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ABSTRACT
Introduction: Robotic surgery is being rapidly implemented globally, and new robotic surgery techniques are being developed. 
The da Vinci SP surgical system, a new robotic surgery system using a single-port approach, was introduced for the first time in 
Japan, and its surgical results were compared with those of the conventional single-port plus one-port laparoscopic hysterectomy.
Methods: The study included 20 patients who underwent single-port robotic hysterectomy using the da Vinci SP surgical system 
(SP-RH) between March 2023 and December 2023, and 37 patients who underwent single-port plus one-port laparoscopic hys-
terectomy (SP + 1-LH) between March 2018 and December 2023. The surgical outcomes and complications were retrospectively 
compared.
Result: When the SP-RH group was compared with the SP + 1-LH group, intraoperative blood loss was observed to be signifi-
cantly lower in the SP-RH group. However, no difference in the incidence of intraoperative complications between the two groups 
was observed. Furthermore, when comparing postoperative inflammatory responses, C-reactive protein levels were significantly 
lower in the SP + 1-LH group on the third day after surgery, but no other differences were observed.
Conclusion: This study demonstrated that single-port robotic hysterectomy using the da Vinci SP surgical system can be safely 
introduced and performed in clinical settings. The da Vinci SP surgical system, which uses a single-port platform, can be used in 
minimally invasive surgeries as a novel operational system.

1   |   Introduction

Robotic surgery is being rapidly implemented globally, and new 
robotic surgery systems are being introduced continuously. Our 
hospital introduced the da Vinci SP surgical system (da Vinci 
SP), a new model from Intuitive Surgical Inc., in March 2023. 
The da Vinci SP is a surgical platform that enables surgery to be 
performed by installing a dedicated port with a single abdom-
inal wall incision and by inserting a camera and three instru-
ments from the same site. It is gaining attention as a minimally 
invasive robotic surgery system that differs from previous 

robotic surgery techniques using four robotic arms. Single-port 
robotic surgery is advantageous because it is performed through 
a single incision. It produces more cosmetically pleasing results 
and can be performed in narrow spaces, such as in cases of oral 
surgeries [1, 2].

In conventional laparoscopic surgery, the concept of reduced 
port surgery intending to reduce incisions was also introduced 
from multiport laparoscopic surgery. Since 2010, dedicated 
equipment for single-port laparoscopic surgery has been de-
veloped and clinically implemented. Single-port laparoscopic 
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surgery has gradually expanded its application from ovarian dis-
ease to uterine disease in the field of gynecology. However, it did 
not lead to the alleviation of the pain, and no validation results 
were reported showing a clear superiority of the procedure over 
multiport laparoscopic surgery in surgical outcomes [3–5]. Since 
then, the frequency of single-port laparoscopic surgery has grad-
ually decreased due to the complexity of the procedure, such as 
the interference of forceps and cameras, difficulty in securing a 
surgical space, and difficulty in acquiring surgeons who require 
extensive training [6–9].

Our institution also introduced single-port laparoscopic surgery 
around 2010. However, considering it unsuitable for learning 
surgical techniques and continuing education, we modified 
the procedure and transitioned to single-port plus one-port lap-
aroscopic surgery (single-port laparoscopic surgery with one 
additional auxiliary port) around 2015. This single-port plus 
one-port laparoscopic surgery is a method that optimizes the 
cosmetic results and the ease of use of forceps, and it has gained 
recognition as a surgical technique with a single-port approach 
[10–14].

While laparoscopic surgery evolved toward minimally invasive 
procedures, robotic surgery was introduced, and comparative 
studies between laparoscopic and robotic surgery became pop-
ular. Previous comparisons of laparoscopic and robotic surgery 
in gynecologic diseases have often reported comparable surgi-
cal outcomes and complication rates [15, 16]. However, all of 
the analyses on robotic surgeries were for multiport cases, and 
no robotic surgery system with a single-port platform had been 
developed. The da Vinci SP is a robotic system with a unique 
single-arm design that eliminates interference between forceps, 
which has been a drawback of single-port laparoscopic surgery 
and realizes precise and stable operations unique to robotic sur-
gery. The da Vinci SP is a new robotic surgical system using a 
single-port approach. As no reports have compared single-port 
plus one-port laparoscopic surgery with single-port robotic hys-
terectomy using the da Vinci SP, the evaluation of invasiveness 
is essential. Therefore, this study aimed to compare the short-
term clinical outcomes of these two techniques performed at our 
institution.

2   |   Materials and Methods

The study included 20 cases of single-port robotic hysterecto-
mies performed using the da Vinci SP (SP-RH) technique from 
March 2023 to December 2023, and 37 cases of single-port plus 
one-port laparoscopic hysterectomies (SP + 1-LH) performed 
from March 2018 to December 2023 at our hospital for benign 
gynecological and uterine diseases such as uterine fibroids and 
adenomyosis. Prior to the surgery, the differences between con-
ventional multiport surgery and single-port surgery, as well as 
the advantages and disadvantages of laparoscopic surgery and 
robotic surgery, were explained to eligible patients, and the pa-
tient selected the surgical method according to their preference. 
For port placement in the SP-RH group, a 25-mm transverse 
incision was made in the umbilical region, and the SP Access 
Port Kit (Intuitive Surgical Inc., Sunnyvale, USA) was placed in 
the incision site (Figure 1). For port placement in the SP + 1-LH 
group, a 25- to 30-mm transverse incision was made in the 

umbilical region, an EZ access kit (Hakko Co. Ltd., Nagoya, 
Japan) was placed in the incision site, two 5-mm trocars were 
inserted at the same site, and one 5-mm trocar was inserted 
as an auxiliary port in the left lower abdomen (Figure 2). The 
energy devices used for the tissue incisions were SP Monopolar 
Curved Scissors or SP Fenestrated Bipolar for the SP-RH group, 
and HARMONIC ACE (ETHICON, New Jersey, USA) was used 
for the SP + 1-LH group. Surgical procedures and operations 
after placing the Access Port Kit were performed in the same 
way. The removal of the uterus was performed vaginally in both 
cases, with a two-layer suture at the vaginal stump.

Following data were extracted from medical records and com-
pared between the two groups: specimen weight, total operation 
time, port placement time, uterus out time, estimated blood loss, 
change in hemoglobin levels, hospitalization period, complica-
tions, postoperative white blood cell count, and postoperative C-
reactive protein (CPR) levels. Statistical analysis was performed 
using the Mann–Whitney U test and chi-square test. The analysis 
performed in this study was by the Mann–Whitney U test because 
the sample size in this study does not allow for a normal distri-
bution of the data, or the test is inadequate. All measured values 
were expressed as medians (range), with p values of < 0.1 indicat-
ing a trend, and p values of < 0.05 indicating a significant differ-
ence. This study was conducted with the approval of the Medical 
Research Ethics Committee of our university (HM23-132).

FIGURE 1    |    For the port of the SP-RH group, a 25-mm transverse in-
cision was made in the umbilical region, and an SP Access Port Kit was 
placed at the same site. (A) Abdominal wall incision and (B) port place-
ment in single-port robotic hysterectomy using the da Vinci SP.

X
25-30mm

(A) (B)

FIGURE 2    |    For the port of the SP + 1-LH group, a 25- to 30-mm 
transverse incision was made in the umbilical region to place an EZ ac-
cess kit, and two 5-mm trocars were inserted at the same site in addition 
to one 5-mm trocar inserted in the left lower abdomen as an auxiliary 
port. (A) Abdominal wall incision and (B) port placement in single-port 
plus one-port laparoscopic hysterectomy.
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3   |   Results

Patient characteristics of the SP-RH group vs. SP + 1-LH group 
were as follows, respectively: age (years) was 47 (36–55) ver-
sus 46 (36–54) (p = 0.562), body mass index (kg/m2) was 22.9 
(18.8–32.5) versus 21.3 (15.1–31.8) (p = 0.079), parity (n) was 2 
(0–3) versus 1 (0–3) (p = 0.013), number of previous cesarean 
sections (n) was 5 (25%) versus 7 (18%) (p = 0.594), and preop-
erative hemoglobin (g/dL) was 12.6 (7.8–15.4) vs. 13.3 (9.4–15.6) 
(p = 0.143). Except for the parity (n) (2 [0–3] vs. 1 [0–3] in SP-RH 
group vs. SP + 1-LH group, respectively), which was lower in the 
SP + 1-LH group, no other significant differences were observed 
(Table 1).

Furthermore, the surgery results were compared between the SP-
RH group and the SP + 1-LH group: the weight of the specimen (g) 
was 218 (90–505) in the SP-RH group versus 250 in the SP + 1-LH 
group (50–655) (p = 0.134), the total operation time (min) was 
200 in the SP-RH group (155–251) versus 179 in the SP + 1-LH 
group (112–450) (p = 0.189), the port placement time (min) was 8 
in the SP-RH group (3–19) versus 7 in the SP + 1-LH group (3–13) 
(p = 0.607), the uterus out time (min) was 5 in the SP-RH group 
(1–24) versus 11 in the SP + 1-LH group (1–39) (p = 0.202), the es-
timated blood loss (mL) was 12 in the SP-RH group (4–82) versus 
36 in the SP + 1-LH group (5–216) (p = 0.012), and the change of 
hemoglobin level (g/dL) was 0.1 in the SP-RH group (−4.1 to 4.7) 
versus 0.7 in the SP + 1-LH group (−0.7 to 2.7) (p = 0.062), demon-
strating a greater reduction in hemoglobin level in the SP + 1-LH 
group and a significant reduction in intraoperative blood loss in 
the SP-RH group. Blood loss of more than 50 mL was observed 
in 10.0% and 24.3% in the SP-RH group and SP + 1-LH group 
(p = 0.132), respectively, and that of more than 100 mL was 0.0% 
and 8.1% in the SP-RH group and SP + 1-LH group (p = 0.191), re-
spectively. Additionally, no differences were noted between the 
two groups in the incidence of intraoperative complications (0.0% 
vs. 2.7%) (p = 0.268) and the incidence of postoperative complica-
tions (40.0% vs. 16.2%) (p = 0.261). One intraoperative complication 
observed was bleeding due to omentum injury in the SP + 1-LH 
group. Postoperative complications included five cases of bleeding 
at the stump requiring hospital visits and three cases of postop-
erative infection requiring antibiotic treatment among the SP-RH 
group, and one case had postoperative ileus requiring conservative 
treatment, three cases of bleeding at the stump requiring hospital 
visits, and two cases of postoperative infection requiring antibiotic 

treatment among the SP + 1-LH group. Moreover, no complica-
tions of Clavien–Dindo grade ≥ 3 occurred in either group. When 
postoperative inflammatory responses were compared, the white 
blood cell count (103/μL) on the first postoperative day was 9.5 
(2.9–15.2) versus 8.8 (5.6–15.2) (p = 0.700), the white blood cell 
count (103/μL) on the third postoperative day was 6.2 (3.1–10.7) 
versus 5.4 (3.5–10.3) (p = 0.072), the CRP value (mg/dL) on the first 
postoperative day was 2.7 (0.7–11.5) versus 2.5 (0.5–8.6) (p = 0.987), 
and the CRP value (mg/dL) on the third postoperative day was 2.8 
(0.7–13.5) versus 1.8 (0.1–5.2) (p = 0.045) in the SP-RH group and 
SP + 1-LH group, respectively, indicating that the CRP levels on the 
third postoperative day significantly decreased in the SP + 1-LH 
group (Figure  3). Although significant differences were noted 
in the estimated blood loss and CRP value (mg/dL) on the third 
postoperative day, no significant differences in short-term clinical 
outcomes were observed because the hospitalization period (days) 
was similar in both the SP-RH group 7 (6–15) and the SP + 1-LH 
group 7 (5–20) (p = 0.191) (Table 2).

4   |   Discussion

The new da Vinci SP surgical system, which enables single-port 
surgery, has advantages unique to robotic surgery, such as sta-
ble 3D images and precise surgical operations without the camera 
shaking. It also features a joint function that prevents interference 
between forceps, an issue inherent to single-port laparoscopic 
surgery, allowing for good operability even in confined working 
spaces. In this study comparing single-port plus one-port laparo-
scopic surgery with single-port robotic hysterectomy using the 
da Vinci SP, we observed a significant reduction in intraoperative 
blood loss in the SP-RH group. Although the difficulty in surgical 
procedures for uterine tumors differs depending on the site and 
size of the tumor, the 3D magnified field of view characteristic of 
robotic surgery, stable surgical operation, and improved operability 
of the da Vinci SP may have contributed to the reduction in blood 
loss. However, no differences were observed in other surgical out-
comes or complication rates. Regarding the postoperative inflam-
matory reaction, the CRP values on the third day after surgery were 
lower in the SP + 1-LH group, suggesting that laparoscopic surgery 
may be less stressful on the wound. In the present study, postopera-
tive infections in the SP-RH group included cases with CRP as high 
as 13.5 mg/dL, which may have led to a significant difference. Also, 
the increased wound burden caused by the arm in robotic surgery 
could be an issue compared to laparoscopic surgery, even though 
the length of the abdominal incision is similar. There have also been 
reports of single-port robotic surgery using the conventional 4-arm 
da Vinci surgical system. One meta-analysis observed that this mo-
dality significantly reduced blood loss compared to single-port lap-
aroscopic surgery [17]. Conversely, many reports have documented 
no significant differences in surgical outcomes or postoperative 
complications between the two modalities [18–20]. Gardella et al. 
[19] reported that there were no significant differences in surgical 
results between the two groups, but operating time and hospital 
stay were longer in the single-port robotic surgery group than in 
the laparoscopic surgery group, and robotic surgery was associated 
with a higher risk of intraoperative bleeding. Also, Noh et al. [20] 
stated that the time required between the completion of colpotomy 
and the initiation of the vaginal stump suture is associated with the 
risk of increased bleeding. However, both cases were the result of 
single-port surgery using the da Vinci Xi system; therefore, it could 

TABLE 1    |    Demographic and clinical characteristics of the patients.

SP-RH 
(n = 20)

SP + 1-LH 
(n = 37) p

Age (years) 47 (36–55)a 46 (36–54) 0.562

Body mass index 
(kg/m2)

22.9 
(18.8–32.5)

21.3 
(15.1–31.8)

0.079

Parity (n) 2 (0–3) 1 (0–3) 0.013

Cesarean section 5 (25%) 7 (18%) 0.594

Preoperative 
hemoglobin (g/dL)

12.6 (7.8–15.4) 13.3 
(9.4–15.6)

0.143

Note: Bold indicates statistically significant values, p < 0.05.
aData are the median (range) or number (%).
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be attributable to settings and complexity or inexperience with pro-
cedures. Since the da Vinci SP is a platform developed specifically 
for single-port robotic surgery, it is presumed that the da Vinci SP 
will improve operability and surgical outcomes compared to single-
port robotic surgery using the conventional 4-arm da Vinci surgi-
cal system. Therefore, with the accumulation of future cases, the 
amount of blood loss, surgical time, and postoperative recovery 
may be improved by robotic surgery.

Moreover, when the outcomes were compared between single-
port robotic hysterectomy using the da Vinci SP and conventional 
multiport robotic hysterectomy using the da Vinci Xi at our insti-
tution, outcomes such as operation time, amount of blood loss, 
and postoperative complications were comparable [21]. Recently, 
Park et al. demonstrated that hysterectomy using the da Vinci SP 
may reduce blood loss [22]. Moreover, Matsuura et al. [23] have 
reported that it shortens operation time in early-stage endometrial 

FIGURE 3    |    Comparative analysis of various surgical outcomes between the SP-RH group and the SP + 1-LH group. (A) Total operation time. (B) 
Estimated blood loss. (C) WBC count on Postoperative Day 1. (D) WBC count on Postoperative Day 3. (E) CRP level on Postoperative Day 1. (F) CRP 
level on Postoperative Day 3. The boxes indicate the 25th and 75th percentiles, whereas the bands near the middle indicate the median values. The 
bars indicate 1.5 interquartile ranges for specifically marked outliers. CRP, C-reactive protein; WBC, White blood cell.
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cancer. Therefore, with the advent of the da Vinci SP, the range of 
the application of the da Vinci SP is expected to expand from con-
ventional multiport robotic surgery to single-port robotic surgery.

Single-port laparoscopic surgery involves complicated surgical 
procedures and requires time to master the technique, but the 
introduction of single-port plus one-port laparoscopic surgery 
has addressed these issues. The advantage of single-port surgery 
is the cosmetic appearance of the wound; however, no clear con-
clusions have been reached regarding its invasiveness and patient 
satisfaction compared to laparoscopic surgery. The limitations of 
the present study are that it was performed using a small num-
ber of cases at a single center, and the long-term prognosis and 
patient satisfaction are unknown. It should be noted that the po-
tential bias may arise due to the retrospective study and the small 

number of participants in the SP-RH group. Therefore, an ap-
propriate study design, including patient background and sam-
ple size, as well as large-scale validation by prospective design or 
randomized controlled trial (RCT), will be needed.

This study confirmed the safe implementation and feasibility of 
single-port robotic hysterectomy using the da Vinci SP for be-
nign gynecological and uterine diseases. A single-port system 
seems particularly advantageous for patients in terms of esthetic 
outcomes and invasiveness. The da Vinci SP, a dedicated robotic 
surgical system, will especially help surgeons master the tech-
nique and improve clinical outcomes.
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