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Abstract: Epithelial ovarian cancer is the most lethal among gynecologic cancers. Despite advances in
research efforts to cure this disease, the recurrence and survival rates have not significantly improved.
Primary cytoreductive surgery and adjuvant chemotherapy are the standard treatment options for patients
with epithelial ovarian cancer. Two randomized trials recently introduced neoadjuvant chemotherapy
followed by interval cytoreductive surgery as an alternative treatment option. In any case, the size of the
residual tumor after surgery is the most important prognostic factor for patients with ovarian cancer. With
the improvement of surgical techniques in gynecologic oncology, cytoreductive surgery is now performed
for the pelvic area and entire abdomen. Currently, surgical resectability of a mass spreading into the upper
abdomen is the most important factor for achieving optimal cytoreduction. In this study, we explain the
procedure of a cytoreductive surgery, involving the resection of a tumor located in the upper abdomen.
We aimed to review and describe the surgical techniques involved in liver mobilization, diaphragm
peritonectomy, and full-thickness diaphragm resection and reconstruction. Further, we have assessed the
postoperative care involved and discussed complications that may possibly arise along with suggestions to

avoid them based on the review of previous literature on the subject.
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Introduction followed by adjuvant chemotherapy after diagnosis. However,
two large randomized phase III clinical trials demonstrated
the non-inferiority of neoadjuvant chemotherapy followed by

interval cytoreductive surgery (3,4).

In 2018, approximately 22,240 patients were newly diagnosed
with ovarian cancer (OC) and 14,070 patients died in the same

year in the United States (1). In Korea, the incidence of OC
has gradually increased in recent years (2), and the mortality
rate of OC is higher than that of any other type of gynecologic
cancer, thereby making OC the most lethal type. Standard
treatment usually comprises primary cytoreductive surgery
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The importance of surgery in treating OC has been
emphasized in several previous studies. Based on results of
previous meta-analyses, maximum cytoreductive surgery is the
most powerful prognostic clinical factor (5,6). In fact, many
studies have shown that residual tumor size can significantly
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affect prognosis (7,8). Therefore, to achieve maximum
cytoreduction during surgery, it is essential to perform
various procedures on different organs. Tumor spread in the
intraperitoneal region and lymph node involvement are the
most common forms of OC metastases. The major sites of
metastasis are gravity-dependent sites, such as the rectouterine
pouch, bilateral paracolic gutters, ileocecal area, right
diaphragmatic space, and rectosigmoid junctions (9-12).

With en bloc resection of the uterus, adnexa, and rectum, a
metastatic mass in the pelvic area can be entirely removed (13).
However, in the upper abdomen, it is impossible to perform
en bloc resection of masses surrounding the spleen, pancreas,
porta hepatis, liver, and lymph nodes around the lesser
omentum and superior mesenteric artery because of the
delicate and complex nature of the major organs nearby
(14-17). Therefore, assessing the resectability of metastatic
masses in the upper abdomen before surgery is important.
Such masses are often also present in the diaphragm, and
this study examines the procedure of resecting them. We
reviewed and discussed the procedure of a cytoreductive
surgery, including the resection of a tumor located in the
upper abdomen together with that of a diaphragmatic mass.
Additionally, postoperative care and possible complications
were reviewed. We present the following article in
accordance with the Narrative review reporting checklist

(available at http://dx.doi.org/10.21037/gs-20-422).

Methods

For the purpose of this review, a literature search was
conducted on the topics involving upper abdominal surgery
in cases of epithelial OC in the PubMed and MEDLINE
databases. Two authors (W Shin and J Mun) independently
screened the titles and abstracts of the studies obtained in
this search that was obtained using a combination of the
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following keywords: “ovarian neoplasm”, “ovarian cancer”,
“ovarian malignancy”, “peritonectomy”, “upper abdominal
surgery”, and “cytoreductive surgery”. We reviewed
case reports, cross-sectional studies, and surgical videos
pertaining to this topic. Cancers other than epithelial OC,
such as colorectal cancer, gastric cancer, and pseudomyxoma

with appendiceal cancer were excluded.

Results
Liver mobilization

Before diaphragmatic peritonectomy or full-thickness
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resection, the liver should be mobilized to visualize the
entire diaphragm; however, before liver mobilization,
understating the chief vasculature and attachment of the
liver to its surrounding organs is important. Following
the central line of the liver dome, the ligamentum teres
attaches the liver to the upper abdominal wall. The anterior
part of the ligamentum teres is connected to the falciform
ligament, which superiorly continues while maintaining its
connection to the anterior right and left coronary ligaments.
These ligaments eventually continue to both lateral walls
of the diaphragm and together form a triangular ligament
together. In contrast, the round ligament exists along the
posterior falciform ligament. The round ligament comprises
the remnant umbilical vein and bile system; hence, it
is important to be cautious when dissecting the round
ligament from the liver because approaching too deeply can
be dangerous.

Finally, the inferior vena cava (IVC) passes under the
right side of the falciform ligament with bilateral hepatic
veins draining into the anterior surface of the IVC at the
level of the falciform peritoneal surface.

The order in which mobilization is performed is
not significant. Several surgical recordings showing the
common methods of liver mobilization are available (18-20).
First, an incision is made from the pubis to the xiphoid
process. A Balfour retractor is used to widen the incision
on both sides, and a Kent retractor is placed on both sides
of the diaphragm to ensure that there is no compromise
on visibility and space. Similar retractors such as Omni
or Bookwalter may also be utilized. Next, the falciform
ligament is grasped using a Kelly clamp and then ligated,
after which the surgeon follows the plane of the coronary
ligament. Subsequently, the liver is slightly moved to the
right with a malleable retractor to dissect the coronary
ligament, thereby separating the diaphragm from the liver.
On reaching the bare area, full mobilization is achieved (21).
Although a monopolar coagulator device allows easy access
to the area, it is necessary to pay attention to the IVC on the
side of the liver dome. Additionally, if the liver is retracted
to the left side of the patient during mobilization, the IVC
may be compressed, thus possibly leading to a decrease in
blood pressure. In such a case, it would be helpful to place
the liver in a neutral position and wait for perfusion to
return. When the liver is placed in a neutral position, blood
pressure often recovers in less than 1 min, posing a low risk
to the patient. A decrease in blood pressure can be avoided
by elevating the liver to the left during retraction.
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Figure 1 Preoperative abdominal computed tomography (CT) scan and comparative images of diaphragm before and after peritonectomy.

(A) Preoperative CT scan of abdomen with visible slightly thickened peritoneum; (B) visible seeding mass before diaphragmatic peritoneal

stripping; (C) diaphragm after peritoneal stripping.

Once complete mobilization is achieved, a triangular
ligament connected to the lateral wall of the diaphragm is
visible, and this structure must be gently dissected. Next,
the peritoneum of Morison’s pouch is dissected after the
liver at the bottom portion is freed. The kidney is present
under the lower retroperitoneum, which is why an assistant
must gently push the kidney down further away from the
liver, while another assistant uses a malleable retractor to
hold the liver and gallbladder away from shadowing the
retroperitoneum during dissection. If tumor seeding occurs
in the upper part of the kidney, special attention must be
paid to the adrenal gland in the retroperitoneal area to
prevent injury. In the case of serious trauma to the adrenal
gland during surgical resection, the possibility of the patient
developing Addison’s disease and its treatment should be
considered during postoperative management.

Diapbragm peritonectomny

The major components of the diaphragm are the
peritoneum, muscle, and pleural membranes, the muscles
of which are connected by tendons to the vertebra. In most
cases, metastatic masses of OC that have shallowly invaded
the diaphragm can be surgically stripped or resected.
Metastases are usually identified on the right diaphragm by
following the pattern of respiration and colonic peristalsis.
If such a mass is also visible on the left diaphragm,
peritonectomy with minimal liver mobilization can be
performed. However, access to the posterior portion of the
spleen is not easy, and splenectomy may be performed.

To perform diaphragm peritonectomy, the liver must
be placed medially after complete liver mobilization. Next,
using Mixter forceps, the peritoneum is incised with a
monopolar coagulator device. The muscular area is then
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pushed toward the pleura using sponge forceps or surgical
gauze. This portion can be easily removed provided there
is no muscle invasion. Bleeding may occur and usually
involves the muscle and can be controlled by bipolar
devices, compression, or sutures. Other causes of bleeding
may include damage to the vein present directly below the
membrane of the diaphragmatic peritoneum (Figure I).
Full-thickness membrane resection may be necessary if
muscle invasion is noted or if invasion up to the pleural
membrane has been confirmed in imaging studies before
surgery. Several such surgical video recordings have been
published and they aid in providing an understanding of the
surgical procedures involved (18-20,22,23).

Full-thickness diapbragm resection and reconstruction

Diaphragm resection is required when muscles or pleural
membranes are invaded. The affected area can be cut out in
full thickness with a monopolar device, after which simple
continuous suturing using either prolene 1-0 or vicryl 1-0
can be performed. Before closing the resected diaphragm,
negative pressure must be applied to the pleural cavity using
vacuum suction. The last tie must be placed after the air
inside the pleural cavity is completely drawn out. Chest
drains are often required at this time, either through the
chest wall using a Jackson-Pratt (JP) catheter or through the
diaphragm to drain via the abdominal cavity. If the ablation
site is large (usually 20 em® or more), Gore-Tex may be
required.

Right and left diapbragm

To access the right diaphragm, liver mobilization is
necessary, and the process has been examined in the
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Table 1 Complications after diaphragmatic peritonectomy or diaphragm resection

; Complication
Study Year  No. Diaphragm Management
procedure Pleural effusion  Pneumothorax  Other complications
Cliby 2004 41 DP/DR 4 (9.7%) 2 (4.9%) 1 subphrenic abscess, -
1 gastro-pleural fistula
Eisenhauer 2006 52 DP/DR 30 (57.7%) 1(1.9%) - Chest
Tsolakidis 2010 89 DP/coagulation 60 (67.4%) 7 (7.9%) 5 pneumonia 10 chest tube insertion
Bashir 2010 45 DP/DR 23 (51.1%) 12 (26.7%) - 1 thoracentesis,
1 thoracotomy
Chéreau 2011 148 DP/DR 55 (37.2%) 6 (4.1%) 3 pneumonia, 21 chest drain
7 pulmonary embolism
Pathiraja 2013 42 DP 2 (4.9%) 0 - -
Soleymani Majd 2016 100 64 DP 4 (6%) 1(1.5%) 1 thromboembolism -
36 DR 4 (11%) 2 (5.5%) 1 liver lobar collapse
Ye 2017 150 124 DP 11 (8.9%) 0 - 1 thoracentesis,
1 thoracotomy
26 DR 10 (38.5%) 1(3.8%) 1 hepatic vein rupture

DP, diaphragmatic peritonectomy; DR, diaphragmatic resection.

steps discussed above. In contrast, the left diaphragm is
relatively easy to access because the liver does not block its
visualization. During surgery, the left diaphragm is observed
after omentectomy is performed in the spleen area. It is
necessary to be careful not to tear the spleen owing to
excessive retraction. The left diaphragm showed a relatively
small tumor burden compared with the right diaphragm,
and this may be because the settlement of tumor cells on
the left side is unlikely to occur when considering the
path of fluid flow in the abdominal cavity (24). During
peritonectomy of the left diaphragm, surgeons need to be
aware that there is no protective organ physically as is the
case on the right side; therefore, they must exercise caution
because muscle damage during peritonectomy may lead to
diaphragmatic hernia (25).

Discussion
Peritonectomy vs. full-thickness diaphragm resection

If full-thickness invasion has not been confirmed, it is not
necessary to perform full-thickness diaphragm resection.
However, if the invasion has been established during
peritonectomy and all other masses in the abdominal
cavity have been removed along with the invasion site, full-
thickness resection of the diaphragm becomes a reasonable
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option (14,26-31).

Complications

It is advisable to perform a bubble test after removing the
diaphragmatic peritoneal membrane. Large perforations
that occur during peritoneal dissection are easy to
identify and repair; however, it is difficult to detect micro-
perforations or defects that occur along the direction of the
muscle (26).

Another complication is that OC is often accompanied
by ascites; this fluid may enter the pleural space through
the diaphragmatic region where the peritoneum is absent,
resulting in pleural effusion (26). These complications
may be avoided by inserting a prophylactic chest tube
or JP catheter. Complications related to diaphragmatic
peritonectomy or resections are summarized in Table 1.

Postoperative care

It is recommended to perform chest radiography after
the patient is moved to the recovery room (31). The
patient’s vital signs, lung infiltration, and effusion must be
monitored, and oxygen should be provided if necessary.
Chest tube insertion during surgery can reduce the
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likelihood of postoperative complications.

Conclusions

The importance of maximal cytoreductive surgery in the
treatment of OC is well known. In the field of gynecologic
oncology, directing the attention of surgeons to the upper
abdominal area and implementing active treatment plans
will result in better outcomes for patients. Furthermore,
the risk associated with diaphragm surgery is less compared
with surgery involving other upper abdominal areas.
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