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

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

as the progress for the parallel studies.

Editor-in-Chief e

Gordon G. Liu Peking University MEEES
Co-Editors EES 2]

CHEN Yingyao Fudan University friE EBXRF

LIU Rong Chinese PLA General Hospital X R BRESER
LYU Beini Peking University S ERKF

SHI Lizheng Tulane University BFELE H=XZF

XU Jianmin Fudan University R EBXZF
Editorial Board FARRE

CAl Sanjun Fudan University B£=F EBXF
CHEN Lei Sichuan University

HUANG Cheng  Peking University PR & IIKE
LIANG Xiao Zhejiang University B B ItRKF

LIU Qian Chinese Hospital Association 2 8 inIXF

PAN Jie Sichuan University X % PEERDE
QIN Xuezheng  Peking University & AN IKRFE
Scott Tackett Intuitive Surgical FEMA JEmKF
WANG Jianping  Sun Yat-sen University

XU Ming Peking University Scott Tackett BENEST

T lRE
% dtRKFE

#RigaR Editorial Office
F7=F WANG Hongyu; KEfERZ SHI Jiatong; B8 PANG Hao
Editorial Office: PKU Institute for Global Health and Development (www.ghd.pku.edu.cn)



ST AT

SMART Surgical Quarterly

S5 AR 20244128
17 B %

BB AZE-REERSAURA: SFitEl 3
28 A SRS A T FEAIEM DA 25 80
BB A TR B EA SEFIRE S ERA TSR 91
ATELESHRIERER . FETHE 99
MEEAF AR A S TR T MBI SR i0? — IO RAR 102
HESEH DR T S I 2R LS a s R 107
EFF AN EARIER

FANZEABPERA T GHEA 121



December 2024 SMART SURGICAL QUARTERLY 001

Robot Adoption in Chinese Hospitals:
Analysis Plan

By KwaN TING 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
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
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delay between the installation of RAS systems and their operational use, suggesting a

latent phase of adoption for certain specialties.
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FIGURE 2. INSTALLATION AND OPERATION OF RAS BY CATEGORY
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FIGURE 3. INSTALLATION AND OPERATION OF RAS BY HOSPITAL DEPARTMENTS

1. 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-
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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.

II. 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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TABEL 1: SUMMARY STATISTICS FOR HOSPITALS IN SAMPLE(IN THOUSANDS)

005

6 @ ® @
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 T71.87 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 (l,UUO 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-
evel 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
;hen divided by total number of patients. Death-rate defined as how many death divided by total

aumber of patients.

standard deviations presented in parentheses.

Revenues is calculating at hospital department level in thousand of Yuan.

II1. 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 Y, 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)

Yije= a+ FirstProc, +p;j+9: + €,

where Y, is the outcome for hospital i department j in year t, Firs‘[Procijt 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. v, is the fixed effect on time, and p, is the fixed effect
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on hospital departments. Standard errors are clustered at hospital and department 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.

IV. 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
_ k
Yiie= a;j+ 6.+ Br X z Dijjy + €ijt
le=24

Our outcome variables Y, is a mix of payment variables for hospital i in department j
at time t. Yij _includes monthly total revenue, revenue from self-pay to nursing revenues.
The dummy variable D, jointly represent the da Vinci first-time using event, define s,
as the year when hospital i department j first install the da Vinci robotic system. We de-
fine Dijt'”:l if t-s<-12 and 0 otherwise. In the baseline model we control fixed effects o
at the hospital level i department j and time fixed effect 6. Standard errors are clustered

at hospital department level.
V. 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
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
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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 technology
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 Vinci sys-
tem 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 significant decrease in
per person nursing revenue (-0.1955, significant at the 1% level), 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.

VI. 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
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

VII. Robustness Checks

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

not find conflict coefficients.
VIII. 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.
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Health Economics Study of Robots and

Laparoscopy for Hepatocellular Carcinoma Resection

By Xi1a0 LIaANG HADING GUAN JUNHAO ZHENG AND CHENYUE YANG"

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-effective. To explore the clin-
ical value and medical costs of robotic liver resection compared
to laparoscopic liver resection for hepatocellular carcinoma. 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 University 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 matching, we compared perioperative indi-
cators 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 be-
tween the two surgical methods under different surgical difficulties.
A total of 277 patients were included in this study (175 in the lapa-
roscopic liver resection group and 102 in the robotic liver resection
group). After controlling 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

* 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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group had less intraoperative bleeding, fewer postoperative com-
plications, a lower conversion to open surgery rate, and better sur-
gical safety compared 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 lapa-
roscopic liver resection 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. For patients
with hepatocellular carcinoma, robotic liver resection has better
surgical safety and higher medical costs compared to laparoscopic
liver resection. 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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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 patient

Before PSM, the LLR group had significant differences compared to the RLR group
in BMI, AFP, PLT, INR, ALB, AST, liver cirrhosis, Child-Pugh classification, portal
hypertension, and IWATE surgical difficulty classification (all p < 0.05). There were no
significant differences in the remaining indicators. After balancing the baseline char-
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).
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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=281) value
Age (SD), year 58.7+12.2 60.6x11.5 0.056 62.9+11.6 61.4+11.2 0.390
BMI (SD), kg/™2 23.242.8 24.14£3.6 0.021 23.6£3.0 24.0+£3.3 0.406
Gender, n(%) 0.309 0.678
Female 23 18(17.6) 13(16.0) 15(18.5)
(13.1)
Male 152 84(82.4) 68(84.0) 66(81.5)
(86.9)
Tumor size (IQR), cm 2.6 3.0 0.163 2.5 32 0.082
(1.8-4.3) (2.2-4.5) (1.8-4.4) (2.2-4.7)
AFP (IQR), ng/mL 17.2 6.6 0.048 10.2 6.6 0.403
(3.4-277.5) (2.5-110.2) (3.2-139.8) (2.6-110.2)
PLT (IQR), x10°/L 126.0 143.5 0.005 124.0 138.0 0.050
(89.0-172.0) (111.0-191.2) (95.5-170.0) (108.0-190.0)
PT (IQR), s 13.8 135 0.068 13.5 135 0.437
(13.1-14.6) (13.0-14.2) (12.9-14.1) (13.1-14.2)
INR (IQR) 1.0 1.0 <0.001 1.0 1.0 0.307
(1.0-1.2) (1.0-1.1) (1.0-1.1) (1.0-1.0)
TBIL (IQR), umol/L 14.9 14.8 0.728 14.2 15.3 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 40.9+4..5 0.013 40.2+4.4 40.0+3.6 0.794
AST (IQR), U/L 27.0 30.0 0.026 25.0 29.0 0.100
(18.0-40.0) (23.8-38.0) (17.0-41.0) (23.5-38.0)
ALT (IQR), U/L 29.0 27.0 0.364 29.0 27.0 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
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 0.049 1

classification, n(%)
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A

BorC

Portal hypertension,
n(%)

History of liver
resection, n(%)
History of

laparotomy, n(%)
History of neoadjuvant
therapy, n(%)

IWATE tumor

location (IQR)

IWATE tumor size (IQR)

TWATE the extent of

liver resection (IQR)

IWATE proximity to

a major vessel (IQR)
IWATE liver

function (IQR)

IWATE

HALS/hybrid (IQR)
IWATE total score (IQR)

TWATE difficulty

level, n(%)

Low

Intermediate

Advanced

Expert

ASA classification, n(%)
I

I

111

IvV~VI

Type of medical

insurance, n(%)
Basic medical insurance

for urban workers

The others

159(90.9)
16(9.1)
11(6.2)

22(12.6)

56(32.0)

25(14.2)

5.0

(3.0-5.0)
0.0
(0.0-1.0)
0.0
(0.0-4.0)
0.0
(0.0-0.0)
0.0
(0.0-0.0)
0.0
(0.0-0.0)
6.0

(5.0-9.0)

27(15.4)
82(46.9)
31(17.7)
35(20.0)

8(4.6)
155(88.6)

12(6.9)
0(0.0)

164(93.7)

11(6.3)
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99(93.1)
3(2.9)
0(0)

14(13.7)

35(34.3)

10(9.8)

5.0

(3.0-5.0)
1.0
(0.0-1.0)
3.0
(0.0-4.0)
0.0(0.0-0.0)

0.0
(0.0-0.0)
0.0
(0.0-0.0)
7.0

(5.0:9.0)

19(18.6)
28(27.5)
35(34.3)
20(19.6)

1(1.0)
94(92.2)

7(6.9)
0(0.0)

101(99.0)

1(1.0)

0.028

0.844

0.693

0.279

0.949

0.179

0.195

0.541

0.049

0.176

0.003

0.206

0.074

78(96.3)
33.7)
5(6.2)

12(14.8)

27(33.3)

6(7.4)

5.0

(3.0-5.0)
0.0
(0.0-1.0)
0.0
(0.0-4.0)
0.0
(0.0-0.0)
0.0
(0.0-0.0)
0.0
(0.0-0.0)
6.0

(4.0-9.0)

16(19.8)
29(35.8)
21(25.9)
15(18.5)

2(2.5)
72(88.9)

7(8.6)
0(0.0)

7491.4)

7(8.6)

78(96.3)
33.7)
0(0.0)

12(14.8)

31(38.3)

9(11.1)

5.0

(3.0-5.0)
1.0(0.0-1.0)

0.0
(0.0-4.0)
0.0
(0.0-0.0)
0.0
(0.0-0.0)
0.0
(0.0-0.0)
6.0

(4.59.0)

16(19.8)
25(30.9)
23(28.4)
17(21.0)

1(1.2)
75(92.6)

5(6.2)
0(0.0)

80(98.8)

1(1.2)

015

0.074

0.512

0.416

0.576

0.140

0.946

0.135

0.988

0.916

0.692

0.070
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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 — OuTtcoMES 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=381) RLR (n=81) p value
Operation time (IQR), min 168.0 165.0 0.263 180.0(120.0- 160.0 0.134

(125.0-240.0) (110.0-220.0) 250.0) (107.5-220.0)
Status of surgical margins, 0.464 1
n(%)
RO 172(98.3) 98(96.1) 80(98.8) 79(97.5)
R1orR2 3(1.7) 4(3.9) 1(1.2) 2(2.5)
Intraoperative blood loss 100.0 50.0 <0.001 100.0 50.0 0.002
(IQR), mL (50.0-400.0) (50.0-112.5) (50.0-275.0) (50.0-125.0)
Intraoperative blood 33(18.8) 10(9.8) 0.045 12(14.8) 8(9.8) 0.339
transfusion, n(%)
Postoperative 35(20.0) 7(6.8) 0.003 16(19.8) 7(8.6) 0.043
complications, n(%)
ClavienDindo 0.006 0.062

classfication, n(%)
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No
Torll
MlorIVorV

Conversion to open surgery
during operation, n(%)

Reoperation during
hospitalization, 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), ¥
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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)

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)

81432.5
(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

0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.010

0.004

<0.001

0.054

65(80.2)
10(12.3)
6(7.4)
5(6.2)

0(0.0)

0(0.0)

6.0(4.0-7.0)

22.5)

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)

74(91.4)
6(7.4)
1(1.2)
0(0.0)

0(0.0)

0(0.0)

5.0(3.5-6.0)

1(12)

10.0(8.0-12.0)

82885.3
(75617.3-
90501.2)

50706.2
(46796.8-
57640.6)

9975.0
(7861.8-
14117.4)

434249
(42754.1-
43994.5)

1115.0
(659.0-
1602.0)

988.6
(779.9-
1255.1)

12069.4
(10898.8-
19094.2)

535.0
(276.5-863.0)

017

0.069

0.005

<0.001

<0.001

<0.001

<0.001

<0.001

0.001

0.012

<0.001

0.004

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. 43,4249 ¥, p <0.001) compared to the RLR group. However,
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).
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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).

LR
[ JRLR
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04
Low Intermediate Advanced Expert

Hospitalization cost
FIGURE2. SUBGROUP ANALYSIS OF TOTAL HOSPITALIZATION COST BASED ON SURGICAL DIFFICULTY

% p <0.001
*#:p <0.005
ns: p > 0.05



December 2024 SMART SURGICAL QUARTERLY 019

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)

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 0.228 195.0 187.5 0.265
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)
R1 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 7(15.6) 3(7.3) 0.393 5(13.8) 5(12.5) 1
transfusion, n(%)
Postoperative 8(17.8) 3(7.3) 0.147 8(22.2) 4(10.0) 0.145
complications, n(%)
ClavienDindo 0.063 0.341
classfication, n(%)
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)
MorlIVorV 4(8.9) 0(0.0) 2(5.6) 1(2.5)
Conversion to open 3(6.7) 0(0.0) 0.274 2(5.6) 0(0.0) 0.428
surgery during
operation, n(%)
Reoperation during 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
hospitalization, n(%)
Perioperative mortality, 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
n(%)
Postoperative hospital 5.0 4.0(3.0-5.5) 0.010 6.5(5.0-9.0) 5.0(4.0-7.0) 0.046

stay (IQR), day (4.0;7.0)
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Readmission within 30 2(4.4) 12.4) 1 0(0.0) 0(0.0) /
days postoperatively due
to complications, n(%)

LOS (IQR), day 12.0 10.0 0.005 135 9.5 <0.001
(9.0-16.0) (7.0-12.0) (10.0-16.0) (8.0-12.0)

IV. Discussion

In recent years, liver surgery has developed rapidly. Compared with open surgery,
LLR surgery offers better safety, similar oncological outcomes, and comparable costs.
Over the past decade, it has become the primary minimally invasive surgical option for
patients with benign and malignant liver lesions. However, the use of LLR in patients
with HCC located in challenging positions and requiring complex procedures is limited
by factors such as unstable video views and the rigidity of laparoscopic instruments.
The introduction of RLR has overcome the inherent limitations of traditional LLR, of-
fering more flexible and precise operations. This advantage is particularly evident in
complex and extensive liver cancer resections, providing patients with better short-term
outcomes. Nevertheless, the higher surgical costs associated with RLR remain a signif-
icant constraint on its development. The cost-effectiveness of RLR continues to be a
matter of debate.

Currently, there are few studies comparing the medical costs of robotic versus lapa-
roscopic liver resections, both domestically and internationally. This study investigates
the clinical value and medical expenses of using medical robots versus laparoscopes for
HCC resection, providing evidence-based medicine to inform surgical treatment strate-
gies for HCC patients. Additionally, this study is the first to explore the cost-effectiveness
of RLR across different surgical difficulties using the IWATE difficulty scoring system
for liver resection. This helps physicians choose the most appropriate surgical approach
based on the health economics benefits of varying surgical complexities. Given the sig-
nificant variability in robotic surgery costs across different centers in real-world settings,
patients in this study were selected from the same medical institution and treated by the
same medical team to minimize intergroup differences. Furthermore, consistent surgical
performance by the primary surgeon also reduced the impact of surgical skill on patient
outcomes. To eliminate the influence of baseline characteristics on the study results,
PSM was used to minimize bias. The PSM results showed no significant differences in
baseline indicators between the LLR and RLR groups (all p > 0.05).

To investigate whether RLR is cost-effective compared to LLR, we compared the
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differences in clinical outcomes and cost indicators between the two groups after PSM.
The results showed that the two groups were similar in terms of operation time, surgical
margin status, intraoperative blood transfusion, conversion to open surgery, and 30-day
readmission due to complications. However, the LLR group had significantly higher
intraoperative blood loss, postoperative complication rates, length of hospital stay, and
postoperative hospital stay compared to the RLR group, demonstrating that RLR is su-
perior to LLR in terms of surgical safety. In terms of costs, the total hospitalization costs
and out-of-pocket costs were significantly lower in the LLR group than in the RLR
group, further corroborating the higher expenses required for RLR compared to LLR.
Considering the composition of total hospitalization costs, we found that the surgical
costs in the LLR group were significantly lower than those in the RLR group. Howev-
er, the costs for medication, examinations, nursing, and consumables were significantly
higher in the LLR group compared to the RLR group. This suggests that the high surgical
costs are the main reason for the significantly higher total hospitalization costs in the
RLR group compared to the LLR group. Nonetheless, RLR improves patient outcomes
by reducing the need for postoperative medication and further examinations, thus low-
ering other expenses for patients. Therefore, we believe that although the total costs
of RLR are higher than those of LLR, patients undergoing RLR achieve better clinical
outcomes and incur fewer expenses outside of surgery. In the future, by reducing the
surgical costs of RLR, it will become more cost-effective.

Relevant studies have indicated that the high surgical costs of robotic surgery mainly
stem from the usage costs of the robotic system itself, as well as the costs of maintenance
and disposable supplies. This aligns with the experience of our research center, where
the startup costs of the robot account for the majority of surgical expenses in robotic
surgeries. However, considering the continuous use of the robotic system, adjustments
in medical insurance for surgical robots, and the competition introduced by other robotic
manufacturers in the future, it is expected that these costs will gradually decrease over
time, leading to an increased use of RLR in liver surgery.

Numerous studies have indicated that RLR is superior to LLR in patient populations
with high surgical difficulty. At the same time, higher surgical difficulty often demands
higher medical expenses. This study has found that the total hospitalization costs for
RLR are significantly higher than those for LLR. However, is there a difference in the
cost disparity between RLR and LLR among patients with varying levels of surgical
difficulty? To investigate this issue, this study defined patient surgical difficulty based
on the IWATE surgical difficulty classification and further conducted subgroup analysis
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with surgical difficulty as a covariate. Results showed that in the “Low,” “Intermedi-
ate,” and “Advanced” subgroups, the total hospitalization costs for the LLR group were
significantly lower than those for the RLR group. However, in the “expert difficulty”
subgroup, there was no significant difference in total hospitalization costs between the
LLR and RLR groups (75709.0(64022.6-101275.4) vs. 88292.6(82954.8-98554.0) ¥,
p=0.325). Therefore, we believe that as surgical difficulty increases, the cost difference
between RLR and LLR decreases. Further comparison of clinical indicators between
RLR and LLR within each surgical difficulty subgroup showed that, regardless of the
subgroup, the LLR group had significantly higher intraoperative blood loss, postopera-
tive hospital stay, and LOS compared to the RLR group, with no significant differences
in other outcome indicators between the two groups. This suggests that RLR’s clinical
outcomes are comparable to those of LLR, regardless of surgical difficulty. Therefore,
combining the reduced cost gap between the two surgical methods with increasing sur-
gical difficulty, this study concludes that for higher difficulty HCC resection surgeries,
RLR is a better choice compared to LLR.

This study also has certain limitations. First, patients were selected from a single cen-
ter and a single medical team. Given the variations in robotic surgery costs across dif-
ferent centers, our results may not be generalizable to other medical institutions. The
technical proficiency of the surgeon can also impact the cost-effectiveness of the surgery,
which is why we selected patients operated on by the same lead surgeon within a single
medical team. However, this also limits the applicability of our findings to other medical
teams. Secondly, in current health economic evaluations, particularly when assessing
new drugs, treatments, diagnostic tools, or public health interventions, cost-effectiveness
analysis (CEA) is commonly used. CEA often incorporates quality-adjusted life years
(QALY) to evaluate patient quality of life, ultimately using cost and QALY to calculate
the cost required to improve a unit of QALY, thus assessing the cost-effectiveness of
the intervention. However, this study is a retrospective study and did not prospectively
evaluate the postoperative quality of life of patients. Additionally, the outcome indica-
tors used in this study are short-term outcomes, so QALY was not calculated, and the
cost-effectiveness of patients could not be assessed. Lastly, the study did not include
the cost of purchasing the robot as an indirect cost in the analysis. This was mainly be-
cause the laparoscopic equipment, used as a comparison, was purchased earlier, and the
purchasing power at different times is not directly comparable. Furthermore, the cost of

purchasing the robot varies among different centers.
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V. Conclusion

This study demonstrates that for patients with HCC, RLR offers better surgical safety
but incurs relatively higher medical costs compared to LLR. However, RLR results in
lower non-surgical costs. Additionally, as the surgical difficulty increases, the cost dif-
ference between the two procedures decreases, making RLR a better choice for HCC

patients with high surgical difficulty.
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Mid-term Follow-up Study on Robot-assisted
Total Knee Arthroplasty and
Traditional Knee Arthroplasty

By BEINT 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
TKA, robot-assisted TKA is expected to enhance patient outcomes.
However, its superiority in terms of postoperative joint function,
pain relief, stiffness, patient satisfaction, and overall health scores
remains inconclusive, particularly due to the lack of follow-up
studies based on Chinese patient data. The current study included
202 patients who underwent robot-assisted TKA at a single center,
matched 1:1 with patients who underwent traditional TKA, and fol-
lowed up on their mid-term clinical outcomes and efficacy indica-
tors. Baseline characteristics were similar between the two groups.
One patient in the robot-assisted TKA group required revision sur-
gery due to postoperative hyperextension, while no revisions were
recorded in the traditional TKA group. Other prosthesis-related
complications, joint-related hospitalizations, surgeries, outpatient
visits, and postoperative joint satisfaction showed no significant
differences. Additionally, the two groups exhibited no significant
differences in joint function scores (WOMAC scores) and quality
of life scores. Compared to traditional surgery, the robot-assist-

ed surgery group had a longer operation time (96.61 minutes vs.
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79.13 minutes), but the duration gradually decreased as the ro-
botic procedure became more established (p<0.05). In summary,
robot-assisted TKA and traditional TKA demonstrate similar mid-
term clinical outcomes. This study will continue to assess economic
costs and develop long-term economic models to further evaluate
the cost-effectiveness of robot-assisted surgery compared to tradi-

tional surgery.

I. Introduction

Total knee arthroplasty (TKA) is the most effective treatment for end-stage knee os-
teoarthritis, providing patients with a comfortable and stable artificial knee joint (Kim
et al., 2020). Since the 1970s, advancements in artificial joint materials, biomechanics,
biochemistry, and perioperative management have significantly improved surgical tech-
niques, prosthesis types, expected lifespans, and patient satisfaction. Compared to tra-
ditional manual cutting tools, robot-assisted TKA offers enhanced precision in localiza-
tion, accurate bone cutting, and personalized prosthesis implantation (Shao et al., 2023;
Subramanian et al., 2019; Yang et al., 2024). However, the superiority of robot-assisted
TKA over traditional TKA in terms of postoperative joint function, pain relief, stiffness,
satisfaction, and overall health scores remains uncertain. Studies comparing the two sur-
geries often have small sample sizes and short follow-up durations, particularly lacking
research based on Chinese patient data.

This study includes all patients who underwent robot-assisted TK A at our center over
the past three years, matched with patients who underwent traditional TKA during the
same period. Using a combination of retrospective study and prospective follow-up, we
aimed to examine the differences in mid-term clinical outcomes between robot-assisted
and traditional TKA.

I1. Methods

Patients were recruited from the Department of Orthopedic Surgery, Beijing Jishuitan
Hospital, Capital Medical University, between February 2022 and March 2024. Inclu-
sion criteria included: age 21-80 years, consent to participate in the study, and eligible

for unilateral TKA. Exclusion criteria included pregnancy, revision knee surgery, severe
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flexion (>20°) or valgus/varus deformities (>20°), poor bone quality preventing pros-
thesis implantation, presence of metal implants in the surgical area, active infections,
allergies to implant materials, hip disorders, neuromuscular disorders, severe systemic
diseases, or chronic pain conditions requiring long-term analgesics.

Patients were matched 1:1 based on age, sex, and surgery date (+3 months) with those
undergoing traditional TKA. The study was approved by the hospital’s ethics committee,
and all patients provided informed consent.

The robot-assisted TKA group underwent surgery using the TTANVI 2.0 robot (Tian-
zhihang, China) or the MAKO robot (Stryker, USA), with cemented CR or PS prosthe-
ses from brands including Triathlon (Stryker, USA) and Legion (Smith & Nephew, UK).
The traditional TKA group underwent manual surgery using femoral intramedullary and
tibial extramedullary alignment, with cemented CR or PS prostheses from Triathlon,
Legion, and GT (AK Medical, China). Surgical approaches, anesthesia, perioperative
pain management, postoperative antibiotic regimens, and rehabilitation protocols were
consistent between groups.

Patient demographics and clinical data, including age, sex, BMI, preoperative diagno-
sis, comorbidities, surgical laterality, ASA scores, and preoperative joint function scores,
were collected from electronic medical records. Joint function was assessed using the
Western Ontario and McMaster Universities Arthritis Index (WOMAC) score, which
includes total score and sub-scores for pain, stiffness, and function. Surgery-related data,
such as operation time, intraoperative blood loss, and postoperative complications, were
also recorded. Follow-up was conducted via telephone between October and November
2024, assessing overall satisfaction, joint function, and quality of life using the EQ-5D-
5L questionnaire. Preoperative EQ-5D-5L scores were retrospectively collected.

Statistical Analysis: Continuous variables were presented as mean (standard devi-
ation) for normally distributed data or median (interquartile range) for non-normally
distributed data, and analyzed using two-tailed t-tests. Categorical variables were pre-
sented as frequency (percentage) and analyzed using Chi-square or Fisher’s exact tests.
Changes in WOMAC and EQ-5D-5L scores were calculated, and utility values and qual-
ity-adjusted life years (QALY's) were derived using the established Chinese population
utility scoring system (Liu et al., 2014). Analyses were conducted using R software

(www.R-project.org), with statistical significance defined as two-sided p<0.05.

II1. Results

During the study period, 247 patients underwent robot-assisted TK A and were matched
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with 247 patients who underwent traditional TKA. Follow-up was completed for 202
(81.8%) robot-assisted and 199 (80.6%) traditional TKA patients, with no significant
difference in follow-up rates. The median follow-up duration was 18 (7-31) months.

Baseline characteristics showed no significant differences between groups (Table 1).

However, operation time was significantly longer in the robot-assisted group (96.61 min-
utes vs. 79.13 minutes, p<0.001).

TABLE 1. BASELINE AND INTEROPERATIVE CHARACTERISTICS OF PATIENTS IN ROBOT-ASSISTED AND TRADITIONAL GROUPS

Robot-assisted Traditional (n=199) P value
(n=202)

Age, years 66.94 (6.60) 66.96 (6.34) 0.96
Female 166 (82.18) 163 (81.91) 1.0
Knee osteoarthritis 202 199 1.0
Surgery side, left 95 (47.03) 97 (48.74) 0.81
BMI, kg/m? 28.29 (12.71) 26.60 (3.32) 0.072
Hypertension 88 (43.56) 99 (49.75) 0.40
Cardiovascular 21 (10.40) 5(2.51) 0.005
disease
Diabetes 28 (13.86) 34 (17.09) 0.55
ASA, class 1 70 (34.65) 71 (17.09) 0.60
Surgery duration, 96.61 (20.50) 79.13 (18.65) <0.001
minutes
Blood loss, mL 56.35 (31.50) 56.26 (33.99) 0.98

Notes: BMI, body mass index; ASA, American Society of Anesthesiologists.

One patient in the robot-assisted group required revision surgery for hyperextension,

while no revisions occurred in the traditional group (Table 2). There was no significant

difference in other surgery-related complications, hospitalizations, and outpatient visits.
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TABLE 2. PROSTHESIS AND JOINT-RELATED OUTCOMES IN ROBOT-ASSISTED AND TRADITIONAL SURGERY GROUPS

Robot-assisted(n=202)

Traditional (n=199) P value

Prosthesis
revision
Prosthesis
loosening
Prosthesis
infection
Joint-related
hospitalization
Joint-related
surgery
Joint-related

outpatient visits

1 (0.50)

1(0.50)

4(1.98)

4(1.98)

12(5.94)

0 1.0
0 NA
0 1

0 0.14
0 0.14
10(5.03) 0.56

We found similar postoperative satisfaction rates (robot-assisted: 88.62% vs. tradi-

tional: 88.44%, p=0.32, Table 3). However, three patients in the robot-assisted group

reported being “very dissatisfied,” whereas none in the traditional group did.

TABLE 3. POSTOPERATIVE SATISFACTION RATE IN ROBOT-ASSISTED AND TRADITIONAL SURGERY GROUPS

Robot-assisted(n=202) Traditional P value

(n=199)

Satisfaction 0.32

Very satisfied 112 (55.45) 125 (62.81)

Satisfied 67 (33.17) 51 (25.63)

Neutral 15 (7.43) 19 (9.55)

Dissatisfied 5(2.47) 4(2.01)

Very 3(1.49) 0

dissatisfied

Preoperative and follow-up WOMAC scores of patients undergoing robot-assisted

and traditional surgery were presented in table 4. There were no significant differences

in overall WOMAC scores, as well as pain, stiffness, and functional scores between the

two groups before surgery (p>0.05 for all). After surgery, both groups showed significant
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improvement in overall and subcategory WOMAC scores, but the differences between
the two groups were not statistically significant (p >0.05 for all). We further examined
the average WOMAC scores by follow-up months and found similar patterns between

the two groups (Figure 1).

TABLE 4. WOMAC SCORE IN ROBOT-ASSISTED AND TRADITIONAL SURGERY GROUPS

Robot-assisted(n=202) Traditional (n=199) P value

Overall

WOMAC score

Preoperational 45.40 (20.72) 45.99 (19.98) 0.77
Follow-up 7.21 (11.11) 6.38 (10.63) 0.44
Difference 38.18 (21.52) 39.61 (19.88) 0.49
WOMAC pain

Preoperational 54.48 (24.71) 52.46 (23.79) 0.41
Follow-up 6.56 (12.28) 5.98 (11.64) 0.63
Difference 47.92 (25.24) 46.48 (24.33) 0.56
WOMAC

stiffness

Preoperational 32.80 (29.94) 34.17 (28.52) 0.64
Follow-up 7.43 (15.08) 6.85 (13.63) 0.69
Difference 25.37 (31.34) 27.32 (29.03) 0.52
WOMAC

function

Preoperational 4421 (21.45) 45.48 (20.83) 0.55
Follow-up 7.38 (12.12) 6.44 (11.33) 0.42
Difference 36.82 (22.48) 39.04 (20.93) 0.31
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FIGURE 1. CHANGES IN WOMAC SCORES AFTER SURGERY IN ROBOT-ASSISTED AND TRADITIONAL SURGERY GROUPS

Subgroup Analysis: Considering the learning curve of robot-assisted surgery, we fur-
ther conducted a stratified analysis of the surgical duration for both surgeries based on
follow-up time. The results showed that the operation time in the traditional surgery
group remained similar regardless of follow-up duration (p>0.05). However, in the ro-
bot-assisted surgery group, as follow-up duration shortened, indicating a longer period
since the adoption of robotic surgery, the overall operation time significantly decreased
(p<0.05, Table 5). For patients with a follow-up duration of 8-12 months, the operation
time required for robot-assisted surgery was no longer significantly different from that of
traditional surgery (p=0.094). The specific trend of surgical duration over time for both

groups was illustrated in Figure 2.

TABLE 5. OPERATION TIME (MINUTES) ACROSS DIFFERENT FOLLOW-UP TIME IN ROBOT-ASSISTED AND
TRADITIONAL SURGERY GROUP

Robot-assisted Traditional (n=199) P value
(n=202)
Post operation 0.32
follow-up months,
8-12 93.82 (14.83) 85.41 (24.48) 0.094
12-16 95.66 (18.14) 79.57 (19.72) <0.001

16-20 87.11 (15.81) 77.04 (13.69) 0.019
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20-24 99.77 (25.33) 78.96 (13.20) <0.001
24-28 90.56 (22.42) 76.64 (15.47) 0.013
>28 111.84 (20.37) 77.79 (20.21) <0.001
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FIGURE 2. TREND OF SURGICAL DURATION OVER FOLLOW-UP TIME IN ROBOT-ASSISTED AND TRADITIONAL SURGERY GROUPS

IV. Summary

As a single-center cohort study combining retrospective and prospective analyses, we
found that the mid-term clinical outcomes of robot-assisted TKA were comparable to
those of traditional surgery. With advancements in robotic technology, the duration of
robot-assisted procedures has gradually decreased.

Previous studies suggested that robot-assisted TKA allows for more precise prosthe-
sis implantation compared to manual TKA. Radiographic assessments indicate that the
postoperative alignment of the femoral and tibial prostheses in robot-assisted TKA is
closer to the preoperative design than that achieved through manual implantation. Ad-
ditionally, previous studies have reported longer surgical durations for robot-assisted
procedures compared to traditional ones, which aligns with our findings. The extended
surgical duration may be attributed to the introduction of new instruments, the need for
additional robotic control personnel, the time required for robotic setup and calibration,
and the coordination among multiple surgical team members. However, the total pro-

cedure time for robotic surgery did not exceed 120 minutes, suggesting that it does not
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theoretically increase the risk of infection. Moreover, we observed that as robotic sur-
gery became more established and the procedure volume increased, the time difference
between robotic and traditional surgery gradually diminished. In the past year, although
the robotic group still had slightly longer operation times, the difference was no longer
statistically significant.

We found no significant differences between robot-assisted and traditional surgery in
terms of WOMAC scores, quality of life, and overall patient satisfaction with joint re-
placement. This finding is consistent with most previous studies. Some research suggests
that in the early postoperative period (<6 months), robot-assisted surgery may provide
better pain relief and functional recovery due to reduced soft tissue disruption and lower
periarticular inflammation. However, since the shortest follow-up period in our study
was seven months, early postoperative outcomes were not analyzed. Based on our mid-
term follow-up results, robot-assisted and manual TKA demonstrated similar clinical
efficacy.

Notably, our study included the earliest patients who underwent robot-assisted surgery
at our center, meaning that surgeons had to navigate the learning curve associated with
this new technology. Meanwhile, the control group consisted of patients operated on by
highly experienced surgeons who had performed over 450 cases per year and had more
than ten years of experience in manual TKA. This may partially explain why there were
no significant differences in clinical outcomes between the two groups. Manual TKA
requires extensive experience and a prolonged learning curve. By using robotic assis-
tance, surgeons may achieve clinical results comparable to those of highly skilled man-
ual TKA surgeons within a shorter time, significantly reducing the learning curve. Our
study observed that as robotic technology became more widely used, operation times in
the robotic group decreased rapidly. Whether robot-assisted TKA will continue to im-
prove surgical efficiency and clinical outcomes compared to traditional surgery requires
further investigation.

This study has several limitations. First, the WOMAC scores were subjective assess-
ments provided by patients during phone follow-ups. Responses may have been influ-
enced by the patients’ environment at the time of the survey, and some patients provided
unclear answers, potentially affecting the results. Second, the follow-up rate was 81.8%,
which may introduce a survivorship bias. Lastly, part of this study was retrospective in
design, which inherently carries the risk of researcher bias affecting the follow-up out-
comes.

In conclusion, our study found no significant differences in postoperative clinical
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outcomes or patient satisfaction between robot-assisted and manual TKA. Additionally,
as robot-assisted surgery became more widely adopted, its overall operation time ap-
proached that of conventional manual TKA. These findings suggest that robot-assisted
TKA may enhance surgical efficiency in the short term and help mitigate the long learn-
ing curve associated with traditional surgery. Future research will continue to assess the
economic costs and develop long-term models to further evaluate the cost-effectiveness

of robot-assisted versus traditional surgery.
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Al and Career Barriers in Surgery Departments:
Research Progress

By YUHANG PAN JunjiaN Y1 AND QINGYUAN ZHOU *

I. 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: qingyuanzhou.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.
II.  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.
A.  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
(1)-Yije = Z BiMRj¢ i + Xiy+-6; + 1 + &t
k=—12k+-1



036 SMART SURGICAL QUARTERLY December 2024

where the Yy 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 M. € is

the idiosyncratic error term. We cluster standard errors by hospital-department.
B.  physician-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
(2)Y, = Z ﬁkMRit,k +6; +ne +&ie
k=—12k#—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
MR; 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.
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Does Robotic Surgery Help Reduce the Economic
Burden of Malignant Tumors in the Pancreas?
A Cost-of-lliness Study

By YN SH1 Ziting Wu*

This study focuses on the impact of robotic surgery on the eco-
nomic burden of pancreatic malignancies, falling within the scope
of micro-costing research. Since the introduction of laparoscop-
ic pancreaticoduodenectomy in 1994, the use of laparoscopic or
robotic-assisted techniques in pancreatic surgery has garnered
significant attention. However, there remains controversy regard-
ing their oncological outcomes and surgical safety in the radical
treatment of pancreatic cancer, and the economic benefits of ro-
botic surgery are still unclear. Patient data, including demograph-
ic information, surgical details, pathological staging, and costs,
were obtained through hospital discharge records and surgical
logs. Variables were processed, such as conversion of residential
information, CPI-adjusted in-hospital costs, and physician expe-
rience. Additionally, patient-related costs, such as transportation,
accommodation, nutrition, and time, were collected through sur-
veys. Data cleaning has been completed for 1,730 in-hospital cas-
es, of which 42.3% were female, with an average age of 60.8 years,
and 64% came from urban areas. Robotic surgery accounted for
56.2%, with significant differences in length of stay and costs be-
tween surgical types. Data cleaning for 74 out-of-hospital cases

has also been completed, revealing that non-medical and indirect
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shiyin910515@csu.edu.cn); Wu: Institute for Global Health and Development, Peking University, Beijing, China,
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costs for robotic surgery patients were lower. The research team
will continue to collect complete data to lay the groundwork for
future analysis of the cost-effectiveness of robotic surgery in the

treatment of pancreatic malignancies.

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). Robotic surgery is associated with high costs, but
patients experience faster recovery and fewer complications. The economic benefits of
robotic surgery, compared to traditional surgical methods, remain inconclusive.

This research progress report consists of two parts: first, a detailed report on the data

cleaning process and its results; second, a report on the data acquisition status.

II. Methods

Through hospital discharge records and surgical logs, we obtained patient demograph-
ic characteristics, surgical details, pathological staging, and cost information. Specific
variables include gender, age, marital status, contact address, admission date, depart-
ment, discharge date, primary diagnosis, treatment outcome, attending physician, insur-
ance type (urban employee/residential/ non-insured), surgery date, surgery start time,
surgery end time, surgery type, surgery name, intraoperative blood loss, complications,
pathological staging, total costs, bed fees, nursing fees, pharmaceutical costs, radiol-
ogy fees, blood transfusion fees, consultation fees, surgical fees, laboratory fees, and

other related variables. However, the variables obtained from the hospital require pro-
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cessing before statistical analysis. This includes converting contact addresses to urban,
township, or rural locations to represent the patient’s permanent residence, adjusting
in-hospital costs using the Consumer Price Index (CPI) to reflect 2024 prices, and using
the number of surgeries performed by each physician prior to the patient’s surgery as a
measure of the physician’s experience.

The calculation method for China’s CPl is as follows: (value of a fixed basket of goods
at current prices / value of the same basket of goods at base period prices) x 100. The
inflation rate is calculated as (current CPI - base period CPI) / base period CPI x 100%.
Alternatively, the inflation rate can also be expressed as (current price level - base period
price level) / base period price level x 100%. Therefore, the current price is calculated
as: inflation rate x base period price level + base period price level. In this study, the
current period is 2024, and the base period is 2013-2023. The specific inflation rates are
shown in Table 1.

TABLE 1. INFLATION RATES IN CHINA FROM 2013 1O 2023

Year CPI Inflation Rates
2024 100.4 —

2023 100.2 0.001996008
2022 102 -0.015686275
2021 100.9 -0.004955401
2020 102.5 -0.020487805
2019 102.9 -0.024295432
2018 102.1 -0.016650343
2017 101.6 -0.011811024
2016 102 -0.015686275
2015 101.4 -0.009861933
2014 102 -0.015686275
2013 102.6 -0.021442495

Through surveys, we obtained information on patient-related costs during their med-
ical treatment, including transportation fees, accommodation fees, family member ac-
commodation or accompanying costs, patient nutrition costs, patient time costs (in days),
family member time costs (in days), whether a caregiver was hired, and the caregiver’s

daily wage. In this study, the time costs for both patients and their family members were
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converted into monetary terms according to specific rules.

For caregivers below retirement age, the corresponding wage standards for the rele-
vant population were used for calculation. Specifically, the average hourly wage for indi-
viduals with the same gender, age, and education level (Guo Lin, 2020) was applied. For
unpaid housewives or retirees, whose hourly wage is often unknown, local time-value
standards from time-use studies can be applied. For example, Hanly et al. (Hanly et al.
2013) employed three methods in their opportunity cost evaluation of time spent on in-
formal caregiving for colorectal cancer: the first method did not consider the caregiver’s
employment status and calculated time costs based on the local average hourly wage;
the second method calculated for employed caregivers based on hourly wages divided
by industry and gender, while non-employed caregivers were calculated using the local
minimum wage; the third method calculated for employed caregivers based on hourly
wages divided by occupation and gender, with non-employed caregivers referenced to
the local minimum wage.

In this study, specifically, if the patient or their family member was employed during
the medical treatment, the calculation was based on the average hourly wage for urban
workers in China in 2023. If they were unemployed or engaged in childcare or house-
work, the calculation was based on the national minimum wage standard as of October
2024.

The annual working hours calculation standard comes from the official website of the
Chinese government. The method for calculating the number of working days is: 365
days - 104 days (rest days) - 13 days (public holidays) = 248 days. The total working
hours are calculated by multiplying the number of working days in a month, quarter, or
year by 8 hours per day.

The average annual wage of employed individuals is sourced from the National Bu-
reau of Statistics. In 2023, the average annual wage for employees in urban non-private
and private enterprises was ¥ 120,698 and ¥ 68,340, respectively, with an overall aver-
age of ¥ 94,519 RMB.

The monetary value of the time of employed patients or their family members per hour
is calculated as follows: 94,519 / 248 / 8 = ¥ 47.6 /hour.

For unemployed individuals, the wage is calculated based on the national minimum
wage standard. Data from the Ministry of Human Resources and Social Security of Chi-
na indicates that the average national hourly minimum wage is ¥ 20 /hour, which was

used in this study.



December 2024 SMART SURGICAL QUARTERLY 041

II1. Results

A. Data Cleaning Results

Data for 1,730 in-hospital cases have been cleaned. Among these, 42.3% (732/1,730)
were female, with an average age of 60.8 years (standard deviation: 9.4). 64% of the
patients (1,108/1,730) were from urban areas.

Among the cases, 973 patients underwent robotic surgery (including robot-assisted
laparoscopic and robot-assisted open surgery), accounting for 56.2% of the total cases.
149 patients (8.6%) underwent laparoscopic surgery (including laparoscopic-assisted
open surgery), and 504 patients (29.1%) underwent open surgery.

The average total cost for all cases was ¥ 122,879.5 RMB ( ¥ 47,758.1), with an av-
erage surgical cost of ¥ 48,179.0 (¥ 26,756.3) and an average hospital stay of 19 (10)
days.

The average length of stay, total costs, and surgical fees for different surgical types are
shown in Table 2. Robotic surgery patients had shorter hospital stays, but higher total

costs and surgical fees compared to other surgical methods.

TABLE 2. AVERAGE LENGTH OF STAY, TOTAL COSTS, AND SURGICAL FEES FOR PATIENTS WITH DIFFERENT SURGICAL TYPES

Surgical Types Length Total Costs ( ¥) Surgical Fees ( ¥)
of Stay

Laparoscopic surgery 18.77 85652.28803 28323.69037

Laparoscopic 23.89 118478.8566 42804.68293

surgery+open surgery

Robotic surgery 16.73 119525.9664 57934.14641

Robotic 15.46 114223.1089 45608.77628

surgery+Laparoscopic

surgery

Robotic 22.82 160547.6558 65960.4476

surgery+open surgery

Open surgery 21.24 88360.36195 17172.21624

Total 18.61 106898.0196 41912.90313

A total of 74 out-of-hospital cases have been cleaned. The results show the follow-
ing costs: Patient time costs: ¥ 5,777.2 RMB ( ¥ 3,870.2); Family member time costs:
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¥7,010.0 ( ¥4,486.0); Average transportation cost: ¥ 4,389.5 ( ¥ 5,917.9); Patient ac-
commodation cost: ¥ 2,675.1 ( ¥ 4,097.3); Family member accommodation or accompa-
nying costs: ¥ 2,394.6 RMB ( ¥ 3,977.5); Patient nutrition costs: ¥ 585.5 (¥ 1,514.1);
The average non-medical and indirect costs for patients with different surgical types are
shown in Table 3. Robotic surgery patients had lower transportation costs and patient

time costs compared to other surgical methods.

TABLE 3 . AVERAGE NON-MEDICAL AND INDIRECT COSTS FOR PATIENTS WITH DIFFERENT SURGICAL TYPES

Surgical Trans- Family member Patient Patient  Patient Family

Types portation accommodation accommo- nutrition time member
cost (¥) oraccompanying dation cost costs costs time

costs (¥) (¥) (¥) (¥) costs
(*)

Laparo- 5125 1500 225 625 7420.8 8505.6

scopic

surgery

Robotic 3783 2446 2720 1187 5523 7193

surgery

open 6306 2795 2930 38 5731 6373

surgery

Total 4847 2488 2566 707 5777 7010

B.Research Data Acquisition Progress

Direct Non-Medical and Indirect Costs through Surveys.—A total of 74 valid ques-

tionnaires have been collected. The survey collection process is as follows:

(i) The ward nurses at Chinese People’s Liberation Army General Hospital
are responsible for gathering the survey data.

(i1) Data collection started for pancreatic cancer patients discharged from
September 2nd onwards. Patients who underwent pancreatic resection
surgery, including those who had robotic, laparoscopic, or open surgery,

are included in the study, with 80 cases from each group.
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(i) Both patients and their family members are eligible to fill out the ques-

tionnaires.

(iv) To ensure accuracy and minimize disruption to patients and clinical
operations, the questions are simple, easy to understand, and kept to a

minimum in number, after communication with the clinicians.

Medical Costs through Hospital Data Extraction.—A total of 12,166 cases of pa-
tients who underwent robotic, laparoscopic, or open pancreatic resection surgeries from
January 1, 2014, to September 12, 2024, were identified based on surgical procedure
keywords in the hospital system. After further filtering by diagnosis, 4,713 cases were
identified as pancreatic malignancies. Future data collection will continue by screening
for patients diagnosed with malignant tumors in the ampulla of Vater, who are confirmed
to have pancreatic malignancies. Currently, data extraction has been completed for 1,730

cases of pancreatic malignant tumors.
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Macro influencing factors and
spatial spil-over effect of high-tech health
technology distribution in China:
evidence of surgical robot

By TinG CHEN Lu Ao AND YUHANG PAN . JoAy PAN*

Against the backdrop of rapid economic development, the demand
for healthcare services among the population is increasingly grow-
ing, exhibiting a trend toward higher levels and greater diversity.
High-tech medical and healthcare technologies are crucial mea-
sures for promoting high-quality development in the medical field.
However, the diffusion and distribution of healthcare technologies
in China face numerous information gray areas, posing challeng-
es to equity. This study focuses on surgical robots to explore the
reasons behind the differentiated diffusion of high-tech healthcare
technologies in China, providing empirical support for the litera-
ture and relevant regulatory policies. Based on analyses from the
first three quarters, this section of the study is divided into two
main parts. First, it examines the influencing factors, employing
panel regression analysis at the regional level to assess the impact
of macro factors (PEST: Political, Economic, Social, and Techno-
logical) on healthcare technology diffusion. Second, based on these
influencing factors, the study analyzes the spatial spillover effects
of technology to explore the temporal and spatial lag of healthcare
technology diffusion. The results indicate that political, economic,
social, and technological factors all significantly influence the dif-
fusion and distribution of surgical robots in China. A higher pro-

portion of total regional healthcare expenditures, higher education

* Jay Pan: HEOA Group, West China School of Public Health and West China Fourth Hospital, Sichuan University, No.
17, Section 3, Renmin South Road, Chengdu, China. E-mail: panjie.jay@scu.edu.cn.
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levels, higher market competition intensity, and improved overall
innovation capacity contribute to the diffusion and advancement
of innovative healthcare technologies. The diffusion of healthcare
technologies exhibits positive spatial spillover effects, and market
competition also has an interregional spillover effect on healthcare
technology diffusion. The diffusion of high-tech healthcare tech-
nologies reflects regional and socioeconomic inequalities. Great-
er regional emphasis on healthcare, healthy market competition
in the medical sector, and a region's own innovation environment
and capacity all facilitate the spread of innovative healthcare tech-
nologies. Moreover, technological advancements in one region can

drive progress in surrounding areas, creating a virtuous cycle.

I. Backgroud

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 (comput-
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ed tomography (CT) and magnetic resonance imaging (MRI)) found that before 2004,
the distribution 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 Deep-
ening 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 Communist Party of China 2024).

As one of the leading cutting-edge medical technologies, surgical robots have expe-
rienced rapid diffusion in China since the adoptionof the first Da Vinci surgical robot in
2006, driven by their technological advantages and social benefits. However, compared
to international trends, China remains in the early stages of surgical robot technolo-
gy diffusion. Studies show that since the emergence of surgical robots in 2000, over
50% of hospitals in the U.S. had adopted them for surgeries by 2015. In contrast, after
15 years since its first adoption in China, by 2021, only 224 medical institutions were
equipped with surgical robots, accounting for just 0.61% of hospitals nationwide, indi-
cating significant market potential for this technology in China. Additionally, robotic-as-
sisted surgeries can help alleviate the shortage of high-quality medical professionals in
underdeveloped regions. Surgical experience is often a key determinant of a surgeon’s
performance(Sosa et al., n.d.). The clinical advantages of surgical robots include easing
the physical strain on surgeons (such as prolonged standing and hand fatigue), providing
a high-resolution 3D view, eliminating hand tremors, and enabling precise execution of
a surgeon’s intended actions (Lanfranco et al. 2004). These factors contribute to short-
ening the learning curve for surgeons, allowing younger and less experienced doctors
to reach a higher level of proficiency more quickly (Frieberg et al. 2024), As a result,
surgical robots facilitate the downward penetration of high-quality medical services,
promoting equitable access to advanced healthcare resources.

Regional factors, such as economic and demographic conditions, are considered major
drivers of the unequal distribution of technological diffusion (Varabyova et al. 2017).
This study further examines the determinants of technological resource allocation using
surgical robots as a case study. Research from developed countries, including the U.S.
(Mohanty et al. 2022), Switzerland (Stalder et al. 2024), Australia, and New Zealand
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(Royal Australasian College of Surgeons 2021), has explored the inequitable distribution
of surgical robots and its causes. These studies have found that regional economic levels,
geographic location, openness to innovation, and market competition significantly influ-
ence healthcare technology adoption disparities (Varabyova et al. 2017). However, Chi-
na lacks empirical research on this topic. The Chinese healthcare market operates under
a dual system of centralized planning and market coordination, a model that is gaining
recognition among international scholars (Cutler 2024). The role of market forces and
other factors within this mechanism remains to be further explored.

Moreover, prior analysis in this research series has revealed spatial clustering in
healthcare technology allocation, suggesting that the adoption of healthcare technology
in one region not only benefits the local population but also fosters technological ad-
vancement in surrounding areas through spatial spillover effects. Additionally, the tech-
nological status of a region may be influenced by its previous levels of development. To
quantify these spillover effects, this study innovatively employs a spatial panel model to
analyze the diffusion of healthcare technology. Ultimately, this research provides empir-
ical evidence to support the expansion of high-tech medical resources in China and the
promotion of high-quality healthcare development. It also offers empirical foundations

for the literature and relevant regulatory policies.

II. Data and Methods

For data, this study examined the adoption of surgical robots in China, utilizing data
from a leading robotic service provider that holds an absolute market share advantage,
accounting for over 90% of surgical robot usage in mainland China. 1) Regional Data,
including permanent population, primarily come from the China Statistical Yearbook
(2008-2022) and provincial statistical yearbooks. Population data at the county level
were aggregated from WorldPop’s 1x1 km population grid dataset. Following the re-
gional classification of the National Bureau of Statistics of China, the study categorizes
31 provinces, autonomous regions, and municipalities (excluding Taiwan, Hong Kong,
and Macau) into three regions: Eastern region (11 provinces/municipalities): Beijing,
Tianjin, Hebei, Shandong, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Guangdong,
and Hainan. Central region (8 provinces): Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi,
Henan, Hubei, and Hunan. Western region (12 provinces/autonomous regions/munic-
ipalities): Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Tibet,
Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang. 2) Healthcare-Related Data, were col-
lected from:China Health Statistical Yearbook (2008-2012), China Health and Family



048 SMART SURGICAL QUARTERLY December 2024

Planning Statistical Yearbook (2013-2017) and China Health and Wellness Statistical
Yearbook (2018-2022);3) Regional Innovation and Education Data, including Regional
innovation capability: Sourced from the China Regional Innovation Capability Evalu-
ation Report (2007-2021), Regional education levels: Obtained from the China Educa-
tion Statistical Yearbook. 4) Hospital Location and Distance Calculation, to determine
hospital locations and calculate inter-institutional distances for constructing a dis-
tance-weighted matrix, we extracted hospital names and verified their addresses through
official hospital websites, and then retrieved the corresponding geographic latitude and
longitude data via the Amap (Gaode) API.

Prior sequential studies indicated significant regional disparities in the allocation
of healthcare technology resources, showing inequality at both per capita and per unit
area scales. These disparities appear to correlate with factors such as regional economic
development levels, policy resources, healthcare demand, and market size. To further
investigate the macroeconomic factors influencing the adoption of healthcare technolo-
gies, this study employed a panel regression model covering 2007-2022. Given that sur-
gical robots represented a high-tech medical innovation, their primary consumer market
in China remains tertiary hospitals—as of 2022, all hospitals that had adopted surgical
robots were tertiary hospitals. Consequently, in selecting market-related factors, this
study primarily considered the healthcare market within high-level medical institutions.

In the selection of relevant factors, we mainly used the PEST macro-environment
analysis framework to construct relevant analysis based on the literature review and
previous studies. The PEST theoretical framework consists of four parts: political, eco-
nomic, social and technological. This model framework is one of the most commonly
used macro-environment analysis tools, which is used to analyze various macro forc-
es that affect the development of industries or enterprises (Aguilar 1967). Therefore,
the independent variables of this study mainly include political factors: the total health
expenditure invested by the government, economic factors: the economic level of the
region, with per capita GDP as the proxy variable (the consumer price index CPI is used
to adjust the impact of inflation); social and cultural factors: regional demand factors,
this study mainly focuses on the health needs of the region, with the number of surgical
hospitalizations as the proxy variable, and the education level of residents, reflecting the
possible demand level of residents for regional innovative technologies (Qlongqi Xiao
and Kangwang, n.d.); In addition, indicators of the degree of competition in the medical
market are also included. The number of suppliers in the market is often used to measure

the intensity of market competition. Generally speaking, the more suppliers there are, the
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more intense the market competition is. In some of the initial studies on hospital compe-
tition, the number of hospitals was often used to measure the intensity of hospital market
competition (Gaynor and Town 2011). Since then, some scholars have further proposed
other indicators based on the number of hospitals, including the number of tertiary hos-
pitals and the number of new hospitals (Lu et al. 2021). This study used the "number of
tertiary hospitals" in the region as a proxy variable for market size and market competi-
tion. The technical factor sourced from the comprehensive scientific and technological
innovation level index in the "China Regional Scientific and Technological Innovation

Capability Evaluation Report".

[ PEST Framework J
[ !

Politics (P) Economics (E) Society (S) Technology (T)
» demand for health :

» Proportion of Surgical inpatient visits » Comprehensive
total health » GDP per capita » Market competition: innovation
expenditure Number of tertiary ability

hospitals

PEST MACRO ENVIRONMENT ANALYSIS FRAMEWORK

Methodologically. First, considering the data situation of the study, the influencing
factor analysis mainly used mixed cross-sectional linear regression model (OLS), fixed
effect linear regression model (FE), and fixed effect negative binomial regression model
(NB-FE) for modeling and estimation. Since the data of health technology resources are
panel data (balanced panel), this study mainly used panel data analysis strategy for rele-
vant exploratory analysis. Panel data has different analysis strategies and methods from
cross-sectional data, mainly including fixed effect and random effect regression models,
which have some advantages: First, by introducing individual fixed or random effects,
the problem of omitted variables can be effectively solved. When there are unobservable
individual differences, the fixed effect model can capture these differences, thereby re-
ducing the error terms in the model and improving the accuracy of the estimate; at the
same time, since panel data contains both cross-sectional and time series information,
this enables the fixed effect model to provide more variation in individual dynamic be-
havior, and the model can analyze the changes and dynamic processes of individuals at

different time points. The basic model is as follows:
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Where j represents the province and t represents time. Y represents the proxy variable
for health technology resources. X represents the independent variable matrix, includ-
ing regional economic and demographic factors, health demand factors and market size
factors, as well as the addition of year dummy variables to control unobservable time
fixed effects. a represents the individual fixed effects that are related to the province and
city and constant on the time scale but unobservable, and ¢ is the disturbance term. The
vector B represents the coefficient of the independent variable matrix X. Where f is the
intercept term, and B, B, B are the coefficients of the independent variables (includ-
ing time fixed effects). At the same time, considering that the proxy variable of health
technology resources, that is, the number of surgical robots, can only take non-negative
integers, the dependent variable that cannot meet the requirements of ordinary linear re-
gression obeys or approximately obeys the normal distribution, which will cause serious
heteroscedasticity problems and biased estimates. Therefore, this study uses the Poisson
regression model (when the mean and variance are equal) or the negative binomial re-
gression model (Wooldridge 2010; Coxe, West, and Aiken 2009) (overdiscrete data, that
is, the variance is much larger than expected) as a better choice when the value of the
dependent variable can only be a non-negative integer.

Secondly, this study further explored the spatial spillover effect of health technology
diffusion after controlling relevant macro-influencing factors, that is, the adoption of
health technology by various provinces and cities may affect each other, especially the
surrounding provinces and cities. The spatial panel model is mainly used for correla-
tion analysis. Commonly used spatial panel models include spatial autoregression model
(SAR) and spatial durbin model (SDM). SAR is a dependent variable with a spatial lag
term added to Formula 1; if a spatial lag independent variable is added to SAR, it is
SDM.
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The general form of the spatial panel model is as follows:
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Among them, j represents province, t represents time, and Y represents health technol-
ogy resources. X represents the independent variable matrix. y represents the coefficient
of the spatially lagged explained variable, B represents the coefficient of the independent
variable matrix X, and A represents the coefficient of the spatially lagged explanatory
variable. o represents the individual fixed effect related to the hospital that is constant
but unobservable on the time scale, represents the random disturbance term, and w and
h are spatial weight matrices. The spatial correlation of the disturbance term is related
to whether the spatial error model (SEM) is used. If pwj’stis 0, it indicates that SEM is
not needed. At this time, when hj’X’X is 0 and ywj’yt is not 0, Formula 2 is a spatial au-
toregressive model (SAR); when YWY, and hj’X’kare both not 0, Formula 2 is a spatial
Durbin model (SDM). If pwj’gtis also not 0, the spatial Durbin error model (SDEM) is
used. At the same time, LeSage et al. proposed a Bayesian method for selecting a suit-
able model, which can calculate the posterior probability of each spatial panel model to
screen the best regression model (LeSage and Parent 2007).

The standard addresses of medical institutions were collected from the official web-
sites of each institution, and the longitude and latitude coordinates were converted using
the AutoNavi open platform. The data analysis and drawing software for this study was
R 4.2.3.

II1. Results

According to the PEST theoretical framework, the independent variables of this part
of the study mainly include political factors: the total health expenditure invested by the
government, economic factors: the economic level of the region, with per capita GDP
as the proxy variable (using the consumer price index CPI to adjust the impact of infla-

tion); social and cultural factors: regional demand factors, this study mainly focuses on
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the health needs of the region, with the number of surgical hospitalizations as the proxy
variable, and the education level of residents, reflecting the possible demand level of
residents for regional innovative technologies; at the same time, indicators of the degree
of competition in the medical market are also added. The number of suppliers in the
market is often used to measure the intensity of market competition. Generally speaking,
the more suppliers there are, the more intense the market competition is. At the same
time, the “number of tertiary hospitals” in the region is used as a proxy variable for
market size and market competition for analysis. The technical factors come from the
comprehensive science and technology innovation level index in the “China Regional
Science and Technology Innovation Capability Evaluation Report”. The descriptive sta-
tistics of each variable are shown in Table 1, where the level of higher education = the
number of students in colleges and universities in the region/the total population of the
region*10,000 people, that is, the number of colleges and universities, undergraduates

and postgraduates per 10,000 residents.

TABLE 1—DESCRIPTIVE STATISTICS OF VARIABLES

Variables n Mean SD Median  IRQ, IRQ,
Number of 465 1.91 3.86 0.00 0.00 2.00
surgical robots
Surgical robot 465  601.10 1310.42  0.00 0.00 527.00
usage
Proportion of total 465 6.39 1.91 6.12 4.96 12.97
health expenditure
GDP per capita 465  4.96 291 4.33 2.94 6.32
(ten
thousand Yuan)

HIGHER 465  233.44 103.21 225.47 182.10  280.47
education level

Number of 465  64.34 46.11 53.00 35.00 85.00
tertiary hospitals

Surgical inpatient 465 89.92 67.36 73.57 41.38 119.62
visits (10,000)
Comprehensive 465 28.91 10.59 26.30 21.22 31.28

innovation ability

Notes: HIGHER education level = Number of students in colleges and universities in the region /the total population of
the region * 10 000, that is, the number of colleges and universities and graduate students per 10 000 residents; Proportion
of total health expenditure = proportion of total health expenditure in regional GDP
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Firstly, this study conducted a Hausman test on the random effects linear regression
model (RE) and the fixed effects linear regression model (FE). The results showed that
=17.80, p<0.01, indicating that the individual effects that are constant on the time scale
are related to the independent variables. Therefore, this study used the fixed effects mod-
el for panel data analysis. Furthermore, since the proxy variable of medical technology
configuration is the number of surgical robots, only positive integer count data can be
taken. Further, the overdispersion parameter k was tested for hypothesis. The mean of
the dependent variable was 1.91, and the variance was 14.87, which was much larger
than the mean (14.87>1.91). The test found that the overdispersion parameter was 1.331,
p<0.001, indicating that the distribution was overdiscrete and needed to be analyzed
using a negative binomial regression model. At the same time, after the collinearity vari-
ance inflation factor (VIF) test, the variance inflation factors of all selected independent
variables were less than 4.5 (VIF<4.5), indicating that there was no serious collinearity
problem in the regression.

Figure 1 shows the estimated coefficients of macro factors in each dimension and their
95% confidence intervals. Among them, the estimated results of the mixed cross-section-
al linear regression model (OLS), the fixed effect linear regression model (FE), and the
fixed effect negative binomial regression model (NB-FE) are shown from top to bottom.
Taking the fixed effect negative binomial regression model (NB-FE) as the final model,
it can be seen that the political factor: the proportion of total health expenditure in total
GDP has a significant positive impact on the configuration of health technology. When
the proportion of total health expenditure increases by 10%, the configuration of surgical
robots increases by an average of 9.8%, that is, the more the government and society
pay attention to the health field and the more they invest, the greater the possibility of
high configuration of health technology. In terms of economic factors, after controlling
other factors and the fixed effects of region and year, the per capita GDP level has no
significant effect on the promotion of health technology diffusion. In the general linear
regression and fixed effect models, the higher the level of higher education in the region,
the smaller the diffusion of health technology, but in the negative binomial regression of
the fixed effect model, the level of higher education is significantly positively correlated
with the diffusion of health technology, suggesting that the higher the level of education
in the region, the more likely it is to introduce high-tech advanced health technologies.
The number of tertiary hospitals represents the scale and degree of competition in the
medical and health market. The results show that the greater the competition in the med-

ical and health market, the higher the probability of introducing and configuring high-
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tech health technologies. In addition, after controlling for individual and time variables
in the region, the comprehensive innovation capacity of the region and the diffusion
of health technology show a significant positive correlation. If the comprehensive in-
novation capacity of the region increases by 10%, the allocation of health technology
resources can increase by 14.8%.

Variables Coef (95% CI) P
OLS
Proportion of total health expenditure —— 5.472 (4.508, 6.437) <0.001
GDP per capita (ten thousand Yuan) —— 2.525 (1.981, 3.070) <0.001
HIGHER education level -0.006 (-0.008, -0.003) <0.001
Number of tertiary hospitals 0.024 (0.013, 0.035) <0.001
Surgical inpatient visits (10,000) -0.012 (-0.019,-0.005)  <0.001
Comprehensive innovation ability —— 6.035 (4.895,7.176) <0.001
FE
Proportion of total health expenditure————— -2.318 (-5.213,0.577) 0.12
GDP per capita (ten thousand Yuan) —_— -0.890 (-3.432, 1.651) 0.49
HIGHER education level -0.047 (-0.055, -0.040) <0.001
Number of tertiary hospitals 0.024 (0.011, 0.037) <0.001
Surgical inpatient visits (10,000) 0.020 (0.009, 0.032) <0.001
Comprehensive innovation ability I e e— 2.047 (-0.352,4.446) 0.10
NB-FE
Proportion of total health expenditure —— 0.974 (0.307, 1.642) <0.01
GDP per capita (ten thousand Yuan) T 0.309 (-0.142, 0.760) 0.18
HIGHER education level 0.001 (0.000, 0.001) <0.01
Number of tertiary hospitals 0.004 (0,000, 0.009) <0.05
Surgical inpatient visits (10,000) 0.002 (-0.001, 0.006) 0.20
Comprehensive innovation ability —— 1.485 (0.699, 2.270) <0.001

T T T T T T T
-5 -3 -1 01 3 5 7

Lower adoption Higher adoption

FIGURE 1. ANALYSIS OF INFLUENCING FACTORS OF HEALTH TECHNOLOGY INTRODUCTION

Notes: (1) The vertical axis shows the estimation results of mixed cross-sectional logistic regression (OLS), fixed effect
linear regression (FE) and fixed effect negative binomial regression (NB-FE) from bottom to top; (2) For the dependent
variable regression model, the average marginal effect is shown; (3) Because robust standard errors could not be used
for NB-RE and NB-FE, common standard errors were used to calculate the 95% confidence intervals of the estimated
coefficients, while robust standard errors were used for other models. (3) HIGHER education level = Number of students
in colleges and universities in the region /the total population of the region * 10 000, that is, the number of colleges and
universities and graduate students per 10 000 residents; Proportion of total health expenditure = proportion of total health
expenditure in regional GDP.

Furthermore, this study used the dynamic spatial panel model to explore the potential
impact of spatiotemporal effects. Considering that the spatial panel regression model
cannot be directly combined with the limited dependent variable regression model, this
section transformed the proxy variables of medical technology configuration and con-

ducted spatial panel regression analysis based on the log-linear regression model. Firstly,
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the Bayesian method was used to select a more appropriate spatial dynamic panel model
(LeSage and Parent 2007; James P. LeSage 2014). Since there is no relevant research
and experience to suggest a priori probability for the diffusion of surgical robots, and
considering that the dependent variable is count data, we used the prior construction
based on the Beta distribution to add a spatiotemporal lag term (dynamic) to select the
model, and the Bayesian posterior probability of the model was used to select the best
spatial model. As shown in Table 2, the marginal posterior probability (Log-marginal
posterior) and model probability (Model probability) of the SDEM model were both the
largest. Therefore, we used the dynamic spatial Durbin error model (Dynamic SDEM)

as the final model for analysis.

TABLE 2—MODEL SELECTTION

Model SAR SDM SEM SDEM
Log-marginal -1433.22 -1432.52 -1435.65 -1432.24
posterior

Model probability 0.1735 0.3496 0.0151 0.4617

Notes: Log-marginal posterior represents the likelihood of the log-transformed marginal posterior. Model probability
represents the relative probability of selecting a model.

Table 3 shows the estimated results of the spatial spillover effect of health technology
diffusion. Among them, column (1) is a fixed effect model without considering spatial
effects, and (2) and (3) show the static Durbin fixed effect model and the dynamic Durbin
fixed effect model respectively. The results show that the diffusion of health technology
has a positive spatial spillover effect, that is, the adoption of health technology in one
region will have a positive impact on the adoptionof health technology in surrounding
areas. At the same time, the adoption of regional health technology is not only affected
by the current number of health technology introduced in other surrounding areas, but
also by the cumulative effect of the adoptionof health technology in the past in itself
and neighboring regions. Moreover, this spatial and temporal correlation will make the
progress and diffusion of health technology present complex and rich dynamic changes
in both spatial and temporal dimensions. At the same time, when this positive effect is
transmitted between regions, it also produces a positive feedback effect on the region,
thus forming a dynamic cyclical interactive process. Among other macro-influencing
factors, it is worth noting that the number of tertiary hospitals has always shown a posi-
tive correlation with the adoptionof health technology after considering the temporal and
spatial changes of health technology, suggesting that it is a proxy variable for “medical
market competition” and emphasizes the importance of market competition in the pro-

cess of health technology diffusion.
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Variables (1) (2) (3)
Fixed Effect Model SEM SDEM
Surgical Robot 118
(0.03)
Surgical Robot_*W 0.22%*
(0.10)
Proportion of total health -2.32 -1.71 -0.13
expenditure (1.48) (1.38) (0.80)
GDP per capita -0.89 -1.77 -1.57*
(ten thousand Yuan) (1.30) (1.26) (0.77)
HIGHER education Level -0.05%** -0.04%%* 0.00
(0.00) (0.00) (0.00)
Number of tertiary hospitals 0.02%** 0.027%** 0.07#**
(0.01) (0.01) (0.00)
Surgical inpatient visits 0.02%** 0.00 -0.00
(10,000) (0.01) (0.01) (0.00)
Comprehensive innovation 2.05 1.76 0.57
ability (1.22) (1.13) (0.66)
Proportion of total health 7.02%* -2.12
expenditure*W (0.01) (1.64)
GDP per capita *W 7.88%* -0.44
(2.47) (1.50)
HIGHER education 0.01 0.00
Level *W (0.01) (0.01)
Number of tertiary -0.08%** 0.01
hospitals *W (0.02) (0.01)
Surgical inpatient visits *W 0.07%** -0.01
(0.01) (0.01)
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Comprehensive innovation -10.17%** 1.73
ability*W (2.35) (1.42)
Region effects Yes Yes Yes
Time effects Yes Yes Yes

Notes :(1) Surgical Robot_ represents the lag term of health technology numbers, and Surgical Robot_ *W represents the
interaction term between the lag of health technology numbers and the spatial matrix; (2) Proportion of total health ex-
penditure = proportion of total health expenditure in regional GDP; The unit of number of surgical inpatients was 10,000
people. HIGHER education level = number of institutions of higher learning in the region/total population of the region
*10 000 people

IV. Discussion and summary

This study combined relevant classic literature and theories to propose a macro-influ-
encing factor framework and spatial spillover effect hypothesis to promote the diffusion
of regional innovative health technologies. Based on data from 31 provinces in China
from 2007 to 2021, the frontier negative binomial panel fixed effect model and dynamic
spatial Durbin model are used to empirically analyze the impact mechanism and spatial
spillover effect of regional health technology progress, taking surgical robots as repre-
sentatives of high-tech medical technology. The study found that political, economic, so-
cial and technological factors will have a significant impact on the diffusion distribution
of surgical robots in China, and the diffusion of health technology has a spatial spillover
effect. The proportion of regional total health expenses, the level of higher education,
the degree of market competition and the improvement of comprehensive innovation
capabilities are all conducive to the diffusion of innovative health technologies; at the
same time, the diffusion of health technologies has a positive spatial spillover effect, and
regional technological progress will have a driving effect on technological progress in
surrounding areas. The impact of market competition on the diffusion of health technol-
ogies also has a spillover effect between regions.

According to the literature review, the current research on the influencing factors of
the diffusion of innovative high-tech health technologies often only considers one aspect
(such as medical market competition, regional innovation capabilities, etc.), or stays at
the qualitative and theoretical level. There is still a lack of empirical evidence to com-
prehensively explore the analysis of the influencing factors of the diffusion of health

technologies. At the same time, there is no discussion from the perspective of spatial
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correlation and spatial spillover effects. The results of this study confirm the relevant
theoretical assumptions in the field from an empirical level, and further innovatively
propose the spatial spillover effect of the diffusion of health technologies, providing a
new theoretical perspective and evidence basis for the formulation of relevant theoretical
research policies on health technology progress and diffusion.

The diffusion of high-tech health technologies has regional and socioeconomic in-
equalities. The degree of regional attention to health care, the healthy competition in the
medical market, and the region’s own innovation environment and innovation capabili-
ties are all conducive to the diffusion of innovative health technologies. Regional tech-
nological progress will also drive technological progress in surrounding areas, creating
a virtuous circle. This study uses the proportion of regional total health expenditure to
regional total GDP as a proxy variable for the region’s emphasis on the medical and
health sector and policy inclinations. It includes government health expenditure, social
health expenditure, personal health expenditure, and expenditure and investment in re-
lated fields such as health research. Compared with the “total per capita health expendi-
ture” used in previous studies, this variable takes into account the level of development
of the region itself (Varabyova et al. 2017)interest, and authority: medical-individualis-
tic, fiscal-managerial, and strategic-institutional decisional systems. This review aims
to examine the determinants of the adoption of medical technologies based on the cor-
responding decision-making system. We included quantitative and qualitative studies
that analyzed factors facilitating or inhibiting the adoption of medical technologies. In
total, 65 studies published between 1974 and 2014 met our inclusion criteria. These
studies contained 688 occurrences of variables that were used to examine the adoption
decisions, and we subsequently condensed these variables to 62 determinants in four
main categories: organizational, individual, environmental, and innovation-related. The
determinants and their empirical association with adoption were grouped and analyzed
by the three decision-making systems. Although we did not identify substantial differ-
ences across the decision-making systems in terms of the direction of the determinants’
influence on adoption, a clear pattern emerged in terms of the categories of determinants
that were targeted in different decision-making systems.”,”’container-title”:”Health Pol-
icy (Amsterdam, Netherlands and can better reflect the region’s emphasis on the health
sector. The empirical results verify the correlation between investment in the health sec-
tor and technological progress. On the one hand, the level of higher education can reflect
the region’s demand for innovative technologies. Similarly, in research, it is often used

as a reflection of the degree of openness of a region, that is, the open environment of
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regional innovation and innovation adoption. The results show that the improvement
of regional higher education levels is positively correlated with regional technological
progress. Similarly, the comprehensive innovation capacity of a region itself represents
the region’s inclination, investment and acceptance of innovative technologies (Qlongqi
Xiao and Kangwang, n.d.). Technological innovation and technology introduction com-
plement each other. Technology introduction provides the basis and resources for in-
novation. On this basis, innovative technology can achieve technological catch-up and
sustainable technological progress and a benign technological development model.

The impact of competition in the medical and health market on medical and health
services has always been controversial. On the one hand, like other markets, competition
is the most important manifestation of the market mechanism. Effective competition can
promote lower prices, higher quality and efficiency of products and services in the mar-
ket, thereby improving consumer welfare. On the other hand, due to the particularity of
the medical and health market (such as information asymmetry, etc.), the activities and
effects of competition in the medical market may lead to the failure of the market mech-
anism, resulting in unnecessary welfare losses (Mankiw 2020). Due to the particularity
of the medical field, in most cases, patients cannot directly obtain relevant information
about the quality and service capabilities of hospitals, nor can they make up for the infor-
mation gap through repeated consumption as in general commodity markets. Therefore,
in the medical and health market, patients (consumers of technology) tend to rely on
the advanced medical technology owned by the hospital as the basis for evaluating the
hospital’s service capabilities (Aggarwal et al. 2017; 2018; Lu et al. 2021), which leads
to the tendency of medical institutions to introduce high-tech health technologies to
demonstrate their medical service capabilities and levels and attract more patients. The
empirical analysis of this study shows that increased competition in the medical market
is related to the diffusion of innovative technologies, and this effect has a spatial spillover
effect (not only affecting the market itself, but also promoting technological progress in
surrounding markets). However, the cost of introducing advanced medical technology is
high. Under unreasonable economic incentives and payment methods based on project
fees, hospitals may take unreasonable actions, such as inducing demand, transferring
configuration costs to patients, and increasing patients’ medical expenses (Pan, Qin, and
Hsieh 2016; Aggarwal et al. 2017). Therefore, considering this aspect, the government
and academia need to strengthen further research and construction of the management
of supervision and evaluation systems. At the same time, the empirical analysis of this

study is based on the provincial level, and the division of the medical and health market
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is relatively rough. There is an urgent need for more detailed research at the statistical
level to verify the real-world status and laws of the diffusion of health technology.
High-tech and advanced medical equipment are the main manifestations of medical
technology and the main focus of hospital technology investment. At present, compared
with developed countries such as Europe, the United States, and Australia, China’s tech-
nical configuration and relative usage of surgical robots are still insufficient. The market
space for surgical robots is relatively large. Before the large-scale popularization of tech-
nology, it is necessary to strengthen the planning and attention to the fairness of technol-
ogy distribution, especially as regional differences are becoming more and more severe.
The abnormal points of clustered distribution indicate objective technological gaps. At
the same time, technology pioneers can provide empirical experience of technology for
later adopters, and provide an evidence basis for the “appropriate” diffusion of technol-

ogy that is tailored to local conditions.
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Review of Health Technology Assessment for
Surgical Robots

By TIANTIAN ZHANG"

This article comprehensively explores the health technology as-
sessment of surgical robots. Firstly, it introduces the definition of
health technology assessment and emphasizes its importance in
providing scientific information and decision-making basis for de-
cision-makers at all levels. Next, it discusses the value dimensions
of health technology using two flowers of value - the new and the
old, with a specific focus on the value dimensions of medical devic-
es including surgical robots. Furthermore, the article analyzes the
evaluation path of surgical robots within the IDEAL framework,
including three stages of evaluation recommendations from the
perspectives of device developers, clinical doctors, patients, and
the healthcare system. Additionally, the article provides detailed
discussions on specific considerations during the HTA process of
surgical robots and gives corresponding suggestions. These con-
siderations include evidence inclusion and exclusion, patient and
surgeon perspectives, learning curve effect, cost allocation, anal-
ysis methods, time horizons, organizational impact, and incremen-
tal innovation. The aim is to overcome assessment challenges and
improve the accuracy and reliability of evaluation results. Finally,
the article emphasizes the complexity and importance of HTA for
surgical robots, and looks forward to innovative and future devel-
opment of evaluation methods, with the goal of providing stronger
support for medical decision-making, promoting the rational ap-
plication of surgical robots, and improving the quality of medical

services.

*Zhang: Southern Institute of Pharmacoeconomics and Health Technology Evaluation, Jinan University.
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I. Health technology assessment

A.  Definition

In 2020, the World Health Organization, in collaboration with several international
organizations, provided the following definition and explanation for Health Technology
Assessment (HTA): HTA evaluates various interventions for disease prevention, diag-
nosis, treatment, health promotion, and rehabilitation, including pharmaceuticals, bi-
ologics, medical devices, health materials, medical protocols, operational procedures,
organizational management systems, logistics support systems, etc. It provides scien-
tific information and decision-making basis for healthcare technology choices to deci-
sion-makers at all levels, including governments, health insurance companies, patients,
and healthcare professionals (O’Rourke B et al., 2020).

B. Value dimensions

Health technology assessment requires the evaluation of the value of health technolo-
gies, which have different dimensions of value, typically including clinical effectiveness,
safety, cost and economic impact, ethics, social, cultural, and legal issues, among others.

In 2017, the International Society for Pharmacoeconomics and Outcomes Research
(ISPOR) introduced the “flower of value” for health technologies, which covers thir-
teen value elements and is widely recognized (Lakdawalla et al, 2018). As time has
progressed, in 2023, the organization “No Patient Left Behind” in the United States re-
leased the “flower of value” for generalized cost-effectiveness analysis (GCEA), which
originates from costs and effects and includes fifteen broader value elements in four
categories. This is greatly beneficial for future health technology assessments (Shafrin
et al., 2024). The mapping of the petals (i.e., value elements) of the old and new flowers

is shown in Table 1.
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TABLE 1 MAPPING GCEA VALUE PETALS TO ISPOR VALUE FLOWER

Category GCEA ISPOR
Uncertainty Outcome Uncertainty Value of Hope
Reduction in Uncertainty
Disease Risk Reduction Insurance Value
Value of Knowing -
Dynamics Dynamic Net Health Costs Net Costs
Dynamic Prevalence -
Societal Discount Rate -
Option Value Real Option Value
Scientific Spillover Scientific Spillovers
Beneficiary Patient-Centered Health Quality-Adjusted Life Years (QALYs)
Improvements gained
Severity of Disease
Equity Equity
Family and Caregiver Spillover Productivity
Additional Value Community Spillover Fear of Contagion
Elements
Productivity Productivity
Adherence Adherence Improving Factors
Direct Non-Medical Costs Net Costs

C. Value dimensions of medical devices

Medical devices are also a type of healthcare technology, but there are inherent dif-
ferences between medical devices and drugs due to various factors such as different
methods of operation/administration, the process of generating clinical evidence, imple-
mentation and requirements of research, as well as different product lifecycles. These
differences further result in variations in the value dimensions of medical devices and
healthcare technologies such as drugs. The value dimensions of medical devices are
listed in Table 2.
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TABLE 2 VALUE DIMENSIONS OF MEDICAL DEVICES

Dimension Content

Clinical Value Meet unmet clinical needs (increase or improve new functions);
Enhance safety (reduce risks);
Improve clinical efficiency;
Enhance diagnostic and therapeutic effects;
Increase accessibility of technology;
Improve key technical parameters of the product.
Economic Value Reduce other direct/indirect medical expenses;
Save costs for equipment and materials;
Reduce operation and maintenance costs for diagnosis and treatment;
Lower treatment costs;
Decrease medical service prices;
Provide cost-effectiveness analysis with better results;
Budget impact.
Innovation Domestic first imitation, with partial contributions to research and development;
Independent research and development.

Prior to the release of the achievements, discover simultaneous development of similar
products abroad, with a registration certificate time difference not exceeding one year in an

uncontrollable country;

Globally leading, with breakthrough research and development results.

Technical Maturity of medical devices, personnel requirements, equipment requirements, technical
Characteristics maintenance requirements, operational skills, etc.
Societal Suitability Social and environmental changes that may arise from using the medical device, including

social, ethical, and legal changes;

Whether or not it exacerbates social health inequality.

I1. The IDEAL framework for surgical robots

Surgical robot is one of medical devices, it combines the latest achievements in preci-
sion mechanics, computer science, biomedical engineering, and other disciplines. It is a
revolutionary advancement in the field of modern medicine. Since the late 20th century,
surgical robots have undergone a process of development, from initial exploration to
widespread application. Initially, surgical robot systems were primarily used to assist
doctors in performing precise surgery. With technological advancements, surgical robots
are now capable of performing complex surgical tasks such as minimally invasive sur-
gery and remote surgery. The application of surgical robots can improve the accuracy
and safety of surgeries, reduce human errors in operations, minimize patient trauma and

postoperative complications, improve patient prognosis, enhance quality of life, shorten
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recovery time, and provide new surgical tools and methods for surgeons.

The “IDEAL Framework and Recommendations” introduced by the IDEAL Council
aims to establish a scientific and rigorous evaluation pathway for new surgical proce-
dures, invasive medical devices, and other complex therapeutic interventions. It recom-
mends key elements for implementing research methods and reporting standards based
on the developmental stage of the intervention. Currently, IDEAL has become an inter-
nationally recognized paradigm for surgical clinical research methodology. In 2024, the
IDEAL Council published the IDEAL Framework for Surgical Robots, which provides
evaluation recommendations for the development, comparative research, and clinical
monitoring of surgical robots from the perspectives of device developers, clinical doc-
tors, patients, and the broader healthcare system (Marcus et al., 2024). The three stages
are as follows: IDEAL stages 0, 1, and 2a, which involve early clinical research on the
safety and feasibility of the new concept of surgical robots; IDEAL stages 2b and 3,
which involve larger-scale studies on the effectiveness of robotic interventions and com-
paring them with the current best practices; and IDEAL stage 4, which focuses on long-
term monitoring of performance in real-world settings when robots are widely adopted.

Specific recommendations for each stage and perspective are listed in Table 3.

TABLE 3 RECOMMENDATIONS FOR EACH STAGE AND PERSPECTIVE OF THE IDEAL FRAMEWORK FOR SURGICAL ROBOTS.

IDEAL
stakeholders Recommendations
stage
O(pre-IDEAL) developers 1. Standardize the publication (in peer-reviewed journals) of technical and
1(ideal) clinical data.
2a(development) 2. Transparently document changes to devices, indications, patients and Al
models.

3. Al-integrated robot evaluation should initially examine Al facets separately,
followed by in silico and simulator-based assessment of the integrated robot (IDE-
AL stage 0). First-in-human studies (IDEAL stage 1) and beyond should assess the
integrated robot in a clinical context, using clinical outcomes, guided by reporting
guidelines (for example, DECIDE-AI).

Evaluate robotic autonomy based on level and risk.

clinicians Define, analyze and iterate clinician—device integration accounting for stake-
holder perspectives, clinician behavior and cognitive workload.
For autonomous systems, evaluate the reliability of handover mechanisms and

reasons for human takeover.
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IDEAL

stage

stakeholders

Recommendations

2b(exploration)

3 (evaluation)

patients

healthcare

systems

developers

clinicians

patients

healthcare

systems

Ensure transparent consent processes regarding theoretical risks, evidence,
system failure mitigation, autonomy level, surgical team experience and potential

conflicts of interest.

Perform early and iterative economic modeling, using exploratory analyses to
guide cost-effective development and prevent future research wastage.

Consider the impact of surgical robots on different healthcare ecosystems, using
life cycle assessments, reverse engineering and frugal design concepts where pos-

sible to improve accessibility and sustainability.

Risks and benefits of surgical robots must be evaluated through prospective
data collection using a suitable study design, mutually agreed dataset, appropriate
analysis techniques and assessment of study-specific confounders.

Robot reevaluation for alternative indications should be based on risk, autono-

my level and available evidence.

Validated tools and qualitative research should be used to explore human fac-
tors.

The real-world learning curve for surgical robots must be investigated. Metrics
should be collected from direct supervision of both real-world and simulated use
cases.

Establish institutional clinical governance policies with consistent specifica-

tions on surgeon training, audit and ethics.

Explore robotic surgery acceptability through assessing patient perspectives,
understanding, and consent.

Maintain transparency with participants regarding existing evidence, develop-
ment stage, conflicts of interest, surgical experience, complications and alternative

treatment.

Economic impact analysis of healthcare costs associated with robotic inter-
vention should be measured in comparative studies, including clinically and sys-
tem-relevant outcomes over a sufficient length of follow-up.

Include stakeholders from low-resource settings in modeling capacity, benefit
and risks of robot use, compared against available alternatives.

Life cycle assessments of surgical robots should be compared to the current

gold-standard treatment.
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IDEAL
stakeholders
stage

Recommendations

4 developers
(long-term

monitoring)

clinicians

patients

healthcare

systems

Long-term monitoring should be led by RWD tailored to provide high-quality,
transparent and valid data.

Evaluation of surgical robots must be customized to accommodate for their dy-
namic nature, specifically with regards to Al-enabled systems and to detect device

creep.

Standardized training programs, informed by comparative stage findings,
should be used and recognized by accrediting bodies.

Surgeon revalidation and credentialing should be performed to ensure robotic
surgery skills are maintained to a high standard.

All adverse events should undergo human and systems factors analysis with

dedicated experts.

Registries and long-term monitoring studies should be independently procured,
and readily available in formats that are understandable to patients.
Patient-reported outcome measures should predominate in long-term monitor-

ing studies to ensure outcomes remain patient centered.

Cost-effectiveness analysis of surgical robots should be performed, informed by
real-world, data-driven, decision-analytic modeling.

International forums should assess and mitigate global health inequities intro-
duced by surgical robotics.

Sustainability and environmental impact assessment are imperative in long-

term evaluation, guided by regular consultation with expert stakeholders.

It is worth noting that the IDEAL Framework for surgical robots emphasizes the re-

quirement for economic evaluation at each stage. During the conceptualization and de-

velopment stage, early economic modeling and exploratory analysis are needed to guide

economically viable development. In the exploration and evaluation stage, the economic

impact of the robot intervention on healthcare costs needs to be measured in compara-

tive studies, including clinical and system-related outcomes over a sufficiently long fol-

low-up period. Finally, in the long-term monitoring stage, cost-effectiveness analysis of

surgical robots should be conducted, and decision analysis models driven by real-world

data should provide information. Therefore, special attention should be paid to the chal-

lenges in economic evaluation of surgical robots and appropriate measures should be

taken to address them. For example, Simianu et al. (2020) constructed a decision analy-



December 2024 SMART SURGICAL QUARTERLY 069

sis model to conduct cost-effectiveness evaluation of open surgery, laparoscopic surgery,
and robot-assisted surgery for colon resection from the perspectives of the society and
the healthcare system. The results showed that laparoscopic and robot-assisted colon
resection surgeries were more cost-effective than open surgery (Simianu et al., 2020).

III. Considerations and suggestions for HTA of surgical robots

Surgical robots, as a type of health technology, also require assessment. However, as
surgical robots are a technology distinct from other health technologies, there are some
issues in conducting health technology assessment for them. Therefore, special attention
and careful consideration are required. Below, we will list some important consider-

ations and provide corresponding recommendations.
A.  Inclusion and exclusion of evidence

Clinical research on surgical robots is usually limited, resulting in a scarcity of liter-
ature. Additionally, due to the lack of appropriate controls, randomization, and blinding,
the quality and reliability of evidence generated in clinical research may be compro-
mised. Moreover, these studies are often small in scale, which may limit their general-
izability when evaluating surgical interventions. Therefore, it is worth considering the
inclusion of other types of evidence such as case reports, cohort studies, case-control

studies, and real-world studies, while paying attention to the quality of the evidence.
B.  Perspectives of patients and surgeons

Focusing only on rigid clinical outcomes in the health technology assessment of surgi-
cal robots may overlook factors that provide information for health policy decision-mak-
ing, such as patient benefits, or ergonomic benefits for surgeons. Therefore, it is neces-
sary to consider results that reflect the perspectives of patients and surgeons, such as
patient preferences and satisfaction, as well as the comfort and efficiency of surgeons

during the surgical process.
C. Learning curve effects

As the number of practice sessions increases, the performance of surgeons in using
surgical robots gradually improves, leading to different health outcomes, which further
affects the associated costs and introduces uncertainty in the assessment. Therefore,
when conducting health technology assessment for surgical robots, the differences in

clinical abilities among surgeons should be considered, and the learning curve effect
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should be corrected whenever possible (Erskine et al., 2023). This requires using data
that is suitable for the surgical volume and the experience with surgical robots in the spe-
cific study setting when selecting evidence of clinical effectiveness. It is also necessary
to analyze the changes in clinical evidence related to surgical robots over time to observe
if their performance is stable. Sensitivity analysis should be used to explore the impact of
corresponding changes in performance. For quantifying the learning curve, a three-stage
method proposed by the European network for Health Technology Assessment can be

referred to.
D. Allocation of costs

Surgical robots themselves do not directly perform the intervention but need to be in-
corporated into one or more surgeries. However, in some health technology assessments,
allocating the entire capital cost of the surgical robot system to a single surgery volume
may result in biased outcomes. A more reasonable approach is to allocate the cost across
all surgeries performed with the robot, calculating the cost based on the actual number of
surgeries performed by the surgical robot. Only in this way can the current utilization of
surgical robots in covering various patient surgeries by hospitals or healthcare systems

be more comprehensively reflected.
E.  Analysis methods

Currently, many economic evaluations of surgical robots only consider the costs com-
pared to traditional surgical methods, making the assessment results not comprehen-
sive and having limited reference value. The value-based healthcare (VBHC) approach
should be used, which reflects the pursuit of the best clinical outcomes with the same or
lower costs, maximizing the value obtained from healthcare services rather than simply

comparing costs.
F. Appropriate time horizons

When evaluating the surgical outcomes of surgical robots, it is necessary to consider
long-term impacts and set a reasonable time horizon. This includes the long-term effects
on patient quality of life and economic costs, as well as the potential long-term effects
on the well-being of surgeons. These impacts may not immediately manifest and require
long-term tracking and research to fully assess. For example, certain clinical outcomes
(such as recurrence) may only become apparent years after the surgery. Once these clin-
ical outcomes occur, they can have a long-lasting impact on patient quality of life and



December 2024 SMART SURGICAL QUARTERLY 071

economic costs, potentially even lasting a lifetime.
G. Organizational impact

Surgical robots can bring additional benefits to the entire organization of a hospital,
which are often not considered in health technology assessments. These benefits include
improved hospital operational efficiency, facilitation of data analysis, and remote surgery
capabilities. Therefore, the value of the entire robotic ecosystem should be taken into
account. Additionally, the implementation of surgical robots often requires substantial
organizational investments and adaptations, such as new infrastructure and the creation
and supervision of multidisciplinary teams. If the cost of implementing surgical robots
is borne by healthcare providers, the analysis should include the costs of setting up the
robotic-assisted surgical platform and the expenses incurred for optimizing the use of the
robot platform, such as training. The impact of these costs should be evaluated in sensi-
tivity analyses (Lai et al., 2024). Furthermore, the proportion of open and laparoscopic
surgeries that may be replaced by robot-assisted surgeries should also be considered.

H. Incremental innovation

Surgical robot devices and their technologies are constantly evolving, especially with
the integration of artificial intelligence. The introduction of new models or products can
influence clinical outcomes and costs, rendering health technology assessments quickly
outdated or rendering the research process itself ineffective (Marcus et al., 2024). To ad-
dress these issues, innovative and iterative evaluation strategies such as implementation
trials can be employed (Wolfenden et al., 2021). Additionally, the Bayesian approach,
which integrates prior knowledge and continuously incorporates new information, is

more applicable in these cases (Ming et al., 2021).

IV. Conclusion

Surgical robots, as an advanced technology in the field of medical devices, require the
health technology assessment (HTA) to ensure their reasonable application in medical
practice and the effective allocation of resources. However, the complexity of surgical
robot HTA requires us to consider various factors comprehensively in the evaluation
process. It is necessary to pay special attention to the quality and applicability of evi-
dence, fully consider the perspectives of patients and doctors, as well as factors such as
learning curve, cost allocation, analysis methods, time horizons, organizational impact,

and incremental innovation. These considerations aim to overcome the challenges in
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the evaluation process and improve the accuracy and reliability of evaluation results. In
summary, HTA for surgical robots is a complex and systematic process that requires the
integration of multidisciplinary knowledge and methods, as well as continuous explo-
ration and innovative assessment strategies. In the future, with the continuous advance-
ment of technology and the evolution of the medical environment, HTA methods for
surgical robots should keep pace with the times to better serve medical decision-making,
promote the development of surgical robot technology, and ultimately achieve the goal

of improving medical quality and patient well-being.
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Table 1:
Summary Statistics for Hospitals in Sample (in Thousands)

(1) (2) (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 T771.87 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 statisties 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.
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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) (65.465)  (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.
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ETRANAEZ RIS RO aME R NEIE, YEF I
RABINEANTF IR A S BRANEEREF I RA, HATHEE TS
TleE, R EMEARBERMETHA, HUFAEE N
TEHRTUHANN, 2N AEFAEE THAAXEAT G ET
BRMER, ER: XAVTRERZFRNNARFR (EEREFINGRA
1756, HLEAFFIMA1026]) o 78 5 F 5 1 14 iF 4 UC BE 45 4 0 22 B
ZE, k1620 BF (RALSIHD HANHFE—F oM. ERET,
HBEARVGRAELEESEFTGREARFED., REHLERD. F
HAEERK, FTALUHEH. MEAMUGAELTETHNET #
J (82885.37C vs. 58643.870, p<<0.001) , #AT, &%
ABRFANSNHAMEZRALEES. DHSNET, E5EERT
AT, AHRAANEALRFLEZR. 210 S THAREES,
MEARTRUEREGET IR EFEFNFAL 2 EME W ETF
A, B, &FAEEELZXANEARIGRAEERZF %,

A AR A (robotic liver resection, RLR) {EH—In#FT# A, M
B8 FF % K (laparoscopic liver resection, LLR) gt B H EEWF AL A,
BHFAFFEEET. B, L& AT A BT AT 45 M % (Hepatocel lular

* RE, MIAFEFRWENEKER; B&%H, dHEMRAFHELRRZER; MR,
HOIAFEFRWBHERRER; HRE, FIAF¥E¥RWEBHEAER, BEMHFL: £F

(E-mail: srrshlx@zju. edu. cn)
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carcinoma, HCC) & EFAEFFRA, BHRHKGZ A KIEE,

YASNBAFTBRAEANTIAZFEFRREFRNIREBER D, mm@l%%
AT 4 B A& CHR B meta 4 AT R, RLR (20,205.92 % 70) 8 & A& F LLR
(15,789.75 %70) . H#ARFARRFRNEEZREF (Ciria % 2022) . 4,
MEAREFWLRE, FAIMNEATELA, LRI TREAFERE. 2020 £
Mejia BT 214 FIF I £, HHELIRAEL, RIRREHRAEL R, EEHE
PreflEl B4, W T/ANEEFREEZEFHNEZE (Mejia F 2020) . AT, 2016
FREFHERENEAFBEEGET AR FAN 39 FlEEERIH, FTHA
Shetdiik, RLIRICLLR FAFRAER H, EETRFLL LZRAHGHFEX (FiE
¥%E 2016) . FM, RIREGRAEFLFRESFEAARBAMAZ—N5F%.

2023 FRE AN BEAR IR & XA F 4 H, BT LLR, RLR & fFIEAE X & A
FEAMBHIET N E, ERABRAERREREERR (LiuF 2023) , BRI
AR EZRS, BAARININEAFAEA RARE, ZHFHHEAEATRS
M2 AR F B K% A (Simianu % 2020; Song % 2022) .

= AR T &

FREZHMFAR, EFMERENTAFHEREEER 2016 F 1 A -2023 4
THAY %ﬁmm%&h$% RIEBEHWFAFTAX S HWRIRAS LIR 4, TR ES
g e b, EXMEEIFs CREFBLAEER, REARBT ARG THETE R
%@ﬁ%m%@ﬁﬁ HHTEFZTIN . FRIASTT, BEHARLERNBEN,

EANANESETERENTFHE £ FAEZ, RASHTWESEETEHRREN
*uk(EAuﬁ> NREERHANREREG 4 th. ¥ F#H . BUI. AFP, INR,
ALB, AST. TBIL. Child #+% . mERHE. FAEE. ASA 3 FZEANEENNER
HATNE, HEM =TS, ﬁ TRAFITE T EL . PSM K A SPSS 25. 0 B A ¥ 4T 4
W EHELE IWATE FARE S RN “BREE” “FEEE” “BRE” “£X
%&?44ﬂﬁ,g7ﬂﬁnﬁo
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THIRFREE (n=515)

B (n=238)

RAEHE (n=97)
BN (n=58)
JFFHARERE (n=38)
BATUFRE (n=2)
JEPISBHERR (n=5)
RHEEFHERL (n=38)

BT IR AR BE (n=277)

T~

TS ARREIRAL (n=175) AN FAIRIRA (n=102)

Bk ITRT)E B TR /R

ISR IR A (n=81) HLE AR AR TIBRAL (n=81)

\\\\\/////

WS

Bl L . HEeAre R B

=, %3

ZHN., ARG, EF2TTHEERNANLAHRT, REFAFTRALH
LLR 4 (175 ) A1 RLR 4 (102 ) . PSM J&, P4 & 81 f7l¥#t — F # AT i 4 #7 o

(=) BHEELHEART

& B M T 4 Z B0, LLR 4 8 BMI. AFP, PLT. INR. ALB. AST. Af % k.
Child-Pugh #+ % . k& /E. IWNTE FARE LA ERIREAFEEHEEZR (Hp
<0.05) . AEFHLEERZR., I MEEIFL, LR TFHELEFE, 162 4
B#& (LLRAE G RLR H % 81 ) gh A #t—F 44T, LLRAS RIR AWELXREAFAL
TEHZzR. (HED

(=) BHmRE R

W EETFELSZ 8, LLR AW AT HME (100.0 vs. 50.0 ml, p <0.001) .
A H o= (33 [18.8%) vs. 10 [9.8%]), p=0.045) . KEH X E X £ X (35
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[20.0%] vs. 7 [6.8%], p=0.003) . A#F#HIFmHE (20 [11.4%] vs. 0 [0.0%],
p=0.001) . R/EHERHE (6.0 vs. 5.0 day, p=0.001) . EEFLHE (13.0 vs.
9.5 day, p=0.001) B EF& T RIRH, HAEFHLLEREEZR (Hp=0.05 .
ZAMEAMEIT, LR FEHEELERE, 1627 EF (LLR4 5 RLR 44 81 #) #
NS, LIRABWAFHmME (100.0 vs. 50.0 ml, p=0.002) . K/GH LXEX
AEE (16 [19.8%] vs. 7 [8.6%), p=0.043) . A/GEFHE (6.0 vs. 5.0 day,
p=0.005) . EAEIEAE (12.0 vs. 10.0 day, p<0.001) ZF& T RLR 4, HE4
BRHLEFREZR (BHp=0.05 . (k2

(=) BH R %R

B MR 42 BT, LLR 4B B9 42 B % | (57150.9 vs. 81432.5 75, p<<0.001).
E % A (16875.0 vs. 50333.4 75, p<0.001) ., F A% F (6916.0 vs. 43424.9 7T,
p<0.001) T F(KT RLRA, #imzh4y% A (15879.4 vs. 9955.6 70, p < 0.001) |
&% A (1260.0 vs. 1160.0 76, p=0.010) . #E#F (1164.0 vs. 989.6 7T,
p=0.001) . #M#%F (21113.4 vs. 12094.4, p<0.001) ZFEZ T RLR 4., £
] AT 4 IO D P i A R e AR JE, 3162 ] B (LLRA S RLRA &L 8L PO HANFA R,
LLR A W9 1E P % % | (58643.8 vs. 82885.3 70, p < 0.001) . A # A (15972.7
vs. 50706.2 7T, p <0.001) . FA%A (6616.0 vs. 43424.9 75, p < 0.001) .
H A #E A (341.0 vs. 535.0 75, p=0.004) T F KT RLR 4, 4% F (16517.6
vs. 9975.0 7, p < 0.001) . #&# F (1365.0 vs. 1115.0 75, p=0.010) . #
B#HF (1174.0 vs. 988.6 7T, p=0.001) . # M # F (21565.4 vs. 12069.4 7T,
p<<0.001) BEFFHTRRA., (k2

QUPENIEER i

PLIWATE F A E S B AWK EHATRE NN, ERET, £ “REE” “9F
SHE” “HRE” 3ANATHAN, LRAWEREZFAEZMRK TRIRE (K%
E: 46125.7 vs. T6647.9 7, p <0.001; ®FEE.: 52692.8 vs. 76428.8 70,
p=0.003; & ¥ Z: 67548.3 vs. 84725.0 7., p=0.001) , &K1, & “LEXEE”
AN, LLRASRIRAWERLEFRA KA R EMRZ7 (75709.0 vs. 88292.6 7T,
p=0.325) . (/& 2)
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R
[ JRLR
*okk e ek ns
120000 /7 T
100000
80000 |
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60000 |
40000 -
20000 -
ARAERE AR e AL FE LS

fERE 23

Bl 2. fEFe K 5 F W F A% B A 547
E:
sk X & p < 0.001
sk X & p < 0.005
ns X% p > 0. 05

¥ IWATE FARE N “REE” “FERE” WEEEANKFARELE, IWATE
FRAEEN “GHRE” “TXEE” WEFAAGTAREL, #ATLLAL . &
RET, ERANFARELAN, LLRAHAT R E (KFA%EE: 100.0(50.0-
200.0) vs. 50.0(20.0-150.0)mL, p=0.013; & F A& # &: 200.0(80.0-400. 0)
vs. 100.0(50.0-137.5)mL, p=0.024) . A7 E KA B (KF A% E: 5 0(4.0-
7.0) vs. 4.0(3.0-5.5)days, p=0.010; mFAEE: 6.5(5.0-9.0) vs. 5.0(4. 0~
7.0)days, p=0.046) . B ERAE ] ((KFAEE: 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®TRIRAE. ERANFAEELEN, LLRASRIRAWELKEF
ERHLEERER. (X3

W, ik

JERATRES A R R ®, HIFRFAML, LR FAZLMEF, MEFSE
R, FRAMAMN, ARE+HEFEANFREEREEFNEIERQUFARLEE,
AW, LLR LA E S AR, ERESME NSRS T AR ERE. FAE
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FEEHHCC E5 ABPHER. RIRIWFINFIRT 4% LLR WE A &R, ERIE.
EENBEFXBALEEE L. KAEEFRTIGRFHRY, AL EHFEHNE
&R, AT, EERWNFAEARNFARR ZENEEZH £, RIR 2% EA &K
BEAMRZE—NE®.

Bl E AN BEASEEGZFNIGRET#ANFARRER D, XAARER
EXNEAMLERERNTHARBET R ANERNES ETHA, A4 RET
PR BE BB R RET BILEFRKE. RILUS, AR &L IWATE FF 47
FAREEN RN FAEMREIG EF2E, RENSERERTEFAEE T RLR &
RARGE, HBEARBEIEFARENTIAZ KR ¥ NG, AFELLENFAS
Ko BZHRF, EFOMNBAFAZRAZRTRA, Hit, KRFARELNMERLEF
—EFNMAR—ETA, WRDPERZER. Wi, ETTERN—ZHHELED T A
FFAGANEFTENEH. VERELERZRAARERNTH, AFEK
FIF PM LB D s PMEFERLIRA S RIR AL KA LEERZR (3
p=0.05) .

AT RLR AT LLR &2 & EH ARz, KATHIE T PSM 5 4 s K4 B 38
R FE R ER. ERETN, HHAEFARE., FAWEREL. KA+HHmiERL.
REHFEER. K530 BEFLZEFBNGEN @AM, T LLR AR+
mE, KEHKXELEE, EiRatE., KEERMEEZES T RIR 4, iE¥ RLR &
FAREZAMFEAMTLLR. %A FHE, LRANERLEFA. B % AL E®TRIRY,
#H—FHIET RIREXN TLIRTFNEHA. NEREHEANM &L R, RIONLA
LR AW FAHALFMTRIRE, KW, LLRANAWER. bEHFH. FEFA.
HMFRANLERTRRE, RTIBNFAFABERRERLERALFR T LLR
WEERE, BERREBEIXELEETG, ROTEEAGAS. #—FREEXFE,
KRR T BFWEAFTFH. Hit, ®RI1TA%, A€ RLR &% A& T LLR, 247 RLR
WEZERERES. FAUSINTHE D, KKRBRLEMRRR FAFEA, RIRK¥
¥ EARAR,

HRAFRET, NBEAFANGTFAZAZERETNEAR LR HWEA
BA, fFR—RKUERABHEAAR. REXRFARXF CHNERAME, NEAFRAFNE
ANAFNFREFASZR T EET LA L. K, FREIANEARAWESEA .
EFREEFANEATENEEURKRRAMINEA LB AT RN S, W
THEE A AR AR, X R A B AT D, RLR E T ESN AL B R K — P e

ERFAERRIEH, EFAEEFHEHF AFF, RLR b LLR E B A £ 14,



086 BEFAZFT 20245128

o, EEMFAEECAECVEREGHNETHA. AFXCLIRR EREFA
PEETLR, £, EEELEAFABEREZ [, RLR fr LLR fTHF % AW =715
NBEALE? YRR ZFAA, AHRRE IWATE FAEE L BREXEHFFAEE
H—FUFARE NN T ERTLEANT. ERET, EREE” “FERE” “F
EE”IANTLHEA, LIRAWERLEFAHNLESTRIRA, AW, £ “EXEE”
479, LLR 48 5 RLR 4L m9{E P & 5% L 4%/ B 3 M 2 5 (75709. 0(64022. 6-101275. 4)
vs. 88292.6(82954. 8-98554.0) ¥, p=0.325) . KA\ Y, MEFAEE S,
RLR 5 LLR [E|h % Fl Z B # 45 /N, #t— PR EFARELHN RLR 5 LLR 89 I K 45
W, BRET, RWERFAEETLAN, TREGFAEELAN, LLRAHKF
kg, ABEREE., BERNEHEFSHT RIRE, LLR4E 5 RLR AV H K4 R
WAL EERZR, RTARAN, RFAEER®, RIRAIEKRE FHIHS5 LLR A Y,
Fi, Z6FARENRESAMAXNRHZENRAD, AR AN, S TEE®E
FHIHCC 1% F A, RLR AL LIR 2 Bk .

AARMEHE —EBNARE, Bk, AAXREEFAGEFCE—ETH, &
BEFONBAFAFAFE—EZ£R, BRIWARERTRIENTHAET +
oo FAEAEMBEANT MM EEF AN RARR G EFH, X402 AR5 % A
B—ETAR-—ETEA#HTFANELNRE, Amx B RS T KA RE
REAMETHNER S, Lk, YHETEZFFITNF. BARETEH AL,
B E, U T AR AL T A TH A ZH, FHARARAIN (cost-effective-
ness analysis, CEA) 7. CEA ¥5I \NREHE A4 F (quality-adjusted life
years, QALY) RiFfs &# A& &, & /5 KA QALY i1 H R & £ QALY FT &
WERA, NPk iZzeE, THMENARUA. KATMAFHEE —TEFREFE, &
ARER TG EEARG AT E, WHARF R KAWL RIEFHREHE R
Fr, BEMEAITHE QALY, TR/ EEFNRAMA. &E, KFARLHEEENE
ANFTERAX—BBERANNGNT, TERZFRE], 1545t oy E 8 iR 5 8 B 18]
FE, FAEHBEEAFR, UEELR, MEELFOYFNEANTE LT
AT

’

A, %

RARIEH, M TIHAEMEZEEZ, RRRCLIR A EFNF AL A MG E
B EST R, AT, RLR BRFAREAUSB LM EHER. 7o, FAEENE P
REg/NT AMARNEFZE, RIRZFFAEE N HCC B4 EFWLE,
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Mf%1. PSM# /ELLR4 SRLR4 # % 4547
E & AT
PSME[ (n=277) PSM/E (n=162)
(nI;LlSS) (nliLll(z)z) pfE (nLE;l) (S:LsRl) Pl
444 (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+42.8 24.143.6 0.021 23.6+3.0 24.0+33 0.406
AL, n(%) 0.309 0.678
s 23(13.1) 18(17.6) 13(16.0) 15(18.5)
2 152(86.9) 84(82.4) 68(84.0) 66(81.5)
g A% (IQR), cm 2.6 3.0 0.163 2.5 3.2(2.2-4.7) 0.082
(1.8-4.3) (2.2-4.5) (1.8-4.4)
AFP (IQR), ng/mL 17.2 6.6 0.048 10.2 6.6 0.403
(3.4-277.5) (2.5-110.2) (3.2-139.8) (2.6-110.2)
PLT (IQR), X 10%/L 126.0 143.5 0.005 124.0 138.0 0.050
(89.0-172.0) (111.0-191.2) (95.5-170.0) (108.0-190.0)
PT (IQR), s 13.8 13.5 0.068 13.5 13.5 0.437
(13.1-14.6) (13.0-14.2) (12.9-14.1) (13.1-14.2)
INR (IQR) 1.0 1.0(1.0-1.1) <0.001 1.0 1.0 0.307
(1.0-1.2) (1.0-1.1) (1.0-1.0)
TBIL(IQR), umol/L 149 14.8 0.728 142 153 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 40.9+4..5 0.013 40.2+4.4 40.0+3.6 0.794
AST (IQR), U/L 27.0 30.0 0.026 25.0 29.0 0.100
(18.0-40.0) (23.8-38.0) (17.0-41.0) (23.5-38.0)
ALT (IQR), U/L 29.0 27.0 0.364 29.0 27.0 0.559
(22.0-39.0) (19.0-42.3) (21.5-39.0) (19.0-41.5)
ft B E, n() 0.819 0.658
Bk 151(86.3) 87(85.3) 68(84.0) 70(86.4)
%% 24(13.7) 15(14.7) 13(16.0) 11(13.6)
AL, 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&EE, n%) 11(6.2) 0(0) 0.028 5(6.2) 0(0.0) 0.074
BEAE AT UTER, n(%) 22(12.6) 14(13.7) 0.844 12(14.8) 12(14.8) 1
BAEFEFA, n%) 56(32.0) 35(34.3) 0.693 27(33.3) 31(38.3) 0.512
BAEFTHBIE7T, n(%) 25(14.2) 10(9.8) 0.279 6(7.4) 9(11.1) 0.416
IWATEF# /8 £ & (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 % ¥ ik & (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
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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 J = %% (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
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
&% % 27(15.4) 19(18.6) 16(19.8) 16(19.8)

o 82(46.9) 28(27.5) 29(35.8) 25(30.9)
EAEE 31(17.7) 35(34.3) 21(25.9) 23(28.4)
LR E 35(20.0) 20(19.6) 15(18.5) 17(21.0)
ASAS 4, n(%) 0.206 0.692
1% 8(4.6) 1(1.0) 2(2.5) 1(1.2)
1% 155(88.6) 94(92.2) 72(88.9) 75(92.6)
1% 12(6.9) 7(6.9) 7(8.6) 5(6.2)
IVVI% 0(0.0) 0(0.0) 0(0.0) 0(0.0)
BT R, n(%) 0.074 0.070
WHER T EARETRE 164(93.7) 101(99.0) 74(91.4) 80(98.8)
H ARG 11(6.3) 1(1.0) 7(8.6) 1(1.2)
BEAEH, n(%) 0.803 0.727
A H 47(26.9) 26(25.5) 24(29.6) 22(27.2)
Sy 128(73.1) 76(74.5) 57(70.4) 59(72.8)
[ff %&2. PSM#I/ELLR4 5RLR4 4 B 45 7
4% R AT
PSMET (n=277) PSM/Z (n=162)
LLR (n=175) RLR (n=102) pla LLR (n=81) RLR (n=81) pla
FAutE (IQR), min 168.0 165.0(110.0- 0.263 180.0 160.0 0.134
(125.0-240.0) 220.0) (120.0-250.0)  (107.5-220.0)
WEIRA, 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) 2(2.5)
A g (IQR), mL 100.0 50.0(50.0- <0.001 100.0 50.0 0.002
(50.0-400.0) 112.5) (50.0-275.0) (50.0-125.0)
AFH A ET, n%) 33(18.8) 10(9.8) 0.045 12(14.8) 8(9.8) 0.339
ARJE 3 &, 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)
Il or IV or V 10(5.7) 1(1.0) 6(7.4) 1(1.2)
REEFEEI, n) 20(11.4) 0(0.0) 0.001 5(6.2) 0(0.0) 0.069
TERHE BFAF A, n®%) 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
B A TERL, n) 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
ABEREE (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
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ARJG30KHFLEHFANITE, n(%) 3(1.7) 1(1.0) 1 2(2.5) 1(1.2) 1
RAEFTESE (IQR), day 13.0(10.0- 9.5(7.0-13.0)  <0.001 12.0(10.0- 10.0(8.0-12.0) <0.001
16.0) 16.0)
fEREFF (IQR), 7T 57150.9 81432.5 <0.001 58643.8 82885.3 <0.001
(44313.0- (74644.9- (45171.2- (75617.3-
76302.3) 90934.2) 75899.8) 90501.2)
EfT#%A (IQR), 7T 16875.0 50333.4 <0.001 15972.7 50706.2 <0.001
(9911.2- (46274.6- (8999.7- (46796.8-
23013.9) 57632.8) 23056.8) 57640.6)
g #EA (IQR), T 15879.4 9955.6 <0.001 16517.6 9975.0 <0.001
(11219.3- (7687.4- (11994.0- (7861.8-
23459.2) 14007.0) 24028.5) 14117.4)
FAFMH (IQR), T 6916.0 434249 <0.001 6616.0 43424.9 <0.001
(6302.0- (42808.6- (6165.0- (42754.1-
7834.3) 43897.9) 7481.4) 43994.5)
#wE#A (IQR), T 1260.0 1160.0 0.010 1365.0 1115.0 0.001
(930.0-2153.0)  (673.0-1752.8) (1075.0- (659.0-1602.0)
2340.0)
#EFEA (IQR), 7T 1164.0 989.6 0.004 1174.0 988.6 0.012
(879.0-1521.0)  (784.0-1291.3) (832.5-1555.0)  (779.9-1255.1)
HEMFERA (IR, T 21113.4 12094.4 <0.001 21565.4 12069.4 <0.001
(15486.0- (10839.8- (15899.2- (10898.8-
31411.4) 18034.8) 32842.0) 19094.2)
HM %A (IQR), 7T 386.0 486.5 0.054 341.0(182.0- 535.0 0.004
(182.0-722.0)  (246.5-851.8) 683.4) (276.5-863.0)
It %3. IWATEF A & T4 89 4 By 46 Ar o AT
% 35 1
KEE + PEHEE (n = 86) EHE + EXEE (n = 76)
FE R4 MEA N HEA
(n = 45) (= 41) plE  EEH (h=36) (n=140) plE
FAEE (IQR), min 155.0 120.0 0.228 195.0(164.0- 187.5(150.0- 0.265
(100.0-223.8) (85.0-180.0) 260.0) 240.0)
MERAE, n(%) / 1
RO 45 41 35 38
(100.0) (100.0) 97.2) (95.0)
Rl or R2 0(0.0) 0(0.0) 1(2.8) 2(5.0)
A HmE (IQR), mL 100.0 50.0 0.013 200.0 100.0 0.024
(50.0-200.0) (20.0-150.0) (80.0-400.0) (50.0-137.5)
RE i ER, n%) 7(15.6) 3(7.3) 0.393 5(13.8) 5(12.5) 1
REHLZE, 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)
II_or IV or V 4(8.9) 0(0.0) 2(5.6) 1(2.5)
AFHEFFEEIL, n%) 3(6.7) 0(0.0) 0.274 2(5.6) 0(0.0) 0.428

ElRHEFARFA, n() 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /
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B AHS T EN, n(%) 0(0.0) 0(0.0) / 0(0.0) 0(0.0) /

AREEREE (IQR), day 5.0 4.0 0.010 6.5 5.0 0.046
(4.0-7.0) (3.0-5.5) (5.0-9.0) (4.0-7.0)

AJE30KEHKIEFALK, n) 2(4.4) 12.4) 1 0(0.0) 0(0.0) /

REREE (IQR), day 12.0 10.0 0.005 13.5 9.5 <0.001
(9.0-16.0) (7.0-12.0) (10.0-16.0) (8.0-12.0)

Ciria, Ruben, Giammauro Berardi, Felipe Alconchel, Javier Briceiio, 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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MEARIAT2BRRTEERSERE R
FE B R AR

B RiE B —H*

i E HKEBRXTERFAEE, EPAIXTERRETAL
KEBERTRRARN T E. METHEANFATX, LEAHBRKR
XTEHRLRHERENGE, BEABXT L. KakE. BEE
E. BREUREFRERIT; TERGFELBER T E W, b
ETHERFHENEFFAR. KARPANEF Q2020 X EA
FANEE, I: ILRANEXERTFANESL, TEEHNTHIER
MEMBRIETHTHET, FAEENELRLELEEZR. LEA
HBeBATELAILBLEIAGREAN I FHTHETA, BAF
REXNLEG, EMBREERALE. XATHEAER. FAH TS
V. AEATHBEELLEZR. HHARFWNATHEITS (WOMAC
W) FAERETFAOTALEENZR. HUTERFA, NLEAF
REFABEZRK (96.6144FVS.79. 1344F) , EHENEZEAFA
BT, HLEE AL F ARE A EZH44E (p<0.05) . &b, HBEA
HBABATERSEAFAERFTHERTE XU, AHRK
REZFFRRNITG, HEERETEER R#F—FPHANEATF
AKEEZFAMLN T EZF%,

- au ¥
A F] 15’\

ABATIRTERARETARBBRATEREXTREATRAIT &, HEE
HERAREHFE, REMAIBRBRAT A 2 EFA Kin et al. 2020), B E#
K70 FRIT4E, BEAIXRTHMF. AMRIEY, s4hF. BFAHEEER
AHEEHELWCF, 2BATERNFAT &, BAEXE, MtEAFGaE
FHEEHGBINT KRN HS, BHRHEN 2N HLE, NEAHBFAERALSL
BATEBRFAGITRANKE. EFAKEFE, 5EAFIHEFIAEMALE,
NMANBARBWALILABRATFAECAREE. HHEFT. MABENBRES
WH B E#$ (A% 2023; Subramanian % 2019; #% 2024) . EEAR G X T .
KRARE, BERE. GREURERER T2 7E, NEAFAEEAFINA

* BER, WEAFAREELERARIR; KE, GHEMAAFWERAKEER; BA—%, &4
ERA¥MBERAEER., #BiEIEH: BEY (E-mail: blyu@pku. edu. cn) .
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TEBRATERANRRMEN TR L. BWNATINEARBFERF TOAT LK
ATEHRNUAREETEHEAE /N, BpREENERE, EROETHIEES
BAR B X LA T
ARRBRLPNRFCNBEARA T 2RATERFATREIFRNNA LS,
PREARSEXERFALE, SoEBERTGREEREY, X THAILEA
HHeBARTEHRGERFATFHERTREZR.

=\ I&

AFRNNEHERAFHELXERABERFLFRE KX 2022 F2 A%
2024 3 A #lE], (THLEAHB TALAR AT EHEAEFE (robotic assistant total
knee arthroplasty, r-TKA) . AAARE R F# 21-80 25 ERESWMAMR; KE#E
ZEMTKA X EE, HbmEN: ERALHEES; BRATHEES, #H-
EWEEEY (>20° ) RAEANSEEY (>20° ) MEH; FRENLLEHEAT
BARLENESH; FTARBHEALMEBE NN ES; FEBFHERELNES;
MHo-MEELSMEAMHLBNEL;, FEBTRRE, AFEBXTAERE. TE
BB HENTRE, FERE. WEASHENASGR T2 EE; 6HTE
WARGHRREHE BARXTRUINEMERRER, FRABA LRGEE.
MRMEEEF. A, FAHH (3MA) , ¥ 1: 1HHWACRREXERZA
T 4B E# A (manual total knee arthroplasty, m-TKA) # £ #, A K E#ELdE
AKEBEERCEZR«FH, MAEREHNEZNEREA.

MRANKNEE D HTA, LEAFAEAEZINEARI TALILERATE
BANEH, BAFAANBEXFIAILRARTESRANEL, WEAFALAN
Fl TIANVI 2.0 AL A CRE AT, +ED 5 MAKO L&A (£5%%, £E) , #A
1B R K &L KR B CR 5t PS & B fk, & #f 4% Triathlon (£ %%, XE) , Le
gion (HiR#E, HE) . FRAFAENAFITE, REMEN L, BEMEIN
AL, AR R A B A AR E R CR 2 PS AL {R, & % &4 Triathlon (¥ 3%,
*E) , Legion (s /&%, £E) , GT (Z &, ¥E) . ERAF AT H HH EF
BENE, APRBEFAEE, XTHAEER. AGHAREATZE. #HA DK
BRAE. RERERETZHAEH B,

HABIETETHRARET AARLNEATE, aFF%. A KERH
% (body mass index, BMD) . Ku2lr, 43 E (Fm/E. FLm. #BEEF) . F
AMA ASAF4. AW AT HEITFS. AXTHEFLXAXEELZAREZRD
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B4 A% kT k45 4% (The Western Ontario and McMaster Universities Arthritis In-
dex, WOMAC) F4-ill &. WOMAC i 4 @ Z (KP4 &K JE . BH. thak =13
AL ARAFAHXREFABEAEN, GEFARE, AFEHNEMKEHLE
REF. T 2024.10 £ 2024. 11 #18, Bt H A 8 H G —#HATRERT T, BAH
BEABHAXTHERFRE., XTI T MEBTRETS, HAAREEARAER
AT HERER. L EFREXFEQ-5D-5L 1M E . #F % &L E B 17
7] £ A 8 EQ-5D-5L i 4+,

FUGN: FTEERRE, EHEEFGESHH, HERRFTRANFHE (F
BE), BEHETHGEADH, BEXRRBFAA ALK (W) o A THEL
HEE, HFRAXAXMtERHATHRIU T2 EEE, HEXREFTANAK B2 HD
Ft % A Chi-square 2 Fisher’s #% # 16 10 77 /& ¥ 4T 4 it . X1 H T WOMAC if 40
EQ-5D-5LiF o E R A 9 £ 18, , IR 42 a9+ E AFHRA R 21K £ (Lin
et al. 2014) 115 3 F & Fn 48 i [t & 9 % 4 4 4 (Quality-adjusted life years, QALYS).
%R R it 3 (www. R-project. org/) #ATH T 441, MM p < 0.05 & X
ARRUTFEFEZR

=, &%

EFRRBE, 24T LEFEZNBAHI TAIARXYTERR, A
CH 247 4 BEZFIALIABRATERANES . P NBEAFARAIHE 202 £
(81.8%) B#H, HRFAAMKNEEY 199 % (80.6%) £H, WAMIELLEESR.
P B BT B R AL (WMo 18 (7-31) ANA.

BE—MART R L. ARUANEZ FHFH GFEE) H66.94 (6.40) &,
82.04% N &M, HAEXFEEARERATH M ELEZEZR (p 4 0.05) .
ENBEAFALANFAREEZRTERFT AL (96.61 248 VS. 79.13 447,

p<0.001) .
X1 NBAFAGELEFALBRHEEARFEMKFERL
MBEAFAL (n=202) £ 5 F A4 (n=199) P&
i, ¥ 66.94 (6.60) 66.96 (6.34) 0.96
wAl, % 166 (82.18) 163 (81.91) 1.0
BARTEERTR 202 199 1.0
A, A 95 (47.03) 97 (48.74) 0.81

BMI, kg/m? 28.29 (12.71) 26.60 (3.32) 0.072
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& 1 & 88 (43.56) 99 (49.75) 0.40
RN 21 (10.40> 5 (2,51 0.005
1 R 28 (13.86) 34 (17.09> 0.55
ASA 1% 70 (34.65) 71 (17.09) 0.60
FAREK, 44 96.61 (20.50) 79.13 (18.65) <0.001
AsdimE, ZEI 56.35 (31.50) 56.26 (33.99) 0.98

Notes: BMI, A& 5%, ASA, £ EHREEHh24%

HRMANEBEAFAMERF R FAMRFLEHRATRI, BEAFAELES
PRI ZREFEAREHLHWMATHEF ALY, REABHFLE, BEBRER.
BEEERR., XTHXER. FAMTVREOHNLEFRUTFER (K2 .

F2NBAFAGERFALEHEBARE R HXTEET

HLEANFAL (n=202) 5% F AL (n=199) P&
BEBE 1 €0.50) 0 1.0
B 0 0 NA
1t B B R 1 (0.50) 0 1
%A K AE IR 4 (1.98) 0 0.14
F¥ M AKFA 4 (1.98) 0 0.14
EHHET LR D 12 (5.94) 10 (5.03) 0.56

HTAEATHHERE

, NUBAHEKREEE Y 88.62%, FHFABREHEE
H 88.44%, BERBHEREAFLERITFER (P=0.32, %3) . EHEHELERFITNL
MBAFALAFFEESNEFAHBENES, MEAFALAFALFEELHRES.

FINBAFARAMERFAAEERBERTHEEEZR

MEAFAH (n=202) % F A4 (n=199) P&
REXTHRBE 0.32
FEEHR 112 (55.45) 125 (62.81)
HE 67 (33.17) 51 (25.63)
o 15 (7.43) 19 (9.55)
T#HE 5 (2.47) 4 (2.01)
FERHR 3 (1.49) 0

RTHBEAHBFAMERFAREE A, HITH WOMAC ¥ 47 Wik 4. W4
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B AW WOMAC Rt 4, KR, BREfsiFa LR E £ (p ¥ >0.05) . F
A, WAEZWOMAC BAMEZTIFS;HEFZRE, EELLTFER O EY
0.05) o ¥ HEH BB A 7543 WOMAC 2 (RIF 4 -F 344k, = WA A
BAHELERENARSEZR (A D .

R4 MBANFAEAE G FREEEWOMACH 4~

HLEANE (n=202) 5% F AL (n=199) P&
WOMAC 4
AR 45.40 (20.72) 45.99 (19.98) 0.77
W& 7 7.21 (11.11) 6.38 (10.63) 0.44
A H-HE T 218 38.18 (21.52) 39.61 (19.88) 0.49
WOMAC & J& i 4
AR 54.48 (24.71) 52.46 (23.79) 0.41
W 7 6.56 (12.28) 5.98 (11.64) 0.63
A E-FE T £ E 47.92 (25.24) 46.48 (24.33) 0.56
WOMACE % it 4
A#T 32.80 (29.94) 34.17 (28.52) 0.64
W& 7 7.43 (15.08) 6.85 (13.63) 0.69
ARHE-H 7 25.37 (31.34) 27.32 (29.03) 0.52
WOMACTH i 4
A#T 44.21 (21.45) 45.48 (20.83) 0.55
i 77 7.38 (12.12) 6.44 (11.33) 0.42
A BT £ 1E 36.82 (22.48) 39.04 (20.93) 0.31

20

- fEGER
> HEAFER

WOMACHT:4}
3

10
15
25
30

8
Baim T, A

Bl 1. ALE A5 B F R o 8 5 F A 4 8 WOMACTT 4 A /= B [ 2 A
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TR FREANBEAFANFE I &, R — P KIERE o ] 7 A
FANFAMEAHLAT L EOM. ARXA, FRFALF AR FETRETHKZ WL
(p>0.05) , EXI FHLEAHEF AL, MAEMTHEA%EE, BIILEAFATREHE
BIEK, FARBEEARELEE (p<0.05, K 5) » W TREVFESAZ 8-12 MAMEH,
NEAFHHFATFFARACEECRFATEEREZR (p=0.094) . WAEEF
A KRB ] B AR A e 7 AT L 2.

RS BN FAERERGF AL BRI A B FARE (54) ®EL

HLEALE (n=202) 5 F A4 (n=199) P&
AW, A
8-12 93.82 (14.83) 85.41 (24.48) 0.094
12-16 95.66 (18.14) 79.57 (19.72) <0.001
16-20 87.11 (15.81) 77.04 (13.69) 0.019
20-24 99.77 (25.33) 78.96 (13.20) <0.001
24-28 90.56 (22.42) 76.64 (15.47) 0.013
>28 111.84 (20.37) 77.79 (20.21) <0.001
120
110
=
®
~100
i . TR
E 90 - fEAFAR
%
Hh
80
70
¥ & & ¥ & §
s & © © < a
— = = &, 8, &,
B ], A

B2, HL2 A F AL AL G F AL F A BRI RE 37 A 18 89 2 f 2
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W, it

EH—TE QBB AR EEAEE ST, RITLA, NBEAHS L
BRATERAGERF RO FHIERTREMN. BMENEAHBBEANTE, NE
A B B A TR B 1] 1 45 4T

BREFARLERBANENBEABI THALLARAX YT ERAESTFIARAL
ARARTESREDEBEENEAEMENEE, WHPARBLG ARG X LHTNE,
EANBEANHE TATKANEZEAREEGAL. REM. BEMNBEACEAHASFT
FRENBEREABEARANEIT T E, AHTHARLELA, X TEEFAR, AL
BANBBFARNFARAGEEK, RARHLLIANE AR EF RBTL T F AR
ZREETEATA, XEREARLIA K. FARENEKTRENEAHGF
REINEFHEMR. HONEABEAR, BN EALZEEARLLLFASEA
RZEMEAF x. ENBEAFAANERKA AL 120 nin, ZEL LHEH
BimREHWE, Bit, RINWARLIAEEFATENRBEEL, FAENME,
FEF A ZRZHBD, ERT 1 FHHENERNEARIFALETE K —
W, ERAZEEERARENRITFER.

KMNEN, NBEARBFAEECRFAMLELATHE TS, . £ERE TS H
XTERWERFRELLEEZR, ANV EREAT,ARLELEE (55
XHED) . REAARLANBEAREFAERERY (<6 /), HAE LKA
FHEE, BEAVABRRERL/N, KESEEEL, EARFR KA 6
B A TANA, ARPREHAREER. AFRXKEFHBETHNER, BRIAMHARX
EFHERTR ELREZR.

BHREENE, ARRHIANT AT OREEXNBEAHFANESL, KFET
REFERMFBEAFE I & F A, MTABAARRPEAFOCEMEFEFAZRA
# (>450 &/ F, THEFR>10F, —HEEFFITHFAHTTKAE#R) WESH.
KERHMoMET AN LAAEENERTHALEZEZR. FITKA RS TAH
MERRBEERRS, FIHEARK, BINEAHIHEAT TKA FAGHERE
EEHARBREERFEEEREB TN FIESRARATNIERARR, REHEEY
Jthsk, ARAEZNBEAHHFALEF AN EHEE AT RAELE G, BENE
AN F R H*— S, LEAHB TKAWF R EAFERTRESELH—F K
£, EERTEATFAZEFERARAR U —FHA.

RARFELER. §RVOMACIE L A BH EWT 4, RATE T B iE R EH,
THREGRAKEGHREZ BT LYHTATERFKRE, o EFEE AT
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B, WARERFE-RBWH. HR, AT EHNETEY 81. 8%, THEHL
—RERZFRBODZH. RE, AR RITAEFMAR, ZEFRERE
HIR%, TaFEARE TNE RS TE R,

G, RRRANKFOERIEARBAT TKRA BT EE, SRRAFT
TKA LEE, PIMFARABEKT R, ATHEERXAALZR. FAf, HEILEA
HHFALHEERR, NEARHFARRFAREACEATENF TRTEREN
. Bt RN R AL AR BIAT TKA FARAEBH AR FATR, TREZFA
BRKEF I Wk, RAAFERELGFTFRANTE, FHEKATERE Rt —F
HANBZEAFAREGERFAMLE T ELH K.

Hampp, Emily L., Chughtai, Morad, Scholl, Laura Y., Sodhi, Nipun, Bhowmik-Stoker, Manoshi, Jacofsky, David
J., Mont, Michael A. 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.

Hampp, Emily L., Sodhi, Nipun, Scholl, Laura, Deren, Matthew E., Yenna, Zachary, Westrich, Geoffrey, Mont,
Michael A. 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.

Kayani, Babar, Konan, Sujith, Pietrzak, Jurek R. T., Haddad, Fares S. 2018. “Iatrogenic Bone and Soft Tissue
Trauma in Robotic-Arm Assisted Total Knee Arthroplasty Compared With Conventional Jig-Based Total Knee Ar-
throplasty: A Prospective Cohort Study and Validation of a New Classification System.” The Journal of Arthroplasty
33 (8): 2496-2501.

Kim, Chang-Wan, Lee, Chang-Rack, Gwak, Heui-Chul, Kim, Jung-Han, Kwon, Yong-Uk, Kim, Doo-Yeol. 2020.
“The Effects of Surgical Technique in Total Knee Arthroplasty for Varus Osteoarthritic Knee on the Rotational Align-
ment of Femoral Component: Gap Balancing Technique versus Measured Resection Technique.” The Journal of Knee
Surgery 33 (2): 144-51.

Liu, Gordon G., Wu, Hongyan, Li, Minghui, Gao, Chen, Luo, Nan. 2014. “Chinese time trade-off values for EQ-5D
health states.” Value in Health 17 (5): 597-604.

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

Shao, Hongyi, Wu, Lidong, Cao, Guanglei, Li, Zheng, Yang, Dejin, Zhou, Yixin. 2023. “Accuracy of domestic ro-
bot-assisted total knee replacement: a multicenter randomized controlled clinical study.” Chinese Journal of Bone and
Joint Surgery 16 (4): 310-16.

Siebert, Werner, Mai, Sabine, Kober, Rudolf, Heeckt, Peter F. 2002. “Technique and First Clinical Results of Ro-
bot-Assisted Total Knee Replacement.” The Knee 9 (3): 173-80.

Subramanian, Padmanabhan, Wainwright, Tom W., Bahadori, Shayan, Middleton, Robert G. 2019. “A Review of
the Evolution of Robotic-Assisted Total Hip Arthroplasty.” Hip International: The Journal of Clinical and Experimen-
tal Research on Hip Pathology and Therapy 29 (3): 232-38.

Yang, Yongze, Cheng, Qinghao, Zhang, Anren, Yang, Xin, Zhang, Zhuangzhuang, Fan, Hua, Zhang, Fukang, Guo,
Hongzhang. 2024. “Pros and cons of traumatic effects during robot-assisted total knee replacement.” Tissue Engineer-
ing Research in China 28 (21): 3413-17.
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AT G IMATIR L BE 2

BEM ZEE FER

—. HELE

AT T, RINETTZERRER, 2T EFTNEAT AR Z A
JR YR

8 4yttt s HRHE

T T T T T T T T T T T T r T
12 8 4 0 4 8 12 18 20 24 12 s ) 0 4
Months to/from da Vinci First Procedure

§3583585058 y§§§§§§:!§§§{}f§f}f}§§§}{

Coefficients
[N
R S
Coefficients
brlvobb®

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

o st N ] e st

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

1 BEERERLGTNEANFAREAA MG Lt

TWFE: Procedures, Thoracic TWFE: Procedures, Urology

@ 2 o 2
S 4 g 4
K3 °
S of ggsuusiisas e 1122 B I B F F £1 T TN PPTTPTYPIPPTT L ETT L
8 - g -1
C ., © .

-12 -8 -4 o 4 8 12 16 20 24 -12 -8 -4 0 4 8 12 16 20 24

Months to/from da Vingi First Procedure Months toffrom da Vinci First Procedure

H2: BHERERALSFANBAFANAGE L ETHE

F1ETTAREFLBRAURLHEMEE, ZHER., THREFFERE
B b5 R[] B L . RATHALE AT — A A BB A A3 AW E IR
MENZRENSFEE, FRARA, EERFFTFARKIING, cERA AL
Wk SR AL AR BT L7, W AR E AR R . AN, EEEAML

* BEH: MEAFAKEEL BFRIE (E-mail:yhpan@pku. edu.cn) ; ZE®E: I EAF¥EX
KRR IR AKBEELEFRTIK (E-mail: junjian@nsd. pku. edu. cn) ; JAEIE: LEAFZHF

¥ P% (E-mail:qingyuanzhou. econ@gmail. com) o
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TURTEREIEEFAFAIE D, XXALURBETELHEA NS, AT,
REFUHARENBEATINBILR L E, TEENFEFEMFEHTARHE
B2 BT TRAMEFLUEFAENEMES. ERIDT, HATINE, M
FHAu sl AN B AR E EHPATHF R ER T I, XRARERAERARL
ERVRARAT FLZBLRESE, ATR#:T L E L 3t NI

. ARtk

EH AR AT, EER TR LEN AR EANSE A, AYHS
xR EI A MEE MALE. BATE, RNRAFAZERELZERE, #
kIR A HLE A B AR IE 1 VT R B MRS R A B

(=) mPIERIEE: HHALEFF

GREE HTNEESTREWNERABL, H#N@ET=AFTEERTE: (0)
EHERAE, (i) ATEAZRERLNNEA, DR (i) AKERHAEKL
ExHEA. hTRARSEENEE, RINOSETXHISHK. Y THNEETRE,
RINFETANETENEELER: (1) BEHE0ANBRAERWESF—NEHFES
FijE 30 RWREBEARAR, UK (i) BFREERALTHET,

EHEE RNWEA TR —HEHEH L E, aEEFFRE, KA, UR
FEVWH ICD-10 (EREFELS X, &M =ZLRE,

HATH ZAEER 4 T
k=24
Yie = Z BiMR;¢ ) + Xiy+ &; + ¢ + €;:#(1)
k=—12, k#—1

M, Yo RTRAIESH ARt ERATPHNETREEARET
FEWME, t MRy ZEMNTE, YER- ANt EBERMT j ERTRNLE
ABEEFAREE A DK AMNARBMEY 1, TNH0. X kTEERNGEEREZ,

HNEWANTERMZERZE S FMER - AGERME N . ZEHNIRZT,
BN ERRREERMEER.
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(=) BEAE@IEE: HHHNEFF

ARTENBABARINELEIREERFTEL EANWER, KMo AF
ETNBEARAN F UL EEEF RN EEE.

BAKF TR KRG EEEANZEANLEF R THEPZHHER
KA

k=24

Yi. = Z BxMRjcx + 0+ M+ € #(2)
k=—12, k#—1

o, THIRTEL t &R -FE. BXE Y REKEL£1E t HH
HWEZRARTE. 30 RNBEARE, FHERREMFHETHA, UREAL ]
EtHALENFALHK. RINKRENEXEMRy EEULRE, SF0-FHt
BEEALI ERERLTFTFANEANEENI (B kK NMFEHREA 1, &N
A0 HAFINEELE RS LEFEERNRE, AR (2 WA T
EENMAAHNER. &G, ARET. MEREEEEBHTRE.
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MBEAF KRS A BT AN T AT T 0
B i 4m? — IR AT

T, KT

R E ARRRETNEAFTAMRRLMNE KRG
O, BRONERAM RS, 8 1994 EMEBEER T _B%hA
Wit e, BEEINBEARBEARATHRBRIBHNEAEZXE, &
JRIZERIGIETHMBEZERREFAZLHEFEN, ENEAF AN
ZFEWREAH, AREAERBREZENEFRLXEREHEEA. F
K. REIH. FRAEER, #ARELXE, WHEBEREFEREL.
FCPIRENRAFZRARHEEALZR,; ANEHAENEARKERFRE
HEx@E, EF. EH. HERAF, RT\FE 7T, LTRITI0
Bllg R IEE I, H ot 542.3%, FHEH60.8%, 64% kB
W, MBEAFAHE6.2% BEFEFARBEERRAK. #ALAE
257 AR KBEBFEGE TR, NEAFAREHSEETHA
FolE AR K. RRTEHAB SR E T ERE, VS ile
AT AT SRR I8 U6 9T B B T R AR A 3 B E R

. aew
~ AR

1994 WM A EHEBRERE T 3 1% A (laparoscopic pancreatoduode—
nectomy, LPD) #H#E UK, MEFEINEAHBE AN THRESRAREZ —H
FE#AT (Shah and Singh 2024) . BET, MRS RALE AR F AN T HRARERE
e T ENFNERETEREFTREIBRNMBEFINEFARZLUETH., X
TRESSIEAFHREREREAR, FEERAE 2022 FRELRFITET ETH
frgzz e, NABMARIBEREA BV AR E (Study Group of Minimally Inva-
sive Treatment for Pancreatic Cancer in China Anti—Cancer Association and
Chinese Pancreatic Surgery Association 2023). NLBAFAZHA ST, EEF
WER. HRED, EZFFREEERARAKXBE TR

RRHRD ANy, —ELREBEBFENERETRER, 2 ILREE
BB I

* LW, PHAFMHEERGFN; PEAFHEEREZESRFERARFO; LEAF4
i ERREFRIE, (shiyin9l0515@csu. edu.cn) ; RTE (BEHAEE) , LR AFAKEER
BRI, (wuziting@pku. edu.cn) .
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. Tk

BRERAEER. FACEKER, RMNERT ELEARE. FAGE. &
BEofl, #AGE, BATEAFME. F8H. BRI, BFRMHE. NPT H .
ANEHMZE. HixE#H. TEDH. BT4E&R. TVEA. ERXE OREIRI /K
SER/FER . FAEH, FAFHERE., FAEKRE., FARE, FREK.
AbPHmE. AKXE. RESH. REFA. RO F. FPER. BHL. AU H. %,
VESR, FAR. hRFELE. ENERFINEEFTEIAE FHTRIT AT,
EREFREAMI T AR TREHERRA, UREREFEH; KRN FAR
T ERMBENBEISEH (Consumer Price Index, CPI1) #:#: % 2024 £, HE
MEHFFALYEZMNZRARNOABENELEZR,

FECPIWHAETAR, (—4HEEBRELHNBITENNE/ —HE
TR I EN BT E NN ED X100, E 5B E = (I H CPI—E H P/ £
HA CPI*100%; BBk =(NFIN AT - ZHUNAFT)/ ZHH N AT
X100%, FHILE 4 = 8 5% K &« EEIM 0 ACF + BN AF. RFARF,
IHA A 2024 £, HEIH 2013-2023 £, EAEBRBKE 0K 1 Frr.

F1 F[E2013~20234 3 £ i flk &

F 14 CPI K =

2024 100.4 —

2023 100.2 0.001996008
2022 102 -0.015686275
2021 100.9 -0.004955401
2020 102.5 -0.020487805
2019 102.9 -0.024295432
2018 102.1 -0.016650343
2017 101.6 -0.011811024
2016 102 -0.015686275
2015 101.4 -0.009861933
2014 102 -0.015686275
2013 102.6 -0.021442495

EILEEEE, RARRT EEREH AN KEE . E5F5%. ZBEEFIIERE.
BEERE. BEMEAA (K) . XEHEAKRK (R) . B&5FF L. #THIK,
AR T A A A 5B B B [B] AR A4 B — B AL e B BT
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AT ERKRFHUTFEAR, KA ABFNTETERATNE, Flin A
EER, SR HEREABNFH N TH (KBS 2020), ZFHHIMF
MEREFARBHRAR, HIFIREELETH. STEREPEAR, TURA
L H B BN E AR PR AR, Fldm, Hanly P % (Hanly et al. 2013) & FH 4 &
AP SEEMEE EXRFPEA RN B RARN, AT 3MAE: & 1H/H, 1%
RFPEAN W RI, ET UM FH N TRHFTUHHE; T2/, NEFHFIHE
WP BEARSEZI IR 20N THEHATUHH, EAEFFHFITENFEA
RS E LM F R I AHATIHE; F3M, NEAHIENFEARSE LR LA
MR RN TR FTIHE, ENERHFIERNFEARNSE L3 &K %t
TUHHE., £AHEF, Bhfs, £&8F / ZEEREHEA THE, MK 2023 F
PEMEECR YA RFH I TIHRUHHE, ERAEIHEREFZT. X FH, WE
B E 2024 F 10 A 2 B &K T EREITE,

AETERBETEREREBRELIFE 7ML, FI1FHBNTEHEE 365
A-104 K (fREH) -13 K (EEFBE) =248 Ko TEINBEHEUA, =, &8
T HLLE HH 8 /Nat.

BUYAREFHIRREERSG A, 2023 5, 2EBEEFAEENAEE
fr gt A R4 T % 4Bl & 120698 640 68340 6. “F# 94519 7o,

HIWEERERE SN E R TN ETE T ER: 94519/248/8=47.6
T/ /NBE .

ARIVARTIRRELERKIEATETE, BEREREAARESGH SR
MR, AR B4 E/NRIKT A ArER-FHE, BI20 7T/ /Nt

=, &X

(=) HEFEER

EAEHE TR 1730 %M PRI It WAHE , 2P i & 42.3% (732/1730) 5 F3
F460.8 F (AFEZE: 9.4) ; 64% W EH Sk BT (1108/1730) o THHEAFA
H (BFEANBA+BEEE. LBA+ T 973 A, &2 HHHFIN 56.2%; HEEHF
RFH (BEBEESE+ ) 149 A, &8.6% FHEFAZE 504 A, &29. 1% HARF
) B 2 A 5 24 K %k A1 122879.5 (47758.1) T, F A% A 48179.0(26756.3) 7T, f£
FER#19 (100 Ko TR FARBE BLEWPIAERRE. RFEAFMFRAFE X2 AR,
MBAFAEHFWERRBAEANEMARE D, REARFAZER.
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R2TRFALBEHWAHERRK. LEARFAZ CD
FAEKE fER R # &5 A FARHF
JE 5 18.77 85652.28803 28323.69037
JE R G TT R 23.89 118478.8566 42804.68293
LA 16.73 119525.9664 57934.14641
LB A+HE 5 15.46 114223.1089 45608.77628
L& A+TTHE 22.82 160547.6558 65960.4476
Vi 4 21.24 88360.36195 17172.21624
Bt 18.61 106898.0196 41912.90313

4 WEE %k T4 &7 Bl o9 e S 8048, B B R ik A 5777.2 (3870.2) 7o X
JB B} JB] A% AR 7010.0 (4486.0) JT ;A1 # 303 % 4389.5 (5917.9) 76, BHEEF#
2675. 1(4097. 3) 70, KB 1Ef . 5 Ik # 2394. 6(3977.5) 70, £# & 5 % 585. 5(1514. 1)
Too FEAIFARBRBEWAHEETRAMEAERABE 3T, MEAFARE

BRI B, BERE R AE D,
FIAFEFALREEHWFHEETFAFEELRL (T
- il %E&ﬁ B BEER = ot I
B4 5125 1500 225 625 7420.8 8505.6
L&A 3783 2446 2720 1187 5523 7193
Vi 1 6306 2795 2930 38 5731 6373
¥4t 4847 2488 2566 707 5777 7010

(=) BtRE BRI

1. BREESEEFTERRAEFETRAMEAZ KA, HHNDEK 4 Bek
FlEs ks, FEkEEET e T:

© B30I ERFEERFIATKEFEEE.

c B kEIA2HRERMWEREERBEES, £XTRRIGKFAHN
BRET 4N, L&A, MRS, JT & 80 #l,

BEIXBRATH .

© AREFREGERIEREMRER DN EFMIERNTH, 25 EKE
KRR, AHEESE, KERD.

2. BHBENBEDIAXARRET KA, BRHEREAXRRAEER RS
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*%ﬁﬁﬁmmaﬁ%mm112w49m%x7m AN/ TERES /TR BR A M
RWEH, E64VH, #—FHELPRNBRIRTUERERE 4713 0, KRG HEF
ﬁ‘é‘%ﬁﬁ%ﬂﬁ%ﬁﬁ%‘f&ﬂ*ﬁé%w%‘EFE% 5 A IR BRI RR B B R . B RTEL ST AR 1730
PR S E EH W RD X,

Guo L, Gao L, Lei C, et al. 2020. “The Measurement Methods and Application of Time Costs for Informal Caregivers
in Pharmacoeconomic Evaluations.” China Pharmacy 31 (12): 1532-1536.

Hanly P, Ceilleachair A O, Skally M, O’Leary E, Staines A, Kapur K, Fitzpatrick P, Sharp L. 2013. “Time Costs As-
sociated with Informal Care for Colorectal Cancer: An Investigation of the Impact of Alternative Valuation Methods.”
Appl Health Econ Health Policy 11 (3): 193-203.

Shah O J, Singh M. 2024. “Developments in Pancreatic Cancer Surgery.” Updates Surg 76 (1): 17-22.

Study Group of Minimally Invasive Treatment for Pancreatic Cancer in China Anti-Cancer Association, Chinese
Pancreatic Surgery Association. 2023. “Chinese Expert Consensus on Minimally Invasive Radical Surgery for Pan-
creatic Ductal Adenocarcinoma (Version 2022).” Chinese Journal of Surgery 61 (3): 187-195.
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KRE B AR L ERRKSH ZW#mEFE AL
= A O AT F ARME A G e

fRig, RE, BEM, BN

B E EZFHREXENTET, ARWIERSFRKH#H

#K, EHEEER. 2HAMNATE, BHENETIARAZEY

ENERERENEERXE, R, REIARANT RELFFE

HEGERAKE, NFHEEIEHREK. AARUFANLEANFRSZE,

REGHBEIARAERET HERAMNERE, A X#MAEXEE K

FRELIEERM, BN NFENSNER L, RELHRAFARA

REBELSFIME, BRZERZHMEZLN, ETXEEZAHWETR

B E 54 Z W E E (PEST) *f LA AY B EE; R kEE 2 E

ZFHEM OB ANZEEERE, RRIERAT RO ZHE

M., ERETF, RiE. GF. 2B AREFHLHREFAINEA

T T EAEENEE, X TALEHANEL. BEHFTA

T, WG REFREMGEAFTRANRAFTH TAF L ELANT K

fodt s, TABRANT HEFERNT HEERN, THREFNTAE

BAYV #TmEFEAE X WE RN, SR T EEANT &

AEEHX 2 ZFN A FENE, WX TAEETHENEE. BT

TR RS AR SN I E G F A F AT T4

BAWYT #, WEHWEAHTOEF AR XAE AR, PER

MG,
—. AX

N 1978 F iy “Faw AFEST” #H “2000 FAAFEWR T EFE” 5| 2015
FHBRAERFAELSRE “2030 F LA FELREENR (EPEFERE “2KR42
AGHEE" ), EREABAEIN—IROEAHAAATHEERE United
Nations 2015). H 1978 &, HKEABUTHAFHNEF K EE, RENZHL
RERBEZFEASEIRENE N, BAREAETREFMEANET ARG L
R # (Tang et al. 2008), JH-FEFBILYE LREKERENTEM, FFHIET A
ANRBXZANTFAR., RAEZWNTE. BT, BE. EERH*ERERSE (the

*  [RfE, WIAFEBALTEFR/ W AFETENER HEOA Group; #HHE, W) AKF4E
TAET AFR/ W AFETEE M ER HEOA Group; FEM, LEAF2HBELEARIK. &
B &A, WIAFEBALT AR/ NI KAFEWZ W EF HEOA Group E-mail: panjie.
jay@scu. edu. cn
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Xinhua News Agency 2024) .

F, “BERAF” WHMAHRBRZEXE, BACARNAERE T RE
E % ZE# BN (Zhang and Kanbur 2005; Tang et al. 2008). T AR 4
(National Health Commission 2021; Tang et al. 2008). EJ7{£f (Yang et al.
2021) . TAEKR (BFELTAEAR) (Liu et al. 2016) FHFEH LA, HR
HOBRARRERNEHEAETRESAHA TR, FA0, REXTAIELE
FESTRARE GFEHTZHE 8B CT Ao 3tk & % B MR m9#t % 23, £ 2004
Fzu, REXHMEALLEN S TA AT, 2006 FZ 5GHHEERNLT,
B BEARENATFHRRK, EEPAFEHRHLEF KT REMRX He, Yu, and
Chen 2013), BERKEEERTIARSFNAREZ LZINT EARH, EERHRE
R e A LL# %, 2024 F, PRFREA (R TH-FLHRMAKE H##t
FEAARCHHIZE) , BERMELG T ARFKREN “RERRETKFRT & T
A X # A B ” (the Central Committee of the Communist Party of China
2024) .

FANBAENERMEERAEET TARANREZ —, B 2006 F & Fl3A %
FFANBATAREUR, ETEARRE S NGFHE, REREWHT
REFATESRR. AT, SERMEN, REMEFANLEABRAT RHEH. 5t
RFEH, B 2000 FFAMNEAFE, HE 2015 FXEEHL 500 WERTKEHFA
MABAFRITFA, EREEETREAFANE AR, &E 2021, AHEZLHT 15
FonatE, UF 224 RETNWHEEFANEZA, S2EERKEN0.61%, 7 LU
RZBARAEREMERANTGEE. FH, NBABIFATET RS EZMET
REBHREAEREAT LS., FANBREZREEEZHINELEFAREN
FEFEFRZ— (Sosa et al., n.d ). FANBZANEZEREHCHEEZMIFEE
WERERRE (WFERASIMFHAA) . 2T UWEsHE=FNE. HEF
RS AR LIS E AR R ##1E % (Lanfranco et al. 2004), EIWE RS
HRHEREEAN“FIHE”, UHASHRZ ERERNFAENELAELZLE AT
AFE” KA (Frieberg et al. 2024), FHUMH 3 T4T 8L EIT RS T HEEAMN
W@z, iEsE R E RS FIRNA T,

KEHZE, wZFADFEEHRANAZZHEAT AT L F o AN EE LR
(Varabyova et al. 2017), REFR#H—FRIEFANEA X —MENELH TAR
A, BEBAKRERENZmMER., #E (Mohanty et al. 2022). ¥+ (Stalder
et al. 2024). W A F| I #1# 7 = (Royal Australasian College of Surgeons
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2021) FRZBERET T FANBAL TN FHERELRE, ZIH L XA
HEATEBANRATEARNE, AlXBHEFAF. ADHECE. 24
FETTHERE, URTINEFBEEZEFN LM I EE AN, FER (Varabyova et
al. 2017), BH#, FYELHRZMAWLIERE. FEETIATHEAAEFAXE
Efd g MR EEA, ZEXWEHHEERTFE T LT (Cutler 2024), L
METHIMERARAERERTEHNER, TARELK.

Flaf, RRAFIAROMASTEAAT TERANRELASEHRES, BF—
MK TAERARA, TREEBIHAR, LB HERXERHRA, &
EZEEEMN. R, —MHXEAEAELLT R % B ZH X Z /AT
B, HAR R ERA A=A ERER F0T ARARY #evEE R, H I,
AFRAARFREBHREHERETH RN TAFGERELRERTIENERE
AR o FF 4 SCHR AN AR X M B BOR AR 2R AL 4B A A

=, ¥%EEF X

BEL, ARFREUAREFANE AN AFEREAFRSE, HERET
EHEMFANEANTRF LS HE (EPEAEHLRANFANEALSE
90% UL b)) MIEARSENEELRE. F—, WXEEWwFEAOFMEERET
(FEZITFE (2008-2022) ) AL HGITFLE, KEBA D HIERE WorldPop
Ixlkm AOMBHEER R ERXAFFF. FREXAITRNHE2E, GRE
hEBE. FEMBITEITHRX SN AL, BRR, AETXSAERH (&
. ORE, A LR, D7, bl TA L. RE. S RKREEE LLAAER)
HEOOLT., E4k. BAEI. K. IH. Am. #dEEEs M M) FEH (K
Xu. W ER. WL FN. @, AR KB, BHF. BB TEARERL
12N HRIINR B F =, TAEMXHEER B TCFE T AL F4(2008-2012) ) F
E T A Fit X A & gt 4% (2013-2017) ) (F B T A ES T F% (2018-2022) ) .
R AIH e /7 ok B T A4 (2007-2021 ) (F ERXBAFGE A TNRE) 3 X
BHEFAFUNARET (CPEHFRITFLE) « HEMERMECE Fit EHNA
BEE R UMEEEREEE, K2 AAER R ELERE 7 W bE# < ERNE
A E R, BN EEMET AT ERTNAPI RIEFTA NN ELLEF R

BERMBFIART, TUBARETIARARENRER A AKX 2R, &
ANBFARE LR AL TE, XN EFLREAT. REREFE. BEFXK
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TG AAEFE ZA T e A K. R o3 — P F A 2007-2022 F H @ AR E )T
BARRDZHM L EBANNNEAEGFHENEEEH, ZRAFANEAENE
MEWETTARAR, BB EHSETHMELHMRH=ZRER (K E 2022 £%&
SINFANBEANERE, 2HH=ZRER) , BURLBLARELTHELTHE
0, TEEFRGERETHIMHET TATT.

ERAEHEFNEE L, 2FXMEBAA AR, KFRXEEF A PEST ZHH
350 T R B A AR K AT, PEST B A aicg WA #F4: Big (Political) « £
7 (Economic) . # % (Social) F## A (Technological) , ZHERAERZ &%
WERTFE ST T EZ —, FAUSHTEEAT LS L ENE RN A E (Aguilar
1967) . FHt, AFRHWEREFTEAEBIEEZ: BRRANTAERFEA, ZHEHEE:
HRWEFAKFE, UAHGCP ARELTE (RABREHEHKCPI AXERBKY
P s e XhEE: HXHFREER, ARXTENMEKNERT K, USHH
ERARARERE, ANUERAFTREE, RBERMY KB HHA T EHFK
Bk (Qlongqi Xiao and Kangwang, n.d.); #Z4Mm AT ET T 77w %12 Z R,
Tyt HEeEnE et TEHET R eRE, BERBAT, e FHERS, T
IERFHRBIN. EEREF RN — LAY, ERFEFTARBEERTI XS
7 £ (Gaynor and Town 2011)., MG, — ¥ EFAERKELXTHWEM L, #—F
RETHUER, BHE=ZFERKE. HHERHKEF Lu et al. 2021), KHE
UHIX “ZRERKE” ATHNEMTZERFHRELEHXTON. BAEFE X
BT (F ERXBMARAF A TFNHRE) H PGB ATFIEE.

PESTHEZE

[ !
| Bus e | | Zbr (B) e (S BAR (T)
e I
W fERAGG > Ll
GDP Ll > A¥JGDP > Mhwg: =% VIS i
B B A

PESTE WL # 52 - #r 2

kL. B, FREAFANHERFL, PHEEFLNMTEXARGERET L
WEE#A (OLS) . Bl = AR &M EIME (FE) , LUK B BA i = e TR R
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(NB-FE) 4 Al#TREESE T, BT LABATENEEATREL CFEERH ,
FARAEERABREE ST REHATHAE R, BREFEHTETHER
EHFENIN KGR 7%, TEAFEEZ RN KA ETER, HEH—
%o Bh, BRINAMKE ZSRHEAHEL, TUFRBARFLEEFAR, SHFEET
M AR ZE o, BRERNAER SRR EER, AR DER F IR ZT,
REG TR EHANE; BN, dTEREERNCGEETREETFINER, XE
BEEBNEREEREE L X T MRAASTANE -, EB T USTAEREL FE
BHE SR A S AR, AR T,

(l)_)'}/}'r == XFB + a} + Ejts ':'«E‘E EFI(—‘

Bo
P

X.i' = (1;x1:x2,X3,...,xn), ﬁ e gz P

Bn

He, jRERET, t RERHE. YRETEBARENRELZE. XREEX
M, BEHMXEFACEER, BRFXARATHAEEAR, URSMWT 4
R AR M B . « RkEEATHEXBERBERE LEXE
EERT M MMERE R, ¢ ARFT . HE B AREXEEEX R L P,
B, WERET, B, B,. B, NEXE (BENPFEEHN) AR, FEf, #E3
ITABFAFRRNRELE, WFANEANRELRE, Rt MEANELE, L&
FREBEMETERNEARERAZAURAESS A, 2 EWRTEFH A
AR, BRAFRAEN L E LT EWRER A AERN, FHERTNE
Ry EIER (YHEE T ZMHE) B A T EIER (Wooldridge 2010; Coxe,
West, and Aiken 2009) (i & ##4E, Bl A ZZATHE) .

HR, AR T REREERTHXREZNZ AR ZE, TABAT HHE
g HA A, BREE TN TARAKNKRA T E2MER W, FAZARNE T, £
EXFAZEERAERFATHEX . FRANZEERER aFZ g EEFEA (Spa-
tial autoregression model, SAR) X % [a] # E# A (Spatial durbin model, SDM) , SAR
REANXN 1AM L #— P ANREHETWEL E; WRESARWER E, #—
SR ARG X E, BlY SDM.
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EEERER N — R AT

2 Y =X'B+ywjye + X'+ aj + &«

EF, g = pwjes + €

ﬁ() )L()

Bl /11

! A
X = (1,x1,x2,x3,...,xn), ﬁ = gi s A= )Lj a

B An

o, JREEMR, t K, YREITABAKE XREEXEEMRE, v
REZEHEHBREZENRYE, REREXEEEXWAL, N REZHWERE
RTEMRE. o RRERMEAWAERARE LERERT RN AMEE 28, K
REAKAT, w, h ZEFINEEE, AN ZEAHAMEXRELEEXATER
ZEA (SEMD) , # owy’ e, A0, BATFEXASEM, Jbbf, Hh’ X M4
0, vwy’ y, T AH OB, AX2AFEEEFEA (SAR) ; 4 vw,” y, h” X A
EANOR, AX2NAZEHEELE (S , £ ow’ e HA-K0, WXAZE
B FE iR 24 A (SDEM) . BB, LeSage % AR WM T it 41 A oy vt 77 %,
B LA B A A 2 T AR B AL Y 5 Be AL 2 DL i A% £ B B )T A AL (LeSage and Parent
2007) o

ETVMTEMRETEHENME 7T WEEW, R4 E LR ERSET
HF & #HAT R, AR R EATEETEANR 4.2.3,

= &2

R PEST BN EA, ALY AANEXETRAHEHERR: BFHEATEER
R, ZFHEE: HROEFAF, UALZ P yRELXE (XFEREFIEHK CPI
HERRBRKORE) ; o XHER: RROFREER, KARETE N HKH§E
BFRRK, UIRERARARELE, AHUERZFTEE, KBE RN KA
BATRNFRER AHEWATETTREFEENER, THTFHESENK
ERRATHETIRSRE, BEFELT, REeFREASL, THTF RN B,
UK “ZRERHKE” ATHAEF TR FNRELEHT M. BEAEEX
BT (FPEXBAZAFEANFNRE) P0G eREZQAFAFEL £XEW
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WAMSIT N Table 1, ¥, BEFHFATFT=HRERGEFFRERAL / HIKX L
ANB#ExFA, FEFAERFERNEBEEFRUER. ARURARESLKE.

TABLE 1—DESCRIPTIVE STATISTICS OF VARIABLES

Medi-

Variables n Mean SD an IRQ, IRQ,
Number of surgical robots 465 191 3.86 0.00 0.00 2.00
Surgical robot usage 465 601.10 131042  0.00 0.00 527.00
Proportion of total health 465 6.39 191 6.12 4.96 12.97
expenditure

GDP per capita 465 4.96 291 433 2.94 6.32
(ten thousand Yuan)

HIGHER education level 465 233.44 103.21 225.47 182.10 280.47
Number of tertiary hospitals 465 6434  46.11 53.00  35.00 85.00
Surgical inpatient visits (10,000) 465 89.92 67.36 73.57  41.38 119.62
Comprehensive innovation ability 465 28.91 10.59 26.30 21.22 31.28

Notes: HIGHER education level = Number of students in colleges and universities in the region /the total population of
the region * 10 000, that is, the number of colleges and universities and graduate students per 10 000 residents; Proportion
of total health expenditure = proportion of total health expenditure in regional GDP

B, AT AEEAKA L ETER (RE) o2 &t EEIER (FE)
ﬁﬁ%%%&%,%%iﬁ,mam,%ﬁﬂ%ﬁﬁﬁﬁ‘i@%%%%A%ﬁﬁ
Eatemx. B, AARXXKAB S NEB #ATEREE ST, t—FH, &
%%f&ﬁm%%ﬁﬁ%%%%ﬁﬂ%A#%LR%mﬁiﬁwﬁ#%ﬂuL~ﬁﬁ,
M ELSBSHE X TRERR, BEEWHEN 1.91, FEH14.87, FEZAT
HE (14.87>1.91) . BB T LA LE 8 5% 4 1.331, p<0.001, #E R, HETH
B, FEARA —TEEERHTON. A, GEXLUEFZWKET (VIF)
Wiy, FENMAAFERENFZRKEFTHNT 45 (VIF4.5) , RAEALTF
T ER LN E A,
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Figure 1 BT A EMNENEH ZN G T AHR LB WEFXE., HF, B
BT A RN R R AR A TE ot E)TREAL (OLS) | B R AR A E AR (FE) ,
PARCE R i — B AR (NB-FE) By bt 4 R, DUE = 2% A 7 = T E 3 A
(NB-FE) A m#EA, WUFEH, RigER: TAELFHA LRGP S TARA
W EAFL EMERT, YTAERFANEL S 10%, FANEAWRE
A 9.8%, BIBUFFAtad TAMHEBEARALS, RITARANRESTY
MRMERA, EZFEEF E, ERECEEURMKEFRHNEERAE, AH
GDP A-Fxf T AFAY MNRH#EATTF, E—REEEToEEZUER+F, M
KwsmEHRFTATFRE, TARANT ®IWMEAD, ELEEEZNER NI
EEF, BEHTATFELERANT HEDEWEMR X, BRTIHMXHATAFRE,
EHIRNERFEN AR T AEBAH#TIAN. ZLERNBERXRTETIATY
WA R EFRE, 2RET, ENIATYNZEFHA, HI\RESHE LA
BAWBEER. A5, EEFRHMRNMRFEHELEE, MRWEAAUHFENS
TABANT HEADZNEMR AN, HRELSCFEARA 10% TAEFKKIER
B A E 14. 8%,

Variables Coef (95% Cl) P
oLs
Proportion of total health expenditure —— 5.472 (4.508, 6.437) <0.001
GDP per capita (ten thousand Yuan) —— 2.525 (1.981, 3.070) <0.001
HIGHER education level -0.006 (-0.008,-0.003)  <0.001
Number of tertiary hospitals 0.024 (0.013, 0.035) <0.001
Surgical inpatient visits (10,000) -0.012 (-0.019,-0.005)  <0.001
Comprehensive innovation ability — 6.035 (4.895,7.176) <0.001
FE
Proportion of total health expenditure———=—— -2.318 (-5.213,0.577) 0.12
GDP per capita (ten thousand Yuan) —_— -0.890 (-3.432, 1.651) 0.49
HIGHER education level -0.047 (-0.055,-0.040)  <0.001
Number of tertiary hospitals 0.024 (0.011, 0.037) <0.001
Surgical inpatient visits (10,000) 0.020 (0.009, 0.032) <0.001
Comprehensive innovation ability B B 2.047 (-0.352,4.446) 0.10
NB-FE
Proportion of total health expenditure —— 0.974 (0.307, 1.642) <0.01
GDP per capita (ten thousand Yuan) r— 0.309 (-0.142, 0.760) 0.18
HIGHER education level 0.001 (0.000, 0.001) <0.01
Number of tertiary hospitals 0.004 (0.000, 0.009) <0.05
Surgical inpatient visits (10,000) 0.002 (-0.001, 0.006) 0.20

Comprehensive innovation ability —— 1.485 (0.699, 2.270) <0.001
T T T T 1 T T T
-5 -3 101 3 5 7

FIGURE 1. ANALYSIS OF INFLUENCING FACTORS OF HEALTH TECHNOLOGY INTRODUCTION

Notes: (1) The vertical axis shows the estimation results of mixed cross-sectional logistic regression (OLS), fixed effect
linear regression (FE) and fixed effect negative binomial regression (NB-FE) from bottom to top; (2) For the dependent
variable regression model, the average marginal effect is shown; (3) Because robust standard errors could not be used
for NB-RE and NB-FE, common standard errors were used to calculate the 95% confidence intervals of the estimated
coefficients, while robust standard errors were used for other models. (3) HIGHER education level = Number of students
in colleges and universities in the region /the total population of the region * 10 000, that is, the number of colleges and
universities and graduate students per 10 000 residents; Proportion of total health expenditure = proportion of total health
expenditure in regional GDP.
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AR 2 — 5 R R 24 % (8 T AR A IR R B R BT R B E R, R E
FEERETEA T EEESREEN T BAEALELGER, RATH;BETH
AMENREL EHATRER S, FESHEAEETEANEM FHTEETRE
Eatr. B, FIRANMETEABEEAENTEASERER (LeSage and Par-
ent 2007; James P. LeSage 2014). BT RAMXFARFZ L3 FANEAT #H
FRBEERHZN, BLXREATENUTHIS, BUALL,XAET W#EHH (Beta
Distribution) HYZERAEM KXW ANB ZHET (FHA) WS B & B &R AE R
HATHARE, UER I ERMEFERENZEHEE, wTable 24 R TR,
SDEM # B ¢ i1 FF JE 3o #E £ (Log—marginal posterior) FutE A #EZ (Model proba-
bility) HAmA. B, KHAL;ARXUFAEHHREIRZHEA (Dynamic SDEM)
15y i A AE AL AT AT

TABLE 2—MODEL SELECTTION

Model SAR SDM SEM SDEM
Log-marginal posterior -1433.22 -1432.52 -1435.65 -1432.24
Model probability 0.1735 0.3496 0.0151 0.4617

Notes: Log-marginal posterior represents the likelihood of the log-transformed marginal posterior. Model probability
represents the relative probability of selecting a model.

Table 3 A T AHAT RO Z M B HRZMANEITER. £+, 5 (1) ATH
R E R REER, (2) 1 (3) AR T AR E TR A#EA fug)
SHEERRMEN, ERDT, TARANY #AH E @y = B & me, B—
MR TEFAWII N2 AR K T AEFATARE —AERERE. FA,
HEXTERAFINNARNZE AL LR L TAERARTIAKENRE, X3
BHERSAMR YT EEARGIARRUNO R, A EZXIANHELE, 2
ERIABANESI Y REZHAAHAFNEEHEALEARXEFENASE N,
B B, X IE [ R AR IX B fF B, X AR A TE W RARARAL, AT R —
MISHEFLIHLE. ARECRUARHERT, ERUANE, —RERKEL
FRETEBANHEZENEUBAET L E T ARATINNENHE LY, TTH
H “BENTHEE WREXE, BRTTHRFFEILAEAT L BEFHE
k.
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TABLE 3—SPATIAL SPILLOVER EFFECT ESTIMATION
Variables () @) 3)
Fixed Effect Model SEM SDEM
Surgical Robot, 1.18%**
(0.03)
Surgical Robot,_*W 0.22%*
(0.10)
Proportion of total health -2.32 -1.71 -0.13
expenditure (1.48) (1.38) (0.80)
GDP per capita -0.89 -1.77 -1.57*
(ten thousand Yuan) (1.30) (1.26) (0.77)
HIGHER education Level -0.05%** -0.04%** 0.00
(0.00) (0.00) (0.00)
Number of tertiary hospitals 0.02%** 0.027%** 0.07#**
(0.01) (0.01) (0.00)
Surgical inpatient 0.02%** 0.00 -0.00
visits (10,000) (0.01) (0.01) (0.00)
Comprehensive 2.05 1.76 0.57
innovation ability (1.22) (1.13) (0.66)
Proportion of total health 7.02%* -2.12
expenditure*W (0.01) (1.64)
GDP per capita *W 7.88%* -0.44
(2.47) (1.50)
HIGHER education Level *W 0.01 0.00
(0.01) (0.01)
Number of tertiary -0.08%#* 0.01
hospitals *W (0.02) (0.01)
Surgical inpatient visits *W 0.07%** -0.01
(0.01) (0.01)
Comprehensive innovation -10.17%** 1.73
ability*W (2.35) (1.42)
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. Yes Yes Yes
Region effects

Time effects Yes Yes Yes

Notes :(1) Surgical Robot , represents the lag term of health technology numbers, and Surgical Robot, *W represents
the interaction term between the lag of health technology numbers and the spatial matrix; (2) Proportion of total health
expenditure = proportion of total health expenditure in regional GDP; The unit of number of surgical inpatients was
10,000 people. HIGHER education level = number of institutions of higher learning in the region/total population of the
region * 10 000 people

ERRLGFF, ARARECRAEAXBMER, RERIXBAHFIT EHA
R R YR e M AR A B 2 R AR B, AT 2007-2021 4 F E 31 ANE
HE, RAEN A —TERE R R ER AR AEEREE, KL T
FANBAEAGHEETEAREK, BRI ERA*FHRZHILE 5= B i H K
Bo tREAZH, Big., . taMERERHAL2AKEFANEANT oM E
HEEHNDH, TEAEANT REAZMEEMN. X TERRANSEL., BF
BEARF.THEFEEAZ QA EANRA LTS TUHR T LAWY ¥ FH,
T ERAWY #EA IE w892 8] A, H X3 A 25 2 B 2 K ey R
FERATHER, TITE AT EBAY 8RR A 2R X ] B B

REXEHER, BRATRAHFEMX L EEAT WP HEZHAREERFE
AX—FH (WEATHES. HECH/EAF) , SELFHEAEMERER,
MRZ IR E S e R R T ERAY RO P HE 24T, FEAZEHEXEMm
22 18] i o BB B R AT  TT, AR B 4 R A SEAE B HEE SE T U A AR K Bk
Bk, FH-FRFUERET TERAY B EEME, Y TEEARGTS Y
RRHYAE % 20 T 28 RO AR LT B R AL A AL 4B A

BB IABANT HEAURAMLSEFHNATFEE, XSG TAETHNE
MEBE. ETTHHRETSMBR K GWEIHA RO A TN TRHFILAE
AT B, HEXOEAAF E T AEMX I ARE S, FEREET. KB
FRUHX T &R 5% R & H X R GDP B ot o 4 X 3 B 7 T A U AL AR B A0 B SR
HEWREXE, RAFTRFIEXH., ol eaxd, PAITEXHMATE
EMRERRABLEERN, ZREGUEBRARAXAN “AHTEXHEFH”
18 H A R B3 X AR 5 By K 3k AT (Varabyova et al. 2017) , 3 RE SCB3 X A T A 47055
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WEMNRE, ZIELERBIET TAFBHNBRANGEA#THERE. SEHFT AT
—FHEIUR B CFEARANFRER, AFEEATFEELEN MWK
HAEEW R, B mal s R AN aiE, SRR, MXEFHT K
FRIRAGHEE ALY EHNEENERE. BN, REXNEQHEN, &5
KT KB GBS A M A, FAFESE (Qlonggi Xiao and Kangwang, n.d.),
HAQIEE AT EAAEAA RS, AT NIRRT LA FIR, =L
LR BEAWA REZARA AT HFEZNEA XS RERAKLEERX,
EFLETINEEMNETTAEARSFNEH—EURZEML 2N, —F @,
SR, REEATINFAREIENERIALR, ARAFETRHET T+
s RS AR EMANE. EemiEfmmE, NmEAMFELNEN, 77—
T, BTETILATHRERE (WERLNKE) , FHETTH T ZFWN
BAFER, TRIFETINELERR, AWERT S EHREMNBR K (Mankiw
2020), BT ETABNEHRE, EATFPBEATEZLEEERBRAEXER RS
ERERBREEANHERGERE, WLF—BE Ty HEIEEHFEEF TN
wAME B, Bk, EEFTATHY, BF (RAEAWHEFEZ) 200 T
& % E e BT A o9 S 2t B 07 BORME 4 R0 E R IR 568 1 94K 48 (Aggarwal et al. 2017;
2018; Lu et al. 2021), AR HKE TN M E TIATHK T AR RAUZEHET
a1k, REIESLBHE, AHRNLIEL N KR, EXTINEFRERS
RIFBEANY #EX, HZERAEARHEHERN CMUEHATY, EAET T
WERAH*TCEARAER) « AW, JIHLEAETEANRAZSGTN, E16
B ZF BB PEENE ARSI AT, ERT XL GBNATH, 05 F2F K,
BHLE AR B, WinEFEJT# A (Pan, Qin, and Hsieh 2016; Aggarwal et al.
2017), HMWHRIAE, FEIFEFAF miEdst— 5w & itk R wy & 25
RE#ER. AN, ARROEZIEGNEETERET, M EFT T ATHHX 4
e, EFRITEREABHNARTRIEN T T AT S E L TN,
BB AHAETRERETERANZEARIALKX, bEERERAR AT E
WEEREAR. BAl, MUETHRE, BAMNITFLLER, REFANEANKA
REEMEGEAENL T 282, FANZAWNTZZHERA, EXAKH AN
LTRZAE, FBRABEALS AN FUENARNFXE, BAERBANERALT R,
REQAHFEARTT EN LT A, FEEHEARETET A EXHEEE
BANSTZIERT, AHARW “TEE” ¥ #R 0 & 5 EE £,
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FARM AT A AT EHEL
7k

# B AXLERTTFANBANTEEA TS, NS
TEERATEHEN X, BRLENERRARF RBEHFE IR
RREFHNERNE, HEUHFHRANEZI LN AL EEARNNE
GF, IEERATREEFANBALEANET ERANELZ. &
&, XERANGHT FANEALIDEALER T F B E, G# M
REFLE. WREE, BEURETIARGW RN AL LN =
MBI AR A, XEFELFATR T FANE AHTALE # F
RAERWETO 2 TAMEN, WIEENNGH#K. EX5EL
MANEE, FIABEBN., RAQE. 7%, HEAKE. A4
BRI E, BETRTENE, RETFEERAER LN
ARE. &E, XEBRBERT FANSAHTAN R KA ERK,
FREEDT KA TFEFEORF LR, UMAETRERBEER W
X, EHFANBARANSENFMET RS R ENET.

—. ZABKIFSE

(—) EX

2020 4, AT A HHEBAHNEFELEN T £ H AP (Health Technology
Assessment, HTA) #4740 T & X fo g T AR AR TFEIFN LT . Lo,
B RR. BRRAMEZREN THEE, CFA&, £9FF . BETHEK. T
EMA. BT AR, BERF. ARTERL. FOXFALSE, HBEAEERN
REBEAERF. ERAF., RAMEASRBEGEEFTARANHFE R
%1k # (O’Rourke etal., 2020) ,

() MEFEEE

TABFRTEFES LEBANNEHATIEG, T LERAEATEANELE
B, BEAFERARR. Rl RAREFWTH. B 5. Xk ERAE,

2017 4, IR 24 4 & % % & (International Society for Pharmacoeconomics and
Outcomes Research, ISPOR) 2t T T A AR “HEZL”, BEzT +=AMNMEEX,
FE#% iz A ¥ (Lakdawalla et al.,, 2018) . W& AR 4R, 2023 &, EE “FiLEM

*  KE#H: BEEAFEAAUEFRFES L EEATFEHRTA
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% 2 # A (No Patient Left Behind, NPLB)” A4 & 1 7 | X & A% F 4 #7 (Generalized
Cost-Effectiveness Analysis, GCEA) “frEz ", Z“NMEZ " NEKASHEE X,

WEENANKBF+INE ZANMEER, IRETIEBARTGEHNTERA B=
(Shafrin et al., 2024) . #IHMEZ LWL ] (BINEER) Bitwnk 1 Fir.

% 1 GCEA\ME £ 7 5 ISPOR & 7 1 £ B 5t

KA GCEA ISPOR
T = M % R R R M LM E
B T M
P XU B T 1 RIS (B
FoER B (B -
HEEFR A% T AR # B
HNEERE
HAHFAE
EEHNHNE FEWEENE
H 5 09 % AL B RN
Z i DEHAFOHBRERE QALYs 7= i}
EREERE
AFH AT
F R FRAP 2 B AR £
FUMMEE R X i AR WD A Je g B AR
C Y] C Y]
YN KR E
HEFETHA % BRAR

(=) BiramayiEF&EE

BT et T £SO — M, EETHERSE 200181 F 8 R % B & & &
ToFzBMWERER, WA EBEE/ SHFX, BRITENFE£LE, R
HZwEAER, URTRAWF &L A%, MHTRZ:—FSEKT ETERS
URETERANNEREREEZR, ENSRONESLEZLX 2,
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T IE R E
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BEZHE .

A EAEt, R, TERAHLTHER;
HER K. EARRFAEN, RIENIFRSTF LT &, £ EHERE

ML B ] 2 1 3 — 4

TG, FREEFZAR.

BARSFH ETSMBERRE. ANRER, REER, HAEFER, RERES
o

o iE H ERZETHEMRETRIIRNALITEL L, aFta, REMEED
s

EL Ml 2 EETF%,

—. FAMEZE AIDEALAE 22

FANBAZRET SR —F, K& THRENIR. HENRFPEYEFT
BELZNMFROEH AR, RARETIRN —TEGEHLS, B 20 BLKDK,
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FANEAGH T MNP EERE ] ZNANELRIR, RNWHFANEAREEE
ATHBELA#RTHANTFARE, MHREEANES, W45 FANZEACERS
PATE LN FARAE S, WA FAFEZRFASE, FANEANLARRESF AN
HREAZ M, ROANRENREZ, FRDEZWEAGRAEHKLE, KER
G, REAFRE, FHEEHHNKANE, AHLAIIRELARMET HHFR
T AEAT %,

B IDEAL trfEF #& By “IDEAL E R 52" § 49 #H s F A, A4
WETEMMEMEFET THEEELAY. PENITNER, HARETHHE®
EARITENBRERERRT 7k, REACE LN AEESR. Bal, IDEAL &R N B
BT A B SR I R AR T A ik S SE . 2024 45, IDEAL hE W &% & 7 & T F A
BN IDEAL EE, WNREFLXH. GREL. BHFURE ZWETTIA RGN
MAHEAFANEAETFL. WEAXFIERENH =0 ERE T IFEEIN
(Marcus et al., 2024) . =AMME 2 A&, HHFREHFANE AN T A EFTATHE
BAT E B R AT B9 IDEAL B EX 0. 1 f12a; EARHE EARTNEATHERNA
B, FHHLSLE R RATHIH IDEAL e 2b fr3; URSMBARS Z
KRB, ¥ E RS E AT SRR o e KB B IDEAL Bt 4. &M B
£ A BRI EDNF| T % 3.

% 3 FAME AIDEALAE 2 & W B &7 A By 2 L

IDEALIM B FlsmAakd  R@Eil

0 REFRH A2 AT P HA T P AR 0 R A BOR o e R A
(pre-IDEAL) FRILR IR A, ERNAE. BHEMAl EENTE,
NG &:9) Al REABENFER Taa Al EAl 7E, REETE
2a (FF %) G THEDATF AR T ERNEA (IDEAL & 0 o At

B kA% (IDEAL BBt 1D B UG R F A6 I R 8 & T B0 RALE A,
FRERER, FEEREREE (Flae, DECIDE-AD) .
WA ACEF R EINEA B EH.
I R [E 4 EX. A AERIERES - R&ES, FRAGEMXE
AL ERE EAT ARl f 64T
MTEERG, FEXENFGTERALEENRE,
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REGH X HAHEXE L.

BRERENZ, ZFANEA IDEALELEE NN BAE B L5 PN EK.
EREBFTLANE, FEHTFHNEFEERERELN, UREFHTEFEF
PWITR; MERRMIFNINE, FEELBAZTNEENEATHRHEXNET
TERANEFEH, BFERGKAMITHEANERMRAAZERER;, REEK
HENN B, NHETFANEANRRARERSN, HEELHEFHERANEE S
MEMNREEEL. B, FEERINEZFANEAZFE TN T FENE, X
BE YWME AT AT, Flir, Simianu % (2020) 2T —ARE S TER W&
MEFTIARZNAENTHRFA. BESFARIEAFBFTFAELE MR AP
BRI HAT T AR, &R KA IS A A B4 M0 I A b JF ko7 B
AERAZ5 M (Simianu et al., 2020) .
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=, FAMBAHTAWY & F | A Z

FANBAGA T EEARN—F, BAHEFENLHATITE, EFANLEAESY
EEMTERARNATENHA, SHATITARAFFLEE-LED, FEH
SNER, BEMNAN, TEHHIIH - LERNEREFITOS B MEN.

(=) EEMAFHR

FANBANERFRTHERETRAZ, XKD, B E ok Z 3 409 %R
A EEFEE, WRAFAXF - ENILEREMKFTELIRTE, FRL
PREEAERND, EFEFATRERT L BETRAR. Hi, TFREEL M
wam AR E. WFIB R, AR A R R R F R BEEEANN, EF
ERILENFE,

(=) RBHHEENA

WRMNFANBANITAEBAFEAREERERER, T2 LT HEE
BAARBRHRELEWELFHEANFHIF, HAMIMELWARTEFEL. AN
EREBMBEEMEREENANLER, wEZNREFFERE, IHELEEFAL
BHmaEEmTERES.

(=) FIWEEM

WM ZERREHE I, IBEEPTFANZEANMRERIA2EHES, ¥k
WEREERBR AR, #—FPHAERLARA, HIFEFRIHEME, FTUMFA
MBABTILERARTELERERELGENZR, FETRNELTHES T d
%A (Erskine et al., 2023) . XFERK, E&EFERARMEIEEN, #HE
AHOH R RENFAERFANEAZRNEE, FoMFANEAAXIEKR
IEVERE BT B A R A, UL E K MR TR, 10 R4 RN M 4 A7 ok 334 A8 Rz 1 &b
Tuw 2w, T EMFI @S, TUSFRMNITARARKIFENE (EUnet HTA) 4
ST 3] e B R R R R = BT

(W) EAgER

FANBARGHTREELEER, FEFRENAEXNBZSAFAF, BE,
—BITARATFEEFANBEARGH LT T ARAL BN ENFANFAE T,
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THETRERRE. EoBN T ERHRASRENEALENTEFAF, R
BFANBEALZRPATHFARER T EAKR, WhATHELTHRBERRKT A
AGHM W EAFANEARE LM EH F A,

(L) fFE

HElF 2 FANBZANEFHFERRERT FANBEARRTERF AT &
WERA, ERATFELERIT2E, SENEAR. REAETNENET (Val-
ue-based Healthcare, VBHC) 77, &I A LUAR [l 30 E (R B Ak A 5 A A2 2 0 3% 1%
Fryls KRR, BIEKETREEN, MR R RS K.

(7X) aEE A [E i E

T FARNEANFARARKE, FEF BRI KH D, LELE 45 EH,
BHEXNEH EEREMEG KAN KT, DRI E £ @B E KR,
ZTUFEA T2 LN EN, FERIAREMFR L A0 THE. Flao, XLER
HER (PWmE R TREFABLFAEIA, —ExEREREIA, B EF
WAEREMZF AR (WP RamERKEE, EETHILAN.

() HHPE

FANBZAERS A EREN AL TR - LA, MR LB ETHT
EBRATFEMER, LGN CERGERZENE. NTHESN. TEFAHRE
K%, BN ZEBEMNBEAESRAGHNE. i, REFANBAZHEFER
AREWNHREFWERN, Flin, FOEMBTH. & F AR ED EEF R B,
WRIFEFANEANRAD T ERSREZAE, NEERSMTFCHERENE
AN F AT & BAM A RUAEAFERTMAR (WD BERRE, FEM
RUESATFIFE XL F AT (Lai et al., 2024) . Edt—%, AHFELE
] REBAL 8 A B F AR KRBT F AR F A LA

(Ju HEEIFH

FANBARE LELAR TR AH, LERALERT AL WFANEA,
M HTA T HH T m e, 2 FEE R AR AR, RRT EEATFERKRILA,

REHENERTIIEAARIBRFATREEL LK Marcus et al., 2024) . ¥
TRt e g, B LR A AIET. AR R e, Wk (implementation
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trials) (Wolfenden et al., 2021) . M4h, W rH#riE (Bayesian approach) iX
FETAERMEREIMELHERANER T & f (FHRE, 2021) .

FANEAMAET ERIURH —TRBEA, ETEZATE HIA) X TH
REAETEZERFTHAENAMFRNFREREEREE. AT, FAAEAHIA
WERERERRNEFELEFRALEFTREL FTHRNE R, FHRARELENRT
EEERE, RAoFREEMELANNA, URFId&, KASE. 247 .
M E, AARHMEEQFRFEER, UM iPtEPakik, e PEER
WA ER, B2, FANBZAWNHNE - NMELMAZHIR, FELZS
R ZFR R R, THRRMQIIFERSE. KRR, MELRNFEHE S
ESTHEMERL, FANEANHIA FEm GatBdt, UEFMRSTETRR,
Rt FANBZABANEE, REAZIERTETRENMEE BN E T,
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