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Abstract: Cytoreductive surgery (CRS) is the cornerstone of treating advanced ovarian cancer. Ap-
proximately 60–70% of patients with advanced ovarian cancer will have involvement in the upper
abdomen or the supracolic compartment of the abdominal cavity. Though the involvement of this
region results in poorer survival compared, complete cytoreduction benefits overall survival, making
upper-abdominal cytoreduction an essential component of CRS for advanced ovarian cancer. The
upper abdomen constitutes several vital organs and large blood vessels draped with the parietal or
visceral peritoneum, common sites of disease in ovarian cancer. A surgeon treating advanced ovarian
cancer should be well versed in upper-abdominal cytoreduction techniques, including diaphragmatic
peritonectomy and diaphragm resection, lesser omentectomy, splenectomy with or without distal
pancreatectomy, liver resection, cholecystectomy, and suprarenal retroperitoneal lymphadenectomy.
Other procedures such as clearance of the periportal region, Glisson’s capsulectomy, clearance of the
superior recess of the lesser sac, and Morrison’s pouch are essential as these regions are often involved
in ovarian cancer. This manuscript covers the surgical anatomy of the upper abdomen, the techniques
and therapeutic rationale of upper-abdominal cytoreduction, and specific measures for perioperative
management of these patients. The main focus is the description of various peritonectomies and
regional lymphadenectomies.

Keywords: advanced ovarian cancer; cytoreductive surgery; upper-abdominal surgery; diaphragmatic
peritonectomy; diaphragm resection; upper-abdominal cytoreduction; glissonectomy

1. Introduction

Epithelial ovarian cancer (EOC) continues to be diagnosed in an advanced stage in
over 70% of patients, and approximately 60–70% of these patients will have involvement in
the upper abdomen or the supracolic compartment of the abdominal cavity [1–3]. Over
time, upper-abdominal cytoreductive surgery (CRS) has become an essential component
of the skill set of surgical and gynecological oncologists treating advanced EOC [4,5]. The
most common surgical procedures to clear the tumor from the upper abdomen include
diaphragmatic peritonectomy and diaphragm resection, lesser omentectomy, splenectomy
with or without distal pancreatectomy, liver resection, cholecystectomy, and suprarenal
retroperitoneal lymphadenectomy. Other procedures such as clearance of the periportal
region, Glisson’s capsulectomy, clearance of the superior recess of the lesser sac, and
Morrison’s pouch are essential as these regions are often involved in ovarian cancer [6].

Advanced EOC is a peritoneal disease that often has a miliary or plaque-like mor-
phology and is not detected on preoperative imaging [7]. A thorough exploration of the
abdominal cavity to identify all disease sites is essential to avoid missing disease in some
areas and thus perform what could be termed a ‘pseudo-complete’ cytoreduction [8,9].
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There is limited information about the patterns of peritoneal dissemination or disease dis-
tribution in the scientific literature, which increases the dependence on surgical exploration
and visual inspection performed during surgery [10]. The upper abdomen, in particular,
could be challenging to explore for surgeons unfamiliar with the anatomy.

In this manuscript, we discuss the therapeutic rationale, the surgical anatomy of the up-
per abdomen, and technical details of the common and uncommon procedures performed
during upper-abdominal cytoreductive surgery (CRS) and perioperative management of
patients. The focus is chiefly on description of the techniques of peritonectomies and the
lymphadenectomies performed in this region.

2. Benefit of Upper-Abdominal Cytoreduction

The benefit of upper-abdominal cytoreduction in patients undergoing CRS as part
of first-line therapy for advanced EOC has been established [11,12]. Chi et al. reviewed
378 stage IIIC and IV EOC patients, of which 168 patients had what was considered standard
surgery during that era (group 1) and 210 had extensive upper-abdominal surgery (group
2), including procedures such as diaphragm peritonectomy and/or resection, splenectomy,
distal pancreatectomy, partial liver resection, cholecystectomy, and porta hepatis tumor
resection [11]. The proportion of patients having a complete gross resection increased
from 11% to 27% without a significant increase in morbidity. The median overall-survival
(OS) significantly improved in group 2 compared to group 1 (54 months vs. 43 months,
p = 0.03). These investigators suggested that incorporating extensive upper-abdominal
procedures was associated with increased optimal cytoreduction rates and significantly
improved survival [11]. Harter et al. performed an analysis on 396 patients with stages
IIB–IV EOC. They found that as more aggressive surgical procedures-bowel resection, di-
aphragm resection, splenectomy, and liver resection were performed, the rates of complete
cytoreduction increased from 33% to 62%. Consequently, the OS increased (26 months
vs. 37 months vs. 45 months for three different periods, p < 0.003) [13]. Ren et al. com-
pared 116 patients undergoing radical surgery in the upper abdomen with 237 patients
undergoing standard surgery in which only nodules larger than 1 cm were resected in the
upper abdomen. The median progression-free survival (PFS) and OS were significantly
higher in the radical surgery group compared to the standard surgery group (PFS: 19.5
vs. 13.3 months, HR: 0.61; 95% CI: 0.46–0.80, p < 0.001; OS: not reached vs. 39.3 months,
HR: 0.47; 95% CI: 0.30–0.72, p < 0.001) [14]. Aggressive upper-abdominal surgery, thus, has
a survival benefit in advanced EOC [15–17].

The role of such extensive and aggressive surgery in recurrent ovarian cancer is unclear.
Recently, two randomized trials showed a benefit in OS with the addition of secondary CRS
to systemic chemotherapy (SC) in managing first platinum-sensitive recurrence compared
to SC alone, while another trial showed no benefit [18–20]. The criteria used to select
patients in some of these trials do not predict the benefit from surgery but the probability
of a complete cytoreduction. Thus, which patients benefit most from secondary CRS
remains unknown. Some good prognostic factors are a long platinum-free interval, no
ascites, and single versus multiple sites of recurrence [21]. Patients with the limited disease
at recurrence determined by a PCI < 10 or involvement of 1–2 regions of the peritoneal
cavity experience a more prolonged overall survival. Perhaps these are the patients that
benefit most from secondary CRS [21,22]. Most patients with upper-abdominal recurrence
will have disseminated disease, and the benefit of secondary CRS in these patients is
undefined [23,24]. Upper-abdominal cytoreduction is safe and feasible for recurrent disease,
but the survival benefit has not been demonstrated yet. At the same time, there is no direct
evidence to say that it does not have a role. Hence, such procedures should be undertaken
only in selected patients after discussion in multidisciplinary team meetings.

3. Pattern of Peritoneal Dissemination and Involvement of the Upper Abdomen

In EOC, the early formation of ascites (stage 1C) leads to the redistribution of cancer
cells in the peritoneal cavity and greater involvement of some regions that are dependent
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regions of the peritoneal cavity or have a greater concentration of lymphatics [25,26]. The
pelvis, greater omentum, right paracolic regions, and right diaphragm have a greater
propensity for the disease [6]. Both translymphatic and transmesothelial spread is seen in
ovarian cancer [26]. The disease distribution in the peritoneal cavity could be best described
as a ‘widespread cancer’ distribution and not a ‘random proximal distribution’ as expected
in a high-grade malignancy (Figure S1 in the Supplementary Materials) [27]. There are
few studies on the incidence of involvement of the upper abdomen in ovarian cancer. In a
retrospective study of 214 patients by Sehouli et al., the diaphragm was involved in 44%
of patients with stages I–IV of EOC [25]. Patients with serous histology (p < 0.001), ascites
(p = 0.070), and lymph node metastases (p = 0.030) had a higher incidence of involvement
in the upper abdomen. Upper abdomen involvement was associated with a significantly
lower rate of complete cytoreduction [28]. In another prospective study of 134 patients
undergoing interval CRS, region 1 was involved in 77.8%, region 2 in 57%, and region 3 in
53.3% during surgery [29]. The disease was confirmed on pathology in 59.2% in region 1,
48.1% in region 2, and 34% in region 3. Thus, the overall incidence of disease in the upper
abdomen is high in patients undergoing primary and interval CRS. In another study that
included 44 patients with EOC, the umbilical round ligament was involved in 36.3%, the
lesser omentum in 20.4%, and the falciform ligament in 4.5% [30].

The high incidence of disease in the upper regions, especially in those with stage
III-C and above, merits a thorough exploration of these regions to identify and resect all
disease sites. In a study of 134 patients undergoing interval CRS, involvement of the greater
omentum was associated with the presence of disease in regions 1 and 2 in over 80% and
region 3 in over 70% of patients [29].

In a prospective multicentric study, it was shown that serous cancer involved the
lower regions (regions 5, 6, and 7 according to the description in Sugarbaker’s peritoneal
cancer index first) followed by the middle regions (0, 4, 8—mainly the omentum) and then
the upper regions (1, 2, 3) [31]. None of the patients had involvement in the upper regions
without the involvement of the lower regions. Thus, disease in the upper abdomen should
be expected and looked for in patients in whom the lower and middle regions are both
involved by disease.

3.1. Lymph Node Involvement

Local lymphatics regularly recycle the peritoneal fluid [32]. This leads to the transfer
of free-floating cells to these lymphatics, leading to lymph node metastases and subsequent
distant metastases [32]. In addition, infiltration of the sub-peritoneal layer can lead to
lymphatic and lymph node involvement. Experimental studies have shown that the
lymphatic drainage of the peritoneum occurs mainly through the visceral peritoneum and
goes first to the retroperitoneal nodes (superior mesenteric, periportal, and celiac groups)
and then via the thoracic duct to the mediastinal nodes [33,34]. Thus, these nodes could be
involved secondary to peritoneal disease in the upper or lower abdomen or both. Lymph
from the parietal peritoneum also goes to the mediastinum via the transdiaphragmatic
lymphatics, which results in the involvement of the supradiaphragmatic nodes (the sub-
xiphoid nodes and cardiophrenic angle nodes) [35].

3.2. Parenchymal Metastases

Parenchymal metastases that could involve the spleen or the liver are rare. In most
cases, the disease is on the surface with infiltration of the underlying parenchyma and is
thus peritoneal disease. In a study of 338 patients undergoing primary CRS, the incidence of
parenchymal liver metastases was 0.88% [24]. In another study of 1211 patients undergoing
CRS, of the 21 patients with parenchymal liver metastases, 3 patients with advanced ovarian
cancer underwent primary CRS [36]. Tanner et al. reported parenchymal splenic metastases
in 3.4% of 576 patients undergoing primary CRS and 20.8% with splenectomy. Parenchymal
splenic metastases were associated with a significantly lower overall survival [37].
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4. Surgical Anatomy of the Upper Abdomen

The upper abdomen could be defined in two ways. Considering the anatomy of the
peritoneal cavity and its spaces, the supracolic compartment could be regarded as the
‘upper abdomen’ [38]. The peritoneal cancer index devised by Paul Sugarbaker divides the
abdominal cavity into 13 anatomical regions, of which regions 1, 2, and 3 could jointly be
considered the upper-abdominal regions [39].

4.1. Peritoneal Ligaments and Spaces

The upper-abdominal cavity or supracolic compartment comprises several ligaments
and spaces [40]. The falciform and triangular ligaments are the suspensory ligaments of the
liver that bind the bare area. The hepatoduodenal ligament (containing the common bile
duct, hepatic artery, and portal vein) and the gastrohepatic ligament (which includes the
left gastric artery and the coronary vein) form the lesser omentum [40]. The gastrosplenic
ligament connects the greater curve of the stomach to the spleen and contains the short
gastric vessels. The splenorenal ligament has the pancreatic tail. Ovarian cancer could
involve any of these structures and the surgeon should be familiar with their anatomy.

The supramesocolic compartment is divided into the left and right subphrenic spaces
by the falciform ligament on the anterior aspect of the liver. The sub-hepatic space, includ-
ing the lesser sac, is located under the liver. The right subphrenic space is located under the
right diaphragm; it communicates inferiorly with the right paracolic space and is separated
from the left subphrenic space by the falciform ligament [41]. The right sub-hepatic space
continues medially through the foramen of Winslow (Epiploic foramen) to the lesser sac
(Bursa Omentalis) [41].

The lesser sac is a potentially large cavity with various recesses communicating with
the left subphrenic space cranially and into the greater omentum caudally. The lesser
sac contains a superior recess (located above the peritoneal reflection of the left gastric
artery) close to the caudate lobe and a larger inferior recess between the stomach and the
pancreatic body. The superior and inferior recesses are separated by a peritoneal fold that
accompanies the left gastric artery. Sometimes, the inferior recess communicates with a
potential space between the leaves of the greater omentum [41].

4.2. Anatomical Boundaries from the Surgical Viewpoint

The peritoneal regions lying in each region and their boundaries are described in Table 1.
More details can be found online in the PROMISE internet application (www.e-promise.org). [42]

Table 1. Boundaries of peritoneal regions lying in the upper abdomen from the surgical viewpoint.

Region Peritoneal Region Boundaries

1

Right subphrenic peritoneum

From the right of the falciform ligament medially, it includes all the
peritoneum the under the surface of the right dome, extending inferiorly to the
lower pole of the right kidney [43]. Postero-superiorly, it merges with Glisson’s
capsule at the superior boundary of the right lobe. The coronary or right
triangular ligament has to be divided completely to excise this part of the
peritoneum. Postero-medially it is attached to the posteromedial edge of
segments 6 and 7. Division of this attachment exposes the retrohepatic inferior
vena cava (IVC) [44]. Medially, it follows the inferior edge of segments 5 and 6
to the lateral edge of the porta hepatis and includes the peritoneum on the
second and third parts of the duodenum. The sub-hepatic region is Morrison’s
pouch, as described below.

Morrisons’ pouch

This is the right sub-hepatic space that extends laterally from the medial
boundary of the right kidney [43]. It is bounded superiorly by the inferior
surface of segments 5 and 6, medially by the lateral edge of the
hepatoduodenal ligament, inferiorly, the superior and lateral edge of the
duodenum, and inferolaterally, the hepatic flexure. It merges laterally with the
right subphrenic peritoneum [44].

www.e-promise.org
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Table 1. Cont.

Region Peritoneal Region Boundaries

Right Glisson’s capsule

Capsule of the right lobe of the liver (superior and lateral surfaces). Extends
from the right side of the falciform’s attachment onto the right lobe’s superior
surface and the lateral surface, merging with the attachment of the right
subphrenic peritoneum to the liver in that region.

Right inferior Glisson’s capsule The part of the capsule on the inferior surface of the right lobe and the right
caudate lobe.

Foramen of Winslow

The foramen of Winslow, also known as the omental foramen, epiploic
foramen and foramen epiploicum (Latin), is a foramen connecting the greater
sac or the general cavity (of the abdomen), and the lesser sac, the omental
bursa. It is bounded by the free edge of the lesser omentum anteriorly that
contains the common bile duct, the hepatic artery and the portal vein; the
peritoneum covering the anterior surface of the inferior vena cava posteriorly;
the peritoneum covering the caudate lobe superiorly; and the peritoneum
covering the first part of the duodenum inferiorly.

2

Falciform ligament

It is a fold of fibrofatty tissue extending from the umbilicus along the inferior
surface of the anterior abdominal wall to the diaphragm. Inferiorly, it forms
the umbilical round ligament in the umbilical fissure containing the obliterated
umbilical vein.

Tissue in the umbilical fissure
This is a band of tissue containing the obliterated umbilical vein that merges
superiorly with the falciform ligament and inferiorly with the hepatoduodenal
ligament.

Left central diaphragmatic
peritoneum-

From the left edge of the falciform ligament till the left lateral boundary of the
esophageal hiatus and inferiorly, it merges with the peritoneal reflection on the
superior edge of the left lobe of the liver.

Left Glisson’s capsule- Capsule on the superior and inferolateral surface of the left lobe that lies to the
left of the falciform ligament

Hepatoduodenal ligament

This is the peritoneum overlying the porta hepatis extending from the lateral
border of the common bile duct to the medial border of the portal vein and the
lower end of the umbilical ligament to the superior border of the first part of
the duodenum. The common bile duct, the hepatic artery, and the portal vein
are encased in this peritoneal fold.

Lesser omentum

The lesser omentum extends from the medial boundary of the hepatoduodenal
ligament inferiorly to the left coronary ligament superiorly. It is attached
inferomedially to the lesser curve and superiorly to the inferior surface of the
left lobe overhanging the caudate. The left coronary ligament must be divided
completely to excise the lesser omentum. The gastric arcade is preserved
without gross tumor deposits in this region.

Lesser sac superior recess

This is part of the lesser sac lying superior to the left coronary ligament. The
caudate lobe is reflected laterally to expose this region. This region is bounded
by the IVC laterally, and the lesser curve medially, and its floor is formed by
the IVC and the right crus of the diaphragm. Superiorly it merges with the
central diaphragmatic peritoneum.

Lesser sac inferior recess
This includes the anterior leaf of the transverse mesocolon, the pancreatic
capsule, and the gastro-pancreatic fold of the peritoneum. The capsule is
removed over the entire pancreas, head, body, and tail.

3 Left subphrenic peritoneum

Extends from the midline anteriorly to the left lateral side to include all the
peritoneum on the undersurface of the left dome of the diaphragm, merging
postero-inferiorly with the upper end of the left antero-parietal peritoneum,
superomedially the lateral edge of the abdominal esophagus and fundus, and
along the lateral edge of the spleen inferomedially. Removal of the peritoneum
from the spleen should extend right up to the hilum posteriorly and expose the
splenic hilar vessels.
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4.3. Regional Nodes

Several nodal stations in the upper abdomen could be involved in advanced ovar-
ian cancer. Some of these nodes are involved secondary to the primary tumor as part
of retroperitoneal lymphadenopathy and these include the suprarenal retroperitoneal or
paraaortic nodes such as the superior mesenteric and celiac axis nodes. The other nodes
are the omental nodes along the lesser and greater curves, the left gastric nodes, peripor-
tal nodes, and pericardiac nodes. The supradiaphragmatic nodes often dissected during
upper-abdominal cytoreduction include the sub-xiphoid or cardiophrenic angle nodes,
costophrenic lymph nodes, and paracaval nodes (Figure S2 in the Supplementary Materi-
als) [45]. It is unclear whether these nodal stations are regional nodes or distant metastases,
as their involvement has not been classified in the TNM and FIGO classifications [25,46].

5. Preoperative Imaging

Imaging has two significant roles: the first is the detection of limited disease and all
sites of disease in the upper abdomen, and the second is predicting resectability. The most
common study is a contrast-enhanced CT scan of the thorax, abdomen, and pelvis [47].
Several investigators have shown that a CT scan underestimates the extent of peritoneal
disease [48–50]. The spread of peritoneal disease is usually reported using the peritoneal
cancer index (PCI). The accuracy in predicting the extent of upper-abdominal disease is
not studied separately; the overall accuracy ranges from 15 to 80% [48–50]. Peritoneal
disease can present as a thickening and/or enhancement of the parietal peritoneum (the
subphrenic peritoneum) or discrete nodular deposits (Figure 1).
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Loculated fluid collections adjacent to the liver, indentation of the liver surface, and
fluid in the sub-hepatic region are some pre-emptive signs of underlying peritoneal disease



Surg. Tech. Dev. 2023, 12 7

(Figure 2). A contrast-enhanced MRI of the abdomen and pelvis with a dedicated protocol
for the detection of peritoneal disease is being used at several centers and has shown to be
more accurate in predicting the disease extent [51,52].
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Figure 2. CT scan showing nodular peritoneal deposit on the subphrenic peritoneum (white arrow);
loculated fluid collection (blue arrow).

There are no studies evaluating the performance in the upper abdomen, but subtle
peritoneal thickening and nodularity are more accurately detected on MRI compared to
a CT scan (Figure 3) [53]. The regional lymph node stations described above should be
studied on imaging to identify the nodal disease (Figure 4). Considering disease in the
upper abdomen alone, extensive disease in the gastrocolic ligament infiltrating the head of
the pancreas, extensive infiltration of the stomach, disease infiltrating the porta hepatis,
and diffuse and massive involvement of the subphrenic region are pointers of extensive
disease that is not amenable to a complete cytoreduction. No one finding can be considered
in isolation, and it is the overall disease extent and the general condition of the patient that
are considered while deciding to proceed with CRS or not. Though many surgeons perform
a staging laparoscopy to select patients for CRS, these obvious signs of inoperability on
imaging could avoid an unnecessary surgical procedure [54].
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Figure 4. Enlarged supradiaphragmatic nodes in a patient with advanced epithelial ovarian cancer
with upper-abdominal disease. Based on the morphology, they appeared to be metastatic and this
was confirmed on pathology after resection of these nodes during CRS.

6. Technical Aspects of Upper-Abdominal Cytoreduction

The preoperative preparation is similar to that for cytoreductive surgery [55]. The
patient is positioned supine with the legs placed in lithotomy position to allow access to the
perineum. The legs should be supported as described previously to avoid nerve damage
and compartment syndrome [55]. The presence of disease in the omentum is predictive of
disease in one or more regions of the upper abdomen in over 50% of patients [29]. The goal
of surgery is a CC-0 resection or complete cytoreduction and these procedures should only
be undertaken in patients whom a complete cytoreduction is feasible [56]. The incision
should extend from the xiphoid to the pubis in all patients with advanced ovarian cancer.
Resection of the xiphoid itself may not be necessary to obtain adequate exposure though
some surgeons prefer to resect it routinely [57].
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6.1. Energy Devices

In the initial description of peritonectomy procedures by Paul Sugarabker, a ball tip
cautery at very high voltage is used to create a margin of heat necrosis along the line
of resection and thereby minimize tumor implantation at the surgical site [58]. Other
surgeons use a flat-tipped monopolar cautery at regular voltage for these procedures.
This is supplemented with the use of bipolar cautery for cauterizing bleeders close to
critical structures and performing hepatic parenchymal resection (when required). Energy
devices such as the harmonic scalpel and ligasure could be used to divide the omental
attachment along the stomach and for taking down the bowel mesentery when indicated.
Some surgeons use a bipolar scissors for performing the peritonectomies and visceral
resections [59]. A variety of other devices have been described in literature and their use
depends on the local availability and surgeon’s preference and comfort [60].

Seror et al. described the use of plasma jet for removing small nodules over the
diaphragm [61]. We perform formal peritonectomies as described below which obviates
the need to use such devices for removing small tumor nodules. The plasma jet could be
used to remove small nodules over the stomach serosa and thus, avoid a gastrectomy.

6.2. Right Subphrenic Peritonectomy

The peritonectomy begins anteriorly, stripping the peritoneum off the posterior surface
of the anterior abdominal wall and moving towards the right. There could be adhesions
between the liver surface and the subphrenic peritoneum due to the tumor or the following
chemotherapy response (Figure 5). The adhesions can be divided, and the liver mobilized
simultaneously to visualize all the diseases in the region. This may not be possible without
stripping Glisson’s capsule off the liver if the disease is extensive or infiltrating Glisson’s
capsule and the underlying parenchyma. The preferred approach is to strip the peritoneum
off the diaphragm and then come on to the liver.
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The liver is wholly mobilized at a later stage when all of the subphrenic peritoneum
has been dissected off the diaphragm (Figure 6A,B).
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The falciform ligament is divided at its superior attachment to the abdominal wall till
the xiphoid is reached. Inferiorly, it is divided at its hepatic attachment till the posterior
peritoneal reflection on the liver is reached. The peritoneum is divided where it attaches to
the superior surface of the liver, exposing the IVC and right hepatic vein (Figure 7) [44].
The peritoneal deposits often infiltrate the underlying diaphragmatic muscle in part or
full thickness. However, the peritoneum overlying the IVC can be stripped off easily
due to a layer of loose areolar tissue between the peritoneum and the IVC. Caution is
recommended as sometimes there is extensive disease right to the right lateral border of
the IVC. The right hepatic vein needs to be safeguarded. The tumor rarely encases the vein
itself. Some surgeons prefer to take vascular control before performing such resections [3].
The dissection on the superior edge of the liver continues laterally till the right triangular
ligament is reached (Figure 8). The peritoneum is stripped off the right dome till the
superior edge of the liver is reached. If the deposits infiltrate the diaphragm, a layer of the
underlying muscle is removed along with the peritoneum (Figure 9).
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Small blood vessels supplying the diaphragm should be cauterized while the main
blood supply to the diaphragm should be preserved as far as possible [43]. When there
is full thickness involvement, the diaphragm is divided, and the extent of the diaphragm
to be resected is determined by bimanual palpation and direct inspection of the pleural
surface of the diaphragm. A full-thickness resection of the diaphragm is then performed
depending on the extent of involvement. The diaphragm could be divided using any
of the energy devices described above. The defect in the diaphragm is usually repaired
only after the right upper quadrant peritonectomy is completed. It is repaired using a
heavy absorbable of non-absorbable sutures depending on the preference of the surgeon.
Continuous or interrupted sutures could be applied. Some surgeons use a stapler to close
the diaphragm rent or perform a diaphragm resection, we do not perform it [62]. It is
important to suck out any air, fluid or blood clots in the pleural space before closing the rent.
If HIPEC is planned, then it could be repaired before or after the procedure. Very rarely,
the defect is too large to be closed primarily or the mobility of the remaining diaphragm
is restricted due to adhesions in the pleural space. A polypropylene mesh could be used
to repair the defect [63]. The right triangular ligament is excised completely, which also
facilitates retraction of the liver to the left, exposing the right inferolateral surface in contact
with the retrohepatic IVC. The fold of the peritoneum that gets reflected from the lateral
border of segments 6 and 7 onto the diaphragm and covers the IVC is a common site of
disease that may be missed if the liver is not mobilized completely. If the liver surface
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and diaphragm are palpated without mobilizing the liver, disease in this region will be
missed, especially in patients with a limited upper-abdominal disease or those who have
responded to chemotherapy. At this point, the peritoneal attachment to segments 6 and 7 is
divided to expose the IVC completely. Alternatively, the Morrison’s pouch (Figure 10) is
dissected first, and this attachment is taken down from below upwards.
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Figure 8. Dissection lateral to the IVC along the superior edge of the liver. Here, the diaphragmatic
peritoneum is fused with Glisson’s capsule and the dissection proceeds from the diaphragm onto the
liver. The capsule will be stripped off after the diaphragmatic peritonectomy is complete and the
right lobe has been completely mobilized. The IVC itself has not been exposed at this point.
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Figure 10. Tumor deposits in the Morrison’s pouch. This disease cannot be visualized unless the liver
is mobilized.

The peritoneal reflection along the lateral border of the duodenum is divided continu-
ing the division along the line of Toldt and onto the peritoneum overlying the right kidney
(Figure 11).
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Figure 11. The peritoneum has been divided along the lateral border of second part of the duodenum.
Superiorly, the dissection continues along the lateral edge of the hepatoduodenal ligament and then
along the inferior surface of the right lobe (as seen in this image). Inferiorly, it continues along the
white line of Todt, where the antero-parietal peritonectomy ends.
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Superiorly, the division continues along the lateral edge of the hepatoduodenal liga-
ment and onto the inferior surface of the liver. The diaphragmatic dissection is completed
laterally and the peritoneum is stripped off the pararenal fat to complete clearance of the
Morrison’s pouch (Figure 12). The right adrenal should be safeguarded at the medial
end, and injury to the adrenal vein should be avoided (Figure 13). The peritoneal attach-
ment on the inferior and inferolateral surfaces of segment 6 and along the inferolateral
surface of segment 7 is then taken down to complete the resection of the right upper
quadrant peritoneum.
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Figure 12. (A) Dissection of the Morrison’s pouch is complete with the underlying structures ex-
posed including the sub-hepatic inferior vena cava. (B) The peritoneum is reflected onto the liver 
and dissected off it in continuity with Glisson’s capsule. 

 
Figure 13. The peritoneum being dissected off the right adrenal gland. Dissecting in a deeper plane 
could lead to injury to the adrenal vein and should be avoided. 

Figure 12. (A) Dissection of the Morrison’s pouch is complete with the underlying structures exposed
including the sub-hepatic inferior vena cava. (B) The peritoneum is reflected onto the liver and
dissected off it in continuity with Glisson’s capsule.
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Figure 13. The peritoneum being dissected off the right adrenal gland. Dissecting in a deeper plane
could lead to injury to the adrenal vein and should be avoided.

Regarding the extent of diaphragmatic surgery, we perform stripping of the entire
diaphragm on that side if there is diaphragmatic involvement and not a limited stripping
or only focal resection as performed by some surgeons [64,65].

6.3. Glissonectomy

Tumor deposits on Glisson’s capsule can be destroyed with electrocautery. Alterna-
tively, a digital glissonectomy, as described by Glehen et al., can be performed. It has
the advantage of addressing occult disease in this region [57]. The capsule resection is
performed only in the regions involved, using finger dissection alone or combining it with a
bipolar scissor dissection (Figure 14). The capsule is incised with scissors or electrocautery
at a distance of 1–2 cm from the tumor deposits. The plane between the liver and the
capsule is identified, and the capsule overlying that particular surface/lobe or segment
is resected. This dissection can be performed even in the case of infiltrative deposits, but
care should be taken not to damage the underlying parenchyma. All anatomical scissuras
should be explored carefully to remove peritoneal tumor deposits. When possible, Pringle’s
maneuver is performed to minimize blood loss. After the capsule is removed, the liver
surface is covered and packed with mops to control the bleeding.

The digital dissection should be easy to perform, and if resistance is encountered, it
indicates either an entry into a “false plane” or parenchymal infiltration by the tumor [66].
Continuing dissection in the false plane could lead to significant hemorrhage and should
be avoided. In some regions such as the region around the superior edge of segments 7
and 8 the capsule if more firmly adherent to the liver (Figure 15).

This region could be dissected separately if resistance is encountered while stripping
the capsule. When the parenchyma is infiltrated, the finger dissection should be done
following the edge of the tumor to prevent as minor parenchymal damage as possible.
Alternatively, non-anatomical liver resection is performed [3]. The most common sites of
disease are the right superior and lateral surfaces of the liver to the right of the falciform,
the left superior surface to the left of the falciform, and the inferior surfaces. Isolated
deposits of tumor can be electrovaporated or dissected. At the end of the CRS, a second
look is performed to confirm and/or achieve thorough haemostasias and biliostasis [66].
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Figure 15. (A) Part of the capsule adherent to the superior surface and edge of segments 7 and 8 not 
removed in continuity. (B) This portion was excised with electrocautery. 
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removed in continuity. (B) This portion was excised with electrocautery.
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6.4. Left Subphrenic Peritonectomy and Central Diaphragmatic Peritonectomy

The common disease sites in the left upper quadrant and the central region are on
the left lobe surface and the adjacent diaphragmatic peritoneum, the left dome of the
diaphragm, the splenic capsule, at the splenic hilum, and in the gastrosplenic ligament
(Figure 16).
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Figure 16. Sites of disease in region 3 in a patient who has received neoadjuvant chemotherapy. (A) 
Along the superior edge of the left lobe. (B) On the posterior surface of the spleen along the perito-
neal attachment. (C) Anteriorly, the omentum is adherent at the hilum indicative of disease that has 
responded to chemotherapy. On palpation, tumor nodules were identified. All sites of disease were 
confirmed on pathology. 

The dissection begins at the edge of the abdominal incision dissecting the epigastric 
fat and peritoneum off the posterior sheath and then off the left hemidiaphragm. The left 
side is relatively easier to strip than the right side as there is no intervening lobe of the 
liver. The same principles as described for the right side are followed. Once the dome has 
been stripped, dissection continues over Gerota’s fascia (anterior renal fascia which is a 
fibroconnective tissue layer surrounding the kidney) and then onto the posterior surface 
of the spleen [44]. The peritoneum is dissected off the left adrenal and the superior half of 
the peri-renal fat. The splenic flexure of the colon is then mobilized, and the colon re-
tracted inferiorly. The process can be facilitated by carrying the dissection posterior to the 
kidney and mobilizing it which makes it easier to dissect the reflection of the peritoneum 
from the diaphragm onto Gerota’s fascia (Figure 17).  

Figure 16. Sites of disease in region 3 in a patient who has received neoadjuvant chemotherapy.
(A) Along the superior edge of the left lobe. (B) On the posterior surface of the spleen along the
peritoneal attachment. (C) Anteriorly, the omentum is adherent at the hilum indicative of disease that
has responded to chemotherapy. On palpation, tumor nodules were identified. All sites of disease
were confirmed on pathology.

The dissection begins at the edge of the abdominal incision dissecting the epigastric
fat and peritoneum off the posterior sheath and then off the left hemidiaphragm. The left
side is relatively easier to strip than the right side as there is no intervening lobe of the
liver. The same principles as described for the right side are followed. Once the dome has
been stripped, dissection continues over Gerota’s fascia (anterior renal fascia which is a
fibroconnective tissue layer surrounding the kidney) and then onto the posterior surface of
the spleen [44]. The peritoneum is dissected off the left adrenal and the superior half of the
peri-renal fat. The splenic flexure of the colon is then mobilized, and the colon retracted
inferiorly. The process can be facilitated by carrying the dissection posterior to the kidney
and mobilizing it which makes it easier to dissect the reflection of the peritoneum from the
diaphragm onto Gerota’s fascia (Figure 17).

If the splenectomy is not planned, the dissection stops the posteroinferior and postero-
lateral border of the spleen. The splenic hilum should be exposed posteriorly to complete
the subphrenic peritonectomy. If a splenectomy is planned, then the splenic vessels could
be ligated and divided after retracting the spleen anteriorly, or the pedicle could be ap-
proached anteriorly [44]. The anterior approach may be complex when there is an extensive
disease at the hilum. The central dissection begins to the left of the falciform ligament,
stripping the peritoneum off the central diaphragm and excising the left triangular ligament.
The peritoneum overlying the central tendinous portion of the diaphragm is relatively thin,
and the pericardial cavity accidental opening by inexperienced surgeons is common. Such
a pericardial defect should be repaired immediately. Second, the left hepatic vein that is
encountered while mobilizing the left lobe can have a tortuous course in some patients
and needs to be safeguarded. The dissection continues over the abdominal esophagus, the
greater curvature of the stomach, and onto the spleen. If a splenectomy is not planned, the
short gastric vessels must be safeguarded. The peritoneum over the short gastric vessels
and to the left of the fundus should, however, be carefully resected (Figure 18). The tail of
the pancreas should also be safeguarded (Figure 19).
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Figure 17. The kidney is mobilized to facilitate dissection at the posterior part of the diaphragmatic
cupola and along the posterior surface of the spleen.
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Figure 18. Dissection of this peritoneum continues laterally and over the short gastric vessels if the 
spleen is preserved. In this patient, a splenectomy was performed. 
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Figure 18. Dissection of this peritoneum continues laterally and over the short gastric vessels if the
spleen is preserved. In this patient, a splenectomy was performed.
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Figure 18. Dissection of this peritoneum continues laterally and over the short gastric vessels if the 
spleen is preserved. In this patient, a splenectomy was performed. 
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Figure 19. (A) The left upper quadrant peritonectomy and splenectomy is complete with no damage 
to the tail of the pancreas. (B) Spleen preserving left upper quadrant peritonectomy. The omental 
attachment on the spleen has been completely divided (white arrows). 

6.5. Lesser Omentectomy and Hepatoduodenal Ligament Clearance 
The clearance of the hepatoduodenal ligament begins with a cholecystectomy [43]. 

The peritoneal fold covering the gall bladder is a common disease site (Figure 20). 

 

Figure 19. (A) The left upper quadrant peritonectomy and splenectomy is complete with no damage
to the tail of the pancreas. (B) Spleen preserving left upper quadrant peritonectomy. The omental
attachment on the spleen has been completely divided (white arrows).
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6.5. Lesser Omentectomy and Hepatoduodenal Ligament Clearance

The clearance of the hepatoduodenal ligament begins with a cholecystectomy [43].
The peritoneal fold covering the gall bladder is a common disease site (Figure 20).
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Figure 19. (A) The left upper quadrant peritonectomy and splenectomy is complete with no damage 
to the tail of the pancreas. (B) Spleen preserving left upper quadrant peritonectomy. The omental 
attachment on the spleen has been completely divided (white arrows). 

6.5. Lesser Omentectomy and Hepatoduodenal Ligament Clearance 
The clearance of the hepatoduodenal ligament begins with a cholecystectomy [43]. 

The peritoneal fold covering the gall bladder is a common disease site (Figure 20). 

 

Figure 20. Tumor deposits on the serosa of the gall bladder. The peritoneal fold between the gall
bladder and the duodenum has to be divide to visualize this disease.

The fundus first approaches the gall bladder by dissecting the cystic artery and the
cystic duct and dividing them. The peritoneum over the gall bladder is maintained intact
and then retracted over the portal structures, which are carefully dissected using blunt or
monopolar or bipolar dissection (Figure 21) [67]. When there is an extensive disease, the
cystic duct can be used to identify the correct plane. The fat around the portal structures
should be preserved (Figure 22). Variations in the anatomy of the portal structures should
be considered. The lesser omentum could be removed in continuity or separately.
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Figure 21. Resection of the hepatoduodenal ligament in progress. Figure 21. Resection of the hepatoduodenal ligament in progress.
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Figure 22. The porta hepatis after complete dissection of the anterior layer of the hepatoduodenal 
ligament. The fat around the portal structures is preserved. 

The hepatogastric ligament is divided at its attachment to the caudate lobe. An ac-
cessory or aberrant left hepatic artery may be present in this area which needs to be iden-
tified and preserved. If the artery is embedded in the tumor and or its preservation pre-
vents clear exposure of the omental bursa, the artery can be divided close to the liver [68]. 
The right gastric artery should be preserved as far as possible. 
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Figure 22. The porta hepatis after complete dissection of the anterior layer of the hepatoduodenal
ligament. The fat around the portal structures is preserved.

The hepatogastric ligament is divided at its attachment to the caudate lobe. An
accessory or aberrant left hepatic artery may be present in this area which needs to be
identified and preserved. If the artery is embedded in the tumor and or its preservation
prevents clear exposure of the omental bursa, the artery can be divided close to the liver [68].
The right gastric artery should be preserved as far as possible.

Superior clearance of the hepatogastric ligament requires mobilization of the left lateral
segment of the liver by dividing the left triangular ligament. It is retracted to the right
to expose the ligament completely. Along the lesser curve, blunt and sharp dissection is
performed. The vagal fibers and left gastric vessels should be preserved as far as possible
(Figure 23). This is important if the gastroepiploic arch has been divided. The tumor over
the surface of the caudate lobe may be electro-evaporated or excised [68].
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6.6. Foramen of Winslow and the Posterior Layer of the Hepatoduodenal Ligament

The posterior layer of the hepatoduodenal ligament covering the portal structures and
the foramen of Winslow are two other sites of disease in the upper abdomen, especially
in patients with extensive disease (Figure 24). The posterior layer of the hepatoduodenal
ligament forms the anterior boundary of the foramen of Winslow, which is also bounded by
the peritoneum covering the IVC posteriorly, the junction of the right and left caudate lobes
of the liver superiorly, and by the peritoneum covering the first portion of the duodenum
inferiorly [67]. Tumor nodules in this region may not be visible unless looked for. Whereas
tumor on the IVC can be easily visualized, the posterior part of the porta should be
palpated to determine the presence of disease. Sugarbaker et al. have also described this
site as a potential for incomplete cytoreduction in patients with mucinous appendiceal
neoplasms [69].

Surg. Tech. Dev. 2023, 12, FOR PEER REVIEW 28 
 

 

 
Figure 24. Foramen of Winslow and the posterior layer of the hepatoduodenal ligament after re-
moval of the anterior layer and the gall bladder. 

When there are few nodules, the peritoneum can be removed from both the anterior 
surface of the IVC and the posterior surface of the porta using blunt or sharp dissection 
or a combination of both [55]. The peritoneum is divided at its attachment to the liver, 
safeguarding the portal structures. When there is a more bulky disease, Kocher’s maneu-
ver (mobilization of the duodenum and the pancreas) can be used to provide better expo-
sure to the Foramen of Winslow, as described by Sugarbaker et al. [67]. This procedure 
opens up the retroperitoneal space with the risk of retroperitoneal tumor implantation. 
Thus, it should be undertaken only when a complete cytoreduction has been obtained in 
all other regions. Rare complications that could arise are acute pancreatitis due to rotation 
of the pancreatic head and capsular injury [67]. 

6.7. Superior Recess of the Lesser Sac 
The caudate lobe is retracted to expose the floor of the superior recess of the lesser 

sac. Tumor deposits on the posterior surface of the caudate lobe and the anterior surface 
of the inferior vena cava are removed (Figure 25) [44]. Medially, the crus of the diaphragm 
is cleared off the tumor [44]. A combination of blunt and bipolar dissection is used for the 
same. Care is taken to protect the right phrenic artery [55]. Then, the peritoneum at the 
lesser curvature of the stomach is stripped from the vascular arcade. The dissection pro-
ceeds with caution to avoid traumatizing the right and left gastric arteries, the left gastric 
vein, and the anterior vagal nerve [55]. 

Figure 24. Foramen of Winslow and the posterior layer of the hepatoduodenal ligament after removal
of the anterior layer and the gall bladder.

When there are few nodules, the peritoneum can be removed from both the anterior
surface of the IVC and the posterior surface of the porta using blunt or sharp dissection
or a combination of both [55]. The peritoneum is divided at its attachment to the liver,
safeguarding the portal structures. When there is a more bulky disease, Kocher’s maneuver
(mobilization of the duodenum and the pancreas) can be used to provide better exposure
to the Foramen of Winslow, as described by Sugarbaker et al. [67]. This procedure opens
up the retroperitoneal space with the risk of retroperitoneal tumor implantation. Thus, it
should be undertaken only when a complete cytoreduction has been obtained in all other
regions. Rare complications that could arise are acute pancreatitis due to rotation of the
pancreatic head and capsular injury [67].
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6.7. Superior Recess of the Lesser Sac

The caudate lobe is retracted to expose the floor of the superior recess of the lesser
sac. Tumor deposits on the posterior surface of the caudate lobe and the anterior surface of
the inferior vena cava are removed (Figure 25) [44]. Medially, the crus of the diaphragm
is cleared off the tumor [44]. A combination of blunt and bipolar dissection is used for
the same. Care is taken to protect the right phrenic artery [55]. Then, the peritoneum at
the lesser curvature of the stomach is stripped from the vascular arcade. The dissection
proceeds with caution to avoid traumatizing the right and left gastric arteries, the left
gastric vein, and the anterior vagal nerve [55].
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Figure 25. Clearance of the superior recess of the lesser sac. The caudate lobe has been retracted to
the right to expose the IVC.

6.8. Inferior Recess of the Lesser Sac

This is removed in continuity with the greater omentum. The anterior layer of the
peritoneum covering the transverse mesocolon, the peritoneum overlying the pancreas,
and the fold connecting the superior border of the pancreas to the lesser curve are resected.
The peritoneum anterior to the pancreas may be left behind without tumor deposits [44].
However, the posterior layer of the lesser sac between the stomach and pancreas should be
exposed to rule out tumor involvement and resected if it has tumor deposits [44].

6.9. Umbilical Round Ligament

The umbilical ligament needs to be removed completely. It may be surrounded by a
variable amount of hepatic parenchyma in the umbilical fissure. Sugarbaker has referred to
this bridge as “pont hepatique”; in some cases, the liver tissue is absent, i.e., an absent or
open hepatic bridge [70]. To clear deposits in the peritoneum surrounding the umbilical
ligament, the hepatic bridge must be divided to expose the full length of the ligament
(Figure 26). The left hepatic artery or one of its branches may be at risk of injury during the
stripping of the peritoneum in the umbilical fissure, and special care needs to be taken to
avoid this (Figure 27) [70].
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Figure 26. The hepatic bridge has been divided to expose the entire length of the umbilical round ligament.
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should be performed with caution to avoid injury to the portal structures.

6.10. The Peritoneum Overlying the Pancreas

The gastrocolic ligament is excised to expose the anterior surface of the pancreas. If
tumor deposits are found, the peritoneum is resected using blunt and sharp dissection.
Dissection usually begins at the inferior border of the pancreas till the superior border
where the splenic vessels lie [70]. Injury to the splenic vessels and pancreas should be
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avoided, and a drain should be left postoperatively after this procedure [55]. The space
between the anterior part of the pancreatic head and the posterior part of the antro-pyloric
region of the stomach should be exposed to remove potential hidden tumor deposits.

6.11. Lymphadenectomy

Upper-abdominal lymphadenectomy is performed if the lymph nodes are enlarged
or suspicious on imaging or during surgery. The suprarenal para-aortic lymph nodes,
left gastric nodes, and periportal and common bile duct nodes are dissected for other
primary tumors. The technique of resection of celiac axis nodes for ovarian cancer has been
described for ovarian cancer [71]. Periportal nodes may not be visible on preoperative
imaging. If there is disease on the porta hepatis, the peritoneum is stripped and the region
inspected for presence of enlarged nodes. The node along the lower half of the common
bile duct on the right side, along the portal vein on the left side and the hepatic artery are
are the nodes that are often enlarged. When there is disease on the porta, we resect these
nodes if enlarged. If there is no disease, we leave them behind even if they are enlarged
but no not seem grossly involved. Only the enlarged nodes are removed and all the fatty
tissue is not removed. In case of future recurrence, this could prevent the disease from
causing biliary obstruction. The variations in the anatomy of the hepatic artery such as a
replaced right hepatic artery and of the biliary tree should be kept in mind. Greater and
lesser omental nodes are usually found during pathological evaluation if these structures
have been removed. Though the prognostic significance of these nodes is not known,
documentation is essential for future research. The nodes that require particular mention
as the supradiaphragmatic nodes. Cardiophrenic angle lymph nodes close to the xiphoid
process can be removed by the sub-xiphoid approach (Figure 28) [55]. This approach
utilizes the upper portion of the laparotomy incision and leaves the diaphragm intact,
entering the pleural space anterior to the diaphragm and pericardium. The dissection
plane is just under the xiphoid and allows direct access to the cardiophrenic lymph nodes.
The other lymph nodes such as the costophrenic angle nodes and paracaval lymph nodes
can be resected transdiaphragmatically or through video-assisted thoracoscopic surgery
(VATS) [72].
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In the transdiaphragmatic approach, the right diaphragm is incised lateral to the IVC,
and the nodes in the costophrenic angle are identified and resected (Figure 28) [73]. The
same approach can be used to resect the paracaval nodes lying in the posterior mediastinum.
VATS has the advantage of allowing inspection of the pleural cavity as well for the presence
of disease [72,74].

6.12. Topical Hemostatic Agents

Topical hemostatic agents such as Surgicel ®, TachoSil ®, Abgel ® to name a few
can be used to control bleeding from the liver surface following hepatic resection or
glissonectomy [75]. These agents can also be used to control bleeding from any rents in the
spleen caused during dissection if preservation of the spleen is planned. For other regions
these agents could be used if the need arises, for, e.g., in cases when anticoagulants cannot
be stopped during surgery to reduce the transfusion rate [76]. However, it must be pointed
out that meticulous coagulation of small bleeders using a bipolar cautery is an effective
way of minimizing blood loss. This should be done simultaneously as the dissection
proceeds. When there is uncontrolled bleeding, it is best to pack the area with surgical
mops which could be soaked in topical hemostatic agents and reevaluate the situation after
stabilizing the patient hemodynamically. Anesthesia management is crucial regarding the
choice of fluids and blood components that are used during these procedures [77]. The
recently published guidelines for perioperative care and ERAS for patients undergoing
CRS have outlined the current standards for anesthesiology management and could be
referred to [78].

6.13. Role of Minimally Invasive Surgery

Open surgery is considered to be the gold standard for CRS for advanced ovarian can-
cer. There are several reports suggesting that minimally invasive CRS could be performed
for selected patients undergoing interval CRS resulting in similar oncological outcomes
and a shorter hospital stay [79].

We do not advocate minimally invasive surgery (MIS) for upper-abdominal CRS in
ovarian cancer outside clinical trials for the following reasons

1. Even when there is limited disease, it is always accompanied by disease at other sites
making the procedure technically challenging and time consuming if the peritonec-
tomies are performed as described in the manuscript. We support our stand with the
patient selection criteria for the LANCE trial in which patients with diaphragm, liver
and splenic involvement are excluded from the trial [80].

2. Though some papers show that for limited disease, MIS produces a survival compared
to open surgery, the comparison is made between patients with limited disease
undergoing MIS and the whole cohort of ovarian cancer patients undergoing open
surgery which in our opinion is not a valid comparison [81]. Moreover, a study from
the PSOGI registry showed a higher incidence of recurrence following MIS CRS for
high-grade malignancies such as colorectal and ovarian cancer [82].

3. For recurrent ovarian cancer, there could be two scenarios-either the diaphragm was
previously stripped and there is a recurrence in the same region; in this scenario
minimally invasive surgery is dangerous as there could be dense adhesions and
without the tactile sensation that is available in open surgery, adhesionolysis should
not be performed. In the second scenario, if the diaphragm was not stripped, we
would perform a complete stripping in that region as described above.

Though there are many studies showing the safety and feasibility of diaphragm
surgery in both the first-line and recurrent setting, only limited resection of the peritoneum
or diaphragm is performed in all these studies [79,83–87].

4. There is a risk of missing small tumor nodules and some regions such as region 2
which is described above cannot be explored properly on MIS.
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7. Morbidity of Upper-Abdominal Cytoreduction and Its Prevention

Upper-abdominal surgery, especially diaphragmatic surgery, carries its specific mor-
bidity. In the surgical complexity score by Aletti et al., procedures such as diaphragmatic
stripping, splenectomy, and liver resections are allotted a higher score [88]. The long
incision coupled with the stripping of the diaphragm can compromise the respiratory
movements in the postoperative period, leading to basal atelectasis and pneumonia. Pleu-
ral effusions are common, and most surgeons prefer to put in a chest tube if the diaphragm
has been stripped [89,90]. There are several reports in which show no added benefit of
placing chest tubes routinely [91]. However, these reports include most patients with focal
stripping or resection and not complete stripping with or without full-thickness resection
as we have described above. Not placing chest tubes could have adverse consequences in
some patients [92]. Postoperative biliary fistulas could result from biliary injury or rarely
following glissonectomy or segmental liver resection. Postoperative pancreatic fistulas
could follow pancreatic resection or anterior capsular resection [93]. CRS-related com-
plications such as fluid-electrolyte disturbances are more likely in patients undergoing
upper-abdominal cytoreduction.

Prehabilitation, that is, optimizing the functional capacity to enable the patient to with-
stand surgery, is essential for patients undergoing upper-abdominal cytoreduction [94]. Spe-
cific measures include smoking cessation, physical exercise, breathing exercises, incentive
spirometry, and nutritional status optimization. Enhanced recovery after surgery (ERAS)
guidelines have been laid down by different societies and working groups of clinicians
that include these prehabilitation measures and other perioperative practices [78,95,96].
Several studies have validated ERAS protocols and demonstrated the benefit of some of
the practices such as prehabilitation [97,98]. However, validation of other practices such as
avoiding drains and chest tubes and early removal of nasogastric tubes for patients who
have extensive upper-abdominal surgery including stripping of the entire diaphragm with
or without resection remains to be demonstrated. We recommend a more conservative
approach for these practices following extensive upper-abdominal surgery.

The reported major morbidity in patients undergoing upper-abdominal procedures
ranges from 8 to 30% [99,100]. Harter et al. reported a 30-day mortality of 2.3% in 396
patients undergoing extensive upper-abdominal cytoreduction. The major complications
were essentially a result of bowel resections and anastomoses [13]. The complication
rate was 12% in 115 patients treated at the Memorial Sloan Kettering center during their
initial experience with extensive upper-abdominal cytoreduction [4]. In another study
of 144 patients with advanced and recurrent EOC, all of whom had upper-abdominal
cytoreduction, significant complications were seen in 31.9%; and 3.4% of patients died
within 90 days of surgery [101]. Respiratory complications seen in 7.6% were the only
complications attributed to upper-abdominal cytoreduction. The authors used non-invasive
ventilation in the postoperative period and the other measures described above to reduce
the incidence of respiratory complications. In another study of 34 patients, the authors
reported complications in 56% and postoperative mortality in 6% of patients [102]. This
was, however, their initial experience, and the complications were graded according to
the old Clavien–Dindo classification. Though the exact incidence has not been mentioned,
pulmonary complications were the most common complications seen in this study [102].

8. Conclusions

Upper-abdominal cytoreduction leads to a higher rate of complete gross resection and
has an OS benefit in advanced EOC. Its benefit in patients with the recurrent disease has
not been established. The role of upper-abdominal lymphadenectomy needs further study
to determine its use in patients undergoing CRS. More than half the patients undergoing
CRS for advanced EOC require upper-abdominal cytoreduction, and surgeons treating
ovarian cancer should be well versed in these procedures or seek the help of surgical teams
proficient in dealing with the upper-abdominal disease to obtain a complete cytoreduction.
A thorough exploration of the upper abdomen should be performed in all patients with
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disease beyond the pelvis. The spaces and ligaments around the liver should be examined
thoroughly to avoid missing disease in any region. The morbidity of upper-abdominal
cytoreduction is acceptable. Prehabilitation and optimal perioperative management can
reduce the incidence and severity of complications.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/std12010001/s1, Figure S1. Widespread cancer distribution
which is seen in epithelial ovarian cancer. Figure S2. The supradiaphragmatic nodes that are
addressed during upper-abdominal cytoreduction: cardiophrenic angle nodes (red circle), paracaval
nodes (yellow circle) and costophrenic nodes (blue circle).
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