the equity and aggregation of
surgical robot distribution among provinces and the eastern, cen-
tral, and western regions. The results showed that the equity of
surgical robot configuration in China is increasing, and the equity
by population distribution was better than which by geographical
area configuration; the east, central, and western regions showed
differentiated distribution, and the central region is the best equity.
Although the resource allocation in the eastern region was rela-
tively high, the equity within the region needs to be strengthened,
and the proportion of differences within the region is increasing
through years; the distribution of technology had spatial aggre-
gation, and there were also clustered abnormal points, suggesting

anchor points for the optimization of technical resources.
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I. Background

From the 1978 Alma-Ata Declaration proposing “primary health care for all by 2000”
to the 2015 UN Special Summit proposing “achieving sustainable development goals
by 2030” (including guaranteeing “health for all throughout the life span”), the interna-
tional community has always advocated a core concept that everyone should have equal
access to health(United Nations 2015). Since 1978, when China began its market-orient-
ed economic reforms, the country has made many substantive efforts to achieve univer-
sal health coverage, especially universal coverage of basic medical insurance and basic
public health services(Tang et al. 2008). Health equity has been mentioned many times
by the government, pointing out that the broad masses of people should enjoy equitable,
accessible, systematic and continuous health services such as prevention, treatment, re-
habilitation and health promotion(the Xinhua News Agency 2024).

Therefore, the concept of “health equity” has received more and more attention. Al-
though published studies have reported inequalities in health status(Zhang and Kanbur
2005; Tang et al. 2008), health care services (National Health Commission 2021; Tang
et al. 2008), health insurance (Yang et al. 2021), and health resources (including pro-
fessional health personnel) (Liu et al. 2016) at the national level in China, only a few
studies have focused on the equity of the distribution of high-tech medical equipment. In
particular, a study of two common high-tech medical equipment in China (computed to-
mography (CT) and magnetic resonance imaging (MRI)) found that before 2004, the dis-
tribution of these two technologies in China was relatively equitable across the country,
while the results after 2006 showed that the equity of high-tech equipment was low and
its distribution was significantly correlated with regional socioeconomic level (He, Yu,
and Chen 2013). Although China has made great breakthroughs in universal coverage
of basic health services, the concentration of high-quality resources is still inevitable. In
2024, the CPC Central Committee issued the Decision on Further Deepening Reform
and Promoting Chinese Modernization, emphasizing that deepening the reform of the
medical and health system should "promote the expansion and sinking of high-quality
medical resources and regional balanced layout" (the Central Committee of the Commu-
nist Party of China 2024). As one of the representatives of the current high-tech and cut-
ting-edge medical and health technologies, surgical robots have been vigorously spread
in China since the first Da Vinci surgical robot was introduced to China in 2006. Based
on the advantages of technical effects and social benefits, however, China is still in the
early stages of the spread of surgical robot technology. Studies have shown that since the

advent of surgical robots in 2000, more than 50% of hospitals in the United States have
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been equipped with surgical robots and performed operations by 2015. However, since
the first use of surgical robots in China, as of 2021, it has also been 15 years, and only
224 medical institutions are equipped with surgical robots, accounting for 0.61% of the
number of hospitals in the country. It can be foreseen that there is still a large market
space for technology. At present, developed countries such as the United States (Mo-
hanty et al. 2022), Switzerland (Stalder et al. 2024), Australia and New Zealand (Royal
Australasian College of Surgeons 2021) have explored the inequity of the distribution of
surgical robots, and found that there were differences in regional factors such as the pro-
fessional level of institutions, the economic level and rural or urban. There 1s still a lack
of relevant empirical research in China. Therefore, this study explored the equity of the
distribution of surgical robots, a high-tech medical device, in China, and aim to provide

empirical evidence and basis for literature and related regulatory policies.

II. Methods

The data used comes from the operating data of robot service providers who currently
have an absolute advantage in the market share of surgical robots (accounting for more
than 90% of the business volume of some types of surgical robots in mainland China).
The permanent population data comes from the "China Statistical Yearbook", and the
geographical area of each province (autonomous region, municipality) comes from the
statistical yearbook of each province. According to the regional grouping of the National
Bureau of Statistics, the 31 provinces, autonomous regions, and municipalities in China,
except for Taiwan Province, Hong Kong and Macao Special Administrative Region,
are divided into three regions: the east (Beijing, Tianjin, Hebei, Shandong, Liaoning,
Shanghai, Jiangsu, Zhejiang, Fujian, Guangdong and Hainan, a total of 11 provinces);
the middle (Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei and Hunan, a total
of 8 provinces) and the west (Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou,
Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang, a total of 12 provinces).

This study mainly used the Gini coefficient (Lorenz curve), the Theil index and spatial
autocorrelation analysis to explore the equity of the adoption of surgical robot (the pur-
chase and configuration of technology). The Gini coefficient is often used to measure the
distribution gap of a certain social resource. Scholars often introduce it into the field of
health and use it to evaluate the equity of health resource allocation(Berndt et al. 2003).

The value range of the Gini coefficient is 0-1. According to international practice, 0.4 is
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used as the "warning line" of the distribution gap. <0.2 indicates absolute equity, 0.2-0.3
indicates relative equity, 0.3-0.4 indicates normal conditions, 0.4-0.6 indicates relative
inequity, and >0.6 indicates high inequity (JIN et al. 2015). The Theil index ranges from
0 to 1. The smaller the value, the equitableer the resource allocation. At the same time,
the Theil index can further calculate the differences within and between different regions
and show the main sources of inequity (Theil 1967). Furthermore, the global Moran’s I
index was used to analyze the spatial autocorrelation and its changing trend of surgical
robots in China as a whole. The value of Moran’s [ index is generally [-1,1], <0 indicates
that the technical equipment resources between regions are spatially negatively correlat-
ed, equal to 0 indicates random distribution, and >0 indicates spatially positive correla-
tion. Local Moran’s I is used to identify the spatial autocorrelation of specific locations
and their neighborhoods, and can identify local patterns such as hot spots (high-value
clustering areas), cold spots (low-value clustering areas) or outliers (high-low clustering
or low-high clustering) (Mathur 2015). The standard addresses of medical institutions
were collected from the official websites of each institution, and the longitude and lati-
tude coordinates were converted using the AutoNavi Open Platform platform. The data

analysis and drawing software for this study was R 4.2.3.

II1. Results

Table S1 shows the demographic characteristics and surgical robot density of 31 prov-
inces. By mid-2022, the four municipalities (Beijing, Shanghai, Tianjin and Chongg-
ing) had a higher per capita number of surgical robots, with Beijing having the highest
(1327.84/billion people). Although Guangdong Province had a large number of devices
(21 units), the per capita number of robots was only in the middle, and Tibet had not yet
implemented a robot-assisted surgery. Figure 1 shows the distribution and per capita
distribution of surgical robots in 31 provinces in China. The red bar graph represented
the absolute number of surgical robots, and the depth of the map represented the per
capita number of surgical robots. It can be seen that although the high number index
was mainly concentrated in the eastern coastal areas, the per capita technology volume
had relatively high values in all the eastern, central and western regions, but overall, the

technology volume in the western region is relatively small.
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FIGURE 1. THE DISTRIBUTION OF SURGICAL ROBOTS IN CHINA
Notes: The red bar graph indicates the number of surgical robots, and the depth of color of the map indicates the num-

ber of surgical robots per capita.

The left plot of Figure 2 shows the Lorenz curve and the Gini coefficient from 2007
to 2022 according to population distribution. The darker the color of the Lorenz curve
presented the newer the year. The allocation of technical resources among provinces
had shown a trend of becoming more equitable. The Gini coefficient showed that the
configuration of surgical robots in China was relatively inequity in the early stage, but
the equity increased in the later stage, reaching a relatively equitable state in 2021 and
2022. The right plot shows the Lorenz curve and Gini coefficient calculated by cumu-
lative geographical area. The overall trend was consistent with the results of population
calculation, but the technical configuration based on area distribution was more inequity
than which by the population configuration.
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FIGURE 2. LORENZ CURVE AND TREND OF GINI COEFFICIENT OF SURGICAL ROBOTS IN CHINA

Figure 3 shows the equity of technology allocation in the eastern, central and western
regions of China and the comparison with the national level. The left plot shows the
Gini coefficient by population distribution. Overall, the equity of the central region was
relatively higher. Although the eastern region generally had more technology allocation,
the equity still needs to be improved. Over time, the allocation of technology resources
among provinces had shown a trend of becoming more equitable through time, and by
2021 and 2022, it has basically reached a relatively equitable state. The right plot shows
the cumulative calculation of the Gini coefficient by geographical area. The overall trend
of change was consistent with the result of population calculation. The central region
was still relatively more equitable, followed by the eastern region, the rate of reduction
of inequity was faster, while the western region was still relatively consistent with the
national level, and until 2022, it still showed a high degree of inequity. The western re-
gion of China is relatively sparsely populated, and more attention should be paid to the

accessibility of geographical space when considering resource allocation.
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FIGURE 3. TREND OF GINI COEFFICIENT OF SURGICAL ROBOTS IN DIFFERENT AREA

Table 1 shows the Theil index of surgical robot configuration in China from 2014 to
2022, as well as the contribution rate of intra-regional and inter-regional differences in
the eastern, central and western regions (calculated by intra-regional or inter-regional
differences/total differences). It can be seen that as the years go by, the total Theil index
decreased and equity increased. In the early years, regional differences dominated the
total inequity differences, reaching a maximum of 87.9%. However, as the central and
western regions gradually began to adopt surgical robots, the differences between re-
gions gradually decreased, and the differences within the regions became dominant. By
2022, the differences within the regions exceeded half, accounting for 52.1%, indicating
that in the process of technical equipment configuration, attention should also be paid to

the relative "cold spots" of surgical robot equipment resources.

TABLE |—THEIL INDEXS AND CONTRIBUTION PERCENT BETWEEN AND WITHIN THE AREA THROUGH YEARS

Contribution percent between Contribution percent with-

Year Theil Index the area (%) in the area (%)
2014 0.90 16.65 83.35
2015 0.59 12.10 87.90
2016 0.48 16.50 83.50
2017 0.49 14.02 85.98
2018 0.50 19.62 80.38
2019 0.29 36.45 63.55
2020 0.23 45.65 54.35
2021 0.17 44.50 55.50

2022 0.18 4791 52.09
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Taking 2022 as an example, this study further conducted spatial autocorrelation anal-
ysis. The results showed that the global Moran’s | index of surgical robots in China
was 0.11, P < 0.05, and there was a significant spatial positive correlation and a spatial
aggregation distribution. Figure S1 shows the local autocorrelation results. It can be
seen that Tianjin, Shanghai and Xinjiang showed significant spatial aggregation. Figure
S2 is about the Local Indicators of Spatial Association (LISA), in which red represents
a high-value area and is adjacent to a high-value area (H-H), for Tianjin and Sichuan
Province; blue represents a low-value area and is adjacent to a low-value area (L-L),
for Inner Mongolia, indicating that Inner Mongolia and its surrounding areas are ar-
eas lacking technical resources; and outliers, that is, high-value areas are surrounded
by low-value areas (H-L), and Jiangsu and Zhejiang, indicating that adjacent provinces
such as Anhui and Jiangxi might be relatively abnormally low values, requiring more

attention to equity.
IV.Summary and Further Plan

In this essay, we briefly described the equity of surgical robots as a representative
of high-tech medical technology, and the distribution among provinces and regions in
China, and demonstrated the evolution and current situation of the adoption of high-
tech medical technology among regions in China. At present, compared with developed
countries such as Europe, the United States, and Australia, the technical quantity and
relative quantity of surgical robots in China are still very insufficient, and the market
requirement for surgical robots is relatively large. Before the large-scale popularization
of technology, it is necessary to strengthen the planning and attention to the equity of
technology distribution, especially the increasingly severe regional differences, as well
as the abnormal points of clustered distribution indicate the objective technology gap. At
the same time, the pioneers of technology can provide empirical experience of technol-
ogy for the later adopters, and provide an evidence basis for the "appropriate" diffusion
of technology.

At present, this study has conducted a preliminary analysis of the current status of
the use of Da Vinci surgical robots in China and the macro and meso-level influencing
factors (including equity analysis and institutional factors such as market competition
and scale), and completed a systematic literature review, some expert consultation and
micro interview analysis, and constructed a theoretical framework for the study of mi-
cro-level influencing factors. Next, this study will further dig the differences and equity

of distribution, and explore its patterns and causes through further questionnaires and
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interviews, so as to provide an evidence basis for the formulation of relevant research

policies on surgical robots in China.
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BB WH Yes Yes Yes
BRHK: EBR Yes
BB FE
B £R Yes
ERHEE: ERFR Yes
BN EREH Yes
B RK 30,936 30,936 30,936 30,936
Fgit & 0.0185 0.4753 0.6423 0.7605
ek E 0.0000 0.0010 0.0021 0.1092

W, NEREE S0

4.1 HEREZ0 0 EE

AT, RNEET - MHEREZ,HER, AR R UK EU%E]’&/’«EE
EREREFINFANEBEH, RNEARBIEAER X FE, FHAES
AFBFAGINT FANE AN NI b 2 2 S ATHFIT

NFHmERBUSNER, BEFERITET

Measure; s = « + 1; + A + ORobot_ Rate; , x Post;; + X, (6)
A& Measure; & AR EE, TLUERTRA “FLTR” | “FHERREK” f1 “W
A o WS, Posty R A B EGZEAEATRAERS, XERE
Post; ; = I(Robot_ Rate, ; > 0).
MTAN T ERER, HEAFERITET
Variance; ; = o + p; + A¢ + 01Robot_Rate; , x Post;

+ 6;Robot_ Rate; (1 — Robot_ Rate; ;) x Post;; + X,

EFNFT RS XA,
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1)

(2)

3)

(4)

cost__exp cost__exp cost__exp cost_exp
robot_ rate 90858.039***  67088.417*  64013.461* 63159.306*
(27176.581) (37267.088)  (34551.897) (35230.905)
hospital Controlled
level -571.574%** -477.949%%*
(59.393) (60.474)
grade 1597.509%%* 1539.725%**
(164.393) (148.454)
Province Controlled
_cons 7959.176*%**  5215.464%**  23148.462*%*%* 19944 .458***
(1884.634) (1847.924) (3502.365) (3627.37)
Observations 30936 30936 30936 30936
2 P19 4 e KB 73 A 5 2R
(1 2) ®3) 4)
inhos_exp inhos_exp inhos_exp inhos_exp
robot_ rate 670.501 -475.142 88.884 32.562
(873.401)  (467.394)  (182.644)  (214.883)
hospital Controlled
level -44.583 -21.735
(44.362) (21.192)
grade 122.105 128.314
(113.373) (118.296)
Province Controlled
_cons 2171.183 -203.805 127.005* -188.545
(1671.862)  (199.519) (71.862) (247.309)
Observations 30904 30904 30904 30904
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P 3T AT LR

(1) (2) (3) (4)

death_rate death_rate death_rate death rate

robot_ rate -k .031 .026 .026
(.014) (.021) (.024) (.024)
hospital Controlled
level 0 0
(0) (0)
grade 0 0
(0) (0)
Province Controlled
_cons .005 .005 012%* 011%*
(.005) (.005) (.005) (.005)
Observations 30936 30936 30936 30936

4.2 HEREZR I ER
5 4k

MERHEERFIAUEH, TREAERESNTERNEZpNoTE R, T
ANFANBAMERERNZHHZEUN. TELAWT:

© FANBAKELERBERER NI LT E,
s REFHRALE I, EFz—RRBE LRAT #H.
o EIREAEA D E T,

Rz, AXKHAINFANBARZRBKT FALTE, HARBRD T HET
HRMABHARERRNTRE . KEFLEA R ERAR, (BE4E &K
ATEIAN. RELHARRAT EFANEAEREANETIFME 5 8L EME
FHHEEE.
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(1) (2) (3) (4) (5)
cost__var cost_ var cost_ var cost_ var cost_ var
robot_ rate 1.846e+11 -3.172e+11 1.027e+11 7.298e+10 -6.194e+13
(3.761e+11)  (3.121e+11) (1.135e+11) (9.318e410) (6.001e+13)
hospital Controlled

level -1.560e+10 -1.388¢+10  1.925e+11
(1.278e+10) (1.009e+10) (1.406e+11)
grade 5.527e+10 5.204e+10  -9.663e+11
(5.575e+10) (5.632e+10) (6.829e+11)
Province Controlled  Controlled
cost_exp 4.601e+08
(3.234e+08)
__cons 9.831e+10***  _1.070e+11 1.234e+10  -1.081le+11  -8.482e+12
(3.096e+10)  (1.163e+11) (1.822e+10) (1.248e+11) (6.204e+12)

Observations 30936 30936 30936 30936 30936
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radical cystectomy: a single-centre experience and review of the literature. BJU International 125(6), E1I0-E17.

Bongiolatti, L., L. Foppa, M. Colecchia, S. Guadagni, A. Spinelli, C. Masciocchi, et al. (2020). Robot-assisted mini-

mally invasive esophagectomy: a systematic review and meta-analysis. Updates in Surgery 72(2), 255-264.

Borden, L. S. J., P. M. Kozlowski, C. R. Porter, and J. M. Corman (2007). Mechanical failure rate of da vinci robotic

system. The Canadian journal of urology 14.

Diaz, C. E., R. Fernandez, M. Armada, and F. d. J. Garcia Gutiérrez (2015). State of the art in robots used in mini-
mally invasive surgeries. natural orifice transluminal surgery (notes) as a particular case. Industrial Robot: An Inter-

national Journal 42(6), 508-532.
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Food, U. and D. Administration (2023). Fda safety communication: Fda warns against robotic surgery for certain cancer
operations.

George, E. 1., T. C. Brand, A. LaPorta, J. Marescaux, and R. M. Satava (2018). Origins of robotic surgery: From
skepticism to standard of care. JSLS 22(4), €2018.00039.
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Mg AT B EFRy KA a4t Xl
RHE EEH

#H E RNMZIARTEANSEATREASFEERME
GREIRE . KRS T N WEZME (TWFE) fFEHH 7 (Event-
Study) 77 W RESMER, 47T K201341 A 2(2022F 12 A 1 &
BMEHE. RINNELXRELTREAZM LA FAEASE, 3
RSSO 2P

HTFEUAMAARNEFLAERMEGEKNTR, FEERAFANEAEK
RHRHERZ —. REXERARFEER, HAEREEXRFHFFARR (EF
THOBFAZRG) WEAXAEN. RE202 4, BFEFFANEANFAT —
EME E Intuitive Fosun— 1A A 2 & AWHL& A BIF A (Robotic Assisted
Surgery) ARG B, H KA FDA %AIE. 2 3KAF #T 70 4B K4 7000 &34
FERRPATT BT 1000 7T K MBI EAFARRF (B, X%z, 2021)

BHFIMARGT 2006 FHEREFETIN, SHFEARBAELERXAT
LA G, 2006 FF 2023 4, EHBAXFEERLH T LG5 H RAS £5. X —
AR EH 2000 £ MR EARTEHFAR, XUEHHEELLHTT 180 ZHFR,
HEREMBFRERS, AH 15 7K.

=

™
N installed RAS = 1
[N installed RAS = 2

Installed RAS =3

Number of Hospitals
200

100

© 4 T T T T T
2005 2007 2009 2011 2013 2015 2017 2019 2021 2023

Bl vERALSTFRARGNERLE

* RHE. LEAFLHBELRFARLIE (E-mail: kwanting@stu. pku. edu. cn); FEM CEfE
E) . AEAFLKERELBEFLIR (E-mail: yhpan@pku. edu. cn) » HRATR B A IR L0
FHAE. X E MR R m R A,
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FEERNANILGFTFFARALZSEHE: DaVinci SP. DaVinci S. DaVinci Si
A DaVinci Xio RMNEEXRERXFTFFARGESAEARANMAEAMEFHTHE —
EFA A1ETRTREHFFARGETEERW S RENL. TURAEIFRNLF
I KH., F—NARAEA204 45, SHELZLFTRENERKE/LTRGE. £
KERKEEE219F, WELFFHFFARANERKEN 69 ZHEME 119 K.

F2#% T ZEBFHFFARARGAHLAELNSFEINT E R Z 85 BB 8] 8] 17 .
HBERA, LRSI FRRIBHITIAR G L KEBATH R B RRE, TaEEE
TREFRFAMZGFFFARGGFTF R EEEA L., XFFFAREGTH T
ROFEETF. £RRIMH, ETUFATHZIR. BREMBERENHMAFA, £F
BAGE, ZRATUEELWENREERTE R EME WA F AT R,
AR MAI R LG TN ERBIRERBEMRERERF. EAN, B5FHFRAAT
AT FEWG, e898, TERSAREE. EE 2o RER L, RINKHHT
FREERISIIRA, @RISR, B EMSF. BT RRIF fo TR RSN
WE IR, REFRBARELGFHFRAAGL KSR EREFZHALEER, X
EKAX L VG TFHEIFANEANNAMLT LN K.

§ I Cardiac General Surgery Gynecology
o 8
5"
[-% _’ﬂg
W
g,
‘S' § 1 Head & Neck Thoracic Urology
3
£
Z &
8 _4747

o 7 i T v 1 T T T 1 T T T 2
2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020

Number of Hospitals with RAS Installed Number of Hospitals with RAS Opera

Bl 2. BEMERAZREERERAHEEF
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Cardiac Gastrointestinal Gynecology
§ | /_// i/_/
(=3
8
w ©° e
© Hepatobiliary and Pancreatic Otorhinolaryngology Pediatric
g &
-
5 8 f/ -
@
a e
E o=
2 & Thoracic Thyroid Urology
g1
2 J/

=] 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 Dperated|

Bl 3. ERRAMEREE T REHAEIMER
€3

ENMMNERERENFAENMERBAENEL, FARANNKELHEZRINE
HiCE., RBEBAERASM. HFE. EREEMAREREH. RINBERHFAL
fEFE B R AL FARE, ARAEAATH EH 5 R UMERT R BT HE HdN

WAREGERAAWAFFRE. HAEE 1 REFH, 2 RELH, 3REX
. BT RAFHRA: 0-15 %, 16-30 %, 31-45 %, 46-60 ¥, 61-75 %, AR
T6FU L HET ZMERERARE: F—, EMEERNATERART £,
HRINRAEA; &=, ARIHERARA

#RA

FIFHRERTRRT B4 AL BENERZRIETBN, UARENE
L#fT &%, XRBERAEFHERMNE. EXHE. BERTE. Lk
BHRUAFFERAN, BET A 2013 £ 1 AR 2022 4 12 AetE .

RBHANFHANTEERELE T TEHNE, TRARELFFTRAEGWERT
RAEEELAGRNFEN. EFRELFTRANERZEALEEAEREANZ
HiER. ABANTHEFRERTHAEN 2.5 FEA, EHZEZNEEAN. B
RN FP RN LR ERHE 4.7 £,
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Table 1:
Summary Statistics for Hospitals in Sample (in Thousands)
(1) (@) (3) (4)
Month Control Month Treat Week Control Week Treat
Average Length of Stay 12.74 13.86 12.74 13.84
(7.70) (8.54) (7.99) (8.78)
Number of Patients 771.87 1898.07 186.13 457.23
(1533.33) (4941.31) (365.08) (1181.38)
Deathrate 0.0053 0.0068 0.0053 0.0068
(0.0146) (0.0187) (0.0195) (0.0243)
Total Revenue (1,000 Yuan) 10,200 47,900 2,465 11,600
(25,600) (117,000) (6,220) (27,900)
Self-pay (1,000 Yuan) 3,430 14,800 828 3,581
(11,500) (63,800) (2,723) (15,200)
Nursing (1,000 Yuan) 275 910 66 220
(699) (2,228) (166) (528)
Hospitals 2,854 66 2,859 66
Observations 123,449 4,662 512,059 19,303

Note: This table shows summary statistics for the sample of hospitals included in the main hospital-
level analyses. All characteristics are at the hospital-month and hospital-week level spanning Jan
2013 to Dec 2022. Average length of stay is calculated by summing all patients length of stay
then divided by total number of patients. Death-rate defined as how many death divided by total
number of patients. Revenues is calculating at hospital department level in thousand of Yuan.
Standard deviations presented in parentheses.

SRR

AFNBTHTIEEFFFARGEREAMNEREER DWW EZIEL N,
FNXFAREZS 0DID) Fik, AR AEERMRENEREE R EITE— Lt F
ABAWERYL, UTEET EIE#EE . RR Fekfo T E LI, DID R A K F
RT3 HFFRAGAEERABETRERAGE LWER, BB EIEREAT
BHIMEER, HE5HARAZRAZNMERTW, DID 7EEERLFT AR
WHE R R EER ST K

BNERAT XREZs, (WFE) Frk A ST FARAGHNTH, LFEXR
RERBNL —HRTZRWEHBEWEFEEENLEERE, BRE X 0T (He
Wang, 2017) :

Yiie= a+ FirstProc;j, +p;j + 9, + €,
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#xd, Yi RTER i. BHE j £EFH « WERLXE, FirstProc £ — 1
ENETE, WEER i BT j EEH t OCHABEALETHFNBARS, WBEA 1,

EMA 0. O and o HARTHEMERMZHELHE, FERZAEERM
MEERHTRE.

PSR R S EFFTR

ERMNWEZIER S, EAER T AF T ERMEMe B HEZH L, Z/RE
KRATI XN EZL B, ATHERELFTFFARGEM A, LEHAFoR
HHEREH RN, BRINZHETEERAR T E. 58 Jacobson % A (1993)
A1 He #1 Wang (2017) W97k, ®AVET T ULT 7%

k<—-12, k#1

Yl]t - al] + 5t + :Bk X z Dl]t + el]t
k=24

KMNWERLE Yy RERIBZEJERE t TR KANAS. Yy 6FF
BN AR N ﬁh AL BRBRSURN. FAFELMFEDY. Ih
EUH. REFOH. mERSE. EFARBT. FRET. BREARA.

EWEE Dy HRERKEFTEREAEN, FERIBE jERERESHT
MBARRHEREX A S . RIVEAD? =1ift—s,< —12 FNW H 0, EHEk
R, RNERATREERIAE jo; MHES WERHE. MERZEERE
HERE; EAROREERES, RITFEENWEAERERE,

ERER

FOBRTFTBAMNEZL DID) BASHER., REERKA, XFFARN
BREMSFHERHENDZFROME L, EREABFHAE FFITH"first_
proc") A-1.181, # 5% XFLEF, TXHATREALGT TR G, BEWNE
Behf A FHRD N — K, RBEEAZEAFHFARFHREMBRRES. EFHE
Peot B By T B R P, BATRIRD T-0.066%, £ 5% KFLEF. A, ATE
WMEATEAERIT EMEFYE, RHELT, ZHIMNELNEELR -, KA
FEHAGERTE AN EENRE T F R,

AEMERANTE, BRUANLEFR T 1.385, — e @BEZE N+ EH
REBREFBZERBEAFAR. RTEFTFASN, EXLTULERREE RN
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4 ¥5,000 WEEETFA. AW, XEFFANFALN ¥30,000, FEHEHF
T RNANEFNEREALFTRAAGEMBAZER (B RANBHREH
0.099, FERNMAK N -0.196) HEEF W, ~3, AAFERANEZRDT
-0.1955 (£ 1% AF ERE) , XKL EEBR 8 % &M~ £ W3 2 5% R 5 1RK.

Table 2: Month DID Regression Results

VARIABLES (1) (2) (3) (4) (5) (6)
avgstay deathrate patient Inavgstay Indeathrate Inpatient
First__proc -1.182%* 0.001 -74.987  -0.066%* 0.001 0.113
(0.502)  (0.000)  (55.465)  (0.030) (0.000) (0.125)
Obs. 126641 126641 126641 126641 126641 126641
Adjusted R-Square  0.524 0.367 0.736 0.587 0.380 0.839
VARIABLES (7) (8) (9) (10) (11) (12)
Inzfy Inzfje Inhlf pplnzfy pplnzfje pplnhlf
First proc 0.099 1.385* -0.196 -0.016 0.958% -0.217%%*
(0.139) (0.788) (0.150) (0.038) (0.499) [0.041)
Obs. 126641 126641 126641 126641 126641 126641
Adjusted R-Square  0.795 0.801 0.779 0.674 0.801 0.749

Note: All dependent variables are transformed using levels and natural logs where specified. Fixed effects at the
hospital department and time level are included. Robust standard errors are reported in parentheses. *** p<0.01,
% p<0.05, * p<0.1.

ERFRER

Bl 4 BRETHEEEHNERRALETERL 95% EFXKERTAMAIES
BR. BMRERTERNSIEHEREARANLEEN L ENE TR ERFE
RWE, BRBRNAEEFHERLNMATHLIALEZNEKES, DTREEFFTA
GrHEEXHEARENRREE, ERF _KEF, PERAEEGHEEANAT
WEIATRAS, FEF+-ANARZELE 5% HEFEAF.
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RERAR

N T HRERNRES, RNFTTHSINEENEELS (Event DD) Fu A
WE =4 (Stagger DID) 44T, KRAIAEL %R EH.

5 R LM

BNt —FHTTHNFEARENREZ) HAMECR TS, ERRET
O RESNRE, BHEAF, AR, MR ARSI R FR G T RREAAEREHIHE.
Moh, RAVFET HE, EFTEXFEEIRFYEERSINME. &5, &KMo
AERTRGFRGN T UL RH R,
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W A5 RE R AT VI Bk A e T AT 20 g B
TEZFFHR

RE BiEE ARE R

#H OE TE: HLEBREFUBRA, HLEAFTRATAEK
REHLZEREE, ERitE, RABEAGEGRE. 4K, L&
AR AN FE R RS, EANEATRTRABTHARER S LA
Gy, HUMRBZ PEEE. BHW: EENE AR A LE
BEFGAR TR AN ERNESETRA. 7k &
ME B E T 201641 A £2023F7 A ML AF B E K ERE—
By A RNEZ A AT R AT B e, MEE S N
RHABMNBAF G E S BANERERIGA, HTHEE%EITFL
CEE, WREEWEHEASERFMETHRA, FUFREE N
TEHRTLENH, PR FAEE THMAREARTE 0 ET
BRAMER, &R LA BRFRINAHR (BEEEFIGRA
1756, HML&EAFFIGRA1026]) o 785 R 5 6 T 4 T B i 4R 2 H
ZJE, H1626 BF (AALSIHD #HANHFE—F oiT. £RET,
HEARTGAHKERESERIRAR T HD, REHFLERD. F
BABEERRK, FALXAMES, MBARBRAEEFTEGHNET S
Ji (82885.370 vs. 58643.87, p<<0.001) , #AT, MEEF%
HABRFAINAMETEALEET. TEHANET, EEEERT
BAE, ARAXNEALARZZR. & XTHAMEES,
MBEAFTGRUEEER IR BT ERNFALLEREGHET #
A, B, BFARELREFRANBARTGAE LR Z I,

MEAFITHB A (robotic liver resection, RLR) A —T#FH A, HIE
JE5E BF 12 A (laparoscopic liver resection, LLR) F gt EH EHEWF AL A4,
BEFRFRAEEET. B I, £ FE A& AIEIT I 49§ 1 B & (Hepatocellular

o RE, WIA¥EXRMBRRAER TR, ERENAEHBLFAZER: Ak,
W A¥E¥EHBIARER: HRA, HIA¥EXRHBENRAER. BEEH: 2T

(E-mail: srrshlx@zju. edu. cn)
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carcinoma, HCC) &&AAFZRGFHM, HAIAGHZAKIERE.

LYANBEAF TR XA L AZFFRRERANIRER D, 2022 F 1 B4
AT 4 B M % SCHR B9 meta 447 &K%, RLR (20,205.92 % 70) By & AL & T LLR
(15,789.75 %70) . # A ZH L RIR T EMEEZE X (Ciria % 2022) . AW,
MEAREFWLE, FAINENTHER, WEATREELEERE. 2020 4
Mejia & T 214 GIF IR &%, B 5 LLRAHL, RIRREFAES, EEFE
feata Ea, T/ NEEFGREEZEEFNESE (Mejia F 20200 . 4T, 2016
FREFERENEAFEEGT A RFAY A EZF AL, TTHA
Shet bk, RIRILLR FAFAE SR, EETURLA LZRTATFEX (FiE
B 2016) . FHIk, RIREGHAELEREHFEARAREMAZE M1,

2023 FRIE R E AR EXIEHIE H, BB T LLR, RLR £/ IEAE X & A
ARG T IE, AR EFERRBEAR (LiuF 2023) o KA
KSR FEERF, EAFRIANANBAFARLG RARE, AFHEAATES
HLE A BRI BT F K % A (Simianu % 2020; Song % 2022) .

= ART*

FFREZMAAR, ERERENLAFWENRKER 2016 F 1 A -2023 4
THUB A HCC i EIR &%, REEZWFAFTRX S ARIRAS LIRE, EHLEKES
Mg Ea b, EIMEE T, CREFNREER, RETRETFASTHETE R
FETT RN EN G, FRETEFFTN. FRIATT, REFARLERWBENS,

EXNANESETEHANTHE £ Iz, WA HTNEEETERLEY
AL (HaiE) , 2R TREHRAMEME S, K F8. BML. AFP. INR,
ALB. AST. TBIL. Child #+%. mE&HE. FAEE. ASA R REANEENNER
HATIA, WEMEETL, HATHACLEILE . PSM R A SPSS 25. 0 R AHAT 24T .
KEREILR IVATE FARE S BN “REE” “HERE” “SBE” “£X
EE” ANTA, HATTHR,
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FIFIBRFAREE (n=515)

HEBR (n=238)

R (n=97)
RN (n=58)
FFPIREERE (n=38)
WA (n=2)
FEPIHAEHE R (n=5)
INEEYORER (n=38)

RIS IR AR B8E (n=277)

/\

RS R TIRA (n=175)

DA R LIRE (n=102)

B4 I RC

BUAHEPPA ERE)E

R ERTABAREIRRA (n=81)

HLES AT AEHEIRRA (n=381)

\\\\////

WHMT

Bl L 2. AT E Rz B

=. %%

ZMN, HEhArEfRk G, EF 2T A EERINAFRRT, REFAFTRSH
LLR 4 (175 8) #1 RLR 46 (102 ) . PSM &, T4 81 183k — & HAT LB 447 o

3.1 BF ALK R

£ B oM M AE 4 2 B0, LLR 40 89 BMI. AFP. PLT. INR. ALB. AST. AT % k.

Child-Pugh 2% . [T EJE. IWATE FAEE > BZ ERIREFEZHZR (Hp

<0.05) . 2ENHLEERZR., XM EAW T, R IFHELZERGE, 162 4
B4 (LLRH 5 RIR A% 81 %) ANt —F 4247, LLR 445 RLR 4189 £ & #8474 T

PEHER. (XD

3.2 BH WG R BAEAT

B4 2 B, LLR LA 5 B

(100.0 vs. 50.0 ml, p<<0.001) .
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A F i E (33 [18.8%) vs. 10 [9.8%], p=0.045) . K G H# L E X £ F (35
[20.0%] vs. 7 [6.8%], p=0.003) . A#4#FHE (20 [11.4%] vs. 0 [0.0%],
p=0.001) . A/GEFAEE (6.0 vs. 5.0 day, p=0.001) . EfEFTE]E (13.0 vs.
9.5 day, p=0.001) B EF®& T RLRH, HKAEFHLEFRLEZR (Hp=0.05 .
GZAMEE T, LR FHEE LG, 1626 &F (LLR4 5 RLR 44 81 ) #
INFFR, LLRAWAFEHME (100.0 vs. 50.0 ml, p=0.002) . KEHXEX
AR (16 [19.8%] vs. 7 [8.6%], p=0.043) . K/EEEAE (6.0 vs. 5.0 day,
p=0.005) . A EFLE A (12.0 vs. 10.0 day, p<0.001) 2F& T RIR4E, H4
WAL EEREZR (Hp=0.05) . (k2

3.3 BH AL AT

T VT Z BT, LLR 4H B fE B & % R (57150.9 vs. 81432.5 75, p<<0.001) .
Bl % F (16875.0 vs. 50333.4 70, p<<0.001).F A% (6916.0 vs. 43424.9 TG,
p <<0.001) % F{KT RLR4, A4 % A (15879.4 vs. 9955.6 7G, p < 0.001) .
&% F (1260.0 vs. 1160.0 7T, p=0.010) . #FIFH A (1164.0 vs. 989.6 TG,
p=0.001) . #FHM %A (21113.4 vs. 12094.4, p <0.001) £EETF RIR4. £t
1 VR 4 T D F E dE AR T, 2R 162 6 B (LLRA 5 RLRA & 81 D A NFA A,
LLR 4L e fE T % % A (58643.8 vs. 82885.3 74, p < 0.001) . Ef#F (15972.7
vs. 50706.2 70, p < 0.001) . FAFA (6616.0 vs. 43424.9 7T, p < 0.001) .
H A% (341.0 vs. 535.0 75, p=0.004) EF KT RLR 4, 4% A (16517.6
vs. 9975.0 7C, p < 0.001) . #& &% A (1365.0 vs. 1115.0 75, p=0.010) . #
B H# A (1174.0 vs. 988.6 7t, p=0.001) . M (21565.4 vs. 12069. 4 TG,
p<0.001) BF&TRIRH. (ffxk2)

3.4 ZASMHEER

DLUIWATE FAEE QB AME EH#TR A o4, 2RI, £ “BKEE” “4
SHE” “BRE” IATHA, LREWERFEAZFALZMTRIRE (K%
E: 46125.7 vs. 76647.9 70, p <0.001; FE%#Z: 52692.8 vs. 76428.8 7t,
p=0.003; % % &: 67548.3 vs. 84725.0 G, p=0.001) , &, £ “LXEE"
A, LLRESRIR AW ERLEFARALFMEZR (75709.0 vs. 88292.6 7T,
p=0.325) . (FE2)
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R
[ JRrr
ook EE S seksk ns
120000 A (4447 AAAAW
100000 - !
80000 -
£
60000 -
40000 4
20000 A
0 L
AIRAERE A AR LAk

LR 5]

B 2. fEFe K 5% F o F A% B I 4E 447
E:
sk X & p < 0. 001
sk 1K % p < 0.005
ns & p > 0.05

H IWATE FAEE H “BMEE” “FEEE” WEZLSHRFAREL, IWATE
FABEAN “BRE” “TXEE MBEZENGTFAREL, #TTHL; . &
RET, ERNFARETHA, LLRAWAFARDE ((KFAEE: 100.0(50.0-
200.0) vs. 50.0(20.0-150.0)mL, p=0.013; & F A % E: 200.0(80.0-400.0)
vs. 100.0(50.0-137.5)mL, p=0.024) . A J& Iz & & (K F A% Z: 5.0(4.0-
7.0) vs. 4.0(3.0-5.5)days, p=0.010; mFAMEE: 6.5(5.0-9.0) vs. 5.0(4.0-
7.0)days, p=0.046) . B EFTATlE] (KRFAEE: 12.0(9.0-16.0) vs. 10.0(7.0-
12. 0)days, p=0.005; & F A # E: 13.5(10.0-16.0) vs. 9.5(8.0-12.0)days,
p<0.001) #HEF®H T RIRA., ERAFAEELAN, LIRAL RIR AW H KL A
ERALEERZR, (HED

% ¥

NTREREEE, WBEAFTRILEEERTGRATFESNFAZEENE
BHETRA, A, BFAREZEZXANEATTRAELR L5,
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Mff % 1. PSM#JELLR4 5RLR4 4 4 5 47
B3 Xk
PSME[ (n=277) PSM/E (n=162)
LLR RLR LLR RLR
(n=175) (n=102) plt (n=81) (n=81) pli
4% (SD), year 58.7+12.2 60.611.5 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
A, n%) 0.309 0.678
s 23(13.1) 18(17.6) 13(16.0) 15(18.5)
] 152(86.9) 84(82.4) 68(84.0) 66(81.5)
2.6 3.0 2.5
o =4 78 -
frE & A% (IQR), cm (18.43) 22.45) 0.163 (18.4.4) 3.2(2.2-4.7) 0.082
17.2 6.6 10.2 6.6
AFP (IQR), ng/mL (3.4-277.5) (2.5-110.2) 0.048 (3.2-139.8) (2.6-110.2) 0403
126.0 143.5 124.0 138.0
9
PLT (IQR), X 10°L (89.0-172.0) (111.0-191.2) 0.005 (95.5-170.0) (108.0-190.0) 0.050
13.8 13.5 13.5 13.5
PT(IQR), s (13.1-14.6) (13.0-14.2) 0.068 (12.9-14.1) (13.1-14.2) 0437
1.0 1.0 1.0
INR (IQR) (10-12) 1.0(1.0-1.1) <0.001 (LO-1.1) (10-1.0) 0.307
149 14.8 142 153
TBIL(IQR), pmol/L (11.1-21.1) (11.2-19.1) 0.728 (9.6-21.3) (11.4-18.8) 0-589
ALB (SD), g/L 39.4+4.8 40.9+4..5 0.013 40.2+4.4 40.0+3.6 0.794
27.0 30.0 25.0 29.0
AST (IQR), UL (18.0-40.0) (23.8-38.0) 0.026 (17.0-41.0) (23.5-38.0) 0-100
29.0 27.0 29.0 27.0
ALT (IQR), UL (22.0-39.0) (19.0-42.3) 0.364 (21.5-39.0) (19.0-41.5) 0.559
g E, n(%) 0.819 0.658
LY 3 151(86.3) 87(85.3) 68(84.0) 70(86.4)
EZ:4 24(13.7) 15(14.7) 13(16.0) 11(13.6)
A, n(%) 96(54.8) 41(40.2) 0.016 38(46.9) 32(39.5) 0.341
Child-Pugh# %, n(%) 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)
Th&E, n%) 11(6.2) 0(0) 0.028 5(6.2) 0(0.0) 0.074
BRI, n(%) 22(12.6) 14(13.7) 0.844 12(14.8) 12(14.8) 1
REFBEFA, n%) 56(32.0) 35(34.3) 0.693 27(33.3) 31(38.3) 0.512
EAEHHBIET, n(%) 25(14.2) 10(9.8) 0.279 6(7.4) 9(11.1) 0.416
IWATER & (L & (IQR) 5.0(3.0-5.0) 5.0(3.0-5.0) 0.949 5.0(3.0-5.0) 5.0(3.0-5.0) 0.576
IWATER* 8 A/ (IQR) 0.0(0.0-1.0) 1.0(0.0-1.0) 0.179 0.0(0.0-1.0) 1.0(0.0-1.0) 0.140
IWATEF A 77 & (IQR) 0.0(0.0-4.0) 3.0(0.0-4.0) 0.195 0.0(0.0-4.0) 0.0(0.0-4.0) 0.946
IWATE % 1 Jik & (IQR) 0.0(0.0-0.0) 0.0(0.0-0.0) 0.541 0.0(0.0-0.0) 0.0(0.0-0.0) 0.135
IWATE Child-Pugh (IQR) 0.0(0.0-0.0) 0.0(0.0-0.0) 0.049 0.0(0.0-0.0) 0.0(0.0-0.0) 0.988
IWATEF B I 5% (IQR) 0.0(0.0-0.0) 0.0(0.0-0.0) 1 0.0(0.0-0.0) 0.0(0.0-0.0) 1
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IWATE %4 (IQR) 6.0(5.0-9.0) 7.0(5.0-9.0) 0.176 6.0(4.0-9.0) 6.0(4.5-9.0) 0.57
IWATE# & 4%, n(%) 0.003 0.916
R & 27(15.4) 19(18.6) 16(19.8) 16(19.8)

AR 82(46.9) 28(27.5) 29(35.8) 25(30.9)

mEE 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)
ASA%H, n(%) 0.206 0.692
1% 8(4.6) 1(1.0) 2(2.5) 1(1.2)

11 % 155(88.6) 94(92.2) 72(88.9) 75(92.6)

1B 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)

BT RE, n(h) 0.074 0.070
WHRTEAETRRE 164(93.7) 101(99.0) 74(91.4) 80(98.8)

H AR 11(6.3) 1(1.0) 7(8.6) 1(1.2)

JEtEH#, n(%) 0.803 0.727
AH 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)

[ff #2. PSMAl /ALLR4 5RLRA 4 /& 45 47
% R defr
PSMHT (n=277) PSMJ5 (n=162)
LLR (n=175) RLR (n=102) pfa LLR (n=81)  RLR (n=81) pfa

FAFE QR win (1251.(6)?2'20.0) 165225)1.83 02 (1201.3?220.0) (1071.2?2(2)0.0) 0.134
WEIRE, n(h) 0.464 1
RO 172(98.3) 98(96.1) 80(98.8) 79(97.5)

R1 or R2 3(1.7) 43.9) 1(1.2) 2(2.5)

Ad s g (GR), nl (50.10(33'(?0.0) 501.(1)(25'250- <0001 (50.10(32;)5.0) (50.(5)? 125,0) 0.002
A g R, n%) 33(18.8) 10(9.8) 0.045 12(14.8) 8(9.8) 0.339
REHLIE, n) 35(20.0) 7(6.8) 0.003 16(19.8) 7(8.6) 0.043
ClavienDindo% %, n(%) 0.006 0.062
No 140(80.0) 95(93.1) 65(80.2) 74(91.4)

Torll 25(14.3) 6(5.9) 10(12.3) 6(7.4)

Mor IV or V 10(5.7) 1(1.0) 6(7.4) 1(1.2)

AP HEFBEERL, n%) 20(11.4) 0(0.0) 0.001 5(6.2) 0(0.0) 0.069
EIT A E R F A, n(%) 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
EAZRTHRL, n(%) 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
AJEEREE (IQR), day 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
RE30OREFLEFNE, n%) 3(1.7) 1(1.0) 1 2(2.5) 1(1.2) 1
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BAERENE (IQR), day 13.0010.0- 9.5(7.0-13.0)  <0.001 12.0(10.0- 10.0(8.0-12.0) <0.001
16.0) 16.0)
57150.9 81432.5 58643.8 82885.3
EIRE#FA IQR), T (44313.0- (74644.9- <0.001 (45171.2- (75617.3- <0.001
76302.3) 90934.2) 75899.8) 90501.2)
16875.0 50333.4 15972.7 50706.2
%A (IQR), T (9911.2- (46274.6- <0.001 (8999.7- (46796.8- <0.001
23013.9) 57632.8) 23056.8) 57640.6)
15879.4 9955.6 16517.6 9975.0
HmF A (IR, 7T (11219.3- (7687.4- <0.001 (11994.0- (7861.8- <0.001
23459.2) 14007.0) 24028.5) 14117.4)
6916.0 43424.9 6616.0 43424.9
FAFH (IQR), 7T (6302.0- (42808.6- <0.001 (6165.0- (42754.1- <0.001
7834.3) 43897.9) 7481.4) 43994.5)
1365.0
_ 1260.0 1160.0 1115.0
BERA AW, T (930.0-2153.0)  (673.0-1752.8) 0.010 (1075.0- (659.0-1602.0) 0.001
2340.0)
. _ 1164.0 989.6 1174.0 988.6
b
FERA (R, T (879.0-1521.0)  (784.0-1291.3) 0.004 (832.5-1555.0)  (779.9-1255.1) 0.012
21113.4 12094.4 21565.4 12069.4
MR (IQR), T (15486.0- (10839.8- <0.001 (15899.2- (10898.8- <0.001
31411.4) 18034.8) 32842.0) 19094.2)
_ 386.0 486.5 341.0(182.0- 535.0
#®
SRR (R, 7T (182.0-722.0)  (246.5-851.8) 0.054 683.4) (276.5-863.0) 0-004
Mff %3. IWATESF A % & I 4 0 45 B 48 47 40 A7
% R #5847
BEE + FEEE (n = 86) EHRE + TFEE (n = 76)
% HLEA Sl (o HLEA
(n = 45) (o = 41) plE  HEEH (n=36) (n=40) pl&
o . 155.0 120.0 195.0(164.0- 187.5(150.0-
FARE (1QR), min (100.0223.8)  (85.0-1800) 0228 260.0) 240.0) 0.265
WK, n) / 1
R0 45 41 35 38
(100.0) (100.0) 97.2) (95.0)
R1 or R2 0(0.0) 0(0.0) 1(2.8) 2(5.0)
) - 100.0 50.0 200.0 100.0
AFHmE (1R), ul (50.0-200.0) (20.0-150.0) 0.013 (80.0-400.0) (50.0-137.5) 0024
AF i EFR, n) 7(15.6) 3(7.3) 0.393 5(13.8) 5(12.5) 1
KEHLIE, n() 8(17.8) 3(7.3) 0.147 8(22.2) 4(10.0) 0.145
ClavienDindo % %, n(%) 0.063 0.341
No 37 38 28 36
(82.2) 92.7) (78.8) (90.0)
Lor Il 4(8.9) 3(7.3) 6(16.7) 3(7.5)

I or IV or V 4(8.9) 0(0.0) 2(5.6) 12.5)
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AP HEFEER, n%) 3(6.7) 0(0.0) 0.274 2(5.6) 0(0.0) 0.428
EITH B FRFA, n() 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
BEAHLTEL, n®%) 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
NSNS ) 5.0 4.0 6.5 5.0

ABEERKE (IR), day 4.0.7.0) (3.0.5.5) 0.010 (5.0:9.0) 4.0.7.0) 0.046
AJG30KEFHLEBENT, n() 2(4.4) 1(2.4) 1 0(0.0) 0(0.0) /
PN 12.0 10.0 13.5 9.5

RERFF (QR), day (9.0-16.0) (7.0-12.0) 0.005 (10.0-16.0) (8.0-12.0) <0.001

Ciria, Ruben, Giammauro Berardi, Felipe Alconchel, Javier Bricefio, Gi Hong Choi, Yao-Ming Wu, Atsushi Su-
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): 339-348.

Simianu, Vlad V., Wolfgang B. Gaertner, Karen Kuntz, Mary R. Kwaan, Ann C. Lowry, Robert D. Madoff, and
Christine C. Jensen. 2020. "Cost-effectiveness evaluation of laparoscopic versus robotic minimally invasive colecto-
my." Annals of surgery 272 (2): 334-341.

Song, Chao, Lucia Cheng, Yanli Li, Usha Kreaden, and Susan R. Snyder. 2022. "Systematic literature review of
cost-effectiveness analyses of robotic-assisted radical prostatectomy for localised prostate cancer." BMJ open 12 (9):
€058394.

Zhuzeng Yin, Guodong Zhao, Yong Xu, Yuanxing Gao, Xuan Zhang, Xianlong Tan, Chenggang Li, Zhiming Zhao,
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.
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ETHEXZERBENNE ARG R T EHEA
e R ACREA T 2 G GF i HRME

BER RE B—H*

F E REBATERAEE, EFAIXFTERRETL
KR AT RRAEBN T H. HLTEGWFATA, ILEAHIR
xTEREAEMEEER. —HMER. REXBRIURSGEKRE
BEfh b, HEREERETE. EHBAHBRATETRARE
GFARE, EEEREGHEFEHTRAAN T EZ ¥, &3
WMHHBEFE, AHRIANBIANEA AR 2B ATELRNES,
T, A, FABEMAME, AA281HEXENE AR
PRATEBRWESE, WHTRANAFNEAF43F A & A H
BlaBATESRRENME . WFHEFT LI, HHTEILEAHY
FAEE, NWEAHBBFARZFARERK (97.564 #7VS. 79. 05
a8, p<0.001) , EAFFRER D (1.42% VS, 9.25% AR F 5=
>0,p<0.001) ;5 MEAEM KT heefo G R EWKET RERL, E
BRi &R W T H#H, EEERHARNETXE L, MEAHBFAMEX
HRALEETEATALA. AREBEREHFHMY, *H—FHARHAE
EEEKRER. AThet., £ERERMERANET I HHNER,

dﬂb _’%

AT R B R IGIT 4 R B R T R TA BT %, R s R
KRAZHZREFM, NTEABZZNEERTE. Kim et al. 2020). HF, #L
BAHAFARBRATELTRNEFTRBE. EHERFAMEL, NLEAHBTER
ATEBRGEEUKEER. BHET. MABNBREERS. BEFHRRETMH
WTEEFA, NEAHBBRXTERALTAHHEBEET. MAULENBAK, E
FHERPBEATARKAR, ROEBRAHEA SRS, BELFEFARRELRS
TR (BF% 2023; Subramanian % 2019; #% 2024),

B 2012 Uk, Bfk. #&H. T4, LETERESLHZET, &

* EBER, AEAFLREELRBFARI; KB, CHERNAFHERAREER; BA—#H, §4
ERAERERAKEER. BEHEH: EER (Email: blyu@pku. edu. cn) o
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BER 15 MEEREKRRE “FANBEALRLA” . 2016 FRAHH (X TRHEAEY
il EL EHEREL) AAGY, ZHHEFETEREACT, AHEL L
REFAANEASTRETEM. 2024 £1 A 18 H, TV M A ¥4 +L378k
HEA HNBAY NATHEZRTENER) , REEMREHANZEAZ TEN
R, WHHBEAFEAFT R mE A . 2022 &, BXEFRFEERELGNEFE
HRBEE A ( “RTERKAXRTZEFTR “FANEA” “3D TH” FHBERM;E
M EAAATRNIESE ERELR ) BLWE” ), ERENFTE. FEHUH
HEA, EHFANBZAEERELES, EEAXRIBRFNZEZE & PHEHE
MEARTERMBIFFANBEARALREFAERLANRNEESRT, ©ET T
NBAGELE. FlENXFRRNEEZRY,

AR BEZERT R AR R KIE, FREAHE AR F AN
BAFARATHBWERALR. £EREMRAET AR, O THHANE AR
BI R BB A AKR

—. TE

RN R B SR, 45 2020. 7-2024. 3 # 18] B B X K B X W
TR THRAKEERH BN, BEXNEAHIRELELBATERA. ASA TS
I-IT %, 2180 B ER . HRHBRERPLEEE. RXTHEES. #A7F
W R (>20° ) RTENSMEELY (>20° ) . KRNEBHRTR. BREKEX
TROEH

HREABLEETETHAHINEEHNADFHE (FH. HAD , BILFA
ERE. A2 S RFEAMSEE, FARFARK. APHmfgRE. AEH
RIEFFAMAKIER. FrR*—FF R ETETRHTAHEE NI 5K
FBRz (AfEFAK. RER. #H4%. LIk, GaFARLMH

MRELEF AR EMTEE, ARXTHE T2 EERETFS. HFX
TP XA EE R L ABME 5w D5 AFHXTREHK (The Western On-
tario and McMaster Universities Arthritis Index, WOMAC) T4l &. 4 7&K
XA EQ5D-5L EXME, ARECELRINFEABRKARS KR (Liu et al.
2014) o W4, EFARETHIEMTARLEEBREBE. BEMRD), XTHAXE
e,

FAt oA AREERERERZALANTFHE GREE) P u#k (oo ,
FREENEAXA AL (Bol ) . AR EA t kR FF RN EAH
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B G A T ERARAELFLELNER, XM p0.06 EXHFRITFEEER
- MYy &R

B HAKEFE, ARPNBAHS L BEXTERF AR 281 ], LL1:
1 R4 (£32) ( BAl. FAEH (£60 X) MAEM, A 281 FlEZENE
ABHARATERTFARE., ELERE, NEBEABIFRASENBARIFAS
AR AL e — B (WLEARHBFALEFHFER N 67.33 [6.86] &; AL
BANFAHAN67.38 [6.51]1 %, X1 . A BFERWB AT RHFLWMH N ERT R,
HF 26T HEHFHAMATER, HHEFARERE BUD . Ol ERF.
WBRE. FERBE¥S (ASD F2HLEEFRER (FTAZEZTHI p>0.05)

RINEBNAAREEFAMAER AR EZR. EF AN K, NEAAL
FHFAER KA 97.56 (21.25) 80, MAEHE ALK 79.05 (19.54) 44, H#
AFAAFARKITE FENEAL (p<0.001) . MEKRFEREL, AHHEH
AFFIREHR D, BARWIUZERIRENERIETR. HARAEE, EA
A B RE AT F AN B AL (1.42% VS, 9.25,p<0.001) . A EHEARF
HmE F LR EER,

AT RREIER TR 43 X B, BAER A F4h 15.01 (9.78, 22.35)
A, MBEANEFEZGFRALLZEZR (k2) . AEEHEHRNNEET BARE L
BHRRAKBERLES, ENEAFAL, FIAEFARRELEXTHXE
A XFHEXFAR, ERAFAEANEZIEXAES, EXTHEXITORE L, L&
NAA 3P (6.98%) MERFALA 2 (4.65%)

EXTHReMmEERE TS L, BT, WAREXXTHEE. WOMAC ¥4,
EQ-5D it nfudt Gy ME A4+ (QALYs) EREFZR (X3) . Ml
THERFAL, N2 A BT AL WOMAC iF 41 EQ-5D-5L & & B iF 42k & (BT A 7j -
Wi ita 208 ke, EERTAITFER.

EREFERMEFA L, HMUTERFALE, EAFAHANERERA 47,
634 7 VS. 40, 750 5D . FAFEA (10, 972VS.4813 6D Frzh & % A (2905 VS.
2481 T0) Hm (Z 43k p<0.05, k4) ., EHMFFA L, AARFRLALEER.

=. T

ZRAMFPBEELQ AL, BEREY, BUARRTHERTERFA, LEAH
BaBATHBERIRERERATHRMETRE LARS, SEREF B RIE—
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. EEHRAEARD, W FEIARL L. EAZAHIR T ERER S,
RARFAZRALER TERAFA.

PRGBS T RELEMT, H—FHANBAHEF AR TR, £4HE
UREST X e, Fet, SRR TLEAIN, RELEFH., XTHTER
EWMEZET, NWBEASERFANULE BETFNEH.

F1ICE G 8 A B2 50 F AL B EF AL

L2 A B4 g FARE P

(n=281) (n=281)
Fih, & 67.33 (6.86) 67.38 (6.51) 0.38
W, & 230 (81.85) 230 (81.85) /
BREYEEY R 281 (100) 281 (100) /
FAEMR, 2022FLF 147 (52.31) 142 (50.53) 0.74
A, AN 148 (52.67) 148 (52.67) /
BMI, kg/m? 28.94 (10.93) 26.68 (3.86) 0.068
% ¥ 1L E R R 156 (55.52) 136 48.40) 0.11
¥E J% 50 (17.79) 48 (17.08) 0.91
ASA 14 93 (33.10) 106 (37.72) 0.33

ASA, American Society of Anesthesiologists.

EOLEH T EE IR

LA A% B A ERFAH P&
(n=43) (n=43)

KGR, A 14.90 (9.85, 21.87) 15.13(8.88, 22.43) 0.86

BB B 0 0

BARAA ) 0 0

TR RS 0 0

KT AER 1 (233 0

RTHEXRFA 1 (2.33) 0

RTMKRITLH Y 3 (6.98) 2 (4.65) 0.79
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RIHMAMETEFNRERER
ML AR BA R FAL P&
(n=43) (n=43)
M AT HEE, 29 (67.44) 30 (69.77) 0.55
FEHE
WOMAC 4~
KT 53.19 (23.88) 48.56 (22.54) 0.36
I 7 5.09 (7.07) 6.79 (11.71) 0.42
AR-FET = E 48.09 (22.96) 41.77 (22.08) 0.20
ED-5D-5L & f& it 2~ A Al
AR 53.69 (16.12) 55.70 (12.84) 0.53
& 177 86.71 (10.49) 86.28 (11.40) 0.86
W75 AR =ME 33.02 (17.73) 30.58 (14.20) 0.49
QALYs 0.95 (0.47) 0.90 (0.42) 0.63
QALYs, i B HE & & &
R4 FEVT BT # B BT I
MBEAFEA (n=43) FERFALA (n=43) P&
EREFEM, T 39520 (34417,61589) 41329 (28042,51123) 0.15
FAEA, T 10376 (10376,14409) 4838 (2376, 6409) <0.001
W&, T 674.4 (410.8, 1073.0) 802.9 (314.4, 1574.9) 0.99
M, T 20596 (14471, 41737) 29025(17140, 39287) 0.50
Wi, T 387 (305, 1257) 1361 (207, 1699) 0.84
HEmFA, T 2758 (2109, 3366) 2209 (18157, 2983) 0.026
HtFA, T 67 (4, 67) 45 (4, 67) 0.35

Liu, Gordon G., Hongyan Wu, Minghui Li, Chen Gao, and Nan Luo. 2014. "Chinese time trade-off values for EQ-5D

health states." Value in health 17, no. 5: 597-604.

Hampp, Emily L., Morad Chughtai, Laura Y. Scholl, Nipun Sodhi, Manoshi Bhowmik-Stoker, David J. Jacofsky,
and Michael A. Mont. 2019. “Robotic-Arm Assisted Total Knee Arthroplasty Demonstrated Greater Accuracy and
Precision to Plan Compared with Manual Techniques.” The Journal of Knee Surgery 32 (3): 239-50. https://doi.

org/10.1055/s-0038-1641729.

Hampp, Emily L., Nipun Sodhi, Laura Scholl, Matthew E. Deren, Zachary Yenna, Geoffrey Westrich, and Mi-
chael A. Mont. 2019. “Less latrogenic Soft-Tissue Damage Utilizing Robotic-Assisted Total Knee Arthroplasty When
Compared with a Manual Approach: A Blinded Assessment.” Bone & Joint Research 8 (10): 495-501. https://doi.
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org/10.1302/2046-3758.810.BJR-2019-0129.R1.
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ANT% &5 /MRHER

B o

=+ ==

B R R

BEM ZERE AFR

Fo E AERFANBATAN THAREA LA R, £

ARBEF, KMNEETHRERE, FEETER,

J 1 4 AT DL BAL SR A 3 T o

AT+, BRINRTTEERTER,
R RV o

TWFE: Heads, General_Surgery

sisvsiisass ;;&HHNHHMQHH;NH

Coefficients
[N Y
DTG

T T T T T T T T T
12 8 -4 0 4 8 12 16 20 2
Months to/from da Vinci First Procedure

TWEFE: Residents, General_Surgery

A it

Coefficients
ho oo

T T T T T T T T T T
-2 8 -4 0 4 8 12 16 20 24
Months to/from da Vinci First Procedure

REERE, 7

AT T B F A ALE AT SRR E A

TWFE: Presence, Urclogy

& gt st

Coefficients
ahivoibo

T T T T T T T T T
12 8 -4 0 4 8 b 16 20 2
Months toffrom da Vinci First Procedure

TWEFE: Chiefs, General_Surgery

Begeegsfiec H;;HHHHf{“{ﬁ}”}}}

Coefficients
L

T T T T T T T T
-12 -8 -4 0 4 8 12 16 20 24
Months to/from da Vinci First Procedure

F1EBEERER LG TNEAFAA GG Lt pl

TWFE: Procedures, Thoracic

ssganaddsan nuunununﬁ.““iﬁh

Coefficients
Ao o

TWFE: Procedures, Urology

2
1
of 38888338505 sessusgusosespsgsiisiis}
-1
2

Coefficients

T T T T T T T T T T
-12 -8 -4 0 4 8 12 16 20 24
Months to/from da Vinci First Procedure

T T T T T T T T T T
-2 -8 -4 0 4 8 12 16 20 24
Months toffrom da Vinci First Procedure

F2 BB g REARTANEAFANAN G LETEE

* FEM: AEAFLREELBEF R (E-mail: yhpan@pku. edu. cn) ;
KBTI AR EE X B R (E-mail: junjian@nsd. pku. edu. cn) ;

%% (E-mail:qingyuanzhou. econ@gmail. com) o

ZEE: ARAFEX
AER: AEARFEHF
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H1ERTEREFLRUAURLUMEE, TEEF. THERFERE
VB b I BE B ) B R AL L. BRATENBEATIAT— I AWAEA N AW ER
MENZRENSTELE, RRRN, CELFTFARRIING, TEMBX LA E
WS AL SRR BT LA, WA AR E AR R REAR R . AN, EE AN,
TUMEEMEEEFNLAIFE D, XEALCKERBT ELZHEN 2. AW,
REBMFRENBEAIINELEN R £, TREEEAMEFENEHTAREE,

B2 RTTIARAREFLEFAENEMES., ERET, HATINE, M-
R ub RANFH B L AR E A FATHFARER T m. X RFAREREEEARE
ERURRAT Lz mmbRASE, KmRET LM E L HNSFTH.

2. FF Rt

FWHAER AT, REA TS MM R EANSH AR . AR
B EE M A AT, RNRARHEEHELRTRE, 4
P2 EHLE A BB AR IE A2 A A R R A B

2.1 RPUE@IESE: SHAHE>F

ZRXE ATNEETREHNEREL, BRINNEET=AZELERLE: (1)
Bx ke, (i) ATEHFRERQNAFRA, WA (ii) ARKERHEHRL
ET#EMA. 87 BAECEENTH, RINFETXEBRMY%. yTNEETRE,
RINFERTANZEWELLER: () EHF 30 RABFRERNER—WEFEY
/e 30 RARGBAANR, UK (i) BHFRAEERAL TR,

EREE RNWEA LT aF — AR EFTE, A EFFRE, BAl, UR
TELWE ICD-10 (EfnEmELS R, &R0 ZaR&.

FATH LA o T
k=24
Yie = Z BikMR; ) + Xiy+ 8; + n; + €;:#(1)
k=—12, k#—1

e, YpaxrREOliEFR-AMt, ERBE JFNETKEERAMET
FREWMZ, t. MRy REWEE, 490 - ANt EFERME j 5 RIT RS
ANHBF AR E AR Bk MAMBES 1, THH 0. X 2TEFNGHERE.
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BNEWANT ERBEERMM ) FMER - AREZRE N o AEANIRZET
BN ERRREERMEED.

2.2 EAZE®@IER: SHHNEFEFE

ARTENBABARINE LU EERBEL FAN2WER, KNHAF
ETNBEARAN F AL EEEFRNDHEE,
BANKAWTRERYREHELEERANSEASEEF R THEZHWER
KF:
k=24

Yi = Z BxMRjx + &+ n¢+ €#(2)
k=—12, ket—1

b, THRixTELE, txTFH-FE. BXEYe REEL£1E t HH
HEERALTE, 30 ARNBEANRE., FHERREKMFHETHEH, UREAL I
ELRHALHENFALEK, KNREWEXEMR ZENLE, SF0-FE ¢
BEEEA LI ERERALTTFFANZANEE AT ) kKANMFEMBRER 1, SN
A0, RMFINEELBRKE S UEFIE LB RRE, BIARE (2) ®ETFAHT
EENMAABWER. KB, ARET. MEREEEZTHHRITRE



108 BEFAFT 202459R

LB A F A= SR BT 14 (B iR S 1 R g
EIFEZ G A — TN A HTE 3T

TH AT

#H E #BAXEER, RENBAFASEERESIITHRF
AESTRIRG R A RN AR RN ETEERME R, U
BZOB R BRE A, ERERMERA: BERFANLITE
FA, EEFAHZ2UTERRY, EEMBFRETARETHA
£ MBAFAMKTRFA, EEFAHZAETEARLS, EE
PrEEFEAAE, WBEAFABTRAEFE RS, BITRER
BEUWTHALG®S:; NBEAFAMBEEREREFALEF AL L EAME
FART A HANLERFAERFRARBE R, A, NFRFTdL
MNBEAFARROEE, ATRIEXRLEER, FERTE ZWH
R, FRXRATEMTTE, B RELRRET ERXOAAET KN
R SMRHE A8 3] i S R RIS P PR Y T A R AT ALE AT
AW BEBEMEARERER, o, RO AT A KA # 5T
G T AT D AR, PR AR SR BB 1B M HEAT BB 2 AT .

R

1994 EH A FH B RSB+ Z 38 3 % & (laparoscopic pancreatoduo—
denectomy, LPD) # & DIk, MAEF KNS AHEI AN TR/ R E —
B fE#4T (Shah and Singh 2024) . L a7, A% RALE AM B F ALK T RRivE
RIEHETFEANFNEREIEEFTETRRNFBF TN EFAZEUFTEH.
ARTHEESESIAE AR RREREAR, FEHEZHA 2022 FRAFLRAFITHT H
Az e, WAMAREALF MR & (Study Group of Minimally
Invasive Treatment for Pancreatic Cancer in China Anti—Cancer Association
and Chinese Pancreatic Surgery Association 2023), 1{H %5 358 %K B 8] B %
3] #1 % (Pancreatic Cancer Committee of Chinese Anti - cancer Association

2021) »

¥ LW, PEA¥HEERGEN;, YEAFHAEEREREZFRFRAARFTL; LEAFL
RKEREAZRAAI, (shiyin910515@csu. edu.cn) ; RFHF AR , hEAFLRBEX
B EFE, (wuziting@pku. edu. cn) o
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RRKFRSATNT G, —RARERFINEAN BEREFEF RIETHRR
BHHRIFN T EAXEER, UMK LR EFHNEAN ERFEF RSB
ITIRIRE R R AR A ARRR / BAR R XBER; — B AFRE XA WG4
AT 77 R BEAT W AICAR,  FF 3 KA 2098 3R BUS 98 M 2 AT 2088 A 6

. Tk
1. XER&ER

HRAFETA K PubMed FUFKHXMABRALNECL. AARERAT =4
R, H—N “BIR” B CBRIR” 5 “RBE” . “BRE” R “BE”, N N
BN FaCHHFRT, FERBERFEU “AND” ZHEEEREGREXRE AL R,
BEEBEARFES. KATHAT 2011 £ 1 A 1 HE 2024 45 F 30 H#9 H&AH
AR RE ., RASZRREELHT. HAFRCAAXEREE, HALEHRAR
i 6 Fo R4 SR KB R
2. ZIr &

A BTABANNMAERGERE#ARBE LA (2 =ZFHAR)
B. RHIRBIRAZTL 1 F, BAFARARFTERN, S TFTEEEKENL LT E
MR, Y TRBBERBKREEERN, BERBEHENEEEK (consumer price
index, CPI) %44 2023 4 H A
C. #H 240 A, HHRHANMAERGEEHRRHEL;H (4 ZHAK)
D. BEA 240 AWEH G RAGEE R T AN KA TNER, BHEZFAHE
A, b R E BT A IR E R R 30 RN EEET FA . EHEF
EF A, BERA,
1) &%, KA Cox BAMA MR T HIFERFEEREEFELRELE W
W& Z BB % % %o 1A Lasso 7 & i T Cox B A £ %k, A% Cox
EEMATRE A RENEEEMERETE IELIAE AR, M Lasso
EETRLE - LA EFEENETRBREEE, THATRHRENLE, AR
BT AT R, AAER T

N~
|\

A}

}\(t) = }\0 (t)expﬁlxl+82x2+---+ﬁnxn

Hep: At) ERE AWK ELRK, t WELHK; O EEERNR
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B, BIEANFHARNEEL, RTEFAHREE (%~ %) HATW
BRTHRG; Fi~B ZWEEX ~x WEHERK, ATRTEME
AR AR R R MR E R TR R, AR, R aE A
Fie. RikETRERE BHERIL. ZEFERORT / &/ 28/ KA.
s R4 8. 8 R IE Charlson & EHRRK. FAAKX (WBA/BESR/
TR . FRAEK. AFHIE. AFZR (KF W T RZFARKAZO

2) R LABE, FOUEMAEWEFRE t (B K

) EEFHEMERM F, MEAFE t5E BT RAM A KA T
A, AEwT:

COStnon med—inhosp — COStmed + X1 + ...+ Xn + LOS

COStnon—med—outhosp/t = COStmed + X1 +.+ Xn

4, COStindirect—inhosp 7 1 52 ] [  # 4F & 77 # A COStnon-med—outhosp/t
HHREEHEEEESFRA: X1~ X AFAAR (MBA/HBEE/ FHD
MRl . Rk EFRBRED SERT. KRS ER GRT/ &/ SHE/ R
R4 8. FH#RIE Charlson 43 EH S . FAMK, APhnE. R#ZEE (£
FWH R ZFAAXGLD 5 LOS HERE K,

COStindirect—inhosp = COStmed +x1+ ..+ X,+ LOS

COStindirect—outhosp = COStmed + X+ . T Xy

# o, COStindirect—inhosp # £ [ 3 8] 19 # A ;  COStindirect—outhosp % % 41+ 8] 5
AR X1~ Xn AFARRK (MEA/ERES /B . HAl. F8%. Rk, EY
REe KA, BRI, REFEN GRT/ B/ S8/ &P | ERS#H. FHK
IF Charlson A 7HEH# . FARK, AFdHmE. AEFER (KRFLWEREZFA
AXBIH 5 LOS HERE K.

4) R P 2 B BB AR B T R AR (8] B R A TR AL TN A B AR E IR A ] (&

WY K) T 30 KABAE X R AR o
EERITFEREITEGH (V). B2 Mean) . /¥ = (SD). FL# (Median) .
BX/J B (Min) fo& AME (Max), f£/F Kruskal-Wallis test for nonnormally dis—

tributed variables; T-test for normally distributed variables. %% % & A
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HFFEET, HER Y2 R RHATHR.
F. AR A E B ETEE % B FENZ R HATEEWN (Inverse
probability of treatment weighting, IPTW) , Xt & JLETIR 2 B & n N4 B
WA B2 ZFRAE. RIFAERXIEAT URAZ FAEHATER.
) B FAEEEEAE: REMRSE (0 A O H2ZFRAE . &R AT,
ABRAER) UREGEZET / FEORES, B - MEHETER,
o TR B AN AR B % K TUEIT AR
2) WENE: AT HEFTER ST EANMKREZIET B EP(Trea
ment | X), HEF X RFMRFEME. BEH, WEMONE: FTHEXE
TTEIAE, WE N 1/P(Treatment | X) .
3) A E F oA ERENEW B, AR ZFEESR XEEEE (GLMD
X LB A HAT EF A AT, R A A R T E R AR, AT R D
BAEE R
4) RN ATRRERZGERBRERE, FHTRGEIM, &
HAEWEHRERTEANBRERR, #REROREEMT K,
G. EET Gamma 2 B X AU EAITFMHNBEAFANEEET R AL F LK
THRA. BEEFET AR, BERKNZE,

J
log (Y) = Bo + Z Bjcomorbidity; + €
=1

AF, YHERETARA/ BRFETARA/ AEAA, jHERZEENE j &
HEER CTUE L~ HEERR .

AF; = p;(efi — 1)
Kb, WEEHATERETREREERRF A, HEEART HITERF ML 2% REFE
B & A BBERE, =0.006 Bf, BHRFERAMWO0.6% TR TEERF jo
EHERAY, HETAEKLERFHNERFHICH outflow, HEWLT

outflow = total expenditure of B 7% /7 * z AF,

o IR AR 2 B B R T H T
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Adjusted total expenditure of H #~ & J& = total expenditure of B 7/ /& — outflow

BT X SRR (GLMD T AL 8 A F AR 38 A ACF B, 38 R Rt B 4 A,
Adjusted total expenditure; & /ME 1 B FE A, X v —RFPmE R (FARAKX (L#&
AN/TEREG /TP WAL, Fi. Rik. BEFRRER . BSHERN. ZEFER Ok
/R SR RAD RS, FIRRIE Charlson & EHEK. FARK, A
FHnE. AFLR (RAFWHERZFAARAL ), & HiRET.

log (Adjusted total expenditure;) = By + BX; + &

Ho 4t T REFRM, ETEERTHF I dA#TIASN (BPATL—FFH) X &
HEHED

=. &X

(=) LB AR R fo T I F R80T R R B RCR IR Xk &7 &

L. HFHFZEFZHAEEERFA, HLUEERTFAYEIIRC)FA T AT E
FAZEWIHRESR. €M, BREGFAEHFAH LU THREAE, F£
B FK BT HE. BERFAETRCEMRERENEFAHT L)L
2UEFTETHAEFA, BEERE IO RFARFEALK S HREMRERE,
LPD B9 B F ABF A 88K T ERE T 45 V1% A (open pancreatoduodenectomy,
OPD) (Kuesters et al. 2018; Stauffer et al. 2017; Zhou et al. 2019; Feng
et al. 2021). LPD EfEFEH A 5A F i i & 7 @A T OPD, 7 AJEH ZIE 20
AB MR EFAIAEAEFFANEZRMNELTF TN (Feng et al. 20215 Ji-
ang, Zhang, and Zhou 2019; Yin, Jian, Hou, and Jin 2019) .Chapman % (Chapman
et al. 2018) xf = EEJE# ¥ E (National Cancer Database, NCDB) # 75 % Lt
Je k2 B ¥ % LPD 5 OPD 89 90 RJm AL E#HAT 44T, KIEF LPD B& B sL £1%
T OPD. 11 #F NCDB # A B A ik 14 B8 77 17 5 % B [l BRI 70 4 R U 25K, LDP & ODP
90 RAAEFER# ZRLAITHFRNL (Kantor et al. 2017).

BB FARIBIT BRI G F Rt THH, KLI TN R EF T
#t. MTHCKE, LPD £ RO VIfR %, MEZREBEKE, URAKJGH BT IT 46 6 8]
7 @ T OPD(Jiang, Zhang, and Zhou 2019; Yin, Jian, Hou, and Jin 2019;
Feng et al. 2021; Peng et al. 2019); {875 —JU#F % & &£ I LPD £2 OPD £ ik
&R T B £ % (Chen et al. 2020) . EFRMFAFTAREEZHIAITH
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FlHy 2 7 T8+ % &L (Chen et al. 2020; Peng et al. 2019). 4Fx{ /3L LPD
ABKHEFFILE Meta 2 H%E R B, LPD B9 A £ F KT OPD(Peng et al.
2019; Chen et al. 2020); 1E7FH X#il ¥ F#& S LR (overall survival,
0S) MR L4 it% & X (Zhou et al. 2019; Feng et al. 2021). X THARRE,
LDP 5 ODP 7 RO #7/% % (Ricci et al. 2015; Riviere et al. 2016; Gavriilid-
is, Roberts, and Sutcliffe 2018) 57k B 44k & (Gavriilidis, Roberts,
and Sutcliffe 2018; Ricci et al. 2015) FEMEZEF LA FE L. HTH LR
BFRME, BEZFEXLPROP 5, WITERE. ABEAXREKEFHNE
FHFHETFEL Ricei et al. 2015).

2. BOBIH T H T W BEAFTTHFAZFHIER, KANBENFAERFA
Bz et T EHNY, BEMEFEFTE, HEAFRETEEFE LT,
BITREEBINTH RS NBEAFABTRLEFMREARENEFAHN L
AUHETETIAEFA, ETFEABHN TS F oMLY RARERTANEA
FARAEHEEERS KA ERTFEFA Liv et al. 2024) . Vining % (Vining et
al. 2020) ¥ =ESBEFHhS - BERXRF AR &KX (American College of
Surgeons—National Surgical Quality Improvement Program, ACS-NSQIP) = &3k
EHEHRATH S 42 LE (Propensity Score-Matched, PSM) 4-#7, %R B R,
RPDAAEH A £XKTOPDA, MERAEREFTEERLATFEN. FHE
B QN R PSM B R % RO 5 B K L4 (Kauffmann et al. 2019; Baimas—
George et al. 2020) ., Nassour % (Nassour et al. 2020) 7EHFZ * 4Bl 44 N\ 332
I fn 2 386 425 RDP A7 ODP J& /7 B9 R 1K B B & ¥4+, 4R LoR, RDP By atf A
190 KA 7 AT ODP.

MBAFARIETRLBEONI S B FREAE T ITEFAR, LEAFABTRE
BT b e A8 #e F £ % . Nassour % (Nassour et al. 2020) *f NCDB # #y#t
BHAT AN, RIARPD HAEMREERBEES A GHINTESEMRT OPD A, &
ROVIBREEREAFYHRFTENERLLITFEX . ANEF QW PSM AT FFE XK
M4 (Kauffmann et al. 2019; Baimas—George et al. 2020). FZHMAREZ AN,
X RPD B9 JR K B & OPD fEE A B E B H B X H BI LT (Boggi et al. 2016).
HH R LA, ROP EMELFETHKE S AGHBINIT £ 7 @ T 0DP, & RO 1%
EHEER LG T HFE X (Nassour et al. 2020), EHFHRNKLINHH EMRE
GRAKEGROVBEFEHZR (Lee et al. 2015).

3. NBAFAFEERFAZFWZEZRBERK L, ETFHXTE, LT
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BN FA R FAEEF AL 2 PR F 150 7 B IR H A AT
TEREZH, b, WEERFETHLANEANFAXRE ., NBENFRIET R
KEMBAREERFAMES T ONEIARFAFAARIESE, S TRLE, £
TR E 2255 I AR ABEH — TS .0 BB R K (Zhang et al. 2023), &
AFARBTHEF AN, BEAFHLEMFHETEE, HEFLTADES.
HARBRERKH, RPD K LPD B9 %I 1K (Stiles et al. 2018; Kamarajah
et al. 2020), [ B (KA FH M%E (Kamarajah et al. 2020), HEFAH

ZAMIT T E R LKXH| (Kamarajah et al. 2020; Stiles et al. 2018). #

i, ZHARERNET 200 AEHEZT RRODWEHEIF, BURRETFIHLE
BN BT HE. 4 RERE R, BT AI RDP B+ #7721 T

LDP, {EfEFTEt[E 5 90 R XM ERTLH1TFE L (Watson et al. 2020; Raoof
et al. 2018),

MBBAFRETRLBEWFBFETESATAL, IBEAFRAETRERE
HEBMBFETRFNTADREER FWHER, RPD 5 LPD £ ik L& RO %
EFEAMEEHE. ARHBMITE, 0S, UK 1. 2. SEFWNAEFETANER
H 5T F E X (Nassour et al. 2020; Wehrle et al. 2024) ., 4t R EE,
RDP &5 LDP £ RO VIl % . M ELRBMEKE. A5 LM B /7 i 8 R By £ 7
H ) Z 7 Lot ¥ 2 X (Raoof et al. 2018) . Watson % (Watson et al. 2020)

% NCDB # fig & B.J& 7 1l K R B9 AT 45 R, P RDP WK B4 SR B4 & 7 @ 4L T LDP
S, HtrEFEmAENThS . AKELEFERE, B Watson % (Watson et
al. 2020) & RDP &y 0S t£ T LDP 41, EMAAAARXIWHEALOS A1, 2, 3454
FEHFEWNERA ST FE N (Raocof et al. 2018; Baimas—George et al. 2020;
Daouadi et al. 2013).

(=) B S4B B Bt

1 B EEREFEFRPNEEFET RAARMEERR, BT TR 1T HE%
FEE, EEKREAKTAWT:

B 301 EFeE B g RSP+ AT E F SR R

- OFEREI A2 ERERIRIREHEBERE, X T RRTGRFAMNE
PN, BN, BEH. TEE 80 .

EXBIRXBETH .

C ARIEFREGRWEHEAMRER DN BEEMIERAITH, 25 ERE £
HE, BEEESE, HERD.
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FIGURE 1. THE DISTRIBUTION OF SURGICAL ROBOTS IN CHINA

Notes: The red bar graph indicates the number of surgical robots, and the depth of color of the map indicates

the number of surgical robots per capita.
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FIGURE 2. LORENZ CURVE AND TREND OF GINI COEFFICIENT OF SURGICAL ROBOTS IN CHINA
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FIGURE 3. TREND OF GINI COEFFICIENT OF SURGICAL ROBOTS IN DIFFERENT AREA

Table 1 BT K E 2014-2022 F FANBEATLEN FRIEHK, URLH K.
O BHHXBEAFX RN ZERTRE (KBARXBEZER/LZR) . AL,
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WEFZHER, AARNZERRTSEES, 22022 FHNNZFEL—F, b3
52.1%, B RERAREMEI R F, AN ZERFANEAREKRFEAEAS A K,

TABLE 1—THEIL INDEXS AND CONTRIBUTION PERCENT BETWEEN AND WITHIN THE AREA THROUGH YEARS

Contribution percent between Contribution percent with-

Year Theil Index the area (%) in the area (%)
2014 0.90 16.65 83.35
2015 0.59 12.10 87.90
2016 0.48 16.50 83.50
2017 0.49 14.02 85.98
2018 0.50 19.62 80.38
2019 0.29 36.45 63.55
2020 0.23 45.65 54.35
2021 0.17 44.50 55.50
2022 0.18 4791 52.09

PL 2022 £ A, KRR HFA—FHATTEEMALN, EREETFTHREFANEA
4 Moran ‘s T 484t % 0.11, P< 0.05, FHEEZE XA TH*, EXHEEL A,
Figure S1 2R T R EHEXEREER, T RE., LEMHEXRETNHEZNST
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MEEE. RAEEAHREE LIS), EFT6RcEFVHEREHF S5EHEKX
B (H-HD) , AREMENEG; EERXMEXEEERERSZMAS (L-L) , A
HERE, RTAKTRELAERX G ABRA TR HZ X, URFRHE, BEHE
REFMEXRGE (H-L) , RILHAHT, WHEHE LT ZHMLEFE o
MRENLENREHRE, FEELSATFRETHRE.

w, BE5%—Fitx

ERRDFF, RINERT FANBAGATHEETEANRE, AREELS.
DX 3 8] - A B 0 F e, BOR T B E B B E T AR R A KR A iR R R f L.
BRl, MTHE, BAMNEFLZEER, REFANEANEAREMEN EHL
TRz, FANEANTIZERA, EEROAAEL R/, FEAEA
SN TR RE, BAZKBRANERALTIR, RELAHRE JET
TEA LA D, BREARNETETHERAFRBEARNEZIEER, A&
AWy “EET §RR M E R E IR A

BRl, AMAMREZFTFANBANEARAAAE, FUAREEFTHATT
MO RAT (BENFUEL AT RE. ABRFNHE R4 , FTRERH
SCHRIE 38 BB, 3 0 % 58 5 RN R AT, R T AR E R R ERER.
ETRARAERN A ERES N TR, o —FWEEETRE
REMBEARE, A REF AL AA KRBT BRG] R GO E A .
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