CLINICAL MEDICINE

9. Snarska K., Kapica-Topczewska K., Bachor-
zewska-Gajewska H., Malyszko J. Renal Function Pre-

11. The mystery of the cerebellum: clues from
experimental and clinical observations/ C. Lawrenson et

dicts Outcomes in Patients with Ischaemic Stroke and al. Cerebellum & Ataxias. 2018. Vol.5, No. 1.
Haemorrhagic Stroke. Kidney and Blood Pressure  DOI: https://doi.org/10.1186/s40673-018-0087-9
Research. 2016. Vol.41, No.4. P.424-433. 12. Wiebers D. 1.,  Feigin V.L., Brown R. D.,

DOI: http://doi.org/10.1159/000443444

10. The Harmful Effects of Subarachnoid Hemorrhage
on Extracerebral Organs / S. Chen et al. Biomed Res Int.
2014. P. 858496. DOL: http://doi.org/10.1155/2014/858496

Handbook of stroke. 3rd ed. Philadelphia: Wolters
Kluwer, 2019. 500 p.

The article was received
2020.05.13

UDC 616.37-006.6-089.168-06-037 https://doi.org/10.26641/2307-0404.2021.1.227943

V.M. Kopchak, SARCOPENIA AS A PREDICTOR
L.O. Pererva, OF POSTOPERATIVE COMPLICATIONS
V.P. Shkarban,

IN PATIENTS WITH PANCREATIC CANCER
V.I. Trachuk,

S.V. Lynnyk

National State Institution «A.A. Shalimov National Institute of Surgery

and Transplantology» Academy of Medical Science of Ukraine

Department of Pancreatic Surgery, Laparoscopic and Reconstructive Surgery of the Bile Ducts

Heroiv Sevastopolia str., 30, Kyiv, 03680, Ukraine

Y «Hayionanvnuii incmumym xipypeii ma mpancnaaumonoeii im.O.0. Llanimosa» HAMH Yxpainu

Biooin xipypeii niownynkosoi 3a103u, 1anapockonivHoi ma peKoHCmpPYKMUGHoT Xipypeii #co84068UIOHUX NPOMOK
(xepienux — B.M. Konuaxk)

eyn. I'epoie Cesacmonons, 30, Kuis, 03680, Ykpaina

e-mail: Liudmylapererva@gmail.com

Humyeanna: Meouuni nepcnexmueu. 2021. T. 26, Ne 1. C. 98-105
Cited: Medicni perspektivi. 2021;26(1):98-105

Key words: pancreatic tumors, postoperative complications, complications prediction, pancreatic resection, sarcopenia
Knrouosi cnosa: nyxnunu niownynkoeoi 3a103u, nicsi0nepayitini YCKIaOHe s, pe3eKyii niOulyHKo8ol 3a103u,
capKkonetis

Kniouesvle cnosa: onyxoau nodaicenyooutoll dcenesnl, NOCICONEPAYUOHHbIE OCTONCHEHUS, PE3eKYULU NOOIHCETYOOUHOU
Jicenesvl, CapKONEeHUs

Abstract. Sarcopenia as a predictor of postoperative complications in patients with pancreatic cancer.
Kopchak V.M., Pererva L.O., Shkarban V.P., Trachuk V.I., Lynnyk S.V. Several studies showed that sarcopenia is
associated with an increase of postoperative complications, with worse postoperative results in patients with pancreatic
cancer. According to European Working Group on Sarcopenia, it is a "progressive and generalized skeletal muscle
loss" characterized by both loss of skeletal muscle mass and strength (Cruz-Jentoft AJ et al., 2019). Aim of our work
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was to evaluate the effect of sarcopenia on the occurrence of postoperative complications after pancreatic resections in
patients with pancreatic and periampullary cancer. We performed a retrospective analysis of treatment of 152 patients
who underwent radical pancreatic resections. Sarcopenia was determined by preoperative computed tomography using
the Hounsfield Unit Average Calculation (HUAC). In our investigation we measured the psoas area and density
(Hounsfield Units) at the level of the third lumbar vertebral body (L3). Sarcopenia was diagnosed in 66 (43.4%)
patients. Among patients with sarcopenia complications occurred in 41 (62.1%), mortality was 4 (6.1%). In the group
of patients without sarcopenia, complications occurred in 29 (33.7%) of 86 patients, mortality was 2 (2.3%). The level
of postoperative complications in patients with sarcopenia was significantly higher (¥’ =12.1, p=0.0005). Postoperative
mortality in patients with sarcopenia was higher without significant difference (¥’ =1.3, p=0.24). Sarcopenia
significantly affects the level of postoperative complications and its detection can be used to improve the selection of
patients before pancreatic resections in patients with pancreatic cancer.

Pedepar. CapkoneHiss sik (akTop NPOrHO3yBaHHS PO3BHTKY miciasionepauiiHMX YCKJIaJHEHb Y XBOpHMX 3i
3M0AKICHUMH MyXJIMHAMH HMiAUIyHKOBOI 3a103u. Konmuak B.M., Ilepepsa JI1.O., IlIkap6an B.Il., Tpauyk B.I.,
Jluanuk C.B. Ps0 Oocnidoicenv nokaszas, wjo CapkoOneHis Modice dAcOyiio8amucs 3 NiOBUUWEHHAM KITbKOCHI
nicisaonepayiliHux yCKIaOHeHb ma 3 2ipulum nPocHO30M y NAYIEHMIE 3 A0eHOKAPYUHOMOK NIOULIYHKOB0I 3a1103U. 32i0H0
3 Oanumu €8ponelicbkoi poboyoi epynu no capKonetii, capKoneHis — ye «NPoSpecusHa ma 2eHepanizogana empama
CKeNlemHOT M 5130801 Macuy, KA XapaKxmepusyEmvcst 6mMpamoio ckeiemuoi M ’s3060i macu ma Qyuxyii. Memoio Hauiozo
00CI0HCeHHS CMAN0 BUSHAYEHHS 8NIIUBY CAPKONEHII HA 8UHUKHEHHS NICIA0NEPaYiliHUX YCKIAOHEHb NICA Pe3eKYitiHUX
onepamusHux eMpyuanb Ha niouwyHKosiu 3ano3i (I13) y nayienmis 3i 3noaxicnumu nyxaunamu I13 ma nepuamnyaapuoi
30nu. bye nposedenuii pempocnekmuenuil awaniz pesyivbmamié aiKyeanws 152 nayicnmie, saxum Oyau GUKOHAHI
paouxanvhi onepamueni empyuanns. CapKoneHis GUSHAYANACL 3 OONOMO2010 nepedonepayitinoi Komn iomepHor
momoepagii npu pospaxysanui cepednvoeo sHauenns Hounsfield Unit Average Calculation (HUAC) senukozo
NONEpPeK08o2o M 5134 HA PIGHI Mpemvo2o nonepekosoco xpedys. Capronenia Oyaa diacnocmosana 6 66 (43,4%) xeopux.
I3 Hux ycknaouwenns eunuxnu 6 41 (62,1%), nemanvnicmo cmanosuna 6,1%, nomepno 4 xeopux. Y epyni xeopux 6e3
capkoneHii ycknaouwenns eunukiu 8 29 (33,7%) iz 86 xeopux, nemanvuicme cmawnosuia 2 (2,3%). Pigens nicns-
onepayiiinux yckiaonens y X6opux 3 capkonenicio 6ye docmosipno euwum (y'=12.1, p=0.0005). ITicisonepayiina
JeManbHicme y X60pux 3 capkonemicio Gyna euuoro 3 nedocmosipnoio pisnuyeio (y'=1.3, p=0.24). 3eiono 3 nawumu
OaHUMU, CapKONeHisi O0OCMOBIPHO BNIUBAE HA PIGEHb NICIAONEPAYIIHUX YCKAAOHEHb Ma MOdice Oymu GUKOpUCmana 0s
NoKpauwjents cenekyii nayicumie nepeo 8UKOHanHAM peszexyii 113 npu 3noaxichux HosoymeopenHsx 113.

Radical pancreatic resection remains the main
method of treatment of patients with pancreatic
cancer [3]. In recent decades, the improvement of
surgical techniques and perioperative treatment of
this category of patients has led to better treatment
outcomes with a decrease in postoperative compli-
cations and mortality.

A decrease in mortality to less than 5% is obser-
ved in high-volume centers. Despite a significant
reduction in postoperative mortality, the level of
postoperative complications remains high up to 40-
60% [4].

Postoperative complications have an impact on
survival of patients after pancreatic resections since
bad general condition of the patient in the
postoperative period affects the timely appointment
of chemotherapy [4, 5].

Occurrence of pancreatic fistulas, bleeding,
infectious complications after pancreatic surgery can
lead to fatal results. Thus, it is very important not
only to recognize and treat complications, but also to
improve methods aimed at preventing of postope-
rative complications before surgery [2].

In 1989, Irwin Rosenberg proposed the term
"sarcopenia" (Greek for "sarx" or muscle + "penia"
or loss) to describe a decrease in age-related muscle
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mass and function. Sarcopenia has since been
defined as the loss of skeletal muscle mass and
strength that occurs with age [15].

The European Working Group on Sarcopenia
(EWGSOP) in the elderly developed the first
consensus European definition of sarcopenia in 2010
with the latest update in 2019. According to it,
sarcopenia was defined as "progressive and gene-
ralized skeletal muscle loss" characterized by both
loss of skeletal muscle mass and strength with the
associated increased risk of adverse postoperative
consequences.

Sarcopenia can be both a primary syndrome and
a secondary one associated with the presence of a
malignant neoplasm. Sarcopenia is an objective
indicator of the nutritional status of the patient's diet
and level of physical fitness [14].

A number of studies showed that sarcopenia may
be associated with a poor prognosis in patients with
pancreatic cancer [11, 14]. According to world stu-
dies, sarcopenia is an important patient-specific factor
that adversely affects the level of postoperative
complications, recovery and survival of patients after
pancreatic resection and adversely affects the specific
outcome of pancreatic tumors treatment using
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multimodal anticancer therapy and the prognosis of
treatment in cancer patients [1, 8, 11, 12].

According to these data, patients with sarcopenia
have an increasing number of both common
postoperative complications and severe surgical
complications, as well as complications of Grade 111
and higher according to the Clavien-Dindo clas-
sification. Patients with sarcopenia not only have
more postoperative complications, but also an
increased number of postoperative pancreatic
fistulas [3, 12] and postoperative infectious com-
plications [8].

The International Study Group of Pancreatic
Surgery recommends evaluating the presence of
sarcopenia during preoperative diagnosis of all
patients before pancreatic resections as a prognostic
factor for both short-term and long-term surgical
outcomes [13, 14].

CT images can be used for determining sarco-
penia by different methods. According to the litera-
ture, HUAC is a measure of the degree of sarco-
penia, which is a significant factor in the develop-
ment of postoperative complications after pancreatic
resection in patients with pancreatic cancer. Data on
the presence of sarcopenia can be easily obtained by
preoperative patient’s examination using CT.

Diagnosing of sarcopenia can be widely used to
predict  postoperative  complications, and can
potentially affect management tactics, improve patients
selection before pancreatic resection and decision —
making for adjuvant and neoadjuvant chemotherapy.

Timothy M. Pawlik and co-authors described
measurements of sarcopenia using the Total Psoas
Index (TPI), which measured the area of the right
and left psoas muscles at the level of the third
lumbar vertebra and correlated it with the patient's
height [8]. Savita Joglekar and co-authors deter-
mined sarcopenia, also, depending on TPI para-
meters, using additionally muscle density in
Hounsfield units when calculating HUAC values
[11]. In our work, we also calculated the HUAC
index for CT, using the program OsiriX 9.

MATERIALS AND METHODS OF RESEARCH

During 2011-2019 period we retrospectively
evaluated 152 patients for the presents of sarcopenia.
All patients underwent radical surgery for pancreatic
adenocarcinoma and adenocarcinoma of periampul-
lary region; we performed distal pancreatectomy in 23
(15.1%) patients, modified Appleby operation — in 2
(1.3%), pancreatoduodenectomy — in 122 (80.3%),
total pancreatectomy — in 5 (3.3%).

All patients underwent preoperative examination
which included mandatory abdominal ultrasound
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(US), multidetector spiral computed tomography
with intravenous contrast (MSCT) no later than 4
weeks before surgery. Magnetic resonance imaging
(MRI) and endosonography were performed if
necessary. According to preoperative examination
methods we assessed resectability of the primary
tumor. We performed computed tomography not
earlier than 4 weeks before surgery. The diagnosis
was confirmed by postoperative morphological
examination.

Postoperative complications were assessed and
graded according to the Clavien-Dindo international
classification. Complications requiring surgical,
endoscopic or radiological intervention were defined
as Grade III, complications that threatened the
patient's life and required intermediate care or
treatment in the intensive care unit were defined as
Grade IV (major Grade III-IV complications).

Pancreatic fistula was defined according to the
International Study Group of Pancreatic Fistula
(ISGPS definition and grading of postoperative
pancreatic fistula, 2016). The presence of delayed
gastric emptying and bleeding were determined
according to the consensus of the International Study
Group of Pancreatic Surgery (ISGPS). The presence
of a positive result of a culture of microorganisms in
the microbiological test confirmed the infectious
complications.

The sarcopenic profile included the area of the
psoas muscle on both sides and its density. The area of
the psoas muscle was measured in cm’, and the density
of muscle tissue was measured in Hounsfield Units.

Sarcopenia was calculated using the Hounsfield
Units Average Calculation (HUAC).

We performed measurements in a semi-auto-
mated mode with manual outlining of the psoas
muscles borders at the third lumbar vertebra and
defining the density of muscle tissue between -30
and 110 Hounsfield Units (HU) Fig. 1 and 2, which
allowed to automatically calculate the area of the
lumbar muscles (Fig. 1, 2).

We calculated HUAC according to the formulas:

Hounsfield Unit Calculation (RHUC) = (Right
Hounsfield Unit*Right Psoas Area)/(Total Psoas
Area), left Hounsfield Unit Calculation
(LHUC) = (Left Hounsfield Unit*Left Psoas
Area) / (Total Psoas Area), and HUAC = (Right
Hounsfield Unit Calculation+Left Hounsfield Unit
Calculation) / 2.

For men, taking into account HUAC, the pre-
sence of sarcopenia was considered when the HUAC
value was less than 18.8, for women, the HUAC
value should be less than 20.3.
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Fig. 1. Contrast enhanced computed tomography in axial projection with manual outlining
of the psoas muscles borders at the third lumbar vertebra body
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Fig. 2. Contrast enhanced computed tomography, frontal projection,
determination of the third lumbar vertebra body

RESULTS AND DISCUSSION

We calculated HUAC in 152 patients with pan-
creatic cancer and cancer of periampullary region.

All patients underwent radical surgery. We
performed distal pancreatectomy in 23 (15.1%)
patients, modified Appleby operations — in 2 (1.3%),
pancreatoduodenectomy — in 122 (80.3%), total pan-
createctomy — in 5 (3.3%).

21/ Vol XXVI/ 1

Pancreatic head cancer was diagnosed in 65 pa-
tients, tumors of the papilla Vateri — in 47 patients,
tumors of the distal common bile duct — in 10,
tumors of the pancreatic body and tail — in 25 pa-
tients, total pancreatic cancer was in 5 patients.

We diagnosed sarcopenia in 66 (43.4%) patients.
In the patients with sarcopenia, pancreatic head
cancer was diagnosed in 32 patients, tumors of
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papilla Vateri — in 16 patients, tumors of distal part
of common bile duct — in 7, tumors of the pancreatic
body and tail — in 9 patients, and total pancreatic
tumor — in 2 patients.

All patients underwent radical pancreatic resec-
tions: distal pancreatectomy — in 8 (12.1%) patients,
modified Appleby operation — in 1 (1.5%) patient,
pancreatoduodenalectomy — in 55 (83.3%), total
pancreatectomy — in 2 (3.1%) patients.

In patients with sarcopenia postoperative com-
plications occurred in 41 (62.1%) patients, in the
group of patients without sarcopenia postoperative
complications occurred in 29 (33.7%) patients. The
number of postoperative complications in patients
with sarcopenia was significantly higher (3 =12.1,
p=0.0005).

Mortality in the group of patients with sarcopenia
was also higher: in the group of patients with
sarcopenia 4 (6.1%) patients died, without sarco-
penia — 2 (2.3%) patients (3> =1.3, p=0.24 ), but the
difference was insignificant.

From the group of patients with sarcopenia,
infectious complications occurred in 8 (19.5%) pa-
tients, pancreatic fistula Grade B or C — in 24 (58.5%)
patients, delayed gastric empting — in 3 (7.3%),
postpancreatectomy hemorrhage — in 3 (7.3%), lym-
phorrhea — in 2 (4.9%), colon ulcer — in 1 (2.4%)
patient.

Regarding Clavien-Dindo classification of com-
plications, in the group of patients with sarcopenia
postoperative complications Grade [ occurred in
9(21.9%) patients, Grade II — in 12 (29.3%)
patients, Grade III — in 8 (19.5%) patients, Grade IV
—1in 8 (19.5%), and Grade V — in 4 (9.8%) patients .

In patients without sarcopenia following
complications were observed: infectious — in
7 (24.1%) patients, pancreatic fistula Grade B or C —
in 10 (34.5%) patients, postpancreatectomy hemor-
rhage — in 5 (17.2%), delayed gastric empting - in 3
(10.3%) patients, lymphorrhea — in 2 (6.9%), chyle
leak Grade B — in 2 (6.9%) patients.

Regarding Clavien-Dindo classification of com-
plication, in the group of patients without sarcopenia
postoperative complications of Grade I occurred in 6
(20.7%) patients, Grade II — in 12 (41.4%) patients,
Grade III — in 8 (27.6%) patients, Grade IV — in
1 (3.4%) and Grade V —in 2 (6.9%) patients.

The level of occurrence of Grade B or C pan-
creatic fistula was significantly higher in the group
of patients with sarcopenia (}’=3.9, p=0.04). The
level of infectious complications was higher in the
group of patients with sarcopenia but the difference
was insignificant (x’=0.04, p=0.8). Regarding the
level of delayed gastric empting and postpancreatec-
tomy hemorrhage, a significant difference between
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the two groups was not found. The level of delayed
gastric empting in both groups was without a
significant difference (x’=0.2, p=0.6), the level of
postoperative hemorrhage was also without a signi-
ficant difference (x*=1.6, p=0.2) too.

According to the Clavien-Dindo classification,
we did not find any significant difference in the
increase of Grade III complications in patients with
sarcopenia. In the group of patients with sarcopenia
we observed a significantly higher number of severe
complications according to Clavien-Dindo grade IV
and grade V, in the group of patients with sarcopenia
severe complications occurred in 12 patients, in the
group of patients without sarcopenia — in 3 patients,
the difference was significant (3’=6.4, p=0.01).

According to the literature, sarcopenia affects
both the development of postoperative complications
and the long-term oncological outcome of treatment
of patients with pancreatic cancer [9, 13, 14].
Postoperative complications affect the further course
of the patient's disease with pancreatic cancer [10,
11]. Occurrence of postoperative complications
often limits us in timely appointment of adjuvant
chemotherapy, and in some cases postoperative
complications can be the reason for refusing
chemotherapeutic treatment.

The ability to predict the level of postoperative
complications can potentially improve selections of
patients before surgery, especially for borderline
resectable pancreatic tumors [10]. Hounsfield Units
average calculation (HUAC) is a patient-specific
measurement of muscle density and fat infiltration,
reflecting the patient's sarcopenia [11].

Our results show that sarcopenia detected by
HUAC is a reliable predictor of postoperative
complications after pancreatic resection in patients
with pancreatic cancer.

Sarcopenia is an atrophy of muscle tissue in the
absence of necrosis with a decrease in the size and
number of muscle cells and can be a reversible
process [3]. Patients at increased risk of compli-
cations may receive neoadjuvant chemotherapy
while receiving special therapy to improve their
sarcopenic profile (nutrition optimization and
exercise) before radical surgery [10]. This tactic can
ultimately reduce the level of postoperative com-
plications after pancreatic resections, leading to a
better outcome and survival [1, 8]. The obtained
results are clinically suitable for patients with
pancreatic cancer, candidates for radical surgery. In
addition, sarcopenia is a feature of the physique that
can change over time. Sarcopenia is an indicator of
the patient's nutritional status. According to many
authors, overall survival and non-recurrent survival
in patients with sarcopenia is significantly lower.
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Peng and co-authors in their studies showed that
patients with sarcopenia even have an increased risk
of death in the first 3 years after surgery [8].

In the future, there is a need to develop a
therapeutic strategy to increase the patient's muscle
mass in order to improve the sarcopenic profile and
reduce the risk of postoperative complications.

According to Tosei Takagi and co-authors,
sarcopenia is an objective and reliable preoperative
predictor of postoperative infectious complications
after pancreatic resection [8]. According to our data,
there was no significant difference in the occurrence
of infectious complications in patients with sar-
copenia. According to several world studies, patients
with sarcopenia have a significantly higher number
of pancreatic fistulas after pancreatic resections.
Yasunori Nishida and co-authors showed a
significant increase in the incidence of pancreatic
fistulas after pancreatoduodenectomy in patients
with sarcopenia [3]. Minji Jang and Hyung Woo
Park and co-authors also noted an increase in the
number of pancreatic fistulas after pancreatic
resection in patients with sarcopenia [7].

Jukes P. Namm and his colleagues from US
clinics showed an increase in both pancreatic fistulas
and the incidence of wound infection and infectious
complications of the abdominal cavity [12]. Accor-
ding to the results of our studies in patients with
sarcopenia the total number of Grade B and Grade C
pancreatic fistulas significantly increased, without
increasing the number of infectious complications.

According to Prado and co-authors, the effect of
sarcopenia is multifactorial. Skeletal muscles play a
fundamental role in protein synthesis and sarcopenia
can disrupt the body's immune defenses [6]. Accor-
ding to Savita Joglekar, the assessment of muscle
volume as well as its density and fat infiltration give
more accurate results in the sarcopenia calculation
which is comparable to our results [11].

In some cases, the presence of obesity does not
allow for a correct assessment of muscle tissue loss.
In such patients, determining the presence of
sarcopenia can help assess the patient's condition
before surgery. Presence of sarcopenia can help
surgeons in predicting the occurrence of postopera-
tive complications and impact on the tactics of
perioperative  treatment. However, a therapeutic
strategy in increasing lumbar muscle mass and
improvement of the sarcopenic profile for reducing the
risk of complications needs to be further developed.

CONCLUSIONS

Received data indicate that sarcopenia, deter-
mined by HUAC in preoperative CT, is an important
indicator of surgical outcome and significantly affects
not only the level of postoperative complications, but
also the level of pancreatic fistula occurrence and can
be used to improve the selection of patients with
pancreatic cancer before radical resection.
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