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BACKGROUND: Peritoneal metastases from gastrointestinal cancer can be treated by a combination of
surgery to remove visible evidence of disease and perioperative intraperitoneal chemotherapy to eradi-
cate microscopic disease. Complete cytoreduction is necessary for long-term benefit.
METHODS: Two sites for incomplete cytoreduction because tumor is hidden from visual inspection were
identified. Patients who developed recurrence at these anatomic sites were studied.
RESULTS: A peritoneal tunnel along a patent processus vaginalis allowed tumor to be sequestered along
the inguinal canal in a female patient. A peritoneal tunnel beneath a hepatic bridge over the round
ligament obscured mucinous tumor in a male patient.
CONCLUSIONS: Peritoneal tunnels in the inguinal region or at the porta hepatis should be opened by
surgical dissection so that all foci of peritoneal metastases are removed at a complete cytoreductive
surgery and these sites treated with chemotherapy.

© 2019 The Author. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

The surgical management of peritoneal metastases from gas-
trointestinal and gynecologic malignancy is a recent innovation
that is now pursued worldwide with enthusiasm [1]. The fore-
most requirement for success is, as is true for all abdominal and
pelvic malignancy, completer visible clearance of the neoplastic
process. This is referred to in the peritoneal surface malignancy
literature as a complete cytoreduction [2]. In a majority of patients
with peritoneal metastases this requires both peritonectomy pro-
cedures and visceral resections [3,4]. The cytoreductive surgery,
which achieves clearance of all visible evidence of cancers, is usu-
ally combined with perioperative intraperitoneal chemotherapy,
to eradicate microscopic disease [5]. However, all peritoneal sur-
face oncology teams agree that tumor deposits that remain after
the cytoreductive surgery will inevitably progress and result in
recurrent disease.

There are some structures within the abdomen and pelvis that
may be at particularly high risk for persistence and then progres-
sion of peritoneal metastases. These sites of recurrence may be
observed in patients with low grade mucinous appendiceal neo-
plasms because the bulk of disease is consistently eradicated by
cytoreductive surgery and perioperative chemotherapy [6]. This
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allows isolated sites of treatment failure to be clearly demonstrated.
A structure within the peritoneal space that may, with some repe-
tition, be associated with recurrence is the peritoneal tunnel. Two
peritoneal tunnels may exist in patients with peritoneal metas-
tases, the inguinal canal and the hepatic bridge. The manuscript
presents patients with persistent and progressive mucinous appen-
diceal malignancy within the inguinal canal and beneath the
hepatic bridge. Surgical precautions to prevent these sites of recur-
rence are discussed.

Data on these 2 patients was prospectively recorded and then
retrospectively reviewed at an academic institution. This research
work has been reported in line with the PROCESS criteria [7]. This
study was registered as a case series on the www.researchregistry.
com website with UIN 4783.

2. Patient 1

In September 2013, a 59year old woman consulted her fam-
ily physician with abdominal distention increasing over 2 months.
Ultrasound of the abdomen showed bilateral ovarian tumors and
copious ascites. In October, an exploratory laparotomy was per-
formed by a gynecologic oncologist who performed a hysterectomy
and bilateral oophorectomy, omentectomy, appendectomy, and
tumor debulking. All specimens showed well-differentiated muci-
nous adenocarcinoma with the primary site within the appendix.
The patient recovered well following surgery and underwent
follow-up using CT.

2210-2612/© 2019 The Author. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article under the CC BY license (http://creativecommons.
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Fig. 1. CT cut through the pelvis show a 4cm cystic mass with peripheral cal-
cification in the right inguinal region. This was compatible with recurrence of
pseudomyxoma peritonei 6 years after initial treatment.

In 2015, CT showed progression of disease and the patient
was evaluated by a peritoneal surface oncology team. CEA, nor-
mal postoperatively in 2013, had increased to 11. CT showed
mucinous tumor widely distributed on parietal peritoneal surfaces
especially beneath the right hemidiaphragm and in the pelvis. A
cytoreductive surgery lasting 7h was performed. The procedure
required right upper quadrant peritonectomy, greater and lesser
omentectomy, cholecystectomy (for cholelithiasis), and pelvic peri-
tonectomy. Hyperthermic intraperitoneal chemotherapy (HIPEC)
and early postoperative intraperitoneal chemotherapy (EPIC) were
used [4,5]. All specimens were compatible with diffuse peritoneal
adenomucinosis (DPAM) [8]. The patient was followed by abdom-
inal and pelvic CT every 6 months for 3 years and then yearly.

In 2019, CT of abdomen and pelvis showed a 4 cm cystic col-
lection in the right inguinal canal (Fig. 1). Also, a 5cm in greatest
diameter cystic mass was associated with the lower pole of the
spleen. The patient was asymptomatic. A repeat surgical interven-
tion was recommended. The patient will require a repeat dissection
of the inguinal canal (9).

3. Patient 2

A 47year old male noted abdominal distention. A CT and
ultrasound of the abdomen led to a diagnosis of pseudomyxoma
peritonei. In 2012, the patient underwent a debulking procedure
which included peritonectomy, splenectomy, greater omentec-
tomy and appendectomy. HIPEC with cisplatin was performed.
Pathology showed well-differentiated peritoneal mucinous ade-
nocarcinoma (PMCA) [8]. The patient was placed in follow-up by
CT.

In 2016, CT showed progression of disease. In 2018, CT showed
multiple sites of disease progression beneath right and left hemidi-
aphragm, lesser curvature of stomach and porta hepatis, within the
full extent of the prior abdominal incision, and several masses asso-
ciated with small bowel mesentery. There was a tumor mass filling
the rectovesical space. The tumors within the porta hepatis were
located along the round ligament (Fig. 2). Segment 3 of the liver
was contiguous with segment 4b over the cystic tumor and round
ligament. Tumor progression was within the tunnel created by a
hepatic bridge.

The patient underwent a 13-h reoperative cytoreductive
surgery that included extensive resection of the abdominal wall
along the old abdominal incision, bilateral peritonectomy of the
right and left hemidiaphragm, hemigastrectomy with gastroje-
junostomy and pelvic peritonectomy.

Fig. 2. CT cut through the upper abdomen shows cystic collections of mucinous
tumor with calcifications along the round ligament. This was compatible with recur-
rence of pseudomyxoma peritonei beneath a hepatic bridge. This was confirmed at
the time of reoperative surgery.

To resect disease in the porta hepatis, a cholecystectomy was
first performed. Then with traction on the left lateral segment of
the liver tumor along the fissure defined by the ductus venosus was
visualized and resected. There was a tunnel formed by the hepatic
bridge. It was type 3 with segment 3 of the liver totally fused over
both the tumor and round ligament to liver segment 4b [10]. Using
electrosurgery the hepatic bridge was opened. Under direct vision
the round ligament was suture ligated and divided as it entered the
liver parenchyma. The minimally invasive tumor nodules were dis-
sected away from the liver vasculature without incident. HIPEC was
performed prior to gastrointestinal reconstruction and abdominal
closure [5].

4. Discussion
4.1. Peritoneal tunnel in the inguinal canal

The inguinal canal is an abnormal persistence of the processus
vaginalis, a peritoneal tunnel that terminates in the scrotal sac in
the male or near the labia majora in the female. It contains the
spermatic cord in the male and the round ligament in the female
[11].If the inguinal canal remains patent in the female it is referred
to as the canal of Nuck. This peritoneal tunnel may give rise to an
inguinal hernia or a hydrocele. In our patient 1, a patent processus
vaginalis in this 59 year old woman allowed an accumulation of
mucinous ascites that contained tumor cells trapped at that site.

The inguinal canal may remain at least partially patent in 20%
of adolescent or adult males. It is patent in only a few females. The
open peritoneal tunnel in males accounts for the 25% incidence of
hernia as the first sign of pseudomyxoma peritonei in males. It leads
to a diagnosis of pseudomyxoma peritonei in only 4% of women
[12]. If mucoid fluid is recovered from a hernia sac at the time of
hernia repair it must be carefully analyzed. If the fluid is mucoid
the diagnosis of pseudomyxoma needs to be pursued [13].

The clinical course of patient 1 indicates that a peritonectomy
of the pelvis must include an extraction of peritoneum from the
inguinal canal. This removal of a potentially patent inguinal canal is
more important in the male patient than female patient but can be
accomplished in both without damage to cord structures or ilioin-
guinal nerve. Sugarbaker reported on 17 of 178 patients having new
onset or previously repaired inguinal hernias in patients having
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cytoreductive surgery with HIPEC for pseudomyxoma peritonei. All
peritoneal and/or scar from prior hernia repair was resected from
the inguinal canal. No repair of the open inguinal canal, which was
washed by the chemotherapy solution was attempted. Surprisingly,
no recurrent inguinal hernias occurred. Apparently extraction of
tumor, peritoneum and scar tissue from the inguinal canal facili-
tates fibrous closure of the hernia defect so that hernia recurrence
was not observed [9].

4.2. Peritoneal tunnel at the hilum of the liver

The first mention of a surgically important tunnel at the hilum of
the liver was published in 2009 [14]. Sugarbaker described a bridge
of liver parenchyma covering the round ligament and documented
that peritoneal metastases could be hidden within this tunnel. This
small but significant anatomic site of incomplete cytoreduction
was thought to cause an isolated progression of peritoneal disease
within the porta hepatis. Seven pseudomyxoma peritonei patients
who had this unusual manifestation of surgical treatment failure
had been reported in 2008 [15]. This was 5% of a total of 140
patients with disease recurrence after cytoreductive surgery and
perioperative chemotherapy. Disease persistence in the peritoneal
tunnel created around the round ligament and beneath the hepatic
bridge was, in retrospect, thought to explain the disease progres-
sion in these 7 patients. A cystic tumor accumulation deep within
the hilum of the liver was shown by CT. Increasing obstruction of
the common or left hepatic duct and progressive atrophy of the left
lateral segments of the liver were documented by CT. In 2 patients
the greater accuracy of MRI was necessary to document the muci-
nous tumor extending along the ductal and vascular structures at
the porta hepatis [10]. Only 2 of the 7 patients were able to have
this focus of disease resected. From this experience an early reop-
erative intervention of recurrence beneath the hepatic bridge, as
occurred in our patient number 2 is recommended. However, now
that cytoreductive surgeons know that a peritoneal tunnel often
exists and that peritoneal metastases may be hidden from view
at this site, the hepatic bridge should be opened and this peri-
toneal tunnel thoroughly inspected in all patients with peritoneal
metastases [14].

A definite description of this anatomic structure, the hepatic
bridge, was provided in 2018. In 102 patients undergoing cytore-
ductive surgery, 50 had a bridge of liver parenchyma over the round
ligament between liver segments 3 and 4b creating a peritoneal
tunnel. In 52 patients the round ligament could be completely visu-
alized from its origin in the falciform ligament to its entrance into
the liver parenchyma. In 44% of patients with a hepatic bridge up to
1/3 of the round ligament was within the peritoneal tunnel (Class
1),in 32% 1/3 to 2/3 of the round ligament was obscured (Class 2),
and in 24% more than 2/3 of the round ligament was observed by
overlying liver parenchyma (Class 3). In our patient number 2, a
class 3 hepatic bridge was present. The electrosurgical division of
the liver parenchyma was a full 6 cm long and 3 cm deep [10].

In conclusion, two peritoneal tunnels within the abdominal-
pelvic space were identified. These cylindrical spaces may be
seeded by peritoneal metastases. Unless the surgeon is aware of
peritoneal tunnels as a site of treatment failure, these anatomic
sites may be recognized in follow-up as sites of recurrent disease.
The inguinal canal is a peritoneal tunnel that may develop progres-
sive disease [13]. Extraction of the peritoneum within the inguinal
canal is advised as part of the pelvic peritonectomy procedure. The
hepatic bridge covers the round ligament as a result of fusion of
liver segments 3 and 4b [14]. If the hepatic bridge is opened as part
of a cytoreductive surgical procedure, peritoneal metastases within
this peritoneal tunnel can be removed. Knowledge that peritoneal
tunnels exist and that peritoneal metastases may persist within is

an important part of the surgical management of peritoneal surface
malignancy.
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