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Abstract

Introduction: No standard procedure has been established for laparo-
endoscopic single-site surgery for urachal remnants (LESS-U). This study aimed
to report the novel surgical techniques and initial outcomes of laparoendoscopic
single-site surgery with an extraperitoneal approach through a suprapubic port
for urachal remnants (spLESS).

Methods: Fifty-five patients (median age, 27 years; range, 15-69 years) who
underwent LESS-U were analyzed. To overcome the limitations inherent in
the conventional procedure (LESS-U through an umbilical port: uLESS), we
modified the port placement and approached via the extraperitoneal space.
SpLESS is a novel procedure which reduces intestinal damage caused by the
extraperitoneal approach and overcomes incomplete resection of the urachal
remnant, especially in the bladder dome. Three trocars are inserted into the
extraperitoneal space through a suprapubic port in spLESS, and complete
resection of the urachal remnant from the umbilicus to the bladder is per-
formed with an appropriate incision line. Patient characteristics and periopera-
tive results were retrospectively collected. Cosmetic outcomes were
prospectively evaluated using self-administered questionnaires (body image
and photo-series questionnaire).

Results: spLESS and uLESS were performed in 43 and 12 patients, respec-
tively. No differences were observed between the perioperative results. The
cosmetic outcomes were compared between the groups using body image and
photo-series questionnaires. No patient developed major complications; there
was no recurrence in either group.

Conclusions: spLESS is a novel procedure which can completely resect the
urachal remnant and reduce the risk of intestinal damage. spLESS is a safe,

effective, and feasible procedure with high postoperative cosmesis.
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medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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1 | INTRODUCTION

A urachal remnant (UR) is a rare congenital anomaly
which occurs in approximately 0.02%-0.064% of adults."
Previously, symptomatic UR was treated with open sur-
gery. However, laparoscopic resection of UR (LAP-U) has
been introduced as a less invasive treatment in recent
years.> Laparoendoscopic single-site surgery for UR
(LESS-U) was reported as a new procedure, which pro-
vides improved cosmetic outcomes by reducing the num-
ber of ports.* Modified LESS-U procedures have been
reported by several institutes.’'* In these reports,
LESS-U through an umbilical port (uLESS) with an intra-
peritoneal approach is the standard procedure. This pro-
cedure is simple and has high perioperative cosmesis. In
July 2017, we began performing uLESS. In January 2018,
uLESS approach was changed to an extraperitoneal
approach to preserve the peritoneum and reduce the risk
of intestinal complications. uLESS with extraperitoneal
approach was considered a safer procedure because it
was easy to repair the peritoneum for defects due to
inflammatory adhesions with UR.

However, uLESS is associated with two problems,
regardless of the approach selected. First, the distance of
the surgical field from the umbilicus is very narrow,
whether under direct vision or laparoscopy, and it is diffi-
cult to resect the inflamed UR from the surrounding nor-
mal tissue, such as the skin of the umbilicus and
peritoneum. In cases where UR, peritoneum, and intes-
tine have severe inflammatory adhesion, the risk of intes-
tinal damage is elevated.!! Second, there is a problem
related to the resection range of UR, particularly on the
bladder dome. The necessity of bladder dome cuff
resection (BR) is controversial; however, we believe that
BR is necessary for complete resection of UR. To over-
come these problems, we improved and modified LESS-U
procedure.

We started performing laparoendoscopic single-site
surgery for UR with an extraperitoneal approach through
a suprapubic port (spLESS) in December 2018. Unlike
uLESS, spLESS allows UR to be resected at an appropri-
ate and safe incision line as the distance between the port
and UR attached to the umbilicus is appropriate. In addi-
tion, peritoneal preservation and repair are easy, reduc-
ing the risk of intestinal complications. Furthermore, BR
from the suprapubic port wound can be easily performed
under direct vision. We believe that the new techniques
of spLESS are ideal for overcoming the problems

associated with uLESS. In this study, we report on these
novel surgical techniques and the initial results of
SpLESS.

2 | MATERIALS AND METHODS

The present study included 55 patients with symptomatic
UR who underwent LESS-U at the University of Tsukuba
Hospital, Ibaraki, Japan, between July 2017 and December
2021. Among these 55 patients, 43 underwent spLESS, and
12 underwent uLESS. All patients had complete control of
the umbilical infection with antibiotics and/or drainage.
None of the patients had an active infection at the time of
surgery. The clinical and perioperative data were retro-
spectively analyzed to compare the safety and efficacy of
this novel LESS-U technique. Patient satisfaction with
cosmesis of the operative scar after LESS-U was evaluated
using postoperative self-administered quality-of-life (QOL)
questionnaires: the body image questionnaire (BIQ) and
photo-series questionnaire (PSQ).>** BIQ includes the
body image score (BIS) and cosmetic scale (CS). BIS is cal-
culated as the sum of the five questions concerning the
patient's perception of and satisfaction with their body
after surgery. The total BIS ranged from 5-20. CS is the
sum of three questions that assess the patient's satisfaction
with the surgical scar. The total CS ranged from 3-24. To
assess PSQ, patients were asked to rate photographs of
representative scars after spLESS and uLESS on a scale of
1-10. The patients were then asked to rate their own scars.
In this study, we evaluated the patients’ personal scores of
their own scars. Higher BIS, CS, and PSQ scores indicated
greater patient satisfaction.®"?

Continuous variables were compared using the
Mann-Whitney U test. Nominal data were compared
using the Chi-square test. Statistical significance was set
at P < .05. Statistical analysis was performed using JMP®
version 12.0.1 (SAS Institute Inc., Cary, NC, USA).

Data were collected prospectively after obtaining
approval from the institutional ethics committee (IRB
No. R01-214). Informed consent was obtained from all
the patients in this study.

2.1 | Procedure of spLESS

The patients were placed in a lithotomy position with the
surgeon standing between the legs of the patient. A
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FIGURE 1
(white line), (B) position of

(A) Incision site

instruments

FIGURE 2
technique for suprapubic
laparoendoscopic single-site surgery
(spLESS). (A) Laparoscopic findings
of urachal remnant. UR: urachal
remnant. (B) Laparoscopic findings
of dermis of umbilicus. Asterisk:

Laparoscopic

dermis of umbilicus; RM: rectus
abdominis muscle; arrow:

resection edge of the posterior layer
of rectus abdominis sheath;
arrowhead: fat tissue surrounding the
umbilicus. (C) Laparoscopic findings
of the wall of the fistula of UR
attached to the bottom of the
umbilicus (arrow). Asterisk: dermis
of the umbilicus; UR: urachal
remnant. (D) Laparoscopic findings
of suturing technique for defect of
peritoneum

transverse incision of approximately 3 cm was made 4 cm
above the pubic bone (Figure 1A). From this window, the
space of Retzius was bluntly dilated with the forefinger.
Multi-channel extraperitoneal port, LAP PROTECTOR
and EZ Access (Hakko, Tokyo, Japan), were introduced
into the space of Retzius through the incision. Three tro-
cars were inserted through the multi-channel port into
the extraperitoneal cavity (Figure 1B). A 5-mm flexible
laparoscope (Olympus, Tokyo, Japan) was used for the
laparoscopic procedure.

Scissors were used to carefully dissect UR, covered by
preperitoneal fat, from the posterior layer of the rectus
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abdominis sheath, while avoiding damage to the perito-
neum. UR was further dissected in the cranial direction,
and UR just below the umbilicus was sufficiently dis-
sected from the rectus abdominis sheath (Figure 2A). An
incision was made in the posterior layer of the rectus
abdominis sheath. The umbilicus was pushed from out-
side the body, and the skin of the umbilicus was con-
firmed. UR and surrounding inflammatory tissues were
excised from the umbilical skin at an appropriate
resection line (Figure 2B). As the separation between UR
and the umbilicus progressed, the wall of the fistula
between the inflammatory tissue of UR and the dermis of
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the umbilicus could be confirmed (Figure 2C). The liga-
ment (the wall of the fistula) of UR was cut at the bottom
of the umbilicus. After complete separation of UR and
the umbilicus, UR and surrounding inflammatory tissue
were carefully dissected in the direction of the bladder
while preserving the peritoneum. The umbilical arteries
were transected using a vessel-sealing device. In cases
where the peritoneum was resected due to severe adhe-
sion to UR, the peritoneum was repaired with running
sutures using 3-0 V-Loc (Medtronic, Minneapolis, MN,
USA) to prevent postoperative adhesion between the
bowel and the abdominal wall (Figure 2D).

After excision of the full length of UR, except for the
bladder dome, UR was pulled out of the body through
the suprapubic incision (Figure 3A). Thereby, the bladder
dome could be confirmed under direct vision, and BR
could be performed out of the incision. As a result, UR in
the bladder dome could be completely resected, and
watertight bladder repair was easily performed with
double-layer suturing (Figure 3B and C).

Following the resection of UR, a modified three-flap
umbilicoplasty was performed. The original method was
reported by Kim et al.'' The umbilicus was everted to
confirm the fistula at the bottom of the umbilicus
(Figure 4A). A circular incision was then created around
the fistula, and an inverted Y-shaped incision was made
in the skin within the umbilical ring to produce the three
skin flaps. After unfolding the three skin flaps, any
inflammatory tissue remaining in the umbilical skin was
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FIGURE 3
bladder dome cuff resection under

Technique for

direct vision. (A) Findings of resected
urachal remnant. (B,C) Findings of
bladder dome cuff resection. Arrow:
resected mucus of bladder dome

excised (Figure 4B). The subumbilical defect of the rectus
abdominis was sutured closed, and the three flaps were
sutured to the fascia. The postoperative appearance is
shown in Figure 4C.

3 | RESULTS

The patient characteristics and perioperative results are
presented in Table 1. There were no significant differ-
ences in patient characteristics between the two proce-
dures. Umbilical resection was performed in almost all
cases in both groups. In contrast, the frequency of the
extraperitoneal approach and BR was significantly higher
in the spLESS group (P < .01). The median operative
time and estimated blood loss in the spLESS group were
160 minutes and 5 mL, equivalent to that of the uLESS
group (P = .36 and .2), despite the significantly higher
rate of BR in the spLESS group. The median time for
umbilicoplasty was 93 minutes (range, 39-187 minutes)
in the spLESS group, including the time for port place-
ment and wound closure. There were no instances of
intraoperative complications. There were three cases of
postoperative surgical site infections of the umbilicus
(Clavien-Dindo grade II), and there was no difference
between the two groups (P = .53). The median follow-up
was 25.5 months (range, 1-54 months), and no patients
have developed recurrences of periumbilical discharge
to date.



HOSHI ET AL.

FIGURE 4 Techniques for
umbilicoplasty. (A) Findings of skin
of the umbilicus. Arrow: the fistula of
urachal remnant. (B) Findings of
three skin flaps. Arrow: the defect of
the rectus abdominis fascia. (C)
Postoperative appearance. Arrow:
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suprapubic wound
TABLE 1 Patient characteristics, spLESSn —43 uLESSn—12 Pvalue
perioperative results in spLESS and
ULESS Age: median (range) 25 (15-48) 29 (16-69) .14
Gender (F/M) 14/29 5/7 81
Classification of urachal remnant .69
Urachal sinus 39 9
Urachal cyst 2 1
Urachal diverticulum 2 2
Approach extra 43 intra 0 extra 8 intra 4 <.01
Umbilical resection 41 (95%) 12 (100%) NS
Bladder dome cuff resection 42 (98%) 3 (25%) <.01
Operative time: median (range), min 160 (92-269) 166 (101-267) .36
Estimated blood loss: median (range), mL 5 (0-52) 3.5 (0-46) 2
Complication SSI 2 (4.7%) SSI1(8.3%) .53

Abbreviations: extra, extraperitoneal approach; intra, intraperitoneal approach; NS, not significant; spLESS,
suprapubic laparoendoscopic single-site surgery; SSI, surgical site injury; uLESS, umbilical port
laparoendoscopic single-site surgery.

The cosmetic outcomes for the spLESS and uLESS
groups are shown in Table 2. Thirty-four of the 55 patients
(62%) answered the QOL questionnaires: 27 out of
43 (63%) in the spLESS group and seven out of 12 (58%)
in the uLESS group. The median time when answering
the questionnaire was 6 months after surgery. The
median BIS, CS, and PSQ scores of the spLESS group
were 20, 19, and nine, respectively, and those of the
uLESS group were 19, 18, and eight, respectively. There
were no significant differences between the two groups
(P = .15, .49 and .35).

4 | DISCUSSION

To overcome limitations inherent in uLESS procedure,
we modified the port placement and changed to approach
via the extraperitoneal space. In this study, we evaluated
the safety and feasibility of this novel procedure as an
alternative to uLESS.

LAP-U was first reported in 1993, and various
LAP-U port placement techniques have since been
reported.'*** In 2010, Patrzyk et al. first reported
LESS-U as a highly cosmetic and useful procedure.* Since
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TABLE 2 Cosmetic outcomes in spLESS and uLESS
SpLESS n = 27 uLESSn =7 P value

Response rate 63% 58% NS

BIS: median (range) 20 (16-20) 19 (18-20) 15

CS: median (range) 19 (13-24) 18 (12-24) .49

PSQ: median (range) 9 (5-10) 9 (6-10) .35

Abbreviations: BIS, body image score; CS, cosmetic scale; NS, not significant; PSQ, photo-series questionnaire; spLESS, suprapubic laparoendoscopic single-site

surgery; uLESS, umbilical port laparoendoscopic single-site surgery.

then, LESS-U has been used in several institutes, and its
usefulness and safety have been reported.’* In addition,
it has been reported that reduced port surgeries, such as
LESS-U, are highly satisfactory for postoperative patients
in cosmesis, especially in young patients.>®** URs are
more common in young patients who are interested in
wound cosmesis. For this reason, we believe that postop-
erative cosmetics are more important in LESS-U than in
other surgeries. In this respect, LESS-U could be consid-
ered the most suitable surgery for symptomatic UR.

For LAP-U, including LESS-U, the transperitoneal
approach was selected in all cases that have been
reported,” *>'*?* and there are no reports on the extra-
peritoneal approach. In the transperitoneal approach, a
peritoneal defect during ureteral resection is inevitable, and
complete closure by suturing the peritoneum is technically
difficult. There is no consensus concerning peritoneal
suture repair; however, we believe that it is ideal to preserve
the peritoneum as much as possible and repair it, as this
may reduce the risk of intestinal complications. There was
a report of serosal injury of the colon during LESS-U with
the transperitoneal approach,'’ which may have been
avoided by the retroperitoneal approach. We selected the
extraperitoneal approach from the fifth case of LESS-U, and
the patients did not develop any intestinal complications,
such as intestinal injury or ileus.

LESS-U is commonly performed through the umbili-
cal wound.”"* The uLESS technique is probably the best
technique in terms of cosmesis. However, a major prob-
lem with uLESS is the difficulty in resecting UR around
the umbilicus. Under direct vision, it is difficult to resect
UR from the surrounding tissue as the umbilical wound
used for the multi-channel port is small in diameter. In
laparoscopy, UR (especially in case of urachal sinus) is
very close to the multi-channel port, making it difficult to
resect UR at a safe distance. Therefore, we repositioned
the multi-channel port from the umbilicus to the sup-
rapubis. In this technique (spLESS), the distance between
the umbilicus and the suprapubic port is appropriate,
and it is easy to perform laparoscopic dissection around
the umbilicus at an appropriate incision line. In addition,
this procedure minimized the defect of the rectus

abdominis fascia (Figure 4B, arrow). Extensive
resection of the rectus abdominis fascia has been reported
to cause periumbilical hemorrhage.” Furthermore, to
prevent postoperative umbilical hernia, it is desirable that
the defect be as small as possible. In this regard, we con-
sidered spLESS as the most appropriate technique.

The suprapubic port provided a good view of the full
length of UR and allowed adequate access to the umbili-
cus and bladder dome. This technique is feasible for
excising URs, whether the inflammatory lesion is at the
umbilicus or at the bladder, and it may reduce the risk of
incomplete excision of UR. Regarding the extent of resec-
tion, Maemoto et al. reviewed 210 cases of LAP-U?? and
reported that 102 patients (48.6%) underwent umbilical
resection (the wall of the fistula resection at the bottom
of the umbilicus). The recurrence of periumbilical dis-
charge has been reported to develop in cases without
umbilical resection.'>'®** To prevent recurrence, we
believe that umbilical resection and complete resection of
inflammatory tissue are necessary.

In addition, spLESS has another advantage in that the
bladder can be more easily and reliably resected under
direct view by pulling the bladder dome out of the
suprapubic incision. In contrast to open surgery, there
are no general criteria for the indication of BR in LAP-U.
The main reason for this may be that BR is difficult in
laparoscopy, especially in uLESS. There are various dis-
cussions on the necessity of BR. Some report that BR was
not required if there were no findings on the
image,'>'®'® while others affirm that BR is necessary
considering future malignant transformation.®*'>%*
However, it is difficult to find a minute lesion at the blad-
der dome, even if various imaging studies (cystoscopy,
ultrasound, computed tomography and magnetic reso-
nance imaging) are performed. In addition, Maemoto
et al. reported that epithelium was present in the resected
UR tissue in four out of 14 and 44 out of 210 cases
reviewed.”” Therefore, we investigated the presence of
epithelium in the muscle of the bladder dome. We per-
formed a pathological investigation of the muscle at the
bladder dome in patients with no evidence of epithelium
in the preoperative images. As a result, epithelium was
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FIGURE 5 Microscopic findings of the urachal remnant in the
muscle of the bladder dome with hematoxylin and eosin stain.

(A) Finding of a typical epithelium. (B) Finding of the mucus-
production columnar epithelium

found within the muscle layer of the bladder in 16 out of
22 cases (73%) (Figure 5A). Among them, urothelial cells
were found in 11 cases, while columnar epithelium or
stratified squamous epithelium was found in five cases.
One case showed mucus-producing columnar epithelium
(Figure 5B). We presume that such epithelia have malig-
nant potential. For this reason, unless the entire length of
UR, including the bladder dome, is resected, epithelial
components with malignant potential may remain in the
body. To prevent malignant transformation in the future,
we suggest BR as a standard procedure, even in cases
where there are no findings in the bladder dome in preop-
erative images. As BR can be performed easily and reliably
under direct vision, spLESS is a highly curative surgery.

A significant problem with umbilical resection is the
postoperative deformation of the umbilicus. There are
several reports of umbilicoplasty to minimize deforma-
tion.”'"1%*! We improved the method by Kim et al."' to
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perform umbilicoplasty. Our modified method differs
from the original method in that the skin of the umbili-
cus is everted before incision (Figure 4A). Therefore, the
wall of the fistula at the bottom of the umbilicus can be
confirmed and completely resected without any problem
even in patients with severe preoperative inflammation
and deformity of the umbilics. This method minimized
incision of the skin in the umbilical ring ensuring that
the umbilical skin can be preserved as much as possible.
Thus, the postoperative deformation of the umbilicus is
minimized (Figure 4C). Regarding the postoperative
appearance, the difference between uLESS and spLESS is
the presence of a suprapubic wound. The suprapubic
wound was hidden by underwear and/or pubic hair;
however, we expected a reduction in postoperative
patient satisfaction with cosmesis. However, there were
no differences between the two procedures in the self-
completed questionnaires. This led to the conclusion that
the suprapubic wound had minimal effect on patient sat-
isfaction with regard to cosmesis.

Table 1 shows the perioperative results of LESS-U
performed at our institute. There was no difference in the
results between the spLESS and uLESS groups, including
the complication and recurrence rates. Perioperative
results of LESS-U from other institutions reported that
the mean operative time was 80-150 minutes and the
mean estimated blood loss was 5-50 mL,* 2 which was
not different from the present study. Based on these
results, we concluded that spLESS is a safe and feasible
procedure.

This study had several limitations. This study is rela-
tively large for LAP-U in a single institute; however, the
small number of patients and retrospective analysis of
perioperative results are limited. Although a larger, pro-
spective randomized study is required, it would be diffi-
cult because UR is a rare congenital anomaly. In terms of
cosmetic outcomes, there are some limitations. The low
response rate for BIQ and the cross-sectional research,
which was the time spent answering the questionnaire in
each group, was imbalanced. Longitudinal research with
a larger number of patients is required to better under-
stand the cosmetic outcomes of spLESS.

In conclusion, the perioperative results and cosmetic
outcomes for spLESS were not significantly different
from those of uLESS. Thus, we consider spLESS as an
effective and feasible procedure to overcome the prob-
lems associated with uLESS.
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