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Abstract

In Japan, the robot-assisted partial nephrectomy (RAPN) started to be covered by health insurance since 2016, and it is
replacing conventional open partial nephrectomy (OPN). RAPN is a minimally invasive surgery, and the spreading of RAPN
in partial nephrectomy (PN) performed annually is expected to reduce the number of blood transfusions in Japan. The
number of PN surgery in Japan was calculated using the Japanese NDB open data in 2018. We extracted articles comparing
the transfusion rates of RAPN and OPN from 2017 to 2021 using PubMed, Web of Science, and Ichu-shi, and integrated
the ratios of transfusion rates by meta-analysis. We estimated the reduction in the annual transfusion cases in PN due to
the widespread use of RAPN. The total number of renal cancer surgeries in 2018 was 21,298, of which 3,876 (18.2%) were
RAPN and 4,384 (20.6%) were OPN. For the comparison of transfusion implementation rate between RAPN and OPN, 871
articles were screened and 27 articles were included. The pooled ratio in transfusion rate of RAPN compared with OPN was
0.49 [0.46, 0.52]; the introduction of RAPN was estimated to have reduced the annual number of transfusions in PN by 9.1%
compared with that of unintroduced RAPN. This study showed quantitatively evaluated the impact of the introduction of
RAPN on the decrease in the annual number of transfusions in Japan. This method has the potential to evaluate the impact
of robot-assisted surgery on the use of blood products for transfusion.
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Introduction

In Japan, 7.52 million operations alongside with 1.13 million
blood transfusions are performed annually [1]. In Japan, the
demand for blood products for transfusion is expected to
increase [2], and since the number of people who can donate
blood is decreasing [3], a shortage of blood donations in
future has been suggested [4]. Furthermore, the pandemic
of a new coronavirus in December 2019 has been suggested
to reduce the number of blood donors and affect the supply
of blood products for transfusion [5].
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Recent years, laparoscopy has become the common
choice for gastrointestinal surgery, and robot-assisted sur-
gery (RAS), an extension of laparotomy, is becoming more
popular. In Japan, RAS was first covered for prostate cancer
in 2012, it was covered for renal cancer in 2016.

The most recent meta-analysis comparing OPN and
LPN transfusion rates was reported in 2020, and reported
a 0.8 lower transfusion rate for OPN compared to LPN [6].
On the other hand, comparison of blood transfusion rates
between open surgery (OS) and RAS has been reported
previously [7]. The meta-analyses of blood transfusion
rates have been conducted [8—11] in recent years, but the
most latest study summarized the clinical studies pub-
lished up to 2016. However, there has been no quantitative
study computing and illustrating how much the number of
blood transfusions during surgery has decreased due to the
replacement of partial nephrectomy by RAS. Therefore,
our study aimed to evaluate the reduction the blood trans-
fusions cases due to appearance of RAS quantitatively, by
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application the concept of Population Attributable Frac-
tion (PAF).

In this study, we calculated the difference and ratio
of transfusion rates between RAPN and OPN in PN by
meta-analysis of additional studies conducted after 2016,
and attempted to calculate “the percentage of reduction in
transfusion cases that the introduction of insurance cover-
age for RAPN contributed to the reduction in transfusion
rates in PN”.

Study design and methods

Difference in transfusion rate between RAPN
and OPN

Literature search method

We have conducted a systematic database search of
research literature which aimed to compare transfusion
rate of RAPN and OPN through PubMed, Web of Science,
and Ichu-shi (Japanese) and the study timespan covered
from January 1, 2017 to March 30, 2021. The main key-
words used for literature search were robot-assisted sur-
gery, surgery, and kidney cancer, and the detailed search
equation were formulated as “(““da Vinci” OR robotic OR
computer-assisted) AND (surgery) AND (kidney cancer
[Mesh])”. As for literatures on meta-analysis published
during this period, primary researches in the meta-analysis
were included to the systematic review, additionally.

Inclusion/exclusion criteria

The inclusion criteria cover the studies that compared the
surgical outcomes of RAPN and OPN, or also describing
the transfusion rate. The review literatures, commentaries,
and study protocols were excluded.

The literature was reviewed independently by HI and
TA, and when judgments on the discrepancy selection of
papers were done by AS.

Quality assessment

All studies were evaluated according to “the 2011 level
of evidence for therapy studies” as follows: from level 1
(systematic review of randomized trials or n-of-1 trials) to
level 5 (mechanism-based reasoning). Quality of reporting
on the outcome data was evaluated according to the Martin
criteria [12].
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Meta-analysis

Difference and ratio of transfusion rates between RAPN
and OPN were calculated by Mantel-Haenszel method. To
assess the study heterogeneity, we calculated Cochran’s
Q test and I? value. Evaluation of publication bias was
assessed by Funnel plot and Egger’s regression.

Expected reducing proportion of blood transfusions
cases in PN surgery by the introduction of RAPN

Calculation of the number of surgeries for RAPN and OPN

The targeted cases were identified using the international
classification of diseases (ICD-11). We calculated the
number of surgeries for PN (K773, K773-2, K773-3, and
K773-5) by procedure (OPN, RAPN, and LPN) in Japan
using the 5th NDB Open Data (April 1, 2018 to March
31, 2019).

“The subtracted transfusion fraction” (STF) in PN surgery
by the introduction of RAPN

“The population attributable fraction” (PAF) is the
proportion of incident cases or deaths that could be
prevented if a risk factor could be eliminated.

In this study, we applied the concept of PAF to calcu-
late “the Subtracted Transfusion Fraction” (STF), which is
the expected reducing proportion of transfusion cases since
the introduction of RAPN, based on the “Ratio of Transfu-
sion rate” (RRg4pn/opy) calculated by Meta-analysis and the
proportion of each procedure (OPN p;, RAPN p,, LPN p;,
D1+ P o+ p 3=1) calculated from NDB open data. STF was
calculated by the following formula (Figure 1).

STFgapn/0pny = (1 = RRpapy/0pn) X P2

In other words, the STFy,pp/opy 10 this study is the per-
centage of transfusion rate avoided in RAPN compared with
that in OPN.

The transfusion rate between OPN and LPN was assumed
0.8 times as high as the rate, which was reported by You’s
study [6]. Similarly, STF; py,0py by LPN was calculated as
follows:

STF, pnjopn = (1 = RR py/0py) X 3
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Fig. 1 Reduction of transfusion cases by introduction of laparoscopic
partial nephrectomy and robot-assisted partial nephrectomy. The ver-
tical axis is the relative transfusion rate based on OPN. The horizon-
tal axis is the number and percentage of surgeries for OPN, RAPN,
and LPN, respectively, in Japan in 2018. The black area is the number
of transfusions performed, and the gray area is the number of transfu-
sions that would have been required if all renal cancer removal sur-
geries had been OPN. In other words, the gray area shows the number
of transfusions reduced by the introduction of RAPN and LPN. OPN
Open partial nephrectomy, RAPN Robot-assisted partial nephrectomy,
LPN Laparoscopic partial nephrectomy

Ethical consideration

As this study is based on published literature and open
data, no ethical issues are applicable.

Results
Systematic review

The details of the search chart are shown in Supplementary
Figure 1. A total of 871 papers were extracted by the search
keywords. In addition, we added 84 references in three
Meta-analysis. We finally identified 27 literatures which
met the inclusion criteria absolutely. All 27 articles had
evidence level 3, with 4 studies scoring 8 or higher on the

Martin Criteria. All included articles provided the sample of
37,423 RAPNs and 23,750 OPNs (Supplementary Table 1)
and were included in this meta-analysis.

Meta-analysis

The pooled ratio in transfusion rate of RAPN compared with
OPN was 0.49 [95% confidence interval (CI) 0.46, 0.52]
(Supplementary Figure 2). The heterogeneities of the stud-
ies were high in pooled ratio (Cochran’s Q test p < 0.01,
I? value=72%). Funnel plots showed no asymmetry in the
evaluation of publication bias (Supplementary Figure 3).
Egger’s regression analysis showed no significant publica-
tion bias (p = 0.44 for pooled ratio).

Expected reducing proportion of blood transfusions
cases in PN by the introduction of RAPN

Number of surgeries for RAPN and OPN

Based on the calculation using the Sth NDB open data, the
total number of PN surgeries from April 1, 2018 to March
31, 2019 was 21,298, with 3876 (18.2%) RAPNs, 4384
(20.6%) OPNs, and 13,038 (61.2%) LPNs.

“The Subtracted Transfusion Fraction” (STF) in PN surgery
by the introduction of RAPN

It was estimated that the introduction of RAPN and LPN for
renal cancer removal reduced the number of blood trans-
fusions by 21.3% (9.1% for RAPN and 12.2% for LPN)
compared to the assumption of no introduction (OPN in all
cases) (Figure 1).

In other words, the number of transfusions performed
could have been 1/(1 — 0.213) = 1.27 times higher if all
renal cancer surgeries in 2018 had been performed by OPN.

Discussion

For the meta-analysis, three papers from 2016 onward were
added, and the transfusion ratios and transfusion rates of
RAPN and OPN were confirmed to be the same as the results
of the meta-analysis published in 2019[11].

Although RAPN accounted for only 18.2% of all renal
cancer resections in Japan, the introduction of RAS was
estimated to have reduced the number of transfusions per-
formed by 9% of all transfusions, compared with the number
of transfusions that would have been performed if all proce-
dures had been performed by OPN.

In Japan, after 6 years of RAS insurance coverage for
prostate cancer, 72% of procedures were performed with
RAS [1]. According to the treatment guideline for prostate
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cancer, the ratio of transfusion rate between RAS and OS
for prostate cancer removal is 0.2 times, and the reduction
rate of transfusion rate is 57.6%, which indicates that it has
greatly contributed to the decrease in the number of trans-
fusions performed. RAS is becoming widespread, not only
for renal cancer, but also for other cancers, and advances in
medical technology have the advantage not only of minimiz-
ing invasiveness for patients, but also of reducing the use of
blood products.

In addition, the number of blood donors is expected to
decrease due to the pandemic of the new coronavirus infec-
tion starting in 2019, and this research method and results
can be used as basic data to examine the shortage of blood
products for transfusion and blood donation promotion
measures.

In this study, the number of surgeries was calculated
using the NDB open data. For the protection of personal
information, aggregations of less than 10 cases were counted
as 0 cases. In addition, because the name of the aggregated
diagnosis was “receipt description,” some of the RAPNs
may be described as LPNs in this study. Therefore, the actual
number of RAPNs may be higher. If the ratio of the transfu-
sion rate due to the introduction of a new technology can
be clarified, the rate of decrease in the annual number of
transfusions can be estimated using the same method as in
this study. While the decrease in the transfusion rate due to
the introduction of RAPN was estimated by meta-analysis
in this study, but more detailed verification may be possible
by conducting analysis using individual receipt databases
such as NDB.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11701-021-01365-7.
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