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ABSTRACT
Objective:  To  investigate  the  effect  of  sarcopenia  on  surgical  outcomes  in  patients  with  primary  high-grade  serous  ovarian
cancer undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (CRS and HIPEC).
Study Design: Descriptive study.
Place and Duration of Study: Department of Surgical Oncology, Faculty of Medicine, Ankara University Ankara, Turkey,  from
January 2013 to January 2020.
Methodology: Forty patients, who underwent CRS and HIPEC with the diagnosis of primary high-grade serous ovarian cancer
and peritoneal carcinomatosis were included in the study. Preoperative staging CT images were used to determine total psoas
ındex values by measuring psoas muscle area at the level of L3 vertebra. Patients with total psoas ındex values below the cut-
off  levels  were  considered  sarcopenic.  Demographic,  clinicopathological  and  perioperative  results  were  compared  between
sarcopenic and non-sarcopenic patients.
Results: Serious postoperative complications (36.4% vs. 6.9%, p=0.039)  and infective (54.5% vs. 17.2%, p=0.042) and pulmo-
nary  (72.7%  vs.  34.5%,  p=0.040  complications  were  significantly  higher  in  sarcopenic  patients.  Hospital  stay  [20(12-25)  vs.
12(9-16.5) days, p=0.017] and ICU stay [4(2-6) vs. 2(1-2.5) days, p=0.013)] were found to be longer in sarcopenic patients. In
univariate analysis,  advanced age (OR: 1.40 95% CI:  1.07-1.84; p=0.021) and sarcopenia (OR: 7.71% 95 CI:  1.17-51.06;
p=0.039) were significantly associated with serious postoperative complications. The presence of sarcopenia (OR: 0.050 95%
CI: 0.004-0.675; p=0.024) was found to be independent predictor of serious postoperative complications.
Conclusion: Sarcopenia can easily be diagnosed without additional cost or radiation exposure with routine preoperative
staging  CT  images.  Identification  of  sarcopenic  ovarian  cancer  patients  in  preoperative  period  may  affect  patient  selection,
predictability of possible serious complications, elective operation preparation process with a combination of nutrition and exer-
cise therapy, thus postoperative complication rates may be reduced and short-term results may be improved.
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INTRODUCTION

Ovarian cancer (OC) is the leading cause of cancer-related
deaths  among  all  gynecological  cancers,  and  its  incidence
reaches 2% in women over the age of 50 years.1
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Despite the development and experience gained in the diag-
nosis, staging and treatment of ovarian cancer in recent years,
high recurrence rates, long-term oncologic results and overall
survival rates have not reached satisfactory levels.2 The low
probability  of  distant  metastasis  and the progression of  the
disease  mostly  in  the  form  of  local  invasion  and  peritoneal
spread  suggested  that  successful  results  obtained  in  other
gastrointestinal cancers with cytoreductive surgery (CRS) and
hyperthermic intraperitoneal chemotherapy (HIPEC) can also
be achieved in ovarian cancer. In addition to the positive effect
of CRS and HIPEC treatment on oncological results, high cellular
stress caused by complex surgical procedures; and cytotoxicity
and  immunosuppression  after  chemotherapy  can  cause
serious postoperative complications and even mortality.3
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The low performance status of the patients, cancer cachexia
and malnutrition also negatively affect postoperative results.
Therefore, the preoperative physical condition of the patients
is one of the issues that should be considered in the preopera-
tive period. Sarcopenia, which is observed especially in elderly
patients and expressed as progressive loss of muscle mass, has
also been studied many times in recent years and has been
shown to be perhaps the most important objective indicator of
physical condition.4

Many studies have shown that sarcopenia is an independent
prognostic  factor  on  postoperative  outcomes  in  gastroin-
testinal cancers such as pancreatic, hepatic and biliary malig-
nancies,  and  urological  cancers.5-8  In  the  present  study,
patients with TPI values below the cut-off levels that were deter-
mined by Kim et al., according to age and gender, were consid-
ered sarcopenic. 9

The aim of the study was to determine effect of sarcopenia on
surgical outcomes in patients who underwent CRS and HIPEC
with the diagnosis of primary high grade serous ovarian cancer
and peritoneal carcinomatosis.

METHODOLOGY

This is a descriptive study conducted at the Department of Surg-
ical Oncology, Faculty of Medicine, Ankara University, Ankara,
Turkey from January 2013 to January 2020. Forty patients who
underwent CRS and HIPEC, with the diagnosis of primary high--
grade serous ovarian carcinoma and peritoneal carcinomatosis
and  whose  psoas  muscle  mass  measurements  could  be
obtained,  were  included  in  the  study.  Patients’  demographic
data, laboratory results, pathology results and all data related to
postoperative results were retrospectively reviewed by surgical
oncologists through the hospital database. Patients whose data
could not be accessed, who had recurrent disease, low grade
tumors, and who could not undergo CRS and HIPEC considering
that CC-0/1 cytoreduction could not be performed by intraopera-
tive  exploration,  were  excluded  from  the  study.  Clinical  and
demographic data and perioperative outcomes were compared
between sarcopenic and non-sarcopenic groups. Postoperative
complications  were  determined on  the  basis  of  the  modified
clavien  dindo  classification  (CD),  and  grade  three  or  higher
complications were accepted as serious complications.10

Interval cytoreduction was planned for patients who were diag-
nosed with FIGO stage IIIC primary high-grade serous ovarian
cancer and achieved stable disease or remission after three cycles
of neoadjuvant chemotherapy.The anatomical extension of the
OC in the peritoneal cavity was evaluated by the PC index (PCI),11

CRS desicion was made at the time of surgery and it was applied in
cases  where  CC-0  (no  visible  tumor)  or  CC-1(tumor  nodules
persisting after cytoredction are less than 2.5 mm in diameter)
cytoreduction was predicted to be performed.12 HIPEC was simulta-
neously performed in each patient with CC-0 and 1 cytoreduction.

In preoperative staging abdominal computerised tomography
(CT) scans, the right and left psoas muscle areas at the level of

the L3 vertebra were measured three consecutive times in
each patient by two independent radiologists. The average of
the values obtained was determined as the psoas muscle area.
The measurement of the psoas muscle at the third lumbar
vertebra level and the calculation of the total psoas ındex (TPI)
with  patients’  height  have  been  described  in  previous
studies.13 TPI is calculated by dividing the total area of the right
and left psoas muscles by the square of the individual's height
in meters [(right psoas muscle area + left psoas muscle area) /
height (m)2]. Patients with TPI values below the cut-off levels
determined according to age groups and gender by Kim et al.
were considered sarcopenic (4 cm2/m2 for 20-39 years age;
2.88 cm2/m2for 40-49 years age; 2.43 cm2/m2 for 50-59 years
age; 2.20 cm2/m2for 60-69 years age and 1.48 cm2/m2 for 70-89
years  age).  The  patients  were  divided  into  two  groups  as
sarcopenic and non-sarcopenic.

Numerical data were expressed as mean ± standard devia-
tion, median (IQR: 25th percentile-75th percentile) or percent-
ages. The normal distribution of the data was determined by
histogram graphics and the Shapiro-WilkTest. In comparison
of  clinical  and demographic  data  and perioperative  results
between sarcopenic and non-sarcopenic patients, Chi-square
test or Fisher Exact test were used for categorical variables.
Student t-test or Man-Whitney U-test was carried out for numer-
ical variables. Binary logistic regression analysis was used to
determine the factors affecting serious postoperative compli-
cations. All p-values less than 0.05 were considered statisti-
cally significant. These analyses were performed using IBM®
SPSS statistic version 23.0.

RESULTS

According to the cut-off levels determined, while there were no
sarcopenic patients in the 20-39 years age group, a total of 11
(27.5%) patients were diagnosed as sarcopenic in other age
groups (1, 2, 4 and 4 patients in age groups of 40-49, 50-59,
60-69 and 70-89 years, respectively). The mean TPI value was
2.06 ± 0.48 in the sarcopenic group, and 3.73 ± 0.82 in the non-
sarcopenic group (p<0.001).

The relationship  between demographic  and clinical  variables
with sarcopenia is summarised in Table I. The median age of the
patients  included  in  the  study  was  64.0  (54.25-69.0)  years.
Although it was found that patients in the sarcopenic group had
lower mean body mass index (BMI) values compared to the other
group and there were more patients in the ASA III group, the differ-
ence was not statistically significant.

The relationship between perioperative results and sarcopenia is
summarised in Table II. While there was no difference between
the groups in terms of PCI, CC score, operation time, intraopera-
tive blood loss and in-hospital mortality, it was observed that
serious complications of modified CD grade 3 and above were
significantly more common in the sarcopenic group (36.4% vs.
6.9%; p = 0.039).
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Table I: The relationship between demographic and clinical variables with sarcopenia.

Variables Total
(n=40)

Sarcopenic
(n=11)

Non-sarcopenic
(n=29) pvalue

Age 64.0 (54.25-69.0) 67.0 (54.0-73.0) 62.0 (54.0-69.0) 0.339
BMI (kg/m2) 28.95 (24.15-32.38) 30.08 (22.04-32.37) 28.19 (24.17-32.39) 0.868
ASA score n (%)
   I
   II
   III

 
14 (35)
14 (35)
12 (30)

 
2 (18.2)
4 (36.4)
5 (45.4)

 
12 (41.4)
10 (34.5)
7 (24.1)

 
0.372

 

Comorbid diseases n(%)
   HT
   DM
   Cardiac
   Pulmonary

 
22 (55)

11 (27.5)
9 (22.5)
8 (20)

 
7 (63.6)
5 (45.4)
4 (36.4)
3 (27.3)

 
15 (51.7)
6 (20.7)
5 (17.2)
5 (17.2)

 
0.723
0.137
0.227
0.660

CA-125 (IU/ml) 254.5 (169-340.75) 280 (183-345) 238 (168-339.5) 0.515
Albumin (g/dl) 4.11 (3.78-4.37) 3.93 (3.61-4.32) 4.11 (3.84-4.42) 0.596
Ascites (%)
   None
   Minimal/medium
   Massive

 
13(32.5)
20 (50)
7 (17.5)

 
3 (27.3)
6 (54.5)
2 (18.2)

 
10 (34.5)
14 (48.3)
5 (17.2)

0.906

TPI (cm2/m2) 3.27 ± 1.05 2.06 ± 0.48 3.73 ± 0.82 <0.001
Numerical data are given as mean ± standard deviation, median (IQR) or percentages. BMI: Body mass ındex, ASA: American society of anesthesiologist, HT:
Hypertension, DM: Diabetes mellitus, CA: Carcinoembryonic antigen, IU: International unit, TPI: Total psoas ındex.

Table II: The relationship between perioperative results and sarcopenia.

Variables Total
(n=40)

Sarcopenic
(n=11)

Non-sarcopenic
(n=29) p-value

PCI* n(%)
PCI≤5
5
PCI ≥10

 
2(5)

11(27.5)
27(67.5)

 
1(9.1)
2(18.2)
8(72.7)

 
1(3.4)
9(31)

19(65.5)
0.477

CC score** n(%)
CC-0
CC-1

 
29(72.5)
11(27.5)

 
9(81.8)
2(18.2)

 
20(69)
9(31)

0.694

Operation time (min) 205.65±25.04 206.82±23.37 205.21±26.04 0.859
Intraoperativebloodloss (>1000 cc) n(%) 6(15) 2(18.2) 4(13.8) >0.999
CD ≥ grade 3 complications*** n(%) 6(15) 4(36.4) 2(6.9) 0.039
Postoperative complications n(%)
   Cardiac complications
   Pulmonary complications
   Infective complications
   Wound complications
   Acute renal failure

 
6(15)

18(45)
11(27.5)

6(15)
5(12.5)

 
2(18.2)
8(72.7)
6(54.5)
3(27.3)
2(18.2)

 
4(13.8)
10(34.5)
5(17.2)
3(10.3)
3(10.3)

 
>0.999
0.040
0.042
0.319
0.603

Hospital stay (day) 13.50 (10.25-20.75) 20(12-25) 12(9-16.5) 0.017
ICU stay (day) 2(1-4) 4(2-6) 2(1-2.5) 0.013
In-hospital mortality n(%) 3(7.5) 1(9.1) 2(6.9) >0.999
Numerical data are given as mean ± standard deviation, median(IQR) or percentages PCI: Peritoneal CarcinomatozisIndex, CC: Completeness of
Cytoreduction, CD: Clavien Dİndo, ICU: Intensive Care Unit. *The burden of the peritoneal disease was determined according to the PCI defined by
Sugarbaker et al.11 ** The extent of cytoreduction was determined according to CC score defined by Harmon et al.12 *** Postoperative complications were
determined according to the modified Clavien Dindo classification.10

When postoperative complications were categorised, it was
found  that  pulmonary  and  infective  complications  were
significantly  more  common  in  the  sarcopenic  group  (p  =
0.040, and p = 0.042, respectively). It was observed that
sarcopenia  significantly  prolonged  hospital  stay  and  inten-
sive care unit stay (p = 0.017, and p = 0.013, respectively).

As a result of univariate analysis, age >65 years (OR: 1.40
95% CI: 1.07-1.84; p= 0.021), and sarcopenia (OR:7.71 95
CI: 1.17-51.06; p= 0.039) were found to be effective factors
with regard to serious postoperative complications. In multi-
variate analysis, sarcopenia (OR: 0.05095% CI: 0.004-0.675;

p= 0.024) was found to be independent predictor of serious
postoperative complications.

DISCUSSION

Primary treatment of ovarian cancers with locally advanced
and peritoenal disease is neodjuvant chemotherapy followed
by interval cytoreduction surgery.14 Although improved onco-
logical  results  could  be  achieved  in  many  studies  by
combining HIPEC with cytoreduction, the cellular stress and
cytotoxic  effect  of  complex  surgeries  and  chemotherapy
may  cause  serious  postoperative  complications  and
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morbidity.15 In addition, the low performance status of the
patients  also  has  a  negative  effect  on  survival  and  short-
-term outcomes.

Cancer  cachexia,  which  is  characterised  by  involuntary
weight loss and severe muscle mass loss due to the effect of
tumoral factors, is observed in patients with advanced stage
ovarian cancer and this is one of the most important factors
that reduces the performance status of patients.16 Primary
mechanisms that cause cancer-related sarcopenia include
the  usage  of  endogenous  amino  acids  by  the  liver  to
produce antitumor proteins by consuming skeletal muscles
inefficiently,  excessive  release  of  pro-inflammatory  media-
tors targeting muscle tissue, impaired oral food intake, and
catabolic  state  resulting  from  abnormal  metabolic
activity.17,18  The severity of the catabolic process and the
resulting muscle depletion are correlated with the burden of
the  disease.  Although  it  was  not  statistically  significant  in
present study, it was observed that PCI was above 10 in a
majority of sarcopenic patients. In addition, many patients
diagnosed with ovarian cancer presented with widespread
disease and the resulting massive ascites, which may often
mask  muscle  depletion  and  weight  loss.  The  lack  of  differ-
ence in terms of BMI between the sarcopenic group and the
non-sarcopenic group in present study can be explained in
this way.

Sarcopenia  is  defined  as  a  syndrome  characterised  by
progressive loss of muscle mass resulting in physical disa-
bility and in its  diagnosis,  radiological  methods based on
muscle mass or area measurements such as X-ray absorp-
tiometry, magnetic resonance imaging, CT and bioelectrical
impedance analysis are used in addition to muscle strength
and physical  performance measurements.4  Although CT is
defined  as  the  gold  standard  method  in  measuring  muscle
mass or  quality,  it  has disadvantages such as high cost,
limited trained personnel and radiation exposure.19 However,
CT is routinely ordered for preoperative staging in ovarian
cancer patients, and therefore, its use for sarcopenia evalua-
tion will not increase the cost or cause extra X-ray exposure.
For  these  reasons,  muscle  mass  measurements  were
performed  using  preoperative  staging  CT  images  in  the
present study.

There  are  many  methods  for  measuring  muscle  mass
including different anatomical regions described in the litera-
ture.20  In the present study, psoas muscle area measure-
ments at the L3 vertebra level were used. Then, a TPI value
was calculated for each individual with these measurements.
Determination of sarcopenia according to TPI value has been
described earlier in previous studies.13 Although this method
can be easily  applied in clinical  practice in  many cancer
patients, the main problem in its use for the diagnosis of
sarcopenia is the determination of cutoff level for the accu-
rate diagnosis. Although there is no consensus in the litera-
ture on this subject, there are studies in which different cut-

off levels have been determined for different age groups and
races.20.  It  is  natural  that  there  is  a  difference  between  the
muscle mass of elderly and younger patients due to physio-
logical  muscle  mass  depletion  in  the  elderly.  Since  the
proportion  of  fatty  mass  contained  in  muscle  tissue  is
different  from  each  other  in  both  genders,  the  average
muscle mass in men is higher than in women. For these
reasons,  the  TPI  cut-off  levels  determined  according  to
different age groups; and gender defined by Kim et al. were
used in the diagnosis of sarcopenia in present study.9

Many patient and surgery-related factors play a role in the
development of postoperative complications. In the present
study, serious postoperative complications requiring surgical
intervention  or  life-threatening  were  observed  more
frequently in sarcopenic patients. Hospital and ICU stay were
found to be significantly higher in sarcopenic patients due to
complications developing in the early postoperative period
and the delay in the mobilization of the patient due to poor
performance and muscle weakness. Increased presence of
pulmonary complications such as pneumomia and atelec-
tasis in sarcopenic patients was due to the impairment of
lung expansion caused by loss of respiratory muscles and
pain caused by extensive surgical resections and surgical
incisions  performed.  Additionally,  traumatic  effect  resulting
from wide diaphragmatic peritoneal dissection and pleural
effusion  due  to  diffusion  of  chemotherapeutics  into  the
thoracic  cavity  aggravates  respiratory  distress.

Similarly, in a systematic review, conducted by Pamoukdjian 
et al., sarcopenia in various cancer types was found to be
associated with postoperative pulmonary complications such
as atelectasis, pulmonary embolism and pneumonia.21 There-
fore,  caution should be exercised in  terms of  respiratory
failure,  especially  in  elderly  and sarcopenic  patients  with
chronic lung disease. In addition, the inflammatory response
and immunosuppression resulting from the cellular  stress
after  cytoreductive  surgery  and  the  local  cytotoxic  effect
caused by  the  HIPEC administiration  are  more  severe  in
sarcopenic patients who are in catabolic process and have
impaired  nutritional  status.22,23  Therefore,  it  is  considered
that infective complications are more frequent in sarcopenic
patients.  Contrary  to  the  present  results,  in  a  study
conducted by Rutten et al., a significant relationship was not
found between postoperative complications and sarcopenia
in patients who underwent CRS for ovarian cancer.24

The main limitations of the study are possible selection bias
due to  being of  a  retrospective  study and relatively  low
sample  size.  In  addition,  the  fact  that  there  are  different
methods used in the diagnosis of sarcopenia in the literature
and  the  cut-off  values  determined  for  each  method  are
different  from  each  other  affect  the  generalizability  of  the
study results for different populations. Moreover, sarcopenia
should  be  defined not  only  with  muscle  mass  but  also  with
muscle strength and physical performance but the authors
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were not able to gather data on other parameters due to the
study’s retrospective design. Additional prospective studies
including  questionnaires  for  sarcopenia-associated  symp-
toms and including measurements of muscle strength and
detailed  physical  performance  are  needed  to  better  define
the sarcopenia and to better understand its effect on postop-
erative outcomes.

CONCLUSION

Sarcopenia was found to be an independent predictor of post-
operative  complications  in  patients  undergoing  CRS  and
HIPEC for  ovarian cancer.  Sarcopenia can be easily  diag-
nosed  without  additional  cost  or  radiation  exposure  with
routine  preoperative  staging  CT  images.  Identification  of
sarcopenic  patients  in  preoperative  period  may  affect
patient selection, predictability of possible serious complica-
tions, elective operation preparation process with a combina-
tion of  nutrition and exercise therapy, thus postoperative
complication rates may be reduced and short-term results
may be improved.
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