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Abstract
Purpose While laparoscopic pelvic exenteration reduces intraoperative blood loss, dorsal venous complex bleeding during 
this procedure causes issues. We previously introduced a method to transect the dorsal venous complex and urethra using 
a linear stapler during cooperative laparoscopic and transperineal endoscopic (two-team) pelvic exenteration. The present 
study assessed its effectiveness in reducing intraoperative blood loss by comparing it with conventional laparoscopic pelvic 
exenteration.
Methods This retrospective cohort study was conducted at a Japanese tertiary referral center. Eleven cases of two-team lapa-
roscopic pelvic exenteration with staple transection of the dorsal venous complex (T-PE group) were compared to 25 cases 
of conventional laparoscopic pelvic exenteration (C-PE group). The primary outcome measure was intraoperative blood loss.
Results There were no significant between-group differences in patient background. The mean intraoperative blood loss 
was significantly lower in the T-PE group than in the C-PE group (200 vs. 850 mL, p = 0.01). The respective mean operation 
time, postoperative complication rate, and R0 resection rate were similar between the T-PE and C-PE groups (636 min vs. 
688 min, p = 0.36; 36% vs. 44%, p = 0.65; 100% vs. 100%, p = 1.00).
Conclusions Two-team laparoscopic pelvic exenteration with staple transection of the dorsal venous complex reduced intra-
operative blood loss from the dorsal venous complex in a technically safe and oncologically feasible manner.
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Introduction

Despite the development of preventive medicine, approxi-
mately 10% of rectal cancer patients are still diagnosed with 
adjacent organ involvement on initial imaging examinations 
[1]. In some cases, pelvic exenteration (PE) is the only pro-
cedure through which a cure for such advanced tumors can 
be expected. However, technical difficulties, such as high 
intraoperative blood loss and a high rate of perioperative 
complications, pose a problem.

Laparoscopic surgery is well-known to reduce intraopera-
tive blood loss compared to open surgery due to the magni-
fied surgical field and pneumoperitoneum pressure. Recently, 
some articles have reported less blood loss and reasonably 
oncological feasibility of laparoscopic PE compared to open 
PE [2, 3]. However, the division of the dorsal venous com-
plex (DVC) in laparoscopic PE is an unfamiliar technique for 
colorectal surgeons, and it is sometimes difficult to achieve 
hemostasis despite using the traditional bunching method, 
soft coagulation, or vessel-sealing devices.

To reduce bleeding from the DVC, we previously reported 
a technique that transects the DVC and urethra using a linear 
stapler inserted through the perineal port in cooperative lap-
aroscopic and transperineal endoscopic (two-team) PE [4].

The present study evaluated the impact of this method on 
intraoperative blood loss reduction compared with that of 
conventional laparoscopic PE.
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Methods

Patient selection

This single-center retrospective study was approved by the 
ethics committee of the Cancer Institute Hospital (approval 
number: 2018-GA-1109). The procedures used in this 
study adhere to the tenets of the Declaration of Helsinki. 
Informed consent was obtained from all individual partici-
pants included in the study.

In our institution, laparoscopic PE was introduced in 
2013, and since then, we have performed all PE procedures 
for primary colorectal cancer laparoscopically. Between 
January 2013 and December 2021, 44 patients with pri-
mary colorectal cancer underwent PE at the Cancer Insti-
tute Hospital. Three women and 5 with PE and sacrectomy 
were excluded, leaving 36 patients enrolled in this study. 
These patients were divided into two groups: a group receiv-
ing two-team laparoscopic PE with transection of the DVC 
and urethra using a linear stapler (T-PE, n = 11) and group 
receiving conventional laparoscopic PE (C-PE, n = 25) 
(Fig. 1).

In the present study, PE included both total pelvic exen-
teration (TPE) and anterior pelvic exenteration (APE). 
According to a previous systematic review, TPE was defined 
as the en bloc removal of the anus, levator ani muscle, rec-
tum, bladder, distal ureter, and internal reproductive organs 
with tumor, and APE was defined as the removal of the rec-
tum, bladder, distal ureter, and internal reproductive organs 
while preserving the anal sphincter through coloanal anas-
tomosis or the double staple technique [5]. Neoadjuvant 
chemotherapy or chemoradiotherapy was administered to 
patients with locally advanced low rectal cancer. However, 
for patients with symptoms of bowel obstruction, neoadju-
vant treatment is introduced after colostomy, and for patients 
with uncontrollable infections due to tumor invasion, upfront 
surgery is considered. Bilateral pelvic lymph node dissec-
tion was performed when the tumor was located in the lower 

rectum. The final decision regarding these treatment plans 
was made during our team conferences.

Surgical procedure of two‑team laparoscopic PE

The transperineal and laparoscopic approaches were started 
synchronously. The laparoscopic approach was performed 
using the conventional five-trocar pneumoperitoneum tech-
nique. The inferior mesenteric artery was dissected at its 
origin, and adequate lymphoidectomy was performed. After 
mobilization of the sigmoid mesocolon, posterior dissection 
of the rectum was continued to expose the levator ani mus-
cle. The bilateral pelvic lymph nodes of the internal iliac and 
obturator areas were dissected en bloc with the tumor. The 
ureters were mobilized and transected at the ureterovesical 
junction.

In the case of TPE, a multi-access port (GelPoint Path, 
Applied Medical, Rancho Santa Margarita, CA, USA) was 
set at the incision of the perianal skin. Under a continuous 
pneumo-circulation system (AirSeal Intelligent Flow Sys-
tem, SurgiQuest, Milford, CT, USA), the ischiorectal fat 
was dissected until it reached the levator ani muscle. With 
transection of the pubococcygeal and rectococcygeal mus-
cles just caudal to the coccyx, the transperineal approach 
was communicated to the laparoscopic approach. The lateral 
and anterolateral parts of the iliococcygeal muscle were dis-
sected along the ischiopubic rami, and the puborectal muscle 
was dissected along the prostate to minimize bleeding under 
pneumoperitoneum (Fig. 2a). After adequate dissection of 
bilateral puboprostatic ligaments from the abdominal side 
and dissection of the sphincter muscle of the urethra from 
the tranperineal side, the DVC and urethra were completely 
exposed. A linear stapler (ECHELON FLEX Powered 
ENDOPATH stapler, with a blue 60-mm cartridge from 

Fig. 1  Flow diagram of patient selection in this study
Fig. 2  a Dissection line of total pelvic exenteration (TPE). b Dissec-
tion line of anterior pelvic exenteration (APE)
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Ethicon, Cincinnati, OH, USA; or Signia stapler, with a 
camel 60-mm cartridge from Covidien, Norwalk, CT, USA) 
was inserted through the transperineal port along the dorsal 
side of the pubic body, and then the DVC and urethra were 
carefully compressed and transected (Fig. 3). After tumor 
extraction through the perineal wound, an ileal conduit and 
a permanent colostomy were created.

In the case of APE, a multi-access port was inserted into 
the anal canal, and the rectum was closed with 2 clock-
wise sutures around the rectal lumen using a barbed suture 
(STRATAFIX from Ethicon or V-Loc from Covidien) 
10 mm from the distal edge of the tumor. A full-thickness 
incision of the rectal wall and dissection of the intersphinc-
teric space was performed with reference to the contraction 
of the external anal sphincter and the levator ani muscle. 
The transperineal approach was communicated to the lapa-
roscopic approach with the transection of the rectococcygeal 
muscle (Fig. 2b). After dissection of the puborectal muscle 
and puboprostatic ligaments, the DVC and urethra were dis-
sected in the same manner as for TPE (Fig. 3). The tumor 
was removed through a small incision in the umbilicus, 
hand-sewn coloanal anastomosis with diverting ileostomy 
was performed, and an ileal conduit was created (Fig. 2).

Data collection

We collected the patient's background and surgical and path-
ological data from our database. Patient background data 
included the age, American Society of Anesthesiologists 
physical status, body mass index (BMI), tumor location, 
tumor size, carcinoembryonic antigen level, clinical TNM 
stage, and presence or absence of preoperative therapy. Sur-
gical and pathological data included the surgical procedure, 

operation time, estimated blood loss, blood transfusion, con-
version to open surgery, mortality, postoperative complica-
tions, postoperative hospital stay, rate of positive resection 
margins, and pathological TNM stage. The data were com-
pared between the T-PE and C-PE groups.

Statistical analyses

Data are expressed as the median and interquartile range 
(IQR). The Mann–Whitney U test was used to analyze con-
tinuous variables, and the chi-square test and Fisher’s exact 
test were used to analyze categorical variables. A logistic 
regression analysis was used to clarify the factors affecting 
intraoperative blood loss. Results with a p value of < 0.05 
were considered significant. All analyses were performed 
using R, version 3.5.2. (R Foundation for Statistical Comput-
ing, Vienna, Austria).

Results

Table 1 shows the patients’ characteristics. All T-PE pro-
cedures were performed in the latter period of the present 
study. The median BMI tended to be higher in the C-PE 
group (20.5 vs 22.0, p = 0.07), while the tumor size tended 
to be larger in the T-PE group (85 mm vs. 60 mm, p = 0.09). 
There were no significant differences in the age, tumor loca-
tion, clinical TNM stage, serum CEA level, or preoperative 
treatment between the groups. All but one patient underwent 
complete transection using a linear stapler.

Table 2 shows the postoperative short-term outcomes. 
Two patients from the C-PE group required conversion to 
open surgery for a bulky tumor, while no conversion was 

Fig. 3  a After the pubopros-
tatic ligaments and puborectal 
muscle were dissected, the 
dorsal venous complex (DVC) 
and urethra were exposed. b, 
c A linear stapler was inserted 
through the perineal port, and 
the DVC and urethra were 
carefully compressed. d After 
the transection of the DVC and 
urethra, slight bleeding occurred 
at the staple line
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Table 1  Patients’ background 
characteristics

BMI body mass index, C-PE conventional laparoscopic pelvic exenteration, IQR interquartile range, TNT 
total neoadjuvant therapy, T-PE two-team laparoscopic pelvic exenteration

T-PE (n = 11) C-PE (n = 25) p value

Period of surgery  < 0.01
 Early (2013–2018) 0 16
 Late (2019–2021) 11 9

Age (median) (IQR) 61 (56–62) 61 (50–69) 0.77
BMI (median) (IQR) 20.5 (19.7–20.8) 22.0 (20.7–23.9) 0.07
Location (%) 0.47
 Sigmoid colon 0 5 (20)
 Upper rectum 7 (63.6) 6 (24)
 Lower rectum 4 (36.4) 14 (56)

Tumor size (mm) (range) 85 (66–109) 60 (55–70) 0.09
cStage (%) 0.49
 II 4 (36.4) 6 (24)
 III 6 (54.5) 13 (52)
 IV 1 (9.1) 6 (24)

Serum CEA (median) (range) 10.0 (7.4–23) 7.1 (0.9–24) 0.66
Preoperative treatment (%) 0.91
 None 4 (36.4) 8 (32)
 Chemotherapy 1 (9.1) 3 (12)
 (Chemo)radiotherapy 2 (18.2) 7 (28)
 TNT 4 (36.3) 7 (28)

Table 2  Short-term outcomes

C-PE conventional laparoscopic pelvic exenteration, T-PE two-team laparoscopic pelvic exenteration, APE 
anterior pelvic exenteration, TPE total pelvic exenteration, UTI urinary tract infection, IIA internal iliac 
artery, IIV internal iliac vein, [please define all abbreviations used]
*Clavien-Dindo grade ≥ 3
**Postoperative hospital stay

T-PE (n = 11) C-PE (n = 25) p value

Procedure 0.71
APE 3 (27.2) 9 (36)
TPE 8 (72.8) 16 (64)
Pelvic lymph node dissection (%) 9 (81.8) 22 (88) 0.63
Combined resection of the main trunk of IIA (%) 1 (9.1) 6 (24) 0.65
Combined resection of the main trunk of IIV (%) 0 0
Operation time (min) (median) (range) 636 (485–762) 688 (574–817) 0.36
Blood loss (mL) (median) (range) 200 (40–2330) 850 (140–4000) 0.01
Blood transfusion (%) 3 (27.2) 12 (48) 0.29
Conversion to open surgery (%) 0 2 (8) 1.00
Postoperative complications* (%) 4 (36) 11 (44) 1.00
Wound infection 0 1 (4)
Pelvic abscess 0 5 (20)
UTI 0 1 (4)
Complication of ileal conduit 1 (9) 2 (8)
 Pneumonia 0 1 (4)
 Ileus 1 (9) 3 (12)
 Anastomotic leakage 1 (9) 1 (4)
 Lymphorrhea 1 (9) 0
 Hospital stay** (day) (median) (range) 32 (26–43) 32 (26–47) 0.87
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observed in the T-PE group. The mean operative time 
was similar in both groups (636 vs. 688 min in the T-PE 
and C-PE groups, respectively, p = 0.36), while the mean 
estimated blood loss was smaller in the T-PE group than 
in the C-PE group (200 mL vs. 850 mL in the T-PE and 
C-PE groups, respectively, p = 0.01). The rate and amount 
of blood transfusion were similar between the groups. 
Although the postoperative complication rate (36% vs. 
44% in the T-PE and C-PE groups, respectively, p = 0.65) 
was not significantly different between the groups, a pelvic 
abscess was observed only in the C-PE group. There was 

no postoperative mortality, and postoperative hospital stays 
(32 days vs. 32 days in the T-PE and C-PE groups, respec-
tively, p = 1.00) were similar between the groups.

Table 3 demonstrates the pathological result. Pathologi-
cal T4b was identified in 45% of patients from the T-PE 
group and 36% from the C-PE group. Pathological complete 
regression was seen in one case from the C-PE group. The 
R0 resection rate was 100% in both groups. There was no 
significant difference in the pathological N and TNM stages 
between the groups.

Table 4 details the factors that affected intraoperative 
blood loss (blood loss < 560 ml vs. ≥ 560 ml in the T-PE and 
C-PE groups, respectively; dichotomized with a clinically 
relevant cutoff point). A univariate analysis revealed that a 
BMI ≥ 21, two-team approach, and operation time ≥ 600 min 
were significant factors associated with a low amount of 
blood loss. In a multivariate analysis, only a two-team 
approach remained an independent factor associated with a 
low amount of blood loss.

Discussion

This study revealed that transecting the DVC and urethra 
using a linear stapler in two-team laparoscopic PE dramati-
cally reduced intraoperative blood loss compared to conven-
tional laparoscopic PE. The operation time, postoperative 
complications, and R0 resection rates were similar between 
the two groups. To our knowledge, this is the first report 
to assess the impact of staple transection of the DVC and 
urethra on intraoperative blood loss during laparoscopic PE.

Since Brunschwig first reported pelvic exenteration in 
1948, a deep understanding of pelvic anatomy, advances in 

Table 3  Pathological findings

pT pathological T stage, pN pathological N stage, pCR pathological 
complete response, C-PE conventional laparoscopic pelvic exentera-
tion, T-PE two-team laparoscopic pelvic exenteration; [please define 
all abbreviations used]

T-PE (n = 11) C-PE (n = 25) p

(y)pT (%) 1.00
 pCR 0 1 (4)
 3 4 (37) 7 (28)
 4a 2 (18) 8 (32)
 4b 5 (45) 9 (36)

(y)pN (%) 1.00
 Negative 8 (72) 17 (68)
 Positive 3 (28) 8 (32)

(y)pStage (%) 1.00
 pCR 0 1 (4)
 2 8 (73) 15 (60)
 3 2 (18) 4 (16)
 4 1 (9) 5 (20)

R0 resection (%) 11 (100) 25 (100) 1.00

Table 4  Univariate and 
multivariate analyses of 
intraoperative blood loss 
(< 560 ml) using a logistic 
regression model

BMI body mass index, CI confidence interval, CEA carcinoembryonic antigen, HR hazard ratio, TPE total 
pelvic exenteration, IIA internal iliac artery

Variables n Univariate Multivariate

HR (95% CI) P-value HR (95% CI) p value

Age (≥ 60 years) 19 1.25 (0.33–4.64) 0.73
BMI (≥ 21) 19 5.20 (1.25–21.6) 0.02 4.43 (0.65–30.1) 0.12
Location (Rb) 18 0.40 (0.10–1.55) 0.18 2.27 (0.02–2.54) 0.25
Tumor size (≥ 60 mm) 23 2.08 (0.51–8.34) 0.30
Clinical Stage (III, IV) 26 1.75 (0.39–7.70) 0.46
Serum CEA (≥ 8) 16 2.50 (0.64–9.65) 0.18 3.05 (0.51–18.2) 0.22
Preoperative radiotherapy (yes) 20 0.40 (0.10–1.54) 0.18 0.83 (0.11–6.26) 0.85
Combined resection of main trunk 

of IIA (yes)
7 1.43 (0.27–7.55) 0.67

Two-team approach (yes) 11 0.17 (0.03–0.84) 0.03 0.11 (0.01–0.92) 0.04
Procedure (TPE) 24 0.60 (0.15–3.43) 0.49
Operation time (≥ 600 min) 24 7.29 (1.51–35.2) 0.01 2.83 (0.43–18.7) 0.27
Pelvic node dissection (yes) 31 0.62 (0.09–4.28) 0.63
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anesthesia, and the development of surgical devices have 
enabled surgeons to perform PE more safely in terms of 
improvement of morbidity, mortality, and oncological out-
comes. For instance, the postoperative mortality rate ranged 
from 17 to 23% in the 1940s to 1970s [6, 7], improving 
by 1–4% in the 1990s to 2000s [8, 9]. In contrast, intraop-
erative blood loss, which is known to be a risk factor for 
increased postoperative mortality as well as worsened long-
term outcomes in colorectal cancer [10–13], has remained 
high in PE, ranging between 800 and 2700 mL even in the 
2000s [14–16]. In the era of minimally invasive surgery, the 
incidence of laparoscopic PE has increased, and a recent 
meta-analysis revealed that laparoscopic PE is associated 
with reduced intraoperative blood loss compared to open 
surgery, with a median intraoperative blood loss of 550 mL 
in the laparoscopic group and 2300 mL in the open group 
[3]. In the present study, the mean intraoperative blood loss 
of the C-PE group was 850 mL, which was similar to that in 
previous reports, while that of the T-PE group was 200 mL, 
which was dramatically smaller than that reported previ-
ously. According to a Japanese multicenter cohort study, the 
mean blood loss of laparoscopic total mesorectal excision 
with lateral lymph node dissection was 193 mL [17], which 
is similar to the T-PE group in the present study. Therefore, 
staple transection may completely control bleeding around 
the DVC.

In the field of urology, there are some reports, wherein 
only the DVC was transected using an endovascular stapler 
in radical prostatectomy; however, its benefit in reducing 
intraoperative blood loss is unclear. Wu et al. noted that 
staple ligation of the DVC in robot-assisted laparoscopic 
radical prostatectomy (RARP) resulted in reduced blood 
loss compared with suturing [18]. In contrast, a randomized 
comparison study of endoscopic stapling with cut and suture 
ligation or suture ligation of the DVC in RARP revealed 
no marked differences in intraoperative blood loss [19]. In 
contrast to urological operations, not only the DVC but also 
the puborectal muscle is transected in PE, and colorectal 
surgeons often struggle with the problem of bleeding from 
branches of the internal pudendal vein that runs through the 
puborectal muscle and flows into the DVC. In the present 
study, we ligated and transected the DVC en bloc with part 
of the puborectal muscle using a linear stapler, which might 
reduce bleeding around the DVC.

To enable the insertion of the linear stapler through the 
perineal port while maintaining pneumoperitoneum and a 
clear surgical view, we introduced a two-team approach. 
When transecting the DVC in conventional PE, the handling 
of forceps or a linear stapler inserted through the abdomi-
nal port is limited by the pubic body or the tumor itself, 
which may result in dissection of the DVC being impossible 
or a positive resection margin if the tumor invades the dis-
tal prostate or membranous urethra. Because the DVC and 

urethra are located near the perineal port, a linear stapler 
is inserted directly along the pubic body, and the tip of the 
linear stapler is visible from the abdominal side. The DVC 
and urethra are easily transected, even at the bulbous por-
tion, with a secure negative resection margin.

The two-team approach has the advantage of enabling 
dissection of the sphincter muscle of the urethra from the 
perineal side prior to dissection of the DVC. A previous 
report described a case of unsuccessful ligation of the DVC 
and urethra due to the thickness of the DVC [20]. This event 
is suspected to be due to inadequate dissection of the sphinc-
ter muscle of the urethra. Although it may not always be nec-
essary, in the present study, the sphincter muscles of the ure-
thra and puboprostatic ligament were adequately dissected 
on both the abdominal and perineal sides, and staple tran-
section of the DVC and urethra was completed in almost all 
cases. However, severe tissue fibrosis around the DVC and 
puborectal muscle due to preoperative chemoradiotherapy 
were observed in one case, in which stapled transection was 
interrupted even after dissection of the puborectal muscle, 
puboprostatic ligament, and sphincter muscles of the urethra. 
In such cases, the DVC was coagulated and dissected using 
soft coagulation or a vessel-sealing system after the urethra 
had been ligated and divided.

Several articles have reported other advantages of two-
team endoscopic extended surgery in terms of shorter opera-
tion time, less blood loss, and fewer complications [20–23]. 
In the present study, the operation time and postoperative 
complication rates were similar between the groups. This 
finding may be attributed to the inclusion criteria. Although 
no significant difference was seen in the tumor size, in the 
early period of introduction, two-team surgery was per-
formed only for bulky tumors in which approaching the 
deep pelvis from the abdominal side was expected to be dif-
ficult. Therefore, more difficult cases tended to be included 
in the T-PE group rather than the C-PE group, resulting in 
no marked difference in the operation time or postoperative 
complication rate.

Several limitations associated with the present study 
warrant mention. First, it was a retrospective study. Second, 
there was difficulty in quantifying the correct amount of 
bleeding around the DVC. Although we assessed all opera-
tion videos in this study and concluded that the majority 
of the bleeding occurred around the DVC, it is difficult to 
distinguish the amount of bleeding from the DVC and that 
from other parts. Third, the possibility of selection bias was 
high. Although the patients’ background characteristics were 
similar between the two groups, all T-PE procedures were 
performed in the latter period of this study. Improved surgi-
cal performance with experience or advances in hemostasis 
devices may, therefore, have influenced our intraoperative 
blood loss results. Furthermore, the indication for two-team 
surgery was determined in a team conference with reference 
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to the surgeon’s proficiency for transperineal surgery, the 
manpower required for two-team surgery, and the patient’s 
general condition. Therefore, a large-sample prospective 
study is warranted to confirm our findings. Fourth, the 
oncological feasibility of staple transection of the urethra 
is unclear. Staple transection of the ureter may cause local 
recurrence in cases in which the tumor is exposed on the 
bladder mucosa or in cases in which urine cytology is posi-
tive. However, the long-term outcome needs to be evaluated. 
Fifth, technical difficulties were encountered. Laparoscopic 
multi-visceral resection remains a challenging technique, 
and laparoscopic TPE is far from a standard procedure. Fur-
thermore, transperineal endoscopic surgery requires a pro-
found understanding of the surgical anatomy, and its onco-
logical feasibility remains unclear. In the present study, all 
procedures were performed by experienced board-certified 
surgeons familiar with transperineal and laparoscopic sur-
gery. We should note that the results of the present study are 
based on a procedure performed by a professional surgical 
team.

In conclusion, two-team endoscopic surgery and transec-
tion of the DVC using a linear stapler are safe and associated 
with a reduction in intraoperative blood loss in PE.
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