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composition.

incised, providing access to the perineal region.

and resources.

Background Robot-assisted surgery has proven to be a safe and feasible approach for the management of rectal
cancer, including abdominoperineal resection (APR). However, it often incurs longer operative times and higher costs.
This study aimed to overcome these limitations by adopting a synchronous approach utilizing an optimized team

Methods Data on patients who underwent robot-assisted APR at our facility between June 2022 and June 2023 were
analyzed. The key points of the optimized approach included the following: At the start of the surgery, the surgeon
performed an anococcygeal ligament resection from the perineal side while the bedside assistants set up the ports.
Then, through console manipulation, the presacral fascia, elevated by previously placed gauze, was easily and safely

Results A total of nine patients were included in this study. The median operation time was 231 min, and the intra-
operative blood loss was 170 ml. The operation time was reduced to 167.5 min, and the blood loss was 80.5 ml

in cases without a trainee. Surgical site infections, classified as Clavien-Dindo grade Il complications, were observed
in two cases, but no obvious urinary or erectile dysfunction was observed.

Conclusion The study results indicate that the challenges associated with APR can be efficiently addressed with-
out requiring additional personnel by streamlining team composition and the synchronous approach. This opti-
mization strategy minimizes the need for a larger surgical team, while maximizing the utilization of surgical time

Keywords Robotic surgery, Abdominoperineal resection, Resource management

Introduction

Abdominoperineal resection (APR) is the preferred sur-
gical method for advanced lower rectal cancer with large
tumors, sphincter invasion, or challenges in achieving
an adequate distal resection margin [1]. Compared with
other rectal surgeries, APR involves more complex surgi-
cal techniques in the deeper pelvis and requires access to
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the deepest part of the pelvic cavity. These complexities
increase the risk of a positive circumferential resection
margin (CRM), which can result in local recurrence [2].
Robot-assisted surgery has proven to be a safe and
feasible approach for the management of rectal cancer,
including APR [2-6]. Several studies have demonstrated
its technical viability and oncological effectiveness, espe-
cially in challenging cases with obesity or narrow pelvic
anatomy [7-10]. However, robot-assisted surgery has
some drawbacks, including longer operative times and
higher costs. The adoption of robotic technology in sur-
gery is rapidly increasing. However, there are concerns
about the initial implementation costs and the ongoing
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high operational costs associated with this approach [9,
11, 12].

Therefore, a synchronous approach was developed to
address the challenges associated with APR, including
reducing surgical time and overcoming technical difficul-
ties. This approach enables two surgical teams to simul-
taneously perform abdominal and perineal dissections
[13, 14]. However, a limitation of this approach was the
requirement for a larger surgical team consisting of four
or more surgeons. In our facility, we have streamlined
this surgical approach and mitigated this problem by hav-
ing the surgeon perform part of the perineal manipula-
tion while the assistants prepare for docking the patient
cart. This paper aims to highlight the positive results
achieved with this approach.

Material and methods

Patients and study design

This was a retrospective study. Data on 99 patients with
rectal cancer who underwent robot-assisted APR at
Gunma Prefectural Cancer Center between June 2022
and June 2023 were analyzed. In September 2019, the
implementation of robot-assisted rectal resection began
at our institution. From January 2020 onwards, robot-
assisted surgery was adopted as the standard approach
for all rectal cancer cases. By June 2022, the implemen-
tation of optimized robot-assisted APR was gradually
established, enhancing the efficiency of the procedure.
Cases involving lateral lymph node dissection were
excluded from the analysis to evaluate the surgical time.
The procedures were performed by two experienced
colorectal surgeons, who independently operated on the
cases. All aseptic maneuvers during the surgeries were
performed by two bedside assistants in training. Addi-
tionally, another trainee participated as the console sur-
geon under the dual-console system, receiving guidance
from experienced surgeons.

Clinical, pathological, and perioperative data were
collected from our institution’s surgical database. CRM
involvement was defined as the presence of tumor cells
located 1 mm or less from the painted resection mar-
gin as determined microscopically. Complications were
classified according to the Clavien—Dindo classification
[15], and major complications were defined as grade II or
higher. Postoperative complications were defined as the
occurrence of adverse events within 30 days after surgery.
Local recurrence-free survival (LRFS) was defined as
the duration in which patients remained free from local
recurrence post-surgery.

Surgical technique
Patients were consistently placed in the Trendelenburg
position from the beginning to the end of the surgery. In
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principle, three 8-mm robotic ports, one 12-mm robotic
port, and one laparoscopic trocar were placed (Fig. 1).

All pelvic operations were performed using a dual-con-
sole four-arm robotic system (Da Vinci® Xi, Intuitive Sur-
gical®), with fenestrated bipolar forceps attached to arm
1, monopolar curved scissors attached to arm 3, and tip-
up fenestrated grasper attached to arm 4.

The first half of perineal manipulation (Fig. 2)

(1) The anus was carefully sutured with a purse-string
stitch to prevent fecal leakage. After thorough dis-
infection, the surgery began.

(2) Simultaneously with the placement of ports by the
bedside assistants, the surgeon performed a circular
skin incision with a radius of approximately 3 cm
around the anus.

(3) An incision was made through the subcutaneous fat
using the bilateral ischial tuberosities and coccyx as
landmarks.

(4) The incision on the anterior wall side, involving the
superficial transverse muscle of the perineum and
the puborectalis, was kept to a minimum. Empha-
sis was placed on the coccyx, with the incision
extended toward the intrapelvic side.

(5) Sharp resection of the anococcygeal ligament at the
distal end of the coccyx enabled visualization of the
presacral fascia (Fig. 3).

(6) Gauze was placed in the plane, and the first half of
the perineal operation was completed.

These steps were carried out until the docking proce-
dure began.

Console manipulation

(1) The dorsal peritoneum of the inferior mesenteric
artery was separated, and both the artery and vein
were ligated and subsequently detached.

(2) The descending colon and sigmoid colon were
mobilized.

(3) The rectum was mobilized using the total mesorec-
tal excision method while a layer of visceral fascia
was maintained, and the autonomic nervous system
was preserved.

(4) Mobilization of the rectum anteriorly was termi-
nated below the level of the prostate (in males) or
cervix (in women).

(5) As the posterior mobilization of the rectum pro-
gressed, once it reached just anterior to the levator
muscles, the gauze, which was placed at the conclu-
sion of the first half of the perineal manipulation,
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became recognizable as the elevation of the presa-
cral fascia [16] (Fig. 4).

(6) The presacral fascia was sharply incised to create an
opening toward the perineal region. Then, the colon
was transected at least 10 cm from the rectal tumor
on the oral side (Fig. 5).

The latter half of perineal manipulation

(1) The anterior dissection was performed by flipping
the colonic stump to the perineal side for better vis-
ibility, and the specimen was removed.

(2) The closure of the perineal incisions was made.

As these steps were completed, the assistants simulta-
neously finalized the abdominal closure and colostomy
creation, bringing the entire surgery to a close.

Results

Of the 99 patients who underwent robot-assisted rectal
surgery at our hospital during the study period, nine were
included in this study. The average age of the patients was
Fig. 3 Resection of the anococcygeal ligament during the first half 63.5 years. Of the nine patients, five were males. Table 1
of the perineal manipulation shows the relevant patient characteristics. Patients 2, 6,
and 8 received chemotherapy or radiation therapy before
APR. Additionally, patient 2 underwent ileostomy con-
struction before the chemotherapy. For this patient,

R

Fig. 4 Visualizing gauze through elevation of the presacral fascia during an intra-abdominal surgical procedure
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the ileostomy was closed first, followed by the docking

procedure.

Table 2 shows the operative and pathological find-
ings. No injuries to other organs were observed, and
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no patients required conversion to open surgery. The
median operation time was 231 (153-341) min, and the
intraoperative blood loss was 170 (70—346) ml. Consider-
ing the last two cases where a trainee did not participate,

Fig. 5 Incision of the presacral fascia during an intra-abdominal surgical procedure

Table 1 Patient demographics and clinical characteristics

Patient No. Gender Age [years] BMI [kg/m2] ECOGPS Previously received therapy cT cN cM cTNM stage

1 M 75 226 1 4b (Prostate) 3 la IVA
2 M 59 27.7 0 nCT 4b (External anal sphincte) 1 0 1ic
3 w 51 26.25 0 3 0 0 1A
4 w 71 229 0 4b (External anal sphincte) 0 1a IVA
5 M 79 25.1 0 3 1 0 1B
6 M 55 27.6 0 nCT 3 2 la vA
7 w 77 19.5 0 4b (vagina) 0 0 1c
8 w 45 195 0 ESD+RT 2 0 0 I

9 M 60 20.3 0 3 0 0 1A

cT Clinical T stage, cN Clinical N stage, cM Clinical M stage, cTNM Clinical TNM stage, nCT Neoadjuvant Chemoradiotherapy, ESD+ RT Endoscopic Submucosal
Dissection + Radiotherapy

Table 2 Operative and pathological characteristics

Time of The First Half

Local Recurrence-

Patient No. D"“';:f'n") time Bl";"dl;"“ ufPerin(e::‘g)peralmn Dual Console System Histological type (SC‘;E) P”’"‘T:'m')’“"g“‘ Dis‘?'crm";‘gi" Pathologic TNM CRM H“sz’r‘lt:y‘;‘ay Complication Cc'laa‘;’s’j;‘w'::‘:n" ne& lsc:u"wd:]val
1 234 346 75 YES Moderately differentiated 38 14 55 pTZN1Mla Negative 23 Surgical site infection 1 15.0
2 246 143 10 YES Moderately differentiated 32 94 51 pT3,NO,MO Negative 12 No - 133
3 230 161 15 YES Well differentiated 63 89 29 PT2NOMO Negative 15 No - 129
4 341 218 14 YES Moderately differentiated 4.3 176 3 pT2NOM1a Negative 13 No - 132
s 231 170 15 YES Moderately differentiated 44 126 57 PT3NOMO Negative 16 No - 67
6 277 253 7 YES Moderately diferentiated 35 14 4 PT3NZM1a Negative 14 Paralytic ileus 1 45
7 192 193 6 YES Moderately differentiated 6.2 145 12 pT4b,N1,MON1a Positive 18 No - 6.4
8 182 70 10 No Moderately differentiated 24 84 25 PT3NOMO Negative 16 Surgical site infection i 42
9 153 91 95 No Moderately differentiated 53 117 9 PT3NOMO Negative 26 No - 12
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the average operation time was 167.5 min with a blood
loss of 80.5 ml. The median time of the first half of the
perineal manipulation was 10 (6-15) min. Patient 8,
who underwent combined resection of the vaginal wall,
showed positive CRM. The median postoperative hos-
pital stay was 16 (12-26) days. Surgical site infections,
classified as Clavien—Dindo grade II complications, were
observed in two cases: one at the drain removal site and
the other at the pelvis. No patient experienced obvi-
ous urinary or erectile dysfunction. There were no cases
of local recurrence or mortality observed during the
study period, and the median local recurrence-free sur-
vival (LRFS) was 6.7 (1.2—15.0) months. One patient was
undergoing chemotherapy for synchronous liver metas-
tasis, and another patient underwent radical resection for
metachronous liver metastasis.

Discussion
This study proposes an approach to enhance the effi-
ciency of robot-assisted APR surgeries without an
increase in personnel. This method has two main advan-
tages. First, the surgeon can proactively perform part of
the perineal manipulation while the bedside assistants
are setting up the port, which optimizes the use of sur-
gical time. Second, the dissection of the anococcygeal
ligament during the aforementioned process clarifies the
dissection point on the presacral fascia during console
manipulation, facilitating a safer and easier incision. In
this study, all our robot-assisted APR surgeries were suc-
cessfully completed without conversion to open surgery
or injury to other organs. Additionally, in the latter half
of the perineal manipulation, our approach enables the
bedside assistants to simultaneously finalize the abdomi-
nal closure and colostomy creation, bringing the entire
surgery to a close. This contributes to time savings on
abdominal closure and stoma construction, further opti-
mizing the surgical procedure and enhancing overall effi-
ciency. Moreover, our data indicated a median operation
time of 231 min, which is reduced compared to certain
previous studies on robot-assisted APR [2, 17]. Nota-
bly, in the last two cases where a trainee did not partici-
pate, the operation time further decreased to 167.5 min
on average. Intraoperative blood loss was also within an
acceptable range and was even lower (80.5 ml) in the
last two cases. Previous studies have shown that surgi-
cal proficiency can affect intraoperative blood loss, which
in turn influences postoperative morbidity and recovery
[18, 19]. These facts suggest that our optimized approach
has made the technically demanding procedure safer and
less complicated.

Notably, applying the synchronous approach signifi-
cantly reduces the need for a large surgical team. By opti-
mizing the operation sequence and synchronizing the
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abdominal and perineal dissections, the involvement of
excessive surgical staff could be minimized without com-
promising surgical efficiency or patient outcomes. Con-
sequently, two robot-assisted surgeries can be conducted
in a day using a single robot. This optimization of surgical
resources contributes to the overall efficiency of the sur-
gical department and further enhances the cost-effective-
ness of robot-assisted APR.

Furthermore, this study suggests that starting with the
resection of the anococcygeal ligament from the perineal
side is a safe and versatile technique. It can be effectively
applied not only in robotic surgeries but also in tradi-
tional open surgeries and laparoscopic procedures. By
directly palpating the coccyx and creating an endpoint
on the posterior aspect of the rectum during this stage,
it is possible to avoid the holy plane [20], where the rec-
tal mesentery tapers distally during posterior mobiliza-
tion of the rectum. This allows for a proper connection
with the perineal side without compromising the surgical
margins.

Our efficient robot-assisted APR approach is the prod-
uct of a collaboration between one operating surgeon and
two bedside assistants. Their combined training efforts
significantly contribute to reduced surgical times. It is
important to stress the critical role of the training and
development of bedside assistants in achieving these
efficiency improvements. Not all bedside assistants can
participate in this type of surgery without undergoing
training beforehand. In our facility, the surgeon remains
outside the sterile field during robot-assisted surgery,
delegating all sterile operations to the bedside assistants.
Our previous reports showed that the docking operation,
unique to robot-assisted surgery, can be mastered after
approximately 10 cases [21], making it accessible even to
trainee doctors. Thus, our bedside assistants can acquire
basic skills such as port placement, docking manipu-
lation, adhesiolysis, and anvil head attachment. They
have become proficient in resolving issues, such as port
detachment, inadequate pneumoperitoneum, and re-
docking, allowing the console surgeon to focus solely on
the surgical procedure. Our efficient robot-assisted APR
approach has achieved reproducible surgical outcomes
due to these modifications.

This study showed a noticeable trend of prolonged
hospitalization without medical necessity. We could
not prove that our management techniques effectively
reduced hospital stays. In Japan, the insurance system,
including national health insurance and private insur-
ance, significantly alleviates patients’ financial burdens
compared to those in Western countries [22]. Therefore,
patients in Japan often prioritize their families’ com-
fort and continuity of care within the hospital environ-
ment over reducing the length of their stay. This cultural
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preference presents challenges in meeting the targeted
lengths of hospital stays, underscoring this as a key area
for attention and improvement.

Limitations

This study has some limitations. This was a single-center
retrospective study, and a small number of patients were
evaluated. Data were obtained from a single institution,
potentially limiting the generalizability of our findings.
Additionally, long-term oncologic outcomes were not
analyzed in this study. Furthermore, this management
approach carries specific limitations that must be consid-
ered. First, performing the approach is not recommended
when anastomosis is possible. Second, this approach
is not applicable when considering coccyx resection.
Finally, the available evidence is inadequate to determine
the appropriate skill level of bedside assistants who can
participate in this approach. These limitations highlight
the need for further investigation and careful considera-
tion to optimize the application. Furthermore, these limi-
tations indicate the necessity for further investigation,
including studies across multiple institutions.

Conclusion

The study results indicate that the challenges associated
with APR can be efficiently addressed without requiring
additional personnel by streamlining team composition
and the synchronous approach. This optimization strat-
egy minimizes the need for a larger surgical team, while
maximizing the utilization of surgical time and resources.

Acknowledgements

The authors would like to express their heartfelt gratitude to the operat-

ing theater nurses at the Gunma Cancer Center—Nurse Umezawa, Nurse
Yamazaki, Nurse Iwase, Nurse Saguti, and Nurse Muto—for their generous
cooperation and invaluable contribution to the creation of our medical team.

Authors’ contributions

Research Conception/Design : Kazunosuke Yamada. Drafting of Manuscript:
Kazunosuke Yamada. Data Acquisition : Jun Imaizumi, Ryuji Kato, Takahiro
Takada, Data Analysis/Interpretation: Kazunosuke Yamada. Manuscript Prepa-
ration Final Approval: Hitoshi Ojima.

Funding
The authors received no specific funding for this work.

Availability of data and materials
The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board (IRB) of Gunma
Prefectural Cancer Center (IRB number 405-04030).

Competing interests
The authors declare no competing interests.

Page 7 of 7

Received: 20 July 2023 Accepted: 20 November 2023
Published online: 20 December 2023

References

1. Hawkins AT, et al. Abdominoperineal resection for rectal cancer in the
twenty-first century: indications, techniques, and outcomes. J Gastrointest
Surg. 2018;22(8):1477-87.

2. Kasai§, et al. Advantages of robotic abdominoperineal resection compared
with laparoscopic surgery: a single-center retrospective study. Surg Today.
2022;52(4):643-51.

3. Eftaiha SM, et al. Robot-assisted abdominoperineal resection: clinical, patho-
logic, and oncologic outcomes. Dis Colon Rectum. 2016;59(7):607-14.

4. Yang, et al. Robot-assisted versus conventional laparoscopic surgery for
colorectal disease, focusing on rectal cancer: a meta-analysis. Ann Surg
Oncol. 2012;19(12):3727-36.

5. YamaguchiT, et al. Robotic-assisted vs. conventional laparoscopic surgery
for rectal cancer: short-term outcomes at a single center. Surg Today.
2016;46(8):957-62.

6. YamaguchiT, et al. Short- and long-term outcomes of robotic-assisted
laparoscopic surgery for rectal cancer: results of a single high-volume center
in Japan. Int J Colorectal Dis. 2018;33(12):1755-62.

7. Shiomi A, et al. Robot-assisted versus laparoscopic surgery for lower rectal
cancer: the impact of visceral obesity on surgical outcomes. Int J Colorectal
Dis. 2016;31(10):1701-10.

8. HinoH, et al. Robotic-assisted multivisceral resection for rectal cancer: short-
term outcomes at a single center. Tech Coloproctol. 2017,21(11):879-86.

9. Jayne D, et al. Effect of robotic-assisted vs conventional laparoscopic surgery
on risk of conversion to open laparotomy among patients undergoing
resection for rectal cancer: the ROLARR randomized clinical trial. JAMA.
2017;318(16):1569-80.

10. Albayati S, et al. Robotic-assisted versus laparoscopic rectal surgery in
obese and morbidly obese patients: ACS-NSQIP analysis. J Robot Surg.
2023;17(2):637-43.

11, Kim CW, Kim CH, Baik SH. Outcomes of robotic-assisted colorectal surgery
compared with laparoscopic and open surgery: a systematic review. J
Gastrointest Surg. 2014;18(4):816-30.

12. Silva-Velazco J, et al. Considering value in rectal cancer surgery: an analysis
of costs and outcomes based on the open, laparoscopic, and robotic
approach for proctectomy. Ann Surg. 2017,265(5):960-8.

13. Schmitz RL, et al. Synchronous (two-team) abdominoperineal resection of
the rectum. AMA Arch Surg. 1958;77(4):492-7.

14. Shen K, Cui X, Xie Z. Double laparoscopy assisted cylindrical abdominal-
perineal resection for low rectal cancer with 4 cases report. Med (Baltim).
2018;,97(8):29995.

15. Dindo D, Demartines N, Clavien PA. Classification of surgical complications:
a new proposal with evaluation in a cohort of 6336 patients and results of a
survey. Ann Surg. 2004;240(2):205-13.

16. Kinugasa Y, et al. Anatomical reevaluation of the anococcygeal ligament
and its surgical relevance. Dis Colon Rectum. 2011,54(2):232-7.

17. Kamali D, et al. Short-term surgical outcomes and patient quality of life
between robotic and laparoscopic extralevator abdominoperineal excision
for adenocarcinoma of the rectum. Ann R Coll Surg Engl. 2017,99(8):607-13.

18. NapoliN, et al. State of the art of robotic pancreatoduodenectomy. Update
Surg. 2021;73(3):873-80.

19. Kang B, et al. The effect of the intraoperative blood loss and intraoperative
blood transfusion on the short-term outcomes and prognosis of colorectal
cancer: a propensity score matching analysis. Front Surg. 2022,9:837545.

20. Heald RJ, Moran BJ. Embryology and anatomy of the rectum. Semin Surg
Oncol. 1998;15(2):66-71.

21. Yamada K, Kogure N, Ojima H. Learning curve for robotic bedside assistance
for rectal cancer: application of the cumulative sum method. J Robot Surg.
2022;16(5):1027-35.

22. SasakiT, lzawa M, Okada Y. Current trends in health insurance systems:
OECD countries vs. Japan Neurol Med Chir (Tokyo). 2015;55(4):267-75.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Streamlining robotic-assisted abdominoperineal resection
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Patients and study design
	Surgical technique
	The first half of perineal manipulation (Fig. 2)
	Console manipulation
	The latter half of perineal manipulation

	Results
	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


