
Abstract. Aim: To present the extraperitoneal approach for
the removal of peritoneal metastases in the right upper
abdomen in patients with ovarian cancer and to evaluate
safety and potential advantages with comparison with the
traditional approach. Patients and Methods: Detailed
description of the right upper quadrant peritonectomy as
extraperitoneal approach. Procedure-specific short-term
complications were retrospectively analyzed in a cohort of
patients. Results: Sixty-four patients were included. Full-
thickness diaphragmatic resection was performed in 17% of
primary cases, and in 44% of the patients with recurrent
ovarian carcinoma. The rate of complete cytoreduction (CC-
0) was 70%. The most common postoperative complication
was pleural effusion (32%). Conclusion: The extraperitoneal
approach for peritonectomy of the right upper quadrant in
patients with ovarian cancer is feasible, with improved
access to the right subdiaphragmatic area. This enables a
high rate of complete cytoreduction, and simplified and safe
surgical dissection in an uncontaminated area under secured
vascular structures. The early postoperative outcomes are
comparable to those of the traditional transperitoneal
approach.

In industrialized countries, ovarian cancer is the leading
cause of gynecological cancer-related mortality. The poor

prognosis is attributed to the fact that two-thirds of patients
have advanced-stage ovarian cancer at diagnosis (1). The
majority of these women have extensive intra-abdominal
disease with significant peritoneal involvement at the time
of diagnosis, resulting in low overall cure rates. The most
important prognostic factor remains the residual disease
status after cytoreductive surgery (CRS) (2-4).

In advanced-stage ovarian cancer, up to 40% of patients
present with bulky metastases in the diaphragmatic
peritoneal region, mainly on the right side (5-7). Metastases
appear in this region as a consequence of transcoelomic
tumorous implants from the floating malignant cells in the
peritoneal fluid, which circulates clockwise in the peritoneal
cavity (8).

Maximal effort to achieve complete cytoreduction with the
resection of diaphragmatic metastases is associated with
improved survival (5, 9, 10). For this reason, gynecological
oncologists commonly perform upper abdominal surgery (9,
11). Not only in the primary but also in the recurrent setting,
complete cytoreduction seems to deliver survival benefit.
Recently results from the DESKTOP III trial, presented at
the American Society of Clinical Oncology meeting in
Chicago, highlighted a survival benefit in favor of secondary
complete CRS in comparison to chemotherapy alone (12).

Diaphragmatic peritonectomy and full-thickness resection
constitute an effective way to remove diaphragmatic
carcinomatosis and achieve complete cytoreduction. These
interventions frequently result in intrathoracic and pulmonary
complications, although long-term morbidity is uncommon.
Diaphragmatic surgery is mostly limited to stripping.
However, if the tumor infiltrates the muscle fibers of the
diaphragm, full-thickness resection is necessary, and the
opening of the pleural cavity is inevitable.

After having reviewed the literature on diaphragmatic
surgery for ovarian cancer, the authors found that
descriptions of surgical techniques predominantly discuss the
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transperitoneal approach. Nevertheless, upper abdominal
peritonectomy from extraperitoneal approach constitutes a
technique safely applied in surgical oncology that may offer
some advantages. The significance of this issue is given by
the analysis of the Gynecologic Oncology Group 182 trial,
which showed that the diaphragm is the most common
localization for residual tumor after surgery in advanced
ovarian cancer (13).

The primary aim of this article was to describe the
surgical technique of right subdiaphragmatic peritonectomy
through extraperitoneal access, which is used by surgical
oncologists for peritoneal surface malignancies, and to
evaluate its safety. Additionally, we compared this approach
to the traditional peritonectomy procedure performed by
gynecological oncologists at most oncology centers.
Furthermore, another objective of this report was to critically
discuss the most relevant and controversial aspects of the
two cytoreductive surgical techniques, outlining the possible
benefits of the extraperitoneal surgical technique. Indeed,
there are some differences between the traditional
transperitoneal approach and the extraperitoneal dissection
technique as described by the Peritoneal Surface Oncology
Group International (14, 15).

In addition, the Authors conducted a retrospective study
to evaluate the typical, diaphragmatic surgery-related early
postoperative complications following peritoneal stripping
and full-thickness resection with extraperitoneal approach in
patients with ovarian cancer. Our work may provide an
opportunity to expand the armamentarium of the surgical
oncologists and gynecological oncologists to achieve a
higher rate of complete tumor reduction

Patients and Methods
Data were assessed of 146 consecutive patients treated with CRS
(with or without subsequent hyperthermic intraperitoneal
chemotherapy, HIPEC) during January 1st 2011 to April 30th 2020
for primary or recurrent invasive ovarian or fallopian tube and
primary peritoneal cancer at the Barmherzige Brüder Regensburg
Hospital, Germany, a tertiary referral center certified for treatment
of peritoneal surface malignancies. The indications for CRS and
HIPEC were recommended as an individual therapy by an
interdisciplinary team in the setting of a tumor conference,
supported by the patient’s preferences and the referring oncologist.
Ninety-nine of the 146 patients with ovarian cancer underwent CRS
with HIPEC, whereas 47 underwent CRS only. Of the 146 patients
who were treated within the study period, we included only those
who underwent peritonectomy and full-thickness resection of the
right upper diaphragm through the extraperitoneal approach with or
without liver capsule resection: 55 in the CRS plus HIPEC group
and nine in the CRS-only group. Thus, altogether 64 patients were
included in the present study. Documented data of each patient were
reviewed, and surgical, pathological, and Intensive Care Unit
records were extracted. The operations were performed by an
ovarian team consisting of a gynecological oncologist and a surgical
oncologist.

Operative and patient data were entered into the German national
HIPEC registry, initiated by the German Society for General and
Visceral Surgery, and retrospectively analyzed for this study. The
patients agreed to data entry before their initial surgery by written
and oral informed consent. The choice of treatment for each patient
was determined by a multidisciplinary team.

The completeness of cytoreduction (CC) was scored as proposed
by Sugarbaker: CC-0: No residual disease; CC-1: residual nodules
measuring less than 2.5 mm; CC-2: residual nodules measuring
between 2.5 mm and 2.5 cm; and CC-3: residual nodules greater
than 2.5 cm (16). However, this scoring system cannot be compared
to the “greatest dimension of single largest residual lesion”
following CRS, which constitutes an accepted measurement in the
field of gynecological oncology (17, 18). Nevertheless, both systems
are completely identical if there is no macroscopic residual disease
at the end of the CRS.

Description of the surgical techniques. Patient positioning is similar
for both procedures: Modified lithotomy position with the gluteal
fold at the end of the operating table, allowing full access to the
whole abdomen and peritoneal surfaces. In both techniques, the
abdomen is opened through a midline incision, extending from the
xiphoid above to the pubis below, to gain maximal access to all
abdominal compartments.

Traditional transperitoneal approach with liver mobilization.
According to the traditional transperitoneal approach, the procedure
for which is described in detail elsewhere (5, 19, 20), the first steps
are the mobilization and then medialization of the liver for better
exposure. The falciform ligament, containing the round ligament of
the liver (ligamentum teres hepatis), is divided and ligated.
Peritoneal dissection of the right anterior coronary ligament starting
medially towards lateral comes next after identification of the
inferior vena cava, followed by the separation of the right triangular
ligament. The dissection is continued up to the bifurcation of the
right coronary ligament, where both the anterior and the posterior
right coronary ligaments are divided, thus allowing medialization of
the right lobe of the liver. Mobilization is continued until the nude
area of the liver appears. Dissection is sometimes performed in the
lateromedial direction, first separating the triangular ligament from
the diaphragm. After the liver is mobilized and the borders of the
planned resection line are demarcated with clamps, cranially on the
anterior edge of the right hemidiaphragm along the costal margin
and caudally from Gerota’s fascia, peritonectomy follows. This can
be performed with bipolar scissors (21). If diaphragmatic resection
is necessary, it is carried out by a stapling device either without
opening of the pleural cavity in case of shallow infiltration or
through the pleural cavity opening for full-thickness resection in the
case of deeply invading tumor. Lastly, the generated defect is closed
by interrupted horizontal mattress or by figure-of-eight permanent
sutures. The aim of liver mobilization prior to the peritonectomy is
to ensure full exposure of diaphragmatic disease and to access the
bare area of the liver (22).

Extraperitoneal approach. The extraperitoneal approach was
originally described by Sugarbaker and the Peritoneal Surface
Oncology Group International as a peritonectomy procedure (15,
23-25) and is practiced by surgical oncologists in cases of peritoneal
carcinosis from various malignancies such as cancer of colorectal
or gastric origin, pseudomyxoma peritonei, and mesothelioma. The
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device used for peritonectomy and preparation is a 3 mm ball-tipped
electrosurgical handpiece used on pure cut at high voltage. Tissue
damage due to high voltage can be prevented by rapid cutting
movements and regular irrigation. Xyphoidectomy for better
exposure of the right or the left hemiabdomen is rarely necessary.
Peritonectomy in the right hemiabdomen is facilitated by a self-
retraining retractor. In this case the edges of the skin can be
stretched out by holding sutures bound to the retractor, providing
better exposure of the surgical site (Figure 1). Preparation and
peritonectomy in the right hemiabdomen are implemented through
electrocoagulation and not through blunt preparation in order to
prevent bleeding from the several vascular connections between the
diaphragm and the peritoneum. After the fascia has been dissected,
the dissection is continued strictly extraperitoneally for about 5-10
cm in the anterolateral direction while the peritoneal sac remains
closed and intact. In the upper abdomen, the peritonectomy is
extended several centimeters towards the subdiaphragmatic areas on
both sides. The preparation immediately below the costal arch
enables a self-retaining retractor to be used. The peritoneum can
then be opened through a short incision. Especially in previously
operated patients, its line should be chosen paramedian outside of
the old scar to avoid serosal lesions or transmural defects of the
intestine. This peritoneal window can be used for an orientational
exploration of the abdominal cavity and the internal organs, thus
excluding contraindications to surgery, particularly multilocular
small intestinal involvement. The entrance to the appropriate
preparation layer subxyphoideally and subdiaphragmatically lies at
the area of the fatty triangle. Preperitoneal fat and peritoneum can
be easily separated from the diaphragm here. The subphrenic
dissection continues until the junction of the hepatic veins into the
vena cava are encountered.

The confluence of the hepatic veins with the vena cava is usually
easily palpable at the indentation between the right and middle
hepatic veins. During extraperitoneal dissection, this area can
usually be palpated long before the vena cava becomes visible. At
this point, careful preparation is necessary in order not to injure the
major vessels. Injury can be avoided by frequent palpation of the
recess between the right and medial hepatic vein, the junction of
which to the retrohepatic segment of the inferior vena cava (IVC)

constitutes the cranio-medial border during this procedure. The
preparation in the area of the central tendon is technically
demanding because the anatomical layers between the diaphragm
and the peritoneum are extremely flimsy here. Next, the separation
of the peritoneum in the right upper quadrant is initiated from the
posterior rectus sheath. Strong traction needs to be applied on the
peritoneum while moving forward with stripping with
electrocautery, thus bringing the diaphragmatic muscle into view
and medializing the liver at the same time (Figure 2). Contra-
traction is achieved by pulling upwards of the right costal margin
by a self-retaining retractor. Several small vessels draining from the
diaphragm musculature to the peritoneum should be coagulated
simultaneously with stripping to reduce blood loss.

The stripping of the tumorous right hemidiaphragmatic
peritoneum is continued until the bare area of the liver is
encountered. Here the peritoneum bends over into Glisson’s capsule
of the liver, which can be stripped en bloc from the surface of the
liver if tumorous implants are present. During the dissection in this
area, the right, medial and left hepatic veins draining into the
anterior side of the IVC will be encountered. The right phrenic
nerve passes through the vena caval hiatus laterally in the
diaphragm at the level of the eighth thoracic vertebra and divides
just superior to or at the level of the diaphragm. It is generally not
encountered during peritonectomy until the bare area of the liver is
exposed. If the tumor is in close proximity to vascular structures,
the hepatic veins must be carefully examined before subphrenic
peritonectomy is carried out. Experience shows that tumorous
infiltration of these rarely occurs, as their position remains
retroperitoneal. The right subdiaphragmatic peritoneum, the capsule
covering the surface of the liver and the right subhepatic space
covered by the peritoneum (Morison’s pouch) constitute an
envelope. The surgery aims to remove it en bloc, in a manner
continuing the subhepatic peritonectomy in cranial direction, while
moving on with the subdiaphragmatic peritonectomy in caudo-
lateral direction. The right dorsal border of the preparation
comprises Gerota’s fascia and the perirenal fat covering the right
kidney. At this point, the right adrenal gland is visualized. It must
be protected from any injuries while peeling off the tissues in the
subhepatic region. As the peritoneal reflection at the posterior aspect
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Figure 1. Circular exposure of the peritoneal sac by extraperitoneal
dissection. The skin with holding sutures on the retractor is stretched
out, which provides extended exposure of the surgical site.

Figure 2. Extraperitoneal peritonectomy through electrocoagulation in
the right subphrenic region.



of the liver is stripped (posterior right coronary ligament), the vena
cava and the veins of the caudate lobe running between the first
liver segment and the vena cava must be protected from injury.

The falciform ligament is dissected off the liver capsule and
remains attached to the tumorous peritoneum unless Glissonectomy
is also required. In the latter situation, these structures can be
resected en bloc. When preparation is completed, the anterior
branches of the phrenic vein and artery can be visualized, together
with the right hepatic vein and the vena cava running under it, in
connection with the smaller retrohepatic veins (Figure 3 and Figure
4). Branches of the right phrenic artery and vein can be divided if
necessary during the procedure of the peritonectomy.

If the tumor is tightly adherent to or infiltrating into the
diaphragmatic fibers, especially at the central tendon, the tumor
must be removed with full-thickness resection. Full-thickness
resection can often be performed by an elliptical incision with
bipolar scissors or electrocautery and closed by interrupted sutures.
Another option includes exerting traction by a Kelly clamp on the
tumor-infiltrated diaphragmatic muscle section and then resecting
with thoracoabdominal stapling device and finally closing the
diaphragm in a single step. In this case, the pleural cavity is not
opened. The latter method is performed in a similar manner by
oncological surgeons and gynecological oncologists.

Intra- and postoperative results. Patients in the first study group
(55/64; 86%), following CRS which was achieved by parietal and
visceral peritonectomy procedures, received bidirectional HIPEC
with closed-abdomen technique. Cisplatin at 75 mg/m2 and
doxorubicin at 15 mg/m2 body surface area were administered at
42˚C for 60 or 90 min. Considering the small number of patients in
the CRS-only group (n=9), at the evaluation of the postoperative
outcome, the two study groups, i.e., all 64 patients, were analyzed
in one block.

Procedure-specific postoperative short-term complications were
registered according to the description of the operation,
anesthesiology, and Intensive Care Unit records, as well as of ward
documentation. As stipulated in the hospital protocol, postoperative
chest X-ray examination was performed in all patients undergoing
operation, regardless of symptoms. At our Institution, intraoperative

chest tube placement was applied routinely in the following
situations: If during full-thickness resection or unwarily the thoracic
cavity was opened; during peritoneal stripping; or if it was
considered indispensable by the operating surgeon in cases of
extensive diaphragmatic intervention. In addition, chest drainage
was also inserted immediately after postoperative HIPEC treatment
when a fluid discrepancy emerged between the total inflow and the
outflow, with the accumulation of the unaccounted fluid in the
thoracic cavity confirmed by ultrasonography.

Results

Overall, 72% of the 64 patients who underwent
peritonectomy and full-thickness resection of the right upper
diaphragm, with or without liver capsule resection, received
primary CRS. Patients in the primary setting had
International Federation of Obstetrics and Gynecology stage
IIIC-IV disease. The remaining 28% underwent secondary or
tertiary CRS (15% and 13%, respectively). Full-thickness
diaphragmatic resection was necessary in 44% of the patients
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Figure 3. After peritonectomy, the right and medial hepatic veins
draining into the anterior surface of the inferior vena cava can be
visualized.

Figure 4. Completed peritonectomy in the right upper quadrant. The
liver has been mobilized and retracted medially. The branches of the
inferior phrenic artery and vein, the inferior vena cava (IVC) with the
retrohepatic veins and the right adrenal gland visualized.



with recurrent ovarian carcinoma and in 17% of patients in
the primary setting. Full-thickness resection was carried out
in 16 patients (25%), while liver capsule resection was
performed in 12 (18%).

Procedures, surgical outcomes, and histological subtypes
are listed in Table I. 

The tumorous involvement of the right upper quadrant
was completely resected in all patients. Furthermore, we
analyzed each case in which the surgery failed to achieve
macroscopic complete resection (n=19; 30%) and found that
the underlying cause for this was the disseminated fine
nodular tumorous involvement of the small intestine and its
mesentery. Two patients had tumor residues at other
locations apart from the fine nodular involvement of the
small intestine. In one of these patients, residual tumorous
tissue remained interiliacally and was tightly adherent to the
external iliac artery and vein. The other patient harbored 2
mm-sized disseminated metastases on the splenic capsule.
Considering the advanced age of this patient, we resigned
from multi-visceral resection to prevent increased morbidity
related to splenectomy. Thus, cytoreduction with residual
disease (<1 cm) was achieved by the end of the surgery for
the whole study population.

Complications. Postoperative diaphragmatic surgery-related
short-term complications occurred in 30 patients (47%). The
most common complication was pleural effusion, which
developed in 21 out of 64 patients (32%) in the postoperative
period. Postoperative chest tube insertion was necessary in five
patients (8%), whereas thoracocentesis was performed in 10
patients (15%). Additionally, in six cases (9%), the pleural
effusion was resolved by pharmacological treatment.
Intraoperative chest tube insertion was carried out in 34 cases
(53%). Fluid discrepancy between the total inflow and the
outflow after HIPEC occurred in five cases in our patient group
(8%). The accumulation of the unaccounted fluid in the
thoracic cavity was confirmed with ultrasonography and was
followed by chest tube insertion. Altogether, two consecutive
diaphragm-related complications occurred in five patients and
three similar complications in two more patients. Major
complications of Clavien-Dindo grade III and IV occurred in
34% (n=22) and 3% (n=2) of patients, respectively.

In one patient (1.5%), an infected suprahepatic seroma had
developed, which was treated with ultrasonography-guided
puncture. Subphrenic abscess was observed in one case (1.5%),
requiring computed tomography-guided insertion of an
abdominal drain. Subcapsular liver hematoma occurred in one
patient (1.5%) and was treated successfully with
ultrasonography-guided drain insertion. In one patient, the
postoperative course was complicated by pleural effusion,
which was managed by thoracocentesis; subsequently
pneumothorax arose and thoracic drainage was applied. In the
further course, a septate pleural empyema II˚ evolved, which
required surgical intervention with thoracoscopic decortication
and the removal of the pleural fluid. Each of the
abovementioned complications was treated successfully with
radiological or endoscopic interventions, and surgery in one
case. Apart from this, two patients developed postoperative
respiratory failure, requiring admission to the Intensive Care
Unit and mechanical ventilation. In one of them, it occurred in
the context of a septic disease resulting from the perforation of
a duodenal ulcer. Further respiratory complications included
pneumothorax (n=3; 4.6%) requiring chest tube insertion, and
pneumonia (n=5; 8%), which was treated with antibiotics and
respiratory therapy. Pulmonary embolism occurred in four
patients (6%), all of whom received pharmacological treatment.

Concerning the mortality rate, in our cohort, the 30-day
postoperative mortality rate was 3% (two patients)
considering the 64 patients. One of the two patients died
on the 12th postoperative day in the Intensive Care Unit
due to sepsis and multiple organ failure due to leakage
from jejunojejunostomy anastomosis. The second patient
died in the surgical ward due to a sudden onset of
ventricular fibrillation. None of the deaths appear to have
been directly related to the diaphragmatic surgery but
rather to the consequences of multiorgan resection
performed during CRS.
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Table I. Procedures, surgical outcomes, and histological subtypes.

                                                                                       Frequency, n (%)

Surgical procedures                                                                      
   Peritonectomy in the right upper quadrant                     64 (100%)
   Full-thickness resection                                                    16 (25%)
   Primary                                                                             8 (12.5%)
   Recurrent                                                                          8 (12.5%)
   Liver capsule resection                                                     12 (18%)
   Intraoperative chest tube insertion                                   34 (53%)
   Complete cytoreduction (no residual tumor)                  45 (70%)
   Residual disease <1 cm                                                   19 (30%)
   (not diaphragm-related residual disease)
Histology                                                                                      
   High-grade serous ovarian, fallopian tube,                   40 (62.5%)
   and peritoneal cancer                                                              
   1st Recurrence                                                                  8 (12.5%)
   2nd Recurrence                                                                   7 (11%)
   Mucinous                                                                             2 (3%)
   2nd Recurrence                                                                  1 (1.6%)
   Transitional cell cancer                                                     1 (1.6%)
   1st Recurrence                                                                    1 (1.6%)
   Yolk-sac tumor                                                                  1 (1.6%)
   Granulosa cell tumor 1st recurrence                                1 (1.6%)
   Immature teratoma                                                            1 (1.6%)
   Endometrioid                                                                     1 (1.6%)
Tumor                                                                                           
   Primary                                                                              46 (72%)
   Recurrent                                                                           18 (28%)
Total                                                                                     64 (100%)



Discussion

Since the seminal publications of Hudson and Chir in 1968
and 1973, respectively, describing the technique of “radical
oophorectomy,” consensus exists on en-bloc visceral tumor
resection from retroperitoneal access in pelvic CRS for
ovarian cancer (26, 27).

After the description of the two distinct methods, the
conventional approach described by Montz et al. in 1989
(28), and the extraperitoneal approach described by
Sugarbaker in 1995 (23), several decades later, gynecological
oncologists and oncologic surgeons still continue to perform
subdiaphragmatic peritonectomy in a different manner. The
complex anatomy of the right upper abdomen and the
dissemination of metastatic tumor nodes in close proximity
to the vital structures makes peritonectomy in this area the
most technically demanding part of CRS.

The extraperitoneal approach presented in this report
might offer several benefits as compared to the traditional
transperitoneal approach in right diaphragmatic surgery. The
main features of the two different approaches are listed in
Table II. In the extraperitoneal approach, liver mobilization
and peritonectomy occur simultaneously, thus, mobilization
of the liver prior to peritonectomy is not necessary in
contrast to two-step traditional peritonectomy. Another
advantage of extraperitoneal peritonectomy is that
transperitoneal adhesiolysis can be avoided. Therefore, the
upper abdominal peritoneum and the liver capsule can be
removed as a single specimen while the important vascular
structures can safely be visualized and palpated.

However, the most remarkable difference between the two
operative techniques is most prominent when the tumorous
disease is inseparable from Glisson’s capsule. In the
transperitoneal approach, the two sides of the tumorous plate
(consisting of the peritoneum and the liver capsule) are
separated, unnecessarily encumbering the resection of the
tumorous layer in two steps. Since orientation in the tumorous
environment is extremely difficult, in such cases, as described
by Pathiraja et al. (22), the main vascular structures must be

identified cranially, starting from the hilum of the liver. In
contrast, in the extraperitoneal approach, cutting through the
tumorous tissue can be avoided because preparation during
the entire intervention respects the embryological anatomical
layers under constant visualization of the essential vascular
structures. In this case, the dissection continues along the
superior part of the IVC until the posterior wall of the right
hepatic vein is encountered.

The apparent correlation between optimal cytoreduction and
improved survival in patients with with peritoneal metastases
of ovarian cancer above the pelvis has resulted in an increasing
rate of upper abdominal oncological surgery at many centers
(29). Nevertheless, the addition of diaphragmatic procedures
increases the incidence of postoperative respiratory
complications. Direct comparison with other reports and
evaluation of the postoperative morbidity rates is encumbered
by the fact that simultaneously with diaphragmatic surgery, an
additional radical intervention is performed in the abdominal
cavity and the protocol for insertion of intraoperative chest tube
might be different at each center. Thus, proper analysis of the
underlying causes of complications becomes difficult. The
actual outcome data may also be distorted by the difference in
the indications for chest radiography, whether it is performed
for all patients or only those who develop respiratory symptoms.
During the course of the present study, all 64 patients underwent
postoperative thorax radiography. On the other hand, 34 patients
(53%) were subjected to intraoperative chest tube insertion, so
it was not possible to assess the true occurrence of intrathoracic
complications without bias. The rate of full-thickness resection
in our study, as described above, was 25% (16 patients). Several
authors give different rates for diaphragmatic resection. For
instance, Cliby et al. (7) from the Mayo Clinic suggested that
diaphragmatic resection was performed in roughly 10% of the
cases, whereas Chi et al. (30) from Memorial Sloan Kettering
Cancer Center reported a rate of 14%. Chèreau et al. (31) from
Paris referred a rate of 15%, while that of Ye et al. (32) from
the Shanghai Cancer Center was 17.3% and Zapardiel et al. (33)
study group from Milan reported a rate of full-thickness
resection of 29.5%. The rather high rate of full-thickness
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Table II. Comparison of the transperitoneal and extraperitoneal approach in surgery. 

Transperitoneal approach Extraperitoneal approach

Opening of the peritoneal cavity Considers embryology and anatomical layers
Initial liver mobilisation The liver is mobilized in conjunction with the peritoneum
Initiation of the parietal peritonectomy from posterior Complete extraperitoneal centripetal dissection
to anterior and from caudal to cranial directions

Dissection technically more demanding Dissection simplified, no contamination with ascites or tumorous deposits occurs
Clamps are necessary for the dissection Dissection technically easier, facilitated by traction and contra-traction
Short learning curve Longer learning curve
Glissonectomy only possible as separate specimen Enables en bloc resection of the liver capsule



resection in our study might be attributed to the relatively high
proportion of patients with recurrent ovarian cancer (28%), who
were more likely to require full-thickness resection. The high
frequency of an infiltrating diaphragmatic involvement in
recurrent disease suggests that surgical resection might have
been incomplete in the primary setting. A report from the Mayo
Clinic shows similar results, with 85% (35 out of 41 patients)
of diaphragmatic resections being performed in patients with
recurrent disease (7).

As is also highlighted by other working groups, the
incidence of pleural effusion is higher when HIPEC
perfusion is administered (34). Small diaphragmatic lesions
might remain unnoticed without HIPEC. However, with
HIPEC, drainage-worthy pleural effusion usually occurs.
Moreover, pleural effusion occurs more frequently after full-
thickness diaphragmatic resection than after diaphragmatic
stripping (35, 36). Furthermore, when prophylactic chest
tube insertion after diaphragmatic resection is omitted,
approximately 50% of the patients develop pleural effusion
(37). Overall, the frequency of postoperative thoracocentesis
and chest tube insertion after diaphragmatic surgery in
patients with ovarian cancer ranges from 14% to 42.5% (30,
31, 38-40). According to literature data, chest drainage
establishment during surgery ranges from 0 to 65% (36). In
a recently published study, in which intraoperative chest tube
insertion represented an integral part of diaphragmatic
surgery during CRS in patients with ovarian cancer, no cases
of pleural effusion or pneumothorax were detected. Owing
to this, routine placement of chest drains is suggested to
reduce the incidence of adverse respiratory events (41).

Since multiple organ resection takes place in the entire
abdominal cavity during CRS, a certain degree of increased
morbidity can be expected. The mortality rate was 3% in our
patient cohort, most likely due to very high tumor burden,
previous surgery, and concomitant diseases. The mortality
rate reported by the same center was 2.1% in almost 500
consecutive patients, and 2.3% by the German national
HIPEC registry after CRS and HIPEC, respectively (42, 43).

The main aim of the present study was the description of
extraperitoneal peritonectomy in the upper right abdominal
quadrant in patients with ovarian carcinoma as compared to
the traditional approach. After the analysis of the data, the
conclusion can be drawn that procedure-specific
postoperative outcomes of this technique are substantially
comparable to the transperitoneal approach in diaphragmatic
surgery while implying several benefits as described above.
Nevertheless, it has to be considered that at our tertiary
reference center deals mainly with patients with locally
advanced disease. Therefore, the procedures undertaken are
complex and may be associated with greater morbidity.

Rodriguez et al. reported tumorous tissue in the
diaphragmatic region to be a frequent cause of postoperative
residual disease in advanced-stage ovarian cancer (13), which

highlights the need for surgeons to be comfortable with
operating in the right upper abdominal region in patients with
ovarian cancer. For this reason, we advocate cytoreductive
surgical management of the upper abdomen in the setting of
a multidisciplinary team consisting of a gynecological
oncologist and a surgical oncologist who form an ovarian
team because this scenario might deliver maximal benefit to
our patients. This has also been recommended by other
groups (43) and demonstrated impressively by the Memorial
Sloan Kettering Cancer Center group and their ovarian team
(44). The potential advantages of an ovarian team include
parietal peritonectomy being less time-consuming, no
contamination of the pleural cavity occurs, and improved
control over any incidental bleeding from either the IVC or
the liver veins, thus, blood loss can be reduced. Furthermore,
a higher rate of complete cytoreduction of the upper abdomen
can be achieved including Glissonectomy with simplified
peritonectomy of the hepatoduodenal, gastrohepatic ligament
including the ligamentum venosum, the subhepatic vena cava,
and the floor of the omental bursa.

As limitations, we mention the retrospective nature of our
study and the inclusion of not only primary but also recurrent
ovarian cancer cases, producing a heterogeneous group. The
main strength of our work is that we have shown that
diaphragm-related tumor tissue was always retrievable
through the extraperitoneal approach, leading to complete
tumor reduction in the right upper abdomen, even though our
patients had a pronounced tumor burden.

Conclusion

Commonly, the right upper abdomen and right hemidiaphragm
constitute the main sites of manifestation of peritoneal
carcinomatosis in primary and recurrent ovarian cancer,
making peritoneal stripping or full-thickness resection of the
diaphragm inevitable to achieve complete cytoreduction. In the
published data for gynecological oncology trials, the procedure
of complete mobilization of the liver with subsequent parietal
peritonectomy is mainly described. However, extraperitoneal
upper quadrant peritonectomy, which has been successfully
applied for one and a half decades, is a feasible procedure and
an effective method to treat peritoneal carcinomatosis of the
diaphragm. It provides several advantages compared to the
conventional transperitoneal approach, enables a high rate of
complete cytoreduction, with simplified technical performance.
In particular, the preparation respects the embryological
anatomical layers under constant visualization of the essential
structures. However, both techniques are indicated depending
on disease spread and should be available at centers for ovarian
cancer surgery. Nonetheless, adequate surgical training is of
paramount importance. In skilled hands, morbidity is
comparable to that under the conventional approach.
Expanding the surgical armamentarium with the extraperitoneal
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approach may contribute to achieving complete tumor resection
in patients with ovarian cancer.
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