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The rate and role of diaphragmatic peritonectomy
in optimal cytoreduction in patients with advanced
stage ovarian cancer: a prospective study of 100
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Background. Diaphragmatic peritoneal metastasis by advanced epithelial
ovarian cancer is a very common holdback precluding optimal cytoreduction.
The aim of this study was to determine the rate of diaphragmatic peritonec-
tomy during optimal cytoreductive surgery and its role in postoperative mor-
bidity and survival in patients with advanced ovarian cancer.

Materials and methods. 100 consecutive patients with advanced epi-
thelial ovarian cancer underwent cytoreductive surgery and were followed
up prospectively (January 2009 — March 2014). Characteristics of surgery,
rate of diaphragmatic peritonectomy and post operative complications were
assessed. The Kaplan-Meier method was used for survival analysis.

Results. The median age of the entire cohort at the time of primary
cytoreduction was 58.5 years (23-83). Optimal cytoreduction was achieved
in 73 cases out of 100 patients. From 73 patients in 30 cases (41.1%) upper
abdominal procedures, specifically diaphragmatic peritonectomy, was per-
formed to achieve the main goal of cytoreduction — no visible or palbable
disease at the end of cytoreduction. Non-optimal cytoreduction was achieved
in 27 cases. According to the Clavien-Dindo complication grading system
grade I and grade II complications occurred more often in patients that
underwent diaphragmatic surgery. The median overall survival from the time
of diagnosis to the last follow-up or death was 28 months (range 0-63 months).
The factors associated with the longest survival after primary cytoreductive
surgery were the disease free interval from the primary cytoreduction of more
than 19 months (n = 51) versus less than 19 months (n = 49) (95% confidence
interval, 51.7-59.5; P = 0.013) and no visible or palpable residual disease at
the end of cytoreduction (n = 73) versus visible or palpable residual disease
(n =27) (95% confidence interval, 52.7-61.2; P = 0.03).

Conclusions. Based on our prospective analysis of advanced ovarian
cancer patients, diaphragmatic peritonectomy is feasible and safe, ensures
better rates of optimal cytoreduction and should not be an obstacle towards
better survival.
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INTRODUCTION

Advanced ovarian cancer is known to have a poor
prognosis and it is believed that the explication for
this is the lack of specific symptoms and sensitive
diagnostic methods in the early stage (FIGO I/II) of
ovarian malignancy (1). In fact, only 1/4 of women
are diagnosed at the early stage of disease (2). The
prognostic factors of advanced ovarian cancer are
the size of residual tumor as well as sensitivity to
platinum plus taxane-based chemotherapy after
surgery (3). The Gynecologic Oncology Group
(GOG) presently defines optimal debulking as the
surgery when a residual tumor size is 1 cm or less
in the maximal diameter, however, only debulking
to an invisible tumor can be admitted as complete
(4-7). Cytoreductive surgery seems to be the key
towards prolonged survival in the patients with
advanced epithelial ovarian cancer (EOC). Many
studies as well as the Cochrane Gynecological
Cancer Group meta-analysis have shown that
cytoreduction resulting in the lowest residual dis-
ease prolongs survival in the face of metastatic
EOC (6-7).

Metastatic disease in the upper abdominal re-
gion (diaphragm, splenic hilum) is very common
among the patients with advanced epithelial ovar-
ian cancer. Up to 40% of women with advanced
ovarian cancer have bulky metastatic diaphragmat-
ic disease, especially in the right hemidiaphragm.
The common justification for not performing op-
timal cytoreductive surgery is the metastatic dis-
ease in the upper abdominal region that leads to
poorer overall survival rates (8).

The objective of this study was to determine
the rate of diaphragmatic peritonectomy during
optimal cytoreductive surgery and its role in post-
operative morbidity and survival in patients with
advanced ovarian cancer.

MATERIALS AND METHODS

After the approval of the Vilnius Region Ethics
Committee we prospectively included and followed
one hundred consecutive patients with advanced
EOC who underwent primary cytoreductive sur-
gery in the Obstetrics and Gynecology Centre at
Vilnius University Hospital Santariskiy Klinikos
(VUH SK) between January 2009 and March
2014. All the patients signed their informed

consent before the surgery. Preoperatively patients
underwent transvaginal ultrasound, chest X-ray,
abdominal and pelvic computed tomography as
well as serum CA 125 assay. Patients undergoing
secondary cytoreduction or cytoreductive surgery
with intraperitoneal heated chemotherapy (HIPEC)
were excluded from our trial.

Data concerning demographic variables, the
specific histologic diagnosis, grade, stage, surgical
procedures, volume of the residual tumor, surgi-
cal time, estimated blood loss, complications and
postoperative hospital stay were collected and
analysed.

Surgical complexity score (SCS) which indicates
the number and complexity of surgical procedures
was calculated (9). Postoperative complications were
graded according to the Clavien-Dindo classifica-
tion of surgical complications (CDGS) (10).

All patients received platinum-based combi-
nation chemotherapy. Progression-free survival
(PEFS) was defined as the interval from the date of
the diagnosis to the date of disease progression or
last follow-up. Overall survival (OS) was defined as
the interval from the date of the diagnosis to the
date of death or last follow-up.

SPSS Statistical Version 17 (SPSS Inc., Chicago,
IL) was used for all analyses. Survival estimates
were determined with the use of the Kaplan-Meier
method, and a P value of less than 0.05 was deemed
statistically significant.

RESULTS

Theclinical characteristics arelisted in the Table. The
median age at surgery time of the entire cohort was
58.5 years (23-83 years). Most patients presented
at the time of surgery with stage III disease (83%).
The tumors were mostly grade 3 (76%) and with
papillary serous histologic diagnosis (87%).

The median estimated blood loss was 700 mL
(range 65-3 000 mL), 5 patients required peri-
operative blood transfusions. The median length of
a surgery was 215 minutes (range 99-465 minutes),
with 11 surgeries lasting greater than 300 min. In
all of these 11 operations diaphragmatic peritonec-
tomy was a part of a procedure. The median length
of hospital stay was 11 days (range 5-39 days)
with no statistical difference between patients who
experienced diaphragmatic peritonectomy or did
not.
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Table. Characteristics of primary cytoreduction

Clinical characteristic

| No. of patients (n = 100)

Mean (£SD) age, years 54.7 +12.9
FIGO stage
1IC 83 (83%)
1\Y 17 (17%)
Tumor grade
Grade I 5(5%)
Grade II 19 (19%)
Grade III 76 (76%)
Histological subtype
Serous 87 (87%)
Clear cell carcinoma 1 (1%)
Endometrioid 3 (3%)
Other 9 (9%)

Surgical characteristic

Median intra-operative blood loss, ml (range)

700 (65-3 000)

Median duration of the surgery, min (range)

215 (99-465)

Median hospitalization days, d (range) 11 (5-39)
Median surgical complexity score (SCS) (range) 4.68 (2-12)
Hepato-biliar surgeon participation 43 (43%)
Optimal debulking 73 (73%)
Diaphragmatic peritonectomy 30 (30%)
Neoadjuvant chemoteraphy 30 (30%)

Optimal cytoreduction was achieved in 73 cases.
Diaphragmatic peritonectomy was performed in
41.1% of those patients. In patients who experi-
enced diaphragmatic surgery the surgical complex-
ity score was twice higher (6.6 vs. 3.0, p < 0.001)
and hepatobiliary surgeons had participated and
provided aid to senior gynaecological oncologists
more often (77% vs. 29%, p < 0.001), respectively.

Postoperative complications were assessed ac-
cording to the Clavien-Dindo classification system.
There were mostly grade I and II complications
noted with no statistically significant difference
between patients who underwent diaphrag-
matic peritonectomy or did not. There was one
grade V complication with postoperative deaths
within 8 days after surgery due to large bowel per-
foration and peritonitis in the patient who did not
experience diaphragmatic peritonectomy. Post-
operative pleural-effusion was diagnosed in 10%
of patients with diaphragmatic surgery. The overall
complication rate was 13%.

The median OS for the entire cohort was 28
months (range 0-63 months). Median OS after op-
timal cytoreduction was reached by 92% of patients
and after non-optimal cytoreduction by 68% of

patients (p = 0.03). The median PES for the entire
cohort was 19 moths (range 2-63 months). Based
on a Kaplan-Meier survival analysis, the factors
associated with the longest survival after primary
cytoreductive surgery were the disease free interval
from the primary cytoreduction of more than 19
months (n = 51) versus less than 19 months (n = 49)
(95% confidence interval, 51.7-59.5; P = 0.013) and
no visible or palpable residual disease at the end of
cytoreduction (n = 73) versus visible or palpable
residual disease (n = 27) (95% confidence interval,
52.7-61.2; P = 0.03; Fig. 1).

DISCUSSION

Many studies have proved that optimal cytore-
duction resulting in the lowest or no residual
disease had prolonged survival of advanced EOC
(6-7). The most common extra pelvic metastatic
site of advanced stage epithelial ovarian cancer is
the diaphragm, especially right hemidiaphragm
(11). Einekel et al. have published that the in-
volvement of diaphragm was diagnosed in 91%
of the women (12). In advanced epithelial ovarian
cancer diaphragmatic metastasis is often a holdback
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Fig. 1. Overall survival after optimal cytoreduction vs. non-optimal cytoreduction

to an optimal cytoreduction (13). Unfortunately
common justification for not performing optimal
cytoreductive surgery is the metastatic disease in
the upper abdominal region (8), hence, it is really
important to perform this radical surgery metic-
ulously.

It is worth mentioning that every 10% decrease
inaresidual tumourisa 5.5% increase in the median
survival time. Bristow et al. illustrated how opti-
mal debulking can influence the median survival
time: in centres where the optimal cytoreduction
was achieved in more than 75% of cases the me-
dian survival time was 33.9 months, whereas in
the centres where optimal debulking was less than
25% the median survival time was 22.7 months (5).
We have demonstrated that optimal cytoreduc-
tion increases the median overall survival by 24%
compairing to non-optimal cytoreduction. These
results are consistent with the study of Aletti et al.,
he have proved that 5-year overall survival increases
by 38% for the patients that undergo diaphragmatic
surgery in order to achieve optimal cytoreduction
(53% vs. 15%, p < 0.0001) (14).

In our study we have achieved an optimal cyto-
reduction in 73% of the patients with the aid of
diaphragmatic peritonectomy (Fig. 2) in almost
every second patient. Hepatic mobilization was
performed in all patients who received diaphrag-
matic peritonectomy to reach the appropria-
te diseased area and to avoid liver ripping com-

plications. As a consequence, due to additional
complex procedures, the duration of surgery had
increased and gynaecological oncologist required
more assistance from hepato-biliar surgeons.
Furthermore, in our trial the rate of postopera-
tive complications was higher among the patients
with diaphragmatic surgical procedures, how-
ever, the complications were not severe (grade I
or II). The most common complication among the
patients with diaphragmatic peritonectomy was
pleural effusion (10%). According to a literature re-
view the rates of pleural effusion range from 10%
to 59% for the patients with diaphragm surgery
in stage IIIC/IV ovarian cancer (14). In our study

Fig. 2. Metastases on diaphragmatic peritoneum
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the pleural space was opened in 10 (33.3%) cases
during diaphragmatic surgery whereas the rates
occurred in other studies ranged from 7 to 52%
(15). Other complications among the patients who
received diaphragmatic surgery were quite rare
(postoperative dynamic ileus, severe anaemia and
wound infection) and were managed conserva-
tively. Besides, the diaphragmatic peritonectomy
has not increased the length of hospital stay.

The patients who underwent optimal cytore-
duction in our study were younger compared to
the patients who did not, respectively 54.7 vs. 60.4
years. In other studies optimal debulking during
the cytoreductive surgery also correlated with a
younger patient’s age (16). A possible explanation
for this could be that surgeons feel more comfortable
by attending to perform more complex procedures
in the patient that has no comorbidities, generously
has more factors for a favourable outcome (lower
ASA score, higher serum albumin levels, etc.)
(17-21).

We could only regret that we could not achieve
optimal debulking in 27% of the patients, though
it was a high risk group of patients with large
tumor load and death of one patient occurred
postoperatively in this group due to large bowel
perforation and peritonitis. Therefore we should
respect and remember the EORTC-GCG/NCIC
trial results on neoadjuvant chemotherapy and
interval debulking (22-23) because this approach
could be an option for patients with high tumor
burden.

CONCLUSIONS

In the present study we have presented that dia-
phragmatic surgery was associated with more
complex surgical procedures,longer operative time
and required specific skills, and an interdisciplina-
ry team, though did not lead to longer hospitaliza-
tion time and higher postoperative morbidity rate.
Moreover, our prospective trial has demonstrat-
ed that diaphragmatic peritonectomy procedures
are essential for ensuring optimal cytoreduction,
better progression free survival and overall
survival in cases of advanced epithelial ovarian
cancer and that complex procedures should be
performed as a part of an interdisciplinary team
under supervision of a gynaecologic oncologist.
Hence, in order to improve the gynaecological

surgeons technical skills in the diaphragmatic
region and upper abdomen we suggest being a
participating surgeon in an organ explantation
team. Fellowship in a training centre could be an
option too.

Received 9 April 2014
Accepted 12 April 2014

References

1. Bachmann R, Bachmann C, Grischke EM, Fehm T,
Mayer F, Wallwiener D. Aktuelles Management
beim Ovarialkarzinom. Best Pract Onkol. 2012;
6(4): 28-35.

2. Cannistra SA. Cancer of the ovary. N Engl ] Med.
2004; 351: 2519-29.

3. Burges A, Schmalfeldt B. Ovarian cancer: diagnosis
and treatment. Dtsch Arztebl Int. 2011; 108(38):
635-41.

4. Vergote I, Amant E Kristensen G, Ehlen T,
Reed NS, Casado A. Primary surgery or neoadju-
vant chemotherapy followed by interval debulking
surgery in advanced ovarian cancer. Eur J Cancer.
2011; 47 Suppl 3: 88-92.

5. Bristow RE, Montz FJ, Lagasse LD, Leuchter RS,
Karlan BY. Survival impact of surgical cyto-
reduction in stage IV epithelial ovarian cancer.
Gynecol Oncol. 1999; 72: 278-87.

6. Bois A, Quinn M, Thigpen T. 2004 consensus
statements on the management of ovarian can-
cer: final document of the 3rd International Gy-
naecologic Cancer Intergroup Ovarian Cancer
Consensus Conference (GCIG OCCC 2004). Ann
Oncol. 2005; 16 Suppl 18: viii 7-12.

7. Elated A, Bryant A, Winter-Roach BA, Hatem M,
Naik R. Optimal primary surgical treatment for
advanced epithelial ovarian cancer. Cochrane
Database Syst Rev. 2011; (8): CD007565.

8. Kehoe SM, Eisenhauer EL, Chi DS. Upper ab-
dominal surgical procedures: liver mobilization
and diaphragm peritonectomy/ resection, splenec-
tomy, and distal pancreatectomy. Gynecol Oncol.
2008; 111 Suppl 2: S51-5.

9. Aletti GD, Dowdy SC, Podratz KC, Cliby WA.
Relationship among surgical complexity, short-
term morbidity, and overall survival in primary
surgery for advanced ovarian cancer. Am J Obstet
Gynecol. 2007; 197(6): 676. e1-7.



Tomas Liiza, Agné OZalinskaité, Vilius Rudaitis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Clavien PA, Barkun J, de Oliveira ML, Vauthey JN,
Dindo D, Schulick RD, et al. The Clavien-Dindo
classification of surgical complications: five-year
experience. Ann Surg. 2009; 250(2): 187-96.
Cliby W, Dowdy S, Feitoza SS, Gostout BS, Pod-
ratz KC. Diaphragm resection for ovarian cancer:
technique and short-term complications. Gynecol
Oncol. 2004; 94: 655-60.

Einekel J, Ott R, Handzel R, Braumann UD,
Horn LC. Characteristics and management of
diaphragm involvement in patients with prima-
ry advanced-stage ovarian, fallopian tube or per-
itoneal cancer. Int ] Gynecol Cancer. 2009; 19:
1288-97.

Eisenkop SM, Spirtos NM. What are the current
surgical objectives, strategies and technical ca-
pabilities of gynecologic oncologists treating ad-
vanced epithelial ovarian cancer? Gynecol Oncol.
2001; 82: 489-97.

Aletti GD, Dowdy SC, Podratz KC, Cliby WA.
Surgical treatment of diaphragmatic disease cor-
relates with improved survival in optimally de-
bulked advanced stage ovarian cancer. Gynecol
Oncol. 2006; 100(2): 283-87.

Chereau E, Ballester M, Selle E Cortez A, Po-
mel C, Darai E, et al. Pulmonary morbidity of
diaphragmatic surgery for stage III/IV ovarian
cancer. BJOG. 2009; 116: 1062-8.

Dowdy SC, Loewen RT, Aletti G, Feitoza SS, Cli-
by W. Assessment of outcomes and morbidity
following diaphragmatic peritonectomy for wom-
en with ovarian carcinoma. Gynecol Oncol. 2008;
109: 303-7.

Aletti GD, Dowdy SC, Gostout BS, Jones MB,
Stanhope CR, Wilson TO, et al. Aggressive surgi-
cal effort and improved survival in advanced-stage
ovarian cancer. Obstet Gynecol. 2006; 107(1):
77-85.

Jorgensen TL, Teiblum S, Paludan M, Poulsen LQ,
Jorgensen AY, Bruun KH, et al. Significance of
age and comorbidity on treatment modality,
treatment adherence, and prognosis in elderly
ovarian cancer patients. Gynecol Oncol. 2012;
127(2): 367-74.

Fanfani F, Fagotti A, Salerno MG, Margariti PA,
Gagliardi ML, Gallotta V, et al. Elderly and very
elderly advanced ovarian cancer patients: does the
age influence the surgical management? Eur ] Surg
Oncol. 2012; 38(12): 1204-10.

20. Wright JD, Herzog TJ, Neugut AI, Burke WM,
Lu YS, Lewin SN, et al. Effect of radical cytore-
ductive surgery on omission and delay of chemo-
therapy for advanced-stage ovarian cancer. Obstet
Gynecol. 2012; 120(4): 871-81.

21. Peiretti M, Zanagnolo V, Aletti GD, Bocciolone L,
Colombo N, Landoni E et al. A role of maximal
primary cytoreductive surgery in patients with
advanced epithelial ovarian and tubal cancer:
Surgical and oncological outcomes. Single insti-
tution experience. Gynecol Oncol. 2010; 119(2):
259-64.

22. Alberts DS, Dahlberg S, Green SJ, Garcia D, Han-
nigan EV, O’'Toole R, et al. Analysis of patient age
as an independent prognostic factor for survival in
a phase III study of cisplatin-cyclophosphamide
versus carboplatin-cyclophosphamide in stages III
(suboptimal) and IV ovarian cancer. A Southwest
Oncology Group study. Cancer. 1993; 71 Suppl 2:
618-27.

23. Vergote I, Amant F, Leunen K. Neoadjuvant che-
motherapy in advanced ovarian cancer: What
kind of evidence is needed to convince US gy-
naecological oncologists? Gynecol Oncol. 2010;
119(1): 1-2.

24. Vergote I, Tropé CG, Amant F, Kristensen GB,
Ehlen T, Johnson N, et al. European Organization
for Research and Treatment of Cancer-Gynae-
cological Cancer Group; NCIC Clinical Trials
Group. Neoadjuvant chemotherapy or primary
surgery in stage ITIC or IV ovarian cancer. N Engl
J Med. 2010; 363(10): 943-53.

Tomas Luza, Agné Ozalinskaité, Vilius Rudaitis

DIAFRAGMOS SRITIES PERITONEKTOMIJU
DAZNIS IR REIKSME ATLIEKANT OPTIMALIA
CITOREDUKCIJA ISPLITUSIU KIAUSIDZIU
VEZIU SERGANCIOMS PACIENTEMS: 100
PACIENCIU PROSPEKTYVINIS TYRIMAS

Santrauka

Ivadas. Metastazés diafragmoje yra dazna kliatis, uz-
kertanti kelig optimaliai citoredukcijai gydant isplitusj
kiaugidziy vézj. Sio tyrimo tikslas — nustatyti diafrag-
mos srities peritonektomijy daznj atliekant optimaliag
citoredukcija pacientéms, sergancioms isplitusiu epi-
teliniu kiausidziy véziu, bei tiesiogiai su $ia procedira

susijusias komplikacijas.
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Darbo metodika ir medziaga. 100 pacienciy, ku-
rioms atlikta citoredukciné operacija dél isplitusio epi-
telinio kiaus$idziy vézio, buvo stebétos prospektyviai
nuo 2009 m. sausio iki 2014 m. kovo ménesio. Tyri-
mo metu buvo analizuojami atlikty operacijy ypa-
tumai, diafragmos srities peritonektomijy daznis ir
pooperacinés komplikacijos. Isgyvenamumo rodikliai
vertinti pagal Kaplan-Meier kreives.

Rezultatai. Pirminés citoredukcinés operacijos me-
tu tiriamosios grupés amziaus mediana buvo 58,5 me-
ty (nuo 23 iki 83 mety). Optimali citoredukciné ope-
racija atlikta 73 i§ 100 pacienciy. Diafragmos srities
peritonektomija, atlikta 30 pacienciy i§ 73 (41,4 %),
padéjo pasiekti optimalig citoredukcijg, tai yra buvo
pasalinti visi ¢iuopiami ar matomi naviko zidiniai. 27
pacientéms atlikta neoptimali citoredukciné operacija.
Remiantis Clavien-Dindo chirurginiy komplikacijy
klasifikacija, I ir II laipsnio komplikacijos dazniau
pasitaikydavo pacientéms, kurioms buvo atlikta dia-
fragmos srities peritonektomija. Vidutinis bendras is-
gyvenamumas nuo diagnozés nustatymo iki paskutinio
susitikimo su paciente ar jos mirties buvo 28 ménesiai
(intervalas 0-63 ménesiai). Ilgesnj iSgyvenamuma po
pirminés citoredukcinés operacijos lémé $ie veiksniai:
ilgesnis nei 19 ménesiy iSgyvenamumas be ligos at-
kry¢io (n = 51), palyginti su trumpesniu nei 19 ménesiy
iSgyvenamumu be ligos atkry¢io (n = 49) (95 % pasi-
kliauties intervalas, 51,7-59,5; p = 0,013), taip pat visy
¢iuopiamy ar matomy naviko zidiniy pasalinimas
(n = 73), palyginti su matomais ar ¢iuopiamais naviko
Zidiniais po citoredukcinés operacijos (n = 27) (95 % pa-
sikliauties intervalas, 52,7-61,2; p = 0,03).

Isvados. Remiantis atlikto tyrimo rezultatais galima
teigti, kad diafragmos srities peritonektomija buvo daz-
na ir saugi citoredukcinés operacijos dalis, leidzianti
pasiekti didesnj optimaliy citoredukcijy daznj, todél ji
neturéty bati kliatis uztikrinant ilgesnj pacienciy, ser-
ganciy isplitusiu kiausidziy véziu, i§gyvenamuma.

Raktazodziai: iSplites kiausidziy vézys, diafragmos

srities peritonektomija, citoredukcija



