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Medical Treatment in Germany

Germany takes a leading lepmaHns 3aHMMaeT nANpyloLuyto
position in medicine. no3vuuio B 06n1acT MeAULIMHBI.

German hospitals, clinics and medical | 'epMaHckue 60MbHULbI, KIMHWAKY W [O-
doctors enjoy an excellent reputation. | KTOPa UMEOT NPEKPACHYH penyTaLuto.

The continuously rising number [0CTOSIHHO PACTYLLEe YMCNIO MHOCTPaH-
of patients, who come to Germany HbIX NAUMEHTOB, KOTOPbIE NPUE3XKAKOT B
to receive medical treatment and ['epMaHuio Ha neyeHme, NoATBEPXAaET
support, strongly confirms this fact. 9TOT (paKT.

Patients from the Gulf States gladly MaumeHTbl Co BCEro Mupa ¢ ya40Bo/b-
come to Germany to receive medi- CTBMEM elyT B ['epMaHuio Ha neyeHue,
cal treatment because they regard MOCKOJIbKY paccMaTpusaroT IepManuio
Germany as a safe place and rely on kak 6e30nacHyt CTpaHy 1 J0BEPSOT
German clinics and physicians. HEMELKMM KIIHKKaM v Bpayam. OHu
They feel welcome as guests and YyBCTBYIOT Ce05 XKENaHHbIMU FOCTAMM 1
enjoy that they are encountered in HacnaXxatTcs MECTHLIM FOCTENPUNM-
an open-minded and friendly way. CTBOM.

German Medical Council, partner of I"epmaHckuit MeguumnHekuii CoBeT aBNS-

renowned German hospitals, clinics eTCs NAPTHEPOM WU3BECTHBIX HEMELIKUX
and specialized practices, organizes KIMHWK, MENLIMHCKWX LEHTPOB, CreLy-
the best medical treatment for annCTOB M OPraHM3yeT CaMoe Nyuluee
patients from all over the world and NeyeHre Ans NaLUMeHToB CO BCEro MUpa,
offers them a full service package. npeanaras M Becb CNEKTP YCNyr.
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Editor's Note

Dear Reader,

Over the last 50 years, medi-
cine has seen groundbreaking
achievements and it continues
to progress steadily. Medical
research and further develop-
ment lead to new or improved
diagnostic and therapeutic
strategies.

The new concepts now
actually focus on the individual
patient. Medicine has become
personalised and tailored to
the individual patients’ specific
needs. Health risks, hereditary
disposition and other factors
are taken into account in the
treatment, early detection

and prevention of diseases.
Patients can receive better
advice and medical treatment
in their specific situation, while
undesirable side effects and
inefficient therapeutic strate-
gies are avoided. In addition

to established clinical proce-
dures, personalised medicine
is supported by molecular bio-
logy diagnostics and imaging
techniques, making it possible
to provide more reliable predic-
tions about the patient’s health
risks and chances of recovery
as well as to identify potential
new therapeutic approaches.

Individualised therapeutic con-
cepts have also enabled major
progress in cancer treatment,
although cancer continues

to be one of today's greatest
medical challenges.
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In Germany, medical research
and education are practiced
mainly at university hospitals.
University hospitals are also of
crucial significance for future
medical research aimed at
developing new or improved
diagnostic and therapeutic
options and advancing medical
progress.

The medical and scientific
articles in the German Medical
Journal give insight into
German medicine and the
excellent work that is being
done in this field, especially in

Germany's university hospitals.

The journal thus also provides
a valuable contribution to the
global transfer of knowledge

- an aspect that is near and
dear to our hearts. Knowledge
makes the world a better
place.

Enjoy your
German Medical Journal

Nadine Baume
Managing Director

[loporue yutarenu!

3a nocneaHve 50 net B MeauumMHe
NOSIBUIIOCH MHOIO MHHOBALIMOHHbIX
pas3paboTok, U faHHas 0Tpacib
NPOLOXKAET CTabUIbHO MPOrpec-
cupoBatb. HayuHble uccnesosaqus
11 YCOBEPLUEHCTBOBAHMUS MPUBOAST
K OGHOBIIEHWIO MW YNYHLLEHNIO
AMArHOCTMYECKUX W TepaneBThYe-
CKMX CTpaTerui.

HoBble KOHLEeNUUn MeAuLmMHbI Cho-
KyCMPOBaHb! Ha OTAESIbHOM NauMeH-
Te. MeauumHa cTana nepcoHanuau-
POBAHHOM, TO ECTb Y4UTbIBAIOLLEN
WHAMBMAYyaNbHble NOTPE6GHOCTH
kaxxgoro nauvenTa. Mpu neyeruy,
PaHHEM BbISIBNEHUN W NPOCHNNAKTH-
ke 3a601eBaHMiA, MPUHUMAIOTCS BO
BHYMaHWe MHAMBUAYATbHbIE PUCKM
ANS 300P0BbSl, HACNEACTBEHHAS
NPeLPacronoXeHHOCTb 1 pyrue
hakTopbl. Takum 06pa3oM, nauu-
€HTbI MOrYT MOMYYMTb HAMNTYYLLINIA
WHAMBMAYyaNbHbIA MOAX0S W Neve-
HUWE B X KOHKPETHON CUTyaLmu,

1 B TOXKe BPEMs!, TaKoi Noaxos
NO3BONSET UCKITOUNTL HESDEEK-
TUBHbIE Ne4eBHble CTPATENMM 1 He-
XenarenbHble No60oyHble 3PPEKT
0T Tepanuu.

B nononHeHne K 06bI4HbIM KAMHK-
Y4eCKUM NMoJX0AaM, NepcoHannam-
POBaHHas MeMUMHA UCTONb3yeT
METOAbI MONEKYNSPHON ANarHoCTH-
Ku 1 BU3yanu3aumu, 4To no3sonseT
obecneunTs 6onee HafexXHble npo-
THO3bI A5 NOCMEAYHOLLMX PUCKOB M
BO3MOXKHOCTM BbI3[J0POBIIEHNS, @
TaKkXXe AN BbISIBEHNS HOBBIX, M0-
TEHUMANbHO NeYeBHbIX NOAXOA0B.
WHanBMayanu3mpoBaHHble Tepa-

http://www.facebook.com/GermanMedicalJournal
https://twitter.com/GermanMedicalJo

OT pepakumm

NeBTUYECKME KOHLENUMM obecne-
YNAM 3HAUNUTENBHBINA MPOrPece B fne-
YEeHUM paKa, x0T OHKONOTMYECKNE
3a60neBaHmMs B HACTOsILLEE BPEMS
MPOAOIXAOT 0CTaBaTLCS OAHO

13 camblx BONbLUINX MEANLIMHCKMX
npo6nem.

B l'epmaHun MeanumHckue Ha-
YUHbIE UCCNE0BaHS 1 0By4eHme
MPOBOASATCS, B OCHOBHOM, B YHH-
BepcuTeTCKMX 6onbHuLax. Moatomy
YHUBEPCUTETCKME KIMHWKN UMEKOT
peLuatoLLee 3HaueHne AN aanb-
HeliLLei Hay4HO-NPaKTUYECKON
LEATENbHOCTH, HAMPaBNIEHHOW Ha
pa3paboTKy HOBbIX UMK yMyuLLEH-
HbIX MArHOCTUHECKMX W NEYEOHbIX
TEXHOMNOTMiA, N NPOABUXKEHUS! MPO-
rpecca B MeauumHe.

MenumumHCKe 1 Hay4Hble CTaTbu B
Hemeukom MeauunHckom XKypHane
[atoT NpejCTaBNeHne O COBPEMEH-
HOM HEMELKOM MeAULIMHE 1 NOcnes-
HUX JOCTUXKEHUSIX B 9TON 061acTH,
rnaBHbIM 06Pa3oM, B YHUBEPCUTET-
CKMX KNHUKax B ["'epMaHum.

Taxum 06pa3om, >xypHan BHOCUT
LIEHHbI BKNAA B pacnpoCTpaHeHnm
MEAMLIMHCKIX 3HaHWIA MO BCEMY
MWPY - aCMeKT, KOTOPbIA BIM30K U
[OPOT K HaLLMM cepAuam. 3Hanus
LenatT MUp nyuLLe.

MonyunTe yLOBONLCTBUE OT
HemeLKoro MeanumHCKoro
XypHanal

Nadine Baume
Managing Director
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HecTabunbHOCTb NOKTEBOro
cyctasa - [lnarHoctuka
U NeYeHne

LinTopenyKT1BHas Xupyprus u
runepTepMuyeckas
WHTpanepuTOHeanbHas
xummnoTepanus (HIPEC):
COBPEMEHHbIA METOA NEYEHNS
NepuTOHeasnbHOro KapLUMHOMaTo3a
NpU KOMOPEKTaNbHOM pake

3abonesaHus Ta306e[pEeHHOr0
cycTaBa: AMarHocTuka
N MeTO[bl NeYeHms

TpaHcapTepuansHas
abnaums MUK -Cratyc u
YCOBEPLLEHCTBOBAHMS

XpoHuyeckast HeCcTabunbHOCTb
NIOKTEBOro cyctasa — 0630p

Hoctnxenns
NepcoHan3MpoBaHHOM
MeaULMHBI



Elbow HecTabunbHOCTb
stabili NOKTEBOrro
. ty & CyCTaBa -
[inarHocTuka m
neyeHue




Orthopedic Surgery

Dr. Alberto Guevara-Alvarez, MD
Prof. Dr. Andreas Imhoff, MD
Ass.Prof. Dr. Andreas Lenich, MD

Abstract

Acute elbow instability due to
trauma or associated chronic
instability with sports or
trauma sequelae include a vast
variety of injures and a specific
treatment either conservative
or surgical. The soft tissue
structures of the elbow and the
unique bone anatomy grants

a complexity to diagnosis and
treatment of instability injuries.
Adequate knowledge of such
a complex joint and specific
treatment training is needed in
order to perform arthroscopic
evaluation and surgical repair
or reconstruction. The objec-
tive of this article is to give an
overview of the traumatic and
non traumatic elbow instability,
offering diagnostic tools and
surgical specific indications.

Introduction

The elbow joint has a specific
complex configuration in order
to allow for combined motion
in flexion, extension as well as
pronation and supination. For
this unique kind of motion, the
elbow is conformed by three
different joints, the humero-
ulnar joint (HUJ), the humero-
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radial joint (HRJ) and the proxi-
mal radial-ulnar joint (pRUJ),

it is of great importance to
specify that the integrity of
the distal radio-ulnar joint must
be take in consideration every
time the prono-supination mo-
tion is studied.

The complexity of this group

of joints is determined by both,
the bony structures and the
capsulo-ligamentous structures
[24]. Due to the complexity of
this joint, both primary and sec-
ondary stabilizers are needed
to support the demanding
forces for movement (Table 1).

The primary stabilizers are:
The HUJ due to 80% of the
valgus loading is resisted by
the proximal portion of the
greater sigmoid notch and 65%
of varus loading is resisted by
the distal portion of the joint
surface [8]. the medial col-
lateral ligament (MCL) which
is composed of an anterior
(@MCL) and posterior (pMCL)
bundle as well as the trans-
verse ligament, being the
aMCL the most important
stabilizer against valgus forces
[20], the last primary stabilizer
is known as the lateral collat-

Tesucsl

OcTpas HeCTabubHOCTb NIOKTEBO-
ro cycTasa BCNefCTBUE TPaBMbI
WK XPOHMYECKast HeCTabunbHOCTb,
CBSA3aHHAS C 3aHATUSMMW CNOPTOM
WY NOCNEACTBUSAMM TPABMbl,
BK/KOYAIOT B Ce65 LUNPOKNIA CMEKTP
NOBPEXAEeHMiA, TPebyIoLLMX Creu-
NEPUYECKOr0 KOHCEPBATUBHOIO UK
XMPYPrnyeckoro neveHns. Msrkue
TKaHeBbIE CTPYKTYPbI NIOKTS U YHU-
KanbHas KOCTHas aHaToOMWs Npea-
CTaBNAKT ONPEeAENeHHYI0 CRoX-
HOCTb [N MArHOCTUKM U NIEYeHNS
COCTOSIHUIA HeCTabnnbHOCTH. YTO6bI
BbIMOMHUTbL APTPOCKOMMYECKOE
nccneaoBaHne, XMpypruyeckoe
BOCCTaHOB/EHME UMM PEKOHCTPYK-
LIMKO NIOKTS, XMpYpry HE06X0ANMO
XOPOLLIEE 3HaHWe 3TOr0 CROXHOro
cycTasa # creumanbHoe 06yyeHue.
Llenb faHHO CTaTby - KpaTKuii
0630p TPaBMaTU4ECKON U He-
TpPaBMaTU4ECKON HECTABMIBHOCTH
NIOKTEBOTO CycTaBa, AnarHocTuue-
CKMe MHCTPYMEHTBI W CrieumanbHble
XMPYPrnyeckne MeTodbl NeveHns
9TO NATONOrUM.

BeepeHue

JloKTeBOM CycTaB UMEET CNOXHYO
KOHChUrypauuto s COBEPLLEHMS
KOMOMHMPOBAHHOTO [BMXKEHNS -
crnbaqus, pasrnbanms, a Takxe

OpToneanyeckas xupyprus

NpoHaLuK 1 cynuHaumun. OcyLuecT-
BNSTb 3TOT YHUKANbHbIA BUL [BU-
)KEHMS MO3BONSET HANMYME B NOKTE
TPEX CyCTaBOB: NNEYENOKTEBOrO
cyctasa (MJ10C), nneyeny4esoro
cyctasa ([MJTyC) n npokcumMansHoro
nyyenokTesoro cycTasa (nJ11C).

Takxe 04eHb BaXXHO MOMHUT,
Y4TO NPY MCCNEeOBAHUN MPOHO-
CynMHaUmMu B NMOKTE HEOOXOANMO
obpallaTb BHUMAHME M HA LENOCT-
HOCTb AMCTaNbHOrO Ny4enoKTe-
BOro cyctasa. CoXHOCTb 3TOM
rpynnbl cycTaBoB 06ycnoBeHa ux
KOCTHBIMW CTPYKTYpaMm 1 Kancysno
- CBSI304HbIM annapaToM (24). [ns
COBEPLUEHUS ABUXKEHMIA B 3TOM
CINOXHOM CYCTaBe C HE06X0AUMbI-
MM ANt 3TOT0 YCUANSIMM, HE0bX0-
AMbI NEPBUYHbIE M BTOPUYHbIE
crabunuaatops! (Tabnmua 1).

MMepBuuHble cTabunuaarops: MJ1oC
pesncTeHTeH K 80% BanbryCHOM
HarpysKku 3a c4eT NPOKCUMabHON
4acTW CUrMOBUAHOM BbIPE3KM
Ny4eBOi KOCTH, a K 65% BapyCHO
HarpysKy - ANCTamNbHON YacTn
CYCTaBHOM NOBEPXHOCTH (8). Me-
AvanbHas KonnatepasbHas cBa3Ka
(MKC), cocTosLias u3 nepeaHero
(NMKC) n 3agHero (3MKC) nyuxos,
a TaK>Ke NonepeyHom CBs3ku, 3a
c4eT NMKC, SBnSeTCs OCHOBHbIM
CTabunuaaTopoM NpoTHB BaNbryc-
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Stage 1

Stage 2

Stage 3

Fig. 1: Horii Circle. Soft tissue injury in elbow dislocation, known as the Horii
circle. In the Stage 1 the LUCL is disrupted (A),in Stage 2 anterior and pos-
terior capsule disruption follows in(B) and the radial head either subluxate or
dislocates completely (C), in Stage 3 the elbow dislocates and the coronoid

lies posterior to the trochlea (D).

eral complex, Y shaped [21],
composed at the same time
by the Lateral ulnar collateral
ligament (LUCL), the radial
collateral ligament (RCL) and
the Annular ligament (AL) [12].
However biomechanically

only the LUCL plays a primary
stabilization role. Both the RCL
and the AL work as secondary
stabilizers.

The characteristic configuration
of the bony structures in the

elbow allows us to understand
the basic movement of flexion-
extension, and combined
pronation and supination. How-
ever the limits for movement
is given primarily by the bony
configuration, this can only

be achieved by the secondary
stabilizing structures.

The secondary constrains in-
clude the radial head, the com-
mon flexor and extensor ori-
gins, the RCL and the capsule.

Puc. 1: Kpyr Xopuu. MoBpexaeHne MArkiux TkaHei npu BbIBXE NOKTEBOTO CYCTaBa,
nnu kpyraXopuu. Ha Ctagum 1 - paspbis JIJIKC (A), Ha CTagun 2 -paspbis nepeaHeit 1
3afHeit kancynbl (B) MpuBOAMT K NOABbLIBMXY UM BbIBIXY FONOBKM Ny4eBoil kocTu (C),
Ha CTaanm 3 - BeHEYHbII 0TPOCTOK HAX0aMTCs No3aan 61oka nneyesoit kocu (D).

HbIx cun (20); eLle OfWH NePBUYHbIN
crabunuaatop — Y-06pasHbii
naTepanbHblid KonnaTepasnbHblit
KOMMAeKe (21), coCToALLMMA 13
naTepanbHO NOKTEBOW KonnaTe-
panbHoi csa3km (JIIKC), nyyesoit
konnatepansHoi ces3ku (JIKC) u
konbueson caszku (KC)(12).

BoigensioT TPU NEPBUYHBIX CTATK-
YECKNX CT&6VIJ'II/I3aTOpa JIOKTEBOro
CycTaBa: nyie4yenokTesoe co4ne-
HEHKWe, NepefHIo MeauanbHyo

KonnateparnbHyto CBS3Ky U nate-
panbHyto KonnaTtepanbHyt CBA3KY
(0CO6EHHO €€ NOKTEBOW KOMMO-
HeHT). OfHako B GuomexaHunke
cyctasa Tonbko JIJIKC urpaet oc-
HOBHYO pOib B €10 CTABMNM3aLMK.
M JIKC n KC pa6oTatoT B kayecTse
BTOPMYHbIX CTAOUAM3ATOPOB.

Oco6eHHOCTH KOHGUrypaumum KocT-
HbIX CTPYKTYP B NIOKTEBOM CyCTaBe
NO3BOJIAKOT NOHATH OCHOBHOE

ABWXeHue crbaque - pasrubanue,
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Fig. 2: Prognosis after an elbow dislocation (A) is correlated to the absence

(B) or presence (C) of bone fractures.

The radial head is important to
axial and valgus loading of the
forearm. However the primary
stabilizer for valgus stability is
the MCL [9]. The radial head
becomes a critical stabilizer
when the coronoid process is
compromised.

The complexity on the elbow
injuries is due to the diverse
structures involved. And can
vary from a single one band
injury, or be as complex as mul-
tiple fractures (radial, humeral,
ulnar) with affection of one or
more ligamentous structures.

Acute Instability
Elbow Dislocation

The dislocation of the elbow

is a common injury that usu-
ally happens in a fall with

the stretched arm, however
depending on the position and
the force vector several combi-
nations are possible.

An elbow dislocation is com-
monly the final stage of three

sequential stages of elbow
instability resulting form poste-
rolateral UHJ rotatory subluxa-
tion known as the Horii circle
[13] (Fig. 1).

Associated Fractures

The most commonly fractured
structures during an elbow
dislocation are the radial head
and the coronoid process [5]
(Fig. 2).

Unstable radial head fractures
must be reduced and fixed
properly if possible, or in the
case of untreatable fractures,
excision and arthroplasty
must be addressed. Excision
of the radial head without
replacement has been shown
to double the tension in the
interosseous membrane [7],
also causes altered kinematics
and increased laxity [2].

But the radial head is not the
only bony structure affected
with traumatic injuries, the
coronoid process plays an

- F

OpToneanyeckas xupyprus

Puc. 2: [TporHo3 npu BbiBUXE NOKTEBOrO CycTasa (A) KOPPENUPYET C 0TCYTCTBIEM (B)

nnu HannumreM (C) NepenomoB KOCTE.

W X COYETAHWE C MPOHALMEN 1
cynuHaumeid. OFHaKo ABMXKEHNS,
NepPBUYHO OrPaHUYEHHbIE KOHK-
rypaumeil KocTeun, MoryT CoBep-
LaTbCs TONbKO 33 CHYET BTOPUYHbIX
CTabNAM3MPYHOLLMX CTPYKTYP.

BTopuuHble cTabunuaatopsl
BKJIKOYALOT rONOBKY Jly4€BO KOCTH,
o6LLiee MeCTo NPUKPENNEHns Cru-
6ateneii u pasrubatenei, JIKC n
kancyny cyctasa. [(0oBka y4eBon
KOCTU BaXKHa NPy aKCHasnbHOW 1
BarnbryCHOM Harpy3ke Ha npeanne-
ybe. OfHaKO NepBMYHbIM CTAbUNK-
3aTOPOM BarbryCHOM YCTOMYMBOCTH
sensietcs MKC (9). Monoska nyye-
BOW KOCTM CTAHOBUTCS KPUTUUECKM
3HaYMMbIM CTABMN3ATOPOM NpK
NOBPEXAEHUM BEHEYHOrO OTPOCT-
Ka.

Cno>XHOCTb TPaBM JOKTS 3aBUCHT
OT NOBPEXAEHNS PA3ANYHbBIX CTPYK-
Typ. Y MOXET BapbMpoBaThCs OT
€IMHNYHON TPaBMbl OAHON CTPYK-
TYP B0 CNOXHbIX MHOXECTBEHHbIX
NepesioMoB Jy4eBOM, NNEYEBON,
TNIOKTEBOM KOCTEN C NOPaXEHNEM
OLHOW WM HECKONbKNX CBA3OK.

OcTpas HecTabUNbHOCTb
BbiBUX NOKTEBOr0 CycTaBa

BbiBuMX IOKTEBOrO CycTaBa sBNSs-
€TCS PacnpoCTPaHeHHOo! TPaBMOH,
KOTOpas, Kak Npaswnio, MPOMCXOANT
B pesynbTaTe NafeHus C BbITAHY-
TOW PYKOW, OfHAKO, B 3aBUCUMOCTY
OT NOJIOXEHMS U BEKTOPA CUJlbl,
BO3MOXXHbI HECKOJIbKO BAPMAHTOB
noBpeXXeHus. BbiBUX NOKTEBOrO
cycTaBa 06bI4HO SBMISIETCS 3aKITHO-
4nNTeNbHBIM 3TANOM TPEX nocne-
[OBAaTeNbHbIX CTAAMI HECTabWNb-
HOCTW NOKTS, TAK)X€ U3BECTHOM
KaK HecTabunbHOCTb Kpyra Xopuu,
NPUBOASLLEH K 3aaHenaTepasb-
HOMY POTAUMOHHOMY NOABbIBUXY
M/10C (PucyHok 1)(13).

ConyTcTBylowWMe NepPenoMbl

Hanbonee 4acto npu BbiBUXE
NIOKTEBOT0 CycTaBa NpouCXoasT
nepenoMbl rONI0BKM fy4eBOHA KOCTH
1 BEHEYHOro oTpocTka (5)(PucyHok
2). B cnyyae nepenoma ronosku
Ny4eBOM KOCTH JONKHA BbiTh
NPOBEAEHa, eCN 3TO BO3MOXHO,
€e penoaunums n dukcaums, nm, B
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Fig. 3: Clinical examination under fluoroscopic guidance with
varus and valgus stress in 0°-30°-60° and 90° of flexion/extension

important role as an anterior
buttress for the humero-ulnar
joint [16] and as the place of
insertion of the aMCL on the
sublime tubercle (most medial
part of the coronoid process)
[10]. And due to this mechani-
cal properties must be fixed
when possible.

Diagnosis

A diagnosis of a dislocated
elbow usually is evident, how-
ever conventional radiographs
in anteroposterior and lateral
view show an overview of the
injury. In case of comminuted
or complex fractures a Com-

puted Tomography (CT) scan
is important in order to plan
further treatment.

Reduction must be treated
preferably under sedation or
in case of complex dislocation
under general anesthesia. It
is important to mention that a
complete pre and post reduc-
tion neurovascular test is
mandatory. Reduction should
be confirmed by radiologic
images, and if possible with
under fluoroscopic guidance.
And this is the time where
the first clinical exam will be
done under sedation/anesthe-
sia (Fig. 3). We examine the

Cny4ae Heu3neunmoro nepenoma,
9KCLM3Ws M apTPONIacTuUKa.

Ynanenue ronosku ny4eson

KOCTV 6e3 ee 3ameLLeHNst MOXET
YABOUTb HaNPsSXKEHNE B MEX-
KOCTHOI MembpaHe (7), a Takxe
N3MEHNTb KUHEMATHKY M 0CNabuTb
CBSA304HbIA annapart cycTasa (2).
OpaHaxo, ronosKa ny4esoi KoCTH

- He eIMHCTBEHHas BaXKHas ang
cTabunusaumm KocTHas CTpykTypa,
KOTOpas cTpagaet npu TpaBmaTu-
4ECKOM NOBPEXJEHNN: BEHEUHBIN
OTPOCTOK UrpaeT BAXKHYHO POSib B
Ka4yecTBe nepesHen onopbl Ans
NeYenoKTeBOro CycTasa 1 B Kave-
ctee Mecra npukpennerust IMKC
Ha 6YropKOBOM BO3BbLILLEHHOCTH

OpToneanyeckas xupyprus

)

Puc. 3: Knunnueckoe o6¢nefosanme nog hnoopocKonnieckinM KOHTPOMEM € NOMO-
LLIbK0 BAPYCHOrO 1 BaNlblr'yCHOr0 CTPECC - TECTOB C aMnaUTy oW ABvKeHus 0°-30°-60°
n crnbanus / parnbanms Ha 90°

(10). W, ¢ y4eTom aTnx 6uomexa-
HUYECKNX 0COOEHHOCTEN, LOMMKEH
ObITb BOCCTAHOBNEH NPW MANELIen
BO3MOXXHOCTM.

[marHocTuka

[lnarHo3 BbiBMXxa NOKTEBOTO CY-
cTaBa 06bI4HO O4YEBMAEH, 0AHAKO,
PeHTreHorpamma B nepesHe3asHen
1 60KOBOW NPOEKLMN NPeoCcTaBns-
€T MOJHbI 0630p TPaBMbl.

B cnyyae ockonbyaTbix Uam Cnox-
HbIX MEPENOMOB, KOMMbHOTEPHAS
Tomorpacpum (KT) sBnsieTcs Bax-
HbIM MCCNeZ0BaHNEM ANSi NNaHWpo-
BaHMS [anbHENLLEro neyeHus.
Penosunums fomkHa 6bITb Npo-
BeZeHa Noj MeCTHbIM 06e3601m-
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Elbow Stability Score
<3 = Conservative
>3 = Surgical

Fig. 4: Grading score for elbow stability, where
each anatomic structure gives either 2 points for
the Primary Stabilizers (Red) and 1 point for the
Secondary stabilizers (Blue). Conservative ap-
proach is needed when ESS is less than 3, while
3 or more points indicates surgical treatment.
HU: Humero-ulnar joint, MCL: medial collateral
ligament, LUCL: lateral ulnar collateral ligament,
HR: humero-radial joint, RCL: radial collateral
ligament, AL: annular ligament, Flex: flexor mus-
cles origin, Ext: extensor muscles origin.

YA

Puc. 4: LLikana oueHku cTabunbHOCTM OKTEBOTO
cycTaBa, COrnacHo KOTOpOi Kaxxaas aHaTominye-

cKkas CTPyKTypa nofyyaeT 2 6anna kak OCHOBHOVA
crabunuaatop (KpacHbii) 1 1 6ann kak BTOPUYHbIi
crabunuaatop (Cunmit). KoHcepBaTUBHbIA NOAXOA,
Heobxoanm npu ESS meHee 3 6annos, B T0 Bpems Kak
3 nnm 6onee 6anNoB yKasbiBaKT HA HEOOXOAMMOCTb
xupypruyeckoro nevenusi. HU: nne4enokTeBoi cycTas,
MCL: meaunansHas konnarepansHas cssska, LUCL:
naTepanbHas nokTeBas konnarepanbHas cssaka, HR:
nneyeny4esoii cyctas, RCL: nyyesas konnatepasbHas
cBs3ka, AL: konblLieBas cas3ka, Flex: MecTo npukpe-
NeHMs MbllL crnbaTeneid, Ext: Mecto npukpennexus
MbILLL| pa3rubaTenei.

OpToneaunyeckas xupyprus
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Table 1: Primary and Secondary
elbow stabilizers

elbow for valgus/varus stress

in 0°/30°/60°90 degrees of flex-
ion, the algorithm for diagnosis
is shown on [4] (Table 2).

A splint in 90° of flexion is used
for 4-b days and in case of
severe instability a Magnetic
Resonance (MRI) is taken. A
second clinical exam is made 5
days after the injury. Depend-
ing on the previous clinical
exam one can in advance focus
the examination for specific
structures.

Treatment

The baseline to differentiate
conservative vs surgical treat-
ment is given by complexity
and potentially instability of the
injury. In order to objectively
measure the instability, we use
a grading system, which takes
in consideration number and
stability role of injured struc-
tures, either they are primary
or secondary stabilizers. This
Elbow Stability Score (ESS)
was developed upon the ana-
tomic basis of stability given by
this structures as well as the
behavior previously described
in the Horii circle [15]. The
grading system is based only in

Primary and Secondary Elbow Stabilizers
Primary Stabilizer Secondary Stabilizer

Humeroulnar Joint Radiohumeral Joint

Anterior Medial Collateral Ligament

(aMCL)

Lateral Ulnar Collateral Ligament
(LUCL)

clinical examination. ESS less
than 3 points indicates con-
servative treatment, while 3 or
more points indicates the need
of surgical treatment (Fig. 4).

We get an MRI for the second
clinical examination, and the
anatomic injury will determine
the exact conservative or surgi-
cal treatment, it is important to
adequate assess the MRI, look-
ing for free bodies, integrity

of the flex/ext muscle-tendon
insertions, or associated non
diagnosed fractures (Fig. 5).

When conservative treat-

ment is needed, a mechanical
hinged brace is used in order
to provide protection to the
joint and allow early movement
and physiotherapy. The brace
is commonly used for 6 weeks
and the therapy is focused on
maintain the range of motion.
After 6 weeks the exercises
will be focusing on strengthen-
ing of the secondary stabilizers,
it is important to maintain bal-
ance between wrist extensors
and flexors.

The traumatic medial instability
is relatively frequent, and hap-
pen without an evident elbow
dislocation. In this type of

Anullaris Ligament

Lateral Collateral Ligament
(LCL)

Extensor & Flexor muscles

BaHWEM, WUiK, B Cly4ae CNOXXHOro
BbIBMXA, NOA 06LUMM HAPKO30M.
Ba)xHO 0TMETUTB, 4TO [0 M NoCne
PEno3nLMK UCCNEAoBaHME COCY-
AMCTO-HEBPOJIOTMYECKOro cTaTyca
ABAseTcs obszarensHbIM. Penosu-
LmMst BOSKHA ObITb MOATBEPXKAEHA
PaanonorMyeckum UcCnefoBaHnem,
W, XXenaTesnbHo, NOA (AOPOCKO-
NUYECKUM KOHTPOMEM. U B 3T0 Xe
BpeMS C cefjaumeit / aHecTe3nei
MOXET 6bITb MPOBEAEHO NEPBOE
KNUHU4YeCKoe 06Cnef0BaHNE
(PucyHok 3).

MbI NpOBOAMM BaNbryCHbIN /
BapyCHbIA CTPECC - TECTbI CO
crubanmem Ha 0°/30°/60°/90°, an-
FOPUTM OMArHOCTUKW NOKa3aH B (4)
(Tabnmua 2). B Teuenue 4-5 gHen
MCMONb3YETCS LUMHA B NOSIOXKEHUN
crnbanms Ha 90°, B cryyae Tsxe-
O HECTABNNBHOCTW NPOBOANTCS
MarHUTHO-PE30HaHCHas TOMOrpa-
tus (MPT). Bropoe knuHnyeckoe
06CNeL0BaHME MPOBOANTCS Yepes
5 pHeit nocne TpasMbl. C y4eToM
Pe3yNbTaToB NPedblyLLero Knm-
HUYeCcKoro 06cnefoBaHms, MOXHO
3apaHee cokycmpoBaTh ero Ha
OnpeseneHHbIe CTPYKTYPbI.

Neyenue
Bbibop MeTOAa neveHus (KoHcep-

BATWBHOE WM XMPYPrnyeckoe) 06-
YCIOBNEH CNOXHOCTHO TPaBMbI U

Tabnmua 1: MepBryHbIE U BTOPUYHbIE
CTabunuaatopbl IOKTEBOrO CycTaBa

NOTEHUMANbHOW HECTAbUMBHOCTHH
cycTasa npu aT0il Tpasme. [ns
06BEKTMBHOW OLEHKW HeCcTabwsib-
HOCTM Mbl UCMONb3YEM CUCTEMY,
KOTOpas yunTbIBAET KONIMYECTBO
NOCTpafaBLUNX CTPYKTYP M MX POSib
B cTabunnaauum cyctasa (nepeuu-
Hble WM BTOPUYHbIE CTabNUNM3aTo-
pbl). LLkana CtabunbHocTy JTokTs
(Eloow Stability Score, ESS) 6bina
paspaboTaHa Ha OCHOBE MOJENK
aHaTOMMYeCKOM CTabUNbHOCTH 3a
CYET Pa3NMYHBIX CTPYKTYP, @ Takxe
C y4ETOM COCTOSHMS Kpyra Xopuu,
onmucanHoro paHee (15). Cuctema
OLIEHKY 6a31pyeTCs TOMbKO Ha AaH-
HbIX KIMHUYECKOro 06CnefoBaHms.
ESS meHee 3 6annos npegno-
naraet KOHCEpBATUBHOE NEYEHME,
B TO BpeMs Kak 3 u 6onee 6annos
yKa3blBatoT Ha HE06X0AMMOCTb
XMPYPruvecKkoro nevexns (PUcyHok
4). [Inst BTOPOro KIMMHUYECKOTO
ocmoTpa Mbl npoBoanM MPT, u
WMEHHO aHATOMMs TpaBMbl byaeT
onpenensTb KOHCEPBATUBHbIA UK
XMPYPrUYECKMiA BApUaHT NeYeHuns,
NO3TOMY Tak BaXXHO afeKBAaTHO
oueHuTb MPT, BbISIBUB OCKOJIKM,
LIeNOCTHOCTb CYXOXUNWiA crnbate-
neii 1 pasrubaTenen, a Takxe He
ANarHOCTMPOBaHHbIE MEPENOMbI.
(PucyHok 5).

Korpa TpebyeTtcs KOHCEpBaTUBHOE
NeYeHue, Cnosb3yeTest Mexa-
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Table 2: Relation of the injured
anatomic structure and the degrees
of flexion during varus and valgus
clinical examination

injury it is important to remem-
ber the grading system, due
to the capability for the flexor/
pronator tendon to contain the
injury or not. Therefore, when
the continuity of the MCL and
the flexor-pronator tendon is
compromised (ESS > 3) the
injury is treated surgically.
When the MCL is avulsed from
the bone it can be easily fixed
to the anatomic origin below
the medial epicondyle, using
suture anchors and reattach-
ing the conjoint flexor tendon
in the same fashion. When
reattachment of the MCL is not
possible, MCL reconstruction
has to be done. (See chronic
MCL injury for technique) The
repair is protected with a 90°
flexion cast the first 5 days

to improve the postoperative
edema, followed of 6 weeks
with a hinged mechanic brace
progressed in flexion and ex-
tension as needed.

However isolated MCL injuries
without any other structure
affected can successfully be
treated conservatively with

a hinged brace locked in 30°
extension and 90° flexion for 2
weeks, followed by 2 weeks
with ROM 0-20-100 and 2
weeks with 0-0-120.

On the lateral side the LUCL
instability commonly affect the
RCL, extensor muscles and
therefore surgical treatment

is needed. This is observed

on lateral instability from 0°-
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Relation of the Injured Anatomic Structure and the Degrees of Flexion
during Varus and Valgus Clinical Examination

B A R
RCL + LUCL + ventral capsule

30° varus

30° valgus

RCL > LUCL
aMCL > pMCL

ventral Capsule + aMCL + RCL

>0° Extension

90° of flexion. Reinsertion of
the affected LUCL periosteal
sleeve is sometimes possible.
However when reinsertion is
not possible reconstruction is
needed.

Chronic Instability

Chronic instability can result
from traumatic untreated
injuries, as a consequence of
elbow dislocation or repetitive
trauma related to sports.

MCL

Chronic deficiency of the MCL
is related often to specific
sports injuries, widely de-
scribed in overhead throwing
athletes due to valgus overload
[17] (e.g. baseball pitchers,
cricket pitcher, handball) or to
repetitive valgus trauma [1]
(e.g., volleyball, goalkeepers).
Usually pain and tenderness is

HUYECKWI LLAPHUPHBIN annapat
BHELUHEH (hukcaLmm, KoTopblid
06ecneynBaeT 3alumMTy CycTaBa,
NO3BONSET BbINONHATL PAHHKE
ABVXEHUS B CYCTaBe 1 NMPOBOAUTD
thuanoTepanuio. OyHKUMOHANBHAS
LUMHA 06bIYHO MPUMEHSIETCS B TEYe-
HWe 6 Hedenb, Tepanus OpUeHTMPO-
BaHa Ha Nojjep>xaHue amanasoHa
JBVKEHMIA.

Mocne 6 Hefenb ynpaxxHeHus
(HOKYCHPYIOTCS Ha YKPENneHnm
BTOPUYHbIX CTABMNIN3ATOPOB, TaK-
)€ BaXHO NojaepxmsaTth 6anaHc
MeXxay pasrnbaTensimu u crubate-
NSMM Ny4e3ansCcTHOrO CycTasa.

OcTpas TpaBmMaTnyeckas Meamans-
Hast HeCTabUNbHOCTb BO3HWKAET OT-
HOCUTENbHO YacTo, u 6e3 04eBma-
HOro BbiBMXa JIOKTEBOr0 CyCTaBa.
Mpu 9TOM TUNe TpaBMbl 0CO6EHHO
BaXXHO WCMONb30BaTh LKAy cTa-
OUIBHOCTM ANS OLEHKN MPOYHOCTH
CYXOXMUNWiA crubateneit / npoHaro-
poB. MoaTomy, Koraa LenocTHOCTb

OpToneanyeckas xupyprus

Tabnmua 2: CooTHOLLEHME NOBPEXAEHNS
aHATOMUYECKMX CTPYKTYP W CTEMEHN
crubaHms npu BapyCHOM 1 BaNbryCHOM
KIMHNYECKOM 06CNe0BaHNM

MKC v cyxoxunui crubatenen-
NpOHATOPOB HapyLueHbl (ESS> 3),
TpaBMa NeunTCs XPYPryecknm
meTofoM. Korga MKC otopsana ot
KOCTU, TO OHA MOXET BbITb NErko
3achuKcMpoBaHa K aHaTOMUYECKOMY
MECTY NPUKPENSIEHNS HUXE Meau-
aNbHOr0 HaAMbILLENKA C MOMOLLbH
SKOPHOr0 (hMKCaTopa M NOBTOPHOTO
MPUCOEANHEHNS OBLLETO CYXOXM-
nms crubatenei.

Ecnu noBTOpHOE NpUKpEnneHue
MKC He npeacrasnseTcs Bo3-
MOXXHbIM, JOJIKHA ObITb NPOBeAeHa
pekoHcTpykuns MKC (Cm nevenmne
XpoHuueckoro nospexaerus MKC).

B Teuerue nepsbIx 5 AHEN NOKOTH
UMMOBUIN3NPYETCA C NOMOLLBIO
FUNCOBOM LUNHBI B MONOXEHUM CTU-
6aHusi Ha 90° C LeNblo YMEHbLLEHNS
noCneonepaLmoHHOro 0Teka, a
3aTeM B TeueHme 6 Hedenb - C
MOMOLLIbIO MEXaHWYECKOr0 LUapHUp-
HOro annapara BHeLLHei (hukcaumm
C BO3MOXHOCTBHO CrnbaHus u
pasrubanms.

OnHako, M30AMPOBaHHbIE TPABMbI
MKC 6e3 noBpexxaeHns no6oii
[PYroi CTPYKTYPbl MOXHO YCMELLHO
NEYUTb KOHCEPBATMBHO, C M0-
MOLLbIO LLAPHMPHOTO annapara,
3ahMKCMPOBAHHOTO B MOMNOXXEHUM
pa3rmbanms Ha 30° u crubanms Ha
90° B TeyeHwue 2 Hefienb, 3aTeM 2-X
HefenNb B AnanasoHe ABUXEHMS
0-20-100 n 2-x Hepenb - 0-0-120.
Ha naTepanbHoii CTOpOHe HecTa-
6unbHocTb JITIKC 06b14HO 3aTparu-
BaeT JIKC, Mbiwubl-pasrubaten,
noaToMy TpebyeTcs Xxvpypruve-
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Fig. 6: The milking maneuver Test to assess the medial collateral
ligament is performed with the patient elbow in 90° flexion, the
humerus is fixed (A) and in full supination the thumb pulled poste-
riorly (B) and so valgus force is applied in the MCL.

present over the medial aspect
of the elbow and can be aggra-
vated with activities including
abduction of the shoulder and
external rotation, or any activity
increasing the valgus force on
the medial side of the elbow.
Tenderness over the ulnar
nerve is common, Hoffmann-
Tinnel sign can be positive.
Specific maneuvers include

a 30° valgus stress exam to
assess widening of the medial
compartment. Sometimes

pain can be evoked with this
maneuver.

The modified milking maneuver
[18] performed in 70° of flex-
ion, the thumb of the patient is
pulled creating a valgus force
eliciting pain or no end point.
Dynamic examination offers
better result as valgus stress

is applied in the whole range
of motion, usually eliciting
pain between 80 and 120°.
This useful exam described by
O'Driscoll is called the Mov-
ing Valgus Stress Test [14], is
important to recognize that
beyond 120° of flexion the
bony structures contribute to
stability (Fig. 6).

Diagnosis conventionally was
made with positive MRI, valgus
stress radiographs and clinical
examination under anesthe-
sia [3]. Usually full thickness
tears can easily be diagnosed,
however the incomplete tears
or unstable MCL due to sports
are hard to evaluate [23]. How-
ever MRl is useful to asses
surrounding pathology due to
instability, as bone marrow
edema. and this is where the

OpToneanyeckas xupyprus

Puc. 6: Mpnem «aoeHnst» Ans OLEeHKU COCTOSHWS MeananbHON Konna-
TepanbHOM CBA3KM BbIMOMHSAOT B MONOXEHUN Crubanus oKTS Ha 90°,
nneyesas KOCTb 3adpmKcupoBaHa (A) 1 B MONOXKEHNM MOSTHOW CynuHAaLMM
6onbLUO Nanew THYT c3aam (B), u, Takum obpasom, Ha MKC Bo3geiicTay-

€T BasibrycHasa cuna.

CKOe NeyeHmne. JTO BbISBNSETCS
npu crmubanum Ha 0°-90°. MHoraa
BO3MO>XHO NOBTOPHOE MPUKpe-
nneHue NepuocTansHoro gyTnspa
nospexxaenHon JIJIKC. OpHako
KOraa NoBTOPHOE NPUKPEeneHue
He NpeJCTaBNSETCS BO3MOXXHbIM,
HEe06X04MMO BbINONHUTb PEKOH-
CTPYKLMIO CBSIZKM.

XpoHuyeckas HecTabunbHOCTb

XpoHnyeckas HeCTabunbHOCTb
MOXXET BO3HUKHYTb BCNIEACTBUE HE
BbIfIEYEHHbIX CBOEBPEMEHHO TpaB-
MaTMYecKuX NOBPEXAEHWH, BbiBUXA
NIOKTEBOT0 CycTasa uiu NnoBTOPSIHO-
LLWXCS CIOPTUBHbIX TPABM.

MKC
Xporuyeckoe nospexaenne MKC

4acCTo CBA3aHO C onpeneneHHbIMU
CNOPTUBHbLIMK TPaBMaMW, Kak npa-

B0, Y CMOPTCMEHOB, NPaKTUKYH-
LUMX BbICOKYO NOAAuy, BCNeACTBME
BasbryCHOM Harpy3ku (17)(Hanpu-
Mep, y 6eicbonbHOro NuTHepa, Kpu-
KETHOr0 NUTYEpa, raHabonmeTa),
N NOBTOPSIOLLEICS BarbryCHOMN
Tpasmbl (1)(Hanpumep, y Bonenbo-
NMCTOB, BpaTapei).

O6bI4HO HA MeamManbHO CTOPOHE
NOKTS 0TMeyaeTcs 60nb 1 6ones-
HEHHOCTb MPK Nanbnawum, KoTopsle
MOTYT YCUIMBATLCS MpW onpese-
NEHHbIX [BWXEHUSAX, BKIOUas
OTBEAEHME MeYa N HAPYKHYHO
poTauuKo, Ui Npu K60 Aes-
TENbHOCTH, KOTOPas yBENMUMBAET
BaUbryCHY0 CUNY Ha MeAnarnsHoOM
CTOPOHE NOKTS. Takxe 4acTo
MPUCYTCTBYET BONE3HEHHOCTb NO
XOAy NOKTEBOr0 HEPBA, MOXET
ObITb MONOXMTENbHBIM CUMMTOM
["opmaHa-TuHHenS.

CnewuvanbHblii NpyeM, BanbryCHbIN
cTpecc Ha 30° N03BONSET OLEHUTD
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Fig. 7: Ultrasonographic evaluation of the Medial collateral liga-
ment. Performed with the sitting patient, the transducer is located
transversely to the humero-ulnar joint (A), distance between
Humerus and Ulna is measured without stress (B) and with valgus

stress (C).

ultrasound plays an important
role as a diagnostic tool.
Although ultrasound has not
been recommended by the
European Society of Musculo-
skeletal Radiology for MCL and
LUCL evaluation [6], widening
of the medial space joint has
already been measured on
thrower athletes and compared
with non-throwing side [19].
Widening of the medial joint
line with valgus stress at 0-30°
of flexion beyond 2 millimeters
is considered as abnormal,
although in throwing athletes
2.7 mm can be considered as
normal [19], the measurement
should be done in both elbows
and correlated to symptoms
and clinical findings (Fig. 7).

The strongest characteristic
of the ultrasound imaging is
that it can dynamically asses
the ligamentous structures

and document the results of
conservative treatment.

Conservative treatment can

be intended in cases of vague
symptoms without imaging
support of injury. Strengthening
of the flexor pronator muscle,
as well as balance between
flexor/pronator and extensor/
supinator muscles should be
achieved. When instability is
corroborated by ultrasound and
correlated to the symptoms
and clinical findings, surgical
treatment is needed.

Prior to reconstruction we per-
form in every case a full elbow
diagnostic arthroscopy. This al-
lows us to remove free bodies,
synovial resection, osteophyte
excision, evaluate the stability
of the remaining structures and
treat cartilage lesions if needed
(Fig. 8).

Pvc. 7: YnbTpassykoBoe uccnefoBaHne MeananbHon KonnatepanbHoii
CBA3KM Y NaUMeHTa B NONOXeHUM cuas. [laTumk pasmeLLeH nepneHanky-
NSPHO K MNEYenoKTeBOMY cycTaBy (A), paccTOsHIE MEX LY NNEeYeBON 1
NIOKTEBOI KOCTAMM M3MepsieTcst 6e3 BanbrycHoro cTpecca (B), ¢ Banbryc-
HbIM cTpeccoMm (C).

MeZauanbHbIii 0TAEN CycTasa.
WHorpa aToT TecT BbI3blBAET 60/b.
MoanhULMPOBaHHbIV NPUEM «[0-
€HUSI», BBIMOMHSIOT NMPK CrubaHnm
Ha 70° (18), 6onbLuoit naney
nauneHTa TSHyT AN CO3AaHMS
BasbryCHOM CWJlbl, YTO BbI3bIBAET

/ He BbI3bIBAET 60/b. QuHamuye-
cKoe o6cnefioBanmne obecneyn-
BaeT MNyuLLnii pesynbTaT, TaK Kak
BasbryCHbIi CTPECC NPUMEHSETCS
BO BCEM AMANa30He ABMXKEHMS, KaK
npasuro, BbI3biBas 605k Mexay 80
n120°.

JTOT NONE3HbINA TECT, ONUCAHHbIA
O'Driscoll, koTopbliA Ha3biBaET-

Cs1 «BabIyCHbIi CTPECC-TECT B
ABWXeHUn» (14), ncnonbayeTcs
4NS TOro, 4T06bI YO AUTHCS, YTO
npu crn6anuem 6onee, vem Ha 120°
KOCTHbIE CTPYKTYpbl 06€CneunBatoT
CTabunbHOCTb (PucyHoK 6).

[narHo3 06bI4HO NOATBEPXKAAETCS
MPT, peHTreHorpachveit Bab-
TYCHOrO CTPEcca 1 KNMHUYECKNM

o6cnesoBaHKEM Mo HApKO3oM (3).
O6bI4HO pas3pbIiB CBS3KN HA MOMHYHO
TOJILLMHY MOXET BbITb NETKO Ana-
FHOCTMPOBAH, 0AHAKO HEMOMHbIe
paspbIBbl MW HECTAOUIBHOCTb
MKC BcnepcTBie 3aHSTMIn CMOPTOM
BbISIBUTb CMOXHO (23). TeM He
MeHee, MPT ucnonb3ayeTcs ans
BM3yan3auum CoceHNX naTosno-
MYECKUX U3MEHEeHUN BCNELCTBNE
HeCTabWbHOCTW, HANPUMEp, 0Teka
KOCTHOrO Mo3ra.

BaxkHyto ponb B Ka4ecTBe auarHo-
CTWUYECKOr0 MHCTPYMEHTA UrpaeT
yNbTPa3ByKOBOE UCCre0BaHe
(Y3W1). HecmoTpst Ha T, uto Y3U
ans suayanusauum MKC n JIJIKC
(6) He pexomenayeTcst EBponeit-
CKWM 0BLLECTBOM MbILLIEYHO-CKE-
NETHOW PAANONOTUN, MEANATEHYIO
nosocCTb CycTasa y cropTcMe-
HOB-MeTaTeneit y>xke N3MepsitoT 1
CPaBHMBAIOT C HE METATENbHON
CTOpOHo# cycTasa (19). LLnpuHa
MeauanbHON CyCTaBHOM LUEN Npu
BaUbryCHOM CTPECCe Npu crubaquu
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MCL reconstruction is done
with a docking technique, com-
monly using a 10 mm medial
triceps autograft, although
palmaris longus or allograft can
be used. The technique is per-
formed on supine decubitus.
A tourniquet is used at maxi-
mum 250mmHg. Through a
medial conventional approach,
after proper preparation, two
converging tunnels are made
in the ulnar sublime tubercle,
then a tunnel is made in the
anterior aspect of the medial
epicondyle. Once the isometric
flexion point is found, the graft
is passed through the ulna and
fixed in the isometric point.
Postoperative treatment start
with a 90° flexion splint for 5
days. Then a blocked hinged
brace is used from 0-30 for
the first 3 weeks, from the 4th
is progressed on a pain free
range of motion, and full range
of motion allowed after the
6th week. Strengthening start
at the 7th week. Sports are
allowed at 12th week with the
use of a special sport brace.
High contact sports are al-
lowed until the 6th month.

LUCL

Lateral chronic instability is
often misunderstood. We
consider that the adequate
knowledge of the lateral
complex ligament function
allows the surgeon to treat this
injuries. The lateral complex

as described previously, is
composed by different struc-
tures that play either a role

to fixed the radial head to the
ulna and as a varus constrain or
posterior rotatory subluxation
when the forearm is supinated.
The term posterolateral rota-
tory instability (PLRI) was first

described by O'Driscoll [11] as
the most recurrent postraumat-
ic instability of the elbow.

Frequently a history of trauma
is correlated to the symptoms.
Physical complaints can include
lateral pain, locking, disloca-
tion or radial epicondylitis like
symptoms.

The physical exam can be nor-
mal, conventional varus stress
examination is usually negative
and special maneuver should
be made.

The "gold standard” for PLRI
is the posterolateral shift

test originally described by
O'Driscoll. For this maneuver
the patient lay down on supine
position. The elbow is then
flexed to 90°, the forearm is
fully supinated and the elbow
slowly extended. As the elbow
extent the maneuver is trying
to subluxate the radius-ulnar
joint away from the humerus.
Commonly the elbow will
reduce from the subluxated or
dislocated position to the re-
duced position as full extension
is achieved. However this ma-
neuver is not always possible
to do, as could be uncomfort-
able for the patient. It is better
done under sedation.

MRI usually gives few or

none data regarding to lateral
instability. Sometimes lesions
secondary to instability can

be seen, as bone marrow
edema, or cartilage lesions due
to chronic subluxation. Varus

X ray can offer some useful
information. As described by
Teixeira, the lateral structures
can be identified by ultrasound
[22].However measurement of
the lateral compartment is to

Ha 0-30° 6onee 2 MUNAMMETPOB
CUNTAETCs aHOPMabHOM, XOTS

y CropTCMeHOB-MeTaTenei 2,7

MM MOXET paccMaTpuBaThbeCs Kak
Hopma (19). MiamepeHre JONXHO
6bITb NPOBEAEHO B 060MX NIOKTEBbIX
CyCTaBax 1 COrnacoBaHo ¢ CUMMTO-
Mamu 1 KIMHUYECKMMI JaHHbIMM
(PvcyHok 7). CunbHO CTOPOHON
Y3W sBnsieTcs TO, YTO CBSA30UHbIM
annapar MOXeT ObITb OLEHEH B n-
HaMVKe, W, Takum 06pa3oM, MOXET
ObITb ONUCaH Pe3ynbTaT KOHCEpPBa-
TUBHOTO NIEYEHMS.
KoHcepBaTuBHOE neyeHne MoXeT
ObITb NPOBEAEHO B Cly4ae pas-
MbITbIX CUMNTOMOB 6e3 BU3yanu3aa-
LIMOHHOrO NOATBEPXKAEHNS TPABMbI.
JleueHne BKOYAET yKpenneHue
MbILLIEYHOI rpynnbl crubaTeneit /
MPOHATOPOB, a TAKXXe JOCTUXKEHNE
6anaHca Mexay cruéarensmu /
npoHaTtopamu 1 pasrubarensm /
cynuHaTopamu.

Ecnm HecTabunbHOCTL MOATBEPX-
naetcst Y3W v cornacyetcsi ¢
CUMNTOMaMM M AiaHHbIMW KIMHUYE-
cKoro obcnenosanus, Tpebyetcs
Xupyprideckoe neyenue. Nepea
PEKOHCTPYKLMEN Mbl MPOBOANM
AMArHOCTUYECKY0 apTPOCKOMMIO
NIOKTEBOTO CycTaBa. OT0 N03BONSET
BbINOMHUTL yAANEHNE OCKOSKOB,
CMHOBWarbHYH0 pe3eKumto, ucceve-
HWE 0CTEOMUTOB, OLEHNTD YCTOM-
YMBOCTb OCTABLUMXCS CTPYKTYP

Y BbINEYUTb MOPAXKEHNS XpSLLA.
(PucyHok 8).

PekoHcTpykumst MKC BbinonHseTes
C NOMOLLbIO TEXHUKM CTbIKOBKM,
00bI4HO € UCNONb30BaHMEM 10 MM
ayToTpaHcnnaHTara us Tpex-
NaBOW MbILLLbI, XOTS MOTYT BbITb
MCNONb30BaHbI ANMHHASA MbllULA
W annoTpaxcnnaqTar. Mpoue-
Aypa NpoBOANTCS B NOJIOXEHUM
cynuHaumu. XKryT ucnonb3yeTcs
NPV MaKCUMabHOM AaBNEHNM
250mmHg. Yepes MeananbHblii
TpaMUMOHHBIA JOCTYN, MOCAe Hap-
nexxalleit noaroToBKM, CO3AAK0TCS

[Ba CXOASLMXCS KaHana B 0611acTu
6yrpucTOCTM NOKTS, 3aTEM MPO-
[ENbIBAETCS KaHan Ha nepeaHei
MOBEPXHOCTY MeAUanbHOMO HaaMbI-
wernka. lMocne Toro, Kak HakgeHa
N3oMeTpUYeckas Touka crunbaHns,
TPaHCMNaHTAT Yepes3 NOKTEBYH
KOCTb (OUKCMPYIOT B M3OMETPHYE-
CKOM TOUKE.

lMocneonepaunoHHyto peabunura-
LIMKO HAYMHAKOT C HAMOXXEHMS! LLUMHbI
B MONOXXEHNM crnbaqms Ha 90° B
TeueHue 5 fHer. 3aTem ucnonb3ay-
€TCS LAPHUPHBIA annapat gukca-
WK ¢ aMnuTyRon ABumxeHns 0-30°
B TEYeHue nepBbIX 3 Hefenb, ¢ 4-1
HeJenu paclumMpsieTcs ananasoH
6€360N€EBbIX ABUXEHMUI, NOMHbIN
AMana3oH ABMXKEHUS AOMYCKaeTCs
nocne 6-i Hepenu. Ykpennexue
MbILLIL| HAYMHAOT Ha 7-0i Hedene.
3aHsaTUs CnopTOM paspeLLatoTcs
Ha 12-i Hefiene ¢ MCNOMb30BaHM-
€M CNeumanbHOro CropTMBHOMO
opTe3a. BbICOKOKOHTAKTHbIE BUSbI
cropTa He fonyckaeTcs 4o 6-ro
MecsiLia.

JUIKC

JlatepanbHas xpoHuueckas He-
CTabWMbHOCTb IOKTEBOrO CyCTaBa
4acTo HeLONOHMMAETCS Bpa4aMm.
MbI cunTaem, YTO XOpoLLEe 3HaHWe
(hYHKUMIA NaTepansHoro KoMmnekca
CBAA30K NO3BONSIET XMPYPry CBOEB-
PEMEHHO JIeYNTb 3TO NOBPEXAe-
HUE.

JlaTepanbHblit KOMAMEKC, KaK Onu-
CaHO BbILLE, COCTOUT M3 PA3NINYHbIX
CTPYKTYp, KOTOPbIE UrparoT posib
60 B (hukcaLnm roNoBKM Ny4eBOi
KOCTM K JIOKTEBOM KOCTH, 160 B
BapyCHOM OrpaHUYeHUN Uam caep-
XXMBaHWM 3a4HEr0 POTALMOHHOTO
MOABbIBMXA NPY CYNUHUPOBAHHOM
npeanneybe.

TepmuH «3agHenaTepanbHas poTa-
LIMOHHAs HECTabMnbHOCTB, (3JTPH)»
6611 Bnepeble BBegeH O'Driscoll
(11) Bns onucaHus Hambonee 4acTo
peLnamBUpYyIOLLEN NOCTTpaBMaTH-
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Fig. 8: Arthroscopic stability evaluation of the radio-humeral joint
(A), radio-ulnar joint (B), Humero-ulnar joint (C). In the anterior
compartment congruence is evaluated within the capitellum (D),
the throclea (E) and the Coronoid process (F).

complicated and therefore we
base our therapy in the clinical
findings.

Conservative treatment in-
cludes a rehabilitation program
with strengthening of the
extensor/supinator muscles.
However surgical treatment
should be done when conserv-
ative methods fail to achieve
improvement.

Every elbow is assessed under
anesthesia prior to the surgical
procedure. Elbow arthroscopy
is performed in lateral decu-
bitus with the affected side
hanging from a well padded
arm holder, tourniquet is use
at maximum 250mmHg. A
conventional 3 portal diagnostic
arthroscopy is performed using
a direct posterior trans-tricipital
portal, a soft spot lateral portal
and anterior direct portal. The
posterior direct and soft spot
will be part of the lateral ap-
proach when LUCL reconstruc-

tion is needed. A full diagnostic
arthroscopy is performed,
assessment of the instability
can be performed by a stress
test with Wissinger rod stick
under direct visualization of the
three joints.

Reconstruction of the LUCL is
performed taking in considera-
tion the anatomic insertion of
LUCL in the supinator crest. A
10 mm medial triceps autograft
is used. The technique is per-
formed on supine decubitus. A
tourniquet is used at maximum
250mmHg.

Through a conventional Kocher
approach, after proper dis-
section, the isometric point is
identified using two K wires
and a suture within the lateral
epicondile and the ulna near
the supinator crest, the isomet-
ric point is assessed with flex-
ion and extension of the elbow.
After adequate localization a
first unicortical tunnel in the

OpToneanyeckas xupyprus

Puc. 8: ApTpockonuyeckas oLeHKa CTabunbHOCTY NieYeny4eBoro cycTasa
(A), ny4enokTeBoro cycTasa (B), nneyenoktesoro cyctasa (C). B nepes-

Heli kamepe uccnesyeTces ronoBoYka niaeyesoit koctu (D), 6nok nneyesoi
kocTu (E) v BeHeuHbIi 0TPOCTOK (F).

4eCKON HECTABMMBHOCTM NOKTEBOTO
cycTasa. Kak npaBuno, B aHamMHe3e
npucyTCTBYET TPaBMa, KoTopast
KOppenupyeT ¢ cumnToMami. du-
3n4eckme xanobbl MOryT BKIO4ATh
naTepanbHy 607b, OrpaHnyeHne
NOABMXXHOCTM; OTMEYAOTCS CUM-
NTOMbI BbIBYXA UMW Ty4EeBOr0 aMu-
koHAnnMTa. OuUanKanbHbI 0CMOTP
MOXET HE BbISIBUTb U3MEHEHNN,
06bI4HbIi BAPYCHbIV CTPECC-TECT,
KaK npaBwuno, 0TpuULaTENbHbINA, Mo-
3TOMY NPUMEHSIETCS CrieLManbHblif
npuem.

«3010TbIM CTaHAapTOM» npu 3J1PH
SBNSAETCA TECT 3afHenaTepans-
HOrO CMELLEHMS,, NePBOHAYANBHO
onucanHbli O'Driscoll. [ins ero
NPOBEAEHUS NALNEHT NPUHAMAET
nexxavee nonoxxexune. 3atem
NIOKTEBOM CYCTaB CrubaeTcs Ha
90°, npeanneybe NoNHOCTbLIO
CYMMHMPYETCS, 1 NOKOTb MEANIEHHO
pasrubaetcs. [lanee npoBOAATCS
MONbITKM CMELLEHWS Y4ENOKTEBOO
cycTaBa 0T MNeyYeBon KOCTYU MM
BbiBMXa. OBbIYHO NOABLIBUX UMK
BbIBMX JIOKTEBOIO CyCTaBa MOXHO
BNPaBuTb W3 NONOXKEHNS NONHOMO

pasrubanns. OgHaKo aToT TecT

He BCEra BO3MOXXHO BbIMOMHUTb
6e3 anckomdopTa Ans naumeHTa,
No3TOMY €ro JyyLle NPOBECTM NOf,
HapKO30M.

MPT npw natepanbHoi HecTabub-
HOCTM 06bIYHO NPEJOCTABNSAET
Mano AaHHbIX (4aLle NpM3HaKu
BOOOLLe OTCYTCTBYIOT). MHOraa
MOTYT 6bITb BUAHbI BTOPUYHbIE
W3MEHEHNS! - 0TEK KOCTHOTO MO3ra,
NopaXxeHne XpsiLLei, KoTopble
BbI3bIBAET XPOHUYECKWIA NOABbI-
BUX. BapycHas peHTreHorpacms
MOXET AaTb HEKOTOPYHO MONE3HYHO
nHcpopmaumto. CornacHo Teixeira,
nartepanbHble CTPYKTYpbl MOTYT
ObITb BU3YaNnn3upoBaHbl ¢ NOMO-
Lbto ynbTpassyka (22). OfHako
U3MepeHue naTepanbHon BHYTPUCY-
CTaBHOM NOMOCTY NPEACTaBNSETCS
04EeHb CIMOXHbIM, MO3TOMY Halla
Tepanus onpeaenseTcs AaHHbIMM
KIMHUYeCKOro 06cnefoBaHus.
KoHcepBaTvBHOE NeYeHmre BKIoYa-
€T B cebs peabunuTaLmoHHY npo-
rpammy Mo YKPEMAEHNIO MbILLEYHbIX
rpynn pasrubaTeneit / cynuHaTo-
poB. OAHaKo, Koraa KOHCepBaTyB-
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ulna is performed and the graft
fixed with a unicortical button,
the humeral tunnel is done and
the graft inserted and fixed.
The passive range of motion

is assessed intraoperatively.
Special attention is placed on
reinsertion of the extensor
common tendon.

Postoperative treatment start
with a 90° flexion splint for 5
days. Then a blocked hinged
brace is used from 0-30 for
the first 3 weeks, from the 4th
is progressed on a pain free
range of motion, and full range
of motion allowed after the
6th week. Strengthening start
at the 7th week. Sports are
allowed at 12th week with the
use of a special sport brace.
High contact sports are al-
lowed until the 6th month.

Conclusion

In order to treat the unstable
elbow, and extensive anatomic
and biomechanic understand-
ing is necessary. The great
variety of injuries depend on
the mechanism of injury, the
direction of the force vectors,
the position of the forearm, or
in the case of specific injuries
the relation to repetitive trauma
or overload stress.

A clinical algorithm should be
followed to adequate clarify
which structures are being
affected and with the use of

specific physical examination
maneuvers as well as imaging
methods, an accurate diagno-
sis can be made and specific
treatment either conserva-

tive or surgical chosen. The
objective of the treatment is

to restore the anatomy, the
stability and the function of the
extremity.

The clinical outcome depend
on the accuracy to diagnose
and treat the overlying injuries.
A long learning curve is needed
in order to perform elbow
arthroscopy as well as ligament
reconstruction, and further
training is advised.

Hble METOAbI HE JAK0T YNyULLEHNS,
LOJIKHO BbITb MPOBELEHO XWPYpri-
4eckoe NeYeHme.

lNepea xvMpypriyeckum BMeLLaTeNb-
CTBOM Ka>K[iblii TOKTEBOW CyCcTaB
obcneayeTcs o Hapko3oMm.
ApTpocKonus NOKTEBOrO CycTasa
BbINOJHAETCS B laTepanbHOM Mo-
NOXXEHWM C NOLBELLEHHO Nopa-
)KEHHOM KOHEYHOCTBHO C MOMOLLbHO
MSIrKO 06MTOr0 AiepXKaTEeNs, XryT
MCMOMb3YETCS C MaKCUMAaNbHbIM
nokasarenem 250mmHg.

O6bluHas anarHocTuyeckas
apTPOCKONMS BbINONHSAETCS C UC-
Mnomnb30BaH1eM 3x MOPTOB: MPSMOro
3aHero nopTa Yepes Tpexrnasyto
MbILLLY, NaTepanbHOro MArkoTKaH-
HOro NopTa W NepeaHero NPAMOro
nopTa. psAMOiA 3a4HUA N MATKOT-
KaHHbIA NOPTLI, €CNK NOTPebyeTCs,
CTaHyT 4acTbto NaTepansHoro
noAxoAa npy PEKOHCTPYKLMN
JITKC. BbinonHsieTcst nonHas
AMarHocTuyeckas apTpockonus,
OLieHKa HeCTabUNbHOCTU MOXKET
ObITb BbIMNONHEHA NyTEM CTPECC-
TecTa ¢ nMpammaanbHbIM CTUNETOM
Wissinger ¢ HenocpeaCTBEHHOM
BW3yanuaauuen Tpex CycTaBoB.
PexoncTpykums JIIKC ocywwecT-
BNISIETCS C YYETOM €€ aHaTOMM-
4eCKOro NPUKPENEeHNs K rpebHIo
cynuHaropa. Mcnonbayetcs 10 MM
ayTOTpaHNnaHTaT U3 TPEXrNaBou
MbliLLbl. Onepaumst NPOBOANTCS

B NONOXXEHUW CynuHaumn. XryT
UCMOMNb3YETCS NPU MakCUMasbHOM
pasneHun 250mmHg. Yepes Tpa-
AMumMoHHbINA focTyn Kocher, nocne
AMCCEKLMM, C MOMOLLbHO IBYX CMKLY
KupluHepa v Wwea 4epes natepans-

HbliA HAAMBILLENOK W JIOKTEBYHO
KOCTb OKOMO rpebHs cynuHaTopa,
BO Bpemsi crubanus 1 pasrnbanms
TIOKTS OMpefensieTcs U3oMeTpuye-
cKas TouKa.

lMocne afekBaTHOW Niokanuaauum
C030aeTCs NEPBbIA YHUKOPTUKAb-
HbliA KaHan B NIOKTEBOW KOCTW U C
MOMOLLBK) YHUKOPTUKAMBHOM KHOM-
K1 (hUKCMPYETCS TpaHCTnaHTar,
3aTem NpoJenbIBaeTCs KaHan B
NNeyYeBoil KOCTH, B KOTOPbINA TaKXe
BKNIaAblBaETCA M (hukeupyeTcs
TpaHcnnaHTar. MHTpaonepaumoHHo
OLIEHMBAETCA NACCUBHbIA AnanasoH
aBmxeHuir. Ocoboe BHUMaHKE yae-
NSEeTCS MOBTOPHOMY MPUKPEMNEHUIO
06LLero CyxoXunbHoro Havana
parrubarene.
[MocneonepaunoHHoe neyeHue
HAYMHAIOT C HANOXKEHWS! LWKHBI B
nomnoXeHnu crubanms Ha 90° B Te-
yeHue 5 aHein. 3aTeM ucnonbayeT-
CSl LLIAPHWPHBINA BHELLHWA annapat
C amnnTyoi asuxenus 0-30° B
TEeYEHMeE NepBbix 3 HEfeNb, C 4-i
Heaenm paclumMpseTcs AnanasoH
6e360MEBbIX [BUXXEHWHA, MOMHbIN
AManasoH ABMXKEHUS AONYycKaeTes
nocne 6-i Hefenu. Ykpennexue
MbILLL| HAYMHAETCS Ha 7-1 Hepene.
3aHsATHS CNOPTOM paspeLLalTes

¢ 12-it Hepenu ¢ MCNoNb30BaHu-

€M CreLmanbHbIX CNOPTUBHbIX
0pTe30B. BbICOKOKOHTAKTHbIE BUAbI
cnopTa He fionyckaeTcs Ao 6-ro
Mecsila.

BobiBoAb!

[ina neyeHns HecTabunbHOCTY
JIOKTEBOro cyctaBa HeobxoanMo
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Hyperthermic Intraperi-
toneal Chemotherapy
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of Peritoneal Carcinoma-
tosis in Colorectal Cancer
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Introduction

Up to recently peritoneal
metastases of a colorectal
primarius were associated
with a very poor prognosis and
seen as a terminal, palliative
tumor manifestation. (Ultra-)
radical cytoreductive surgery
combined with heated intra-
peritoneal chemotherapy is an
established, modern therapeu-
tic approach for these patients,
which has developed over the
last ten years.

The fact that a peritoneal
tumor manifestation should
not be seen as a systemic but
a locoregional tumor spreading
led to a therapeutic shift from
.best supportive care” to a
radical curative surgery.

The combination of oncologic
surgery including the resec-
tion of all macroscopic tumor
localisations within the peri-
toneal cavity and the delivery
of intraoperative hyperthermic
intraperitoneal chemotherapy
(HIPEC) destroying microscopic
tumor islets is clearly associat-

ed with a better survival of this
subgroup of stage IV colorectal
cancer patients.

Over the last decade better
surgical techniques and more
standardized methods to deliv-
er the HIPEC solution dramati-
cally improved the morbidity
and mortality of our oncologic
patients. Besides these techni-
cal improvements especially
the selection criteria of patients
have been well-defined and
thus led to a mortality, which
is nearly comparable to other
major operations.

Diagnosis of Peritoneal
Carcinomatosis

In contrast to most other
diseases patient’s history and
clinical examination fail in most
cases to diagnose peritoneal
carcinomatosis at early stages.
Consequent surveillance and
monitoring of an oncologic
patient is the most important
element in the diagnostic path-
way of peritoneal carcinomato-
sis. Nevertheless CT or PET-CT
scans only have a sensitivity of
82-91% (1).

Consequently the diagnostic
laparoscopy is the key diag-
nostic tool to detect peritoneal

LiuTopeaykTuBHas xupyprus

LiuTopeAYKTUBHAA XUPYPrus n
runeprepMuyecKas MHTpanepuTo-
HeanbHasa xumuoTtepanusa (HIPEC):
COBpPeMeHHbIA METOA NeYeHHs
NnepuToHeasibHOro KapuMHOMaTo-
3a NpU KonopekTanbHOM paKe

KnioueBble cnoBa: nepuToHeas-
HbIA KAPLUMHOMATO3, LUTOPEYK-
TUBHAs XMPYPrUsl, KONOPEKTaNbHbIiA
pax

BeepeHue

[lo HepaBHero BpemMeHun nepuTo-
HeanbHble MeTacTasbl NePBUYHON
KONOPEKTasNbHON KapLUMHOMb
accoLMmMpoBanu1Ch C O4EHb NIIOXMUM
MNPOrHO30M M paccMaTpuBanuCch
Kak MPOSIBNEHNS TEPMUHANBHOM,
NannMaTuBHON CTAANUM OMYXOM.

B TeueHue nocnefHux fecsTv neT
b1 pa3paboTaH COBPEMEHHBIN
TepaneBTUYecKuii MeToS - (yNbTpa)
paankanbHas LMTOpeayKTBHAS
XMPYPris B COYETAHUN C TEPMUMYe-
CKO¥A BHYTPMOPHOLLUMHHON XUMUOTE-
panuen.

ToT hakT, YTO NopaxkeHue OproLLIK-
Hbl CTaJIN pPaccMaTpuBaTh He Kak
CUCTEMHOE, a KaK JIOKOpernoHab-
HOE pacnpoCTPaHeH1e onyxonu,
NPVUBENO K M3MEHEHMIO TepaneBTH-
4eCKOro NoAxoaa OT « MOAREPXKH-
BarOLLel Tepanun» K pagaukanbHoi
XUpypruu.

CoueTaHme OHKONOrMYECKO XMpyp-
UK, B TOM YUCTIE PE3EKLIMM BCEX
MaKpPOCKOMMYECKMX Onyxonen B
OPIOLLHOM NONOCTH, U NPUMEHEHME
WHTPaOoNEPaLMOHHON MHTpanepu-
TOHEaNbHOM rMnepTepMUYECKON
xumuoTepanum (intraoperative

hyperthermic intraperitoneal
chemotherapy, HIPEC), koTopas
YHUHTOXA@ET MUKPOCKOMUYECKNE
OCTPOBKM OMYX0/M, YETKO acCOLMM-
POBaHO C NyYLLEN BbKMBAEMOCTbIO
B NOATpynne NauveHTOB C PakoMm
06004HOM M NPAMON KKK [V
cTagnm.

3a nocnepHee AecsTuneTue, 3a
CYET YAyYLLIEHNS XMPYPrUYecKoi
TEXHWUKW W 60nee CTaHaapTu3m-
POBaHHbIX METOLOB BbINOMHEHNS
HIPEC, 3HaunTenbHO yMeHbLLMAACH
3a60/1eBaEMOCTb 1 CMEPTHOCTb
HaLLKMX OHKOSIOrYECKMX 60MbHBIX.
KpoMe 3Tux TeXHU4eCcKunx yco-
BEPLLEHCTBOBAHMIA, ObliN YETKO
ONpeAeneHsb! kputepun oTbopa
nauMeHTOB, BCEACTBME HEro,
CMEPTHOCTb CTara conocTaBnuma ¢
TaKkOoBOW NPW NPOBEEHNN JpYTuX
06BEMHbIX OMepaLmil.

[warHocTuka nepuToHeanbHOro
KapuuHoMaTo3a

B otnmnume 0T 60NbLUIMHCTBA APYTUX
3a60oneBaHuiA, AN ANarHoCTUKK
NepuUTOHeanbHoro KapLmHoma-
T03a Ha paHHUX CTaamsIX, Hefo-
CTaTO4HO MCTOPUM 3aboneBaHust

W KNIMHUYeCKoro obcneaoBaHms.
lMocnenoBaTensbHOe HabnoAeHe
1 MOHWUTOPWHI OHKOMOrMYECKOro
nauueHTa siBnsieTcs Hambonee
BaXKHbIM 3/IEMEHTOM B IMArHOCTH-
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carcinomatosis, allowing both
the diagnosis and the evalua-
tion of the extend of peritoneal
tumor spreading. Experienced
surgeons in experienced tumor
centers take specimen of fur-
ther histolopathological exami-
nation, describe and document
the extend and localisation

of peritoneal tumor islets and
thus are able to decide, if the
patient should undergo cytore-
ductive surgery immediately

or after neoadjuvant (radio-)
chemotherapy.

The peritoneal carcinomatosis
index (PCl) is the established
scoring system to document
the extend of peritoneal carci-

nomatosis (Washington Cancer
Institute, see Fig. 1). The score
goes from 0 to 39.

Cytoreductive Surgery

The aim of cytoreductive
surgery is the complete
resection of visible peritoneal
carcinomatosis. Depending

on the intraoperative situation
this includes the resection

of the parietal and visceral
peritoneum, combined with a
removal of the major omen-
tum. Typically surgery includes
an rectal resection en bloc with
the peritoneum of the small
pelvis. While modern surgery
allows extended operations up
to multi-visceral resections a

4YeCKOM anropuTMme nepuToHearsib-
HOro KapunHomartoaa.

OpnHako yyscTBuTENbHOCTL KT Mnn
M3T-KT cocTaBnseT Tonbko 82-
91% (1). CnepoBaTenbHo, anarHo-
CTUYECKast Nanapockonus sSBnseTcs
KMtOYEBbIM MArHOCTUYECKUM
WHCTPYMEHTOM ANt 06HAPY KEHMS
MepUTOHeanbHOro KapLUMHOMaTo-
3a, YTO MO3BONSET M NOCTaBUTH
AMarHo3 n NpoBECTY OLIEHKY pac-
NPOCTPaHeHMst NepUTOHeanbHOM
ONyXomnu.

OnbITHLIE XMPYPrY B CrieLy-
an13MPOBAaHHbIX OHKOMOMMYECKUX
LieHTpax nony4atoT 06paseL) TKaHu
ANS fanbHeLwero rucTonoruye-
CKOr0 MCCNe0BaHMS, OMUCHIBAKT

W OKYMEHTUPYIOT NoKan13aumio
NepUTOHEambHbIX ONYX0MeBbIX
OCTPOBKOB W, TakuM 06pa3om,
MOTYT PELUNTb, HY>XXHO I NPOBO-
ANTb NaLMEHTY LMTOPESYKTUBHYIO
XMPYPrYI0 HEMEANEHHO Nk nocne
HeoaLblOBaHTHOM (pagmo-) XUMKO-
Tepanuu. Haexc neputoHeansHoro
kapumuHomatosa (UMK) saensetcs
NPU3HAHHOW CUCTEMOM OLIEHKM

Mpy ONMUCaHU1 PacnpOCTPaHeHNs!
NepPUTOHEANbHOro KapLMHOMaTo3a
(Washington Cancer Institute, cm
pucyHok 1). UMK ouerrsaeTcs o1

0 po 39.

LiuTopeayKkTuBHasi xupyprus
Llenb umMTOpeayKTUBHOM XMpypruv

- MONHas Pe3eKkums BUANMOro Nepu-
TOHeanbHoro kapuuHomartosa. B 3a-
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Table 1

peritoneal carcinomatosis of
large parts of the small intes-
tine or of the mesenterial root
often forbide surgery with a
curative intention (Fig. 2, 3, 4).
Every operative report should
include the oncologic result of
cytoreductive surgery, which
is evaluated by the ,complete-
ness of cytoreduction”(CC-)
score.

After surgery 42-43°C hot
HIPEC solution is applied via
large tubes. Roll pumps guar-
antee an equal perfusion and
temperature of the peritoneal
cavity. While the exact solu-
tion protocolls vary between
different cancer centers the
chemotherapeutics mainly
used are cisplatin, mitomycin
and oxaliplatin (Table 1).

Studies revealed that the
increased temperature of the
chemotherapeutics enhances
their tissue penetration and
cytotoxicity. Over the last dec-
ade most centers furthermore
apply a synchronous intrave-
nous chemotherapy (typically
5-Fluorouracil) during HIPEC
procedure. It is a known fact
that systemic 5 Fluorouracil
accummulates in the peritoneal
cavity (2).
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oxaliplatin

50-250

cisplatin

5-Fluorouracil

20-35

mitomycine

Outcome

While literature is still contra-
dictory concerning gastric and
ovarian cancer, cytoreductive
surgery plus HIPEC developed
to an established therapeutic
approach for stage IV colorectal
cancer patients with peritoneal
carcinomatosis.

At diagnosis peritoneal carcino-
matosis is detected in 10-15 %
of patients with colorectal can-
cer. 25 % in this subpopulation
show no metastases in bones,
liver or lung and thus should be
considered for HIPEC therapy
(3, 4].

In 2003 the Dutch-Tiral (n=105)
recruited patients with colo-
rectal cancer and peritoneal
carcinomatosis without further
tumor manifestations from
1998 to 2001. According to a
randomized controlled study
protocoll patients were treated
either with systemic chemo-
therapy (5-fluorouracil and
leucovorin plus/minus palliative
surgery) or with cytoreductive
surgery, HIPEC (Mitomycin C)
combined with the above-men-
tioned systemic chemotherapy.
The outcome was dramatically
improved in the HIPEC study
group with a median survival of

TN
I

possibly

not clear

possibly

BMCMMOCTY OT MHTPAONEePaLMOHHON
CUTyauuu, 3TO MOXET BKIHOYaTb
PE3EKLMI0 NapueTanbHOM 1 BUCLE-
pasbHOM GPHOLLIMHBI B COMETAHMM C
yaaneHnem 60MbLLIOro CanbHUKA.
O6bI4HO Onepauns BKNYaeT B
cebs peKTanbHyo PE3EKLMIO eAun-
HbIM 6JIOKOM C 6PHOLLMHONA Manoro
Tasa.

B T0 Bpems Kak coBpeMeHHas
XMPYpris N03BONSET PACLUMPHUTD
06bEM Onepauun fo MymnbT-
BUCLiEpanbHbIX PE3EKLMiA, MpK
NepuToHearnbHOM KapLuyuHoMaTose
KPYMHbIX OTPE3KOB TOHKOM KMLLKH
AN ME3EHTEPUANBHON BPbIKenku
XMPYPrus ¢ Ne4ebHOM LIENbIO 4acTo
3anpeLleHa (pucyHok 2, 3, 4).

Kaxpaoe onucanue onepauum
AODKHO BKIHOYATh B Ce651 OHKO-
NIOTMYECKMiA pesynbTaT UMTope-
LYKTUBHOW XMPYPrin, «MONHOTY
umTopefykumumn» («completeness of
cytoreduction»), KoTopas oueHuBa-
etcs no wkane CC.

Mocne onepauun Yepes 60MbLLKE
Tpy6ku BBOANTCS HIPEC pacTteop ¢
Temnepatypoi 42-43 ° C.
CoBpeMeHHble noMmbl obecneyn-
BAlOT PABHOMEPHYIO Nepdy3unio 1
TemnepaTypy no BCen GPHOLLHOM
nonocTn. XoTs CyLUECTBYHOLLME
neye6Hble MPOTOKOSbI BAPLUPYHOT

LiuTopeaykTuBHas xupyprus

Tabnmua 1

MEeX [y Pa3nuyHbIMW OHKONOrW-
4eCKMMM LIeHTPaMH, B OCHOBHOM,
NCMONb3YKOTCA XMMUOTEPANeBTU-
Yeckue npenapaTthbl LMCTNaTuH,
MWTOMMLMH W OKCanuniaThH (Tabn

1).

WccnepoBanus nokasanu, 4To no-
BbILLIEHWE TEMNepaTypbl XMMUOTE-
paneBTUYeCcKUX NpenapaTon
YCWUIMBAET UX NPOHUKHOBEHME

B TK@HM M LMTOTOKCUYHOCTb. 3a
nocnegHee fecatunetve 60fb-
LUMHCTBO LIEHTPOB, KPOME TOrO,
B0 Bpems npouefypbl HIPEC
MPUMEHSIKOT CUHXPOHHYIO BHYTPU-
BEHHYK XMMMOTEPaNHHO (06bIYHO
5-chTopypaumn). ITo M3BECTHbIA
(haKT, YTO CUCTEMHBIA 5 hTOpypa-
LM akkyMynMpyeTcs B OPHOLLHONM
nosocTy (2).

PesynbTathbl

B T0 Bpems, kak Hay4yHas nuTe-
paTypa no-npexKHeMy ocTaeTcs
NPOTUBOPEYUNBONA OTHOCUTENBHO
paKa >enyaKa 1 SMYHUKOB, LMTO-
peaykTueHas xupyprus ¢ HIPEC
MPUMEHSIOTCS B KAYECTBE Tepa-
NEBTUYECKOrO METOAA Y MALMEHTOB
¢ IV cTaameii paka 060404HOM 1
NPSIMOMA KULLKW C NEPUTOHEaNbHbIM
KapuuHomaTo3oM. I1p1 nocTaHoB-
K€ [MarHo3a, nepuToHeanbHbIN
KapLMHOMAaTo3 0BHapyXMBaeTCs

y 10-15% naumeHTOB C KONOpeK-
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Table 2

22.3 months (vs. 12.6 months,

p<0.05) (5).

Despite there is still a lack of

randomized controlled trials,

surgeons can achieve b-year

survival rates between 30 to

50% by performance of cytore-

ductive surgery combined with

HIPEC. As shown below the

survival depends on different

prognostic factors (6) (Table 3):

a) No evidence of extra-abdom-
inal disease

b) Up to three small, resectable
parenchymal hepatic metas-
tases

c) No evidence of biliary ob-
struction

d) No evidence of ureteral
obstruction

e) No evidence of i ntestinal
obstruction at more than
one site

f) Small bowel involvement: no
evidence of gross disease in
the mesentery with several
segmental sites of partial
obstruction

g) Small volume disease in the
gastro-hepatic ligament

h) ECOG performance status
two or less

In 2009 Elias et al published a

median survival of 62.7 months

(vs. 23.9 months) for patients

with peritoneal carcinoma-
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Author Number of

Patients

Median
Survival

Survival after x Years (%)

(months)

colorectal carcinoma
Glehen et al.
Shen et al.

Verwaal et al.

Yan et al.

Weber et al.

Elias et al.

tosis without further tumor
spreading (n=48), who were
treated with radical surgery
plus HIPEC with oxaliplatin,
but furthermore underwent
neoadjuvant chemotherapy. An
excellent five-year survival of
51% vs. 13% (control group)
underlines the potential of a
new multimodal approach ad-
ditionally including neoadjuvant
chemotherapy (7). The Ger-
man COMBATAC(COMbined
Anticancer Treatment of
Advanced Colorectal Cancer)-
trial investigates the potential
of neoadjuvant and adjuvant
chemotherapy for peritoneal
carcinomatosis of a colon can-
cer (k-RAS wild-type). In this
phase-ll study patients undergo
cytoreduction and HIPEC (Ox-
aliplatin i.p., 5-FU/Leucovorin
i.v.), but furthermore receive
FOLFOX/FOLFIRI + Cetuxi-
mab 3 months prior and after
surgery (Table 2).

Morbidity

Modern treatment of peritoneal
carcinomatosis mostly includes
multivisceral resections, which
are associated with a mortality
of 3% and a morbidity of about
30%. Despite one should
expect an increased surgical

-
-
I

32

s
I

TanbHbIM pakoM. Y 25% 60nbHbIX B
9TOM Cybnonynsauum 0TCyTCTBYIOT
MeTacTasbl B KOCTAX, NEYEHN WIn
NErkux u, CnefoBatenbHo, Ans HUX
cnefyeT paccMOTPeTb BapUaHT
HIPEC Tepanuu [3, 4].

B 2003 rogy B uccnesoBaHuu
Dutch -Tiral (n = 105) npuHumanu
yyacTue NaumeHTbl C KONOpeKTanb-
HbIM PaKOM W NEPUTOHEANbHbBIM
KapuMHOMaTo30M 6€3 fanbHERLINX
nposiBfeHui onyxonu ¢ 1998 no
2001 rr. CornacHo npoTokosny
PaHAOMM3MPOBAHHOIO KOHTPOIK-
PyeMOro UCChefoBaHus, nauu-
€HTOB 14NN NMBO CUCTEMHOM
XumuoTepanueit (5-propypauun u
NENKOBOPWH NALOC / MUHYC Nannma-
TUBHAs Xvpyprus), 6o MeTOAOM
LIMTOTOKCUYECKOW XMPYPritn €
HIPEC (MutomuumH C) B coveTa-
HUM C BblLLEYKA3aHHON CUCTEMHON
XMMWOTEPANUENA.

PesynbTaT 6b11 3HAUUTENBHO JyY-
we B rpynne ¢ HIPEC: ¢ MeanaHoi
BbIXXMBAEMOCTH 22,3 MecsiLeB (npo-
TMB 12,6 Mecsues, p <0,05) (5). He-
CMOTPS Ha HeA0CTATOYHOE YMCNO
PaHAOMU3MPOBAHHBIX KOHTPOMPY-
€MbIX 1CCNEef0BaHUA, XUPYPIu yKe
MOTyT AOCTUYb B-NEeTHeN BbxkmnBae-
MocTi 30 -50% nocre npoBefeHuns
LMTOPEayKTUBHOM XMpypruv B
coueTanum ¢ HIPEC.

I

LiuTopeayKkTuBHas xupyprus

Tabnumua 2

Kak 6yfeT nokazaHo HUXe, BbIXW-

BaeMOCTb 3aBMCHUT OT Pa3iNYHbIX

NPOTrHOCTUYECKMX (HaKTOPOB (6)

(tabnuua 3):

a) Het npn3HakoB akcTpa-abaomu-
HaIbHOrO MOpaXKeHus

b) He 6onee Tpex HeBOMbLUKX, pe-
3ekTabenbHbIX NapeHXMMaTos-
HbIX MEYEHOYHbIX METACTa30B

C) HeT npu3HakoB 06CTpyKLmMK
XKENYHbIX NyTel

d) HeT npuaHakoB 06CTpyKLUmMK
MOYETOUHUKA

) OB6CTPYKUMS KULLIEYHUKA TOMbKO
B OJHOM CerMeHTe

f) Hebonbluoe nopaxeHue Kuiey-
HUKA: HET NPU3HAKOB TOTaNb-
HOTO MOPaXXEHMS BPbIKENKN
C YaCTMYHOMW 06CTPYKLUMEN He-
CKOMbKWX CEMMEHTOB KMLLIEYHMKA

g) HesHauuTenbHoe nopaxeHue
XKEnyA0YHO-NEYEHOUHON CBA3KM

h) CoctosiHue no wkane ECOG -
[Ba MW MEHbLLE

B 2009 ropy Elias ¢ coasT coo6Lumn
0 MefnaHe BbIXXWBAEMOCTH 62,7
MecsLeB (NpoTus 23,9 MecsLeB)

Yy NAUWNEHTOB C NEPUTOHEANbHbBIM
KapumHOMaTo30oM 6e3 fanbHeLle-
ro pacnpoctpaHerus onyxonu (N =
48), KOTOpblE NIEYUNUChL METOAOM
paankansHoit xupyprv ¢ HIPEC ¢
OKCaNMnNaTuHoM, W, KPOMeE TOro,
nonyyani HeoaAbBAHTHYHO XMMK-
oTepanuio.
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Table 3

complication rate Chua et al.
published that the morbidity is
comparable to other major sur-
gical interventions, if surgery

is performed in experienced
centers (8). Typical complica-
tions are anastomotic leakage,
postoperative bleeding, in-
traabdominal abscesses and an
increased risk of pancreatitis.
Yan et al. were able to identify
an operation time of more than
7 hours, a four quadrant peri-
tonectomy and an anastomosis
of the colon as independent
risk factors for grade IV morbid-
ity. At our hospital patients are
monitored on intensive care/
intermediate care for 3-4 days.
During that phase interdiscipli-
nary teams treat these patients
and focus their attention on the
four ,,columns” of postopera-
tive therapy: volume manage-
ment, ventilation, temperature
management and pain therapy.

While ,,normal” patients after
visceral surgery require 6-8 ml/
kg/h fluid substitution HIPEC
patients need up to 12 ml/kg/h,
which is mainly caused by the
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Positive

Negative

female

adjuvant chemotherapy

complete cytoreduction
cancer of the appendix

synchronous peritoneal
carcinomatosis

hyperthermia and the large
wound area during surgery.
Typically patients develop mas-
sive amounts of aszites, which
can by accomplished by a loss
of up to 700 g protein per day.
Experienced surgeons and in-
tensivists have to be educated
concerning the typical effects
of certain HIPEC solutions,
which complicate post opera-
tive intensive care treatment.
As an example oxaliplatin is
normally applied with 5 % glu-
cose solution, which thus can
explain episodes of hypergly-
cemia and hyponatremia after
surgery (9). Cisplatin can exert
cardiotoxic effects (10).

The combination of multivis-
ceral surgery and an increased
rate of coagulopathy often
requires blood substitution,
which is only 900 ml in average
in the own hospital. The rea-
sons for the coagulopathy after
HIPEC are still controversially
discussed in the literature.

Experienced anesthesiolo-
gists have to monitor the body
temperature carefully: During

ileus

aszites

liver metastases

lymph node metastases

neoadjuvant chemotherapy

bad tumor grading

rectal cancer

OTanyHas NaTUNETHAS BbK1Bae-
MOCTb 51% npoTnB 13% (KOHTPONb-
Has rpynna) nokasana noteHuman
HOBOrO MyNbTUMOAANBHOTO MOAXO-
[a, JOMOMHUTENBHO BKIHOHAKOLLErO
HEoa4bIOBAHTHYH XMMUOTEPANHUIO

(7).

B xone HemeLKkoro uccnenosaxus
COMBATAC (Kom6uHupoBaHHoe
NPOTUBOONYXONEBOE NEUEHNE
PacnpoCTPaHEHHOr0 KONopeKTanb-
HOrO paka) u3yyaeTcs NoTeHuman
HEe0ablOBAHTHON W ablOBAHTHOM
XMMWOTEPANUKM NPX Pake TONCTON
kuwku K-RAS gukoro Tvna ¢ nepu-
TOHeasnbHbIM KapUMHOMaTo30M. Bo
[l hase aToro uccnenoBanus nauu-
€HTam NPOBOAMTCS LMTOPEayKLMS
n HIPEC (okcanunnaTuH uHTpane-
pUTOHeanbHo, 5-OY / JleiikoBopuH
BHYTPUBEHHO), W, KDOME TOTO, OHM
nonyyator FOLFOX / FOLFIRI +
LieTykcumab B TeueHue 3 Mecaues
[0 ¥ nocne onepauuy (Tabnuua 2).

3abonesaeMocTb
CoBpeMeHHOE neyeHme nepu-
TOHEAmNbHOro KapLMHOMAaTo3a,

B OCHOBHOM, BKITHOYaeT B ce6s
MYIbTUBHMCLEPaNbHbIE PE3EKLUH,
KOTOPbIE accoLMMpoBaHbl co 3%

LiuTopeaykTuBHas xupyprus

Tabnumua 3

cMepTHOCTBHO U 30% 3a6oneBae-
MOCTbH). HECMOTPS Ha 0XXnAaeMoe
YBENWYEHME YaCTOTbl XMpYpruye-
CKMx 0cnoxHeHuid, Chua ¢ coasT
€006LWMAK, 4To 3a60NEBAEMOCTD
CpaBH1Ma C APYrUMN 06 bEMHbBIMU
XMPYPru4eckuMi BMELLATENbCTBA-
MM, ECNIM OMepaumuy BbINOMHSIOTCS B
CreumanmanpoBaHHbIx LeHTpax (8).

TunnyHble OCNOXXHEHUS — NpoTeKa-
HMe aHacToMo3a, NocneonepaLmoH-
Hble KPOBOTEYEHUS!, BHYTPUOPHOLL-
Hble abCLieCChbl ¥ NOBbILLEHHbI
puCK naHkpeaTuTa. Yan ¢ coasT
CMOT T ONpeSenuTb He3aBUCUMbIE
thakTopbl pucka 3ab01eBaemMocTH
[V cTenenu: Bpems onepauwm 6onee
7 4acoB, NEPUTOHIKTOMMS YETbIPEX
KBaZPaHTOB, aHACTOMO3 TOMNCTOM
KULLIKM.

B Halwueii 60nbHMLE NAUNEHTDI
HaxXOAATCA NOA HabMOAEHNEM B
WHTEHCWBHOW Tepanun / nocneo-
nepaLmoHHOM oTAeneHun 3-4 aua.
Bo Bpewms 3TOr0 Nepuopa aTux 1x
neyaT MeXANCUMMAMHAPHBIE KO-
MaHbl, KOTOpble hOKYCUPYHOT CBOE
BHMMaHWe Ha YeTbIpex «cTonnax»
nocrneonepavLvmoHHoi Tepanum:
KOHTPONE 06bEMa XXUAKOCTEN, BEH-
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the resection phase patients
typically tend to develop a hy-
pothermia, while body temper-
ature can dramatically increase
during abdominal lavage with
hyperthermic chemotherapeu-
tics. An increased body tem-
perature induces a decreased
vascular resistance and a fluid
shift in the body periphery. This
bears the risk of acute kidney
failure. Normothermia of the
patients thus is essential for a
low morbidity and mortality.

Surgarbaker et al detected a
pulmonary complication rate

of 10 % after cytoreductive
surgery (n=147), which is
mainly caused by pleural effu-
sions, pneumonia and acute
respiratory distress syndrome.
Interestingly a partial resec-
tion of the diaphragm is no
independent risk factor for the
development of respiratory
complications (11). Consequent
postoperative physiotherapy
and a non-invasive continuous
postitive airway pressure sup-
port were positive predictors
of an improved rehabilitation

of these patients (12). Typically
patients should be extubated in
the operation room. Cooksley
and colleagues clearly showed
that this can be performed se-
curely even after major surgery
(n=69). In only 3 % of patients
a postoperative, pneumonia-
associated ventilation was
necessary (13).
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The continuous thoracic peri-
dural anaesthesia should be
recommended every oncologic
patient prior to surgery. Be-
sides a decreased need of sys-
temic opioids, a rapid mobilisa-
tion and an increased intestinal
mobility the time of mechanical
ventilation is decreased. We
were able to show that peri-
dural anaesthesia furthermore
improves the oncologic out-
come in subgroups of patients
with colorectal cancer (14).

Up to recently peritoneal me-
tastases of a gastrointestinal

or an ovarial primarius were
associated with a very poor
prognosis. The peritonectomy
combined with an intraopera-
tive hyperthermic intraperito-
neal chemotherapy (HIPEC) is a
new surgical treatment option
with the potential to even

cure patients from peritoneal
carcinomatosis. Besides the
multivisceral resection per-
formed on oncological patients
potentially under neoadjuvant
therapy the perfusion of the
peritoneal cavity with 42 °C hot
chemotherapy is performed.
Furthermore a systemic intra-
venous chemotherapy could be
applied. This new surgical tech-
nique is also a new challenge
for perioperative medicine in
expert centers:

During the postoperative

phase on the critical care unit
the management of patient’s

TUISALUMK, KOHTPOSE TeMNepaTypbl
v Tepanuu 60au. B To Bpems Kak
«HOPMaJibHble» NAUMEHTbI NOCne
BUCLIEpaNbHON XMPYpriv TpebyoT
BO3MELLEHNE 06bemMa XUAKOCTH No
6-8 Mn / kr / 4, HIPEC naumeHTam
HY>XHO [0 12 Mn1 /Kr /4, YTO, B
OCHOBHOM, BbI3BaHO r1nepTepMueit
1 60MbLLION PAHEBON MOBEPXHOCTbIO
BO Bpems onepauumn. O6bI4HO y
nauueHToB obpasyeTcs 60sbLLoe
KOMMYECTBO acunTa, 4To MOXET
BbI3BaTb NOTEpPHo 40 700 r 6enka B
AeHb. OnbITHbIE XMPYPry U peaHu-
MaTonoru AOMKHbI 6bITb MHEOP-
MWUPOBAaHbI 0 TUMMYHbIX apdhexTax
onpegeneHHbIx Bapuantos HIPEC ,
KOTOpbIE YCNOXHSAOT nocneonepa-
LIMOHHYIO MHTEHCUBHYHO Tepanmio.
Hanpumep, okcanunnatui 06bI4HO
npuMeHsieTcs ¢ 5% pacTBopoM
FIFOKO3bI, YTO MOXET 06BAC-

HUTb 9MNU304bl TUMEPTTIMKEMMUM U
TMNOHATPMEMMM NOCNE OMepaLmu
(9). LincnnatH MOXET OKa3blBaTh

kapanoTokcuyeckue achexTbl (10).

MoBbILEHWe nokazaTens Koaryno-
naTvin Npy MynbTUBMCLEPATbHO
XMPYpPrum 4acTo TpebyeT KpoBe-
3ameLLeHus), HanpuMep, B Hallen
6onbHuLe, B cpeaHem, 900 mi.

MprumHbl Koarynonatum nocne
HIPEC npogomxaroT 06cyxaaTbes
B nuTepaTtype. OnbITHbIE aHECTE3N-
0NOrM AOMKHbI TLATENBHO KOHTPO-
nMpoBaTh TemMnepaTypy Tena: B0
BpeMS PE3EKLMN Y MaLMEHTOB, Kak
npasuio, pa3B1BaeTCs rmnoTep-
MUS, B TO BpEMS! KaK, B TEYEHME
rMNepTEPMUYECKOr0 XMMMOTEPa-
NeBTMYECKOro OPIOLLHOMO NaBaxa,

LiutopeaykTuBHas xupyprus

TemnepaTypa Tena MOXeT Pesko
NoBbICUTLCS. [MOBbILLIEHME TEMME-
paTypbl TENa Bbl3bIBAET MOHMUXKEH-
HOE COCYAMCTOE COMPOTUBIEHME
ABVXXEHWE XMAKOCTU Ha nepude-
puto Tena. OTO HECET PUCK OCTPON
MOYeYHON HELOCTATO4HOCTY.
HopMoTepMust NauMeHTOB, TakuM
06pa3oM, UIMEET NPUHLMNUANBHOE
3Ha4eHne N1 CHUXEeHUs 3abone-
BaEMOCTM U CMEPTHOCTM.

Surgarbaker ¢ coasT onpeaenunu,
YTO NOKA3aTesb JIero4HbIX 0CNOX-
HEHWIA NOCNe LMTOPELYKTMBHON
xupypruu (n = 147) coctasnsiet
10%, ¥ OHW, B OCHOBHOM, BbI3BaHb!
nnespasbHbIM BbINOTOM, MTHEBMO-
HWEiA 1 OCTPbIM PECTIMPATOPHBIM
ANCTPECC-CUHAPOMOM. VIHTepecHo,
4TO YaCcTMuHas pe3ekuns anadpar-
Mbl He SBNISETCS HE3aBUCUMbIM
(hakToOpOM prcKa LN pa3BuTLs
PEeCnMPaTOPHbIX OCNOXHEHWM (11).

lMocnepyrowas nocneonepaumoH-
Has huanoTepanusi M NoCTOsH-
Has HeMHBA3MBHAsA NOAEPXKKA
MNONOXMTENBHOrO AABMNEHNE B
AbIXaTeSbHbIX MyTSAX ABASIOTCS
61aronpuUsTHBIMM MPOTHOCTHYe-
CKuMM hakTopamu ans BbICTpoN
peabunutaumn 3Tux 60NbHbIX (12).
O6bI4HO NALMEHTbI LOMKHBI ObITb
3KCTYy6MpOBaM B ONepaLnoH-
Hoit. Cooksley ¢ konneramu sicHo
nokasar, YTo 3T0 MOXET BbITb
6e30nacHbIM Jaxe nocne 06b-
eMHOM onepaumu (n = 69). Tonbko
3% NauneHTOB HYXJarTCs nocne
onepauuv B BEHTUNALMK MO NOBOAY
NHeBMOHUK (13).
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temperature, volume resuscita-
tion, antiemetic therapy and
the treatment of coagulation
disorders are of mayor impor-
tance.
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Kaxxgomy OHKONOru4eckomy na-
LIMEHTY Nepeg onepauneit 4omkHa
6bITb PEKOMEHAOBAHA.
HenpepbIBHAs TOpakanbHas nepu-
AypanbHas aHecTeans. Kpome cHu-
XKEHMS MOTPEBHOCTM B CUCTEMHBIX
onuougax, 6eICTPON MoGUIU3aLMM 1
YTyYLLIEHNS KULLEYHON NepuCTarb-
TUKW, CHUXXAETCS BPEMS MexaHu-
4ecKOoi BeHTUNALMK. Mbl cMOran
nokasaTtb, 4TO nepuaypanbHas
aHecTe3us!, KPOME TOro, ynyJLiaeT
OHKONOTMYECKMiA pe3ynbTaT B NOA-
rpynnax nauueHToB ¢ KONOpeKTab-
HbIM pakoM (14).

[o HenaBHEro BpeMEeHN NepuToHe-
alnbHble METACTasbl ey A0UHO-KM-
LIEYHOro paka unn- paxa s4H1KoB
accoLMmMpoBanu1Ch C O4EHb MIIOXMM
NPOrHO30M. [epuTOH3KTOMMS B
COYETaHWM C MHTPAONEPAaLMOHHO
WHTpanepuTOHeanbHoM rmnepTep-
Muyeckoi xummoTepanueit (HIPEC)
SABASETCSH HOBOW ONUWER Xupypri-
Y4ECKOro NIeYeHus C NoTeHLManom
WN3NeYeHNs NaLUMEHTOB C NEPUTOHe-
aNbHbIM KapUMHOMATO30M. Kpome
TOr0, y OHKOMOTMYECKUX NALNEHTOB
NpyY MyNbTUTBUCLIEPANIBHBIX
Pe3eKumsIX, C NNaHMpyemon B

'Department of General and
Thoracic Surgery

ZDepartment of Cardiovascular
Surgery

3Medical Clinic Il

University Hospital of Giessen
Giessen, Germany
Andreas.Hecker@chiru.med.uni-
giessen.de

panbHenwem HeoaibroBaHTHOM
Tepanuei, BbINoNHAETCs nepdy3nm
OPHOLLIHOM MOMOCTM HArpeTbIMN 4O
42 ° C xumuonpenaparamu. Kpome
TOr0, MOXET ObITb NPOBEAEHA
CMCTEMHAS! BHYTPMBEHHAS XUMW-
oTepanus. 3Ta HoBast Xupypruye-
CKasi METOAMKA SBNSETCS HOBbIM
BbI30BOM [151 NEpUOnepaLnOHHO
MeAMLMHBI B CMELNan13npoOBaHHbIX
LieHTpax. B nocneonepaunoHHom
Nepuofe B OTAENEHUN UHTEHCUB-
HOV Tepanum OrpOMHOE 3Ha4eHne
WMEIOT KOHTPO/b TEMNEPATYpbI,
BOCCTaHOB/EHME 06beMa XNaKO-
CTW, MPOTVUBOPBOTHAS TEPANNS 1
NeYEHME HapyLLEHMIA Koarynsauuu.



Orthopedic Surgery

FlenlsLio)

Medical »emyiHcion

HOOHAN

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

3aboneBaHuA

Disorders of the
Hip: Diagnosis
and Treatment

Options

Keywords: hip joint, disorders,
femoroacetabular impingement
(FAI), lesions of the acetabular
labrum, avascular necrosis of
the femoral head (ANFH), hip
arthroplasty, short stem pros-
thesis, bearing surface

Abstract

Over the past decades, ad-
vancements in diagnostic and
therapeutic methods have led
to a clearer understanding of
the development of arthritis
affecting the hip in younger
patients. Arthroscopic treat-
ments of FAl and labrum
defects have shown promising
results. Over the past years
these procedures have con-
sequently developed into the
treatment of choice. In case
of advanced hip arthritis, hip
arthroplasty remains the best
treatment option. Enhance-
ments in bone-preserving
implants and material proper-
ties of bearing surfaces provide
feasible therapeutic options for
young patients with arthritis of
the hip.

Introduction

Chronic load-dependent pain
in the groin frequently occurs
in middle-aged and elderly

patients. In the past, chronic
hip pain has often been used
synonomously with osteoar-
thritis of the hip. However, the
reasons for chronic hip pain,
especially in younger patients,
are often due to other disor-
ders. Aside from femoroac-
etabular impingement (FAI)
and lesions of the acetabular
labrum, avascular necrosis of
the femoral head is also fre-
quently seen. Nowadays there
are well-established minimal
invasive therapeutic options for
these disorders.

Femoroacetabular
Impingement

In cases of a femoroacetabular
impingement (FAI) patients
typically report to have pain in
the groin when flexing and in-
ternally rotating the hip (1). FAI
is more frequently seen in men
than in women. There are two
main groups of FAI: cam im-
pingement and pincer impinge-
ment (2). The more frequent
cam impingement is character-
ised by a bony overhang at the
transition of the femoral head
to the femoral neck, also called
“"bump”. The impingement of
this “bump” leads, especially
in active patients, to lesions of

OpToneanyeckas xupyprus

TazobeapeHHOro

cycTaBa:

ANarHocTUKa u
METO/bl NeYyeHUn

Tesucobl

3a nocnegHve AecaTuneTus, [OcTu-
XEHWs B 06N1aCTH AMArHOCTUKN U
NeYeHs NpUBENN K 60Mee SCHOMY
MOHUMAHWIO MEXaHW3MOB Pa3BUTHS
apTpuTa Ta306eAPEHHOr0 CycTasa
y naumeHToB 60nee MOIOAOr0 BO3-
pacTa. ApTpOCKONMYECKMe MeTo bl
neyenuns hemopo-aLetabynspHoro
UMMUHIKMEHTA 1 NOBPEXAEHMIA
BEPTIY>XKHOM ry6bl NPOAEMOH-
CTPMpPOBaM MHOroo6eLLaoLLne
pesynbTatbl. 3a nocnefHue rofbl
9T neyebHble NpoUesypbl cTanm
MeToZamu Bbibopa B Cryyae 3any-
LLeHHOro apTpuTa Ta306epEHHOr0
cycTasa. YCOBEpLUEHCTBOBaHNE
KOCTHOCOXPaHSIHOLLMX UMMIIAHTATOB
1 MaTepuanoB Ans NOBEPXHOCTE
9HONPOTE3a 06ECneymBatoT
MpUMEHEHNe METOA0B NEYEHMS,
NOAXOASALLMX AN MONOAbIX NaLm-
€HTOB C apTPUTOM Ta306epeHHOr0
cycTaBa.

BeepeHue

Y naumeHTOB CPESHErO U MOXNIOr0
BO3pacTa 4acTo BO3HUKAKT XPOHU-
YecKue, CBA3aHHbIE C Harpy3Kamm,
6onm B naxoBoi o6nacTty. B mpo-
LLAIOM XpOHUYeckas 60nb B 6eape
4aLLe BCero accouumposanach ¢
0CTe0apTPUTOM Ta306eApEeHHOr0
cycrasa. OfHaKo NpuyMHaMu
XPOHMYECKOW 607 B 0611aCTH
6enpa, 0CO6EHHO y MONOJbIX Na-

LIMEHTOB, YaCTO SBASOTCA Apyrue
3abonesanus. MNomumo hemopo-
aueTabynspHOro MMMUHOXKMEHTA W
NOBPEXAEHWIA BEPTITYXXHOM rybbl,
4acTo BbISBASETCS ABACKYNAPHbINA
HEKPO3 rofoBKM 6ePEHHON KOCTU.
B HacTosLLee Bpems CyLIeCTBYIOT
NPU3HaHHbIE U 3PQEKTUBHbIE
MUHUMAIIBHO MHBA3MBHbIE METO/b
NEeYeHns faHHbIX 3a60NeBaHNM.

®eMopo-aLeTabynspHbliA UMAUH-
MKMEHT

B cnyyasx dhemopo-auetabynspHo-
ro uMmnuumxmenTa (OAN) naumen-
Tbl, K&k Npasuno, 0TMeYaroT 601b B
naxy npu crubaHuy 1 BHYTPEHHEM
BpaLeHum 6eppa (1). ®AU vawwe
BCTPEYAETCS Y MYXXUMH, YeM Y
XXEHLUWH. BbIfensioT ABe OCHOBHbIE
rpynnbl ®AN: Kam - UMIHIKMEHT
W NUHCEP - UMMUHIXMEHT (2).
Yarle BCTpevaroLwmines Kam -
UMNNIXKMEHT XapaKkTepuayeTcs
KOCTHbIM BbICTYNOM Mpu NEpexoae
rOMOBKM BeJpeHHON KOCTH B LUKy
GepEeHHOM KOCTH, KOTOPbIA Takxe
HasbiBaeTcs «6yropok». Coyaape-
HUE C 3TUM «6yropKOM» NPUBOLMT,
0CO6EHHO Y aKTMBHbIX NALMEHTOB, K
TpaBmaTU3aumun BEPTNYKHOM ryObl
W MOBPEXAEHMIO XPALLA, YTO Bbl3bl-
BaeT 60/1€BOM CUHAPOM. Be3 neve-
HUS 3Ta CUTYyaLnst MOXKET NPUBECTH
K 0CTe0apTpuTy Ta3o6epeHHOro
cycTasa. B 60nblMHCTBE Cyyaes
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Fig. 1a: anterior-posterior view of a
patient with Cam impingement with
a pronounced “bump” and minor
signs of arthritis

the labrum and damage of the
cartilage resulting in pain. If left
untreated, this situation may
cause osteoarthritis of the hip
joint. In most cases the diagno-
sis can easily be made by x-ray
(Fig. 1a and b). Modern therapy
comprises arthroscopy with
resection of the “bump” by
milling (Fig. 2a and b) (3). This
procedure is effective in reduc-
ing pain as long as the dam-
age of the cartilage is not too
advanced. Therefore, diagnosis
and therapy in the early stages
of the disease is preferable.
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Puc. 1a: MNepeaHe-3afHuii BUA nauneHTa
C Kam-UMMUHIXXMEHTOM C BbIPaXXEHHBIM
«BYropkoM» W HE3HAUMTENbHBIMY NPK-
3Hakamv apTpuTa

Lesions of the Acetabular
Labrum

Disorders with similar clinical
aspects are changes of the
acetabular labrum. There are
either tears or degenerative
processes of the labrum, occur-
ring more frequently in women
then in men. The diagnosis is
more difficult than in FAI since
the labrum cannot be imaged
in x-ray. Therefore, Magnetic
Resonance Imaging (MRI)

is indicated. To increase the
diagnostic sensitivity, MRI can
be performed with intraarticular

Fig. 1b: axial view of a patient with
a pronounced anterior “bump” and
signs of a moderate arthritis with
osteophytes

AMarHo3 MoXeT 6bITb Nerko no-
CTaBMeH C NOMOLLLI0 PEHTrEHOrpa-
(uyeckoro uccneposanns (Puc 1 a
1 b).CoBpemeHHOe neyeHne 3aknto-
4aeTCcs B apTPOCKOMNK C Pe3eKLmeil
«Byropka» nyTem ctaumsaHus (Puc
2 aand b) (3). anHas npouenypa
apeKTUBHA ANS YMEHBLIEHNS
6071 B CAy4ae HE3HAUMTENBHOIO
noBpexaexus xpswa. Moatomy
Ba)kKHa MarHoCT1Ka 1 NeYeHme Ha
PaHHUX CTafMsX.

MoBpexpaeHns BepPTAYXHON ry6bl
K 3a6onesaHusm ¢ NOAOGHbIMM
KMMHUYECKMMM acreKkTamu 0THO-

OpToneanyeckas xupyprus

Puc. 1b: AKcvanbHblii BUA nauueHTa ¢
BbIPXXEHHbIM NEPeSHNM «BYrOpKOM» 1
npu3Hakamm CpeaHETSKeNoro apTpuTa ¢
ocTeouTamm

CSTCS 1 NOBPEXAEHNS BEPTIYXXHOMN
ry6bl. OTO MOryT 6bITb PA3PbiBbl
W AereHepaTuBHbIE NPOLECCh,
BCTPEYAtOLLMECS HaLLE Y XKEHLLWH,
4em y My>XumnH. [inardoctuka
ABNseTCs 60Nee CNOXHON, YeM B
cnyyae ®AI, nockonbky ryéa He
MO>eT ObITb BU3yanu3npoBaHa

C NOMOLLbIO PEHTTEHOTpadum.
MMoaToMy nokasaHa MarHUTHO-pe-
30HaHcHas Tomorpadms (MPT).
[ins yBenuyenns guarHoctuye-
CKOW YyBCTBUTENLHOCTH, MPT
MPOBOANTCS C BHYTPUCYCTABHbBIM
KoHTpacTuposanuem (Puc. 3 au b)
(4). INeyeHue TaKkXKe MUHUMANBHO
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Fig. 2a and b: Intraoperative view of arthroscopic milling of the “bump”

contrast (Fig. 3a and b) (4). The
treatment is also minimally
invasive by an arthroscopy of
the hip (5). If the labrum shows
minor degenerations, the tear
of the labrum is reconstructed
by refixation with suture-
anchors (Fig. 4 and b). If the
degeneration of the labrum is
too extensive, an arthroscopic
debridement is performed in
order to reduce pain (6).

Avascular Necrosis of the
Femoral Head

A further disorder of the hip

is avascular necrosis of the
femoral head (ANFH). The
blood supply of the femoral
head is critical, since it only
emerges via the femoral neck.
In case of a partial occlusion,
the bone in a circumscript area
of the femoral head becomes
necrotic. Consequently the
patient will develop pain and,
as the disease progresses, the
necrotic area collapses which

causes the development of os-
teoarthritis of the hip joint. This
disorder occurs more frequent-
ly in males between 40 to 60
years old. Influencing factors
are intake of corticosteroids
and level of alcohol consump-
tion. The disorder is also more
frequently seen in patients with
sickle cell anaemia and thalas-
semia (7, 8). Since the collapse
of the necrotic area leads to
irreversible damages of the
joint with the need for arthro-
plasty, early detection of the
necrosis is crucial. Since X-ray
is normal in the early stages of
the disorder, MRl is considered
the best diagnostic tool (Fig. 5).
To preserve the femoral head,
core decompression is still the
therapy of choice (9).

It is performed by drilling at
least 3 canals through the
femoral neck into the necrotic
area in the femoral head. How-
ever, even after this treatment,
at least 25% of patients will

OpToneanyeckas xupyprus

Puc. 2a, b: MiHTpaonepauvoHHbIiA BUA apTPOCKOMNYECKOrO CTEChIBAHNS «Byropka»

WHBA3WBHOE, C MOMOLLbO apTpo-
CKOMWKM Ta306epeHHoro cyctasa
(5). Ecnv BepTny»xHas ry6a us-
MEHeHa He3HauMTENbHO, Pas3pbiB
YCTPaHAETCS NyTeM pedpukcaumm ¢
MOMOLLbHO LLOBHBIX aHKepos (Puc. 4
aub). Ecnu namenHerus rybol Bbipa-
XEHHbIE, TO ANS yMEHbLUEHNS 60N
BbINONHAETCS apTPOCKONMUecKas
Xupyprudeckas oépabotka (6).

ABacKynsipHblit HEKpO3 ronoBKM
6eapeHHOl KOCTH

ELle onHumM 3a6onesaHneM Taso-
GelpeHHOro cycTasa SBnsaeTcs
aBacKyNsApHbIi (acenTnyeckuii)
HEKpPO3 ronoBKM 6eLPEHHON KOCTH
(AHI'B). KpoBocHab>xeHue ronoBku
6elpeHHON KOCTW O4EHb MHTEHCUB-
HOe, MOCKONbKY OCYyLUEeCTBNSETCS
TONBKO Yepes LUenKy beapeHHoM
kocTu. B cnyyae yactnyHow
OKKIKO3MM COCY 0B, KOCTb B 06-
NacTy ronoBkW 6€APEHHON KOCTU
HekpoTuaupyeTcs. Beneactane
9TOr0 y NaumeHTa pa3snBaeTCs
60neB0iA CMHAPOM W, NP Nporpec-
CMpPOBaHUN 60NE3HM, NPOUCXONT

paspyLUEHNE HEKPOTUYECKOH 30HI,
4TO BbI3bIBAET Pa3BMTHE OCTE0AP-
TpuTa Ta306eAPEHHOr0 CycTasa.
070 3a60neBaHue YalLe BCTpe-
4aeTCs y My>XKUMH B BO3pacTe OT
40 po 60 net. ®akTopbIl, KOTOPbIE
MOTYT NMOBAUSITb HA PA3BUTHE He-
Kpo3a, BKIO4aT Npuem KopTH-
KOCTEPOMAOB U 3110ynoTpebnexre
ankoronem. 3abonesanue Takxe
yallle BbISBNAETCS y NALMEHTOB C
CEprOBMAHO-KNETOUHON aHEMMEN
v Tanaccemuei (7, 8). Mockonbky
paspyLUEeH1E 30HbI HEKPO3a NPMBO-
AMT K HeoBpaTUMbIM NOBPEXAEHM-
SIM CyCTaBa U He0BX0AMMOCTH €ro
NPOTE3MPOBAHMS, PAHHEE BbISIB-
NIEHME HEeKpOo3a NMEET peLuaroLLee
3HaueHue. B cBA3n ¢ Tem, YTO Ha
PaHHWX CTapumsx 3abonesaHns
peHTreHorpachust He nokasaTesnbHa,
MPT cuuTaetcs nyyiumm auarHo-
CTUYECKIUM MHCTPYMEHTOM (Puc.
5). C Uuenbto COXpaHeHUs rofoBku
GeApPEHHON KOCTH, AeKOMMpeccus
o4ara Hekpo3a 0CTaeTCst METOAO0M
Bbi6opa (9). Mpouenypa BbINOHS-
eTCS NYTEM CBEPNIEHNS HE MeHee
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Fig. 3a and b: MRI with intraarticular contrast showing a tear of the ventral

acetabular labrum

need a replacement of the hip
in the following years.

Hip Arthroplasty

Even though the above men-
tioned disorders are frequently
seen in younger patients,
arthritis remains the most com-
mon diagnosis regarding the
hip. If the degenerations of the
cartilage are not too advanced,
conservative treatment includ-
ing physical therapy or non-ste-
roidal anti-inflammatory drugs
can still be successful.

But in the further course of the
disease with extensive carti-
lage lesions and chronic pain
total hip replacement is often
necessary. Due to improve-
ments in the last decades,
surgeons can choose from
several different models of
implants along with different
bearing surfaces specific for
each patient. The decision for
material selection takes several
factors into consideration, such

as biological age, bone qual-
ity, body weight and activity
level of the patient. Especially
for younger and more active
patients the choice of implant
is crucial. Since hip prostheses
loosen after approximately

15 years, bone-preserving
implants should be used to
make revisions easier. Hip
resurfacing is used less and
less frequently due secondary
effects caused by metal-on-
metal bearing surfaces. These
effects include elevated serum
metal concentrations, pseudo-
tumours and early loosening. In
contrast, short stem prosthe-
ses are used more often (Fig.
6) (10, 11).

These prostheses preserve
metaphyseal femoral bone and
can be used with ceramic-on-
polyethylene or ceramic-on-
ceramic bearing. Since wear is
the main reason for loosening,
improvements concerning
material properties were con-

OpToneanyeckas xupyprus

Puc. 3a, b: MPT ¢ BHyTpuCyCTaBHbIM KOHTPACTMPOBaHWEM MOKA3bIBAET PaspbiB

BEPTY)KHOM ry6bl

3 KaHaroB B HEKPOTUHYECKOM 30He
ronoBKy 6efipa Yepes Lenky
6enpeHHoi kocTu. OpHako, faxe
Mocne 3T0i MaHUMynsuMm, He
MeHee 25% nauueHTOoB B nocnesy-
toLLmMe rofibl NoTpebyeTcs 3amMeHa
Ta306eApEHHOro CcycTaBa.

JHponpoTe3npoBaHne
Ta3obefpeHHOro cycTaBa
HecMmOTps Ha TO, YTO YNOMSIHY Tble
BblLLie 3a60/1€BaHNS 4aCTO BCTPe-
YaKTCS Y MONOAbIX NALMEHTOB,
apTpuT Ta306eapeHHOro cycTaBa
ocTaeTcs Hanbonee pacnpocTpa-
HEHHbIM AnarHo3om. Ecnm pere-
Hepaums XpsiLla He BblpaXkeHHas,
MOXET 6bITb 9PPEKTUBHBIM
KOHCEPBATMBHOE fle4eHue, BKouUa-
toLLee huamnoTepanuio Unu Hecte-
POVAHBIE NPOTUBOBOCNANNUTESbHbIE
npenaparbl.

Ho npw fanbHeiLlem passuTim
3a60/1eBaHMs C 06LUMPHBIM MO-
PaKEHMEM XPSLLA M XPOHUYECKOM
6011610, 324aCTYH0 HE0OX0ANMO
TOTaNbHOE SHAOMPOTE3NPOBAHME
Ta306enpeHHoro cyctasa. braro-

[laps YCOBEPLUEHCTBOBAHNSAM B
nocnefHue ecaTUneTus, Xmpypru
MOTYT BbIOpaTb MHAMBUAYANEHO
AN KaXA0oro naumeHTa OaHy 13
HECKOMbKMX Pa3finyHbIX MOLENen
WMNNAHTATOB, @ TaKXKe PasnnyHble
Matepuanbl Ansi NOBEPXHOCTeN
SHAOMpPOTe3a.

[Mp1 NPUHATUKM peLLeHns npu
Bbl6Ope MaTepuana B0 BHUMaHe
MPUHUMAETCS HECKONbKO (haKTo-
OB, HanpuMep, 6UONOrMYECKNiA
BO3pAcT, NNOTHOCTb KOCTH,

Macca Tena 1 ypoBeHb akTUBHOCTY
nauvenTa. OcCo6eHHO Y MOMOAbIX

W aKTUBHbIX NALMEHTOB BbIOOP
UMNnaHTaTa UMEeeT peLaroLLiee
3HayeHme. MocKonbKy aHA0MPO-
Te3bl Ta306ePEHHOT0 CycTaBa
nocne 15 neT naHawwmearoTcs, ans
06neryeHns peBn3nn AOMKHbI BbITb
WUCMONb30BaHb! KOCTHOCOXPAHAHO-
LUMe MMNAaHTaTbI.

[ToBEPXHOCTHOE 3HAONPOTE3NPO-
BaHWe Ta300epeHHOro cycTasa
NCMONb3YETCS BCE PEXKE M peXXe
13-3a NOBOYHBIX APEKTOB, Bbl-
3BaHHbIX NOBEPXHOCTAMM NPOTE3a
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Fig. 4a and b: Intraoperative view oft the arthroscopic re-attachment of the

labrum

ducted for both bearing options
in the last years (12). Reduc-
tion in volumetric wear could
be achieved through ultra-high
molecular weight polyethylene
(UHMWPE) as well as cross-
linked polyethylene (XLPE).
The newest generation in the
field of ceramic is a zirconia-
toughened alumina ceramic
(ZTA) with increased fracture
strength. Due to minimal wear
rates along with decreased
fracture risks, ceramic-on-
ceramic with ZTA is more
widely used for young patients
with arthritis or advanced-stage
ANFH (13).

A disadvantage of modern
bone-preserving implants is
the absence of long-term clini-
cal results. Therefore, meta-
diaphyseal shaft prostheses
are still the gold standard for
biologically older patients with
reduced physical activity levels.
For these implants there is the
option of cementless and ce-
mented prostheses. Especially
cementless stems have the

advantage of less osteolyses
in cases of loosening coming
together with easier revision
operations (14). These titanium
alloy implants require a femur
with good bone quality for
osteointegration. Therefore, pa-
tients with multiple comorbidi-
ties and patients with osteopo-
rosis require cemented stems
in order to give the implant
enough stability and prevent
early loosening (15). Regarding
this procedure the cementing
technique is a decisive factor
for good long-term results (16,
17). Besides of using vacuum-
mixed high viscosity bone
cement without air or fluid
inclusions and a concentric
position of the shaft, the ce-
ment penetration was estab-
lished as the most important
factor. Crucial measures for a
good cement penetration are
the application of a jet lavage
for cleaning the intramedullary
canal along with a cementing
plug and the pressurisation of
the cement.

OpToneanyeckas xupyprus

Puc. 4a, b: MHTpaonepaumnoHHbIi BUA apTPOCKOMMYECKOr0 BOCCTAHOBIIEHNS BEPTIIY K-

HO ry6bl

«MeTan — Ha - metanne». OHu
BKJKOYAIOT B Ce65 NOBbILLEHHbIE
KOHLEHTpaLm1 MeTansioB B CbiBO-
POTKE, NCEBAOOMYXO0NN W paHHee
pacLuatbiBaHue. B To xe Bpems,
9HAONPOTE3bI C KOPOTKUMM HOXKA-
MM MCNONb3YHOTCS BCe Yalle (Puc
6). (10, 11). Takve npoTesbl coxpa-
HSIOT MeTadm3apHyto 6eAPEHHYHO
KOCTb W MOTYT 6bITb MCMOMb30BAHbI
C NMOBEPXHOCTAMU «Kepamuka — Ha
- NOAMATUNIEHE» UMK «Kepamuka -
Ha - kepamuke». [1ocKonbKy U3HOC
SBNSETCS OCHOBHOW MPUYMHOM
pacluaTbiBaH1s NpoTesa, B nocnes-
HUWE rofbl yNyyLLMNnCL CBONCTBA
Matepuana ans 0601x BapuaHToB
(12). CHuxeHne 06bEMHOT0 M3HOCA
MOXET 6bITb AOCTUTHYTO MyTEM
1CNONb30BaHNS BbICOKOMOIEKY-
nsapHoro nonuatunena (UHMWPE),
a TaKxXe MornepeyHo-CBSI3aHHOr0
nonuatunena (XLPE). Hosoe no-
KONEHWEe KepaMuku NpeAcTaBnseT
KepamuKa M3 OKCUA0B LIMPKOHMS 1
anoMuHus (ZTA) ¢ NOBbILLIEHHOM
NPOYHOCTLIO. Bnarofaps MuHK-
MarbHbIM NoKasaTensam u3Hoca

W CHVXKEHWIO pUCKa Nepesomos,
9HAONPOTE3bI «Kepammka - Ha - Ke-

pamuke» u3 ZTA Hanbonee LWMPOKO
UCNOMb3YHOTCS Y MONOABIX NaLy-
€HTOB C apTPUTOM WU NO3AHUMM
cragusamn AHIE (13).

HepoctaTkom COBPEMEHHbIX KOCT-
HOCOXPAHSIOLLMX UMMNAHTATOB $B-
NSAETCS OTCYTCTBUE [ONTOCPO4HBIX
KNUHWYEeCKUX pesynbTaTos. MoaTo-
My MpOTe3bl ¢ MeTaamam3apHbIM
CTEP>KHEM OTCTAIOTCS 30M10TbIM
CTaHAapToM Ans 6UoNoruyeckm no-
XWSIbIX NALUMEHTOB CO CHUKEHHBIM
YPOBHEM (hU3N1ECKOW aKTUBHOCTH.
[insi naHHbIX IMNNaHTaToB eCTh
BO3MOXXHOCTb BECLIEMEHTHOIO
LIEMEHTHO0 SHAOMPOTE3MPOBAHNS.
Oco6eHHO BaXXHbIM NpenMyLLe-
CTBOM MPOTE30B C 6ECLEMEHTHBIMM
HOXXKaMW SBNISETCS HEOOMbLLO
0TCTEONU3NC B Cyyae pacluathbl-
BaHus W 0bneryeHue onepauum
peBu3um (14).

OTU UMNNAHTATbI U3 TUTAHOBbIX
cnnasos TpebyroT 6eapeHHYIOKOCTb
XOPOLLEro Ka4ecTBa Ans 0cTeo-
uHTerpauvu. CneposaTensHo, y
naunMeHToB C CONyTCTBYHOLLUMN
3a60MneBaHNSIMM 1 C OCTEONOPO3OM
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Fig. 5: MRI of a patient with bilateral avascular necrosis of the femoral head
(ANFH). Right side: advanced stage with imparction of the femoral head.
Left side: early stage with circumscript necrotic area and preserved round-

ness of the femoral head.

Puc. 5: MPT naumenTa ¢ 1BYCTOPOHHWM aBACKYNSPHLIM HEKPO30M rONI0BKM 6epeHHOM
kocT (AHIB). CnpaBa: 3anyLueHHas CTaaus ¢ BKonaumBaHnem ronosku 6eapeHHoi
kocTu. Cnesa: paHHss CTaAMs C OrpaHueHHOM 30HON HEKPO3a U COXPaHMBLLENCS

OKPYrnoCTbHO rOJI0BKK 68[1peHHOI7| KOCTH.
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bolization, Hepatocellular
Carcinoma, Lipiodol, Liver,
SIRT, Transvascular Ablation,
Transarterial Therapy

Introduction

Hepatocellular carcinoma
(HCC) is the fifth most com-
mon cancer worldwide with
increasing incidence [1]. More
than 80% of the cases result
from liver cirrhosis which, in
the meantime, is the main
cause of death among all Eu-
ropean patients suffering from
liver cirrhosis [1]. As only 30 —
40% of the patients diagnosed
with HCC are candidates for
curative treatment (resec-
tion, liver transplantation, and
intraoperative/percutaneous
radiofrequency or microwave
ablation), the majority of the
patients have to undergo
locoregional and/or palliative
therapy approaches [1].

Transvascular ablation of HCC
takes advantage of the fact,
that hypervascularized HCC
gets most of its blood supply
from the hepatic artery. In cur-
rent language the term TACE

is used as a synonym for each
embolization of the arterial
tumor vascular bed, however,
in fact transvascular ablation
encompasses very different
treatment regimens which

can be divided into four main
groups: 1. ¢cTACE (conventional
transarterial chemoemboliza-
tion), 2. bland embolization
(transarterial embolization TAE),
3. DEB-TACE (TACE using
»drug-eluting beads” DEB)
and 4. SIRT (selective internal
radiotherapy).

Fundamentals of TACE,
DEB-TACE and Bland
Emboliszation

1. cTACE (conventional tran-
sarterial Cchemoembolization):
A meta-analysis (175 studies)
conducted by Marelli et al.

has revealed that conventional
chemoembolization (cTACE)

is the most common type of
transvascular ablation, per-
formed in 67% of the patients.
Bland embolization (TAE)
accounts for 11%, chemoper-
fusion (TOCE), a combination
of a chemotherapeutic agent
and lipiodol which does not
target at achieving arterial
vessel occlusion accounts for
11% as well, TACE followed by

LWeHCTBOBaHUA

KnioyeBble cnoBa: XMM1MoaMobonu-
3aLmst; OCNOXKHEHWE; [OKCOPYOM-
LMH; aM60nM3aThl; aMbonu3aums;
renaToLenionsapHas KapumHoma;
nunnogon; neveHsb; SIRT; BHyTpu-
cocyamcTas abnsaums; TpaHcapTe-
puanbHas Tepanms

Beepexue

l"enaTouennronsapHas kapumHoma
(TLK) siBnsieTcs naTbIM pacnpo-
CTPaHEHHbIM BULOM paka B MUpe

C pacTyLyei 3a60neBaeMOCTbIO

(1). bonee 80% cnyyaes aToro
paka pa3BuBaeTCs BCeACTBME
LIMpPO3a NeYeHK, 1 B TO XKe BPeMS,
UK siBnisieTCcst OCHOBHOM Npuym-
HO CMepTy Cpeau eBPOMENCKMX
NauneHToB, CTPAAAIOLLMX LMPPO3OM
neyenm (1). MockonbKy TOMbKO

30 - 40% nauueHToB C AMArHo3oM
UK sBnsitoTCs kaHauaatamu Ha
paaukanbHoe NeveHne (pesek-
LMI0, TPAHCMNAHTALMIO MEYEHN
MHTPAONEePALMOHHYHO/ YPECKOXKHYHO
Paano4acTOTHYHO UM MUKPOBOJT-
HOBY'0 abMnsLMI0), BOMBLUMHCTBY
nauneHToB NOKa3aHo NeyeHre
METOAaMM MECTHOPErMOHAPHOM 1 /
WAY NanaMaTMBHOK Tepanim (1).

Mpu NPUMEHEHUN BHYTPUCOCY AN-
CTOM abnALmMK C LENbIo NeveHns
UK ncnonbayeTcs TOT haxT,

4TO rMNePBacKyNAPM3MPOBaHHAs
0nyxonb NofyyaeT 60MbLUYH0 YacTb

KPOBOCHABXEHMS 3 NEYEHOHHOM
apTepun. B coBpemeHHOM Meaun-
LMHCKOM 513bike TepMuH TACE uc-
nonb3yeTes B KA4eCTBe CUHOHMMA
Ans N160oi amMbonmusaumm apTepu-
anbHOro COCYAMCTOro pycna ony-
XOMW, OfHAKO, BHYTPUCOCY AMCTas
abnsuns noapasymeBaeT 0veHb
pasHble CXeMbl JIEYEHNS!, KOTOPbIE
MOTyT 6bITb pasfeneHbl Ha YeTbipe
OCHOBHble rpynmbl:

1. cTACE (KoHBEHUMOHaMbHAs Ui
TpagMUMOHHAs TpaHcapTepuanbHas
XMMUoaMBonmu3aums), 2. npoctas
ambonu3aums (TpaHcaptepuansHas
ambonusaums TAE), 3. DEB-TACE
(TACE ¢ ncnonb30BaHneM «MUKpO-
cdhep C NeKapcTBEHHbLIM HAMoMHe-
Huem» DEB) n 4. SIRT (cenektus-
Has BHYTPEHHSS paanoTepanus).

OcHoBbl TACE, DEB-TACE n TAE
(npocToii aM6onu3aauum)

1. ¢TACE (TpaguunoHHas TpaHcap-
TepuansHas Xummnoambonusaums):
MeTa-aHanu3 (175 nccneaoBaHuin)
Marelli v coasT, nokasan, 4To
TpaAMLMOHHAs XMMUOIMBONM3aLms
(cTACE) sBnsieTcs Hanbonee pac-
MPOCTPAHEHHbBIM TUMOM BHYTPH-
COCYAMNCTOM abnsumm n NpoBo-
anTcs y 67% nauveHTos. MpocTas
ambonusaums (TAE) coctasnser
11%, xumnonepdpy3us (TOCE),
KOMBMHALWS XMMUoTepaneBTMye-
CKOro npenapara v AMNMoAoNa,
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systemic chemotherapy for 8%
and embolization using solely
lipiodol for 3% [2].

c¢TACE combines the intraarte-
rial injection of a chemothera-
peutic agent and the vascular
embolization with embolic
agents such as Gelfoam®,
Polyvinylalcohol (PVA) and
more recent spherical par-
ticles. This combination of
intratumoral chemotherapy and
embolization of the vessel bed
(temporary oder permanent)
leads to the occlusion of arte-
rial tumor blood supply with
induction of both hypoxia and
tumor necrosis.

The intraarterial, local injection
of chemotherapeutic agents
such as doxorubicin, mito-
mycin C, epirubicin, carbo- or
cisplatin- mostly mixed with
the viscous carrier material
lipiodol — causes an increase in
intratumoral chemotoxicity and
simultaneously a considerable
decrease of systemic toxicity
compared to the systemic ad-
ministration of a chemothera-
peutic drug [3-6].

Fundamental studies per-
formed by Llovet et al. [7]
demonstrated a significant
survival advantage of cTACE in
HCC cases compared to best
supportive care (BSC). The
results were re-confirmed by
controlled, randomized studies
(RCT) performed by Lo et al
4, 71.

Unfortunately the term , tran-
sarterial chemoembolization”
only describes a general con-
cept, a combination of intraar-
terial chemotherapy and tumor
embolization. Therefore, this
procedure is not standardized
— neither on the national nor on
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the international level! There is
a variation in daily practice by
the different centres regarding
to the selection of the chemo-
therapeutic drug, the embolic
agent, the usage of lipidiol, the
precise dosage, the interval be-
tween the cTACE procedures,
and the precise schedule of a
c¢TACE procedure (sequences
of chemotherapy and emboliza-
tion).

2. Bland Embolization (Tran-
sarterial Embolization TAE):
Though cTACE is the most
common type of transvascular
ablation the question of wheth-
er intraarterial chemotherapy
is required has not yet been
finally answered. Some work
groups continue to prefer the
so-called bland embolization
(TAE), e.g. the usage of bland
embolization material without
intraarterial administration of a
chemotherapeutic drug. Cur-
rently the particles used are
very small, tightly calibrated,
spherical, and in sizes of up to
40 um available. The success
achieved in studies with TAE
is comparable to that of cTACE
[8l.

3. DEB-TACE (TACE using
.drug-eluting beads"” DEB):
Due to the fact that the em-
bolization particles are loaded
with chemotherapeutic drugs,
the intraarterial chemotherapy
has both a longer lasting effect
in the tumor vessel bed with a
further increase in intratumoral
cytotoxicity and simultaneously
a decrease in systemic side
effects [9-11]. Animal models
(rabbits, Vx-2 model) per-
formed by Hong et al. demon-
strated the existence of tumor
necroses up to 100% when
using particles loaded with

HeHanpasneHHas Ha LOCTUXKEHNE
OKKJTH03WM apTepuanbHOro Cocy-
aa - 11%, TACE c nocnegytowen
CUCTEMHOW XUMUOTEpanuei - 8%, u
3MB0MM3aLMA C NOMOLLBIO OJHOMO
nunmrogona- 3% (2).

CTACE co4eTaeT BHyTpuapTe-
puanbHoe BBEAEHME XMMUOTE-
paneBTMYeCcKOro npenapara u
3MB0MN3ALMI0 COCYLOB C NMOMOLLbHO
9MBONN3NPYIOLLNX MATEPUATOB,
Takux Kak Gelfoam®, nonuemHM-
nasnkoronb (MBA), u 6onee HOBbIX
cthepuyeckmux MukpodacTuu. 3ta
KOMOMHALMS XMMUOTEPANIN U
aMB0MM3aLMK COCYANCTOrO NoXKa
ONyX0mnu (BPEMEHHOM Unn NOCTO-
SHHOW) NPWUBOJMT K NPEKpaLLEeHnto
apTepuanbHOro KpOBOCHABKEHMS
ONYXOMM C UHAYKLMENR TUMOKCN W
HeKpo3a oryxonu.
BHyTpuapTepumanbHble, NoKanbHble
WHBEKLNM XMMUOTEPANEBTUYE-
CKMX MpenaparoB, Takux Kak
LOKCOPYOULMH, MUTOMMUMH C,
aNMpyouLmH, Kap6o- nam uuena-
TUH, CMELLaHHbIX, KaK Npasuno, ¢
BS3KMM MaTepuanoM NMnuoLoNOM,
BbI3bIBAET YBENNYEHNE BHYTPU-
ONyX0MNEBOI XMMUOTOKCUYHOCTH

W, OGHOBPEMEHHO 3HAUUTENBHOE
CHV>KEHWE CUCTEMHOM TOKCUYHOCTH
MO CPABHEHMIO C CUCTEMHbIM BBE-
AEHUEM XUMMOTEPANEBTUYECKNX
npenapartos (3-6).

DyHAameHTaNbHbIE UCCNEA0BaHNS,
nposefeHHble Liovet u coasrT. (7)
NPOAEMOHCTPUPOBAN 3HAUM-
TenbHoe npeumyLlectso cTACE
OTHOCUTESBHO BbIXX1BAEMOCTH

npu neverun LK no cpasHeHno

C HauyuLLen NoALep>KUBaKoLLEN
Tepanveii (BSC). PesynbTatbl 6binn
BHOBb MOATBEPXKAEHbI B X0A€ paH-
LOMW3NPOBAHHbIX KOHTPONIMPYEMbIX
ncenegosanuin (PKN), noseseHHbIX
Lo v coaBT (4, 7).

K coxanenuio, TepMUH «TpaHc-
apTepuarbHas Xamnoambonuaa-

Lisi» OMUCLIBAET TONBKO 06LLYyHO
KOHLIENUMIO METOAA, COYeTaHne
XMMWOTEPANWKM 1 BHYTpUapTEpH-
anbHo aMB0oM3aLMK OMyXonu.
Taxum 06pasom, aTa npoueaypa He
CTaHOAPTU3NPOBAaHA - HU Ha Hauu-
OHaNTbHOM, HU Ha MEXAYHaPOAHOM
ypoBHe! B noBceAHEBHOM NpakTUke
B Pa3/NyHbIX LEHTPaXx CyLLeCTBYOT
pasfnyHble Bapuaumun npoLieaypb!
OTHOCMTENBHO BblGOpa XMMKUOTEPa-
MEBTMYECKOro Npenapara, aM60mu-
3aTa, MCNOMb30BaHMS NIMNNOZ0NA,
WX TOYHOW [O3MPOBKM, MHTEPBaNa
mex gy npouepypamu cTACE v no-
CnefoBaTenbHOCTI MaHUNYNSLMiA
(xummuoTepanuu 1 am6oMn3aLnm)
npu BbinonHeHun cTACE.

2. NpocTas ambonusaums (TpaHc-
apTepuansHas améonusaums TAE):
HecMOoTpst Ha To, uTo CTACE sBns-
eTCs Hanbonee pacnpoCTPaHEHHbIM
TUMOM BHYTPUCOCYAMCTOM abnsLmm,
Ha BONpOC, Bceraa nv TpebyeTcs
BHyTpUapTepuanbHas xumuoTepa-
M, 0TBET TaK 1 He NOMyYeH.

HekoTopble paboune rpynnb
NPEeSNoYMTAIOT Tak Ha3blBAEMYHO
npocTyto ambonmuaaumio (TAE),
Hanpumep, NCroNb30BaHne aM6om-
3aTa 6e3 BHyTp1apTEpPManbHOro
BBE[EHNs Xumuonpenapara. B
HaCTOsILLEE BPEMS UCTONb3yeMble
MUKPOYACTULbI UMEHOT Chepu-
YecKyto opMy, 04eHb Mafibl,
TOYHO 0TKaNM6pPOBaHbI, AOCTYMHbI B
pa3Mepax o 40 MKM YCnewHocTb
nposeneHus TAE B uccnefoBaHusx
CpaBHWUMAa C TaKOBOW NpW UCMOMb30-
BaHuu cTACE (8).

3. DEB-TACE (TACE c ucnonb-
3oBaHnem DEB —«Mukpocdep ¢
NEKAPCTBEHHBIM HAMONHEHNEM»):
onarogapst Tomy, 4To aM60NM3NPY-
toLLME YacTuLbl BBOASTCS BMECTE C
XMMUOTEPANEBTUYECKUMM MPE-
napartamu, BHyTpuapTepuanbHas
XMMWOTEPaNus B COCYAUCTOM JIOXE
Onyxonn umeeT 6onee ANNTeNbHbIN
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Fig. 1: Case example of an 83 years old male patient with a
multifocal bilobar HCC due to liver cirrhosis (Child-Pugh A).

Puc. 1: Knuruyeckwii cnyyan MHoroo4arosoit 6unobapHoi MUK y
83-neTHero naumeHTa BCneAcTBMe LMPpO3a nevenn (knacc A no

a.-c. CT scan with contrast agent in the arterial phase: 2 small
hypervascularized HCC nodules in the right & left liver lobe (see
white arrows) and a large HCC in the liver segments ll/Ill (see

Yaiing - Mbto). a.-c. KT ¢ KOHTpaCTUpOBaHWEM B apTepuansHou hase:
2 HeBONbLLMX rUnepBackynsapuanpoBaqHbix yaenka LUK 8 npasoii

white arrowheads). d. portovenous phase demonstrating the

patent portal vein and the typical outwash pattern of the large

HCC.

doxorubicin and a significantly
lower doxorubicin serum level
compared to the control model
where chemotherapeutic drugs
were administered systemi-
cally [9].

4. SIRT (Selective internal
Radiotherapy r syn. Radioem-
bolization):

In SIRT spherical particles of
a few micrometer sizes are
directly embolized into the
HCC nodules by means of

selective or microcatheters as
an internal radiation treatment.
These spherical microparticles
(20-60 um in diameter) contain
Yttrium-90, a radiation emit-
ting isotope, which is a beta-
emitter with a half-life cycle of
64 hours and a very low scope
of approximately 3 mm range
[12]. Besides their radiogenic
(a dosage of approximately
200 Gy in the liver tumor, and
approximately15 Gy in the
remaining liver) they reduce

11 NIeBOIA JONW NeveHu (cM. benble cTpenkw) u 6onbluas UK B 11 /
Il cermeHTax neyenm (cM. 6enble cTpenky). d. nopTanbHas dasa
LEMOHCTPUPYET NPOXOAMMYIO BOPOTHYHO BEHY 1 TUMMYHBIA Pa3MbIThIA

pucyHok 60nbLuoi LK.

9hEKT C YBENMUEHNEM BHYTPU-
ONyXOMNEeBOM LIMTOTOKCUUHOCTMM U
OLHOBPEMEHHBIM YMEHbLUEHNEM

CUCTEMHBIX NO604HbIX 3(hHEKTOB

(9).

4. SIRT (cenekTnBHAs BHYTPEHHSS
pagunoTepanis uiu pagunoaMoonm-
3auus):

Mpu nposeaennmn SIRT crepu-
YecKue 4acTuLbl pa3MepoM B
HECKOJIbKO MUKPOMETPOB Hero-
CPeACTBEHHO AMOON3NPYIOTCS C
MOMOLLBIO CENEKTUBHBIX KATETEPOB

UM MUKpokaTeTepos B y3enku LUK
C LieNbt CENEKTUBHOM BHYTPEHHEN
Ny4eBOi Tepanuu. 3T MUKpO-
cepsbl (20-60 MKM B mameTpe)
cogep>xat utTpui-90, pagmoakTms-
HbIiA U30TOM, KOTOPbIN ABNISETCS
6eTa-u3nyyaTenem ¢ nepuoaom
noniypacnaga 64 4aca v 04eHb
HeOOMbLUMM ANaNa30HOM MPOHMK-
HOBEHWS! B TKaHW - NPUONU3UTENBHO
3mm (12). KpoMe mx paanoreHHocTy
(Bo3a cocTaBnsiET NPUONM3NTENBHO
200 'p B onyxonu, 1 NpUEN3MTEND-
HO 15 ['p B OCTaNbHON NEeYeHm),
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blood circulation in the tumor
in their capacity as an embolic
agent. The two spherical par-
ticles available on the market
are made of glass (TheraS-
pheres®, MDS Nordion, USA)
or of resin (SIR-Spheres®,
Sirtex Medical, Wilmington,
USA). The glass microspheres
show a considerably higher
activity per each microsphere
than the resin microspheres.
This means that in latter case a
larger number of microspheres
are required for therapy. As the
resin microspheres’ diameter is
larger than that of glass micro-
spheres their embolizing effect
is stronger, resulting in main
portal vein thrombosis repre-
senting a contraindication.

Chapter 1. cTACE
Chemotherapeutic Drugs
used

In the metaanalysis by Marelli
et al. monotherapy of a chemo-
therapeutic drug accounted for
75%, dual therapy for 15%,
and triple therapy for 6% with
respect to HCC embolization
[2]. The chemotherapeutic drug
used most often was doxoru-
bicin (36%), followed by cis-
platin (31%), epirubicin (12%),
mitoxantron (8%), mitomycin C
(8%), and SMANCS (5%) [2].

The current RCT procedures
which either used doxorubicin,
epirubicin or cisplatin were not
able to demonstrate significant
survival differences depend-
ing on different dosages, [13],
dosage adjustment to the
tumor volume, body surface or
weight [14] and/or with respect
to monotherapy, dual therapy
or triple therapy [15, 16]. Even
combinations of cisplatin and
epirubicin did not prove to be
superior to the sole adminis-
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tration of cisplatin regarding
survival [14]. Improvement of
overall survival after administra-
tion of cisplatin compared to
doxorubicin was only demon-
strated by a non-randomized
study performed by Ono et al.
[17]. However, here the aver-
age number of cTACE proce-
dures was higher than in the
cisplatin group. Furthermore,
more complications occurred
in the doxorubicin group than
after cisplatin administration.

Adjuvant Chemotherapy for
cTACE

The two existing RCTs com-
bined with adjuvant systemic
chemotherapy (5-desoxy-
5-fluorouridine or tegafur and
uracil) did not demonstrate any
advantage compared with sole
cTACE procedures. [18, 19].
However, for the first time an
effective cytostatic therapy for
HCC treatment was available
with the release of the oral
multikinase inhibitor Sorafenib.
Several phase Il studies
revealed a significant prolon-
gation of the time to tumor
progression and a significant
improvement in overall survival
[20-23]. However, so far the
application of Sorafenib in ad-
juvant therapy combined with
TACE has not been demon-
strated to increase the survival.
Whereas Sorafenib meanwhile
represents the gold standard
in palliative HCC therapy, its
adjuvant application after TACE
or resection is mentioned in
some case reports, only [24].
The combination of Sorafenib
and TACE used for patients on
the waiting list for liver trans-
plantation is currently exam-
ined within the framework of

a phase Il multi-center study
[25].

OHVW YMEHBLIAKT LMPKYNALMIO
KPOBM B OMyXOMNK 3a CHET CBOMX
kauecTs ambonuaaTa. [lga Buga
chepuyeckux HacTuL, UMEHOLLNXCS
Ha pbIHKe, COenaHbl U3 CTekna
(TheraSpheres®, MDS Nordion,
CLUA) nmm cmonbl (SIR-Spheres®,
Sirtex Medical, Wilmington CLLIA).
CTexnsiHHble MUKpoctepb! NOKasbl-
BAlOT 3HAYMTENBHO 60NEE BbICOKYIO
aKTMBHOCTb Ha KaXXAyH MUKpoCche-
Py, YeM CMOMSHbIE MUKPOCHEpI.
70 03HAYAET, YTO B NOCNEAHEM
crnyyae ans Tepanvu Heobxoammo
60nbLLEE KONMYECTBO MUKPOCHEp.
Mockonbky anameTp Mukpocdep 13
CMOJbl 60MbLLE, YEM Y CTEKIISHHbIX
MUKpocchep, 1x aMEONM3NPYHOLLMIA
3heKT cunbHee, NOITOMY TPOM-
603 NopTanbHOM BEHbI ABNSETCS
NPOTUBOMOKA3aHWEM K MX MpUME-
HEHWH0.

nasa 1. cTACE

Wcnonb3yeMble XuMuoTepanes-
TUYeCKue npenapatbl

B MeTa-aHanuse, npoBefeHHOM
Marelli u coaBT., MOHOTEpaNKs ¢
MOMOLLbIO XUMUOTepanesTUye-
CKOro npenapara cocrasuna 75%,
ABYXKOMMOHEHTHAs XMMUOTEpanns
- 15%, TPEXKOMMNOHEHTHas - 6% (2).
Haubornee 4acTo ucnonb3yeMbim
XMMWOTEPANEBTUYECKUM Npena-
paTom 6bin LOKCOPYOULMH (36%),
3aTeM uuennatud (31%), anvpy-
61umH (12%), MUTOKCAHTPOH (8%),
mutoMuumH C (8%), 1 SMANCS
(5%) (2).

CospemeHHble PKW npoueayp, B
KOTOPbIX MCMOMNb3YETCS AOKCOPYOH-
LMH, SMUPYOBMLIMH UAM LIMCTNTATWH,
He CMOrfv NPOAEMOHCTPUPOBATL
CYLLECTBEHHbIX pa3nu4mii nokasa-
Tenei BbKMBAEMOCT/ B 3aBH-
CMMOCTM OT pasHbIX JO3MPOBOK,
KOPPEKLUWM 103bl OTHOCUTENBHO
o6bema onyxosu, NOBEPXHOCTH
Tena Unu Beca 1 / unm MOHoTEpa-
MUK, ABYXKOMMOHEHTHOM W TPex-
KOMMOHEHTHOM XuMmnoTepanum (15,

16). Jaxe KombrHauusa umcnnatu-
Ha C anupy6uULMHOM He nokasana
MPEeNMYLLECTBA OTHOCUTESNBHO
BbIXX1BAEMOCTY N0 CPABHEHNIO

C O[IHAM LMCrnaTUHOM. TeM He
MEHee, NPy 9TOM, CPESHEE YNCIIO
npouegyp cTACE 6bi510 601bLue B
rpynne ¢ umcnnaTuHoM. Kpome Toro
B rpynne ¢ AOKCOpY6MUMHOM 6bINo
0TMEYeHO B0NbLLIE OCTOXHEHWA,
4eM Nocne BBEAEHWS LMCTnaTHHA.

ApbioBaHTHas XxuMuoTepanus
npu cTACE

[Ba PKWN cTACE B coyeTaHuu ¢
a[lblOBAHTHOW CUCTEMHON XMMUOTE-
panuei (5-ae30kcen-5-chTopypuanHa
nnm Teradypa v ypauuna) He
MPOLEMOHCTPUPOBANM KakuX-nbo
MPENUMYLLECTB MO CPABHEHNIO C
06bI14HbIMK Npouedypamu cTACE
(18, 19). B Toxxe Bpems, Bnepsble
Obina nposefieHa ahdexTBHas
uuTocTatnyeckas Tepanus MK
nepopasibHbIM MyIbTUKUHA3HbIM
nHruéutopom Sorafenib. Heckonbko
uccnegosanuit |l dhassl nokasanm
3HAYUTENbHOE YBENUYEHNE BPEME-
HU [0 NPOrPECCMPOBAHMS OMyXOmu
W 3HAYMTENBHOE yyyLleHne obLen
BbIXXMBaEMOCTH (20-23).

TeMm He MeHee, [0 CyX MOp Npu-
MeHeHne Sorafenib B agbtoBaHTHOM
Tepanun B coveTanum ¢ TACE He
NPUBOANNO K YBENUYEHMIO BbIXXUBA-
emocTu. B To Bpemst kak Sorafenib
yKe ABNSETCS 30/10TbIM CTaHAAp-
ToM nannuatmeHom Tepanum MUK,
€ro afbloBaHTHOE MPUMEHEHME
nocne TACE vnu pesexuum ynomu-
HaeTCs TONbKO B HEKOTOPbIX TEMa-
THYeckux foknagax (24). Mpumene-
Hue kombuHauus Sorafenib n TACE
Yy NAUWEHTOB B CMIMCKE OXUAAHNS
Ha TPAHCNNAHTALMIO NEYEHN B Ha-
CTOSILLEe BPeMs paccmaTpuBaeTCs
B pamkax Il hasbl MHOTOLEHTPOBO-
ro ucenepfosaqus (25).

Jlvnuopgon
Junnopon (MoAMPOBaHHbIN 3TUO-
BbI 3hMp, BbIAENEHHbINA 13 Macna



Liver Cancer

Medical ey

H el
|

Lipiodol

Lipiodol (an iodized ethyl

ester made of poppy seed

oil) is an oily contrast medium
synthesized by the chemist
Marcel Guerbet in 1901. When
injected into the liver artery it
accumulates selectively in the
HCC nodules due to arterial
supply and the non-existence
of copper cells for weeks and
even months [26, 27].

Lipiodol is continued to be
used by many groups in cTACE
as a marking agent of the

HCC nodules and as marker
for tumor vitality in native CTs
1-10 days after the TACE.
Although it is used as embolic
agent on a broad scale it is no
“real” embolization material

as it does not result in arterial
vessel occlusion. It is mostly
applied and used as carrier of
the chemotherapeutic drug.
Unfortunately its hydrophobic,
oily properties prevent the
emergence of a stabile mixture
coming into existence with the
water soluble chemotherapeu-
tic drug; i.e. the compounds
created are instable with the
.loaded” chemotherapeutic
drugs from the lipiodol/chemo-
therapeutic emulsion injected
into the tumor vessel bed
being released into the circulat-
ing blood [10]. In this sense
Johnson et al. could not prove
any difference in the pharma-
cokinetics or systemic toxicity
with the intra-arterial adminis-
trion of doxorubicin either with
or without adding lipiodol [28].
In their meta-analysis Marelli et
al. found, that, although lipiodol
is integrated in many cTACE
regimens, its benefit has not
yet been proved in correspond-
ing studies in particular with
respect to an improved release
of the chemotherapeutic drug.
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[2]. Several Japanese studies
used higher lipiodol concentra-
tions (5 mlin the min. up to

10 ml in the max. in case of
HCCs with a diameter up to 5
cm), resulting in tumor growth
being suppressed. [29]. How-
ever, depending on the liver
function total lipiodol quantity
should not exceed 20 ml (Child
A), as the administration of
higher dosages have a negative
impact on liver function due

to accumulation in the healthy
liver parenchyma. In case of
impaired liver function (Child B)
total lipiodol quantity should be
reduced to 10 ml.

Embolic Agents

Ischemic tumor necrosis is at-
tained by accute and complete
occlusion of the HCC vessel
bed due to the fact that HCC
nodules are above all fed by
arterial blood supply. Con-
trary to that, the surrounding,
healthy liver tissue is fed in
addition by portal-venous blood
supply, what explains TACE-
associated complications in
the case of the existence of a
concomitant portal vein throm-
bosis; here TACE may cause
necrosis of the healthy liver
tissue surrounding. Historically
seen the embolic agent most
frequently used is Gelfoam®.
The meta-analysis of Marelli
et al. used Gelfoam® in 71%
of the studies examined [2].
Gelfoam® causes temporary
arterial occlusion including ves-
sel recanalization within two
weeks [30]. This is in contrast
to the hypothesis according to
which an ,,optimum®“embolic
agent is to cause complete ir-
reversible occlusion of the HCC
nodule. The advantage of Gel-
foam®, however, is the fact,
that it keeps the tumor vessel

CEMSIH MaKa) npeLcTaBnseT co6ou
MaCnsHUCTOE PEHTTEHKOHTPACTHOE
BELLECTBO, KOTOPOE CHHTE3MPOBAN
xumuk Mapcens "epbe B 1901 rogy.
[pv BBELEHUM B NEYEHOYHYIO apTe-
U0, OH M3BMpaTenbHO Hakannmea-
eTcs B y3enkax LK, 6narogaps ee
apTepuarnbHOMy KPOBOCHAGXKEHMHO
n oTcyTCcTBMO KNeTok Kyndbepa, B
TEYeHNe Hefienb W faxe MEeCsLEB
(26, 27). Ilunnogon ucnons3yetcs
MHOTMMW Fpynnamu npu Nposefe-
Hun cTACE kaK MapKupoBOYHbIN
npenapart Ans y3enkos LK, n

Kak MapKep XXU3HeCnoco6HOCTH
onyxonu npu KT yepe3 1-10 gHen
nocne TACE. Xota nunnogon
LUMPOKO UCMONb3YETCS B KA4ECTBE
amMb0M3aTa, 9T0 HE «HACTOSLLMIA «
9MB0NM3aLMOHHbIN MaTepuan, Tak
KaK OH He BbI3blIBAET OKKITO3MM ap-
TepuanbHoro cocyaa. OH,B OCHOB-
HOM, MPUMEHSETCS 1 UCMONb3YETCS
B KQYeCTBE HOCUTENS XUMUOTEpa-
NeBTUYECKOr0 Npenapara.

K coxaneHnuio, ero ruapochobHbile,
MacnsHble CBOWCTBA NPENsTCTBYOT
06pa30BaHmMI0 CTABUMBHON CMECH
C BOAHOPACTBOPUMbIM XMMUOTEPa-
NEeBTUYECKMM NMPENapaToMm; T.€. He
CTabuinbHas aMynbCus U3 NUMNO-
[ona/ xumuonpenapara c «Harpy-
XKEHHbBIM» XMMMOTEPANEBTUHECKUM
npenapartom, KOTOPYH BBOAAT B
COCYAMCTOE NIOXE OMyX0u, no-
nagaeT B LMPKYMPYHOLLYHO KPOBb
(10). B aTom cMbicne Johnson 1
COaBT. He CMOrW NMokasaTb pas-
nnume B hapMakOKMHETUKE U
CUCTEMHOM TOKCUYHOCTY MEX Y
BHyTpUapTepuanbHbIM BBEAEHUEM
LokcopybuumHa ¢ nnm 6e3 nobas-
nexns aunuogona (2). B Heckonb-
KUX SINOHCKUX UCCTEN0BAHUSAX
“cnonb30Bany 6onee BbiCOKME
KOHLieHTpaumu nunuogona (ot 5 1o
10 MN1 B MUHYTY MaKc1mansHo B
cnyyae UK ¢ puameTpom 1o 5 cm),
B pe3y/bTare Yero pocT Onyxom
nogasnsncs (29). OfHako, ¢ yue-
TOM (hYHKUMI Neyenn (knacc A no

Yaiing-bto), obLiee KONM4ecTso
nMnuoZona He [OMKHO NpeBblwath
20 MmN, TaK KaK BBeLjeHWe BbICOKMX
[03 0Ka3blBarT HEraTMBHOE BO3-
LENCTBME Ha NEYEeHOYHbIEe COYHKLMM
13-3a HaKoMMEeHNs B 3[OPOBOM
napeHxumMe. B cnyyae HapyLueHms
(bYHKUMM neyenn (knace B no
Yaiing-lMbto), obLuee Konm4ecTso
NMNNOZONA FOMKHO ObITb CHUXKEHO
£o 10 mn.

Ambonusarbl

Nwemnyeckuin HeKpo3 onyxonu Ao-
CTUraeTcs NocpeaCcTBOM BbICTPON
W MOMHOW OKKKO3MK COCYAMCTOr0
noxa LUK BcneacTsue Toro, Yto
BCE Y3eJIKM OMyXO0Nu NUTaTCA 3a
CYeT apTepuanbHoro KpoBOCHab-
XXEHus.. B MpOTMBOMNONOXKHOCTL
3TOMY, OKpY>KaroLLasi, 3n0posas
TKaHb NEYEHN NoMyyaeT NuTaHme

W 3a CYeT NOPTasbHO- BEHO3HOMO
KPOBOCHABXeHMS, YTO 00bACHAET
TACE-accounmpoBaHHbIe 0COX-
HEHWs B Clly4ae Hanuuus conyT-
CTBYHOLLEro TPOM603a BOPOTHOM
BeHbl; B 3TOM cnyyae TACE moxet
BbI3BaTb HEKPO3 COCELHEN 3A0PO-
BOW TKaHu.

McTopuruecku cnoxunocs ,4To
Haubonee 4acTo UCMOoMb3yembIM
ambonusartom ctan Gelfoam®.
MeTta-aHanu3 Marelli u coasT. no-
kasan ucnonb3oeaxue Gelfoam® B
71% vccnenoBanuii (2).

Gelfoam® BbI3bIBaET BPEMEHHYHO
OKKJTHO3MIO COCYAa, B TOM ynCne
peKaHanu3aumio B TeYEHNE [IBYX
Heaenb (30). 7o onposepraeT
rMNoTesy, COracHo KOTOPOM «On-
TUMasbHbI» AMOONN3AT BbI3bIBAET
MOJHYH HEOBPATMMYIO OKKIHO3MIO
y3enka I'LUK. MpenmyLuecteom
Gelfoam®, Tem He MeHee, SBRsET-
€S TO, 4TO OH COXPaHSIET CoCyau-
CTYH0 CETb ONYX0M OTKPLITOW, YTO
No3BOSISET paHHee NpoBejeHue re
-CTACE, koTopas Takxe MoXeT
MOBTOPATLCS HECKOMBKO pas.
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Fig. 2: Same patient: 1. DEB-TACE session. a.-b. transfemo-
ral placement of a short 4-F sheath in the right groin over an
0.035" 180 cm J-wire. Than overview angiography with an

4F 110 cm 4F Sidewinder Typ | catheter (Cordis, USA) placed
in the celiac trunk showing the big HCC nodule in the liver
segments II/lll and the 2 smaller ones in the right & left lobe.
Superselective recanalisation of the left liver artery using an
2,8F Microcatheter Progreat (Terumo, Japan) via the left gastric
artery (black arrow). c.-d. embolisation of the large HCC in the
segments II/lll (black arrowheads) using the complete 3 ml of
75um Tandem DEB-particles (CeloNova, USA) loaded with 150
mg of doxorubicin plus 11 ml of unloaded Embozene 250 um
(CeloNova, USA) till complete stasis.
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Puc. 2: To xe naunenT: 1 DEB-TACE:. a.-b. TpaHcthemopansHoe pas-
MeLLeHe KopoTKoro 4-F kaTeTepa B NpaBoi NaxoBoil 061acTv Yepes
0,035 180 cm J-npoBoaHuK. O630pHas aHruorpacms ¢ 4F katetepom
(110 cm) Sidewinder Typ | catheter (Cordis, CLLIA), pa3MeLLeHHbIM

B YpEBHOM CTBOJIe, nokasbiBaroLas 6onbLuon y3en LUK so 11/ 111
CErMeHTax MeyeHn u 2 y3enka nomeHbLLe B NpaBoii 1 NeBON JONSIX.
CynepcenekTuBHas pekaHanuaauns NeBon NeYeHOUHOI apTepun

c noMoLubro MuKkpokatetepa 2,8F Progreat Microcatheter (Terumo,
SANoHKs), Yepes NeBYHO XXEeNyA04HY0 apTepUto (YepHas CTpenka);
c.-d. am6onmaauns 6onbiuoii M'LK Bo Il / 11l cermerTax (4epHble
CTPESKM) 1 crnonb3oBaHnem 3 Mn 75 Mkm Mukpocdep Tandem DEB
(CeloNova, CLLIA), Harpy>eHHbIx 150 Mr gokcopybuumHa, natoc 11 mn
He Harpy>eHHbIx Mukpocdep Embozene 250 mkm (CeloNova, CLLIA)
[0 MOJHOrO CTa3a.

Pak neuenu
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network open, what enables
early a re-cTACE, which can be
repeated several times, too.
This repeatability could be the
reason for the well published
cTACE data with regard to

the application of Gelfoam®,
although due to size inhomog-
enity it causes occlusion in the
tumor vessel bed on different
vessel levels as further disad-
vantage [2]. The non-spheric
polyvinylalcohol particles (PVA)
are also characterized by the
problem of an inhomogeneous
and too distal an embolization
level; they are sized 50-250
um and thus considerably
smaller with an aggregation
inclination. In contrast to
Gelfoam® the PVA particles
allow semi-permanent or even
permanent arterial tumor oc-
clusion [2, 30]. These proper-
ties of the two embolic agents
were described in the study
performed by Brown et al.,
which did not detect any differ-
ences between Gelfoam® and
PVA particles in patient survival
[31]. However, very interesting
was the fact that the number
of average cTACE procedures
was significantly higher in the
Gelfoam® group.

In the past few years more
and more spherical, tightly
calibrated particles have been
applied. In them an emboliza-
tion unit (called vial) contains
still particles with different
sizes, but these differences
are considerably lower. These
particles are Embosphere®
(Merit Medical Systems, Utah,
USA) and Embozene® particles
(CeloNova BioSciences Inc.,
San Antonio, USA).

The Embosphere® particles
are trisacryl gelatin micro-
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spheres with a high sphericity,
what allows an increased distal
penetration: increased targeted
embolization, with occlusion

of smaller and more peripheral
vessels located in the tumor
bed [6]. Furthermore, in cTACE
they have the advantage of not
showing undesirable aggrega-
tion of particles due to their
hydrophilic surface, which was
demonstrated by two studies
(6, 32I.

Initially, Embosphere® particles
of mostly larger sizes were
used for cTACE (100-300 pm or
300-500 pm), however, today
smaller particles (40-120 pm)
are also applied to achieve bet-
ter stasis of the tumor vessel
bed/target vessel [33].

The Embozene® particles are
also spherical and consist of

a hydrogel core containing an
anti-inflammatory nanocoating
called Polyzene®-F. For cTACE
small 40 pm and 100 um
particles are used. Compared
with Embospheres® they are
tighter calibrated: 95% of all
particles in a vial contain show
a 25um deviation from the 100
um nominal size and/or a 10
uUm deviation as regards the 40
um particles, resulting in a very
homogenous embolization and
an embolization level easy to
control [34].

The reason that more and
more smaller particle sizes are
used (which in addition are
tighter calibrated) is the fact
that smaller particles achieve
a more complete and larger
necrosis, because they cause a
more distal occlusion, simul-
taneously preventing collat-
eral supply by the surrounding
tissue [35]. In the case of very
large HCC or HCC growing in

OTa BO3MOXHOCTb MOXET BbITb
MPUYUHON MHOTUX MyGnnKaLmii

no cTACE ¢ ncnonb3osaHuem
Gelfoam®, xoTs OH 13-3a CBOEA
HEOAHOPOAHOCTY BbI3bIBAET 3aKy-
MopKy B COCYANCTOM NOXE ONyX0nu
Ha pasHbIX YPOBHSIX, YTO ABASETCS
eLLe OfHUM HELOCTATKOM (2).

Hecchepnyeckune YacTuubl U3 no-
nvsuHunankorons (MBA) Takxe
OT/INYAKOTCH HEOAHOPOAHOCTBIO U
C/MLLKOM AUCTasbHbIM YPOBHEM
aMB0NM3aLM; X pa3MepbI CO-
crasnaoT 50-250 MKM, NO3TOMY
OHM OTNNYATCS MEHBLUMM arpera-
LIMOHHbBIM HaKNIOHOM. B 0Tanume o1
Gelfoam®, MBA yacTuubl N03B0NS-
t0T AOCTHUYb NOMYNOCTOSHHYH I
AaXe NOCTOSHHYIO apTepUarbHYHo
OKKJTt03ut0 onyxonu (2, 30).

OTu CBOWCTBA ABYX AMOONM3ATOB
ObINIM ONKUCAHbI B UCCEA0BAHMM,
npoBeAeHHOM Brown 1 coaBT,
KOTOpbIE HE 0BHAPYXMIMN HUKaKUX
pa3nuumid Mexay Gelfoam® v MBA
4acTULaMM1 OTHOCUTENBHO BbKM-
BaeMoCTy naumeHToB (31). TeM He
MEHee, MHTEPECHbIM 6bI10 TO, YTO
B cpeaHeM, uucno npoueayp cTACE
ObINI0 3HAUNTENBHO BbILLE B Fpynne
¢ Gelfoam®.

B nocnenHue HeCKOMbKO NET BCE
60nbLUe 1 60fIbLLE NPUMEHSIOTCS
cehepuyeckue, TOUHO KannbpoBaH-
Hble YacTuubl. EauHuua ambonu-
3aTa ((hN1akoH) eLLie COAepXXMUT
MUKpOCEEpb! ¢ pasHbiMM pa3Mepa-
MM, HO 3TV Pa3nnyns 3HAYUTENLHO
MeHbLe. 3710 - Embosphere®
(Merit Medical Systems, wrar tOTa,
CLUA) n Embozene® yacTuupl
(CeloNova BioSciences Inc., Cax-
AnTOHKO, CLLIA).

Yactuusl Embosphere® - 310 Tpua-
KpWn - XXenaTnHOBble MUKPOCEpDI
C BbICOKOW CPEPUYHOCTBIO, YTO
NOBbILLIAET WX AUCTANbHOE NpO-
HUKHOBEHME: yNyyLLaeT npuLes-
HYt0 3M60NM3aLMI0, C 3aKyNOpKOi

Menkux 1 6onee nepucpepuyeckmx
COCY[L0B, PACMONOXEHHbIX B NIOXE
onyxonu (6). Kpome Toro, npu
CTACE 0HM MMer0T NpenMyLLecTBo,
HE BbI3blBas HEXXENATENbHYIO
arperaumio 4yacTuu u3-3a ux
rMapochunbHON NOBEPXHOCTH, YTO
6110 MPOAEMOHCTPUPOBAHO B [BYX
uccnenosanunsx (6, 32). Bravane
ans cTACE, B OCHOBHOM, 1CMONb-
3oBanucb Embosphere® 6ombLumx
paamepos (100-300 mkm unn 300-
500 mKM), 0AHaKo, B HacTosLLee
BPEMS TAKXXE LLIMPOKO NPUMEHSAIOT-
cs 6onee Menkue yacTuubl (40-120
MKM) Ansi LOCTUXKEHNS fyyLLero
CcTa3a cocy0CTOro f0Xa onyxonu /
Lenesoro cocyaa (33).

Yactvusl Embozene® Takxe cde-
PUYECKNE W COCTOAT U3 raporene-
BOr0 4pa, COAEP>KaLLero npoTMBo-
BOCNaNMUTENbHOE HAHOMOKPLITHE

C Ha3saHuem Polyzene®-F. [Ins
CTACE ncnonb3ytotes 40 MKM 1
100 MKM Mukpocdepsl. 1o cpasHe-
Huo ¢ Embospheres®, oHu TouHee
KanmbpyroTes: 95% Bcex vacTuy
BO (hNaKoHe UMELOT OTKIIOHEHNS
25 MKM 0T HOMWHAJILHOTO pasMepa
100 MKM 1 / unm oTkrnoHeHus 10
MKM Y 4acTuL ¢ pasmepom 40 MKM,
YTO NPUBOANT K 04EHb OJHOPOAHOM
ambonmM3aumn 1 ee ypoBeHb NErko
KOHTpONMpOBaTH (34).

[MprunHON BCe 60NbLLIErO UCTONb-
30BaHNst MUKPOCEP MEHBLLIMX
pa3MmepoB (KOTopble 60N1ee TOYHO
0TKanMbpOBaHbI) ABASETCS TO, YTO
MEnKue YacTuLbl 06ecneumnBaoT
60nee NOMHbIN W BbIPAXKEHHbII
HEKPO3, TaK KaK OHM Bbl3blBAIOT
6onee AuCTarbHYyH OKKITHO3MIO,
O[IHOBPEMEHHO NpejoTBpaLlast
KonnarepanbHoe pacnpocTpaHeH e
B OKpy>xaroLme Tkaum (35).
OpHako, B cry4ae 04eHb 60MbLLOK
MUK i TLK ¢ andodpysHbIM
POCTOM W / UMK B Clly4ae NONHOM
3M60NM3aLmM1 AONM NEYEHN MOXET
ObITb PUCK CEPbE3HBIX OCMOXKHEHMI
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a diffuse manner and/or in the
case of complete embolization
of a liver lobe there may be
the risk of severe complica-
tions, if the lung suffers from
non-target embolization due to
hepatopulmonal shunting [8].
Therefore, some colleagues
recommend using larger-sized
particles in these cases [33,
36].

Both kind of spherical particles
(Embozene® & Embosphere®)
are mentioned to achieve
permanent occlusion of the
tumor vessel bed; certain reca-
nalization is shown to occur in
animal models [34].

Planning Embolization

In addition to the selection of
the size of the embolic agent,
both volume and distribution
of the embolized liver tissue
are determined by the precise
positioning of the selective
and/or microcather tip (non-
selective, selective or even
super-selective TACE). The
metaanalyses of Marelli et al.
mentioned that only 26 out of
102 studies (25%) aimed at
selective cTACE [30]. This is
very surprising as the evidence
has been provided that cTACE
is to maintain as much as
non-tumorous liver tissue as
possible [30].

Several studies have demon-
strated that selective cTACE
results in improved tumor
devascularization compared to
non-selective cTACE. Further-
more selective cTACE reduces
both the required quantity of
chemotherapy and the number
of cTACE procedures required
to attain complete tumor ne-
crosis [29, 37, 38]. Whenever
feasible a singular HCC nodule
should be treated in a targeted
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manner by means of selective
or super-selective cTACE, not
by means of embolizing the
complete liver lobe. To distin-
guish super-selective TACE
from selective cTACE some
radiologists call it sSTACE. In

a study encompassing 151
patients with HCC Ji et al.
demonstrated, performing a
multivariate analysis, that the
extent of TACE selectivity

(in addition to the majority of
tumors and portal vein infiltra-
tion/thrombosis) represented
the sole independent signifi-
cant prognostic factor of tumor-
free survival [39].

In order to determine selectiv-
ity it is very important to take
into account the dual parasitic
HCC neo-vascularization result-
ing in surviving tumorcells
located in the peripheral area
of a HCC nodule remaining vital
even the arterial tumorfeeders
were successfully embolized.
Takayasu et al. were able to
prove the existence of living
HCC cells in the peripheral area
of resected tumors after cTACE
by means of microscopic analy-
ses although a complete mac-
roscopic tumor necrosis was
realized [40]. This means that
in order to achieve a success-
ful TACE the embolized liver
volume must be larger than the
HCC volume visible in imaging
and angiography. The periph-
eral area, though apparently
healthy, is to be also embolized
at any rate. Should there be an
incomplete tumor response— in
particular as regards tumors
located in the vicinity of the
liver capsule— the existence of
extrahepatic blood supply via
e.g. the A.phrenica, the right
kidney or adrenal gland artery
or the intercostal arteries is to
be excluded [41].

CO CTOPOHbI NETKNX 13-3a HeXena-
TeNbHOM 3M60NM3aLmn BCneacTeme
renartonynbMOHANbHOrO LWYHTH-
poBaHus (8). MoaToMy HekOTOpbIE
KONMErM PEKOMEHYIOT UCMOSb-
30BaTb B 9TUX CNnyyasx bonee
KpynHble MUKpocdeps! (33, 36).

O6a Buaa mukpoccep
(Embozene® & Embosphere®)
YNOMUHAKTCA Kak ambonuaarbl ansa
AOCTUXXEHUA MOCTOSIHHOMN OKKJHO3UK
COCYAMCTOrO N10XKa ONyXosu; 0fiHa-
KO B MOAensX Ha XMBOTHbIX 6b110
MPOJAEMOHCTPMPOBAHO OMPELENeH-
HOE YNCNO peKaHanm3aumii (34).

MnaHnpoBaHue ambonumsawum
Kpome Bbibopa am6onu3ara no pas-
Mepy, ONPeSENATCS ero 06beM U
pacnpefeneHune B TKaH! NEYEHN C
MOMOLLBK) TOYHOTO MO3ULMOHMPO-
BaHUS HAKOHEYHMKA CENEKTUBHOMO
kaTeTepa v /M MukpokaTeTepa
(HecenekTMBHasl, CENeKTUBHAs UNK
paxe cynepcenexktusHas TACE).

B meTa-aHanuse Marelli n coasT.
OTMETMNM, YTO TONLKO B 26 13 102
uccnefoBaHni (25%), nnaHupoBa-
nacb cenekTuHas cTACE (30). 91o
yAMBMTENBHO, TaK Kak 6bIo Ao-
Ka3aHo, 4To aaHHas cTACE moxeT
MaKCUMarnbHO COXPaHsATb 3A0POBbLIE
TKaHn nevenn (30). Heckomnbko
MCCNEe[OBaHNIA NoKa3an, YTo
cenektuBHas cTACE npuBogmT K
6onee BbIPaXXEHHOM AeBacKynspy-
3aUKm Ornyxom Mo CPaBHEHWIO C He-
cenekTuHbiM CTAGE. Kpome ToOr0,
cenektusHas CTACE ymeHbLuaeT
TpebyeMblil 06LEM XUMMOTEPANUM 1
uncno npoueayp cTACE, Heobxo-
OMMbIX ANt JOCTUXKEHUS MOMHOM0
Hekpo3a onyxonv (29, 37, 38). Mo
BO3MOXXHOCTM KaX[iblii Y3emM0oK

UK cnepmyeT pacemaTtpusath Kak
Lenb Ans aM60nM3aLmmM ¢ NOMOLLbHO
CENEeKTUBHOW MM Cynepcenex-
TuBHOM CTACE, a He ¢ NoMoLLbto
aMb0NM3aumnm BCEi LONM NEYEHM.
Y106bI OTNMUMTL CyNepcenexkTms-
Hyto TACE ot cenextusHoii cTACE,

HEKOTOpble PAANONOr HasbiBaOT
ee sTACE.

B nccnenoBanum ¢ yqactmem

151 naumenTa ¢ 'K Ji v coasT.
MPOLEMOHCTPMPOBANM, BbIMONHSS
MYNbTUBAPMAHTHBIA aHanu3, Yto
cTeneHb cenexktmsHocTn TACE (B
[OMOJTHEHME K PACPOCTPaHEH-
HOCTM OMYXO0NU M MHDUALTPALMM
/ TPOMB03y BOPOTHOW BEHbI)
SBNSETCS €AMHCTBEHHBIM HE3a-
BMCUMbIM 3Ha4YXUMbIM NPOrHOCTUYE-
CKUM (hakTopoM 6e3peLnamBHOM
BbIXMBAEMOCTH (39).

[ins Toro 4To6bI OMPEAENUTL
CENEKTUBHOCTb, 04EHb BAXKHO yuu-
TbiBaTb [BOVHYIO NapPa3nTapHy'o
HEO-BacKynspu3aumio BCNeacTBMe
BbIXKUBAHMS OMyXONEBbIX KNETOK,
PAcroNoXeHHbIX B nepucpepuye-
ckoi obnacTu ysenka I'LK, octa-
IOLLIMXCS XKM3HECMOCOOHBIMI faXe
nocne ycneLHon amM6om3aLmm
NUTAIOLLMX OMyXOJlb apTEepU.
Takayasu v coaBT CMOTIM [10Ka3aThb
CYLLIECTBOBAHME XMBbIX KNETOK
UK B nepucbepnyeckom 3oHe
onyxonu nocne cTACE ¢ nomoLsro
MMKPOCKOMMYECKUX aHaNM30B, XOTS
MaKpOCKOMMYeckm 6bln JOCTUTHYT
MOMHbIA Hekpo3 onyxomm (40).

OT0 03HAYaeT, YTo AN AOCTH-
XeHuns ycnewHoro TACE, 06b-

€M 3MB0NM3NPOBaHHbIA NEYEH
LOJKEH 6bITb 60MbLLE, YeM 06bEM
MUK, BuAUMBIA Npu BU3yanuaaumm
u aHrvorpacuu. Mepudepuye-
ckas 06nacTb, Aaxke 300poBas
BHELLHe, B NMOOOM Clyyae Takxe
LOMKHA 6bITb 3MB0NM3NPOBAHA.
Mpw 0XXMAAHUM HEMONHOIO OTBETA
OMyXO0NK Ha Tepanuto, B YaCTHOCT,
PacronoXeHHOK B HENOCPEACTBEH-
HO¥ 6IM30CTHM OT NEYEHOUHOM
Kancynbl, OSKHO ObITb UCKIIOUYEHO
MPUCYTCTBME BHEMEHYEHOUHOrO KO-
BOCHa6)XEHMS, HanpuMep, Yepes
a.phrenica, npasyto NOYEUHYIO Ui
HaZMOYEYHNKOBYIO apTEPUIO UK
MexpebepHble apTepun (41).
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Fig. 3: Same patient: control MRI 4 weeks after the 1. DEB-
TACE. a.-b. arterial and c.-d. portalvenous phase after injection
of contrast agent: complete devascularization of the large HCC
in the liver segments Il/lll (see white arrowheads) after the 1.
DEB-Tace. The 2 small hypervascularized HCC nodules in the
right & left liver lobe (see white arrows) with the typical out-
wash pattern in the portalvenous phase not treated yet.

Sequence of Singular
Procedure Steps during
cTACE

So far the best sequence of
the different procedural cTACE
steps aren’t clear. As a first
step many groups (77%) inject
a mixture of the chemothera-
peutic drug and lipiodol (often
after producing an emulsion by
forced pumping of the mixture
of lipiodol/chemotherapeutic
drug). After that the embolic
agent is injected until tumor
vessel occlusion is reached.
Typical endpoints are stasis

or even reflux into the tumor
artery [2]. This sequence is

said to intensify the antitumoral
effect of the chemotherapeutic
drug, simultaneously reducing
side effects of chemotherapy
by blocking the intratumoral
blood circulation and prevent-
ing the chemotherapeutic

drug being washed out of the
tumor vessel bed and/or be-
ing decelerated [42]. A Study
conducted by Geschwind et

al. including 137 patients and
following three different cTACE
protocols (a. combination of
chemotherapy, lipiodol and PVA
particles; b. combination of
chemotherapy and lipiodol first
of all followed by PVA particles;

Puc. 3: To >xe nauneHT: koHTponbHas MPT uepes 4 Hefenn nocne

1. DEB-TACE. a.-b. apTepuansHas v c.-d. noptansHas asbl nocne
BBE/EHWS KOHTPACTHOrO BELLECTBA: NOAHAs AeBackynsapu3aums 60mb-
won MUK B I/ 11l cermeHTax neyenu (cM. benble cTpenkw) nocne 1.
DEB TACE. 2 maneHbkux runepaackynspuanpoBaHHbix y3enka HCC B
npaBoii 1 NIEBOIA 0NN NeYeHN (CM. 6efble CTPENKH) C TUMMUHBIM Pas-
MbITbIM PUCYHKOM B MOPTaNbHON (ha3e eLle He U3NeyeHbl.

MocnenoBaTenbHOCTb OTAEMNb-
HbIX NpoLeAyp Npu NPoBeAeHUU
cTACE

B HacTosLee BpeMs onTiMansHas
nocneaoBaTenbHOCTb MaHUny SN
npv npoeeaennn cTACE o KoHua
He ficHa. B kavecTBe nepsoro Lwara
MHOrUe rpynnbl (77%) BBOAAT
CMECb XMMMOTEPaNeBTUYECKOrO
npenapara v nunuoona (4acto
nocne Noay4YeHns aMynbCun NyTem
(hOPCMPOBAHHOTO HaKauMBAHMS
CMeCH NMN1oJona / XummnoTepanes-
TMYECKOro Npenapara).

Mocne aToro BBOAUTCS aMb6onM3aT
[0 MOMEHTa [OCTUXXEHUS NOSHOM
OKKJTHO3MK COCYA0B OMNyX0su. Tu-

NMUYHBIM 0XKUAAEMbIM PE3YSIbTATOM
SBNAETCS CTa3 UM Jaxe Pechmioke
B apTEPMIO ONyXou (2).

CuuTaeTcs, YTo AaHHas nocne-
[0BaTENbHOCTL aKTUBM3MPYET
NpOTUBOOMYXOMEBbIN 3hHEKT
XMMWUOTEPANEBTUYECKOrO Mpe-
napara, 04HOBPEMEHHO YMEHbLLAS
no6ouHble 3DPEKThI XMMUOTEPa-
nuu, 6NIOKMPYS BHYTPUOMYXO/EBOE
KpoBooGpalLeH1e 1 NpeaoTBpaLLas
BbIMblBaHWE XMMUONPENapara u3
COCYAMCTOrO N0Xa OMyXxomnu 1 / unm
YMEHbLLEHWUE KOHLEHTpauuto (42).

Wccnenosarue, nposeaeHHoe
Geschwind v coaBT. ¢ y4acTuem
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¢. combination of chemo-
therapy and lipiodol first of all
followed by Gelfoam®) dem-
onstrated that improvement

in both the injected volume of
the chemotherapeutic drug and
the long-term patency rate of
the arterial target vessels of
cTACE was revealed in those
two groups only where the
tumor vessel bed was embo-
lized after the application of the
chemotherapy/lipiodol combi-
nation [43]. Contrary to that se-
guence some groups postulate
to realize initial tumor perfusion
deceleration by means of par-
ticulate embolization, followed
by intra-arterial chemotherapy
and finally by occluding the
tumor bed by particulate re-
embolization [44, 45]. However,
Horiguchi et al. applying latter
sequence showed worse re-
sults compared to conventional
cTACE [44].

cTACE Treatment Interval
The improvement of tumor
response after cTACE by per-
forming multiple Re-TACE has
been generally accepted and
proven by literature [46-48].
Monna et al. e.g. demonstrated
a considerable increase in

the survival rate from 19% to
59% after one year following
singular TACE compared with
several TACE [47].

However, the optimum number
of cTACE procedures per
patient is unknown. In their
metaanalysis Marelli et al.
mentioned an average number
of 2,6+1,5 cTACE procedures
per patient [2]. Furthermore,

it is not clear which interval
should be selected between
the cTACE to achieve an
optimum and/or which is the
targeted cTACE endpoint. In
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their metaanalysis Marelli et
al. mentioned a mean interval
of two months between the
c¢TACE procedures (range of
4-12 weeks) [2]. Compared
with the oncological schemes
applied for chemotherapies
these time intervals between
the cTACE procedures ap-
pear to be too long due to

the fact that there is the risk
of accelerated tumor growth
during these long intervals.
With intervals of 2-4 weeks
DEB-TACE could alleviate

the problem of tumor growth
between the TACE procedures
due to a longer drug-eluting in
the tumor vessels over several
days after DEB-TACE.

There is also uncertainty
whether cTACE is to be con-
tinued in defined time intervals
up to progress of the disease,
complete tumor necrosis or
death of the patient. Indeed,
the majority of the centers
(63%) perform cTACE at fixed
time intervals until a certain
number of cTACE procedures
is attained, until complete
tumor ablation or death of the
patient [2].

The tumor restaging requires
new imaging every 3 months
intervals by means of CT or
MRT using both the arterial and
venous phase and/or an addi-
tional native phase in CT when
lipiodol is used in cTACE [49].
A counterargument to such

a stringent cTACE regimen is
the risk of an increasing liver
atrophy caused by cTACE and/
or lesions at the vessel system
due to repetitive cTACE [50].
These arterial vessel occlu-
sions may be the reason, why
it is impossible to perform
re-TACE after several aggres-

137 nauneHTOoB, KOTOPOE BK/KOUASO
cnegyrome Tpu pasnuyHbix cTACE
npoTOKONa (a. KOMOMHALMIO XUMK-
onpenapara, imnuogona v NMBA
4acTuL;.b. KOMBMHALMIO XMMWO-
npenapara v AMNMOAONA B NEPBYHo
o4epedb, C NOCneayoLLMM BBeae-
HveM MBA yacTu; ¢. KOMBUHALMIO
XMMWonpenapara v IMNUoAona B
NepBYyto 04epesib, C NOCNEAYHOLMM
BBeaeHuem Gelfoam®) npoge-
MOHCTPMPOBANO, YTO YBENMYEHNE
BBOAMMOr0 06bemMa XMMUOTEpaneB-
TMYECKOro npenapara v ynyyileHme
nokasaTens 40NroCPO4HOM NPOXO-
AMMOCTM apTepuarnbHbIX LieneBbIx
COCy 0B 6bIN0 06HAPY>KEHO TOMbKO
B TEX [BYX rpynnax, B KOTOPbIX
COCYAMCTOE NIOXE OMyX0am 6b110
9MB0M3UPOBAHO NOCHE BBEAEHUS
CMECH XUMmuonpenapar / Mnuofon
(43). Bonpekw paHHoit nocnefio-
BATENbHOCTH, HEKOTOPbIE rPynmb
CUMTAIOT, YTO LienecoobpasHee
nepBoHa4asbHO NPOBOAMTL 3a-
MeZaneHue nepchy3un ¢ NOMOLLBIO
9MB0N13aTOB, @ 3aTEM BHYTPH-
apTepuanbHyro XMMUOTEPANHIO 1,
HaKOHeLl, MOBTOPHYO 3MO0NN3aLMIO
AN OKKJK031K COCYANCTOrO NoXKa
onyxonu (44, 45). TeM He MeHee,
Horiguchi u coasT., npuMeHss
MNOCMNESHIOK0 NOCNE[0BATENbHOCTD,
nokasanu xyfLime pesynbTathl No
cpasHeHuto ¢ 06b14HON CTACE (44).

WHTepBanbl B npoBeaeHUu
cTACE

YnyuLeHre 0TBETa ONyX0onu nocne
MHOrOKpaTHO BbinonHsemoin CTACE
(re - TACE ) onucaHo B nutepatype
1 SBASIETCS O6LLENPU3HAHHBIM
thakToM (46-48). Monna u coasT.,
Hanpumep, NPOAEMOHCTPUPOBANM
3HAYUTENbHOE YBENUYEHNE No-
kasarens BbhxusaemocT ¢ 19% 1o
59%, Yepes rof nocne HECKOMbKIX
TACE, no cpaBHEHMIO C € ANHUYHOM
npoueaypoi (47). OHako onTu-
MarbHOe KONMYECTBO NpoLeayp
cTACE y ofHoro naumeHTa o

CUX NOp He BbISICHEHO. B meTa-

ananuae Marelli v coasT. cpeaHee
uucno npouenyp cTACE Ha ogHoro
nauueHTa coctasnsaet 2,5+ 1,5

(2). Kpome T0ro, He ACHO, Kakom
WHTEpBaN LOMKEH ObiTb BbIGPaH
mexay cTACE ans noctvxeHus
ONTUMASILHOTO M / UMK 0XXMAAEMO-
ro pesynbTata. B meTa-aHanuae
Marelli v coaBT. cpeaHuit uHTepBan
Mexay nsyms npoueaypamu cTACE
COCTaBAseT ABa Mecsua (AnanasoH
4-12 Hegenb)(2).

Mo cpaBHEHIO CO Cxemamu
XMMWOTEPANUM B OHKOMNOMMK, 3TV
BPEMEHHbIE MHTEPBANbI MEX Y
npouegypamu cTACE kaxyTcs
C/MLLKOM JONTMMM M3-32 TOrO, YTO
CYLLIECTBYET PUCK YCKOPEHHOTO
pocTa Onyxonn B TEYEHWE STUX
[0BOJIbHO ANUTENbHBIX NEPUOLOB.
DEB-TACE C unTepsanom B 2-4
HELEeNM MOXEeT PeLunTb npobnemy
pocTa onyxonu Mexay npoueLypa-
Mu TACE u3-3a 601ee AnuTenbHOro
NEeKapCTBEHHOr0 BO3AENCTBUS (B
TEeYEHNe HECKONbKUX AAHEN), B CO-
Ccydax Onmyxonu nocne npoBeAeHs
npoueaypbl.

CyuiecTByeT TakXXe Heonpeae-
NEHHOCTb OTHOCUTENBHO TOrO,
HY>XHO v npofonxaTs CTACE ¢
ONPEAENEHHBIMA BPEMEHHbBIMM
WHTepBanamu 40 NPorpeccupoBa-
HWs 6ONE3HM, MOMHOMO HEKPO3a
ONYXONW UNIM CMEpTM NauueHTa.
[lencTBuUTENBLHO, BONBLUMHCTBO
LIEHTPOB (63%) BLINONHSOT
CTACE uepes (ukcupoBaHHble
MPOMEXXYTKN BPEMEHM, MOKA He
6yaeT AOCTUrHYTO ONpefeneHHoe
KonvnyecTBo npoueayp cTACE, o
MOMHOTO YAANEHUS OMYXOnu UK
CMEPTY NaumeHTa.
KoHTpapryMeHTOM MpoTHB Takom
ctporon cxembl CTACE siBnseTcs
pyCK BO3pacTatoLLen atpocum
neyeHu, BbiaBaHHoW CTACE n/ nmm
NOpPakeHnst COCYAMCTON CUCTEMbI
W3-3a NOBTOPSIOLLMXCS NpoLeayp
(50). Okxnto3ns apTepuanbHbIx
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sive cTACE sessions. They are
observed to occur in particular
more frequently when very
small particles are used (40
um) for cTACE than when larg-
er ones (>300 um) are applied.
However, there are no studies
demonstrating that cTACE ,,on
demand " enjoys a substantial
advantage” compared with
cTACE characterized by a fixed
interval.

Hospital Stay after cTACE
The metaanalysis of Marelli et
al. mentioned a mean hospital
stay of 5 days [30]. The main
factor determining the length
of hospital stay is above all
the individual severity of the
so-called post-embolization
syndrome (nausea, fever and
pain) and the occurrence of
potential cTACE-associated
complications which are, how-
ever, seldom.

cTACE Side Effects
Approximately 60-80% of the
patient suffer from the postem-
bolizatation syndrome (PES)
characterized by abdominal
pain, fever and nausea; it may
last 2-4 days in different se-
verities (PES 1-3) [2]. It can be
treated effectively by adminis-
tering analgetics, antiemetics
and antipyretics; it may, how-
ever, lengthen the necessary
hospital stay [49]. The cause of
PES is still unclear; there are
two discrepant hypotheses.
According to some authors
induced tumor necrosis is the
cause of PES; they regard the
extent of PES to be the predic-
tor of therapy response [51-54].
This may very well be true in
case of superselective embo-
lization of a large HCC nodule;
however, according to other au-
thors and our own experience
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PES is caused by embolisation
of the normal liver parenchyma
with PES being a side effect
[55, 56].

Ischemic complications of cTA-
CE may lead to liver and spleen
abscesses, acute inflamma-
tions of the gallbladder, necros-
es including stenoses of the
biliary branches at a later stage
and necrotizing pancreatitis
[57]. A liver abscess emerging
after cTACE (frequency 2% in
generally results from super-
infection of the necrotic liver
tissue caused by intestinal bac-
teria. It can be treated success-
fully by means of percutaneous
drainage and administration of
antibiotics [58, 59]. A review of
2439 patients, conducted by
Song et al., showed that 1.8%
of their patients suffered from
liver abscess; Marelli et al. in
their metaanalysis of 1451 pa-
tients revealed a percentage of
1.3% [2, 60]. This complication
increases drastically in patients
after biliodigestive anastomosis
(preinterventional antibiotics
recommended).

2% of the patients were ob-
served to suffer from lesions at
the bile duct system after cTA-
CE [2], with 71% representing
above all subcapsular bilioms
(usually treated quite easily

by means of percutaneous
drainage), 17 % focal stenoses/
occlusions of the main biliary
duct branches or the DHC

and in 12% diffuse dilatation

of small intraheptic bile ducts
[61]. Whereas literature men-
tions lipiodol to be the cause of
bilioms, the focal structures of
the large bile ducts are said to
correlate with the application
of particulate embolic agents
[61]. However a study of Wang

COCYZ0B MOXET CTaTh NPUUNHON
TOr0, YTO BbINONHMTL re-TACE
MOCNE HECKOMbKUX arpecCuBHbIX
npouenyp cTACE 6yaeT HEBO3MOX-
HO. 3aMeYeHo, YTO 3TO ClyyaeTes
yalLie Npy UCMONb30BaHUM OYEHb
MenKuX vacTuy (40 MKM), yeM npu
npuMeHeHun 6onee KpynHbix (> 300
MKM).

TeM He MeHee, He CYLLECTBYET Hu
0[IHOrO UCCNEA0BAHNS, CBUAETEND-
CTBytOLero o ToM, 4To cTACE «no
Tpe6oBaHNo» UMEET CYLLECTBEH-
HOE NPENMYLLECTBO MO CPABHEHMIO
¢ cTACE ¢ chvkenpoBaHHbIM
WHTEPBANOM.

Mpe6biBaHKe B cTaunoHape no-
cne cTACE

B meTa-aHanuse Marelli  coasr.
CPEfHMiIA Konko-aeHb nocne cTACE
cocTasnset 5 aHei (30). OcHos-
HbIM (haKTOPOM, OMPEAENSHOLLMM
NPOLOMKUTENLHOCTL NPEBbIBAHNS
B CTauMOHape, Npexae Bcero,
SIBNSETCS CTENeHb TSXKECTN TaK Ha-
3bIBAEMOr0 NOCTIMBONN3ALMOHOMO
CUHApOMA (TOLUHOTA, IMX0paaKa 1
6011b) 1 BO3HUKHOBEHME accoLnm-
poBaHHbIX CTACE noTeHumanbHbIx
OCIOXHEHWIA, KOTOPbIE LOCTATOYHO
peaKu.

Mo6ouHble achexTbl CTACE
Mpu6ausutensHo 60-80% naum-
€HTOB CTPAAKT OT NOCTIME0-
nmu3aunoHHoro cuHapoma (M3C),
KOTOpbII XapakTepusyeTcsi 60/bk0
B XKWBOTE, TOLUIHOTOW 1 NMXOPaaKoM
C pa3Hoii cTeneHbro Tsxecty (MAC
1-3), 4TO MOXET AnNUTLCS 2-4 fHS
(2). OpchexTUBHO NEUMTLCS NyTEM
BBELIEHNS aHasNbreTUKoB, NPOTUBO-
PBOTHbIX M XXaPOMNOHMXXAOLLMX
CPELCTB; OfHAKO, MOXET yBeNM-
YWTb BPEMS rocnuTanusauum (49).
Mpuumna MAC go cux nop He-
SICHa; eCTb ABE NPOTUBOPEUMBLIE
runoTesbl. 10 MHEHNIO HEKOTOPBIX
aBTOPOB, HEKPO3 ONYX0/N ABASET-
Cst MpuunHom M3C ;0HM cumnTaroT,

4TO cTEneHb TskecTn MOC MoxeT
ObITb NOKa3aTeNiemM 0TBETA OMyXO/u
Ha Tepanuto (51-54). 310 MOXET
ObITb BEPHbLIM B Clyyae cynepee-
NEKTVBHON 3MB0MM3aLMKM 60MbLLIOTO
UK yana; ogHako, no faHHbIM
APYrUX aBTOPOB, U HALLMM AaHHbIM,
MM3C BbI3bIBAET AMOONM3ALMIO
HOPMasbHON NaPEHXWUMbI MEYEHN

1 SBNSeTCS NO60YHBIM APEEKTOM
npouenypsl (55, 56).

Wwemunyeckune ocnoxHeHus
CTACE moryT npusecTu k abcueccy
NeyeHn 1 CeneseHku, OCTPbIM BOC-
NaneHnsiM XXENYHOr0 Ny3bIpsi, B TOM
unCnEe HEKPO3aM, BKIOUAOLLMM
CTEHO3bI XXENYHbIX NyTei Ha 6onee
no3aHeM aTane, HEKPOTUYECKYMY
nankpeatuty (57). A6euecc nevenu
nocne cTACE (4acToTa BO3HUKHO-
BEHNS 2%) SBNSETCS PE3YbTATOM
CynepUHEKLMN B HEKPOTU3NPO-
BaHHOM TKaHW NEYEHM, BbI3BAHHO
KuLLIEYHbIMYM BakTepusamm. ITo
MOXET 6bITb YCMELLIHO BbINEYEHO C
MOMOLLIbHO YPECKOXHOTO ApeHaxa u
BBELEHNS aHTUOMOTUKOB (58, 59).

0630p 2439 nauneHToB, NPoBe-
[eHHbI Song v coasT., nokasarn,
410 1,8% 13 HUX cTpagan ot
abeuecca neyenu;. Marelli v coasT.
B MeTa-aHanuse 1451 naumen-

TOB npofemoHcTpuposanu 1,3%
Takux cnyyaes (2, 60). [JaHHoe
OCOXXHEHME YacTO BCTPEYBAETCS
y B0MbHBIX ¢ GUAMOANTECTUBHBIM
aHacToMO30M (No3ToMY nepes
BMELLIATENLCTBOM PEKOMEHAYETCS
KypC aHTUEMOTUKOB). Y 2% Habnko-
faemblx nauvenTos nocne cTACE
(2) 6blmm 06HaPY>XEHbI NOBPEXAE-
HUS XKeNYHbIX MPOTOKOB, Y 71% 13
HUX - CyOKancynsipHble GUAOMBI
(06bI4HO nevaTcst AOBOMBHO NETKO
C MOMOLLbK) YPECKOXHOMO ApeHa-
xa), y 17% - o4aroBble CTEHO3bI /
OKKJTHO3WM OCHOBHbIX BETBEW XEN-
YeBbIBOAALLMX NYyTel uin obLuero
XENYHOro notoka v B 12% cnyvaes
- A hy3HOE PacLLMPEHNE MEKUX
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et al. revealed that only 5 of
1092 patients (0.5%) suffered
from severe lesions of the bile
ducts [62]. According to our
experience there is an increase
in intraparenchymatous bile
duct lesion at cTACE when
very small particles (40 pm) are
used.

From the clinical point of view
it may be very difficult to
distinguish a severe PES from
pancreatitis as a result of ,non-
target” embolization (mostly
due to backflow into the A.
gastroduodenalis). For that
reason co-embolization of the
pancreas head is to be preclud-
ed by means of lab controls
(and possibly CT) [63].

Liver Failure: Contrary to typi-
cal PES occurring after cTACE
which is accompanied by tem-
porary (potentially even severe)
increase in transaminases, the
acute liver failure experienced
after cTACE is a complication,
which occurs seldom. Liver
failure after cTACE results
from the embolization of the
healthy, non-tumorous liver
tissue in particular in the case
of cirrhotic patients suffering
from restricted liver function.
Chan et al. observed acute liver
decompensation after cTACE
[64], however, liver function
resumed normal values; only
3% of the patients showed
irreversible liver decompensa-
tion [2]. Chan et al demonstrat-
ed a correlation of acute liver
decompensation with increas-
ing bilirubin level, worse PTT
values and the degree of liver
cirrhosis [64].

~hon-target” Embolization:
Besides non-target emboliza-
tion of the pancreas caused by
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the embolic agent flowing back
into the die A. gastroduodena-
lis non-target embolization of
the stomach via the right and
left stomach artery are further
sources of complications (e.g.
ulcera). The complication rate
is in particular higher with the
truncus coeliacus showing
vessel variations and with a
very distal exit of the right A.
gastrica from the A. hepatica
propria or even from the left
liver artery [65].

30-day Mortality: In large-
scale metaanalyses and multi-
center studies cTACE associat-
ed 30-day mortality accounted
for 0.5-2.4% (2858 and/or 8510
patients) [2, 66]. Causes of
death are above all acute liver
failures, acute kidney failure,
upper gastrointestinal bleed-
ings, rupture of mostly a very
large and above all exophytic
HCC, and sepsis after liver
necrosis superinfection [2].

Tumor Response and
Survival after cTACE

In view of the fact that there is
no cTACE standardization, re-
sulting in implementation being
very different it is very difficult
to compare the many avail-
able studies (most are mono-
center). This is particularly true
as tumor response is assessed
differently in the various stud-
ies, i.e. on the one hand on the
basis of the WHO classification
up to 2003 and on the other
hand by means of the RECIST
and EASL Classification until
today [49].

Marelli et al. [2] in their
metaanalysis revealed tu-
mor response rates (OR)

of 40£20%. Their result is
comparable to a percentage

BHYTPUNEYEHOUHbIX XXENYHBIX
npoToKoB (61). B T0 Bpems, Kak B
nuTEpaType Kak Npu4nHa 6unmom
YNOMWHAETCS MMMWUOZON, 04aroBbIE
06pa30BaHmMs 60MbLIKMX XKEMYHbIX
MPOTOKOB, KaK OMMUCaHO, KOpPeny-
PYIOT C MPUMEHEHNEM CCDEPUHUECKIX
ambonusatos (61).

OnHako uccnenosanne Wang u
COaBT. NPOLEMOHCTPUPOBAITO,

470 TONLKO 5 13 1092 nauneHToB
(0,5%) cTpagamm OT TSHKenbIX Mo-
PaXXEHMIA XENYHbIX MPOTOKOB (62).
Acxoas 13 Hawero onbITa, Nopaxe-
HUE BHYTPUNEUYEHOUHBIX XXENUYHbIX
npoTokos npu cTACE vale npouc-
XOAMT MPU UCMOMb30BaHUN O4EHD
MenKux MuKpocdep (40 MKM).

C KIMHMYECKON TOYKN 3PEHMS,
0Y€Hb TPYAHO OTNNYUTL TSXKENbIE
M3C oT naHKpeaTtuTa B pesynbTaTe
«HeLieneson» ambonuaaumn (B
OCHOBHOM M3-3a PETPOrpasHoOro
kpoBoTOKa B a.gastroduodenalis).
Mo 3T0M >Xe NpU4MHE, C NOMOLLLIO
NabopaToPHbIX MCCNEe0BaHWiA (1,
BO3MOXHO, KT) cneayet uckrio-
YUTb IMBOM3ALMIO FONIOBKM MOA-
XKEnyLOoYHOM Xenesbl (63).

MeyeHoYHas HeAOCTATOYHOCTD
B otnnune ot TunnyHbIx MAC, BO3-
Hukatowmx nocne cTACE, koTopele
COMPOBOXAAKOTCS BPEMEHHDIM, 1
3a4acTyto, AaXKe BbIPaXXEHHbIM
YBENIMYEHNeM TpaHCammnHas,
0cTpast NeYeHOUHas HeAoCTaTou-
HocTb nocne cTACE siBnsetcs
KpanHe PELKUM OCTIOXKHEHWEM.
MeyeHOYHas HeLOCTATOUHOCTb MO-
cne cTACE sBnseTcs pesynbTaTom
amMB0nM3aLmMn 3L0POBOHA, HEOMYXO-
NEBO TKaHW NEYeHN, B YaCTHOCTMH,
B Cly4ae NauMeHTOB C LMPPO30M,
CTPafatoLLMX OT HapyLLEHMS neve-
HOYHbIX cpyHKUMA. Chan u coaBT.
Habnoaanu OCTPYH NEYEHOUHYH
pexkomnencaumto nocne cTACE(64),
O[iHaKO, PYHKLMK NeyeHm Boc-
CTaHaBNIMBANNCh; W TONBKO Y 3%

naunMeHToB pa3sunacb H806paTI/1-
Masa AeKoMneHcauus neveHu.

«Heuenesas» aMm6onusauus
Kpome HeueneBoii ambonuaaumnm
noAXenyA04HON XXenesbl, Bbl-
3BaHHOM 3MO0NIM3ATOM, KOTOPbIN
HanpaenseTcs 06paTHo B a.
gastroduodenalis, HeLenesas
amMO0NM3aums XXenyaka Yepes
Mpasyto W NEBYIO XKeNyA0UHbIE
apTepum TakxKe SBASETCS NpUUMHa-
MM OCTIOXKHEHWIA (HanpuMmep, A3Bbl).
lNokasatenb OCHOXHEHMI BblLLe
NpW YPEBHOM CTBOSIE C COCYAUCTbI-
MM BapMaLmMsM1 1 NP1 04eHb ANC-
TanbHOM BbIXOAE NPaBoi a. gastrica
u3 a. hepatica propria unu gaxe 13
NEeBOW NeYeHOYHO apTepum (65).

30-aHeBHasA CMepTHOCTb

[pu KpynHomacwTabHoM MeTa-
aHann3e 1 MHOrOLEHTPOBbIX
UccneaoBaHmsx, acCoLMMPOBaHHAs
¢ ¢cTACE 30-aHeBHas neTanbHOCTb
coctasina 0.5-2.4% (2858 u / nnu
8510 nauneHToB)(2, 66). MprunHON
CMEpTH CTanu, Npexae BCero,
0cTpas NeYEHOYHAs HEAOCTATOY-
HOCTb, OCTPasi NoYeyYHas Heao-
CTaTOYHOCTb, BEPXHEE XKenyA04HO-
KULLIEYHOE KPOBOTEYEHME, Pa3pbIB,
B OCHOBHOM, 04€Hb 60MbLLOM W,
npexxae Bcero ak3ocuTHoM LK, 1
CEMncuc nocne cynepuHekLmm npu
HeKpOo3e nevenn (2).

OTBeT ONyX0NK Ha Tepanuio 1
BbhKMBaeMocTb nocne cTACE

B cBsi3n ¢ oTCyTCTBMEM CTAHAAP-
Tn3aumm cTACE, uTo npuBeno k
Pa3Nn4HbIM anropuTMam UCronb-
30BaHWs NpoLeaypbl, O4EHb TPYAHO
CpaBHWBATb faHHble MHOTUX
NPOBeJEHHbIX UCCNEefO0BaHMIA
(60MBLUMHCTBO M3 HUX - MOHOLEH-
TPOBbIE). ITO CBSA3AHO € TEM, YTO
OTBET OMyXOMM Ha Tepanuio no-
Pa3HOMY OLEHWUBAETCS B Pasnny-
HbIX MCCNE0BaHNSX, T.€., C 0AHOM
CTOPOHbI, 10 2003 roaa, Ha 0cHOBE
knaccuchmkaumm BO3, u, ¢ apyroi
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WYOHAR
Pak neyeHu

Fig. 4. Same patient: 2. DEB-TACE. a.-b. superselective
angiography of the common hepatic artery using an 2,8F
Microcatheter Progreat (Terumo, Japan) showing 2 small
HCC in the right and left lobe (segments IV and VI) in the
arterial and late phase (black arrowheads). c.-d. superse-
lective recanalisation of both segments and embolisation
till complete stasis (in segment IV with 0,6 ml 75um
Tandem DEB-particles loaded with 30 mg doxorubicin and
in segment VI with 0,8 ml 75 pm Tandem loaded with 40
mg doxorubicin).

Puc. 4: To xe naumeHT: 2. DEB-TACE. a.-b. cynepcenekTusHas
aHrvorpachust 06LLeli NeYEHOUHOM apTepuy C UCMONb30BaHNEM
MukpokateTepa 2,8F Microcatheter Progreat (Terumo, Sinotus
LemoHcTpupyeT 2 Hebonblumx LK y3enka B npasoii v neson
ponsix (cermeHTsl IV 1 VI) B apTepuanbHoii i 0TCPOUeHHON dasax
(4epHble cTpenki); ¢.-d. cynepcenekTuBHas pekaHanuaaums
0601X CErMEHTOB 1 AMO0AIM3aLNS O NOMHOTO CTa3a B CErMeHTe
IV ¢ ncnonb3osanunem 0,6 mn 75 Mkm mukpocdep Tandem DEB,
Harpy>xeHHbIx 30 Mr JoKcopy6uLMHa, 1 B cermerTe VI - c no-
MoLLbto 0,8 Ma 75 MkM MukpoccepTandem, Harpy>keHHbIX 40 Mr
LOKCOpy6uLmMHa.

of 156-65% achieved by Llovet
et al. [67] and results of Vogl
et al. indicating a 15-60% local
tumor control in patients with
palliative therapy approach
(5-year survival of 8-43%)
and 18-63% in patients with

a potentially curative therapy
approach [68]. A metaanalysis
of Llovet et al. demonstrated
a significantly superior 2-year-
survival after cTACE/TAE (six
RCTs) compared with BSC
(four RCTs) and/or suboptimal

CTOPOHbI, ¢ noMoLbto RECIST u
EASL knaccudomkaumii (49).

PesynbTartbl, nonyyeHHsle Marelli v
coasT. 1 Vogl. 1 c0aBT. NPOAEMOH-
cTpupoBanu 15-60% nokanbHbIi
KOHTPOSIb ONYX0NM Y NaLWEHTOB

Npv NPOBEAEHUM NanNaTUBHOM
Tepanuu, (5-NeTHsS BbIXXuUBae-
MOCTb 8-43%) n 18-63% y naumen-
TOB C MPUMEHEHWEM MOTEHLMANBHO
neyvebHbIX MeTOA0B Tepanuu (68).
Merta-aHanus Llovet v coasT. npo-
[EMOHCTPMPOBAN 3HAYUTENBHO
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therapies (two RCTs encom-
passing oral administration of
Tamoxifen and iv. administra-
tion of b-Fluorouracil) (OR 0.53;
95% CI1 0.32-0.89; p = 0.017)
[69]. In their publication Marelli
et al. mentioned a survival rate
of 62+£20%, 42+17%, 30+15%
and 19+16% with mean
survival time of 18+9 months
after 1, 2, 3 and 5 years [2].
Takayasu et al. showed 5-year-
survival time of even 26% for
non-resectable HCC in 8510
patients, a result of the largest
number of cTACE patients
published [66].

Chapter 2. Bland
Embolization (transarterial
embolisation TAE)
Theoretically, cTACE should
achieve better results than
bland embolization as it com-
bines cytotoxicity of intraarte-
rial chemotherapy with embo-
lisation induced tumor hypoxia
induction. Studies performed
showed cTACE to be superior
compared to chemoperfu-
sion (TOCE) as regards the
extent of tumor necrosis
achieved and/or total survival
[70]. However, the evidence
of chemotherapy's additive
antitumoral effect at cTACE
compared to bland emboliza-
tion is not so stable. Evidence
could not be provided by three
RCTs (two RCTs did not show
any significant survival advan-
tage) [7, 71, 72]. Malagari et al.
on the other hand succeeded
in demonstrating the additive
effect of chemotherapy for
advanced HCCs in a current
prospective monocenter study,
comparing two groups (41 and/
or 43 patients): a. with doxo-
rubicin loaded DC-Beads® (as
DEB-TACE) b. with non-loaded
DC-Beads® (so-called. Bead-

Blocks®) as bland embolization
[73]. After six months CR of
26.8% (PR of 46.3%) according
to EASL was found in the DEB-
TACE group compared to CR
of only 14% (PR of 41.9%) in
the bland embolization group.
After 9 and 12 months the
local recurrence rate (45.7%
vs. 78.3%) was superior in
the DEB-TACE group as well
as a significantly longer time
to progression (p = 0.008).
This led to the hypothesis that
the tumor ischemia, caused
by embolization, is the crucial
factor for the HCC emboliza-
tion success. However, recent
research in the field of the
angiogenesis factors revealed
that hypoxia could very heavily
stimulating angiogenesis [74]
and thus tumor growth [75].
HCC embolization resulting in
tumor hypoxia (without 100%
necrosis) could therefore even
induce tumor growth [76].

By means of measuring the
Vascular Endothelial Growth
Factor (VEGF) in the serum
(significant increase in HCC
embolisation) Kobayashi et al
were able to provide evidence
of the existence of direct cor-
relation between the extent of
embolization, tumor hypoxia
and the stimulation of new
blood vessels [77].

Therefore, the embolization
target should be complete
embolization aiming at 100%
necrosis of the HCC nodule
and/or maintaining the repro-
ducibility of TACE at short
intervals. Bonomo et al. treated
53 HCC patients by means of
bland embolization using 40
um and 100 um Embozene®
particles including a maxi-
mum follow-up of 12 months
response control by means

YIyULLEHHYIO 2-NETHIOK0 BbIXMUBAE-
mocTb nocne cTACE / TAE (wecTb
PKW) no cpasHeHuto ¢ BSC (4eTblI-
pe PKW) u / unm cy6onTumansHom
Tepanuei (gBa PKW), o v nocne
nepopasibHOro nprema TaMoKCH-
(beHa 1 BHyTPMBEHHOO BBEEHUS
5-thTopypaumna (0,53; 95% AN
0.32-0.89, p = 0,017)(69).

B cBomx ny6nukauumn Marelli n
COaBT. YyNIOMMHAIOT NOKA3aTeNb Bbl-
XMBAEMOCTM 62 + 20%, 42+17%,
30+15% 1 19 + 16% co CpeaHUM
BPEMEHEM BbIXMBaHUs 18 + 9
mecsues nocne 1,2, 3 n 5 net

(2). Takayasu. v coasT. nokasanm
5-NeTHIO BbIXKMBAEMOCTb Ha
ypOBHE 26%)Y 60NbHbIX C HEpe-
3ekTabenbHon UK cpeav 8510
nauMeHToB, HanboMbLIEero umcna
nauvenTos nocne cTACE B ony6au-
KOBaHHbIX faHHbIX (66).

naBa 2. MpocTas am6onusaums
(TpaHcapTepuanbHas ambonusa-
ums, TAE)

Teopetuyecku, cTACE ponxHa
Aasartb NyyLune pesynbTarbl,

4em npocTas ambonm3auns, Tak
Kak COYeTaHWe LMTOTOKCUYHOCTH
BHYTpUapTEpHanbHOM XMMHUOTE-
panuu ¢ amM6onm13aLmnein onyxomnu
WHAYLMPYET FUMOKCHIO ONYXOmu.
MpoBeaeHHbIE UCCnenoBaHus,
nokasanu, 4yto cTACE npeBoc-
xoanT xumuonepcpyauo (TOCE) no
CTEMEHM HeKPOo3a Onyxomu 1 1 / uim
o6Leit Bbxusaemoctu (7, 71, 72).
Malagari 1 coasT., C [pyroi CTopo-
Hbl, Y4a10Cb NPOAEMOHCTPUPOBAT
LOMONHUTENbBHbINA 3HDEKT XUMMO-
Tepanuu Ha NPOABMHY TbIX CTAANSX
UK B TekyLLem NpocnekTMBHOM
MHOLIEHTPOBOM WCCNEA0BAHMM,
cpasHuBas fige rpynnbl (41 1/ unm
43 nauneHToB): a. ¢ OKCOpyOULM-
HOM Ha Mukpocdepax DC-Beads®
(DEB-TACE) b. ¢ He3arpy><eHHbl-
Mu Mukpocepamn DC-Beads®
(BeadBlocks®), T0 eCTb € NPOCTOM
am6onmusaumeit (73). Mocne wectu
MecsLieB nokasaresb NoiHoro

oTBeTa onyxonu Ha Tepanuto (CR)
B rpynne DEB -TACE coctasun
26,8%, a nokasaTeflb 4aCTUYHOro
otseTa onyxomm (PR) - 46.3%), a

B rpynne npocToi aMbonmaaumm

- 14% v 41,9%, COOTBETCTBEHHO.
[Mocne 9 v 12 MecsLeB nokazaTenb
nokasnsHoro peunamsa (45,7%
npoTuB 78,3%) 6bin ny4iwe B DEB -
TACE rpynne, Takxe, Kak v 6onee
ANUTENbHOE BPEMS [O Mporpeccy-
poBaHus 3abonesanus(p = 0,008).
OT0 NpUBENO K MPEANONOXEHNIO,
4TO ULIEMMS OMYXONK, Bbl3BaHHas
aMbonn3aumei, SBSeTCs peLato-
MM haKTOPOM ANS YCNELWHOCTH
ambonmaaumum LK.

TeMm He MeHee, HeaaBHWe uc-
cnefoBanus B 0611acTv ¢hakTopos
aHruoreHe3a nokasanu, 4To
FUMNOKCUS MOXKET CUIIbHO CTUMY-
NMPOBATb @HrMOreHE3 1, TakuM
06pasom, 1 pocT onyxonu (74, 75).
Owmbonmuzaums MUK, nHayumpytowas
runokcuio onyxosu (6e3 100% He-
Kpo3a), Tak)Ke MOXXET Bbl3BaTh €€
pocT (76).

C nomoLbto n3MepeHus thakTopa
pocta aHgoTenus cocyaos (VEGF)
B CbIBOPOTKE KPOBM (0TMEYaeTCs
3HAUUTENBHOE YBENMYEHNE NPH
LK am6onmu3aumm) Kobayashi

W COaBT CMOT I NPEAOCTaBMTb
[0Ka3aTenbCTBa CYLLIECTBOBA-

HUM MPSIMOIA KOPPENSILMK MEX LY
CTEeneHbt aMB0AM3aLMK OnyXomu,
TUMOKCHEN 1 CTUMYNSILMEIA pocTa
HOBbIX KPOBEHOCHBIX COCYZOB (77).
Taxum 06pasom, Lenbio amBonn3a-
LIMOHHOM NpoLieaypbl AOMKHA ObITh
nonHas amMbomM3aums ¢ OCTHUXKe-
HueM 100% Hekpo3sa y3na MUK u

/ unn obecneveHne BOCMPON3BO-
anmocTv TACE yepes kopoTkue
MPOMEXXYTKN BPEMEHM.

Bonomo v coaBT nponeunnu 53 na-
uvenTa ¢ MUK ¢ nomoLbto npocToi
aM6onn3aumm ¢ UCromnb3oBaHnem
40 mkm 1 100 MKM MuKpocdep
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of MDCT [8]. After 1, 6 and

12 months PR of 35%, 56%,
and 51% and/or SD of 62%,
37%, and 16% were observed.
Bonomo et al. succeeded
achieving large and complete
necroses of large HCC (up to
12 cm). Four patients suffered
from minor complications. One
patient died 24 hours after
embolization due to pulmonal
embolism caused by necrotic
tumor tissue and microparticles
of a liver vein.

In 43 patients Erinjeri et al.
examined the patency of the
arterial liver vessel system
after 5 or more bland embo-
lization procedures, respec-
tively, using PVA particles and
continuing embolization up to
complete stasis in the vessel
bed. [78]. Despite of multiple
embolizations 83% of the
patients showed complete
patency, 13% vessel occlusion
of fifth order in the maximum
and 1 patient of fourth order,
documenting the possibility of
good reproducibility of bland
embolization.

Chapter 3. DEB-TACE with
Drug-Eluting-Beads

A new approach for transvas-
cular ablation of hypervascular
tumors was developed within
the field of brain tumors with
Siegal et al. using liposoms
circulating for a longer time in
the blood as chemotherapy
carrier [79]. Their particular
surface structure prevents
liposoms from being captured
by phagocytes resulting in
higher cytotoxicity of both the
chemotherapeutic drug and
therapeutic activity. These
suggestions gave an impe-
tus for the development of
microspheres loadable with

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

doxorubicin (DC-Beads®, Bio-
compatibles, UK) or epirubicin
(HepaSphere®, Merit Medical
Systems, Utah, USA) within
the field of HCC. The aim was
to release a chemotherapeutic
drug out of particles located in
the tumor vessel bed slowly
and in a controlled manner with
simultaneous decrease of the
systemic chemotherapy level.
Hong et al. examined the appli-
cation of DC-Beads® (spherical
PVA particles with diameters of
100-300 pm and 300-500 um
which shrink by 20-25% after
loading) in the animal model;
they were able to demonstrate
that doxorubicin plasma con-
centration was by 70-85% sig-
nificantly lower than compared
with the control group after
intra-arterial administration of
doxorubicin [80]. Intratumorally
the doxorubicin concentration
peaked after three days (413.5
nmol/g) remaining thereupon at
the peak level for seven days
(116.7 nmol/g), dropping con-
siderably after 14 days (41.76
nmol/g). These characteristics
provide evidence of sustained
doxorubin release DC-Beads®
for days. After seven days tu-
mor necrosis (up to 100%) was
most strongly represented with
only minimum changes in liver
function parameters.

In clinical practice the DC-
Beads® are loaded with a
maximum loading dose of 75
mg/m? doxorubicin or with a
fixed dose of 150 mg doxoru-
bicin (for 2 DC-Beads® vials)
[73, 81-83] with a theoretical
maximum life time dose of
doxorubicin amounting to 450
mg/m? [35]. Should there be
an increased bilirubin level
between 1.5 and 2 mg/dL the
loading dose is to be reduced

Embozene®, ¢ MakcumanbHbIM Ha-
éntofeHneM B TeveHne 12 Mecsues
C KOHTPOMEM OTBETA MPX NOMOLLM
MYNbTUTAETEKTOPHON TOMOrpa-
¢um (MDCT)(8). Yepes 1,61 12
mecsueB PR coctasun 35%, 56%,
1 51% n / nmm ctabunusnposaxue
3abonesanus (SD) 62%, 37%, u
16%. Bonomo v coaBT. yaanoch
LOCTMYb O6LUMPHBIX U MOJSHbIX HE-
kpo308 npu 6onblumx MUK (8o 12
CM). YeTbipe naumeHTa cTpaganv
OT HE3HAYMTENbHBIX OCTIOXHEHWIA.
OnuH naumeHT ymep yepes 24 vaca
nocne amM60n13aLmm BCAEACTBUE
NErOYHON 3MBONUM, BbI3BAHHOM
HEKPOTUYECKOI TKaHbH OMyX0mnK

1 MMKPO4ACTMLIAMM NEYEHOHHOM
BEHbl.

Y 43 naumenTos Erinjeri n coasT.
uccneoBany NpoXoauMMoCTb apTe-
puarbHbIX COCY0B MeYeHu nocne 5
unm 6onee NPOCTbIX 3MBONM3ALMIA,
PETPOCNEKTUBHO, C UCMOMb30BaHM-
em MBA yacTuu 1 npojomKeHnem
ambonu3aumMm O NONHOro cTasa B
cocyamcToM noxe (78). HecmoTps
Ha HECKONbkO ambonnaaumii, y 83%
nauneHToB HabKAanach NonHas
NPOXOAMMOCTb, Y 13% - OKKNIO3us
COCY[I0B MakCUMyM MSATOro no-
PsIAKa 1y 1 naumeHTa - YeTBepToro
nopsaKa, YTo AEMOHCTPUPYET
BO3MO)XHOCTb XOPOLLIEN BOCMPOM3-
BOAMMOCTM NPOCTOM aMOOAM3ALMM.

'nasa 3. DEB-TACE ¢ mukpocde-
paMy ¢ nekapcTBEHHbIM Hanon-
HeHueM

HoBbIii NOAXOA NPY BHYTPUCOCY An-
CTO abnsumMu runepeackynspuan-
POBAHHbIX OMYXONeiA B FONIOBHOM
Mo3re 6bin pa3paboTaH Siegal u
C0aBT., KOTOOPbIE MCMONb30BaNM
TIMMOCOMbI, LMPKYNMPYHOLLME B
TEUEHNE ANUTENbHOTO BPEMEHM

B KPOBW, B KQ4eCTBE HOCUTENEN
XMMWOTEPANEeBTUYECKOrO Npe-
napara (79). Mx ocobast cTpyKTypa
NOBEPXHOCTU NPeAoTBpaLLaeT
3axBar harountamu, NpuBoas K

60J1e€ BbICOKOM LIMTOTOKCUYHOCTY M
TepaneBTUYECKON aKTUBHOCTU XU-
MWUOTEPaneBTUYECKOro npenapara.

OTOT METOA Aan TOMYOK AN paspa-
60TKIM MUKPOCEP, HATPY>KEHHbIX
fokcopy6uumHom (DC-Beads®,
Biocompatibles, Benuko6putanus)
unu anupy6uumHom (HepaSphere®,
Merit Medical Systems, wrar OTa,
CLUA) ans nevenns MUK, Lenb
HOBOW METOAMKM - MEAJIEHHO U NOJ
KOHTPOMNEM BbINYCTUTb XMMMOTE-
paneBTUYECKOE NEKapCTBEHHOE
CPELCTBO U3 HOCUTENEN-YacTuL,
PACMONOXEHHBIX B COCY AUCTOM
NI0>Ke OnyXOnu, C LENbo yMeHb-
LeHns 06bema XumMnuoTepanim Ha
CMCTEMHOM YPOBHe.

Hong v coaBT., M3yuus NpUMeHeHne
DC-Beads® (cchepnyeckme MBA
yacTuubl ¢ Arametpom 100-300
mkM 1 300-500 MkM, KoTOpbIE
cokpatatotcs Ha 20-25% nocne
3arpy3Kku ) B MOAIEN Ha XKUBOTHBIX;
CMOT /I MPOAEMOHCTPUPOBATb, YTO
KOHLIEHTpaLus JOKCOpy6uumHa B
nnasme 6bina Ha 70-85% Huxe,
4eM B KOHTPOMbHOW rpynne nocne
BHYTpUapTEPUaIbHOTO BBELEHMS
fokcopy6uumHa (80). BryTpuony-
X0neBas KOHLEHTpauus [OKCo-
pybuLMHA AOCTUM A MakCUMyma
yepes Tpu AHg (413,5 HMONL /) 1
ocTaBanach Ha BbICOKOM YPOBHE B
TeyeHue cemu JHei (116,7 HMorb
/T), 3HAUMTENBHO CHUXASCh NOCNe
14 aHeit (41,76 HMonb /).

TV nokasaTtenu SBsTCS 4o-
KasaTenbCTBamu ANIMTENLHONO,

B TEYEHME HECKOSbKNX [HEH,
BbICBOGOX/AEHNS JOKCOPYOULMHA
n3 DC-Beads®. lNocne cemu aHen
ObIN1 MOMY4eH HEKPO3 ONyXonu (80
100%) ¢ MUHUMANbHBIMY U3Me-
HEHWSMW nokasaTtenein hyHKLmM
neyeHu.

B knuHnyeckoii npaktuke DC
Beads® Harpy>xatoTcs 4OKCO-
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to 50 mg/m?2. With bilirubin
>3 mg/dL DEB-TACE should
not be performed analogue to
conventional TACE [82].

Lipiodol does not affect the
course of DEB-TACE procedure
[35], if it's injected in small
quantities (1-3 ml) for improved
demarcation of the HCC nod-
ules prior to DC-Beads® injec-
tion usig the conebeam-tech-
nigue. Should the maximum of
two vials of DC-Beads® (4 ml
embolic agent) as total quan-
tity be insufficient to achieve
tumor vessel bed occlusion
(=stasis), non-loaded micro-
spheres should be injected
until stasis is reached. [35].
Analogue to conventional TACE
DEB-TACE is to be continued
at fixed intervals and defined
endpoints, taking into account
the same sources of risks [35].

Upon presentation of the first
cases within the congress

of CIRSE 2004 in Barcelona
data availability for DEB-TACE
has improved. Malagari et al.
published several studies on
the application of DC-Beads®
for HCC treatment with 237 pa-
tients in the maximum [73, 82,
83]. According to their DEB-
TACE protocol patients were
embolized by means of DC
Beads obligately superselec-
tively with a microcatheter until
tumor vessel bed stasis was
reached. Ultrasound reinforced
by contrast medium (CEUS)
revealed the existence of com-
plete tumor necrosis in 58%,
necrosis of >50% in 35% and
tumor response <50% in 7%.
The most important study with
regard to DEB-TACE is the Pre-
cision V Study of Lammer et al.
[84], a randomized multicenter
study (23 European centers)

comprising two study arms

of 200 patients each. In that
study DC-Beads® loaded with
doxorubicin (4 ml DC-Beads®
in the maximum loaded with
150 mg) were compared with
cTACE (intraarterial injection of
50-75 mg/m?/up to a maximum
of 150 mg doxorubicin). Up to
three TACE procedures (end-
point stasis) were admitted
(initially, after 2 and 4 months)
with 6-month follow up, tumor
response as primary endpoint
(by means of MRT) and several
secondary endpoints such as
toxicity, AFP-course and quality
of life. Whereas the embolic
agent was determined in the
DEB-group in the control group
it was left up to the investiga-
tor to select the embolic agent,
which, however — due to the
fact that microcatheter usage
was voluntarily — represents

a weakness of this important
study. Unfortunately, the Preci-
sion V Study was statistically
~underpowered”, to allow
demonstration of the existence
of a significant advantage of
tumor response between DEB-
TACE and cTACE (p=0.11) after
6 months. What was interest-
ing was the fact that the ORR
after RECIST in cTACE with
44% showed considerable
better results than the 35%
described by Llovet et al. in
2002 [7]. A subgroup analysis,
however, revealed a signifi-
cantly (p<0.05) better response
with regard to ORR and CR in
the Precision V Study in the
case of advanced tumor stages
(bilobar incidence, recurrent
tumor and Child B-patients)
and a significantly (p<0.01)
lower level of doxorubicin side
effects experienced in the
DEB-TACE group. The DEB-TA-
CE studies using DC-Beads®

PYOULIMHOM B MaKCMarbHOM
Harpy304HoI 403e 75 Mr / M2 uiu

B (hMKCMPOBaHHO 1o3e 150 mr

(Ha 2 DC-Beads® chnakoHa)(73,
81-83) ¢ pacyeToM Ha TeopeTuye-
CKM MaKCUMarbHYH KOHLEHTpaLMIO
pokcopy6uumHa 450 mr/ m? (35).
Mpy 0XXMAAEMOM MOBbILLEHWM
ypoBeHst 6unmpybuHa ot 1,5 o

2 Mr/ an, ynapHas fosa LonxHa
ObITb CHYXEHa 80 50 mr/ M2, Mpu
6unupybure > 3 mr / an, DEB-TACE
He JOMKHANPOBOAUTLCS aHanony-
Ho TpaaumumoHHoi TACE (82).

Junnogon He BnnsieT Ha npouesypy
DEB-TACE (35), ecrv OH BBOAUTCS
B HEOONbLUMX KoMMyecTBax (1-3
MA) ANS yNydLlieHns aeMapkaumm
y3enkos LK, nepen DC-Beads®
WHBEKLMSMM, C MOMOLLIbHO KOHYC-
Ho-ny4eBon KT. Ecnv 6onee aByx
tnakoHos DC-Beads® (4 mn
ambonusara), HelocTaTo4uHO AN
AOCTUXKEHWUS OKKITHO3MW COCY Au-
CTOro N10Xa onyxonu (= cTasa),
CnefyeT BBOANUTb HE3Arpy KEHHbIE
XMMWOMPENapaToM MUKpocdeps! 40
Tex nop, noka He 6yaeT AOCTUTHYT
cta3 (35). AHanoruyHo Tpaguum-
oHHo TACE, DEB-TACE moxeT
ObITb NPOJOIKEHA YEPES Onpe-
LENEHHbIE NPOMEXYTKN BPEMEHN
C ONpeLeneHHbIMN 0XXNAaEMbIMM
pesynbTatamy, C y4eTOM TEX Xe
puckos (35).

Mocne nep.bIx AOKNAA0B Ha
koHrpecce CIRSE B 2004 rogy B
bapcenoHe, NosiBUNOCH MHOIO HO-
BbIX AaHHbIX 0 MeToae DEB-TACE.
Malagari 1 coasT. ony6nukosanu
pe3ynbTaThbl HECKOMbKUX UCCTERo-
BaHwit no npumeHernio DC-Beads®
ans nevenns MUKy 237 nauneHTos
(73, 82, 83) Cornacro DEB-TACE
NPOTOKOAY, Y NALMEHTOB NPOBOAM-
nach CynepcenekTuBHas aM60m3a-
LSt MUKPOKATETEPOM C NMOMOLLbIO
DC Beads ¢ socTnxeHum ctasa
COCYZMCTOrO N10XKa OnyXxonu.
YnbTpasByKBoe UCCELOBAHME C

koHTpacTupoBaHueM (CEUS) no-

Ka3aso NosHbIi HEKPO3 onyxonei
y 58% nauneHToB, Hekpo3> 50%

B 35% Cny4aes, 1 OTBET OMyX0Nn
<50% y 7% naumeHTOB.

Han6onee BaxKHbIM UCCnenoBaHM-
em metona DEB-TACE ssnseTcs
Precision V Study, nposegeHHoe
Lammer u coaBT (84). - paHzo-
MM3MPOBAHHOE MHOMOLEHTPOBOE
uccnenoBanme (B 23 eBpONencKkmx
LieHTpax), BKNKvatoLlee ABa
HanpaBneHns UccnesoBaHus C yua-
cTviem 200 naumeHTamm B Kax oM.
B atom uccneposanun DC-Beads®
Harpy>xanucb [OKCopyouLmMHoM (4
Mn DC-Beads® ¢ makcumanbHoi
Harpyskoi 150 mr) u cpasHuBanuchy
¢ cTACE (BHyTpuapTepuarnsHble
WHBEKLMM JOKCOpYOuLmMHa B J03€
50-75 mr / M2/ o Makcumyma

150 mr). [poBoaunocs [o Tpex
TAGE npoueayp (80 0xxmaaemoro
pesynbTata — cTasa): BHavane v
uepes 2 v 4 mecsua ¢ 6-MecsuHbIM
nocneayoLLmM HabnoAeHNEM, C
OTBETOM OMyXOMK Ha TEPaNMI0 Kak
OCHOBHbIM KDUTEPUEM OLIEHKM (C
nomoLusto MPT) v Heckonbkumu
BTOPUYHbBIMW KPUTEPUSMM, TaKUMM
KaK TOKCMYHOCTb, ypoBeHb AT 1
Ka4eCcTBO XKWU3HM.

B 10 Bpems, kak ambonuaat B
DEB-rpynne 6bin onpeneneH, B
KOHTPOJbHOM rpynne ero A0SMKEH
ObIN BbIGPAaTL CaMm MCCNEfoBaTENb,
4TO, KaK 1 J0BPOBOSLHOE MCMONb-
30BaHWe MUKPOKATETEPA, SABNISANOCH
HEAOCTATKM 3TOr0 BAXKHOI0 Uccne-
posaHus. K coxanenuio, Precision
V Study 6bin0 cTaTucTMdecku
«HEJJ0CTaTO4HbIM», YTOBbI NPO-
[EMOHCTPUPOBATb 3HAUNTENbHOE
NPENMYLLECTBO OTBETA ONYXOM

Ha Tepanuio Yepes 6 MecsLeB npu
cpasHeHun DEB-TACE u cTACE (p
=0,11). UHTepecHo 610 TO, 4TO
OTHOCMTENBHO YacTOTObI 06b-
ekTuBHbIX 0TBeTOB (ORR) 44%

no RECIST, cTACE nponemon-
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revealed CR of 26-37% and PR
of 25-46% according to EASL
six months after embolization
[49, 73, 84, 85].

In Heidelberg we evaluated
recently the morphological and
clinical outcomes after DEB-
TACE using very small (75 and
100 pm), tightly calibrated drug
eluting microspheres (TAN-
DEM®, Bioscience, USA) in
29 patients with irresectable
HCCs. The 6 month follow

up MRI was accomplished in
18 patients with a high tumor
control rate (72% ORR): n=0
SD, n=3 PR, n=10 CR and 5
progressive diseases (PD). Pa-
tients with PD (n=5) underwent
another TACE procedure or had
a change of treatment. Five
patients could be successfully
bridged to get a liver transplan-
tation. PES occurred in only
40% with pain and nausea.

Chapter 4. SIRT (Selective
Internal Radiation Therapy)
For HCC treatment by means
of SIRT the radioactively loaded
microspheres are inserted
selectively into the right and/
or left liver artery depending on
tumor localization. Analogue to
TACE a high local dose accu-
mulates in the tumor, whereas
the healthy liver parenchyma

is mainly supplied with por-

tal venous blood being thus
preserved. However, there is
also the risk of the healthy liver
parenchyma being impaired; in
subject case radiation induced
hepatitis may be the conse-
qguence (, radiation induced
liver disease” RILD). The
symptoms of anicteric hepato-
megaly, ascites and increased
cholestasia parameters emerge
2-12 weeks after SIRT and may
lead to death in severe cases
due to liver failure [86].
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When preparing a SIRT
procedure all those vessels
are to be closed angiographi-
cally, which would allow the
microspheres to flow into
extrahepatic regions — such as
the A. gastroduodenalis and
A. gastrica dextra. Thereafter,
technetium-99 marked albu-
min particles are injected thru
a catheter in planned therapy
position in order to detect any
open gastrointestinal shunting
and lung shunt fraction, which
is to be lower than 20%. SIRT
already competes with TACE
and is applied above all in

HCC patients suffering from a
multifocal or large HCC and/or
portal vein infiltration. A current
study did not demonstrate any
significant differences in terms
of median survival of patients
treated with TACE and SIRT,
though TTP was significant
longer in the SIRT group with
13.3 months than in the TACE
group with 8.4 months [87]. In
literature tumor response PR is
indicated with 15-47% and SD
with 35-65% [88-91].

Conclusion

Currently, conventional TACE
(cTACE) is the most often
applied method in case of
intermediate HCC. The chemo-
therapeutic drug used most
often is doxorubicin - mainly

in an emulsion with lipiodol.
However, literature does not
mention any chemotherapeutic
drug to be clearly superior. The
benefit of lipiodol is limited as
in its capacity as chemothera-
peutic drug carrier it cannot

be controlled sufficiently and

it is no embolic agent in the
narrow sense. Gelfoam®

as the embolic agent used
most frequently in cTACE is
more and more replaced by

CTpUpOBasa 3HauMTenbHO Nyylune
pesynbTatbl, 4em 35%, OnucaHHbIe
Llovet n coasT. B 2002 rogy (7).

AHanua noarpynn, 0AHAKo, Nokasan
3HauuTenbHo (p <0,05) nyuwume no-
kazatenm ORR v CR B Precision V
Study Ha NO34HKX CTAAMAX ONYX0u
(6unobapHoe NOpaXkeHue , peLMans
onyxonu v knacc B - no Yanng-
[bt0) 1 3HauMTENBHOE (P <0,01)
yMeHbLLEHWe N060YHbIX APHEKTOB
NPV MCMOMb30BaHUN [OKCOPYOULM-
Ha B DEB -TACE rpynne.

B ncenenosanus DEB-TACE ¢
ucnonb3obaHuem DC-Beads® CR
cocTtasmn 26-37%, PR 25 - 46%
cornacHo EASL uyepes wecTb
MecsiLieB nocne ambonusauum (49,
73, 84, 85).

HenasHo B [eiinensbepre Mol
OLeH1nM Mopdonoruieckue u
KnuHu4eckue nexofbl nocne DEB-
TACE ¢ ucnonb3oBaH1em 04eHb
HebonbLLKX (75 1 100 MKM), TOYHO
KannbpoBaHHbIX MUKpocdep ¢
NEKAPCTBEHHBIM HAMOSTHEHUEM
(TANDEM®, BIOSCIENCE, CLLA)
y 29 naumeHToB C Hepe3ekTa-
6enbHolt LK. Yepes BMecsues
koHTponbHas MPT y 18 naumneHToB
rnokasana BbICOKMiA NoKa3aTenb
koHTpons onyxonm (72% ORR): n
=0SD,n=3PR,n=10CRuny5
- MPOrpeccMpoBaHne 3ab0neBaHus
(PD). NMauueHTam ¢ PD (n = 5) 6bina
npoBefeHa NoBTopHas npoueaypa
TACE 1nu n3MeHeHo neveHue.
[Inst ngTM nauueHToB 3TO cTaNo
YCMELUHbIM «MOCTUKOM» K TPaHC-
nnaHTaummn neyeHu. MAC ¢ 60mbto
W TOLUIHOTOMN BO3HWUK TONbKO Y 40%
naumeHToB.

nasa 4. SIRT (cenekTuBHas
BHYTPEHHAA nyyeBas Tepanus)
Mpu neyerms UK ¢ nomoLLbio
SIRT, paanoakTuBHble MUKPO-
cchepbl BBOAATCS B Npasyto nam u /
UNW JIEBYHO NMEYEHOUHYIO apTEPHIO
B 3aBMCUMOCTW OT JloKanm3aumm

onyxonu. AHanornuHo TACE B
OMyXomnu HaKanMBaeTCcs BbICOKAs
NoKanbHas [03a, B TO BPEMS Kak
300pOBast NAPEHXMMbI NEYEHM, KO-
TOpast MUTAeTCs BEHO3HOM KPOBbHO,
TakiM 00pa3oM, 0CTaeTCs COXpaH-
HOW. TeM He MeHee, CyLlecTByeT
TakXXe PUCK NOpPaxXeH!s 3[0po-
BO¥ NApPEHXMMbI NEYEHM; B 3TOM
Crnyyae MOXeT BO3HUKHYTb renaTut
(«MHAYLMPOBAHHOE 0B/yYEHNEM
3abonesaHue neveHn» RILD).

CuMNTOMbI 6E3>XKENTYLLHON renaro-
Meranuu, acumTa u xonecrasa no-
ABNIOTCA Yepes 2-12 Hefenb nocne
SIRT v B TSXEMbIX Cly4asix MOryT
MPUBECTM K CMEPTH BCNEACTBME
NeYeHOYHON HeOCTaTOUHOCTH (86).
Mpu nogroToske SIRT npoueayps!
BCe COCY/ibl, KOTOPbIE NO3BONMIN
Obl MUKpOCEPaM «MNbITb» BO
BHEMEYEHOUHbIE PErMOHbI, HAMPU-
Mep, a gastroduodenalis 1 a.gastrica
dextra fOMKHbI BbITb 3aKPbITHI C
MOMOLLbI0 aHrnorpadmn. 3atem
anb6yMUHOBbIE YaCTULbI, MEYeH-
Hble TexHeumeM - 99, BBOAAT Yepes
KaTeTep NauMeHTy B NONOXEHNM
ANS NAaH1pyemMoi NpoLeaypb! Ans
TOr0, 4TI BbISBUTL OTKPbITIN
XKENYAO0UHO-KULLIEUHBIA LLYHT W
(hpaKLMIO NIErOYHOrO LLYHTA, KOTO-
pas jomkHa 6biTb Huxe 20%.

SIRT yxe koHkypupyeT ¢ TACE

W NPUMEHSIETCS, NPEXAE BCErO, Y
NauMeHTOB, CTPAZAOLLMX OT MHOrO-
ouarosoii LK unm 6onbLuoii MUK
W/ MM MHAUbTPALMK BOPOTHON
BeHbl. HeflaBHee nccnenosaque He
MPOLEMOHCTPMPOBANO Kakne-nméo
CYLLIECTBEHHbIX Pa3NNyunit OTHOCH-
TeMNbHO MEAaHb! BbIXXMBAEMOCTH
nauWeHToB noncne NpoBeLeHNs
TACE v SIRT, xoT5 Bpemst 4o
nporpeccupoBaHns 3abonesaHns
13,3 mecsia 6bin0 6onblue B SIRT
rpynne, yem B rpynne ¢ TACE (8,4
Mecsua)(87). Mo faHHbIM mTepa-
Typol, PR nocne SIRT coctasnsiet
15-47%, a SD - 35-65% (88-91).
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particulate embolic agents. It
is still unclear which should

be the optimum sequence of
intra-arterial chemotherapy
and embolization of the tumor
vessel bed. Compared to ,best
supportive care” cTACE signifi-
cantly improves total survival,
however, there are metaanaly-
ses of RCT's which did not
demonstrate any survival
difference between cTACE
and bland embolization. Both
conventional cTACE and DEB-
TACE show very few complica-
tions and low 30-day mortality.
Patients undergoing cTACE and
DEB-TACE should receive 3-4
procedures within 6 months.
However, patients with bilobar
incidence should undergo a
stricter treatment protocol
including alternating emboliza-
tions taking place within a 2-4
week interval. Both cTACE and
DEB-TACE are to be adapted to
both individual tumor response
and patient compliance; the
procedures should be stopped
in the event of contraindica-
tions coming into existence.
Surrounding healthy liver
tissue should also be saved;
however, the embolized liver
volume is to be larger than
that HCC volume shown by
both imaging and angiography
in order to prevent any HCC
cells surviving at the peripheral
area. For both cTACE, bland
embolization and DEB-TACE
there is a growing tendency to
use smaller, tighter calibrated
particles. However, there are
no studies demonstrating the
superiority of singular embolic
agents (and/or embolic agent
sizes).

DEB-TACE seems to be
superior to cTACE with re-
gard to tumor necrosis, lower

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

necessity to repeat TACE, side
effects and systemic chemo-
toxicity; representing a very
promising approach to solving
the conflict of hypoxia induc-
tion caused by tumor vessel
bed occlusion, the request for
early and repeatable Re-TACE,
and optimum cytotoxicity of
chemotherapy having a longer
effect in the tumor.
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BbiBoAb!

B HacTosLLee Bpems TpaauLmMoHHas
TACE (cTACE) siBnsieTcs Hanbonee
4acTo UCMONb3YEMbIM METOAOM Ne-
YeHUst MECTHO-PACMPOCTPAHEHHO
UK. Hanbonee yacto cpeam
XMMWUOTEPANEeBTMYECKUX Npenapa-
TOB MCNONb3YETCS LOKCOPYOULIMH, B
OCHOBHOM, B BUZE 3MYNbCUM C Nn-
nvnogonom. OfHako B nuTepaType
He yNOMMHAETCS 0 MPEeUMyLLECTBax
Kakoro-nmbo xuMmoTepaneBTUYe-
cKoro npenapara. lMpeumyLectsa
NMNUOL0NA KK HOCUTENS XUMU-
0TEpaneBTUYECKOro Npenapara
OpraHnyeHbl, Tak Kak OH He KOHTPO-
NMPYETCS B AOCTATO4HON CTEMEHM
W, B y3KOM CMbICIie, HE SBNSETCS
ambonu3atom. Gelfoam®, valle
BCero ucnonb3yemblid npu cTACE,
Bce 60/bLLe ¥ 6onbLUe 3amMeLlaeTces
aMb0n13aTamm B Buae vacTul.

[lo cux nop HesICHO, kakash AOMKHbI
ObITb ONTMManbHas nocnesosa-
TENbHOCTb BHYTPUAPTEPUATbHON
XMUOTEPaNUK 1 3MB0M3aLmMn
COCYAMCTOrO N10XKa Onyxonu.

o CpaBHEHNIO C «HanmyuLe noj-
Aep>xusaroLen Tepanvein», cTACE
3HAYMTENBHO YayyLwaeT obLLyo
BbI)KMBAEMOCTb, OfiHAKO, MHOrMe
MeTa-aHanu3bl PKW He aeMoHcTpu-
PYIOT HUKaKOW PasHULbl MEXy
CTACE v npocToit am60nm3aumei(
TAE).

N cTACE v DEB-TACE pemoHcTpy-
PYIOT O4EHb Masno OCMOXHEHNA 1
HW3KY0 30-0HEBHYHO CMEPTHOCTb.
MaumenTsl, nnyyaroume cTACE un
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University Hospital of Heidelberg
Heidelberg, Germany

Phone ++49 6221/56 36420

Mobile ++49-1707737580

Fax ++49 6221/56 5730
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DEB-TACE, pomxHbl nonyuntb 3-4
npoLieflypbl B TeYeHe 6 MeCsLIEB.
OnHako, naumeHTb! ¢ 61nobapHbIM
NOPaXXEHNEM NEYEHN JOMKHbI
NponTK 60NIee XECTKMIA MPOTOKON
NIEYEHMS, BKITOYAR Pas3inyHble
aMbonm3aumn ¢ 2-4 HeieNIbHbIM
nHtepsanom. cTACE n DEB-TACE
[OMKHbI 6bITb aAANTMPOBAHbI K
WHAMBMAYaNbHOMY OTBETY Ony-
XOMW Ha Tepanuio 1 CoBNHAEHMIO
NauMeHTOM Pexuma Tepanuu; aTn
MpoLeAypb! AOMKHbI ObITb NpK-
OCTaHOBJIEHbI B Cly4ae NnosiBIeHus
NPOTMBONOKA3aHMWI.

Okpy>xaroLume onyxofb 340P0OBble
TKaHM NEYeHu AOMKHbI ObITb CO-
XpaHeHb!; TeM He MeHee, 06beM
9MO0NIM3NPOBAHHON NEYEHN [ON-
XEH 6bITb 6onblue, Yem 06bem MUK
Mpy BU3yanu3aumm u aHruorpacmm,
4TO6bI MPEAOTBPATUTL BbIXKMUBAHWE
knetok I'LIK B nepucpepuyeckoit
obnactu.

OTmevaeTcs pacTyLias TeHAeHUMS
MCMOMb30BaHNS MEHbLLIMX MO Pas-
Mepy, 6onee TO4YHO KannbpoBaH-
Hbix yacTuy npu cTACE, npocTon
am6onuaaumv 1 DEB-TACE.

Tem He MeHee, HET uccnefoBaHui,
[EMOHCTPHUPYHOLLMX NPEBOCXOACTBO
onpeneneHHbIx 3M6013aToB (1 /
UM Pa3mMepoB 3M60M3aTOB).

DEB-TACE npeBocxoant cTACE
OTHOCUTESIbHO JOCTUXXEHMS HEKPO-
3a 0Myxomu, He0BX0AMMOCTM MOBTO-
penust TACE, no6ouHbIx apchekToB
W CUCTEMHON XMMWOTOKCUYHOCTH,
AEMOHCTPUPYS O4eHb MEpCneKTMB-
HbliA MOAX0[ K PELUEHNH KOHMNK-
Ta MHAYKUWM TUMNOKCUM, BbI3BAHHOM
OKK/HO3MEN COCYMCTOrO Noxa
Onyxonu, He06X0ANMOCTH PaHHeN 1
noBTOpHOM re-TACE, onTumanbHom
LMTOTOKCUYHOCTM XMMMOTEPANAN C
6onee ANUTENbHBIM BO3AEHCTBUEM
Ha OMyXonb.
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Elbow Surgery

Keywords: Chronic elbow in-
stability, posterolateral rotatory
instability, PLRI, LUCL recon-
struction, diagnostics, therapy,
lateral ulnar collateral ligament

Background

The collateral ligament com-
plex of the elbow represents
an essential component of
joint stability. Injury to ligamen-
tous structures can result in
chronic instability of the elbow
leading to chronic elbow pain,
joint stiffness or hypermobil-
ity. Detailed knowledge of the
anatomy and biomechanics of
the elbow joint is necessary in
order to correctly diagnose and
treat injuries of the soft tissue
structures of the elbow.

The ulnar collateral ligament
(MCL) plays an important role
in preserving valgus stability
along with the radial head. It
originates from the medial side
of the humeral condyle and
inserts with its anterior bundle
at the sublime tubercle of the
coronoid process. Dorsal of the
sublime tubercle the posterior
bundle of the MCL inserts at
the proximal ulna.

The lateral collateral liga-

ment (LCL) on the other hand
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Chronic Instability XpoHu4eckas
of the Elbow -
an Overview

originates from radial side of
the capitulum at the rotational
center of the distal humerus.
Its radial bundle (RCL) inserts
at the radial head as well as
the anular ligament while the
lateral ulnar collateral ligament
(LUCL) inserts at the supinator
crest on the radial side of the
proximal ulna to act as an im-
portant posterolateral stabilizer
of the radial head.

Etiopathogenesis

Chronic instability of the elbow
joint most commonly develops
as a result of traumatic injury to
the collateral ligament com-
plex. Instability can occur due
to isolated lesions to the MCL
or LCL as a result of valgus- or
varus-stress. Moreover, simple
elbow dislocation is — in con-
trast to its name — a complex
injury of the capsulo-ligamen-
tous structures and represents
a common cause of posttrau-
matic instability of the elbow
joint. O'Driscoll found that in
elbow dislocation the body ini-
tially rotates internally against
the forearm which leads to a
rupture of the LUCL result-

ing in posterolateral rotatory
instability (PLRI). The resulting
posterolateral translation of the

Xupyprus nokrs

HecTabuNbHOCTD
JIOKTEBOrro

CycTaBa —

KnioueBble cioBa: XpoHuyeckas
HecTabnnbHOCTb IOKTEBOrO CycTa-
Ba; 3a4HenarepanbHas poTaumoH-
Hast HecTabunbHocTb; 3J1PH; pe-
koHcTpykums JIIKC; gnarHocTuka;
Tepanus; natepanbHas noKTeBas
KonnaTepanbHas cBs3ka

O6wme cBepeHus
KonnarepanbHblit KOMMIEKC CBA30K
B IOKTEBOM CyCTaBe SBNSETCS
BA>KHEMLLINM KOMMOHEHTOM €ro
cTabunbHocTh. TpaBma CBA30YHbIX
CTPYKTYP MOXET MPUBECTH K XPOHM-
4eCKOi HeCTabUMLHOCTM NOKTEBOrO
CyCTaBa, KOTopas BbI3bIBAET XPO-
HWUYECKYHO 60Mb B NTOKTE, TYronoa-
BWXKHOCTb MM TMNEPMOBUNBHOCTD
NOKTEBOro cycTasa. [eTansHoe
3HaHWe aHaToOMUM 1 BUOMEXaHNKH
NIOKTEBOr0 CycTaBa He06X04nMMO
4Ns TOr0, 4TO6bI NPABUNLHO AKa-
THOCTWPOBATb M NIEYNTb TPABMbI
MSITKUX TKAHEBbIX CTPYKTYP NOKTS.

JlokTeBas meamansHas konnare-
panbHas casska (MKC) BmecTe ¢
rOMOBKO¥A JIy4eBOW KOCTW MrpaeT
Ba)XHYI0 POfb B COXPAHEHUN Basib-
TYCHOM CTabWnbHOCTY cycTaBa. dTa
CBAA3KA HAYNHAETCS HA MeJManbHOM
CTOPOHE HaAMbILLENKa nne4Yeson
KOCTU 11 NepeHIM Ny4KOM Mpu-
KpennsieTcs K 6yropkoBoi BO3BbI-
LIEHHOCTW BEHEYHOrO OTPOCTKA.
3apnuii nyvok MKC npukpennsetcs

0630p

K [iopcarnbHOi NOBEPXHOCTY NOKTE-
BOW KoCTW. JlaTepanbHas konnare-
panbHas casaka (JTIKC) HaunHaeTcs
Ha Ny4eBON CTOPOHE rONIOBOYKM
MeYeBOii KOCTH, B LIEHTPE BpaLLe-
HWS AUCTamNbHOrO OTAENa NneYeBoi
kocTu. Ee nydeBoii ny4ok (JIKC)
NPUKPENNISIETCS K FONIOBKE y4eBoM
KOCTH, a TaKk>Ke KOMbLEBOW CBS3KeE,
a naTeparnbHas NokTeBas Konnare-
panbHas casaka (J1JIKC) npukpe-
nnseTcs K rpebHIo cynuHaTopa Ha
Ny4€BOI CTOPOHE MPOKCMMATbHO
4acTu NOKTEBO KOCTU, YTOObI
[EeNACTBOBATb B KAYECTBE INIABHOMO
3agHenaTtepanbHoro ctabunnaaro-
pa rofnoBKy Ny4eBoiA KOCTH.

JTnonartoreHes

XpoHuyeckas HeCTabuUNIbHOCTb
NIOKTEBOr0 CycTaBa vaLLe Bce-

ro pa3BMBaEeTCs B pesynbTare
TPaBMATUHECKMX MOBPEXLEHWIA
KonnaTepansbHoro koMnmexca
CBS30K. HecTabunbHOCTb MOXET
BO3HWKHYTb M3-32 M30/IMPOBaH-
HbIx nopaxkenun MKC nam JIKC

B pesynbTare BabryCHOro unm
BapyCHOro cTpecca.

KpoMe T0ro, npocToii BbiBUX
NIOKTEBOr0 CycTaBa, HECMOTPS Ha
CBOE Ha3BaHue, IBNSETCS CrOX-
HOW TPaBMOW Kancyno-CBA30UHbIX
CTPYKTYP M CaMoi pacnpoCTpaHeH-
HO¥ MPUYMHON NOCTTPaBMaTUYE-
CKOW HECTabUNBbHOCTH NOKTEBOrO
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Fig. 1: T2-weighted MRI of a left
elbow. Sagittal view through the
radial head. Subluxation of the radio-
capitellar joint is present indicative of
posterolateral rotatory instability.

radial head and the olecranon
leads to a posterior dislocation
of the elbow which causes the
capsulo-ligamentous structures
to rupture from the lateral side
— starting with the LUCL - and
extending to the medial side.
The MCL does not necessarily
need to be affected for elbow
dislocation to occur [11]. While
PLRI represents a possible
mechanism for elbow disloca-
tion, other mechanisms have
been described which postu-
late that initial rupture of the
MCL can lead to elbow disloca-
tion as well [16]. Fitzpatrick et
al. reported in a biomechanical
study that various types of
elbow dislocations exist and
that forearm positioning plays
an important role in its patho-
genesis [7].

Chronic PLRI can also be
caused by cubitus varus as a
result of a distal humerus frac-
ture in childhood.

Chronic overuse — most
frequently found in overhead
athletes — can lead to chronic
PLRI as well as medial insta-
bility [8]. Additionally, differ-
ent treatment options for
epicondylitis can cause elbow
instability. Repeated injections
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of glucocorticoids can lead to
insufficiency of the collateral
ligaments leading to chronic
elbow instability. Intraoperative
destabilization of ligamentous
structures — for example in a
lateral approach to the radial
head in a fracture situation or
as a result of a Hohmann pro-
cedure in chronic epicondylitis
— can lead to elbow instability if
the soft tissue anatomy is not
correctly restored at the end of
surgery.

In clinical practice, PLRI seems
to be much more frequent in
comparison to chronic me-

dial instability. This might be
explained by the circumstance
that varus-stress of the elbow
joint due to abduction of the

cyctasa. O'Driscoll coobumn, 4To
Mpy BbIBKXe JIOKTEBOTO CyCTaBa
MPOVCXOAMT BpalLieHne bnoka
BHYTPb OT MPEANAEYbS, 4TO MOXET
npusecTy K pa3pbisy JIIKC u
3afiHenatepanbHoi POTALMOHHOM
HecTabunbHocTy (3J1PH).

B pesynbTate 3agHenarepansHoro
CMELLIEHs FOJI0BKY Ny4EBOI KOCTH
W NOKTEBOr0 OTPOCTKA BO3HWKAET
3a1HuiA BbIBMX JIOKTEBOrO CYCTaBa,
KOTOpbIN BbI3bIBAET PA3pPbIB Kancy-
10 - CBA304HbIX CTPYKTYP C Nnate-
panbHON CTOPOHbI, HAUMHAKLUMIACS
¢ JIIKC v pacnpocTpaHsioLmincs
Ha MeamanbHyro cTopoHy. OfHako
BbIBMX JIOKTSI MOXET NPON30ITH 1
6e3 nopaxenns MKC (11).

B 70 Bpems kak 3JT1PH sBnseTcs
OLHUM W3 OCHOBHbIX MEXaHW3MOB
BbIBMXa JIOKTEBOrO CycTasa, 6blam

Xupyprus nokrs

Puc. 1: T2 — B3BewwenHas MPT nesoro
NOKTEBOr0 cycTasa. CarutTanbHbIi BUA
4epes ronoBKy fly4eBoi KOCTH. 104BbIBUX
nneyeny4eBoro cyctaBa CBMAETENLCTBY-
€T 0 3afHenaTepasnbHON PoTaUMOHHOM
HeCTabUbHOCTH.

OnMCaHbl 1 APYrue BO3MOXHbIE
MEeXaH13Mbl, HanpuMep, Nepso-
HavanbHbIi paspbis MKC (16).
Fitzpatrick ¢ coasT. coobimnu, ¢
YYETOM PEe3ynbTaToB UCCeoBa-
HUS| BUOMEXAHNKM JIOKTS, YTO CyLLe-
CTBYHOT Pa3nnyHble TUMbl BbIBUXA
NIOKTEBOr0 CycTaBa,  NONOXEeHNe
NpeanmeYbs UrpaeT BaXxKHyIo posib
B ero natorexese (7).
Xponuyeckas 3J1PH Taxe mMoxeT
ObITb Bbl3BaHa BapYCHbIM MOSOXe-
HWEM MpeSnneYbs B pesynbTare
ANCTanbHOro NepenoMa nnevesom
KOCTU B AETCTBE. XPOHNYECKas
N36bITOYHAs Harpyska Ha cyCcTas,
KoTOpas Hanbonee 4acTo BCTpe-
4aeTCs y CNOPTCMEHOB, UCMOSb-
3YHOLLMX BBICOKYIO MOAaYYy, MOXET
npuBeCTM K xpoHudeckoi 3J1PH, a
TakXXe K MeaunanbHoi HecTabunb-
HocTm (8).

KpoMe T0ro, pasnnyHble BapuaHTbl
NEYEHNS AMUKOHANANTA MOTYT Npu-
BECTM K HECTAbMIbHOCTM NIOKTEBO-
ro cyctasa. [oBTOPHbIE MHBEKLMM
[ MFOKOKOPTUKOWO0B MOTYT Bbl3BaTH
ocnabneHve KonnatepanbHbIX
CBSI30K 1 XPOHUYECKYHO HECTabMIb-
HOCTb IOKTS.

MHTpaonepaunoHHas fectabunmaa-
LS CBS30UHbIX CTPYKTYP, Hanpm-
Mep, Npy naTeparnbHOM NOAXOAe K
FONOBKE Ny4eBOi KOCTH Npu e ne-
penome, uau npouesypa Hohmann
NPV XPOHNYECKOM SMUKOHANANTE
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Table 1: Clinical Outcome after
Reconstruction of the LUCL

arm is much more common
compared to valgus-stress and
could therefore result in insuf-
ficiency of the LUCL.

Diagnosis

Patient History

Patients frequently report a
long history of elbow pain.
Symptoms can be quite similar
to simple epicondylitis because
of overuse of the forearm
muscles for active stabiliza-
tion of the elbow joint. While
medial instability leads to
overuse of the flexor muscles,
lateral instability and PLRI
cause lateral elbow pain at the
common extensor origin (CEO)
at the lateral epicondylus due
to overuse of the extensor
muscles. Additionally, patients
can suffer from hypermobil-
ity and subjective feeling of
instability with “popping” of
the joint or intermittent joint
blockage. Paradoxically, chronic
instability can also result in
joint stiffness. A high degree
of suspicion is necessary for
diagnosis of chronic instabil-
ity. Probable causes for elbow
instability such as prior trauma
or surgery have to be obtained
when establishing the patient’s
medical history.
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Clinical Outcome after Reconstruction of the LUCL

n MEPS*

Author

Dehlingeretal [5] 47

87 points

14 excellent

Sanchez-Sotelo 32
etal [13]

13 good
5 fair

14 excellent

Olsen et al. [12] 18  2good

2 fair

82 points

Complications

7% (3)
transient ulnar neuropathy (1/47)
persisting extension deficit (1/47)

recurring instability (1/47)

16% (5)

transient ulnar neuropathy (1/32)

recurring instability (2/32)

osteoarthritis of the elbow (2/32)

22% (4)
recurring instability (1/18)
extension deficit > 10° (3/18)

*MEPS = Mayo Elbow Performance Score

Clinical Examination
Different clinical tests are
available to screen for instabil-
ity of the elbow joint. In most
cases, unilateral symptoms
are present. Therefore, the
tests should be performed

on both sides and analyzed

for differences. The posterior
drawer test and the table top
relocation test represent two
possible screening tests [1].
The pivot shift test [10] is
performed with the patient in
supine position. The arm is el-
evated over the patient’s head
with the forearm in supina-
tion. Axial compression is then
performed by the physician and
the extended elbow is slowly
flexed. When positive, subluxa-
tion of the radial head can be
achieved with this maneuver
and at about 40° of flexion,
the radial head spontaneously
reduces. Isolated medial and
lateral instability can be evalu-
ated through a valgus- and

MOTYT NPUBECTY K HECTABMIbHOCTH
TIOKTS,, ECIN @HATOMMS MATKUX TKa-
Heil HEKOPPEKTHO BOCCTAHOBNEHA
BO BpeMsi onepauum.

B knuHnyeckoi npaktuke, 3/1PH
BCTPEYAETCS Yallle, YeM XPOHUYE-
CcKast MeananbHas HECTabUbHOCTb.
370 MOXET 6bITb 06BACHEHO TEM
06CTOSATENBCTBOM, YTO BapYCHbINA
CTPECC NOKTEBOrO CyCTaBa B CBA3M
C OTBELEHNEM PYKM, KOTOPbIA
MOXET NPUBECTY K MOPAXKEHNIO
JIIKC, nponcxoamT yaLye no cpas-
HEHWIO C BaJbryCHbIM CTPECCOM.

[vnarHoctuka

UcTopus 3abonesaHus
MauneHTbl YacTo Co06LAT 0 Anu-
TeNbHOM nepuoze 601M B NOKTE.
CMMNTOMbI MOTYT BbITb MOXOXWMMU
Ha NPU3HaKK1 NPOCTOrO SMUKOHAN-
NUTa 13-3a YPE3MEPHOro Hanps-
XKEHWS MbILIL NMPEANTEYbS Ans
aKTMBHOMN CTabWUNM3aunm NOKTEBOrO
cyctasa. B T0 Bpems Kak Meau-
anbHas HeCcTabuALHOCTL MPUBOANT
K Neperpyske Mbllu-crubatenei,
natepanbHas HeCTabMIbHOCTb

Xupyprus nokrs

Tabnmua 1: KnuHndeckune pesynbTarthbl
nocne pexkoHcTpykumn JTIKC.

* MEPS = wKana oLeHKM COCTOSHWS NOK-
TeBoro cyctasa Mayo Elbow Performance
Score.

3J1PH BbI3bIBatoT 60/1b Ha NaTe-
panbHON CTOPOHE NIOKTS B MECTE
06LLero npuKpennexns pasrubare-
neit (MOTP) Ha natepansHOM Hag-
MbILLENKE BCNeACTBUE NEPErpy3Kkiu
MbILLL-pasrubaTene.

Kpome TOro, naumeHTbl MOryT
CTpagathb 0T rMNepMOBUILHOCTY U
CYOBEKTUBHBIX OLLYLLEHWA He-
CTabUNBbHOCTM U «LLENKaHbs» B
CyCTaBe MW ero nepruoanyecKoi
6oknpoBku. Kak 310 H1 napagok-
CanbHO, HO XPOHNYECKAs HECTa-
OWMbHOCTb MOXKET TaKXXe NPUBECTY
K CKOBAHHOCTM B CyCTaBe.

[ins AMarHoCTUKI XPOHUYECKO
HeCTabunbHOCTM, Kak Npasuno,
He06XOAMMO NpUCYTCTBUE OCO-
601 HACTOPOXXEHHOCTH Y Bpaya.
BeposTHbIe NpUYKHBI HECTabUb-
HOCTW IOKTEBOrO CycTaBa, Takue
KaK TPaBMbl UK XMPYprsveckne
BMELLATENBCTBA, AOMKHbI ObITh
BbISIBNEHBI NPK cO0pe aHaMHe3a y
nauueHTa.

KnuHuyeckuii ocMoTp

[1ns BbISIBNEHUSt HECTAOMBHOCTY
NIOKTEBOTO CyCTaBa NPUMEHSOTCS
Pa3NNYHbIE KIIMHNYECKME TECTI.
B 60nblIMHCTBE CryvaeB 0TMeYa-
tOTCS 0AHOCTOPOHHME CUMMTOMbI,
NO3TOMY TECTbI JOMKHbI BbITh
BbIMOJHEHbI HA ABYX TOKTEBbIX
cycTaBax M ux pesynbTarbl Npo-
aHan13npoBaH.



Elbow Surgery

Fig. 2: Lateral view of a left elbow. A
Kocher approach has been per-
formed and an ulnar as well as a v-
shaped humeral drill hole have been
established after careful mobilization
of the LCL and the CEO. A triceps
tendon graft has been fixed at the
ulnar drill hole and has been pulled
through the v-shaped humeral drill
hole with a TightRope®

varus stress test in different
degrees of elbow flexion.
Clinical tests can never exclude
elbow instability as the patient
might inadvertently use his/
her active stabilizers by means
of the forearms extensors and
flexors in order to avoid painful
maneuvers.

Imaging Studies

The conventional x-ray in an
anteroposterior and lateral view
can show ossification of the
collateral ligaments as well as
at their origin and/or their inser-
tion as a result of a trauma hav-
ing taken place in the past. It
can also be used as a dynamic
imaging study to evaluate

joint instability on varus- and
valgus-stress. Equally, ultra-
sound studies can be used as
a dynamic screening tool for
elbow instability. While soft
tissue injuries can be evaluated
through ultrasound as well,

the MRI offers more detailed
information on ligamentous
injuries. Moreover, joint space
incongruity can be observed
and analyzed through MRI. In
PLRI, the radial head can show
posterolateral subluxation
which can be seen on a sagittal
view (Fig. 1).

el

Medical vemmHcion
HOOHAn

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

If clinical and radiological find-
ings indicate elbow instability
and the patient’'s symptoms
cannot be managed by con-
servative therapy, diagnostic
elbow arthroscopy can be
performed to ascertain or to
exclude the diagnosis of elbow
instability. PLRI grade 1 is pre-
sent if the radial head can be
subluxated in a posterolateral
direction. In PLRI grade 2, the
coronoid process can addition-
ally be perched underneath the
trochlea to cause ulnohumeral
incongruity. PLRI grade 3 is
present if the elbow joint can
be dislocated intraoperatively
as a result of gross instability.
If relevant instability has been
confirmed arthroscopically,
ligament reconstruction can be
performed.

Operative Ligament
Reconstruction

LUCL Reconstruction (Fig. 2)
If PLRI has been confirmed
through diagnostic arthroscopy,
open reconstruction of the
LUCL can be performed. In

our department, an autologous
triceps tendon graft is used al-
though other grafts such as the
gracilis or the palmaris longus
tendon have been described in

TecT «3a[HEro BbIABUXHOIO
SLMKA» U TECT «BEPXHEro cMe-
LLEHNS NNACTUHKM» SBNAOTCS
LBYMS CKPUHUHIOBbIMW TECTaMM
Mpu HecTabunbHOCTK cycTasa (1).
TeCT «aKcuanbHOro CMELLEHNS»
(10) npoBoaKTCH Yy NaumeHTa B
MOMNOXEHNM Nexa Ha cnuHe. Pyka ¢
NpeAnNieYbeM B NOJOXEHUM Cyni-
HaLMK NOAHUMAETCS Haf rOnoBOW
naumeHTa. 3aTeM BbIMOHSETCS aK-
cuanbHasi KOMMPECCHs, U pasorHy-
Thli IOKOTb MEJIEHHO CrrbaeTces.
[Tp1 NONOXXUTENBHOM pesynbTaTte
MOXeT ObITb NPOM3BEAEH NOABbI-
BWX FONOBKM Ty4€BOI KOCTH NPK
crubanmu npumepHo Ha 40°, koTo-
Pblii CAMOMPOU3BONBHO BripaBs-
eTcs. Vi3onupoBaHHas MeauansHas
W natepanbHas HecTabuNbHOCTb
MOXET OblITb BbISIBMIEHA C MOMOLLbHO
BaslbryCHOrO 1 BapyCHOro CTpecc-
TecTa C PasnuyHoi aMnanTynom
crnbaHus B NOKTEBOM CyCTaBe.
KnuHundyeckue uccnefoBaHns He
MOTYT MCKJIKOUMTbL HECTABUNBHOCTb
MOKTS, TaK KaK NauMeHT 4acTo
HenpegHaMepeHHo UCnomb3yeT
aKTVBHbIE CTabMAM3ATOPbI CyCTaBa
C NOMOLLBHO pasrubatenei u
crubateneii npeanneybs, 4Toob
n3bexxatb 6051e3HEHHbIX MPUEMOB.

BusyanusauuoHHbie
uccnepoBaHus
O6blyHas peHTreHorpadgns

Xupyprus nokrs

Puc. 2: JlaTepanbHbii BUA neBoro
nokTs. BeinonHen goctyn Kocher, nocne
TwarenbHoin Mobunmaauum JIKC n MOMC
C MOMOLLbH CBEpNa ChOpMUPOBaHO
OTBEPCTME B NIOKTEBOW KOCTH, @ Takxe
V-06pasHoe 0TBEPCTHE B Ne4EBON
KocTW. TpaHcnnaHTaT U3 CyXoXunms
TPeXrnaBoii MblLULbl 3a(hUKCHPOBaH B
NIOKTEBOM OTBEPCTIM U MPOTSHYT Yepes
V-06pasHoe nneyeBoe 0TBEPCTHE C
nomotbto TightRope®.

NIOKTEBOr0 CycTaBa B nepeaHe3an-
Helt M 60KOBOW NPOEKLINM MOXET
BM3yan3vpoBaTb 0ccUMKaLmio
KonnareparnbHbIX CBA30K, a TaKKe
TOYKM NPUKPENIeHNs CBA3O0K Nocne
TPaBM M NOBPEXAEHN.

[laHHbI METOA MOXET ObIThb UC-

MoNb30BaH B KAYECTBE AMHAMUYe-
CKOrO MCCNeaoBaHNS AN BbisSBIe-
HWS HECTAbMNILHOCTY CyCTaBa npu
BapyCHOM ¥ BanbryCHOM CTPecce.

Takum e 06pa3om, B Ka4ecTse
AMHAMUYECKOr0 MHCTPYMEHTA
CKPUHUHI HECTABUNBbHOCTY NIOKTS,
MO>ET ObITb CMONB30BAHO Yilb-
TPa3ByKOBOE UcCnefoBaHve. B 1o
BPEMS! KaK MOBPEXAEHUS MSATKUX
TKaHe MOXET 6bITb 06HAPYKEH
C NoMOLUbHO yNbTpassyka, MPT
obecneunsaeT 6onee noapo6Hyo
WHHOPMALMIO O MOBPEXAEHMSX
CBS30K. Kpome Toro, MOXeT 6bITb
BbISIBIEHO W1 NPOAHANM3MPOBAHO
HEKOHIPY3HTHOCTb BHYTPUCYCTaB-
HbIX MOJNOCTEN B iBYX CYCTaBax.
Mpu 371PH, ronoska Nny4esoit KOCTU
MOXET 6bITb B COCTOSIHUM 3aaHena-
TepanbHOro NOABbIBKXA, KOTOPbIN
MOXXHO YBUAETb B CaruTTanbHOM
npoekuum (Puc. 1).

Ecnu knuHuueckmne 1 peHTreHono-
TMYECKNE AaHHbIE CBUAETENLCTBY-
tOT HECTAOMILHOCTM NIOKTEBOIO
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Table 2: Clinical Outcome and
Complications after MCL
Reconstruction in Overhead Athletes

literature [10, 13]. A lateral inci-
sion is then performed slightly
posterior of the radial head

and extending to the rotational
center of the distal humerus.
The extensor fascia is incised
longitudinally. Underneath the
fascia the Kocher interval is
identified between the exten-
sor carpi ulnaris the anconeus
muscle. These muscles have
to be slightly mobilized by blunt
dissection to expose the anular
ligament as well as the lateral
collateral ligament.

The LCL has to be elevated
from its origin at the rotational
axis of the distal humerus
along with the common exten-
sor origin to expose the origin
of the LUCL. In a similar fash-
ion, the anconeus muscle has
to be bluntly elevated from the
supinator crest to visualize the
insertion of the LUCL at the
proximal ulna.

Drill holes are then established
at the supinator crest as well
as at the distal humerus. The
latter is performed in a v-shape
with its entrance at the motion
axis of the elbow and its exit at
the dorsal aspect of the distal
humerus.
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Clinical Outcome and Complications after MCL Reconstruction
in Overhead Athletes

n Outcome

Cain et al. [2] 743 RtP*:83%

Dugasetal.[6] 120 RtP:90%

Savoieetal.[14] 116 RtP:88%

Koddeetal.[9] 20  RtP:90%

MEPS#:

91,2 points

*RtP = Return to Play

Complications

21,8% (162)

ulnar neuropathy (121/162)
superficial wound infection (27/162)
recurring instability (9/162)

avulsion fracture (5/162)

22,5% (27)
ulnar neuropathy (25/27)
recurring instability (2/27)

6% (7)
ulnar neuropathy (3/7)

postoperative hematoma (1/7)

superficial wound infection (1/7)
avulsion fracture (1/7)

rupture of forearm flexors (1/7)

15% (3)
ulnar neuropathy (1/3)

heterotopic ossification (2/3)

#MEPS = Mayo Elbow Performance Score

The triceps tendon graft is
now harvested. An about 7 cm
long and 4 mm wide graft of
the medial edge of the triceps
tendon is used and the triceps
aponeurosis is tightly closed
afterwards. Using a Fiber-
Loop® (Arthrex, Naples, FL,
USA) the graft can be fixed at
the supinator crest through an
intramedullary endo-button. At
the proximal end, the graft is
pulled into the v-shaped drill
hole at the distal humerus us-
ing another FiberLoop® which
exits the drill hole at the dorsal
aspect of the distal humerus.
The correct tension of the
graft is dynamically evaluated.
The graft is now sutured onto

CcycTaBa W NieYeHne He MOXET ObiTb
NPOBEAEHO KOHCEPBATUBHBLIM METO-
LaMu, BbINOSHAETCS apTPOCKONUs
NOKTEBOrO CycTaBa.

Ecnu ronoska ny4eBoi KOCTW NOA-
BbIBUXHYTa B 3aAHENaTepansHoM
HanpaBJieHNM, TO Takoe COCTOSHNE
cuntaetca 3J1PH 1 ctenenm. Mpu
3J1PH 2 cTeneHn BeHeYHbIN OT-
POCTOK JIOKTEBOW KOCTW «CUAUT»
no3au 6110ka Nne4eBom KOCTH, Bbl-
3blBast HECOOTBETCTBUE CYCTaBHbIX
NOBEPXHOCTEN NEYENOKTEBOrO CY-
crasa. 3JIPH 3 cTenexu no3sonseT
NErKko BbIBUXHYTb CyCTaB BO BPEMS
onepaumu. Ecnm HeCcTabunbHOCTb
cycTaBa 6bina NOATBEPXKAEHA BO
BPEMS apTPOCKONUM, MOXKET ObITb
BbINOMIHEHA PEKOHCTPYKLMS CBA3OK.

Xupyprus noKTs

Tabnmua 2: KnuHndeckuii uexog u oc-
NOXHeHnst nocne pekoHeTpykunn MKC y
CMOPTCMEHOB C BbICOKOW NOAAYEN.

* RtP = BepHyBLUMECS B UrpOBOIA BUA
cnopra,

# MEPS = wkana Mayo Elbow
Performance Score.

Xupypruyeckas peKOHCTPYKLmS
CBAI30K

PekoHcTpykuus JUIKC (Puc. 2)
Ecnu 3J1PH 6bina noaTepxaeHa
C MOMOLLbH apTPOCKONNN, MOXET
ObITb BbINONHEHA W OTKPbLITas
pekoHcTpykums JTIIKC. B Hawem
OTAENEHUM MPU PEKOHCTPYKLMK
CBSI30K UCMONb3YETCS ayTONOrmy-
Hblid TPAHCTINAHTAT M3 CYXOXMMNUS
TPEXTNaBOiA MblLULbI, OfHAKO B
nuTEpAType OnucaHbl U Jpyrue
BapuaHTbl - TOHKOW MW ANVHHO
nagoHHbIX Mbiwy (10, 13).

K3aam 0T ronosku ny4eBoit KOCTH
BbINOMHAETCS NaTepanbHblii pas-
pes, KOTOPbIA 3aTeM paclLmpseTcs
K LEHTPY BpaLLEeHMst AUCTamnbHOro
OTAena nneveBoit koctn. Macumu
pasrubartesnei paccekaroTcs B npo-
[ONbHOM HarpasneHuu. Mo dac-
Lmein MeX Iy NOKTEBbIM pasrubate-
NeM 3anscTbs 1 NOKTEBOW MbILLILIEN
ONPEAENSETCS NPOCTPAHCTBO

unm poctyn Koxepa. 3Tu MbiLLb
[O/KHbI 6bITb CRerka Mobunnaosa-
Hbl NMyTEM TYNoro pasgenexus ans
BbIBEEHNS KONbLIEBOW 1 naTeparb-
HOW KonnaTepanbHOM CBA3OK.

JIKC pomxHa 6bITb NpunogHsTa
Haj MeCTOM MPUKPENIEHNS Ha OCH
BpaLLeHus auCTanbHoro oTaena
NeYeBOi KOCTHU BMECTE C O6LLMM
CYXOXXMIbHbIM Ha4Yanom pasruba-
Tenen ¢ Lenbto Bbigenenns JIIKC.
AHanornyHsIM 06pa3om, NokTeBas
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Fig. 3: Intraoperative view of MCL
reconstruction. A medial approach
via flexor split has been performed.
The autologous palmaris tendon graft
has been inserted in the v-shaped
ulnar drill hole in a double-bundle
technique and is fixated at the axis of
elbow motion at the distal humerus
with a tenodesis screw.

a second endo-button at the
dorsal aspect of the distal hu-
merus. Alternatively the graft
can be fixed using a tenodesis
screw.

Wound closure has to be
performed carefully and cau-
tiously. The joint capsule has
to be closed in order to avoid a
continuing discharge of syno-
vial fluid which could interfere
with the osseous integration
of the tendon graft. The LCL
as well as the CEO have to be
anatomically restored. The ex-
tensor fascia has to be tightly
closed in order to minimize the
risk of perioperative infection.
Postoperatively, an elbow
brace is applied to avoid varus
stress.

MCL Reconstruction
Analogous to the LUCL recon-
struction, medial instability has
to be performed by diagnostic
arthroscopy. A longitudinal
skin incision is performed over
the medial epicondyle. The
flexor fascia is exposed and
longitudinally incised to expose
the underlying forearm flexors
which are bluntly dissected.
The origin of the MCL at the
motion axis of the elbow at
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the distal humerus can be
visualized now. Moreover, the
insertion of the anterior bundle
at the sublime tubercle of the
coronoid process as well as the
insertion of the posterior bun-
dle at the dorsal aspect of the
proximal ulna are exposed. The
ulnar nerve has to be identified
in the sulcus ulnaris to avoid
neurological complications. If

a sulcus ulnaris syndrome is
present which can be found in
approximately 40% of patients
with medial instability [3], an
additional decompression

of the ulnar nerve is recom-
mended.

In our department, an autolo-
gous triceps tendon or palmaris
longus tendon graft is used

for MCL reconstruction. A v-
shaped drill hole is established
at the distal humerus equally
to the LUCL reconstruction.
Another v-shaped drill hole

is then established starting

HOOHAN

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

MbILLLA AOMKHA ObITb MPUMOAHSTA
Haz rpebHem cynuHaTopa ans Bu-
3yanu3aunm Mecta npuKpenieHus
JIIKC Ha npokcumansHoi nokTe-
BOM KOCTU. Ha rpebHe cymuHaTopa,
a TaKXKe Ha [MCTanbHON NNeYeBoil
KOCTU MPOCBEP/MBAIOTCA V - 06-
pa3Hoe 0TBEPCTHE C BXOAOM Ha
OCY [IBMXXEHMS! JTOKTS M BbIXOAOM
Ha [OpCanbHOM YacTy ANCTaNbHOTO
OTZena nne4eBon KOCTH.

[lanee npoBognTCS NoAroToBKA
TpaHcnnaHTaTa 13 CyxoXums
TPEXrnaBoi MbllwLbl. McnonbayeTcs
(bparMeHT 7 CM ANMHON U 4 MM
LUMPHHOI N3 MeauanbHOro Kpas
CYXOXXMUNMS TpULienca, nocrne Yero
MbILUEYHBIA anOHEBPO3 NMNOTHO
yLUMBaeTCA.

C nomoLubHo LLOBHOTO Habopa
FiberLoop® (Arthrex, Heanonb,
®nopuaa, CLUA) TpaHcnnaHTar
MOXET 6bITb 3athMKCMPOBAH Ha
rpebHe cynMHaTopa ¢ MOMOLLBHO
WHTpaMe Ly INSPHON SHAO-KHOMKM.
Ha npokcymMansHOM KoHLe, TpaHc-
nnaHTaT NponyckaeTcs Yepes
v-00pa3Hoe 0TBEpCTHE Ha nie-

Xupyprus noKTs

Puc. 3: VIHTpaonepaunoHHbIii BuA npu
pekoHcTpykumn MKC. Mocpeactsom
pasgeneHns crubatenei BoinonHeH
MeauanbHblii BOCTYN. AyTONOrnYHbIN
TpaHCNAaHTaT U3 CyX0XMNs NafoHHOM
MbILLILbI BIOXEH B V-06pasHoe NoKTeBoe
0TBEPCTVE ABOMHLIM METOLOM M 3aKpe-
NAEH Ha OCK ABMXXEHUS NNEYEBON KOCTH C
MOMOLLbK BUHTa ANS TEHOAE3a.

4eBOW KOCTYW C NOMOLLBIO APYroro
LIoBHOrO Habopa FiberLoop®,

W BbIXOAWT U3 OTBEPCTUS HA
LOPCaNbHOM YacTu AMCTaNbHOrO
OTAena nnevesoi kocTu. Mpasunb-
HOE HaTSKEHME TpaHcnnaHTaTa
OLEHMBAETCA B AMHAaMuKe. TpaHc-
NAaHTaT UKCUPYETCS C MOMOLLbHO
3H[0-KHOMKW Ha AOPCaNbHON YacTy
AMCTaNbHOTO 0TAENa nneyesoi
KocTu. B kauecTBe anbTepHaTVBbI
TPaHCNNAHTAT MOXET ObITb NpU-
KpenseH C MOMOLLbI0 BUHTA ANS
TeHoaesa.

3aTeM BbINOMHSETCS TIlaTeNb-
Hoe ylumBaHwe paHbl. CycTaBHas
Kancyna Taikoke yLuMBaeTcs, 4ToObl
n36exxatb NOCTOSIHHOIO NOATE-
KaHUsi CUHOBUANBHOM XMAKOCTH,
4TO MOXET NOMELLATh KOCTHOM
nHTerpaumm TpaHcnnaxtara. JIKC,
a Tarxe MOMP pomxHbl 6bITb BOC-
CTaHOB/EHbI aHATOMUYECKM.
®acums pasrubarenei JomKHa
ObITb NAOTHO YLWIMTA, 4TI CBECTU
K MUHUMYMY pUCK Nepronepauy-
OHHOW MHekumK. B nocneonepa-
LIMOHHOM NEPUOAE NPUMEHAETCS
LUMHA, YTOObI NCKIIOUYNTL BAPYCHBIN
cTpecc.

PekoHcTpykuus MKC
AnanorvuHo pekoHcTpykuum JIJTKC,
Np¥ MeananbHo HecTabunbHOCTH
BMELLIATENbCTBO MOXET ObITb Bbl-
MOHEHO W BO BPEMS apTPOCKONMS
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at the sublime tubercle and
exiting approximately 1.5-2 cm
dorsal of the sublime tubercle
at the proximal ulna. Thereby
the anterior and the posterior
bundle of the MCL are recon-
structed. The graft is passed
through the ulnar drill hole. Its
ends are sutured together with
a FiberLoop® and passed into
the humeral drill hole where it
can be fixed at the dorsal as-
pect of the distal humerus with
an endo-button. Alternatively, a
tenodesis screw can be used
for graft fixation.

Even though biomechanical
analysis has shown that single
bundle reconstruction of the
anterior bundle of the MCL
leads to sufficient valgus stabil-
ity, we perform double bundle
reconstruction to restore physi-
ological anatomy and biome-
chanics as closely as possible
[4]. Analogous to LUCL recon-
struction, meticulous wound
closure has to be performed at
the end of surgery (Fig. 3).

After-care

An elbow brace is applied for
six weeks to limit varus- and
valgus-stress. Flexion in the
brace is limited to 90° for
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the first week and is then
increased by 10° per week.
Extension is limited to -10° in
weeks one to four postopera-
tively. To avoid elbow stiffness,
the elbow joint can and should
be mobilized over the full range
of motion in physical therapy
starting on the first postopera-
tive day. Contact sports and
heavy lifting should be avoided
for 12 weeks (Fig. 4).

More conservative treatment
plans after ligament recon-
struction have been described
in literature with immobilization
of up to six weeks [10, 13, 15].

Results and Complications
LUCL Reconstruction

A limited amount of data is
available concerning LUCL
reconstruction. Only retrospec-
tive studies are available while
prospective studies as well

as comparative or randomized
controlled trials are missing.

Dehlinger et al. [5] performed
47 LUCL reconstructions. At
average, the Mayo Elbow Per-
formance Score (MEPS, max.
100 points) increased from

45 points preoperatively to 82
points at the latest follow-up at

11 C MOMOLLBIO OTKPbITOX Onepa-
Lms.. [pofosbHbIA Pa3pes Koxu
NPOW3BOANTCS HAL MenabHbIM
HaamblwenkoM. dacuns crubare-
nen BbIAENSETCs 1 paccekaeTes B
NPOLOSbHOM HANPaBEHNH, YTOObI
BbIAENNTb CrubaTeny npeanieybs,
KOTOpbIE 3aTeM TyNO pasfenstoTes.
MecTto npukpennenns MKC Ha

OCH [IBUXXEHMS NTOKTS B 0651acTy
AMCTaNbHOro 0TAENa NneYeBoi
KOCTU YK€ MOXET ObITb BU3yann3u-
poBaHo. KpoMe Toro, o6HaXxxaeTcs
MECTO NPUKPENNEHNS NEPELHETO
nyyka Ha 6yropkoBoin BO3BbI-
LIEHHOCTW BEHEYHOTO 0TPOCTKA U
NpVKpensieHne 3a8Hero nyyka Ha
AOpCanbHON CTOPOHE NPOKCUMaTTb-
HOW NOKTEBOM KOCTH!.

B nokTesoi 60po3ae LOMKeEH
ObITb ONPEAENEH NIOKTEBOW HEPB,
4T06bI M36EXATb HEBPOJOrMYECKHUX
OCNOXHEHWIA. ECrn eCTb CMHAPOM
Ky6uTanbHOro KaHana, KoTopbli
MOXET 6bITb HANAEH Y MPUMEPHO
40% naumneHTOoB C MeanabHON
HeCTabubHOCTbIO (3), pekoMeHay-
€TCS LONONHUTENbHAS LEKOMMPEC-
U NIOKTEBOro HepBsa. B Hawwem
OTAENEeHN! ANsi PEKOHCTPYKLMK
MKC wncnonbayeTcs ayTonoruy-
HbIA TPAHCMNAHTAT U3 CYXOXMMNS
TPEXTNABOA MbILLLbI M ANMHHOM
NafoHHOMN MbILLLIbI. TaK Xe, KaK

1 npu pekoHcTpykunm J1JIKC,

B AMCTAsIbHON YaCcTu NNeYeBo

Xupyprus nokrs

KocTn chopmmupyeTcs V-06pasHoe
0TBEpCTHE.

3aTeM NpoAensIBaeTes ¢ NOMOLLbH
ceepra ele oaHo V-06pasHoe
0TBEPCTME, KOTOPOE HAYMHAETCS
Ha 6YropKOBOM BO3BLILLEHHOCTY W
BbIXOAMUT MpUMepHo 1,5-2 cM pop-
casnbHee 6yropkoBon BO3BbILLEH-
HOCTW Ha NPOKCUMABbHOM JIOKTEBOM
KocTu. Takum 06pasom, 1 nepesHui
n 3agHmnin nyqok MKC pekoHcTpyw-
pytoTCs.

TpaHcnnaHTaT nponyckaeTcs Yepes
OTBEPCTHE B JIOKTEBOW KOCTH. KOH-
Libl €ro CLUMBAIOTCS BMECTE C NOMO-
weto FiberLoop® u nponyckaroTes
B OTBEPCTHE B NEYEBOI KOCTH,
rA€e OH MOXET ObITb 3aKpeneH Ha
[OPCanbHOM YacTH AUCTANbHOMO OT-
[iena nne4eBoi KOCTH C MOMOLLbH
3H[0-KHOMKW. B kayecTse anbTep-
HaTUBbI, Ans (oUKCaLmMm TpaHCNNaH-
Tarta MOXeT 6bITb MCNONb30BaH
BMHT ANs TEHOLe3a.

[axe ecnu 6uoMexaHuyeckuin
aHann3 nokasblBaeT, YT0 PEKOH-
CTpyKums nepeaHero nyyvka MKC
NPUBOANT K JOCTATOYHOM Barbryc-
HO¥ CTabWbHOCTM CYCTaBa, Mbl
MPOBOANM [IBOMHYHO PEKOHCTPYK-
LMI0 ANs MOSTHOTO BOCCTAHOBEHNS
aHaTomuu 1 buomexaHuku (4).
AnanorunyHo pekoHcTpykumnn JIJIKC,
B KOHLE onepauum JOmKHO 6bITb
BbIMOSTHEHO TLUATENBHOE YLLIMBAHWE
paHb! (Puc. 3).
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Fig. 4: Follow-up radiograph after
two-staged LUCL and MCL recon-
struction for chronic elbow insta-
bility as a result of multiple trau-
matic elbow dislocations. The LUCL
reconstruction has been fixated with
two endo-buttons. For the MCL, a
biodegradable tenodesis screw was
used. Soft-tissue repair with suture
anchors was performed on the lateral
and medial side.

a mean of 19 months postop-
eratively. Pain levels on a visual
analogue scale (VAS, 0 = no
pain, 10 = worst pain) declined
from 7.5 t0 2.2 points. At aver-
age, an extension deficit of
1.6° remained. Complications
were reported in 3 cases (7%).
One patient had to undergo
revision LUCL reconstruction
due to persisting instability.
One arthroscopic arthrolysis
had to be performed as a result
of a postoperatively persisting
extension deficit. One patient
suffered from a transient neu-
ropathy of the ulnar nerve.

Sanchez-Sotelo et al. retro-
spectively analyzed the clinical
results of 32 patients after
LUCL reconstruction [13]. 14
of them reached an excellent
result, 13 a good result and five
patients reached a fair result
according to the MEPS with a
mean of 87.3 points. Complica-
tions have occurred in 5 cases
(15.6%). Two patients had to
undergo revision surgery for
ligament reconstruction as a
result of recurring instability.
Two developed symptomatic
osteoarthritis of the elbow.
One patient suffered from ul-
nar neuropathy postoperatively.
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Olsen et al. [12] report the
results of 18 patients. Accord-
ing to the MEPS, 14 patients
reached an excellent result,
two reached a good result and
another two patients reached
a fair result. Three patients had
an extension deficit of more
than 10° at the time of the lat-
est follow-up. One patient had
to undergo revision surgery
for recurring instability. Table 1
depicts the clinical results after
reconstruction of the LUCL.

MCL Reconstruction
Regarding reconstruction

of the medial collateral liga-
ment, a large amount of cases
has been published. Mostly,
overhead athletes have been
included in these retrospective
analyzes.

Cain et al. [2] report a study

of 743 patients. The return to
play rate was 83%. Complica-
tions were observed in 21.8%.
Transient ulnar neuropathy was
the most common complica-
tion (16.3%). Superficial wound
infections have been seen in
3.6%. In 1.2% failure of the
MCL reconstruction occurred
and 5 patients (0.7 %) sus-
tained an avulsion fracture of
the medial humeral epicondyle.

MocneonepaunoHHbIii nepuos
ViMmo6unmn3aums noKTS ¢ NOMOLLbHO
LUMHBI MPUMEHSIETCS B TEYEHWE
LWECTV HeLieNb ANs OrpaHuyeHus
BApyCHOr0 ¥ BaNbryCHOrO CTpecca.
CrubaHvie orpanmunsaeTcs go 90°
B TEYEHWE NepBOV Heflenu, a 3aTem
yBennunsaetcs Ha 10° B Hefiento.
Pa3ru6aHue orpaHuunsaeTcs oo
-10° B TEYEHWE HECKOIbKUX HEAENb
(0T 0fHOM [0 YeTbIPEX) NOCNE One-
pauun. YTobbl n3bexxarb CKOBaHHO-
CTV B NIOKTEBOM CyCTaBe, Ha4nHas
C NepBOro NocneonepaumoHHOro
LHS, NPOBOANTCS (pu3noTEpanms,
HanpaBneHHas Ha BOCCTaHOBEHWE
MOJTHOrO AManas3oHa ABUXXEHWH.
KoHTaKTHbIe BuAbI cropTa v
TsHKenas atneTka AomkHbl ObiTh
UCKIKOYEHbI B TeYeHMe 12 Hefenb
(Pwc. 4). B nutepartype 6binu
OnucaHbl 60Mee KOHCEPBATUBHbIE
cTpaterum peabunuTauum nocne
PEKOHCTPYKLWM CBA3KM - UMMOGH-
nu3aums 1o wectu Hegenb (10, 13,
15).

PesynbTaThbl M 0OCNOXHEHUS
PekoHcTpykuus JIIKC
OTHOCHTENBHO PEKOHCTPYKLMK
JIIKC umetoLumecs B Hay4HOM
nuTepatype AaHHble OrpaHNYeHbl:
LOCTYMHbI Pe3ynbTaThl TONbKO
PETPOCNEKTUBHBIX UCCNIEN0BAHMIA,
B TO BPEMS KaK jaHHble 0 Mpo-
CMEKTMBHbIX, @ TAKXXE CPABHM-

Xupyprus noKTs

Puc. 4: KoHTponbHas peHTreHorpadms
nocne ABYXCTyneH4aTon PEKOHCTPYK-
tmn JIIKC 1 MKC npu xpoHr4eckoit
HecTabunbHOCTYW NOKTEBOTO CycTaBa B
pesynbTaTe HECKOSIbKUX TPaBMaTUYECKUX
BbIBMXOB JIOKTS. PEKOHCTPYMpoBaHHas
JIIKC 6bina 3akpenneHa AByMs SHIO-
kHonkamu. Ans MKC 6b1n ncnonb3oBaH
61ONOrMYEeCKMid BUHT AN1g TeHozesa. Boc-
CTaHOBJIEHNE MAMKMX TKaHel Ha Meanans-
HOVA 11 naTepanbHOM CTOPOHE BbIMONHEHO
C MOMOLLBHO LLIOBHbIX (OMKCATOPOB.

TEMbHbIX UK PaHAOMU3MPOBAHHBIX
KOHTPOMMPYEMbIX NCCNEAOBAHUSX
otcytcraytoT. Dehlinger ¢ coasT.
(5) BbINONHNUA 47 PEKOHCTPYKLMA
JIIKC. B cpearem, no Lwukane

Mayo Elbow Performance Score
(MEPS, makcumansHo 100 6annos),
COCTOSIHWE CyCTaBa yyyLwmnoch

¢ 45 6annos fo onepauum 1o 82
6annos B Nepuop fanbHENLLero
Habntoaerus (8 cpeaHem, 19 me-
CsLEB nocne onepauum). YpoBeHb
60K Mo BU3yanbHOW aHanoroBo
wkane (VAS, 0 = HeT 6onm, 10 =
camast curbHas 6011b) yMeHbLLMIICS
¢ 7,5 no 2,2 6annos. B cpeaHem,
HEAOCTATOUYHOCTb aMNUTY bl Pas-
rnbanus coctasuna 1,6 °. Ocnox-
HeHWs Bblan 0TMEYEHbI B 3 CAyyasx
(7%). OanH naumeHT AOMXeH 6bin
MPOWTM MOBTOPHYO PEKOHCTPYKLMIO
JIKC un3-3a coxpaHsitoLLeiics He-
cTabunbHOCTM. OBHOMY NauMeHTy
NOHAA0BMNACS apTPOCKOMMUECKMIA
apTPOJM3MC M3-3a COXPaHSIOLLENCs
nocne onepauuu HegocTaTouHoN
amnauTyabl pasrubanus. OauH
nauweHT cTpagan oT TPaH3UTOPHOM
HEBPONATMM NOKTEBOrO HEPBA.
Sanchez-Sotelo ¢ coaBT. peTpo-
CNEKTUBHO NpOaHanu3npoBan
KNUHUYeckne pesynstarsl 32
NauueHToB nocne PeKOHCTPYKLNK
JIUIKC (13). Y 14 13 Hux 6b1n nony-
YeH OTNMYHbINA pesynbTar, y 13

- XOPOLUMiA pe3ynbTar, y 5 nauven-
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Dugas et al. [6] retrospectively
evaluated the outcome of 120
patients after MCL reconstruc-
tion. The return to play rate at
an equal or higher level was
90%. Complications were ob-
served in 22.5%. Once again,
transient ulnar neuropathy
was the most common type
of complication (20.8%). Two
failures of MCL reconstruction
have been observed.

Savoie et al. [14] report a
return to play rate (at an equal
or higher level) of 88% in 116
cases. Complications were
seen in 6% of all patients (7
cases). In three cases ulnar
neuropathy was present.

One of these patients had to
undergo revision surgery for
decompression of the ulnar
nerve. One patient had to
undergo revision surgery for
postoperative hematoma. One
patient developed a superficial
skin infection which was suc-
cessfully treated conservatively
with oral antibiotics. Another
patient sustained an avulsion
fracture of the medial humeral
epicondyle after returning to
sports. One patient suffered a
rupture of the forearm flexors
after returning to play.
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Kodde et al. [9] report a return
to play rate of 90% in 20
overhead athletes. The MEPS
at the latest follow-up averaged
91.2 points. One persisting
ulnar neuropathy was observed
while two patients developed
heterotopic ossification with
subsequently limited range

of motion. Table 2 outlines

the clinical results after MCL
reconstruction.

Conclusions

Chronic elbow instability can
clinically appear in diverse fash-
ion and can severely diminish
the patient’s quality of life. Clin-
ical diagnosis can be difficult
and demands a high degree of
suspicion. Diagnostic arthros-
copy remains the gold standard
for diagnosis of chronic elbow
instability. Posterolateral rota-
tory instability represents the
most common type of chronic
instability and is caused by a
lesion of the LUCL.

Clinical results of LUCL and
MCL reconstruction are prom-
ising, yet the available data

is limited. Further studies are
necessary to evaluate the clini-
cal outcome of patients under-
going ligament reconstruction.

TOB — NOCPEACTBEHHbIN Pe3ynbTaT
B cootBeTCTBIUN ¢ MEPS (CpeaHee
KONINYEeCTBO 6annoB COCTABMIO
87,3). OCnoXXHEeHUs BO3HUKAM B 5
cnyyasix (15,6%). [Bym nauventam
noTpe6oBanach NOBTOPHAS PEKOH-
CTPYKTWBHAs onepauus B CBA3N

C PeunanBoM HecTabunbHoOCTH. Y
ABYX NAUMEHTOB MOSBUIUCH KIW-
HUYeCKWe NPU3HaKK 0cTeoapTpuTa
NOKTEBOro cyctaea. OauH naumeHT
cTpajdan oT NOKTEBOi HeBponaTumn
B NOCNEONEPALMNOHHOM NEpUoae.
Olsen ¢ coasT. (12) coobLmn o pe-
3ynbrarax neyeHns 18 naumeHTos.
Mo MEPS, y 14 naumeHTOB 6bI11 NO-
NyYeH OTANYHbINA Pe3yNbTarT, y ABYX
XOPOLLWA PE3YNbTAT, U eLLe y ABYX
60MbHbIX 0TMEYAnCst NOCPEACTBEH-
HbIA Pe3ynbTaT nocne npoBeaeH-
HOro NeyeHus. Y Tpex nauneHToB
0TMeyYanacb HeoCTaTOYHOCTb
amnauTy bl pasrnbaHns 6oneeyem
10° BO Bpems NocneaytoLLEero Ha-
6noaerns. OfnH NaumeHT [OXeH
b1/ NPOMTH Yepe3 NOBTOPHYHO
onepauyio no noBojy peumansmpy-
toLLieit HectabunbHocTu. B Tabnuua
1 nokasaHb! KIMHUYECKUE Pe3yb-
TaThl nocne pekoHcTpykumm JIJIKC.

PekoHcTpyKuus MKC
OTHOCUTENBHO PEKOHCTPYKLMN Me-
AManbHoON KonnatepanbHOW CBA3KM
y>Xe 0rny6/IMKOBaHO OCTATO4HO
AaHHbIX. B 3T peTpocnekTuBHbIE

Xupyprus noKTs

aHanuabl, rnasHsIM 06pasom,

ObINW BKIHOYEHbI COPTCMEHBI,
MPaKTUKYOLLME BbICOKYH M0-

pauy. Cain ¢ coasT. (2) coobLmn
06 nccnenosanun 743 naumen-
T0B. Bo3BpaTuamncs B UrpoBon

Buz crnopTa 83% CNopPTCMEHOB.
OcnoxHeHs HabAKFANUCH
21,8% nauneHToB. TpaH3uTOpHas
NOKTEBas HeBPONaTms Bbina Cambm
pacnpoCTPaHEHHbIM OCIIOXHEHNEM
(16,3%). [NoBEPXHOCTHBIE paHeBble
WHpeKUmm Bb1nn 3ameyeHbl B 3,6%
cnyyaes. Y 1,2% naumeHToB He
yaanoch pekoHcTpyuposats MKC,
ny 5 naumeHTos (0,7%) npon3oLuen
NOMHbIA NEPENOM MeANanbHOro
HaAMbILLENKA NeYeBon KOCTH.
Dugas ¢ coaBT. (6) peTpocnex-
TUBHO OLieHun pedynbTatsl y 120
NnauueHToB nocne PeKOHCTPYKLNK
MKC. lMoka3satens BO3BpaLLEeHKs

B UrpOBOW B CNIOPTA TOMO XKe !
60nee BbICOKOro yPOBHS COCTaBUN
90%. Ocno>xxHeHus Habnoaanuch B
22,5% cnyyaes. W cHoBa TpaH-
3MTOPHAs NIOKTEBAs HEBPONaTUs
Obina cambIM pacrnpocTpaHEHHbIM
TUNOM OCNOXXHeHui (20,8%). [se
pekoHCTPyKuUm MKC 6binn He-
yAauHbIMu. Savoie ¢ coasT. (14) co-
06LLMN 0 NokasaTese BO3BpaLleHns
B UrpOBOM BUA CropTa (Takoro xe
nnm 6onee BbICOKOTO YPoBHS) 88%
npu Habmoaernmn 116 cnyyaes.
OcnoxHeHus bl 3aMeyeHbl y
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6% BCex naumeHToB (7 cnyyasx).

B Tpex cnyvasx 6bina oTMeueHa
nokTesas Hesponatus. OfuH u3
nauneHToB NepeHec NOBTOPHYH
onepaumto ans AeKOMNPECCHm NoK-
TeBOro Hepaa. OgHOMY NaumeHTy
noHagobunacs NOBTOPHAs XMPYp-
rMs Mo NOBOAY NOCneonepaumoHHoM
rematombl. Y 0HOro nauueHTa
pa3Bunacb NoBepxHOCTHas
MHADEKLMS KOXM, KOTOpas bblna
YCMELLHO 13fie4eHa C MOMOLLbH
nepopasnbHbIX aHTUOUOTUKOB.
[pyroii naumeHT nepeHec NoHbIi
nepesnoM MeauasnbHOro HaaMbiLLen-
Ka nneyeBon KOCTU NOCne BO3Bpa-
LLeHWs B CMOPT. Y OAHOro nauneHTa
Mpou30LLEN paspbie crubatenen
npesnneybs nocne BO3BPaLleHus

B urposou Bug cropta. Kodde ¢
coaBT. (9) coobLumn o nokasaTene
BO3BPALLEHMS B UrPOBOWA COPT
90% CrMoOpTCMEHOB C BbICOKOW
nogavei nocne uccnegosaqns 20
Cry4aeB HeCTabUbHOCTM JIOKTS.
CocrosHue cyctasa no MEPS npwu
nocrneaytoLLemM nocne onepauum
HabmnofeHUM B CpeaHeM 6bino 91,2

! Center for Trauma, Hand and
Elbow Surgery

University Hospital Kéln

Kdln, Germany

2 Clinic for shoulder surgery
Bad Neustadt/Saale, Germany
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6anna. Y ogHoro naumeHTa oTMeva-
nach ynopHas nokTesas HeBpona-
TWS, @y ABYX NAUMEHTOB BO3HUKIIO
reTepoTONMYECKOE OKOCTEHEHME

C OrpaHM4eHneM ananasoHa
nBuXeHns. B Tabnuua 2 nokasaHsbl
KMUHUYECKME pe3ynbTaThl nocne
pekoHCTpyKuun MKC.

BbiBoAb!

XpOHMUecKkas HeCTabnnbHOCTb
NIOKTEBOrO CycTaBa NposiBNsAETCS B
pasHbIX KIMHUYECKUX hopMax v Mo-
XKET CEpPbEe3HO YXYALUMTb KA4ECTBO
XKU3HW naumeHTa. KnuHudeckuii
AMArHo3 MOXET ObITb CNIOXHbIM 11
TpebyeT 0T Bpaya BbICOKOM CTENEHM
HACTOPOXXEHHOCTY. [luarHocTuye-
CKas apTPOCKONMS OCTAETCS «3010-
TbIM CTaHAAPTOM» NS AUArHOCTUKM
XPOHWNYECKOM HECTABUNBHOCTY NOK-
TEBOro CycTasa. 3afHenarepasnbHast
POTAUMOHHAS HECTAbNMBHOCTb
ABNSETCS Hanbonee pacnpocTpa-
HEHHbIM TUMOM XPOHUYECKON He-
CTABbUNbHOCTY NOKTS W 06yCnoBeHa
nopaxeHuem JIJIKC. KnuHudeckue
pesynbTaTbl peKoHCTpyKuum JIJIKC
1 MKC BbIrnsigsT MHoroobeLLaroLLy-
MM, 0HAKO UMEIOLLIMXCS B HAY4HOM
nMTepaType AaHHbIX HEOCTATOUHO.
Heobxoaumbl fanbHeiwne uceneao-
BaHWsl, YTOObI OLEHUTb KIIMHUYECKNE
pesynbTaTthl y NALMEHTOB, Nepe-
HECLLMX PEKOHCTPYKLMIO CBS30K
IOKTEBOrO CyCTaBa.
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Advances in
Personalized
Medicine

Summary

Molecular and cell biology have
resulted in major advances in
our understanding of disease
pathogenesis as well as in
novel strategies for the diag-
nosis, therapy and prevention
of human diseases. Based on
modern molecular, genetic,
microbiologic and biochemical
analyses it is on the one hand
possible to identify for example
disease-related point muta-
tions and single nucleotide
polymorphisms. On the other
hand, using high throughput
array and other technologies,

it is for example possible to
simultaneously analyze thou-
sands of genes (DNA) or gene
products (RNA and proteins),
resulting in an individual gene
or gene expression profile
(‘signature’) or to character-
ize the individual microbiome
and its pathogenetic potential.
Such data increasingly allow to
define the individual disposition
for a given disease and to pre-
dict disease prognosis as well
as the efficacy of therapeutic
strategies in the individual pa-
tient (‘personalized medicine’).
At the same time, the basic
discoveries in cell biology,
including embryonic and adult

stem cells, induced pluripotent
stem cells, genetically modified
cells and others, have moved
regenerative medicine into the
center of biomedical research
worldwide with a major
translational impact on tissue
engineering as well as trans-
plantation medicine. All these
aspects have greatly contrib-
uted to the recent advances in
regenerative medicine and the
development novel concepts
for the treatment of many hu-
man diseases.

Key words: human genome
organization, genome-wide
association studies, human
microbiome project, array
analyses, regenerative medi-
cine, transplantation medicine

Introduction

The basic aspects of molecular
and cell biology are not only
integral part of biomedical
research but are increasingly
translated into patient care.
The genetic material of all liv-
ing organisms is made up of
DNA that in its entirety makes
up the individual's genome. In
recent years, DNA sequenc-
ing, including whole genome
sequencing (WGS), and om-

MeavuuHa 6yaywero

[locTUXKeHus
nepcoHanu3u-
OBaHHOW

Me AULUHDI

Pesiome

MonekynspHas 1 KneTo4yHas
6uonorus focturna 60bLumx
YCMEX0B B MOHUMAHUN NaToreHesa
3a60neBanmiA, a Takxe B 06nacTv
HOBbIX CTPATErMiA B AMArHOCTUKE,
Tepanum u NpodunakT1ke Yeno-
Beueckux 6oneaHeir. C noMoLLbto
COBPEMEHHbIX MONEKYNSAPHbIX,
FEHEeTUYECKNX, MUKPOBUONoruye-
CKMX W BUOXUMUYECKMX MCCNELO-
BaHWiA, C OIHON CTOPOHBI MOXHO,
Hanpumep, ONpeaennTb, TOYEUHbIE,
CBAi3aHHble ¢ 60NE3HBI0, MyTaLWM 1
NosMMOPCON3M 0LHOIO HYKIEoTUAA.
C Dpyroii CTOPOHBI, C MOMOLLbHO
BbICOKONPOM3BOAUTESBHBIX MUKDO-
YMNOBbIX W JPYTUX TEXHONOTWN,
MOXXHO, Hanpumep, OfHOBPEMEHHO
aHann3vpoBaTh TbICA4M FEHOB
(AHK) nmm reqnbix npoayktos (PHK
1 6enKoB), CO3faBaTh UHANBU-
AyasbHblA FEHOM UNW NPOUb
9KCMPECCHM FEHOB («MOJeKynsip-
HY0 MOANMCb») MK ONUCLIBATH
WHAMBUAYaNbHbIA MUKPOGUOM U
€ro NaToreHeT4eCKmiA NoTeHLman.
Mono6Hble AaHHbIE NO3BONAKOT
ONpesennuTb MHAMBUAYANbHYHO
NPEeLPacNoNOXEHHOCTb K 3ab0re-
BaHWIO M OMPEAEUTL ero NPorHo3,
a TaKKe apeKTMBHOCTL Tepanes-
TUYECKMX CTPATErnin y KOHKPETHOrO
nauueHTa («nepcoHan1anpoBaHHas
MeauumHa»). B To xe Bpems,
(hyHAAMEHTaNbHbIE OTKPbITUS

B KJIETOYHO 6MONOrkK, B TOM
uncne B 0611aCTM IMOPUOHANBHBIX
W B3POCIIbIX CTBOJIOBbIX KNETOK,
WHAYLMPOBAHHbIX NKOPUMOTEHTHBIX
CTBOJIOBbIX KNETOK, FEHETUYECKM
MOAMULMPOBAHHBIX KNETOK W Apy-
TMX KNETOK, HanpaBuMK pereHepa-
TUBHYO MEANLIMHY BO BCEM MUPE B
CTOPOHY 6MOMEULMHCKMX ucchne-
N0BaHWA C CUNbHBIM BO3AEUCTBUEM
TKAHEBOW MHXXEHEPUM, @ TaKXe
TPaHCMNAHTaUMOHHON MeAULMHBI.
Bce 311 acnekTbl B 3HAYUTENBHOM
cTenexn cnocobcTBoBaNM no-
CNEAHUM LOCTUXXEHNSM PEreHe-
PaTUBHOW MEeJMLMHBI 1 PA3BUTHIO
HOBOW KOHLIENLMM NTEYEHNS MHOTUX
3a60neBaHuii YenoBeka.

KnioyeBble cnoBa: opraHu3auus
MO U3y4EHMIO reHOMA YEeNOBeKa,
NONMHOreHOMHbIe UccnenoBaHusA
accoumaumid, IPOEKT MUKPOGUOM
YenoBeka, MeToAbl MUKPOUMUNUPO-
BaHu4, pereHepatBHas MeauLUnHa,
TpaHCNNaHTaUMOHHAs MeauUmMHa

BsepeHue

OCHOBHbIE METOALI MONEKYNSP-
HOW 1 KNETOUHOM 61ONoruM yxe
SBNSHOTCS HE TONbKO HEOTbEM-
NEMOM 4acTbo OUOME AULIMHCKMX
“cecneaoBaHuii, HO BCe B0NblUe
TPaHCOPMUPYHOTCS B METOSbI
NEYeHUst NaLUMEHTOB. eHeTUYECKNIA
Martepuan BCEX XKMBbIX OpraHn3MoB
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Fig. 1: Molecular and cell biology analyses: 1960s — date

ics analyses have identified
genetic markers and signa-
tures which allow to predict
the individual disposition for a
specific disease, its prognosis
and natural course as well as
its response to therapy.

Four major global research
efforts have been launched
and in part completed during
the last decades. All of them
continuously transform bio-
medical research as well as
its translation into clinical and
personalized medicine with a
tremendous potential for the
diagnosis, prevention and treat-
ment of human diseases.

Human Genome
Organization

The international human
genome organization (HUGO)
project established the com-
plete sequence of the human
genome more than ten years
ago (1, 2). In order to utilize the
sequence information from the
HUGO project for research as
well as for clinical applications
and to define the function(s)
of newly identified genes,
collectively termed ‘functional
genomics’, strategies were
developed to globally analyze
genomic DNA sequences as
well as their cell-, tissue- or

Puc. 1: MeToAbl MONEKynspHOM 1 KneTouHo 6ronorun: ¢1960 rofos - no HacTosLee

BpeMs

coctout u3 monekyn [HK, nocne-
[0BaTENIbHOCTb KOTOPbIX COCTaBNS-
€T MHAMBMAYaNbHbIA FEHOM.

B nocneaHue roabl, CeKBEHMPO-
BaHue [IHK, BK/ro4as nofHyto no-
CcnejoBaTenbHOCTb reHoma (whole
genome sequencing, WGS), u uc-
CNELOBaHNS [PYrux OMOB BbISBUMN
FEHETMYECKNE MAPKEPbI M «MO-
NEKYNSPHbIE MOANUCHU», KOTOPbIe
Mo3BONAOT BbISBNSTL UHAMBUAY-
anbHyH NPeapacnoNoXeHHOCTb K
onpeneneHHoMy 3a6onesanuto, ero
TEYEHME 1 MPOrHO3, a TaKXKe OTBET
Ha Tepanuto. B Teuenue nocneg-
HWX AECATUNETMIA ObINn HavaTbl

11 4aCTUYHO 3aBEpLLEHbI YeTbIpe
60nbLUKX rnobanbHbIX UCCNeao-

71

BaTenbCkux npoekTa. bnaropaps
MpoeKTaMm, MOCTOSIHHO TPaHC-
hopMUpYIOTCS BUOMEANLIMHCKNE
MEeTOobl NCCNeaoBaHUA, Tak>XXe
OHW BHEAPAKTCA B KJIMHUYECKYHO U
NepcoHan13MpoBaHHyo MeAULIMHY
C OrpOMHbIM NOTEHUMANOM ana
AMArHOCTMKM, NPOOUNAKTUKN 1
neyeHust 3a60N1eBaHNin YenoBeka.

OpraHu3aums no M3y4eHuio
reHoMma 4enoBeka
Me>ayHapoaHas opraHmsaums

MO M3YYEHMIO FEHOMA YenoBeka
(human genome organization,
HUGO) 6bina yupexaeHa 6onee
[ecsTb NeT Ha3aj C Lenbio onpege-
NEHUS NOMHOW NOCNEA0BATENBHO-
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Fig. 2: HapMap for chromosomes 13-15 and 17-19 (16)

organ-specific expression pro-
file. Using chips, so-called ‘mi-
croarrays’ (Fig. 1), thousands
or ten thousands of single-
stranded DNA species, reverse
transcribed RNA (cDNA) or
oligonucleotides of known se-
quence provide a global gene
(genomics), gene expression
(transcriptomics, proteomics)
or metabolite (metabolomics)
profile (‘signature’) that is
characteristic for the disease of
individual patient.

A clinical example for ‘person-
alized therapy' is the targeted
therapy of malignant diseases
with monoclonal antibodies
(mabs) and low molecu-

lar weight tyrosine kinase

inhibitors (TKI, nibs) alone or in
combination with conventional
chemotherapeutic agents that
results for several tumor enti-
ties in a significantly improved
overall or recurrence-free pa-
tient survival than conventional
cemotherapy. For patients with
metastasized colorectal cancer
(CRC) for example, the mabs
bevacizumab, cetuximab and
panitumumab have already
become part of the standard
clinical practice (3, 4). In this
context it was shown that only
patients with wild-type KRAS
or wild-type BRAF tumors
benefit from cetuximab or
panitumumab (5-9). Therefore,
by determining the KRAS
status before therapy allows to

Puc. 2: HapMap nns xpomocom 13-15 1 17-19 (16)

ctv reHoma (1, 2). [ins Toro, 4to6bi
ucnonb3osatb MHgopmauno HUGO
0 NOCNefoBaTENLHOCTY ANS UcCne-
[OBaHWiA, a TaKXe Ans KMMHUYe-
CKOro NMPUMEHEHUS, 1 ONpelensiTb
(DYHKLMIO (M) BHOBb MAEHTUULM-
POBaHHbIX FEHOB (4TO BCE BMECTE
Ha3blBAETCS «(PYHKLMOHANBHO
FEHOMMKOW»), 6bina paspaboTaHa
cTpaterus ans rnobanbHoro aHa-
132 reHOMHbIX NOCNeA0BaTENbHO-
cteit [IHK, a Takxe nx KNeTOYHbIX,
TKaHEBbIX UMK OpraHocneumdm-
YeCKux NPoMnen aKCIpeccum.
Vicnonb3oBaHue uunoB, Tak
Ha3blBAEMbIX «MUKPOUMMOB» (pUC.
1), TbiCS4en UNK AECSTKOB ThiCAY
ofHouenoyeyHbix [HK yyacTkos,
PHK ¢ o6patHoit TpaHckpunuueit
(kQHK) nmv onuronykneoTnaos ¢
W3BECTHOM NOCNEA0BATENBHOCTLO,

No3BONSET ONPEAENUTL FEHOM
(reHoMMKa), 3KCMPECCHHO FEHOB
(TpaHcKpUNTOMMKA, NPOTEOMMKA)
nnm MeTabonuyeckuii (Metabono-
MuWKa) Npochunb («NOANKCh»), Xa-
pakTepHble AN1s 60N1E3HN KAXAO0r0
naumneHTa. KnmHu4eckum npumepom
«MEPCOHANM3NPOBAHHO Tepanum»
ABNSETCS TapreTHas Tepanus
3110Ka4eCTBEHHbIX 3a60MeBaHWiA C
MOMOLLbKO MOHOKJIOHAMBHbIX aHTH-
Ten (MAT) n HU3KOMONEKy NAPHbIX
WHrMOMTOPOB TUPO3NHKMHASbI
(WUTK), oTAENbHO UK B KOMOBWHA-
LMK C TPAANLIMOHHBIMM XUMUOTE-
paneBTMYeCKUMM MpenapaTamu,
KOTOpas NPUBOAMT, MPK HEKOTOPbIX
Onyxonsix, K 60nee 3Ha4MTeNbHOMY
YAYULLEHNKO COCTOSIHUS UK YBENH-
YeHuo 6e3peLaNBHON BbIXKMBA-
€MOCTY MaLMEHTOB, YeM 00bI4Has
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predict whether the patient will
benefit from cetuximab. Anoth-
er predictive molecular marker
was identified in patients with
non-small lung cancer (NSLC):
a mutation of the epidermal
growth factor receptor (10)
gene predicts a response to
treatment with the TKI gefitinib
(11). Further, only patients with
a human epidermal growth fac-
tor receptor-2 (HER2) positive
metastasized gastric cancer
benefit from treatment with
the mab trastuzumab (12, 13),
similar to patients with HER2
positive breast cancer. Studies
addressing these predictive
aspects are presently under
way for different tumor entities
(14, 15).

Genome-wide Association
Studies

In 2005 the international hap-
lotype map (HapMap) project
was initiated to identify, based
on genome-wide association
studies (GWAS) in different
populations, single nucleotide
polymorphisms (SNPs) and
their association with specific
human diseases and individual
phenotypic characteristics,
respectively (16, 17). Through
GWAS more than 200 gene
loci have been identified that
are associated with individual
phenotypic traits, such as hair
or eye color, height, body mass
index and others or with the in-
dividual disposition to develop

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

a specific disease (Fig. 2) (16,
17). Examples are the indi-
vidual risk to develop coronary
heart disease (18, 19), restless
legs syndrome (20), sporadic
amyotrophic lateral sclerosis
(21) or multiple sclerosis (22)
and many others (23). Further-
more, a polymorphism in the
apolipoprotein C3 gene has re-
cently been found to be associ-
ated with non-alcoholic stea-
tohepatitis (NASH) and insulin
resistance (24). For hepatocel-
lular carcinoma (HCC), a G/G
polymorphism in the epidermal
growth factor gene (10) gene
was found associated with

a 4-fold increased HCC risk
(25). Also with respect to the
individual breast cancer risk,
GWAS identified several gene
loci (16).

Further, a SNP in the interleu-
kin (IL)-28B gene that codes
for interferon-lamda became an
important genetic marker for
patients with hepatitis C virus
(26) infection in clinical prac-
tice. For this gene, the frequen-
cy of the 3 possible genotypes
T/T, C/C and T/C in the general
population correlates with the
individual’s ethnic background:
T/T is most frequent in Africans
(60-80%) while C/C predomi-
nates in Asians (ca. 90%). In
patients with hepatitis C virus
(26) genotype 1 infection (26)
GWAS demonstrated that
patients with |L-28B genotype

XumuoTepanus. Y naumeHTos ¢
MeTacTasamy KonopeKTasnbHoro
paka, Hanpumep, MAT 6eBaumay-
Mab, ueTykcumab v naHMTyMymasb
YK€ CTanu 4acTblo CTaHAAPTHOM
KMMHUYECKOM NPaKTuKu (3, 4).

B aToM koHTEKCTe 6bIno nokasaHo,
YTO TOJbKO NALMEHTBI C ONyXons-
mn KRAS gukoro Tuna nnm BRAF
AVMKOrO TUNa UMEKOT NpenmyLLe-
CTBA OT NIEYEHNS LIeTYKCMMAaboM
unm naHuTymymadom (5-9). Takum
06pa3som, onpefenexue cocTo-
sHus KRAS [0 Hauana Tepanim
no3BONSET NPOrHO3MPOBaTh, 6yaeT
M y NAUMEeHTA yNyyLleHmre OT
LeTykeumaba. [pyroi npeankTus-
HbliA MONEKYNSAPHBIA MapKep BbIn
NAEHTUPULMPOBAH Y NALMEHTOB C
HEMENKOKMETOUHbIM PaKOM NErkux:
MyTaums reHa peLenTopa anuaep-
ManbHOro hakTopa pocTa nporHo-
3upyeT peakumto Ha neyenne UTK
recputuHnbom (10, 11). Kpome Toro,
TONBKO Y NALMEHTOB C MeTacTasa-
MM paka Xenyaka ¢ NosuTUBHbIM
PELENTOPOM YENIOBEYECKOr0
anuaepmansHoro hakTopa pocTa

2 (HER2) MOXXeT 6bITb ynyuLleHne
0T neyenuss MAT TpacTy3ymabom
(12, 13), aHanornyHo naumeHTam

¢ HER2-no3nT1BHbIMbIM pakom
MOMIOYHOM XXenesbl. B HacTosee
BpPEMS NPOBOASATCS MCCNEf0BAHMS
NOA06HbIX MPEAMKTUBHBIX aCEKTOB
AN PA3NNYHbIX OMyXONEBbIX 3a-
6onesanuii (14, 15).

MonHoreHoMHble UccnefoBaHNA
accouuaLmi

B 2005 rogy 6b1n MHMLMMPOBAH
MEXAyHapOAHON NpoekT «[a-

nnovaHas kapta» (HapMap) ons
NAEHTUMKALNKM B PA3NIMYHBIX
NONyNAUMSX, C NOMOLLBIO NOJHOre-
HOMHbIX UCCNEA0BaHUIA accoLmaLmia
(genome-wide association studies,
GWAS), 0MHOYHBIX HYKNEOTUAHBIX
nonumopduramos (single nucleotide
polymorphisms, SNPS) u ux cBsian

C KOHKPETHbIMM 3a60N1EBaHNSIMM
YenoBeKa 1 OTAENbHbIMU (DEHO-
TUMNYECKMMM XapaKTePUCTUKAMM,
COOTBETCTBEHHO (16, 17). Io-
cpencteoM GWAS 6b1110 BbIsIBNIEHO
6onee 200 NOKYCOB reHOB, KOTOPbIE
CBAA3aHbI C 0TAENbHbIMW (hEHOTUMM-
YECKUMU MPU3HAKaMM, TaKUMM, Kak
LBET BOJIOC MW [Na3, POCT, MHAEKC
Macchl Tena, am ¢ MHAMBMAyanb-
HOW NPesPacrnoNodXXeHHOCTbIO K
Pas3BUTUIO KOHKPETHOTO 3aboneBsa-
Hus (puc. 2)(16, 17).

[Mpumepamm SBASIOTCA UHAMBUAY-
anbHbIA PUCK Pa3BUTMS KOPOHAP-
HOW 60N1e3HM cepaua, CrHapoMa
6eCroKOMHbIX HOT, CNIOPAANYECKOr0
60KOBOr0 aMMOTPOCHUYECKOrO
CKIepo3a Unn paccesiHHoro cknepo-
3a 1 MHOTWX ApYrix 3a60neBaHuit
(18-23). Kpome Toro, 06Hapy><eHo,
4TO NOAMMOPCHM3M B reHe anonmno-
npoTenHa C3 accoummposaH ¢ 6e3-
ankorofbHbIM CTEATOrenaTuToOM 1
PE3NUCTEHTHOCTLIO K UHCYTUHY (24).
Bbif10 BbISBNEHO, YTO NOAMMOP-
¢mam G/ G B reHe sanupgepMarnbHo-
ro chakTopa pocTa acCcoLumpoBaH

C 4-KpaTHbIM YBENNYEHNEM prCKa
BO3HWKHOBEHWS renaTtoLenonsp-
Hoit kapumHombl (TLK)(25). Takxe
OTHOCUTESNbHO MHAMBUAYATbHOMO
pucKa paka MOJOYHON XKeneabl,
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C/C eliminate the virus sponta-
neously in ca. 50% and in ca.
80 % after antiviral therapy
(pegylated interferon-alpha

& ribavirin), respectively, as
compared to 15-20% and 30-
40%, respectively, in patients
with genotype T/T or T/C (27-
30). For the newly availaible
interferon-free antiviral therapy,
however, the HCV genotype is
the major factor for the choice
of the appropriate drug regi-
men (31).

Taken together, GWAS allow an
increasingly better understand-
ing of disease pathogenesis
and a more accurate assess-
ment of the individual risk to
develop a specific disease.
Clinically, this may eventually
translate into improvements in
disease prevention, early diag-
nosis and therapy. It should be
cautioned, however, that the
contribution of a defined SNP
to the risk assessment for a
given disease must be carefully
weighed against established
clinical parameters. Despite
the tremendous potential of
GWAS, the clinical relevance
of SNPs for the prediction of
individual traits or disease risks
needs to be carefully evaluated
(32, 33).

Human Microbiome Project
A third global consortium,
termed human microbiome
project (HMP), was established
in 2007. The HMP and the

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

‘Metagenomics of the Human
Intestinal Tract (Meta-HiT)
Consortium Europe’ aim at the
sequencing of all microbes
(eukaryotes, archaea, bacteria,
viruses) that inhabit specific
sites the human body such as
the mouth, throat and airways,
stomach and intestine, urogeni-
tal system and skin microbi-
omes, respectively (Fig. 3).
Important factors for the com-
position of the intestinal micro-
biome are diet (34, 35), lifestyle
and exposure to for example
drugs. In this context it ap-
pears that the administration of
low-dose penicillin early in life
has lasting effects on the body
mass index (obesity) through
alteration of the intestinal
microbiome (36, 37). Recent
evidence further suggests that
human genetic variation also
influences the abundance of
specific members for example
of the intestinal microbiome
(38).

Recent data clearly demon-
strate that specific members
of the microbiomes are as-
sociated with human health

as well as human diseases
(39-43). Recent clinical exam-
ples are a causal relationship
between the gut microbiome
and kwashiorkor (44), obesity
(45), the obesity-associated
hepatocellular carcinoma (HCC)
(46), the metabolic syndrome
(47), immune responses (48),
inflammatory bowel diseases

nytem GWAS 6binm onpeneneHb!
HECKOJbKO FeHHbIX NI0KYCOB (16).
Kpome Toro, SNP B rexe uHtepnen-
kuHa (IL) -28B, KOTOpbI KOANPYET
nHTepdepoH-LAMDA,

CTan B KIMHUYECKOM NpaKTUKe
BaXXHbIM FEHETUYECKMM MapKEPOM
y NaLWEHTOB C BUPYCOM renatura
C (26). [ins aTOrO reHa, YactoTa
3-X BO3MOXXHbIX reHotunoB T/ T,
C/CwuT/C B obuen nonynsaumm,
KOPPENMPYET C STHUYECKNM Npo-
ncxoxaenvem. T/ T Hanbonee
4acTo BCTPEeYaeTCs y appukaHLes
(60-80%), a C / C npeobnapaet B
A3un (okono 90%). Y nauneHTos ¢
BMPYCHbIM renatntom G reHoTuna
1 (26) GWAS nokasanu, 4to y
nauuneHTos ¢ UJ1-28B reHoTunom
C / C cnoHTaHHO npoucxoaunT
NMKBXZALMM BUPYCA B NPUMEPHO
50% cnyyaes, a B npumepHo 80% -
nocne nNPOTMBOBUPYCHON Tepanuu
(nernnupoBaHHbIM UHTEPEPO-
HOM-anba u pubasmpuHOM), No
cpasHeHnto ¢ 15-20% u 30-40%,
COOTBETCTBEHHO, Y NALMEHTOB C
reHotunom T/ Tunm T/ C (27-
30). [ing y>xe npumeHsitoLencs
NPOTUBOBMPYCHOMN Tepanuu 6e3
WHTEPCHEPOHOB, OAHAKO, FTEHOTHN
SIBNSETCS OCHOBHbIM (haKTOPOM Mpu
BbIOOPE COOTBETCTBYHOLLEN CXEMbI
NEeKapcTBEHHOTO NeyeHms (31).

GWAS no3sonsitoT nyutie onpe-
AenUTb naToreHe3 3a60neBaHms

W [aTb 6071€€ TOUHYHO OLIEHKY
WHAMBMAYaNbHOrO pUcka pas-
BUTWS ONpejeneHHoi 6onesHu. B
KNUHUYECKOI NPaKTUKE TO MOXET
B KOHEYHOM WUTOre NepeBecT K

YIyYLIEHNIO NPOOUNAKTUKM 3a-
60neBaHuiA, paHHen MarHoCTHKN U
Tepanun. CnefyeT npefocTepeyb,
0[HaKo, 4YT0 3HayeHne SNP npu
OLIEHKe p1cKa KaXaoro 0TAeNb-
HOro 3a60NeBaHUs [OMKHbI BbITb
TLLATENBHO B3BELLEHO C YHETOM
UMEIOLLIMXCS KITMHUYECKMX NpO-
SIBNEHMIA. HECMOTPS Ha OrPOMHbIiA
noteHuman GWAS, Heobxoanmo
TILATENBHO OLEHUTb KIIMHUYECKOE
3HaueHne SNP ans nporHo3upo-
BaHWs MHAMBUOYANbHbIX YEPT UK
PUCKOB BO3HWKHOBEHMS 3a60/1eBa-
Hus (32, 33).

MpoekT Mukpobuom Yenoseka
TpeTuit MMPOBO KOHCOPLIMYM,
Ha3BaHHbl# «[MpoekT «Mukpo-
61oM yenoseka»» (Human
Microbiome Project, HMP), 6bin
cosgaH B 2007 rogy. HMP u
«MeTareHoMWKa KULLIEYHMKA
yenoseka»( Metagenomics of the
Human Intestinal Tract, (Meta-HiT)
Consortium Europe» HanpaseHb!
Ha CEKBEHMPOBAHME BCEX MUKPO-
60B (3yKaprnoToB, apxen, 6akTepuii,
BUPYCOB), KOTOPbIE HACENSHOT
pasnuyHble 061acTh YenoBeye-
CKOTO Tena, Takue, Kak poT, ropro
W [biIxaTenbHble NyTu, XenyaoK 1
KULLIEYHMK, MOYENONOBON TPAKT U
KOXY, TO eCTb MUKPOBKOMa, COOT-
BETCTBEHHO (puc. 3).

BaxxHbIMM hakTopamm ang coctasa
KULLIEYHOrO MUKPOBMOMA SBNSIKOTCS
AneTa, 06pas XW3H1 1 Apyrue Bos-
LEeNCTBMSA, HaNpUMep, NpUeM fe-
KapcTs (34, 35). B aTOM KOHTEKCTe
NpeLCTaBnseTCs, 4To BBEEHNE
HU3KMX 03 NEHULMANMHA B PaHHEM
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G

Fig. 3: Different microbiomes in healthy individuals (40)

and type 2 diabetes mellitus
(Fig. 4).

In addition, the intestinal
microbiome plays a central
role in drug metabolism, e.g.,
of sulfasalazine, levodopa and
irinotecan. Taken together, the
emerging data suggest that the
detailed characterization of the
human microbiome composi-
tion, function and variation
across different body sites

will reveal important commen-
sal host-microbe as well as
microbe-microbe interactions
that may play a role in human
health and disease with diag-
nostic as well as preventive
and therapeutic implications
(49).

Regenerative Medicine
Regenerative medicine is
based on the basic principles
of cell biology with the aim to
generate viable cells, tissues or
organs with biological func-
tions for specific therapeutic
applications. Given the many
medical problems arising from
increasing age, numerous
diseases, damage/ trauma

as well as from congenital
defects regenerative medicine
is expected to play an increas-
ing clinical role by correcting,
supplementing or replacing
lost tissue or organ function by
transplanting viable/ functional
cells, tissues or organs. The
major objective of regenera-

Puc. 3: PasnnyHble Mrkpo6uombl 340p0oBbIx ntogeit (40)

Mepuoae >XN3HN UMEET ANUTENBHOE
BO3[ENCTBME Ha MHAEKC MAaCChl
Tena (0XXMpeHue) Yepes U3MeHeH!e
KuLEeYHOro Mukpobuoma (36, 37).
[TocnenHue faHHbIe NOKasbIBaLoT,
YTO B AaNbHENLLEM FEHETUYECKME
Bapvaumu y YenoBeka TaKkxe Bnus-
10T Ha 06MAMe MUKPOBOB, Hanpu-
Mep, KULIEYHOr0 MuKpobroma (38).

lMocnenHue AaHHble YETKO NoKasbl-
BaKOT, YTO ONPELAENEHHbIE UNeHb!
MUKPOBMOMA CBS3aHbI CO 3A0PO-
BbEM YENOBeKa, a TakKe ero 3a-
6onesaHusmu (39-43). MocnegHum
KIMHAYECKMM MPUMEPOM SBNSIOTCS
MPUYMHHO-CNIEACTBEHHBIE CBA3M
MEX Y KULLIEYHBIM MUKPOBUOMOM
W KBALLMOPKOPOM (44), 0>XKMpeHneM
(45), accounmpoBaHHOM € 0XXMpe-

Huem LK (46), meTabonmueckum
CUHOPOMOM (47), UMMYHHBIMM
peakuusmu (48), BocnanuteNbHbl-
MM 32601€BAHUAMM KULLIEYHMKA U
caxapHoro guabeTta 2 Tuna (puc. 4).
KpoMe Toro, KULWeYHbIA MUKpPO-
OMOM UrpaeT LEHTPasbHYHO POib B
MeTabonuaMe NekapcTs, Hanpumep,
cynbacanasnHa, 1esogonsl 1
WPMHOTEKaHa.

B cBoe#t COBOKYNHOCTH, NOSIBAS-
tOLLMECS faHHble MOKa3bIBAKOT,

4TO NOAPOOHAs XapaKTepucTka
COCTaBNAIOLLMX MUKPOBMOMA Yeno-
BeKa, ero (hyHKUMIA 1 Bapuaumii Ha
Pa3nYHbIX y4acTKax Tena packpbl-
BAKOT 3Ha4YeHNe cuMO103a MUKpo6-
XO35MH, @ TaKKe B3aMMOAENCTBMS
MUKPOG6-MUKPOB, KOTOPbIE MOTYT
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tive medicine, therefore, is the
generation of functional cells,
tissues or organs and their safe
clinical therapeutic application/
implantation, thereby reducing
the problem of organ shortage
in transplantation medicine.

The history of tissue transplan-
tation goes back to the early
20th century, starting with
bone, soft tissue and cornea
transplants. The first success-
ful organ transplantation was a
kidney transplant in 1954 that
was quickly followed by the
transplantation of liver, pan-
creas, kidney-pancreas, heart,
lung, living donor liver/ split
liver or lung and others.

In regenerative medicine, cell
therapies are of major interest,
last but not least due to the
recent advances in the gen-
eration of induced pluripotent
stem cells (iPS) by defined
factors from mouse and human
somatic cells (50, 51) as well
as of NT-ESC (52). These and
other cells have been suc-
cessfully used to treat human
diseases in preclinical models
as well as in patients. In the
following, the different cell
types studied in the context of
regenerative medicine will be
briefly discussed.

Differentiated Somatic Cells

Hepatocyte transplantation has
been shown to effectively cor-
rect, at least transiently, heredi-
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tary metabolic liver diseases,
e.g., Crigler-Najjar syndrome
type | (53), glycogen-storage
disease type | (54) or factor

VIl deficiency (65). Further,
hepatocyte transplantation

has been used to ‘bridge’ to
liver transplantation (56) and to
treat patients with acute liver
failure (57). The intraperitoneal
application of fibroblasts from
patients with hemophilia A,
obtained from a skin biopsy,
cultured in vitro and transduced
with the factor VIII wild-type
gene partially corrected the
gene defect and resulted in a
reduced number of spontane-
ous or trauma-induced bleeding
episodes (58). These examples
are proof-of-principle for the
effectiveness of somatic cells
transplantation in the treatment
of human diseases.

Stem Cells

Both embryonic stem cells
(ESCs) and adult stem cells
(ASCs), respectively, have
been explored in the context of
regenerative medicine.
Embryo-derived ESCs (ED-
ESCs) can be obtained from
blastomeres as well as from
blastocysts 4-5 days after
fertilization or from blastocysts
derived from somatic cell after
NT to an enucleated egg (NT-
ESCs) (52, 59). These cells are
pluripotent, have an unlimited
life span, can be differentiated
in vitro into virtually any cell

urpatb pofib B COCTOSHAM 3[10POBbS
1 60Me3HsX YeNnoBeKa, AmarHo-
CTUKE, a TaKXXe NPoUnakTuke u
neveHun (49).

PereHepaTuBHas MeavumHa
PereHepaTusHas MeauunHa 6as3u-
PYETCs HA OCHOBHbIX MPUHLMNAX
KNEeTOYHOM 6MONOru C LIeNbio reHe-
paLnm XXM3HECTOCOBHBIX KNETOK,
TKaHe# 1Nn OpraHoB ¢ 6uonoruye-
CKUMM ChYHKLMSMUW AN ONpeSeneH-
HbIX TEpanNeBTUYECKNX METOAOB.

C y4eTOM MHOTUX MEANLIMHCKNX
npo6rieM, BO3HUKAOLLMX B CBA3M

C BO3PACTOM, MHOTOUUCIIEHHBIMMU
3a60/1eBaHNAMM, MOBPEXAEHUSAMM /
TpaBMamu, a TakKe BPOXAEHHbIMM
AedbekTamu, pereHepaTuBHas Me-
AumHa 6y neT urpathb BCe 60MbLUYHO
POJb B MCNPABJIEHNM, LOMONHEHUN
WK 3aMeHe NOTEPSHHOMN TKaHu

WK OPraHoB MyTeM nepecaaku
XM3HECTIOCOBHBIX / (DYHKLMOHAMb-
HbIX KNETOK, TKaHEN U OPraHoB.
CnepnoBarenbHo, OCHOBHAs Liefb
pereHepaTBHON MeANLMHbI — re-
Hepauus (OyHKLUMOHANbHbIX KNETOK,
TKaHel unn opraHoB v ux 6esonac-
HOE TepaneBTMYeCKoe NPUMEHE-
HUS /MMNNAHTAUMS, YTO CHUXAET
npo6neMy HexsaTku OpraHos B
TpaHCMNAHTALWMOHHOW MeauLmHe.

WcTopus TpaHcnnaHTaumm Tka-
Hel BoCXoauT K Havany 20 Beka,
KOrja CTanu npoBOAMTCS TPaHC-
MAaHTaLUWUM KOCTU, MATKUX TKaHEeW
1 poroBuLbl. [epBblii yCneLHO
TpaHCMnaHTauuei opraHa crana
nepecazka nouku B 1954 rogy,
3a KOTOpO# BbICTPO NocneoBany

MeavuuHa 6yaywero

TpaHCMnaHTauum NeyYenu, nog-
XKENYN0UHON XeNesbl, NOYEK C
NOAXXENY0UHON XENe30H, Cepaua,
IErKMX, 4acTu NMEYEHN OT XUBOTO
[I0HOpA M ApyruX OpraHoB.

B pereHepaTusHOI MeauUmMHe
60NbLUION MHTEPEC NPEeLCTaBNSET U
KneToyHas Tepanusi, He B nocnes-
HIOK0 OYepelb, 13-3a HEAABHWX
LOCTUXXEHWU B 06N1aCTW reHepaunm
WHAYLMPOBAHHBIX MAKPUNOTEHTHbIX
CTBONOBbIX KNneTok (iPS) ¢ nomo-
LLbHO OMnpefeneHHbIX pakTopos 13
MbILLMHbIX M COMATUYECKMX YENO-
BeYeckmux knetok (50, 51), a Takxe
3MOPMOHANbHbIX CTBOMOBbIX KIETOK
(HT-ESC)(52). 311 1 apyrue KneTku
ObINIW YCMELLHO UCMONb30BaHbI AN
nevenmns 3abonesanmii yenosexa

B [OKJIMHUYECKNX MOJENSIX, &
TaikoKe y nauneHToB. B panbHein-
Lwem, 6yayT KpaTKo PacCMOTPEHbI
Pa3fnYHbIE TUMbI KNETOK, KOTOPbIE
U3y4yannchb B KOHTEKCTE pereHepa-
TWUBHOW MEJULIMHI.

OuddepeunpoBaHHble
coMaTnyeckue KneTku
TpaHcnnaHTauns renaTouMToB no-
Kaszana, 4To MOXHO apheKTUBHO
KOPPEKTMPOBATb, X0TS 6bl BPEMEH-
HO, HacneaCTBEHHble MeTabonye-
CKue 3a601eBaHmUs NeYeHu, Hanpu-
Mep cuHapoM Kpurnep-Hapxapa

[ Tuna wnn gecouumt VI paktopa
(53-55). Takxe TpaHcnnaHTauus
renarounTos 6bina ucronbL3oBaHa
B KQYECTBE «MOCTa» K TPAHC-
NAAHTALUW NEYEHN W ONS NEYEHMS
MauMeHTOB C OCTPO¥ NEYEHOUHON
HeJoCTaTo4HOCTBIO (56, 57).
BHyTpHOPIOLLMHHOE NpUMEHEHWEe



Personalized Medicine

el

Medical »emyiHcion

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

HOOHAN

MeavuuHa 6yaywero

Inflammatory
bowel disease

Type 2 diabetes

Necrotizing
enterocolitis

Healthy control

Patient

[ Firmicutes

[C] Bacteroidetes
[ Actinobacteria [0 Verrucomicrobia [] Proteobacteria

[ Fusobacteria

Fig. 4: The intestinal microbiome in healthy individuals and patients (40)

type and grown into tissues or
organoids by tissue engineer-
ing for clinical applications in
regenerative medicine (60). Ex-
amples are the differentiation
of ESCs into insulin-producing
islets (61) or contracting cardio-
myocytes (62).

Different from ESCs, ASCs are
postnatal stem cells residing

in the blood, bone marrow (he-
matopoietic stem cells, HSCs),
skin, hair follicles, intestinal
crypts, retina and many other
sites. They are multipotent,
have a limited life span (63, 64)
and are termed ‘multipotent
adult progenitor cells (MAPs)".
They can be differentiated into
cells/ tissues of the ectoderm
(skin, brain), mesoderm (skel-

etal or cardiac muscle) and
the endoderm (lung, liver, gut)
(65) and used in regenerative
medicine for the replacement
of inherited deficiencies or of
lost/ damaged tissues/ organs
(66). An example is the correc-
tion of hereditary tyrosinemia
type | that is caused by a defi-
ciency of fumarylacetoacetate-
hydrolase (FAH). In a FAH k.o.
mouse model bone marrow
cells transdifferentiated in vivo
into hepatocytes, resulting in
the compensation/ correction
of FAH deficiency (67).

Induced Pluripotent Stem
Cells (iPSC)

The field of stem cell research
has been revolutionized by

Puc. 4: KulweyHblit MMKPOGUOM 310p0BbIX M 60MbHbIX Nt0AEl (40)

hnbpobNACTOB, NOAYUEHHBIX NYTEM
61OMCHM KOXM Y NALMEHTOB C
remochunveit A, 3atem KynbTUBHPY-
eMbIX in Vitro 1 TpaHCAYLMPOBaHHbIX
reHom gukoro tuna VIl chakTopa,
4aCTUYHO KOPPEKTUPYET AedheKTbl
FEHOB M NPUBOJMT K YMEHBLLEHNIO
yMcna CNOHTAHHBIX MK NOCTTPaB-
MaTUYECKMX KPOBOTEUEHMiA (58).
3TV NpuMepbI SBASKOTCS foKa3a-
TENbCTBOM 3(h(HEKTUBHOCTM TPaHC-
NAaHTaunM COMaTUYECKMX KNETOK B
neyeHnm 3aboneBaHmin YenoBexa.

CTBONIOBbIE KNETKM

B pamkax pereHepaTtuBHOI Meau-
LIMHbI B paMKax pereHepaTuBHOM
MeZaMLMHbI ObINn N3y4eHbl

11 3MOPUOHANbHLIE CTBOMOBLIE
KneTku (embryonic stem cells,
(ESCs)) v B3poCble CTBONOBbIE

kneTku (adult stem cells, (ASCs)).
CTBONOBbIE KNETKN 3MOPUOHASb-
Horo npoucxoxaerus (ED - ESCs)
MOTyT 6bITb NOMyYeHb! U3 6nacTo-
MepoB, a TakXe 13 bnactounct
uepes 4-5 gHei nocne onnogoT-
BOPEHWs, i 13 6nacTouuc,
MOMYYEHHbIX U3 COMATUYECKMX
KneTok nocne nepexoca sgpa (NT)
B 3HYKIIEMPOBAHHYIO ANLIKNETKY
(NT-ESCs)(52, 59). 3111 nntopmno-
TEHTHbIE KIETKN UMEOT HEOrPaHm-
YEHHbIN XKM3HEHHbIWA LWKIT, MOTYT
ObITb AvddepeHUMpoBaHsI in vitro
B NMPaKTU4ECKM NHOBOK TUN KIETOK
W BbIpaLLEHbI B TKaHWU UK OpraHbl
C NOMOLLbHO TKAHEBOW MHXXEHepU
AN KIIMHWYECKOTO NPUMEHEHNS B
pereHepaTuBHOK MeauumHe (60).
[MpuMepamm 9BnATCS And-
thepeHumaums ESCs B uHeynmH
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the discovery that pluripotent
stem cells can be induced in
vitro from mouse embryonic
and adult fibroblast cultures
by transduction of only a few
defined factors: Oct3/4, Sox2,
KIf4 and c-Myc (50), resulting
in a variety of tissues, such
as skin and neural tube (ecto-
derm), cartilage and muscle
(mesoderm) as well as liver
and gut epithelium (endoderm).

More recently, this was fol-
lowed by the generation of
iPSC from human somatic
cells (51) and the discovery
that iPSC could also be in-
duced from mouse and human
fibroblasts by Oct3/4, Sox2 and
KIf4 without c-Myc as cofac-
tor (68). In a preclinical sickle
cell anemia mouse model, iPS
were generated from fibro-
blasts from the mouse tail tip.
After correction of the sickle
cell anemia mutation in the
fibroblasts in vitro by specific
gene targeting, the corrected
iPSC, carrying the normal he-
moglobin gene were differenti-
ated into embryoid bodies and
hematopoietic progenitors that
resulted in a partial correction
of the sickle cell trait after
transplantation into sickle cell
anemia mice (69). Recently,
Takebe et al. (70) succeeded in
the generation of a functional
human liver from human iPSC
by ectopic transplantation of
liver buds generated in vitro
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into immunodeficient mice.
Reprogramming of somatic
cells into iPSC with totipo-
tency features has also been
achieved in vivo, based on
transgenic mice carrying a
doxycycline-inducible polycis-
tronic cassette encoding the
four murine factors Oct4, Sox2,
KIf4 and c-Myc (71).

Direct Cell Reprogramming
in vitro and in vivo

While reversion of differentiat-
ed cells to embryonic cells has
been accomplished, conceptu-
ally an attractive alternative
was the direct reprogramming
in vitro of one differentiated
cell type into another without
going through an intermediate
embryonic state (72, 73). This
has indeed been accomplished,
for example, for the conversion
of B lymphocytes into mac-
rophages (74) or into T cells
(75), of fibroblasts into cardio-
myocytes (76-78), of pancreatic
exocrine cells into beta-cells
(79), of fibroblasts into func-
tional neurons (80) as well as
into glial cells (81), of mouse
embryonic or adult fibroblasts
into induced hepatocyte-like
(iHep) cells (82) and others
(83).

Conclusions and
Perspectives

Recent advances in cell and
molecular biology allowed an
increasingly detailed under-

- NIPOAYLMPYEMbIE OCTPOBKM UNK
COKPALLAOLLIMECS KapAMOMUOLIK-
Tbl (61, 62). B oTnnume ot ESCs,
ASCs sBnsH0TCA NOCTHATAMbHBIMU
CTBOJIOBbIMY KNIETKamu, KOTOPbIE
XUBYT B KPOBM, KOCTHOM MO3re
(remMoroaTU4ecKne CTBOSOBbIE
kneTkn, HSCs), koxxe, BONOCAHbIX
hONNMKYNax, KULLEYHBIX KpUNTax,
CeTYaTKe N MHOTME IPYriX YacTax
Tena. OHY MyNbTUNOTEHTHBI,
MMEIOT OrpaHUYEHHbINA KNETOYHbIM
LIMKN M HA3bIBAOTCS «MYNbTHUMNO-
TEHTHbIE B3pOCIIble KNEeTKN-Npea-
wectBeHHnkn (MAPS)(63, 64). Onu
MOryT 6bITb AnchhepeHLMpPOBaHbI B
KNeTKW / TKaH1 9KTOAEPMbI (KOXa,
MO3r), ME30JEPMbI (CKENETHbIE UMK
CeplieyHble MblLLLbI) 1 SHTOLEPMb
(nerkue, NeyeHb, KNLLEYHNK) U
NCNONb3YHKOTCS B PEreHepaTUBHO
MeauUMHe A5 3aMELLEHMS BPOXK-
AEHHbIX MOPOKOB UMM YTPAYEHHbIX

/ NOBPEXAEHHBIX TKAHE! / OpraHoB
(65, 66). [MpuMepom sBRSETCS KOP-
PeKUMs HacneCTBEHHON TUPO3MHE-
Mum | TuNa, koTopas 0bycnosneHa
AecvunToM chymapunanertar-ru-
aponasbl (FAH).

Ha Mofienu HokayT-MbiLLEl KNeTku
KOCTHOTO MO3ra nepeanddepeHum-
POBAY in Vivo B renaToumTbl, YTO
NPWBENO K KOMMNEHcaLUun / KOppek-
unm fecouumta FAH (67).

MHAyuMpoBaHHble NAOPUNOTEHT-
Hble cTBONOBbIE KNeTku (iPSC)

B o6nactv uccnenosanus cTeo-
NOBbIX KNETOK BbIN0 CAeNaHo
PEBOMIOLMOHHOE OTKPbITHE: MAL0-
PUNOTEHTHbIE CTBOJIOBbIE KNETKM
MOryT ObITb MHAYLMPOBAHBI in Vitro

MeavuuHa 6yaywero

W3 KyNbTYP MbILLMHBIX 3MOPUOHANb-
HbIX W B3POCTbIX (prbpobnacTos
NOCPEeACTBOM TPAHCAYKLUMM TONBKO
HECKOMbKMMU OnpeaenieHHbIMMU
tbakTopamu - Oct3/4, Sox2, KIf4 n
¢-Myc (50), ¢ nonyveHrem
Pa3NNYHbIX TKAHEH, TakuX, kak
KOXa 1 HepBHas Tpybka (aKTogep-
Ma), XPSLLW W MbiLLILbI (Me304epMa),
a TaKKe NeYeHb U KULLIEYHBIA
SNUTENMIA (BHTOLEPMA).

CoBceM HeiaBHO 3a HUMK, NO-
cnefosano nokoneve iPSC n3
4enoBeYeCcKNX COMaTUYECKMX
KNETOK K 6bI0 06HAPY>KEHO, YTO
iPSC TaKxe MoryT 6bITb MHAYLMPO-
BaHbl U3 MbILUMHBIX 1 YENOBEYECKHUX
thubpobnacTos ¢ nomoLbto Oct3/4,
Sox2 v Klf4, Ho 6e3 C-Myc kak Ko-
thakTopa (68). Ha noknuHnyeckoi
MOZJENM CEPMOBUAHO-KNETOUHOM
aHeMWM Y MbILLEN, NOpUNo-
TEHTHbIE KNETKW bl NOAYYEHbI
13 pnbpobnacToB U3 KOHUMKA
MbILLMHOTO XBOCTa. locne Koppek-
LM MyTaLmMm NpK CeproBrUaHO-KNe-
TOYHOM aHemum B pubpobnacTax in
vitro, HaNpPaBNEHHOM Ha ONpeaeneH-
Hble reHbl, ucnpasneHHble iPSC ¢
HOPMarnbHbIM FEeHOM reMornobuHa,
Oblim anchdepeHUmMpoBaHs! B
3MOPMONAHbIE OPraHbl U reMoros-
TUYECKNEe KNETKN-NPEeaLLECTBEHHN-
KW, KOTOPbIE MPUBENN K YACTUYHOM
KOPPEKLMM CEPMOBMAHBIX KNETOK
nocne TpaHCMaHTaLUmmn UX Mblllam
C CEproBUAHO-KNETOYHOK aHeMMuen
(69). HenasHo, Takebe ¢ coaBT.
(70) yaanocb nomny4nThb YHKLMO-
HUPYIOLLYHO YENOBEYECKYIO NEYEHb
13 yenoseyeckux iPSC nyTem
9KTOMMYECKO TPaHCNNaHTaLmmn



Personalized Medicine

standing of the pathogenesis
of human diseases. With the
rapid development of novel
molecular, genetic/ epigenetic,
microbiological and biochemi-
cal analyses it is now possible
to identify on the one hand
disease-related point mutations
and SNPs. On the other hand,
based on array technologies,
thousands of genes, RNA spe-
cies, proteins or metabolites
can be analyzed simultaneously
to yield a disease-specific pro-
file (‘signature’).

Based on these major analytical
as well as conceptual advanc-
es, regenerative medicine and
tissue engineering have made
major advances that should
result in their translation into
clinical applications in the near
future. Preclinical examples are
the transplantation of somatic
or genetically modified somatic
cells to correct or compensate
congenital metabolic deficien-
cies.

More recently, regenerative
medicine has focused on

iPSC derived from somatic
cells from patients to correct
inherited deficiences or to
compensate lost/ damaged tis-
sue or organ functions. Finally,
the most recent developments
are aimed at the direct repro-
gramming of somatic cells in
vitro and in vivo without going
through an intermediate em-
bryonic state.
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Taken together, biomedical
research has made major
advances in recent years and
holds the promise to provide
effective individual diagnostic,
preventive as well as thera-
peutic options for patients with
inherited or acquired, malignant
or non-malignant diseases.

Prof. Dr. Drs. Hubert E. Blum (MD)
Phone ++49-761-270 18116

Fax ++49-761-270 18117
hubert.blum@uniklinik-freiburg.de

334aTKOB NEYEHM, NOMYHEHHbIX in
Vitro, IMMyHOE(ULMTHBIM MbILLAM.
MNepenporpammupoBaHne coma-
Tn4eckux knetok B iPSC ¢ Totu-
NOTEHTHbIMM CBOWCTBAaMM BbINO
TaKXe AOCTUTHYTO in Vivo Y TpaHc-
FEHHbIX MbILLEN C LOKCULIMKIWH
WHAYLMGENbHOM NONMLMCTPOHHON
KacceTom, KOQMPYHOLLEN YeTbipe
MbILLMHbIX (hakTopa - Oct4, Sox2,
KLF4 v c-Myc (71).

Mpsmoe nepenporpaMMupoBaHue
KNeToK in vitro u in vivo

Mocne Toro, kak 6b1s10 BbINOMHEHO
BO3BpaLLeHre anddepeHLmpo-
BaHHbIX KNETOK B AMOPUOHASBHbIE
KNeTKu, KOHLENTyasbHO NpuBIe-
KaTeNbHOW anbTePHATMBOM CTano
NpsiIMOE NepenporpaMmm1poBaHue in
vitro 0aHOro AndpchepeHLmMpoBaH-
HOrO TWNA KNETOK B APYrOW, MUHYS
MPOMEXYTOUHOE SMOPMOHANBHOE
cocTostHue (72, 73). 310 nonyuw-
nock, Hanpumep, Npu Npeobpaso-
BaHUM NMMCOLMTOB B Makpocharm
nnm B T-kneTku, hubpobnacTos

- B KapAMOMMOLMTbI, NaHKpea-
TUYECKMX IK3OKPUHHBIX KNETOK

- B 6eTa-KneTku, hubpobnactos

- B (DyHKUMOHANbHbIE HEMPOHBI, @

Department of Medicine I
University Hospital Freiburg
Freiburg, Germany

MeavuuHa 6yaywero

TaKXe B rnanbHble KNeTku, MblLLu-
Hble 3MEPUOHANbHbBIE U B3POCIbIX
hnbpo6nacTbl - B UHAYLMPOBaHHbIE
renarounTonofobHsie (iHep) n
Opyrvie knetku (74-83).

3aknioyeHve ¥ NnepcrneKTUBbI
lMocneanne JOCTXKEHUs B 06-
NacTy KNETOUYHOM U MONEKYNSIPHON
61oNOrMK NO3BONAKOT Bonee
[eTanbHO NPEACTaBAATh NaToreHes
3abonesanuit Yenoseka. bnaro-
[aps 6bICTPOMY Pa3BUTUIO HOBBIX
MOJIEKYTISIDHbIX, FEHETUYECKMX /
3MUrEHETUYECKNX, MUKPOBUONOrK-
YeCKMX 1 BUOXMMMYECKUX METOAOB
WUCCNeaoBaHms, Tenepb MOXHO
onpenennTb, C OfHOW CTOPOHbI, TO-
yeyHble MyTaumum n SNPs, cBsisax-
Hble ¢ 3abonesaHusmu. G apyroi
CTOPOHbI, C MOMOLLBIO MUKPO-
UNNOBbIX TEXHOMOUH, ThICSUMN
reHoB, yyactkos PHK, 6enkos unu
MeTabonuToB MOTYT OfHOBPEMEHHO
aHann3npoBaTbCs A5 NosyveHns
npocouns Ans onpeneneHHoro 3a-
6oneBanus («MONEKyNSPHON NOANK-
cu»). basupysaco Ha aTux aHanuTy-
UECKMX, & TAKXKE KOHLENTYanbHbIX
LOCTUXKEHWSX, pereHepaTuBHas
MeAuLMHA W TKaHeBas MHXXeHepus
LOCTUr N 3HAYMUTEbHBIX YCMEXOB,
KOTOPblE JOSKHbI MPUBECTM K 1X
UCMONb30BAHNIO B KIIMHUYECKON
NpakTuke B BAnxXanLueM 6yayLiem.
[oknmHryeckumn npuMepamm
NPUMEHEHS ABNSIOTCS TPaHC-
NNaHTaumus COMaTUYECKMX Ui
FeHEeTMYECKN MOANNLMPOBAHHbIX
COMATMYECKNX KNETOK, ANs UCnpas-
NIEHUS NAN KOMMEHCALMK BPOXKAEH-
Hble MeTab0IMYECKUX HapYLLIEHWA.
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CoBceM HeiaBHO, pereHepaTusHast
MeauumHa Bbina cocpesoToueHa Ha
iPSC, nonyyeHHbIX M3 comaTnye-
CKMX KNETOK NALMEHTOB, C LieMb
KOPPEKLMM BPOXXAEHHbIX [EEKTOB
WA KOMNEHcaUUn yTpayeHHbIX / No-
BPEXAEHHBIX TKAHEN Un (PYHKLMiA
OpraHoB. HakoHeLl, camble nocneg-
HWe pa3paboTkn HanpasneHbl Ha
npsiMOe NnepenporpammmUpoBaHne
COMATMYECKMX KNETOK in vitro n in
VivO, MUHYS MPOMEXXYTOUHOE 9M-
OproHanbHoe CocTosHMe. BasdTble

B COBOKYNHOCTH, BUOMENLIMHCKME
uccneaoBanus 3a NocneaHue rodol
LOCTUMN 3HAUYNTENbHBIX YCNEXOB

1 obeLyatoT obecneunTs addrex-
TUBHbIE UHANBUAYATbHbIE AUArHo-
CTUYECKME, NpochunakTieckue, a
TakXXe TepaneBTU4ecKne BO3MOX-
HOCTM NS NAUMEHTOB C Hacnea-
CTBEHHbBIMW UM NPUOBPETEHHBIMU
3110Ka4€CTBEHHbIMM MM LO6POKa-
4eCTBEHHBIMM 3a00/1EBAHNAMM.



Welcome to German Medical Online -
the leading international MED Portal.

German Medical Online is the who's \;vho
of the medical world. 4

-Whatever you are looking for in the
medical field - find it in the
German Medical Online Portal.

Get connected to the leading hos'pit'a-lls-,, -,
clinics and medical specialists. - Lo

Find the best suppliers of medical
- equipment, MedTech, instruments and -

more. =
e
oo’ Leading Medical T e E '
Specialists o
O F -
Q\S\N\\ . . '
X\ edical Equipment - - ,
MedTech Instruments _ .
o T
S _ _ :
X\l £ ) Pharma Companies ;
= Laboratories :

Patient and Travel
Services Hotels




" www.german-medical-online.com



Germas
CALES
M Yy

edic

www.german-medical-online.com
Welcome to German Medical Online - the Leading International

MED Portal.

e

Via QR-Code to the direct
information on your cell phone.
Give it a try.

How it works

Get the free QR Reader for your iPhone
from the App Store.

Take a picture from the QR Code and jump
to the web page with detailed information.

= | Hospitals Clinics
= H} Medical Centers

Heidelberg University Hospital d p *
?*
_____ One of Europe’s leading medical centers. World-renowned experts provide
"""""""""" comprehensive care in all medical specialties.
Medical Park :*Zj*
_-‘E"" #*
Leading premium provider of medical rehabilitation and preventive care
in Germany.
. . . . *
University Medical Center Freiburg * Z)**
-
*

—pnversitars . The University Medical Center Freiburg is one of the largest and most
reputable in Europe.



”~" Hospitals Clinics
= H] Medical Centers

Vivantes International Medicine

Vlﬁa ntes

Hospital Group  Vivantes Netzwerk fur Gesundheit GmbH is the largest state-owned hospital

group in Germany. Located in Europe’s health capital Berlin.

Competence Center for the Diagnostic and Therapy
of Chronic Pruritus

sessear=r=rus Specialists from several Departments of the University offer a complete
check-up to identify the origin and best treatment for chronic pruritus.

Department of Obstetrics and Gynecology, University
Hospital of Tuebingen

Excellence centre for General Gynecology, Gynecological
Oncology, Obstetrics, Urogynecology

g,‘“"““"*f Department Dermatology and Allergy TUM

-5.' 'i
&
|

Department of Dermatology and Allergy Biederstein,
B Technical University Munich

Department of Ophthalmology, Klinikum rechts der

Isar, TUM
diabetic retinopathy, retinal detachment, cataract, corneal

transplants, lasik and epilasik and more

—*~~— Klinikum rechts der Isar
knee shoulder and foot surgery, arthroscopy cartilage cell
g | and bone cartilage transplantation

% r4 Department of Orthopaedic Sports Medicine,

Department of Pediatric Surgery, University Medical
unikum  Center Mainz, Germany

sitits MRS
itz

Medical Prevention Center Hamburg (MPCH)

F'mrr;ﬁnn Conter . . .
Q\_ Enhance your quality of life - now and in the future.



— | Hospitals Clinics
= Hl Medical Centers

Neurosurgical Clinic, Ludwig-Maximilians-
University Munich-Grosshadern
Treatment of multimodal and brain tumours, vascular

malformations, paediatric, spine, neurosurgery.

E:ﬁ;:é '[l{ wpr  Specialist Hospital Kloster Grafschaft

| il-' . Specialist Hospital for Pneumology and Allergology
SPECTALIST HOSPITAL

II.H: ]':4[’[ MOLOGY AXD

ALLERGUILOGY

University Hospital for General, Visceral and
4 Transplantation Surgery
<] UKT Experienced excellence center for abdominal organ
~ transplantation and surgical oncology.

BG-Trauma Hospital Tuebingen

“w " traumatology, endoprosthesis, plastic surgery, cranio-
maxillo-facial-surgery, paraplegia, reha

Department Obstet. Gynecology, University Hospital
LMU Munich
g Women Health, Cancer, Prenatal Care, Infertility

KLINIKUM

Leading Medical
Specialists

Prof. Dr. Werner Knopp

Senior Consultant, Department of Traumatology, Hand-
and Reconstructive Surgery




Medical Equipment
MedTech Instruments

Hospital Planning

Hospital Planning, Building and
Managing made in Germany

Dr. Honle Medizintechnik GmbH

ol gﬁ-"'e UV therapy systems and
= iontophoresis devices
proxomed Medizintechnik GmbH
proxomed’

Professional Training Systems for Active Therapy.
Future Rehab and health Concepts

[ Patient and Travel
Services Hotels

German Medical Council

German Medical Council organizes the best medical treatment
in Germany for patients from all over the world.

Reuschel & Co. Privatbankiers

Reuschel & Co. Privatbankiers is one of Germany's leading
private banks

ADAC ADAC Service GmbH

When it comes to safety, the ADAC-Ambulance Service is
the ideal partner for all holiday and business travellers.




Linea Nova

advanced communication
info@linea-nova.com
www.linea-nova.com

Branding / Corporate Design
Webdesign
3D-Artwork / Media Design

BOOST YOUR BRAND

LINEA NOVA

ADVANCED COMMUNICATION



