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Germany takes a leading lepmaHns 3aHMMaeT nANpyloLuyto
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Editor's Note

Dear Reader,

med on the iPad

This is what we have been
waiting for so long: the iPad by
Apple is a big step towards the
future.

When we introduced the Ger-
man Medical Journal onto the
market some years ago, back
then printed on high-quality
paper, we were absolutely
aware of the fact that the tech-
nical development would not
come to a standstill and the
future would be dominated by
digital media. We anticipated
that the era of printed books,
newspapers and magazines
would come to an end and
replaced by digital evolution.
Consequently, we changed the
journal over to digital technol-
ogy at an early point; so early
that we sometimes met with
incomprehension, especially
here in Germany.

However, we had young,
well-educated medical profes-
sionals in the “young”, rapidly
developing countries in sight
and stood in the firm belief that
a change would come about,
more rapidly than it could

be seen to emerge at that
time. The success confirmed
our conviction. Due to the
digitalisation of the journal, the
number of our readers virtually
exploded from 40,000 to more
than 240,000.

About half of our readers are
from Arabic-speaking coun-
tries, for which we initially
designed the journal and with
which it all began. The second
half is distributed among read-
ers from nearly all countries in

FlenlsLio)

Medical »emyiHcion
ypHan

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

the world. These people read
the English part of the journal,
which was originally intended
to be a reference only.

The development inevitably

led to us being concerned with
other important countries and
languages, which also have a
great number of potential read-
ers. Therefore, the current is-
sue is published besides Arabic
also in Russian/English and the
next issue in Spanish/English in
addition.

We are convinced that the iPad
will revolutionise the world-
wide media. For us this means
already today: med on the iPad.
Latest news from the world

of medicine, whenever and
wherever you like:

Welcome to the
German Medical Journal.

Nadine Baume
Managing Director

JAoporue untatenu!

Mep Ha iPad

370 TO, YEro Mbl TaK AOAr0 XAanu:
iPad ot Apple sBnsieTcs 60MbLIM
warom B Byayuiee.

Korna Heckonbko neT Ha3an Mbl Ha-
Yanu n3aaBaTh Ha BbICOKOKAYe-
CTBEHHOW Bymare Hemeukuii Meau-
LIMHCKWIA XXypHar, Mbl y>Ke 0CO3Ha-
BanM TOT (haKT, YTO TEXHUYECKMIA
MPOrpecc NPOLOMKUTCS, U B CKO-
POM BpeMeHu ByayT AOMUHMPOBATb
umdpposble Meana. Mbl npeanona-
ranu, 4To anoxa neyvaTHbIX KHUT, ra-
3€T W XXypHaNoB NpuaeT K KOHLY,

W X 3aMEHAT LUNPOBbLIE aHanoru.
[Mo3ToMy, Mbl y>Ke Ha paHHeM aTa-
ne NPeACTaBUNMW XXypHan B anek-
TPOHHOM BapuaHTe W Nopoii BCTpe-
Yanuchb ¢ HEMOHUMaHNEM, 0COBEHHO
31ech, B [ epmaHuu.

OnHako, Halm MoNoAble, XOpOLLOo
06pa30BaHHbIe MEANLMHCKME NPO-

OT pepakumm

cbeccnoHanbl B «Monoabix», Obl-
CTPO pa3BMBAIOLLMXCS CTPaHAX
ObINv TBEPAO YOEXAEHDI, YTO W3-
MeHeHus 6yayT npoucxoamThb Bonee
ObICTPLIMW TEMNAMM, YEM 3TO MOXK-
HO 6b110 BUAETH B TO BpeMs. Ycnex
NOATBEPANN HaLLy YOEXAEHHOCTb.
Bnarofaps umdpoBu3aummn xypHa-
na, YMCNO HaLLMX YnTaTeneit pesko,
NOAOGHO B3PbIBY, YBENMUYMIOCH OT
40 000 po Gonee yem 240 000.

OKOMo NONOBMHBI HALLKX YUTaTE-
nen - n3 apabos3blYHbIX CTPaH, Ans
KOTOPbIX M3HAYaNbHO NpeaHa3Ha-
yarncs XypHar 1 ¢ KOTOpbIX BCE Ha-
yanock. Bropas nonosuHa pacnpe-
LeNseTcs Cpean umtaTenei noutu
W3 BCEX CTPaH Mupa.

OHW 41TaIOT @HFNWIACKWIA BApUaHT
XypHana, KoTopbli NepBoHaYanb-
HO 6bIN NpeAHasHaueH ToNbKO AN
CMPaBOYHOM MHCDOPMALMK.

PassuTue Hen3bexxHo NpuBeno Hac
K ApYruM CTpaHam U i3blkam, KoTo-
pble TakXe UMEt0T B0MbLLOE YMCIOo
NOTEHUMANbHBIX YATaTENEN.
[Mo3TOMY HaCTOSILLMIA BbINYCK My-
6nmkyeTcs, kpome apabekoro, B
PYCCKO-aHr IMIACKOM BapuaHTe, a
CNEeyHOLWMA BbIAAET U B MCMAHCKO-
aHrTIMIACKOM.

MbI y6exxgeHsl, 4to iPad npousse-
[LET PEBOSIOLMIO B MUPE CPEACTB
MaccoBom uHchopmaumu. [ing Hac
970 NPOM30LLNO Yy>Ke cerofHs: Mea
Ha iPad. Camble nocneaHue HOBO-
CTU 13 M1Pa MEANLMHDI B Ntoboe
BpeEMS 1 B NI060M MecTe:

[o6po noxanosats B HemeLkuii
MEANLMHCKUA XypHan!
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The hospital Kloster Grafschaft (Grafschaft
Abbey) is a special hospital of maximum care for
pulmonary and bronchial medicine, respiratory
medicine, sleep medicine and allergology. Our
extensive technical and personnel equipment on
university level allows for this comprehensive
diagnostics. In addition, the hospital exhibits two
state-of-the-art intensive care units with a total of
14 beds.

Weaning centre

One main focus of the hospital is the weaning of
long-term respirated patients from the respirator.
About 200 patients from intensive care units

in whole Germany and partially in European
countries are admitted to us usually via
helicopter. Our hospital is thus the largest and
most successful weaning centre in Germany.

Pneumology

In the field of general pneumology, diseases such
as bronchial asthma, chronic bronchitis, pulmo-
nary emphysema, pulmonary fibrosis of varying
causation, collagenosis with pulmonary involve-
ment, sarcoidosis, bronchial carcinomas, pleural
mesothelioma, tuberculosis and pneumonia are
diagnosed and treated.

KLOSTER
GRAFSCHAFT

Kloster Grafschaft (Grafschaft Abbey) - knuHuka, cne-
LiManu3vupoBaHHas B 06nacT pecnupaTopHoOu Me -
LMHbI, NieveHmns 3aboneBaHni 6POHXOB U NETKMX, Me-
AVLMHBI CHa 1 annepronoruu. Hawe coBpeMeHHoe
TEXHWYECKOE OCHALLEHWE U BbICOKOKBANM(ULMPOBAH-
HbI MEAULIMHCKIMIA NepcoHan no3BonseT NpoBOAUTD
NNAHOBYH AMATHOCTUKY M NIEYEHNE HA YPOBHE HEMEL!-
KO YHUBEPCUTETCKOM MeAnLMHbI. KnnHnka Takxe
pacrnonaraeT AByMs 6110Kamu MHTEHCUBHOW Tepanim
Ha 14 MecT. MeanuMHCK1e HanpaBneHns KIMHUKA:

OTnyyeHue OT UCKYCCTBEHHO BEHTUNALMM NIETKUX
B cneuvan13aMpoBaHHOM LIEHTPE NauneHTam ¢ aam-
TeMNbHOW UCKYCCTBEHHON BEHTUNSLMEN NIErKNX NOMO-
raroT 6bICTPO W NIErko OTBbIKHYTL OT annapata UBJT u
nepenTn Ha CaMOCTOATENbHOE AblxaHue. ExxeronHo

C NOMOLLbIO BEPTOSIETA B LIEHTP FOCMMTANN3NPYIOT-
g 200 naumeHToB 13 BJI0KOB MHTEHCUBHOW Tepanuu
C0 BCen ['epmaHuu 1 cTpaH EBponbl. Haw LueHTp — ca-
MblIi1 KpYMHbIWA B ['epMaHum no LaHHOMY BMAy creuma-
NIM3MPOBAHHOM MOMOLLW.

MynbMoHonorus

B knMHWKe NPOBOAUTCS ANArHOCTUKA U NIEYEHME Ta-

Kux 3a60neBaHNi, Kak 6pOHXMUaNbHas acTMa, XpoHu-
YeCKuit OPOHXUT, aMAH3emMa Nierkux, rdpos nerkux
PasNNYHOro reHesa, KonnareHo3 ¢ nopaxeHuem ner




Sleep medicine

The department of sleep medicine specialises
in the diagnosis and treatment of sleep-related
nightly respiratory disturbances and over-
strained respiratory muscular system of varying
causation by means of different non-invasive
respiratory methods.

Early rehabilitation

A further main focus is the department for early
rehabilitation. Long-term respirated patients are
rehabilitated here by means of extensive medical
treatment, physical therapy, remedial gymnastics
and partially speech therapy to an extent that
most of them are able to live in their domestic
environment again without any help after they
have been discharged.

Occupational pulmonary diseases

A department for occupational pulmonary
diseases is also integrated in the hospital. This
includes the diagnosis and treatment of silicosis,
asbestosis and asbestos-related tumour diseases
of the lungs and the costal pleura (pleural
mesothelioma), chemical-irritant bronchial
asthma and chronic bronchitis. This department
also contains an extremely efficient medical
rehabilitation division.

KX, Capkouzo3, BpoHXManbHas KapumMHoMa, neroyHas
MEe30Tennoma, Ty6epKyne3 Nerkux u MHEBMOHMS.

MeauuuHa cHa

B 0iHOM 13 0TAeNeHui LeHTpa NPOBOANTCS AnarHo-
CTWKA W JIeYeHne pacCTPOUCTB PECnpaTopHO Cu-
CTeMbl, BO3HMKAILLMX BO BPEMS CHA ¥ Npu neperpys-
K€ MbILLL| AbIXaTEeNbHOW CUCTEMBI, C MOMOLLLKO HEWH-
Ba3WBHbIX METOZOB.

PaHHas peabunuTauus

B Kn1HWKe naumeHTbl NOCne ANMTENbHON UCKYCCTBEH-
HOW BEHTUMALWM NIErknx MPOXOAAT UHTEHCUBHYHO pea-
OuUAMTaLMIO C NOMOLLIbIO METOLO0B hr3noTepanuu, Ne-
4e6HOM MMMHACTWKK, Tepanuu peyn, HanpaseHHYHo
Ha NOJHOE BOCCTAHOBMEHWE fbIXaHusl, YTO6bI Nauy-
€HT MOr 06X04MTCA IoMa 6e3 NOCTOPOHHEN MOMOLLM.

Mpodg3abonesaHnsa nerkux

B oTaeneHnv 3a60neBaHuiA IErknX, CBA3aHHbIX C
onpefeNieHHbIMY NpoeccusiMu, NPOBOANUTCS AnarHo-
CTWKA ¥ NeYeHmne crepyromx 3a6oneBaHuin: cunm-
k03a, acbecTo3a ¥ CBSA3aHHbIX C ac6ECTOBbLIM NPOM3-
BOACTBOM ONyXOfei NErkux U nnespbl (NneBpanbHoi
Me30TEeNMOMbl), BbI3BAHHOK XUMWUYECKMU areHTa-
MM BPOHXMANbHOK aCTMbl U XPOHNYECKIUX GPOHXUTOB.
[laHHOE OTAENeHe TakxKe MMeeT BO3MOXKHOCTb Mpo-
BOAMTb MHTEHCUBHYHO peabunutaumio.
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KLOSTER
GRAFSCHAFT

Allergology

Finally, the hospital has its own allergological
department. Allergic asthma, allergic rhinitis,
allergic rhinosinusitis, neurodermatitis, eczema,
allergic exanthema, urticaria, angioneurotic
oedema, contact allergy, intolerance to drugs,
drug hypersensitivity, nutritional allergy, insect
poison allergy, irritable bowel syndrome and
chronic diarrhoea are diagnosed and treated
here.

The special hospital Kloster Grafschaft is located
in beautiful surroundings in the midst of Schmal-
lenberg in the Sauerland. The rambling, calm
and well-kept park of the hospital contributes

to your recovery, in addition to the high-quality
medical care and treatment.

Annepronorus

KnuHuka pacrnonaraet COGCTBEHHbIM anneprosnoru-
YeCKM OTAENEHNEM, B KOTOPOM NPOBOAUTCS AnarHo-
CTWKA ¥ NEYEHNE acTMbl, aniepruyeckoro puHNTa,
annepruyeckoro PUHOCUHYCUTa, HEMPOAEPMUTA, 3K-
3eMbl, annepruyeckon aK3aHTEeMb!, YPTUKAPHOM Cbinu,
aHrMOHEBPOTUYECKOrO OTEKA, KOHTAKTHOM annepriy,
HEnepeHOCMMOCTY JIEKaPCTB, MOBbILLEHHOW YYBCTBU-
TENbHOCTM K NIEKAPCTBAM, MULLEBONA annepruu, an-
NIEPruu Ha 14 HACEKOMbIX, CUHAPOMA Pa3apaxxeHHOro
KULLIEYHWKA, XPOHUYECKOW Anapew.

CneuvnanuanposanHas knuHuka Kloster Grafschaft
PACMONOXEHa B XXMBOMUCHOM MECTE B LIEHTPE ropo-
pa LLmannen6epr paoHa CayepnaHaa 3emnu Ce-
BepHas PenH-BecTchanus. BenukonenHsin napk,
OKPY>KaKOLLMI KIIMHKKY, CNOCcOBCTBYET peabunutaumm
W BbI3J0POBIIEHMIO NALMEHTOB.
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Introduction

The majority of periampul-
lary tumors originate from

the pancreas. The pancreatic
component that is responsible
for most of the tumors is the
duct-system [1]. Therefore, in-
vasive ductal adenocarcinoma
is the most common tumor of
the pancreas [2]. Nowadays,
pancreatic cancer has reached
the fourth leading cause of
cancer mortality in the USA
and western europe, indicating
the significance of commit-
ted efforts to fight this tumor
[3]. Complete resection of the
tumor, so called radical resec-
tion, remains the only potential
curative option for patients
confronted with the diagnosis
of pancreatic cancer.

Whether technical improve-
ments in pancreatic surgery
during the last 30 years signifi-
cantly decreased the periopera-
tive morbidity and mortality,
several surgical aspects are not
clear yet and still open for dis-
cussion. Especially, the role of
surgical approaches in the con-

text of new adjuvant treatment
options and effective interdisci-
plinary interactions are chal-
lenges to pancreatic surgeons.
The following manuscript tries
to give a short survey on the
spectrum of current surgical
standards, perspectives and
limits (Fig. 1).

Appropriate Preoperative
Diagnostic Work Up

Because most pancreatic
cancers arise in the right side
of the pancreatic gland, the
cardinal symptom is jaundice,
resulting from obstruction of
the intrapancreatic part of the
common bile duct. However,
due to the often delayed oc-
currence of clinical symptoms,
for the majority of patients
curative resection is not fea-
sible at the time of diagnosis
[4]. Especially in patients with
pancreatic cancer arising from
the left side of the pancreatic
gland, jaundice generally is
missing, Therefore, the disease
often is not diagnosed until the
tumor is locally advanced or
metastatic. Today, preopera-
tive clarification of localisation
and expansion of the tumor by
computed tomography is the

KntoueBble croBa: pak nogxeny-
[I04HOIA Xeneabl, XMpyprayeckoe
neyeHue

BsepneHue

Mp1uMHON BO3HUKHOBEHMS 60b-
LUMHCTBA NEepUamMnyNSPHbIX ONyXo-
nen SBNSETCS AEATENbHOCTb NOA-
Xeny[oyHo xenesbl. VIMEHHO
NaHKPEeaT4eCcKUin KOMMOHEHT OT-
BETCTBEH 32 6OMbLUMHCTBO OMyX0-
new XenuHbix npoTokos [1]. Takum
06pa3oM, MHBa3WBHAs AyKTanbHas
afieHoKapLUMHOMa NPOTOKOB SBMS-
€TCS Hanbosee PacnpOCTPaHEHHO
0nyXonbto MOKENYA0UHON XKe-
nesbl [2]. B HacTosiLee Bpems pak
NOAXKENYA0UHON XENe3bl SABNSET-
Csl YETBEPTOM N0 3HAYUMOCTM NPK-
YMHOM CMEPTHOCTM OT PaKOBbIX 3a-
6onesanuii B CLLIA 1 3anagHon Es-
pone, YTO CBUAETENLCTBYET O He-
06X04MMOCTM yCunerns 60pb0bl ¢
9Tum 3abonesanueM [3]. MNonHoe
yaarneHue onyxonu, Tak HasblBae-
Mast pagukanbHas pesekuns, octa-
€TCS MHCTBEHHbIM NOTEHUMANLHO
9PheKTUBHLIM METOLOM LIS Nauy-
€HTOB, CTPaJatoLLMX PakoM NofKe-
Ny BOYHOM XKenesbl.

HecMoTpst Ha TO, YTO 3a CYET TeX-
HUYECKMX YCOBEPLLEHCTBOBAHMIA B
XVPYPruv NofKenyA04HON Xenesbl
noka3aTesib OnepaLMOHHbIX OCNOX-

HEHWIA U CMEPTHOCTU B TEYEHME NO-
cnefHnx 30 NET 3HAUYUTENBHO CHU-
3UNCS, HEKOTOPbIE XMPYPriyecKkne
acneKTbl HESICHbI W MO-NPEeXHEMY
0CTaKTCs CNOPHLIMK BOMpOCa-

MuW. B yacTHOCTH, ponb Xupypru-
YECKMX NMOLXOAO0B B KOHTEKCTE HO-
BbIX BapUaHTOB afbHOBAHTHOTO Nle-
YeHus 1 apheKTUBHOE MeX ancLu-
NAMHapHOe B3auMOAeNCTBYe SIBMS-
t0TCS NPO6IEMHBIMW L1151 XMPYPrOB,
ONEPUPYHOLLMX Ha NOZXXENyA04HOM
xenese. [laHHas cTaTbs COLepXXUT
KpaTKuii 0630p HbIHELLHUX XMPYprit-
Yeckue CTaHAApPTOB, MEPCMEKTUB U
orpanuyenuin (Puc. 1).

Hapnexallee npeaonepaumoH-
Hoe obcnegoBaHmne

[MockonbKy 60NbLUMHCTBO paKo-
BbIX ONyX0Mei NOAXENYAO0UHON Xe-
ne3bl BO3HMKAKOT B €€ NpaBoy Ya-
CTH, OCHOBHbIM CUMMTOMOM SIBISI-
eTCS XeNTyxa, KoTopas nossnseT-
Cs1 B pesynbTate 06CTPyKUMW NaH-
KpeaTU4ecKoii YacTy 0BLLEero Xeny-
Horo npoTtoka. OfHako n3-3a ua-
CTO BCTPEYaoLLerocst No3AHero no-
SBNEHNS KIMHUYECKMX CUMMTOMOB
Ans 60NbLUMHCTBA NALMEHTOB pa-
AVKamnbHAs PE3EKLNS B MOMEHT M0-
CTaHOBKW AuarHo3a [4]. He npeg-
CTaBnsgeTcs BO3MOXHOW. OcobeHHO
Yy NauUNeHTOB C PaKoM NeBOi CTOPO-
Hbl NOAXXENY[OUHOM XKeENesbl, y Ko-
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preferred imaging modality. In
this context it is important to
emphasize that assessment

of resectability should be only
performed via laparotomy.
Radiological (CT/MRI) signs

of local inoperability, such as
involvement of the mesenteric-
portal axis or visceral arteries
should not be interpreted in
general as contraindication for
surgical exploration. In such
cases surgical exploration may
indicated to confirm inoperabil-
ity. However, laparoscopic ex-
ploration only excludes poten-
tial peritoneal carcinomatosis
or liver metastasis, therefore
gives incomplete information
regarding the local resectability
and can not recommended to
clarify the local situation [5].

The role of endoscopic retro-
grade cholangiopancreatog-
raphy (ERCP), as a invasive
procedure, in patients with
clinical and radiological suspi-
cion of a pancreatic malignoma
is negligible nowadays. Precise
visualisation of the periampul-
lary region including ductal
structures should be per-
formed using MRI-imaging. In
selected cases, as in patients
with severe jaundice, preop-
erative biliary stenting prior to
pancreatic resection may be
reasonable . Malignant biliary
tract obstruction can cause
severe cholangitis leading to
cholangiosepsis [6].
Nevertheless preoperative
stenting is still under discus-
sion. On the one hand a cor-
relation between obstructive
jaundice and operative mor-
bidity and mortality could be
demonstrated [7]. On the other
hand recent studies showed
that short-term preoperative
billiary decompression does
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not improve surgical results
after pancreatic head resection
[8l.

Prospective trials have failed

to show neither significant
reduction of in-hospital time
nor decreasing morbidity after
preoperative drainage [9, 10].
Recent findings indicate that
preoperative stenting seems
to increase the rate of wound
infections and possibly contam-
inate bile after instrumentation
of the bile duct [9]. For that pr-
eoperative biliary stenting can
not be recommended generally
in jaundiced patients due to
malignant distal bile duct occlu-
sion, and therefore should only
be used very selectively.

Contraindications for
Pancreatic Resection

Because of the agressive
nature of the tumor and due to
early metastases in only 20%
of patients curative resection
is feasible at time of physician
first contact [4]. However, the
only curative intent is a radi-
cal resection of the tumor. A
strong contraindication for
pancreaticoduodenectomy

is the presence of distant
metastasis including peritoneal
carcinomatosis. A metastatic
stage of the disease is known
as a significant predictor of
short expected survival. Fur-
ther contraindications for radi-
cal surgery are: Tumor invasion
of the mesenterical root and/or
invasion of visceral arteries (su-
perior mesenteric artery (SMA),
celiac axis or hepatic artery).
Nowadays, cancer invasion of
the superior mesenteric-portal
venous confluence (SMPCV)
should no longer be consid-
ered as a contraindication for
pancreatic resection [11]. Due

TOPbIX XENTYXa 06bIYHO OTCYTCTBY-
€T, N03TOMY 3a60/1eBaHNE HacTo

He AMarHoCTUpyeTCsl, MoKa Onyxofb
He MeTacTasupyer. B HacTosee
BpPEMS NPeJonepaunoHHOe YTOUHe-
HWE NoKanM3aumy 1 pacnpocTpaHe-
HUS ONYXOMK C MOMOLLbK) KOMMbHO-
TepHoii Tomorpagun (KT) sisnset-
Csl NPEANOYTUTENbHBIM METOLOM
BM3yann3aunn.B aTOM KoHTekCTe
BAXXHO MOAYEPKHYTb, YTO OLEHKA
pe3eKTabenbHOCTH OnyXonu AOMXK-
Ha OCYLLECTBNSTLCS TOMBKO C MOMO-
LLbtO NanapoToMuK.

Paanonornyeckme (KT / MPT) npu-
3HaKu HeonepapabenbHOCTH, Takne
Kak nopaxeHue 6pbKENKH, nop-
TanbHOM CUCTEMBI NN BUCLIEPanb-
HbIX apTepWi He cnedyeT pacLeHu-
BaTb Kak NPOTMBOMNOKA3aHue K Xu-
PYPruyeckoMy BMeLIaTensCcTay. B
TaKWX Cy4asix TONbKO X1pypruve-
CKOE BMELLATeNbCTBO MOXET Noj-
TBEPANTb HeonepabenbHOCTb.
OpHaxo nanapockonnyeckas one-
pauwst BCEro NNLLIb UCKIOYaeT BO3-
MOXXHbIiA KAPLMHOMATO3 BPHOLLNHBI
WK MeTacTasbl B NeYeHb, NOITOMY
[AeT HEMOJHYI0 MHAOPMALMIO O pe-
3eKTabenbHOCTH ONyX0u 1 He MO-
XET PeKOMEHA0BaTbCS ANs yTOu-
HEHWsl CUTyaunm «Ha MecTe» [5].
Ponb 3HEOCKOMMYECKOW peTporpas-
HOIA XOnaHruonaxkpearorpacgum
(OPXIT) y naumeHTOoB C KNnHNYe-
CKUMM 1 Paa1onornieckumu npu-
3HaKamm Onyxomnu NOfKeNy[O4HON
Xenesbl B B HACTOSILLEE BPEMS He-
3HauMTeNbHA.

TouHas Bu3yanu3auus nepuamny-
NApHOM 0bnacTy, BKNKYas NpoTo-
KOBbIE CTPYKTYPbl, AOSKHbI ObITh
BbIMOSIHEHA C MCMOMb30BaHMEM
MPT-ckaHupoBaHus. B oTaenbHbIx
Cryyasix, B YaCTHOCTH, Y MauMeH-
TOB C TSKENOM XXENTYXOM, MOXET
ObITb ONpPaBAaHHbIM CTEHTUPOBA-
HUE XKen4HbIX NPOTOKOB A0 Pe3eK-
LMu NOJXXENYA0YHOM xenesbl. O6-
CTPYKUMN BUANAPHOrO TpakTa ony-

Pak nopxenyao4Hou xenesbl

XOJbi0 MOXET MPUBECTM K CEPbE3-
HOMY XONaHrUTY, KOTOPbIA MOXET
BbI3BaTb XonaHrocencuc [6]. Tem
He MeHee NPeAonepaLUnNoHHOE CTEH-
TUPOBAHME 0CTAETCS AMCKyTabenb-
HbIM BOMPOCOM. C 0AHOM CTOpO-
Hbl, MOXHO NPOAEMOHCTPUPOBATb
CBSI3b MEX[Y MEeXaHU4YECKO Xen-
TYXOW 1 OnepaTuneHoi 3abonesae-
MOCTbH M CMepTHOCTBIO [7]. C Apy-
roi — HefLaBHWE UCCNELOBAHMS MO-
Kasanu, YTo KpaTKocpoYHas npe-
[onepaunoHHas unuapHas 4ekoM-
Mpeccus He ynyylwaeT pesynbTarthl
nocne pe3exkuinn ronoBKIM NOAXENy-
[04HOM [8]. MpocnekTuBHbIe Uccne-
[0BAHMS HE CMOTIIM NOKa3aTh Hu
3HAUMTENBHOTO COKPALLEHNS umucna
rOCMMTANM3MPOBAHHbIX, HU CHUXKE-
Hus 3a60NeBaeMOCTH NOCNE npe-
fonepaunoHHoro apexaxa [9, 10].
lMocneanne aaHHble NOKA3bIBAIOT,
4TO NPEesonepauUmMoHHOe CTEHTMPO-
BaHue, No-BUANMOMY, YBENU4NBAET
nokasarefb paHeBON UHAEKLMM 1,
BO3MOXKHO, 3arpsi3HAET >Ken4b no-
Cne MaHUNYASLMA B XKENYHbIM Mpo-
Toke [9].

[ns aToro npeaonepaumorHoe
CTEHTUPOBAHWE XXENYHbIX MPOTO-
KOB B LIENIOM HE MOXET 6bITb
PEKOMEH/I0BAHO Y NALMEHTOB C
XENTYXOM, BbI3BAHHOM ONyxone-
BOW OKK/HO3Wei AMCTaNbHOro OTAe-
A Xen4Horo NpoToKa, U, CNefoBa-
TEMbHO, AOMMKHO BbITb UCMONb30Ba-
HO TOJIbKO BECbMA BbIGOPOUHO.

I'Ipomaonoxasal-ma K pe3ekuun
nogXenyAo4HOM Xenesbl

/3-3a arpeccrBHOrO xapaxktepa
OMyX0mnu 1 B CBA3M C PaHHUM MeTa-
cTasvposaHueM nnlb y 20% naum-
€HTOB BbISBNAETCH BO3MOXHOCTb
pe3eKLUv BO BPEMS NEPBOTO KOH-
TakTa ¢ Bpayom [4]. OgHaKo K uane-
YeHW0 MPUBOAMT TONBKO paamkab-
Has pesexuus onyxonu. A6contot-
HbIM NPOTUBOMNOKA3aHWEM LIS NaH-
KpeaTonyoAEeHIKTOMUM SBNSETCS
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Fig.1: Ductal adenocarcinoma of the pancreatic head. The tumor is clearly circumscribed and surrounded by soft, tan
lobulated pancreatic tissue without signs of pancreatitis.
Puc.1: MpoTokoBas afeHokapLmMHoMa rofoBku NOAXENYA04HON Xenedbl. OnyXofb YeTKO KOHTYPUPOBaHA 1 OKPYXKEeHa MATKOM, TEMHO
LOMNbYATON TKaHbH MOAXKENYA0YHON XXeneabl 663 NpU3HaKkoB naHkpeaTuTa.

to the significant increased
mortality risk for patients with
concomitant severe disease
indication for pancreaticoduo-
denectomy should be carefully
evaluated in such patients.
Because of declining surgical
mortality rates after pancreatic
resection, the significance of
palliative resections has been
discussed more and more in
recent years. Especially, the
question whether a palliative
resection should be offered to
patients with hepatic metas-
tases is still unanswered.

Standard Surgical
Procedures

Today, the standard resection
procedure for periampullary
malignancies is the pylorus-

preserving pancreatoduoden-
ectomy (PPPD). In contrast to
the standard Kausch-Whipple
operation this technique
preserves the entire stomach,
including the pylorus, cutting
the duodenum usually about
2-3cm distal from the pyloric
ring. The discussion regarding
oncological radicality of the
pylorus-preserving technique
should belong to the past yet
[12,13]. The pylorus-preserving
pancreaticoduodenectomy is
a safe and radical operation
which, does not affect the
prognosis [14].

The surgical treatment of left
sided carcinomas (pancreatic
body or pancreatic tail) is the
so- called pancreatic left resec-
tion. Such resections should

HanMyme OTAaNEeHHbIX METACTa30B.,
B TOM 4nCne KapLvHomaTo3 6pto-
LWuHbl. MeTacTatuueckas cragus
3abonesanus 00yCnOBNMBAET KpaT-
KOCPOUHYHO Bb>KMBAEMOCTb. Takxe
NPOTUBOMOKA3aHNAMM K paankaib-
HOVi Onepauuy SBNSKOTCS: OMyXo-
NeBoe NOpaXKeHne KOpHS Bpbixen-
Ki, M/ MAK BUCLIEPaNbHBIX apTepuii
(BEpXHEiA BPbI>KEEYHON apTepuu,
YPEBHOrO CTBOJIA MK NEYEHOY-
HOi apTepuu). B HacTosLee Bpems
ONyX0mNEeBOE NOPAXKEHNE BEPXHETO
OpbKEEUHO-BOPOTHOTO BEHO3HO-
ro COEfiHEHMS 6oree He A0MKHO
paccMaTpuBaThCs Kak npoTUBOMO-
KasaHue K pe3ekums NofKenyaoy-
HoW xenesbl [11]. B ¢Bs3u o 3Ha-
YUTENbHBIM YBENIMYEHNEM pUCKA
CMEPTHOCTM Y NALMEHTOB C COMyT-
CTBYIOLLIEN TAXKENON NaTONOornei
nokasanus AN NaHKpeaTuKoayose-
HambHOM Pe3eKumMn AOMKHbI BbITh

TWaTesIbHO NpoaHanu3npoBaHbl.
Bnaronapst CHUXXEHUO NokasaTens
CMEPTHOCTM NOCIe NPOBEAEHNS pe-
3ekunun no,uxeny,qquon Xenesbl

B nocnegHue rogbl BCE aKTUBHEE
cTana o6cy>xaaThes Lenecoobpas-
HOCTb NaNMaTUBHOI pesekumn. B
4acTHOCTH, BOMPOC O TOM, ONX-
Ha nu 6bITb NPEANOXKEHA Nanama-
TUBHaA pe3ekuunsa naumeHTam ¢ me-
TacTa3amMu B neYveHb, no-npexHemy
ocTaeTcs 6e3 0TBETa.

CraHpapTHble MeTOAbI XMpYypru-
YecKOro BMeLlaTeNbcTBa

B HacTosiLee Bpems CTaHAAPTHbIM
MeTOJO0M BMeLaTenLcTBa npu ne-
praMnyaspHbIX 3MI0KA4YECTBEHHBIX
HOBOOOPA30BaHNSX ABASETCS NUNO-
POCOXPAHSIOLLMIA BapUaHT NaHkpe-
aT1kooayoneHaKToMMK. B oTnnune
OT CTaHAApPTHbIX onepaumin Yunnna,
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be performed, also based on
the principles of surgical onco-
logy, as no-touch-techique and
standard en-bloc dissection of
the peripancreatic lymph nodes
and in general combined with
splenectomy. Depending on
the dimension of a left sided
carcinoma, the resection has
to be extended towards the
pancreatic head to reach tumor
free resection margins (subto-
tal left-sided pancreatectomy).

The pancreatico-enteric
anastomosis is the weak

point of pancreatic surgery.
Devastating clinical courses
after development of a pancre-
atic leak are a common feared
complication. The operative
resection of pancreatic cancer
includes cautious handling of
the pancreatic remnant [15].
One of the most commonly
employed techniques is a
pancreatico-jejunal anastomis.
However, to prevent a leakage
from the pancreatico-jejunal
anastomosis, different anasto-
motic techniques have been
published during recent years.
Which technique of pancreati-
cojejunal anastomosis, wheth-
er end-to-side or end-to-end,
and whether duct-to-mucosa,
does not seem to influence
the anstomotic leak incidence
significantly [16-18]. Several
strategies have been estab-
lished in the past to improve
the safety of the pancreatico-
enteric anastomosis. One alter-
native reconstruction technique
after pancreatic head resection
is the introduction of a pan-
creatogastrostomy [19]. Three
different principles to achieve
pancreatogastrostomy are in
use today: The implantation

of the pancreatic remnant into
the stomach, the implantation
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of only the pancreatic duct into
the stomach, or an anastomo-
sis between the pancreatic
duct and the gastric mucosa.
(Fig. 2, 3). A view through

the literature showes that the
surgical results after pancrea-
togastromstomy are similar to
those presented after pan-
creaticojejunostomy [20-22].
There is still the discussion that
long-term pancreatic secre-
tion into the stomach causes
alkaline juice, which affect the
gastric mucosa. To date there
is no substantial data show-
ing a correlation between an
increased risk of peptic ulcers
and pancreato-gastric anasto-
mosis [23]. In summery, rather
than the choice of the variant
used, however, the successful
management of the pancreatic
anastomosis depends more on
the surgeon’s concentration
on the meticulous execution
of the technique with he is
familiar [24].

In the past several strategies
for improvement of prognosis
have been established. One ap-
proach was the introduction of
total pancreaticoduodenectomy
[25]. The idea was that the
removal of the entire pancreas
can eliminate multifocal dis-
ease, achieve broad resection
margins and allows the avoid-
ance of as pancreatic leak-

age, pancreatitis or pancreatic
fistula. However, several stud-
ies showed that the median
survival for patients after total
pancreaticoduodenectomy was
significantly lower compared

to patients undergoing partial
pancreaticoduodenectomy [26].
The removal of the pancreatic
gland can cause severe meta-
bolic dysfunctions as a conse-
quence to the loss of pancre-

yKa3aHHbI METO COXPaHSET BECH
XKENYL[OK , B TOM YKCe NpuBpar-
HUK, pe3eunpys ABeHaauaTUnepcT-
HYHO KULLKY, 0BbI4HO Ha 2—3 CM
AMCTalnbHee KoNbLia NpruBpaTHUKa.
[uckycens 0THOCUTENBbHO OHKOMO-
TMYECKOM pafmKanbHOCTW NUMopo-
COXPaHSIOLLEN XUPYPrUYECKOn Tex-
HUKM JOM>KHA OTOWTY B MPOLLOe
[12, 13]. Munopocoxpaxstowas naw-
KpeaTukoayoAeHIKTOMMUS SBNSET-
cs 6€30MaCHO 1 paAnkanbHoM one-
pauweit, Kotopas He yxyaLaeT npo-
rHo3 [14].

XWpypruvecknum neveHnem neso-
CTOPOHHEN KapLMHOMbI (Tena nog-
XKENYLOUHOW XKENE3bl UK €€ XBO-
CTa) SBNSETCS Tak Ha3blBaemas ne-
BOCTOPOHHAS (AuCTanbHas) na-
kpeaTudeckas pesekumsi. Takue pe-
3€KLNKM BOMKHBI BbITb BbINOMHE-
Hbl Ha OCHOBE NPUHLWMOB XMPYp-
M4eCKO OHKOMOTMM: TaKTUKM He-
MPYUKOCHOBEHHOCTM 1 CTAHAAPTHO-
ro MCCEUEHUS NepunaHKpeaTnye-
CKUX NMMchaTU4ECKUX Y3NOB eu-
HbIM 6JTOKOM B COYETaHMU C Crle-
HIKTOMMEN. B 3aBnCUMOCTY OT pac-
NPOCTPAHEHHOCTH NIEBOCTOPOH-
Heli KapLMHOMbI PE3EKLNS LOMX-
Ha 6bITb pacluMpeHa B HanpasJe-
HUW FONOBKM MOMKENYA0HHON XKe-
ne3bl Ans LOCTUXKEHNS CBOBOAHbIX
0T Onyxonu Kpaes (cy6ToTanbHas
NEBOCTOPOHHSAS NAHKPEaTIKTOMMS).
MofKenyAo4HO-KMLLEYHBIA aHaCTO-
MO3 SIBNSIETCS cnabbiM MECTOM Xu-
PYPrvv NOXKeny LO4HOM Xenesbl.
N3HypsitoLLme KypCbl NeveHus no
MOBOAY €r0 HECOCTOATENLHOCTH SIB-
NAOTCA Hanbonee HexxenaTenbHbl-
MM OCMIOXKHEHWSIMW. XWpypriveckas
PE3EKLNS ONYX0NM NOLKENyA0Y-
HO¥ XKene3bl TakxKe BKMto4aeT npo-
hunakTrueckyto 06paboTky ocTas-
Lwencs ee yactm [15].

OnHuM 13 Hanbonee 4acTo UCMofb-
3yeMbIX METOLI0B SIBNISAETCS NaHKpe-
aToeroHasNbHbIA aHacToMo3. [Anst

NPEAOTBPALLEHNS HECOCTOATENBHO-

Pak nopxenyao4Hou xenesbl

CTM NaHKPEeaTOEtOHaNbHOAHACTOMO-
3a, B nocneaHve rogsl 6binv npeg-
NIO>KeHbI M 0Ny6AMKOBaHbI pa3nuy-
Hble MeToabl. MeToamka BbinomHe-
HUS NaHKpeaToetoHaNbHOaHaCTo-
M03a, 6y b TO «KOHeL-B-60K» Unu
«KOHeL-B-KOHeL», 1 BbI1 i1 NPOTOK
NOAXENY[0YHOM Xenesbl aHacTo-
MO3WPOBAH CO CIU3UCTOK 060/04-
KOW TOLLIE# KMLLKM («Cnu3ncTas K
CMU3UCTOM»), HESHAYUTENBHO BINS-
t0T Ha NOsBNEHMe NOATEKAHMS B 06-
nactu aHactomosa [16-18].

3a nocneaHve rofbl 6610 co3aa-
HO HECKOMbKO CTPATErnyeckmx Me-
TOZOB ANS yNy4LIEHNS COCTOSITENMb-
HOCTY MOJ>KenyJ04HO-KMLLEYHOTO
aHacToM03a nocne pesexunm nog-
XEeny[o4HOU Xenesb!.

OnuH 13 BapuaHTOB PEKOHCTPYK-
Luu Nocne pe3ekumn NoaxXeNy[oy-
HOW ronioBa SBNSETCS NaHKpearo-
ractpoctoma [19]. B HacTosLee
BPEMS MCMOMb3YHOTCS TPW Pasnny-
HbIX METOAA ANS CO3[aHNs NaH-
KpeaToracTpOCTOMbI: MMMNaHTa-
LS OCTaBLUENCS YaCTH NOAXKENY-
[OYHOM XXEenesbl B XXENY[OK, UM-
NAaHTaums NpoToKa NogxKenyaoy-
HOW xenesbl (BupcyHrosa npoTo-
Ka) B >KenyoK M HaNOXEHME aHa-
CTOMO3a MeX [y NPOTOKOM U Cru-
31cToM 060M104KOI Xenyaka. (Puc
2, 3.). Mo paHHbIM cneunansHok v-
TepaTypbl, pe3ynbTaThl Nocne nax-
KpeaToracTPOCTOMbI @HaNorny-

Hbl TEM, KOTOPbIE MONyYeHbI NOCNE
naHKpeaToeoHOCTOMbI. [20—-22]. B
TO XKe BPeMs MPOJ0IKAET 06CYX-
[aThCs BONPOC O TOM, YTO ASIMTENb-
Has CekpeLns NomKenyao4uHoOMN Xe-
nesbl B XXENyAoK BbI3biBaeT 06pa-
30BaHWe LLENIOYHOrO CoKa, KOTO-
Pblid BO3AENACTBYET Ha CM3NCTYIO
060m04Ky >enyaka. HbiHe He cy-
LEeCTBYET YO AUTENbHbIX AAHHbIX,
CBUAETENBCTBYHOLMX O KOPPENSALMM
Me>X [y NOBbILIEHHbIM PUCKOM BO3-
HWUKHOBEHMS NENTUYECKO S3BbI 1
NOAXXEeNyA04HO-XKENYAOYHbIM aHa-
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Fig. 2: View into the opened stomach. The pancreatic stump has been placed through the dorsal gastric wall and su-
tured in mattress technique. Additionally, a short tube has been inserted into the pancreatic duct of the remnant.

Puc: 2. Bua xenyaka usHytpu. KynbTs nofixxenyao4HoM xenesbl NOMELLEHa B XXeNY[0K YEPEe3 ero 3aAHIO0 CTEHKY 1 yLuuTa MaTpac-
HbIM LWBOM. KpoMe Toro, B MpOTOK OCTaBLUEICS 4acTu NOAXKENYAO4HOM XeNesbl BBeAeHa KOpoTKast ApeHaxHas Tpyoka.

atic endocrine and exocrine
function. One consequence

is diabetes combined with
recurrent episodes of severe
hypoglycemia [27]. For that,
nowadays total pancreatecto-
my is no longer the treatment
of choice for carcinomas of the
pancreatic head. However, in
individual patient, e.g. in case
of multicentric carcinomas,
total pancreaticoduodenectomy
can be reasonable.

Lymph Node Dissection

Affection of lymph nodes are
reported to be found in more
than 70% of patients after
resection [28]. The standard
lymph node dissection is de-
fined as radical lymphadenec-
tomy along the hepatoduode-

nal ligament, the celiac trunk
and superior mesenteric artery,
the mesenteric vein and portal
vein.

The rationale for the so called
extended lymphadenectomy is,
that lymph node studies have
shown positive lymph nodes
beyond the bound of the stand-
ard dissection [29]. Nagakawa
et al. could demonstrate
metastatic lymph nodes of the
paraaortic region, between the
celiac trunk and the origin of
the inferior mesenteric artery
[30]. These findings led to the
suggestion, that these lymph
nodes should be removed en
bloc during radical resection.
The extended lymph node dis-
section therefore includes the
resection of bilateral paraaor-
tic lymphatic tissue from the

CTOMO30M [23]. B uenom, ycneLuHoe
(PYHKLMOHWPOBAHWE aHacToMOo3a
60nbluUe 3aBNUCUT He OT BblBopa Me-
TOA4, a OT KOHLEHTpauWm xupypra
Ha TLATENbHOM BbIMOMHEHUM TEX-
HWYECKMX METOAOB, C KOTOPLIMM OH
XOPOLLIO 3HaKOM [24].

B nocneaHee Bpemst bbino paspa-
60TaHO HECKOMbBKO CTPATErMHYECKNX
METO/IOB NS yNyYLLIEHWs! MPOTHO3a.

B ka4ecTBe 0[HOr0 13 NOAX0A0B
Obina NpeanoXeHa NaHKpeaTuko-
LyO4eHaKTOMUSA [25]. Mipes 3aknto-
yanacb B TOM, YTO yAaneHue BCeil
MoAKenyA04HOM XKenesbl MOXeT
YCTPaHUTb MynbTUGOKANBHOE 3a-
6onesaHue, [OCTMYb LLMPOKOTO MC-
CEYEHNs KPaeB M N03BONAET n3be-
XaTb 0TTOKA CekpeTa nogxeny-
LOYHOM XENesbl , NaHkpeaTuTa unm
HANOXXEHNS NMOAXKENYAOYHON (hu-

CTynNbl. TEM He MEHEe HEKOTOpbIE
UCCnefoBaHNs nokasan, 4To Me-
[i1aHa BbXMBAEMOCTH Y NaLMEHTOB
nocne ToTanbHOW NaHKpeaTukoayo-
LEHANbHOW pe3eKumm bbina 3Haum-
TEMbHO HUXXE NO CPABHEHWIO C Ma-
LMEHTaMK, NEPEHECLLMMM YacTuY-
HYI0 NaHKpeaTUKOAYoaAeHaNbHYIO
pe3ekumto [26]. YnaneHue nopxe-
Ny OYHOM XKenesbl MOXET BbI3BaTb
Cepbe3Hble MeTaboNMYECKMe Anc-
(OYHKUMM KaK CneacTBue yTpaTbl
3HAOKPUHHOI 1 3K3OKPUHHON CPYHK-
LMiA MOAXKENYAO4HOM xenesbl. Op-
HUM 13 NOCNEACTBUA SBNSETCS Ca-
XapHblA nabeT B COYETAHUN C NO-
BTOPSKOLLMMUCS NMN304aMM TSKE-
10N rUNornMKemum [27].

MoaTomy B HacTosLLee Bpems To-
TalbHas NaHKpPeaTaKTOMust 6onee
He SIBNSIETCS METOAOM BblGopa npu
NIEYEHNM KAPLMHOMbI TONOBKM NOA-
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HOOHaN

Pak nopxenyao4Hou xenesbl

Fig. 3: Pancreatic remnant after implantation into the stomach (a: Stomach, b: Pancreatic remnant, c: Portal vein,
d: Hepatic artery)
Puc. 3: OcTasLuascs 4acTb NoAXeny404HOM Xenesbl NoCne ee UMNAaHTaLMK B XXENY0K (a — Xenynok, b — ocTasLlascs 4acTb nogxe-
NyAOYHON XENesbl, ¢ — NopTanbHas BeHa, d — neYeHo4Has apTepus).

diaphragm down to the inferior
mesenteric artery and laterally
to the hilum of the right kidney
[31]. Several recent studies
indicated a variability in results
regarding the influence of an
extended lymph node dissec-
tion. Nimura et al. compared
51 patients after standard
lymphadenectomy versus 50
patients after extended lymph
node dissection in a prospec-
tive randomized trail. No
differences could be detected
in overall survival, survival for
pNO/ pN1, tumor recurrence,
body weight, quality of live and
bowel movements [32, 33]. Ne-
optolemos et al. demonstrated
that metastatic involvement

of lymph node 8a (located at
the common hepatic artery)

is an independent prognostic

factor after pylorus-preserving
resection [34]. Two further
randomized studies from Balti-
more reported a similar overall
morbidity, although the study
indicated an increased rate of
delayed gastric emptying after
extended lymph node dis-
section [35, 36]. The current
standard of surgery for pancre-
atic head tumors therefore is a
pancreatic head resection with-
out extended lymphadenec-
tomy [37](Table1).

Vascular Resection

Tumor invasion of portal or
superior mesenteric vein has
always been a controversial
issue in pancreatic surgery.
Fuhrmann and colleagues
found that tumors adherent to

XKenyao4Hoii xenesbl. OfHako y
OTAENbHbIX NALWEHTOB, HANPUMep,
B CIy4ae MHOroo4aroBoi KapLuuHO-
Mbl, MOXET ObITb LIENeCO0OPa3HbIM
NpoBeAeHMe TOTaNbHOI NaHKpeaTu-
KoAyoAeHanbHON Pe3eKLmu.

[uccekuus numdaTuyeckmx
y3nos

Bo Bpewms pe3exuum, kak coobLua-
eTcs, 6onee vem y 70% naumeH-
TOB MOXET 6bITb 06HAPYKEHO Mo-
paxeHune IMMQaTUHECKNX Y3noB
[28]. CTaHpapTHas AMCCEKLNS UM-
(haTMyecKux y3noB OnpeLenseT-
Cs1 KaK pagmkanbHas nuManseHak-
TOMMS BAOMb renaToAyOfeHaNbHOM
CBAA3KMW, YPEBHOTO CTBOMA U BEPX-
Hell 6pbKEEYHON apTepum, Me3eH-
TepuanbHbIX BEH U BOPOTHON BEHbI.
O6ocHoBaHMEM N1 Tak Ha3blBae-
MOW PaCLUMPEHHON MMMEafeHaK-

TOMWM CTanM UCCNEA0BaHNS, MoKa-
3aBLUNE BO3MOXHOCTb NOPaXKEHNS
NMMOY30B BHE rPaHnLbl CTaH-
[apTHoN auccekunm [29]. Nagakawa
W Op. NPOLEMOHCTPMPOBANM MeTa-
CTaTUYECKOE NopaKeHne numda-
TUYECKMNX Y3710B B NapaaopTanbHom
061aCTV MeXy YpeBHbIM CTBO-
TIOM W TOYKOW OTXOXAEHUS HUKHEN
OpbixeeyHon apTepun [30]. ATn
[aHHble NO3BONMAN CAeNaTh 3a-
K/IOYEHME O TOM, YTO 3TW AMMdpa-
TUYECKME Y3Nbl LOMKHbI ObITb yaa-
NeHbl €ANHBIM 6II0KOM BO BPEMS
pagukanbHoi pesekuun. Takum 06-
pa3oM, paclumMpeHHas niMAOoanc-
CEKLMS BKIIOYAET ABYCTOPOHHIO
Pe3eKLMI0 napaaopTanbHoON uM-
thaTnueckoit TkaHm oT aAnadbpar-
Mbl 30 HUXXHEN BpbXeeYHon apTe-
puK, a natepansHo — A0 BOPOT npa-
BO¥ noyku [31]. Heckonbko Hepaas-
HWX MCCNELOBaHNA NOKa3anu Bapu-
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the superior mesenteric vein-
portal vein trunk did not display
eminent aggressiv biology [38].
They concluded that venous
adherence was more a func-
tion of tumor localisation rather
than an indicator of aggressiv-

ness. Furthermore, pathological

assessments of resected veins
confirmed cancerous venous
invasion in about 20 - 70% of
resected specimens [39, 40].
This data indicates, that a sig-
nificant percentage of patients
with suspected venous tumor
invasion only show an inflam-
matory adherence. For that,
portal vein invasion should not
lead to an absolute contraindi-
cation for pancreatic resection.
New data indicate that the
need for portal resection does
not affect overall patient surviv-
al. Lygidakis et al. showed that
patients with portal-mesenteric
venous invasion had far better
5 - year survival compared with
patients who were randomized
to only palliative bypass [41].
Several surgical techniques

in case of venous involve-
ment are common: Tangential
resection and venous patch-
plastic, segmental resection
with splenic vein ligation and
primary anastomosis or splenic
vein ligation and graft interposi-
tion. Further techniques are
the segmental resection with
splenic vein preservation either
with primary anastomosis or
again with graft interposition
[42, 43](Table 2).

In a subgroup of patients cura-
tive resection is denied as a
result of the direct invasion of
major visceral arteries, often in
the absence of distant disease.
On the one hand the involve-
ment of major vessels, such as
the celiac axis, is a clear con-
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Group Lokalisation

13 posterior pancreatico-
duodenal

LN-positive Involved
patients % LN (mean) LN (median)

Involved

paraaortic

i 1

anterior pancreatico-
duodenal

2
6
Table 1

traindication to resection for
most surgeons. On the other
hand, radical vascular resec-
tion in such cases can poten-
tially implicate complete tumor
removal leading long-term
survival. The Appleby operation
proposed en-bloc resection of
the celiac trunk with distal pan-
createctomy a the treatment
of patients with locally invasive
carcinomas of the body and tail
of the pancreas. The anatomic
and physiological premises for
this approach is the presence
of collateral circulation be-
tween the superior mesenteric
artery (SMA) and the hepatobil-
jiary system by way of an intact
pancreaticoduodenal arcade
[44, 45]. However, such surgi-
cal approaches have not yet
been established as a standard
technique and therefore are
only indicated in highly select-
ed patients.

Significance of Extended
Pancreatectomy

In efforts to improve the long-
term results after pancreatic

16
14 superior mesenteric artery
7
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1

v

1 hepatoduodenal ligament 27 0,60 ]
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Tabnumua 1

abenbHOCTb Pe3ynbTaToB npu Npo-
BeaeHun paCLIJI/IpeHHOVI anccekunn
J'IVIMCbaTI/Il-IeCKI/IX y3n0B.

Nimura ¢ coaBT. cpasHum 51 na-
LiMeHTa nocne CTaHAapTHO M-
thageHaKTOMUM 1 50 BOMBHBIX NO-
CNe pacLUMpPeHHoN IMAoANCCeK-
LM B NPOCNEKTUBHOM paHAOMM3K-
POBAHHOM uccnefoBaHuu. He 6110
BbISIBNIEHO P3Ny OTHOCUTEMb-
HO nokasarenen o6Luei BbxuBa-
€MOCTH, BbXUBAEMOCTH Ha CTa-
ann pNO / pN1, peunamsa onyxonu,
Beca Tena, KauecTBa XM3HN 1 akTa
nedbexaumm [32, 33]. Neoptolemos ¢
COaBT. M0Ka3an, YTo MeTacTatuye-
CKOe MopaXkeHue rpynnbi numdaty-
4eckux y3noB 8a (HaxoAnTCs Ha 06-
LUei NeYEHOUHO apTepnm) SBAS-
€TCS1 HE3aBUCUMbIM MPOrHOCTUYE-
CKMM (haKTOPOM NocCIe NUI0POCOX-
paHstoLen pesekumn [34]. [isa cne-
LYHOLLMX PaHLOMU3MPOBAHHBIX UC-
cnenosanus B bantumope BbisiBu-
71 aHaNor14HbIE NoKasaTenm 06-
Len 3a60n1eBaeMOCTH, XOTS 1 MPo-
AEMOHCTPVPOBANY YBENNYEHME MO-
Kasartens 3afepXXki ONOPOXXHEHMS
XENyaKa nocne paclUMpeHHoi M-
oanccexumm [35, 36]. Takum 06-
Pa30M, COBPEMEHHbIM CTaHAAPTOM

Pak nopxenyao4Hou xenesbl

XMPYPruu Onyxoneii ronoBKy Nog-
Xeny[oUHOI SBMSETCS pe3exumst
FONOBKM NOMXKENYA0YHON XKENe3bl
6e3 pacLUMpeHHON MMBaaeHIKTO-
Muu [37)(Tabnmua 1).

Pesekuus cocynos

Onyxonesoe nopaxxeHue nopTab-
HO¥ UNW BEPXHEN BPbIXKEEHHON
BEHbI BCeraa 6bino auckyTabenb-
HbIM BOMPOCOM B XVPYpruu nog-
XXENyAo4Ho xeneabl. Fuhrmann ¢
Konneramu 06Hapy>Kumu, YTo ony-
XONK, NPUMbIKAOLLME K BEpXHEN
OpbI>XEeeyHoi BeHe, BOPOTHOW BEHE
W YPEBHOMY CTBOJTY, He Nokasanu
0c060# 3110Ka4YeCTBEHHOCTH [38].
OHU NpULLAK K BbIBOAY, YTO NOKa-
nmM3aums onyxonn Ha BEHE He CBY-
[ETenbCTBOBANO O €€ arpeccyus-
HOCTW, & HOCUINO, CKOPEE, (hyHKLM-
OHanbHbIN xapakTep. bonee Toro,
MCTONOrMYECKME UCCes0BaHNs
Pe3eKUMPOBaHHbIX BEH NOATBED-
AVAN PaKOBOE NOPaXXEHNE BEHO3-
HoW TkaHm B 20—70% 06pa3Lios [39,
40]. 3TV fiaHHble NOKA3bIBAKT, YTO
Yy 3HAUNTENbHOrO NPOLEHTA Naum-
€HTOB C MOAO3PEHNEM HA BEHO3-
HYI0 MHBA3MIO ONYXONU BbISBNAET-
Cs TONIbKO BOCMANMTENbHbINA MPO-
Liecc. MoaTomy nopaxxexue nop-
TasbHOM BEHbI HE JOJKHO CAY>XMUTb
abCoMtOTHBIM NPOTUBONOKA3aHM-
€M 15 Pe3eKums NOAXENYA0UHOM
Xenesbl.

HoBble AaHHbIe NOKa3bIBaKOT, YTO
HEOOXOAMMOCTb NMOPTaNbHOMN pe-
3€KLWM He BAMSIET Ha OBLLYHO Bbl-
XXKMBAeMOCTb NaumeHToB. Lygidakis
W COaBT. NOKA3an, 4To NauneHTbI ¢
nopTanbHO-6pbKEEYHON BEHO3HON
WHBa3ueil nmenu 6onee 4nuTens-
HYH0, 5-NIETHIOKO BbIXXMBAEMOCTB 0
CPAaBHEHWIO C NALMEHTaMu, KOTO-
pble 6blAn paHAOMU3MPOBaHbI MO
TOMBKO NANMaTUBHOMY LLYHTMPO-
BaHwio [41]. Heckonbko xupypruye-
CKMX METOLOB B Cfly4ae BEHO3HOMO
NOPaXXEHNs SBNSKOTCS 06LEeNpPUHS-
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resection, attitudes toward sur-

gical treatment of pancreatic
cancer without spread outside
the pancreatic bed have be-
come more aggressive. In the
past, more extended surgical

treatment has increased the re-
sectability rates [46]. In the last

20 years there has been less
focus on the pancreatic gland

T 10 the i et s
True to the maxim “more is Taschiery etal. [59] 164 12
van Geenen et al.[60] 34 K] 55 6

better” extended pancreat-
ectomy means the resection
of the entire pancreas, the
adjacent soft tissues, and the
primary lymphatic drainage of
the pancreas. Additional to an
en bloc total pancreaticoduo-
denectomy with subtotal distal
gastrectomy, the resection of
the transpancreatic portion of
the portal vein and ocassional
resection of the celiac axis,
superior mesenteric artery and
middle colic artery with vas-
cular reconstruction has to be
performed [47, 48]. However,
extended pancreatectomy
failed to improve the long-term
survival rate and carried a high
operative mortality [49]. In
summary, the role of extended
pancreatectomy for advanced
pancreatic adenocarcinoma is
negligible nowadays.

Palliative Pancreatic Head
Resection

The goal of palliative therapy is
to prolong life by relieving life
threatening biliary and duo-
denal obstruction to improve
quality of life by eliminating
local tumor associated prob-
lems. This does not mean,
that only surgery offers the
best possible palliation, but no
effective alternative therapies
are available and only resection
of the tumor offers a chance
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Histological 1-year
portal vein
n invasion (%) (%)

3-year 5-year Median
survival survival survival survival
(% %) (months)

Ishikawa et al.[56] 6 34 14
1
1

) (
. 35 8 9
. 10
14

Table 2

for long-term survival. For that,
the goal of modern pancreatic
cancer surgery should not be
the selection of patients with
the greatest chance for cure.
Contrariwise, the selection of
patients in whom resection
provides a chance for longer
survival and better quality of
life should be considerated for
pancreatic resection. Increas-
ing the rates of resection might
also include M1 resections

in selected patients. Further
arguments for extending the
resectability criteria are sup-
ported by the results of recent
multicenter trials in adjuvant
chemotherapy after RO and R1
resections for pancreatic head
carcinoma indicating that even
the patients with R1 resection
showed a benefit from postop-
erative adjuvant resection [50].
To date no prospective data
are available in which a pallia-
tive resection was investigated
in a randomized fashion. To
elucidate the role of pallia-

tive pancreatic head resection
we conducted a prospective
randomised study. We derived
a protocol in which patients
with carcinomas of the pan-
creatic head and synchronic
liver metastasis were rand-

Tabnumua 2

TbIMUW: TaHTeHUManbHas pe3ekums u
BEHO3Has naTy-nnacTuka («3annar-
ka»), CerMeHTapHas pe3ekuus C ne-
PEBSA3KO CENE3EHOUHOMN BEHBI W
NePBMYHbIA aHACTOMO3 UMW nepe-
BSI3Ka CENE3eHOYHOM BEHbI M Nepe-
cafka nockyTa. A Takxe:
CerMeHTapHas pesekuus ¢ coxpa-
HEHWeM CENne3eHOUHOM BEHbI W Ha-
NOXKEHWEM NepBr4Oro aHacToMo3a
WNM Nepecaskon nockyTa. [42, 43]
(Tabnuua 2).

B nogrpynne nauueHToB ¢ nopaxe-
HWEM MarucTpasibHbIX GPHOLLIHbIX
apTepuin peseKkums Kak MeTos ne-
4eHns Bbina OTKIIOHEeHa Aaxke npu
OTCYTCTBMM OTAANEHHbIX METaCTa-
308. C 04HOM CTOPOHbI, NOpPaXKeHue
KpYMHbIX COCY OB, Takux Kak 4pes-
HbIA CTBOM, AN 6ONbLUIMHCTBA XU-
PYProB sIBNSIETCS NPOTMBONOKAa3a-
HueMm K pesekumu. C apyroi — pa-
AVKanbHAas Pe3eKLms COCy 0B B Ta-
KuX Crly4asx MOXET 06eCneymnTb
NONHOE yAaneHve onyxonu u Aonro-
CpOYHOE BbkMBaHWe. Tak, onepa-
ums no Appleby npeaycmatpusaet
PE3EKUNIO €NHBIM 6TOKOM YPEBHO-
ro CTBOMA C AMCTaNbHOM NaHKpea-
TIKTOMMEN NpY NEYEHNN BOMbHBIX

C JIOKamnbHOW KapUMHOMOW Tena u
XBOCTA NOAXENY04HON XKeNesbl.
AHaTOMWYECKNUM 1 husmonornye-
CKMM NPENMYLLECTBaMM [ TaKo-
ro N0Axo4a SBASETCS HaNMune Kon-

Pak nopxenyao4Hou xenesbl

naTepanbHOro KpoBooBpaLLEeH!s
MEX [y BEPXHEi 6pbIXKee4HoN ap-
Tepuen v renaTobunapHoii cucTe-
MOV Yepe3 MHTAKTHYHO NaHKpeaTo-
LyoLeHanbHyto apkany [44, 45]. Og-
HaKO Takme X1pypruyeckme MeTo-
LVKN eLLe He SBRISIOTCS CTaHAapT-
HO TEXHWKOW 1, CNEA0BATENBHO,
NPUMEHSIIOTCS TONBKO Y TLATENbHO
0TO6pPaHHbIX NALMEHTOB.

3HaueHmne pacLUMPEHHOI NaHKpe-
aTaKTOMUMN

Ha hoHe ynyuLleHns 0TaaneHHbIX
pe3ynbTaToB PE3EKLMN NOAXKENY-
[OYHOM Xene3bl N03nums Xupyp-
OB OTHOCUTESBHO XWPYPru4ecKo-
r0 NEeYeHMs paka noKeny[oUHoM,
He pacnpoCTpaHsIoLLErocs 3a npe-
[enbl ee Noxa, ctana bonee paau-
KanbHoi. B nocnefHee Bpems 3a
CYET PACLLMPEHHOTO XUPYPrUYECKo-
r0 BMeLLATEeNbCTBA YBENUUMIICS NO-
KasaTenb pe3ekTabenbHOCTH [46].

B nocnegaHve 20 net nHTepec xu-
pypro. 6bin 6051bLLE COCPESOTO-
YeH Ha OKPY>KeHUW NOKeNyaoY-
HOW XEnNe3bl , YeM Ha Hel CaMoil.
CornacHo npuHUMny «4eM 6onbLue,
TEM JyuLlie», pacLuMpeHHas naH-
KpeaTakTOMMS Mofpa3yMeBaeT pe-
3EKLMI0 BCEW NOAXENYJOHHOM Xe-
Ne3bl, COCEHNX MATKINX TKaHel 1
OCHOBHOIO IMMCHaTUYECKOTO Ape-
Habka NOAXXENyA04HOI Xenesbl. B
FONOMHEHWE K 06LLEeN NaHKpeaTuko-
LyOAeHanbHON Pe3eKLMN e ANHbIM
61I0KOM C Cy6TOTaNbHOM AMCTaNb-
HO¥ racTPIKTOMMEN JOMKHA 6bITb
NpOBEAEHa Pe3eKums naHkpeaTu-
4eCKOM 4acTy NOPTaNbHOW BEHbI U,
WHOT A3, PE3EKLMS YPEBHOMO CTBO-
na, BepXHen BpbIXKeeyHon apTepun
W cpesHeit 060[04HON apTepun ¢
PEKOHCTPYKUMe cocyoB. [47, 48].

OfHaKo pacluMpeHHast naHKpeaTak-
TOMMS! HE YIyuLLaeT AONrOCPOYHYH
BbIXKMBAEMOCTb 1 BbI3bIBAET Bbl-

COKY'0 OMepaLMOHHYK0 CMEPTHOCTb
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omized in two groups. One
group would receive standard
gemcitabine until the tumor
showes progression. Whereas
the other group would receive
a pancreatic head resection fol-
lowed by standard gemcitabine
treatment (ISRCTN20060588).
Therefore palliative pancreatic
head resections are not indi-
cated beyond accepted study
protocols.

Resection for Recurrent
Pancreatic Cancer

Although the significant
progress in pancreatic surgery
over the last 20 years the 5 -
year survival rate of resected
patients are still between 15
-20% [51]. One reason for
this phenomena is that, even
after curative resection, tumor
cells are detectable on the
edge of resected specimens
in up to 50% of cases [62]. A
further reason seems to be the
presence of systematic occult
disease at the time of diagno-
sis leading to liver metastasis
and peritoneal carcinomatosis
in up to 50% patients [53, 54].
In case of tumor recurrence,
there are no established surgi-
cal strategies. In other words:
The significance of re-resection
for pancreatic carcinoma is
completely unclear. In a recent
paper Kleef et al. reported

on the outcome of patients
re-operated for recurrent
pancreatic cancer. They found
an increased median survival
in patients undergoing resec-
tion compared with patients
undergoing exploration or
palliative bypass. Interest-
ingly, they found an increased
median survival for patients
with a prolonged interval from
resection to recurrence. Over
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all data show that resection for
recurrent adencarcinoma of the
pancreas does not significantly
increase survival [65]. The aim
of further studies should be to
identify subgroups of patients
potentially benefit from reop-
eration. For that, re-resection
for recurrent pancreatic cancer
cannot be recommended
outside randomized controlled
trials yet.

Summary

Today, surgical resection of
localized adenocarcinoma of
the pancreas still remains the
only potentially curative op-
tion for these patients. Ad-
vances in surgical techniques
and perioperative care have
improved significantly during
last twenty years, causing an
extension of indications for
surgical intervention. As a
standard resection procedure
for periampullary malignancies
the pylorus-preserving pan-
creatoduodenectomy (PPPD)
has been established in recent
years. Resections of advanced
tumors including portal vein
resections can be carried out
safely nowadays with low
perioperative mortality rates.
Although new diagnostic
techniques are established,
surgical exploration is still very
important for the final assess-
ment of resectability. However,
laparoscopic exploration only
gives incomplete information
regarding the local resectability
and can not be recommended
to clarify the local situation.
Contraindications for pancreatic
resection are distant metasta-
sis, peritoneal metastasis and
tumor infiltration of visceral
arteries. But, nowadays, cancer
invasion of the mesenteric-

[49]. Takum 06pa3om, ponb pactum-
PEHHOI NAHKPeaTIKTOMUM B Neye-
HWK 3anyLLeHHbIX (hopM afeHoKap-
LIMHOMbI NMOAXKENYA0YHOW Xene-
3bl B HACTOSLLEE BPEMS HE3HaUU-
TenbHa.

MannuaTmBHas pesekuus ronos-
Ku NOXEenya0YHOM Xenesbl

Llenb nananaTvBHOK Tepanum —
MPOANEHME XXM3HM 3a CHET YMEHb-
LIEHMS YTPOXKAOLLMX XKU3HM MO-
CNEACTBUIA 0BCTPYKLMM XKENYHbIX
NPOTOKOB M ABEHAALATUNEPCTHOM
KULLKW 1 YAIYYLLEHWE Ka4eCcTBa Xn3-
HW NyTEM YCTPAHEHUS NPO6IEM,
CBSI3@HHbIX C POCTOM OMyXOJu.

OT0 He 03HAYaET, YTO TOMBKO XK-
pyprvs npeanaraet ayekTuHoe
peLLeHue, 4TO He CyLUEeCTBYET Apy-
TMX METOLOB Tepanuu v NuLLb pe-
3eKUMs ONYX0NW JAET LWaHC Ans
LONrOCPOYHOr0 BbhMBaHus. Cne-
LOBATeNbHO, LieMNbio COBPEMEHHOV
XMPYPrvn paka nofxxesnyA04HOM
XKenesbl He JOKeH ObITb BbIGOP
NauMeHTOB C HanbOoNbLUMMK LAHCa-
MW Ha n3nevenne. HaobopoT, Bce
60nbLUee YMCTO NALMEHTOB AOMXK-
Hbl 6bITb PACCMOTPEHBI KaK KaHAa-
AaTbl NS pe3eKuMn noaKenynoy-
HOW XXenesbl, AaXke Npy ManenLumx
LaHcax 6onee ANUTENBHOMO NEPUO-
4a BbDKMBAHMS U YNYULLEHNS Kave-
CTBa XKM3HM.

PaclumpeHme nokasaHmii K pesek-
LMK BOMMKHO BKKOUATb M CTAAMIO
M1 y oTAeNbHbIX nauueHToB. Be-
CKUMW apryMeHTamm B Nosb3y pac-
LUMPEHMS KPUTEPUEB Pe3eKTabenb-
HOCTM CTanu pesynbTaThl nocnes-
HUX MHOTOLIEHTPOBbIX UCCNEA0BA-
HWI a4 bIOBAHTHOM XUMUOTEPANUK
nocne RO 1 R1 pesexkuui npu ne-
YEHWUM paka rofoBkM NoXenyaoy-
HOM >Kenesbl, KOTOpble nokasanm,
4TO Aaxe y nauueHToB ¢ R1 nocne-
onepauuoHHas afboBaHTHas Te-
panvs aasana XopoLUWi pesyrib-
Tat [50]. Ha cerofHsLWwHuiA AeHb HeT

Pak nopxenyao4Hou xenesbl

MPOCNEKTMBHBIX JaHHbIX, B KOTOPbIX
nannmaTmeHas peaekuus ooina obl
uccneaoBaHa B pamMkax paHfoMU3u-
POBaHHHOIO NpoToKona. [ns Bbisic-
HEHWS PONY NaNNMaTUBHON Pe3ek-
LM FONIOBKM NOAXXENYAOYHOM Xe-
ne3bl Mbl paspaboTany MPOTOKON
NPOCNEKTMBHOIO paHA0MU3MpOBaH-
HOro uccneaosanns Mol nosyumnm
MPOTOKOJ, MO KOTOPOMY NaLWeHTbI
C PakoM rofoBKM MOAXKENYAOYHOM
XKENE3bl M METACTa3aMm B NeYeHb
MOryT ObITb PAHAOMU3MPOBAHbLI B
ABe rpynnbl. OfHa rpynna 6yaeT
nonyyaTb CTaHAAPTHOE NeYeHne
remunTabuHoM SO NporpeccupoBa-
HWS OMyXOMW, B TO BPEMS Kak nauu-
€HTam BTOPO¥ rpynnbl 6yfeT npo-
BedeHa pe3ekumst ronoBKM NOLKe-
Ny04HOM >Kenesbl ¢ NOCNEAYHLMM
CTaHAAPTHbIM JleYeHNeM reMumTa-
6uHom (ISRCTN20060588). B cBsiaun
C 9TUM NanamaTyBHas PE3eKLns ro-
TNOBKY MOKeNy[04HON XKenesbl He
paccMaTpuBaeTCs Kak CTaHAapT-
HbliA METOJ NNEYEHNS BHE YKa3aH-
HbIX MPOTOKONOB UCCNEeA0BaHNS.

Pe3sekuus npu peumanse paka
nokenyAoYHOI Xenesbl

HecMOTps Ha 3HAUMTENbHbIA NPo-
IPECC B XMPYPruv NOAXKENY [OUHON-
Xernesbl 3a nocnegHue 20 ner, ya-
CTOTa 5- NeTHe# BbKNBAEMOCTH
NauWeHToB Nocne pesekummn ocTa-
eTcs B npefenax 15-20% [51].
OnHOM W3 NPUYMH 3TOr0 (heHOMeHa
SBNSAETCA TO, YTO AaxKe Noche pa-
AMKanNbHbIX PE3EKLWIA ONyXoneBble
KNETKM MOTYT 6bITb 06HAPYKEHBI
no Kpasim OCTaBLLECs nocne pe-
3exumnn TkaHu B 50% cnyuaes [52)].
ELLe ofHOM NpuumnHON MOXET BbITb
Hann4me HeANarHoCTUPOBAHHbIX
CMCTEMHBIX 3a60/1eBaHMiA, YTO NpK-
BOAWT K METACTa3NPOBaHuIo B ne-
YeHb W NEPUTOHEANbHOMY KapLWHO-
Mato3y y 50% 6onbHbIx [53, 54].
Ha cnyyail peumamea onyxonu He
CYLLIECTBYET OMPEeAENEHHON XV1pyp-
rndeckoit ctpareruu. UHoiMu cro-
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portal venous confluence
should no longer be considered
as a contraindication. In regard

to

lymph node dissection the

current standard resection

is defined as a radical lym-
phadenectomy along the hepa-
toduodenal ligament, the celiac
trunk and superior mesenteric
artery, the mesenteric vein and
portal vein without extended
lymph node dissection. Pallia-
tive pancreatic head resections
and re-resections for recurrent
pancreatic cancer are not indi-
cated to date beyond accepted
study protocols.
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Bamu, LienecoobpasHocTb NOBTOP-
HO peseKumMn Npu paxke nogkeny-
LOYHOM XXENE3bl COBEPLUEHHO He-
AcHa. B cBomx nocnegHnx nmybnvka-
umsx Kleef ¢ coasT. coobLummm o pe-
3ynbTatax NOBTOPHbIX PE3EKLMIA Y
nauneHToB C PELMANBOM paka noj-
XKENy[ouHo xenesbl. OHn 06Hapy-
XXUNK YBENNYEHNE MeaMnaHbl BbXKM-
BAaEMOCTM Y NaUMEHTOB, NepeHec-
LUMX NOBTOPHbIE PE3EKLMM MO CpaB-
HEHWIO C MauMeHTaMm, KOTOPbIM
Oblna NpoBefieHa AnarHocTuyeckas
nanapoToMus UK nannuaTueHoe
LWyHTUpoBaHue. HTepecHo, 4To
TaKxke 6bI10 BbISBNEHO yBENMYe-
HWE CpeaHeN NPOJOMKUTENBHOCTH
XU3HW Y BOMbHbIX C AMUTENbHbIM
WHTEPBANoM OT pe3eKumn Ans no-
BTOPHOIO XMPYPruieckoro BMeLLa-
TenscTBa. Bce apyrue faHHble no-
Ka3bIBAKOT, Y4TO PE3EKLMS NPK peLm-
AVBE aieHOKAPLMHOMBI MOAXENY-
[OYHOM XXenesbl CYLIECTBEHHO He
YBENINUYMBAET BbIXXMBAEMOCTD [55].

Llenbto aanbHenLmnx uccneaoBaHuii
LOJIKHO CTaTb OMPeAeneHne nog-
rpynn NauneHToB, NOTEHLMANBHO
M3NeYMMbIX NyTEM NOBTOPHOM One-
pauuu. CnenosatenibHO, NOBTOpHAs
pe3eKkums Npu peunanee paka nog-
XKENY[0YHOM XENesbl Noka eLle He
MOXeT ObITb PEKOMEHAOBAHA BHE
PaHAOMN3NPOBAHHbIX KIMHUYECKMX
UCMbITaHMI.

3aknioyeHue

B HacTosiLLee Bpems xupypruve-
CcKas pe3exunst noKansHok aieHo-
KapLUMHOMbI MOZXKENY LOUHOM Xe-
Ne3bl 0CTAETCS EAMHCTBEHHBIM M0-
TEHUMANbHO NeYeBbHbIM BAPUAHTOM
ANS NALUMEHTOB C yKa3aHHbIM BU-
[OM paka. [loCcTuxXeHns B Xupypri-
YECKOW TEXHUKE W NepUOonepaLmoH-
Hast MOMOLLb, KOTOPas 3HAYMTENBHO
YNyYLIMANCH 3a NOCNEHME ABAA-
LiaTb NleT, BbI3BANM YBENMYEHUe
4ucna noKasaHui K Xupypruyecko-
My BMELLATENbCTBY.

Pak nopxenyao4Hou xenesbl

B nocneaHve robl CTaHAAPTHbIM
XVPYPrUYECKMM BMELLATEbCTBOM
nepuamnynsipHbIX 3110Ka4eCTBEH-
HbIX HOBOOBPA30BaHMii cTana nu-
NopoxpaHsioLLas naHKpeaTukoay-
0JEHIKTOMMSI. Pe3ekunn onyxonei
Ha NO3AHMX CTaAMsX, BKNKOYast pe-
3eKLMI0 NOPTasIbHOI BEHbI, TaKXe
MOTYT ObITb BbINOMHEHbI G HU3KNM
nokasaTernem nepuonepaLmoHHoi
CMEPTHOCTHOCTM.

HecMOTps Ha NosiBfieHe HOBbIX
METO/I0B AMarHoCTMKH, aKenopa-
TUBHas OnepavLms no-npexxHeMy
0YeHb BAXHA ANst OKOHYATENBHOM
OLieHKM pesekTabenbHocTH. B To
€ BPEMS AuarHocTuyeckas nana-
POTOMWS AAET HENOJHYH MHAOP-
MaLMIio OTHOCUTENBHO NOKaNbHOM
pe3ekTabenbHOCTH U He MOXKET
ObITb PEKOMEHAOBAHA A5 MOMHOI0
YTOUHEHUS.

MpoTuBONOKA3aHUAMM AN PE3eK-
LM MOJXKENY LOUHOM XKEeNesbl SB-
NAKTCS OTAANEHHble MeTacTa-

3bl, NEPUTOHEANbHbIE METACTa3b!

W OMyX0neBas MHUIbLTPaLNS BUC-
LepanbHbIx apTepuit. OgHaKo B Ha-
CTOsILLEE BPeMs OMyXoneBas MHBa-
3151 B 0611aCTH CnsHUS BpbiKeey-
HbIX BEH C nopTanbHoii 6onee He
[OJ/KHA paccMaTprBaThes Kak npo-
TMBONOKA3aHue.

[vccekunto nuMcaTmyeckux y3nos
COBPEMEHHBIN CTAHAAPT pesek-
Liuu onpeaensieT Kak pagmnkanb-
HY0 NIMMCDAJEHIKTOMMIO BAOMb
neyYeHOYHO-ABEHa[LATUNEPCTHOM
CBSI3KMW, YPEBHOrO CTBOMA W BEPX-
Heii BpbXeeyHon apTepuu, a 6pbl-
)EEUHbIE 1 BOPOTHAS BEHbI OCTaB-
nsoTcs 6e3 paclUMPEHHOM ANCCeK-
Ln UMaTUHECKmMX y3nos.
lMannuatuBHas pesexuns ronos-
KU MOZXKENYLOUHOM XKENe3bl U Mo-
BTOpHAs pe3exkuus npu peunam-

BE paKa nogxxenyao4Hou xene-
3bl B HACTOSLLIEE BPEMS! CYLLECTBY-
0T TONBKO B NPeAenax npoToKosos
KITMHUYECKMX MCMbITAHNIA.
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PeHanbHas cumnaTuye-

New Treatment Option
that Opens Up New

Avenues in the Treatment
of Resistant Hypertension

- Renal Sympathetic

Denervation

Background

Hypertension is a major global
public health concern and wide-
spread disease number one.
Especially, in the industrialized
countries its prevalence will
increase in the years ahead.
Some 30-40% of the world’s
adult population suffer from
hypertension, and, of these,
10-15% suffer truly resistant
hypertension. Several hyper-
tensive patients are faced with
lifelong intake of medicines for
reducing their chances of suf-
fering from heart attacks, renal
insufficiency or stroke. Despite
the daily intake of many antihy-
pertensive drugs, nearly half of
these patients continue to have
inadequately controlled blood
pressure. Many patients do not
achieve adequate blood pres-
sure control despite the use of
multiple medications as well as
dietary and lifestyle modifica-
tions. Many pharmacological
therapies have been tried. But
still, when blood pressure is
not controlled, there is a very
high burden of stroke, heart
attack and cardiovascular
death. Mechanistically, hyper-
activity of the sympathetic
nervous system activates
norepinephrine release from

the kidneys and seems to be
an important contributor for
maintaining hypertension and
its progression [1]. In previous
studies in Homburg and Aus-
tralia patients were intensively
evaluated to exclude second-
ary forms of hypertension. In
particular, renal artery stenosis
was excluded.

The Procedure

The renal denervation proce-
dure itself involves endovas-
cular catheter base approach
to disrupt renal sympathetic
nerves using radiofrequency
(RF) ablation applied at an
electrode at the catheter tip
(Fig. 1).

The catheter is placed via the
femoral artery and the aorta

to the lumen of the main renal
artery. A guiding catheter is
used to insert the Symplicity
catheter (Adrian Inc., USA) in
the renal artery and is con-
nected to a RF generator. The
catheter tip is placed before
the first junction in the main
trunk of the renal artery.
Multiple RF treatments are
applied. The developed key is
controlled by the generator and
several points of RF application

nepTeH3us

CKan ieHepBaLmA -
HOBbIM MOAXOJ B JIeYEHUH
PE3NCTEHTHOM rUnepTeH-

K111

BsepneHue

[MNepTOHMS SBNSETCSH OAHOW U3
rno6abHbIx Npo6riem 34paBoox-
paHeHusi, <HoMepoM OAKMH» No pac-
npocTpaHeHHocTH. OCOBEHHO 3TO
KacaeTcs NPOMbILLIIEHHO Pa3Bu-
TbIX CTPaH, re ypoBeHb 3abone-
BAeMOCTM r1nepToHNel B 6nmxan-
Lume rofibl 6yaeT nobiwartbes Oko-
no 30-40% B3pocnoro Hacene-

HUS B MUpE CTpagaeT OT runepTo-
HWW, 13 HUX 10-15% — pe3uCTeHT-
HOW (hOPMOA TMNEPTOHNYECKON 60-
ne3Hn.HekoTopble NaumeHTsI ¢ ap-
TepuanbHON rMNepToHNeN BbIHYX-
AEHbI NOXU3HEHHO NPUHUMATD fe-
KapCTBEHHbIE Npenapartbl Afs CHK-
XKEHUS apETEPUANbHONO AABNEHNS
W yMEHbLLEHNS BEPOSTHOCTU Cep-
AE4HbIX MPUCTYMOB, NOYEYHON He-
AOCTATOYHOCTY MW MHCYNbTa.Of-
HaKo, HECMOTPS HA €XXEAHEBHbIN
NPYeM aHTUrMNEPTOHNYECKMX Npe-
napaTtos, OKOMO NOMOBMHbI U3 3TUX
NauNeHTOB MMEIOT HeaneKBaTHO
KOHTPONMPYEMOE KPOBSHOE faBne-
Hue. MHorve naumeHTsl He 4oCTH-
raioT afieKBaTHOro KOHTPONS apTe-
pUanbHOro AABMEHNs!, HECMOTPS HA
MCMONb30BAHNE HECKOSbKIX Mpena-
paToB, a TAKXE AMETY U U3MEHEHUS
o6pasa Xwu3Hu. [Ans nevequs ru-
NepToHUM yXxe 6binn 0Npo6oBaHbI
MHOr1e hapMakonornyeckue npe-
napatbl. OfHako npobnema Ao cux
MOp He PeLUeHa: NpK HEKOHTPOMMK-

PyeMOM apTepuanbHOM AaBaeH
CYLLIECTBYET O4€Hb BbICOKMIA PUCK
WHCYNbTA, MHapKTa Muokapaa u
CMEPTY OT CEPAEYHO-COCY ANCTOM
HEAOCTATOUYHOCTH.
['MnepakTMBHOCTb CMMNATUYECKON
HEPBHON CACTEMbI MEXAHUCTUYE-
CKM aKTUBU3UPYET 0CBOOOXAEHNE
HOpagpeHanuHa 13 noyek 1, Bepo-
STHO, IBNSAETCS BAXHBIM (PaKTo-
POM Camoro CyLLeCTBOBaHMS runep-
TOHWUM ¥ ee MporpeccupoBanms [1].
B paHee npoBefeHHbIx 1ccnesosa-
Husx B Xombypre u ABcTpanum 6bin
NPOBEAEH TLUATENbHbINA 0T6OP Na-
LIMEHTOB C LIENbIO UCKITHOUYEHMS BTO-
PUYHbIX POPM runepToHMK. B vacT-
HOCTM, 6blf1 UCKIKOUEH CTEHO3 M0-
YeYHOW apTepum

Mpoueaypa

lpouenypa peHanbHoi AeHepBsa-
LM MPOBOANTCS C MOMOLLbH 3H-
[OBACKYNSPHOr0 KaTeTepa C anek-
TPOLOM Ha KOHLE, KOTOPbI paspy-
LIaeT CMMNAaTMYeckne HepBbI My-
Tem paguoyacToTHoi (PY) abnsuum
(Puc. 1).

Yepes 6eapeHHyH0 apTepHto 1 aop-
Ty KaTeTep BBOAUTCS A0 MPOCBeTa
OCHOBHOW NoYeYHOK apTepuu. Ha-
NpaBnsoOLLMIA KaTeTep UCMoNb3yeT-
Cs1 4N YCTAHOBKM B NOYEYHOM ap-
Tepum KateTepa Symplicity (Adrian
Inc, CLLIA), KoTOpbI NOAKMHOYEH K
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are chosen circumferentially
by pulling back the catheter tip
into the proximal renal artery.
Four to six treatments are
applied in each individual renal
artery in order to apply de-
nervation to the full circumfer-
ence of the vessel (Fig. 2). The
ablations are separated both
longitudinally and rotationally
with a spacing of >56 mm. Each
RF energy depletion takes
about 2 minutes.

The first results have shown
that blood pressure reduction
is pronounced mounting to 20-
35 mmHg systolic and 10-15
mmHg diastolic [2]. There is ev-
idence that the blood pressure
reflects stable over the avail-
able observation period, i.e. 24
months. Accordingly, there are
no evidences of re-innervation.
In addition to profound blood
pressure reduction and high
normalization rates in many
patients, patients subjectively
feel better, report better sleep
and experience less headaches
and symptoms of hypertension
and sympathetic overactivity.
Furthermore, Mahfoud et. al.
[3] recently reported a marked
improvement of metabolic
parameters of glucose me-
tabolism, improvement of
insulin resistance and diabetes
mellitus type 2. The later find-
ing is of particular importance
because resistant hypertension
is frequently associated with

Electrode

/ Insulated Arch Wire

Fig. 1: Symplicity treatment catheter for interventional renal denervation.
Puc 1: Katetep Symplicity Ans npoBeAeHNs MHTEPBEHLMOHHOI NOYEUHOW feHepBaLmy.

impaired glucose metabolism
and type 2 diabetes adding to
the cardiovascular risk which is
already imposed by hyperten-
sion.

This new catheter-based
interventional approach has
the potential to achieve blood
pressure control in many
patients who are not at levels
which optimally prevents the
occurrence of cardiovascular
death, stroke and heart at-
tack. Furthermore, there is a
chance that drug exposure in
the treated individuals can be
reduced avoiding side effects
like dizziness, orthostatic
symptoms, metabolic disorders
and erectile dysfunction. Long
term studies are planned in
order to assess how expressed
the reduction of cardiovascular
endpoints are.

Summary

Catheter-based renal denerva-
tion is a new and very promis-
ing therapy option for patients
with resistant hypertension.
During the minimally invasive
procedure, the tip of the cath-
eter is directed into the distal
renal artery and two minutes
of RF energy is applied. The tip

PY-reqepatopy. Bepxyluka kate-
Tepa pacnonaraeTcs B 0CHOBHOM
CTBOJIE NOYEYHOW apTepum. o ee
nepBoro BeTBNEeHUs. [puMeHseT-
s MHOrokpaTHoe PY-Bo3gaeiicTBue.
MowwHOCTb BO3AEHCTBIUS KOHTPOMU-
pYeTCs reHepaTopoM, TOUKM BO3-
LeiACTBUS BbIGUPAKOTCS MO OKPYX-
HOCTM, NYTEM NEPEMELLEHNS KOHUM-
ka KaTteTepa c3aau B NPOKCUMAaNb-
Hble 0TAENbI NOYEYHON apTepuu.

O6bI4HO NPUMEHSIOTCS OT YEThI-
pex [0 LWEeCTH BO3AEHCTBIN Ha
KaXKAYH MOYEUHYH0 apTeputo Ans
NpOBeLEHNs JeHepBaLMK No BCen
OKPY>KHOCTM cocyaa (puc. 2). Abna-
LMK NPOBOASTCS C LWarom >5 Mm

B MPOAONBHOM HanpaBneHuu

Mo OKPY>XHOCTH cocya. Kaxaoe
PY-Bo3neicTare 3aHMMaeT 0KONo
2 MUHYT.

MepBble pes3ynbTaThl NOKa3am
CHWXEHWE apTepnanbHoro faBne-
HUS: cucTomyeckoro — Ha 20-35
MM pT. CT. ¥ AMACTONINYECKOrO — Ha
10-15 [2]. danbHeiiwee Habnofe-
HWE NoKasano , YTo KPOBSHOE faB-
NeHue 0cTaeTcs CTabuibHbIM B Te-
YeHue BCEro neproaa HabnoaeHni
(24 mecsua).CooTBETCTBEHHO, HET
noKasanuiA Ans NOBTOPHON MHHEp-
BaLuMu. B JONONHEHMe K 3HaUYUTEMb-
HOMY CHV>KEHMI apTepnanbHoro
LAaBNEHNS M ero HopManuaaumm y

MHOTMX NaLMEHTOB yAyyLlaeTcs ca-
MOYYBCTBME U COH, YMEHbLIAETCS
ronoBHas 60sb U CUMMTOMbI CUMMA-
TUYECKOM rnnepakTusHoCTH. Kpo-
Me Toro, Maxdoyg ¢ coasr. [3] He-
AABHO COOBLUMNM O 3aMETHOM Ynyu-
LUEHUM NoKa3aTenen MeTabonms-
Ma rKOKO3bl 1 USMEHEHUN pe3u-
CTEHTHOCTY K MHCYIMHY Npu caxap-
HoM auabeTe 2 Tvna. [ocneaHee
HabNAeHNEe MEET BaXKHOE 3HaYe-
HUE, NOCKONbKY PE3UCTEHTHAS M-
NEPTOHMS YacTo CBA3aHa C Hapy-
LUeHNEM MeTabonmama riKo3bl v
caxapHbIM AuabeToM 2 TUna, He ro-
BOPS! YK O CEPAEYHO-COCY ANCTbIX
prCKax, XxapakTepHbIX ANs runep-
TOHUN.

HoBbII KaTeTEPHbI MHTEPBEHLM-
OHHbI MeTo4 0bnagaet neyet-
HbIM NOTEHLMANOM AN1S AOCTUXE-
HUS| KOHTPONIS apTEpPUaNbHOTO AaB-
NIEHUS Y MHOWX MAUMEHTOB C Bbl-
COKWUM PUCKOM MHEpapKTa 1 UH-
cynbta. Kpome Toro, aTo fact Bo3-
MOXXHOCTb CHU3MTb [O3Y Nnpenapa-
Ta BO M36€>xaHne noboyHbIX ag-
(hEKTOB: rONOBOKPYXXEHMS, OPTO-
CTaTM4eCKMX CUMNTOMOB, HapyLLe-
HMst 06MEeHa BELLECTB W 3PEKTUIb-
HOW AMCAYHKLMM. 3annaHmpoBaHb!
[ONroCPOYHbIE MCCNELOBAHMS, YTO-
bl OLEHMTb, CHUXKEHNE CEPLEUHO-
COCYAMCTbIX PUCKOB Y NALMEHTOB

C rMNEPTOHWEN NOCNe NEYEHNs Ho-
BbIM METOAOM.

3aknioueHue

[MovyeyHas aeHepBaumns ¢ MOMOLLbHO
KaTeTepa — 9T0 HOBbIM M O4eHb
NepCneKTUBHLIA BapUaHT Tepanuu
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is withdrawn, circumferentially
rotated within the artery, and a
further two minutes of energy
is applied, and so on all the
way back through the renal
artery. Prof. M. Béhm, Dr. F.
Mahfoud and their team treat-
ed most patients in Europe us-
ing the novel technique. Since
2008 the division is appointed
as a Hypertension Excellence
Centre of the European Society
of Hypertension (ESH). Prof.
Bohm works in a close coop-
eration with the Baker Insti-
tute in Melbourne, Australia.
“After denervation we see

an immediate and sustained
reduction in blood pressure of
30-35 mmHg, which sustained
over 12 months, without any
long-term adverse events» he
explained. The procedure only
takes about 30-45 minutes and
patients can be discharged
very early after the interven-
tion.

Interestingly, beside a dramatic
blood pressure reduction, renal
denervation influences also glu-
cose metabolism. The research
group from Homburg demon-

strated for the first time, that

interventional renal denervation
improves insulin sensitivity and
glucose metabolism in patients
with resistant hypertension [3].

If randomised controlled trials
confirm these initial findings,
catheter-based renal sympa-
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Treatment site

Fig. 2: Placement of the catheter in the renal artery and treatment sites.
Puc 2: KaTeTep HaxoanTcs B MOYEYHON apTepui, B 30HE TOYEK BO3AEMCTBIS.

thetic denervation might be
helpful in the management of
this public health issue and
could be important in reducing
the high cardiovascular morbid-
ity and mortality in patients
with resistant hypertension.
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NauUNeHTOB C PE3UCTEHTHOM runep-
TOHME.Bo BpemMs MUHUMHBA3WBHOM
NpoLeaypbl KOHYMK KaTeTepa Ha-
XOAMTCS B AMCTaNbHbIX MOYEYHbIX
apTepusx, U B TEYEHWE ABYX MU-
HYT npumeHsieTcs PY-Bo3aencTame.
KoHumk kaTeTepa npoasurascs no
apTepum, BpaLLAeTCs Mo OKPY>KHO-
CTW, ocyLecTsnss nogady PY-
9HEPriM Ha BCEM NPOTSHKEHWM 06-
PATHOrO MyTV N0 NOYEUHON apTe-
puun. [-p Muxaans béwm, a-p Oe-
nuke Maxdpoya v ux KomaHaa w3 oT-
AENeHNs Kapamonoruu, aHryono-
UM 1 MIHTEHCMBHON TEpanuu KiuHu-
ku YuueepcuteTa CaapnaHga npo-
neunnn Hanbonbluee B EBpone uuc-
10 NAUMEHTOB, UCMOMb3Ys HOBbIN
meToA. C 2008 roga oTAeneHue 8-
NAeTCs Cneumani3vpoBarHbIM Liex-
TPOM NEYeHNs runepToHun npu Es-
PONENCKOM O6LLECTBE rMNepPTOHNM
(ESH). Mpodpeccop Bém paboTtaet
B TECHOM COTPYAHWYECTBE C VHCTU-
TyTOM Beiikepa B MenbbypHe, As-

Mpocheccop, aokTop Muxaanb
Bém
[okTop ®ennke Maxdoyn

nepTeH3us

ctpanus. «[locne feHepsauuy Ml
Habnoaaem HeMeLNeHHOE 1 cTa-
OUIbHOE CHUXXEHWE KPOBSIHOMO f1aB-
neHus Ha 30-35 MM pT. CT. B Teue-
Hue 12 mecsues, 6e3 Kakux-nmbo
[ONroBPEMEHHbIX MOBOUHBIX -
(hekToB»,— 06BACHMI OH. [Mpoueny-
pa 3aHUMaeT oKoso 30-45 MUHyT,
W NauUWEeHTbI BCKOPe Nocne BMeLLa-
TENbCTBA MOryT ObITh BbIMUCAHbI
LIOMOA.

VIHTEPECHO, YTO KPOME PE3KOro
CHWXXEHNS apTepnansHOro fasne-
HUWS, NOYEYHas LEHepBaUMs BAMSET
1 Ha MeTabonn3M rtokosbl. Mccne-
[oBaTenbckas rpynna u3 Xomoyp-
ra BrepBble NPOLEMOHCTPMPOBANa,
4TO MHTEPBEHLMOHHAS NOYeyYHas
LEeHepBauus ynyyLaeT YyBCTBU-
TENbHOCTb K MHCYNMHY 1 MeTabo-
T3M TTIHOKO3bI Y NALMEHTOB C Peau-
CTEHTHOI runepTeHanei [3].

Ecnv paHaoM13npoBaHHble KOHTPO-
NMpyeMble UCTIbITaHNs NOATBEPAST
yKa3aHHble nepBoHauabHbIe pe-
3ynbTarbl, KATETEPHAA NOYEYHAs
cMMnaTyecKas feHepsaums Mo-
XET CTaTh 9PPEKTUBHBIM METO-
[IOM peLLeHus NpoBemMbl 30paso-
OXPaHEHMA 1 MOXET NpUoBpecTy
Ba)XXHOE 3HAUEHNE B CHUXEHMU MO-
Kasarens cepAeyHo-COCY ANCTO
3a60/1eBaeMOCTM U CMEPTHOCTM Y
NaLMEHTOB C PE3NCTEHTHOM runep-
TOHMEN .
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Cno)XxHocTtu nevyeHus

Concept for the
Treatment of Pelvic
Ring Injuries in Elderly
Patients - a Challenge

Review based on the data provided by the Study Group Pel-
vis lll of the DGU (German Association for Trauma Surgery)
(2004 - 2009; 4532 cases with 3410 pelvic ring injuries)

Summary

Whereas pelvic injuries in pa-
tients during their 20’s and 30's
are typically caused by high-
energy traumas, another group
suffering this type of injury are
elderly patients between the
age of seventy and eighty. Due
to osteoporosis and comorbid-
ity, particularly the female gen-
der is affected by low-energy
traumas.

After taking medical history,

a physical examination of the
pelvis is performed. If neces-
sary, this is followed by imag-
ing with X-ray and CT-scan with
3D reconstruction. If there are
concomitant injuries, additional
diagnostic measures are es-
sential (sonography, MRI, retro-
grade ureterography, cystogra-
phy, excretion urogram).

The standard AO/ATO classifi-
cation (Arbeitsgemeinschaft fur
Osteosynthesefragen / Asso-
ciation for the Study of Internal
Fixation) has proved well and
does not depend on the age
of the patient. A distinction is
made between three different
types of fractures (type A, B
and C). This classification in
combination with the descrip-
tion of the affected anatomi-

cal region (transsymphysis,
transpubic, etc.) is in daily
clinical practice sufficient to
decide in favour of the neces-
sary treatment.

There are frequent diagnostic
problems in elderly patients
(so-called differentiation of A-B
problem). At first a type A frac-
ture is diagnosed and treated
by non-surgical measures. In
case of persistent pain, the
imaging is repeated and an ad-
ditional (insufficiency-) fracture
is shown. The therapeutic re-
gime has to be changed using
this new information.

The reconstruction of the pel-
vic ring is of major significance
especially for elderly patients.
This reduces the pain and the
primary objective, the earliest
possible rehabilitation without
prolonged immobilisation, can
be achieved. In elderly patients,
the external fixation with su-
praacetabular screw positioning
is an effective procedure. As a
result, secondary insufficiency-
instability (mostly dorsal) can
be avoided. Whereas type A
fractures can almost exclu-
sively be treated by means of
non-surgical measures, type

B and C usually need surgery.

OpToneauyeckas xvpyprus

noBpeXxaeHUU Ta3oBo-
r0 KOJibLia Yy MOXXUJbIX

NaLlueHTOoB

0630p 6a3upyeTest Ha AaHHbIX, NPEAOCTABNEHHbIX UCCNEA0BaTENbCKON
rpynnoi Study Group Pelvis IIl HemeLkoit Accoumauun xvpypris TpaBmbl
(2004-2009; 4532 cnyyaes ¢ 3410 noBpeXaeHMsIMU Ta30BOr0 KOJbLia)

Tesucobl

Hapsgy ¢ rpynnoit 20-30-neTHux
NauneHToB, y KOTOPbIX TPaBMbI
Ta3a 06bI4HO BbI3BaHbI NOBPEX-
LALLMy hakTopamu ¢ BbICO-

KOW 3HEPruen, CyLLECTBYET 1 Apy-
rasi rpynna ¢ noBpeXaeHusMu 9To-
r0 TMNa — NOXWAble NAUNEHTbI B
Bo3pacTte 70-80 net. Tpasmam ¢
HU3KOW SHEPrueit NoBpexaaroLLe-
ro chakTopa 0CO6EHHO MOABEPKE-
Hbl NMPEACTABUTENBHULbI XXEHCKOTO
nona, BCneacTaMe 0CTE0nopo3a u
COMyTCTBYHOLUMX 3a60/1EBaHMI.
Mocne cbopa aHamHe3a BbINOS-
HsieTCs ocMOTp Tasa. Mpu He-
06X0AMMOCTM 32 3TUM Criey-

€T BU3yanu3aums noBpexae-

HUS C MOMOLLBIO PEHTTEHOB-

ckoro 1 KT-ckaHupoBaHus ¢
3D-pexoHCTpyKumei. Ecnn ecTb co-
NYTCTBYOLLME TPaBMbI, UCMOMb3Y-
t0TCS [ONONHUTENbHbIE AMArHOCTH-
yeckue meponpusitus (Y3U, MPT,
peTporpagHas ypeteporpagus, Lu-
cTorpadms, aKCKpeTopHas yporpa-

us).

CranpapTHas knaccumkaums
AO/ATO (Arbeitsgemeinschaft fir
Osteosynthesefragen / Accoumnaums
MO U3YYEHMIO OCTEOCHHTESA), KO-
TOPas He 3aBUCUT OT BO3pacTa na-
LiMeHTa, XOPOLLO nokasana cebs Ha
npakTuke. MpuMeHeHus 3Ton knac-
cuchukaumn B COMETaHMM C Onuca-

HMEM NOCTPALABLUEN aHaTOMUYe-
CKOW 06nacTm (TpaHccMMr3apHoK
W T.4.) B NOBCEAHEBHOMN KNMHWYE-
CKOW NpaKTHKe BMOJHe [oCcTaTou-
HO, YTO6bI NPUHATH PELLEHNE NO He-
06X0AMMOMY neveHmnto. PasnnyaroT
Tpu TMNa nepenomos (A, B u C).

YacTo BCTpeyaroLLeincs anarHo-
CTUYECKOM 3ajaqeit y MOXUIbIX
MauMeHTOB SBNISIETCS TaK Hadbl-
Baemas andpcreperumaums A- v
B-nepenoma. B cnyyae nepenoma
A-Tvna neyeHne NPOBOANTCS HEXM-
pypruyeckumm metogamu. B cnyyae
MOCTOSIHHOM 601 MPOBOLANTCS MO-
BTOPHOE 1CCnefoBaHue, KOTOPOe,
KaK npaBuno, MoKasbiBaeT eLe
OfIH NEPENOM, YTO MPUBOJMT K W3-
MEHEHWIO TaKTUKN JIe4YEeHUS.
PeKoHCTPyKLUMS Ta30BOr0 KOfb-

Lia y NOXWUNbIX NaUUEHTOB UMeeT
60MbLLOE 3Ha4eHne. OTO YMeHbLLa-
€T 605b W NO3BONSET BLICTPO A0-
CTWYb FNABHOM LIENM — PaHHel pea-
Ounutauum 6e3 LNUTEeNbHON UMMO-
onnmsaumun. Y noxunbix naumeHTos
BHELLHAS huKcaums ¢ cynpaaueTa-
OyNSPHbIM BUHTOBbLIM NO3ULMOHN-
POBaHMEM SBNSETCS 9PPEKTUBHON
NpoLeaypoK, KOTopas No3BONSET
n3bexxatb BTOPUYHOK HECTabUb-
HOCTW, B OCHOBHOM [0PCaibHOM.

B oTnnume ot nepenomos A-tuna,
nepenombl B n C nevatcs xupypru-
4ecku.
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Like in young patients, B
fractures are stabilized ventrally
and C fractures dorsoventrally.
In case of emergency, the su-
praacetabular external fixation,
and where required, extraperi-
toneal tamponade have been
established in Germany as the
standard treatment methods
for elderly patients. For the
definite surgical management,
standard procedures are used
but they often have to be modi-
fied depending on the bone
structure.

Aetiology and Epidemiology
The incidence of pelvic ring
injuries amounts to 3% of all
fractures. A concomitant pelvic
ring injury is expected in 25%
of all patients with multiple
injuries or polytraumas. From
the epidemiologic point of
view, there are two peaks of
incidence: on the one hand, in
young, typically male patients
(25 - 35 years), on the other,

in elderly patients (80 years
and over), in this case predomi-
nantly in women. Whereas

in younger patients pelvic
injuries very often occur only in
combination with a high-energy
trauma, a pelvic ring fracture in
elderly patients can already be
expected through a significant-
ly lower energy impact (low-
energy trauma caused by do-
mestic accident). In this case,
fractures can be regarded as
the manifestation of a deficient
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bone structure. The sacroiliac
joint in elderly patients is often
ankylotic, which is the reason
why transiliac fractures or
direct sacrum fractures occur
with special frequency in this
group of patients (21% =171/
811 patients with type C injury
> 65 years (Figures obtained
from the data register of the
Study Group Pelvis IlI of the
DGU/AQ, period 2004 — 2009
with altogether 4532 cases,
thereof 75% (3410) of pelvic
ring injuries)). Because of the
low energy impact during the
accident, however, the frac-
ture frequently does not tend
to significant dislocation and
can thus be easily overlooked
during conventional diagnos-
tics. Chipping of the transverse
processes of the lumbar verte-
bral body 5, clear persistence
of complaints in the posterior
pelvic ring region and “deep
back pain” lasting for more
than one week should thus
always be an indication for the
existence of a posterior pelvic
ring injury requiring treatment
and entail further diagnostic
measures (incl. CT).

Most of the patients of this
age group rarely survive pelvic
injuries caused by a massive
trauma. According to a study
of the Study Group Pelvis Il
of the German Association for
Trauma Surgery, patients who
reach the clinic alive due to a

Kak 1y MonofbIx nauneHTos,
B-nepenomsl cTabunuampytotcs
BEHTpanbHo, a G-nepenombl- 4op-
COBEHTPanbHO. B cnyyae HEOTNOX-
HOW CcuTyaumm cynpaaueTtabynsp-
Has! BHELLHSIS coukcaums u, B cny-
Yae HeobX0AMMOCTH, AKCTpanepy-
TOHeanbHas TaMnoHaaa NPUMeHs-
toTCs B ['epMaHiyi B Ka4YecTBe CTaH-
[APTHbIX METOLOB NIEYEHNs Ans na-
LIMEHTOB NOXMIIOr0 BO3pacTa.

Mpv NpoBEAEHNM NNAHOBOTO XMPYp-
TMYECKOro JIeYeHUs UCrOoNb3yHTCS
CTaHAapTHbIe NpoLeayps!, 04HaKo
4acTo MOANMLUMPOBAHHbIE — B 3a-
BMCMMOCTM OT CTPYKTYPbl KOCTH.

JTuonorua u anmaeMuonorus
TpaBMbl TA30BOr0 KOMbLia COCTaB-
ngrT 3% OT BCEX NepesioMoB 1 0T-
MeyarTcs y 25% BCeX NauMeHToB
C MHOXXECTBEHHbIMM TPaBMaMm Ui
nonuTpasmoii. C anuaemmonoruye-
CKO¥ TOUKM 3PEHNS BbIAENSIOT ABA
nuKa 3a60nesaemMoCTu: C 04HOM
CTOPOHbI, Y MONOABIX, KaK Npasuno,
MauneHToB My>KcKoro nona 25-35
NET, C BPYroii — Y MAuUMEHTOB NOXK-
noro Bo3pacta (80 net v cTapLue),
B 9TOM Clyyae — NPEeUMyLLEeCTBEH-
HO Y XXEHLLUMH. B TO Bpems kak y
6onee MOMOJbIX NAUMEHTOB Tpas-
Mbl Ta3a O4€Hb YaCTO BCTPEYAHT-
Cs TONbKO B COYETaHWM C TPaBMO#
BbICOKWX 3HEpryiA, nepenoma Taso-
BOrO KOJIbLiA Yy NaUMEHTOB NOXK-
10r0 BO3pacTa MOXHO 0XMAaTh
Y€ NPy BO3AENCTBUM 3HAUUTENb-
HO 60nee HWU3KOW 3Hepriv yaapa
(HM3KO3HEpPreTUYECKME, UK ObITO-
Bble TpaBMbl) B 3TOM cryuae nepe-
NIOMbI MOXHO paccMaTpuBaTh kak

OpToneauyeckas xvpyprus

nposiBfieHve fedexTa CTPYKTYpbI
kocTH. KpecTLoBo-noAB3A0LLHbIE
COYNIEHEHNS Y NALMEHTOB MOXM-
1I0r0 BO3pacTa 4acTo nopaxe-

Hbl @HKMI030M, U MOTOMY Mepeno-
Mbl NOAB3AOLLHON KOCTW UM KPECT-
Lia NPOMUCXOAAT € 0C060M YacTo-
TOW MMEHHO B 3TOW rpynne nauu-
€HTOB (21% = 171/ 811 naumeHToB
¢ Tunom Tpasmbl C > 65 neT (Jax-
Hble MoNy4eHb! M3 peecTtpa Study
Group Pelvis I1l of the DGU/AOQ, ne-
puop 2004-2009, 4532 cnyyaes, 13
HUX 75% (3410) TpaBMbI Ta30B0r0
Konbua)).

/3-3a HU3KOW 3HEpriv ynapa npu
nepenoMax He 0TMEYaeTCs 3Hauu-
TENBHOrO CMELLEHNS, U NO3TOMY

X MOXXHO MPOCTO He 3aMeTUTb BO
BpeEMs! TPAANLIMOHHON AUArHOCTUKM.

Ockonky NonepeYHbIX 0TPOCTKOB
5-ro NOSICHUYHOrO NO3BOHKA, Xa-
no6bl Ha 6onK B 0611aCTW 3aaHEN
4acTW TA30BOro KOMbLA W «rNy-
60Kyt 6011b B CrIMHE» MPOAOIIKM-
TeNbHOCTbLIO 60Nee OAHOW Heflenu
BCEr4a ykasblBatoT Ha CYLLECTBO-
BaHue TPaBMbl 3aiHel YacTu Ta-
30BOr0 KOfbLa, TpebytoLLen neye-
HUs, U TPEBYIOT AanbHenLuX aua-
FHOCTUYECKMX MEPONPUATHIA (BKITHO-
yvas KT).

BonbLUMHCTBO NAUMEHTOB 3TOW BO3-
PACTHO rpyNnbl PEAKO BbDKMBAIOT
nocne NoBPeXAeHuiA Ta3a, Bbl3BaH-
HbIX MACCUBHON TPaBMOA.
CornacHo uccnefosanuio Vicenepo-
BaTenbekoi rpynnbl Tas Il Hemeu-
Kol AccoumaLmmn X pypruu TpaBMbl
(Study Group Pelvis Il of the DGU/
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modern rescue network are
predicted to have a high risk of
yet not surviving this injury in
the long term because of their
age alone (comorbidity, sepsis,
multiple organ failure).

Classification

Type A Fractures: These

are stable anterior pelvic ring
lesions without injury of the
osteoligamentous structures of
the biomechanically important
posterior pelvic ring. Accord-
ing to the investigations of

the Study Group Pelvis Il of
the DGU, these are with an
incidence of 42% of all frac-
tures still the most frequently
occurring group of pelvic ring
fractures; in patients > 65
years, this type of fracture oc-
curs in 63% of all cases (comp:
in patients < 65 years, this
figure is 37%).

Type B Fractures: These are
pelvic ring interruptions on the
vertical axis of the pelvis. They
may develop either through
external or internal rotational
movements. The ventral liga-
ment sections of the sacroiliac
joint are ruptured (external rota-
tional injury) or the ventral edge
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Case study 1: Fig. 1a: Pat AMK 84 vy, f: Fall onto the right side; right-lateral
fracture only recognisable in the CT image.

Mpumep 1: Puc. 1, A. MaunenTka AMK 84 neT: lMaaeHve Ha npasyto CTOPOHY; 60KOBOM
nepenom crpasa, KOTOpbIA BUAEH TONbkO Ha KT-CHUMKaX.

Fig. 1b: Recognisable previous anterior dislocation; navigation-supported
iliosacral screw-osteosynthesis in S1 and anterior external fixation.

Puc. 1, B. inarHocTupyemas Ha npefblayLLem CHAMKe NepeaHss aucnokaums;
HaBMraLMOHHO HaNpaBASEMbIii MMMOCAKPANbHbIA BUHTOBOW OCTEOCUHTES B ST 1
nepeaHss BHELLHAS ukcaums.

OpToneauyeckas xvpyprus

AQ), naumeHTbI, KOTOPbIE NONaaa-
0T B KIMHUKM XMBbIMKM Briarofaps
COBPEMEHHOMN CUCTEME CACeHms,
COrNAaCHO NPOrHO3aM, UMEHT Bbl-
COKMIA PUCK HE BbIXWUTb MOCNE 3TOW
TPaBMbl B JONTOCPOYHOM Nepenex-
TWBE TOMbKO 13-3a BO3pacTa (Co-
NyTCTBYtOLLME 3ab0neBaHus, cen-
CU1C, NONNOPraHHas HeaoCcTaTou-
HOCTb).

Knaccudmkaums

Mepenom A-tuna. 3Tu cTabunb-
HOE MOBPEXAEHUE NEepesHero no-
nykonbLia 6e3 TpaBMbl CBA304HOMO
annaparta 6uOMEXaHNYECKN BAXKHO-
ro 3a4Hero nomykonbLa Tasa.

Mo paHHbiM MiccnenoBatenseckoi
rpynnbl Ta3 Il Hemeukoit Accouma-
LM XMPYPriv TpaBMbl, OHW BCTPE-
yarotcs B 42% BCex NepenioMos 1
NO-NPEeXXHEMy SBNSOTCS Hanbonee
4acTo BCTPEYALOLUMMCS TUMOM Ne-
penoMa TasoBoro KonbLia y nauueH-
TOB CTapLue 65 net. 3TOT TvN nepe-
noma npoucxoanT B 63% Bcex cny-
yaes (y naumeHToB MONOXe 65 net
aTa undpa coctasnseT 37%).

Mepenom B-tuna 310 paspebis Ta-
30BOr0 KOfbLA (3afHET0 NONYKOb-
Lia) No BepTUKanbHOW ocv Tasa. Mo-
XET ObITb BbI3BaH BHELLIHUMW UK
BHYTPEHHMMM BpaLLATENbHbIMM
ABVKEHUAMM. [TponcxouT pas-
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Fig. 1c: After removing the fixation, an increasing ventral dislocation with
migration of the S1 screw becomes evident.
Puc. 1, C. Mocne ypaneHns gukcaumm BUAHO YBENMYEHWE BEHTPANIbHOM AMCHOKALWM C

Murpaumein S1 BuHTa.

of the ala sacralis is impressed
(internal rotational injury). The
dorsal pelvic ring structure is
thus interrupted (rotationally
unstable). This type of fracture
occurs in 34% of all pelvic ring
injuries (Study Group Pelvis
[1). In patients > 65 years, this
type of fracture occurs in 39%
of all cases. Caused by lateral
fall, the internal rotational injury
in patients > 65 years is the
most frequent cause for a type
B injury (74%); by comparison,
it only makes up 57% of the
type B injuries in patients < 65
years.

Type C Fractures: Due to a
corresponding trauma, exces-
sive rotation and concomitant
(mostly craniocaudal) transla-
tion of the pelvis occurs. Thus,
full translational and rotational
instability of the pelvis occurs;
the continuity of the dorsal
pelvic structures is completely
interrupted. In case of elderly
patients, a low energy impact
is sufficient for this type of
fracture to occur. Dorsal trans-
foraminal sacrum fractures are
frequently present (no poste-
rior sacroiliac ligament bridging
of the fracture in contrast to ala
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fracture.

cnesa.

Fig. Te: Same procedure, this time left-laterally with iliosacral, navigation-sup-
ported screws and reapplication of a ventral external fixation. The somewhat
caudally located entrance points of the first fixation are still recognisable in the
clinical picture.

Puc. 1, E. Takas >e npouesypa, Ha 3T0T pas C NeBO CTOPOHbI C MnnocakpanbHbIMK
HaBMraUMOHHO NOAAEP>KNBAEMbIMW BUHTAMM W MOBTOPHOW BEHTPANbHOW BHELLHEN
thukcaumen. BugHa KayaanbHO pacnonoXeHHas Touka Bxo4a nepsoii hvkcaumu.

OpToneanueckass Xxupyprus

Fig. 1d: Another fall, this time onto the left side; new left-lateral type B

Puc. 1, D. [lpyroe nageHve, Ha 9TOT pa3 — Ha NIEBYL0 CTOPOHY; HOBOW nepeniom B-Tuna

PbIB NepeaHen YacTu CBA30K
KPecTLOBO-NOAB3AOLLHbIX COY-
NEHEHMiA (BHELLHME BpaLLaTerb-
Hble TPaBMbl) U BOBIEYEH Ne-
pelHWin Kpaii Kpbina kpecTua (BHY-
TPEHHWe BpaLLaTeNbHble TPaBMbl).
BpaluatensHo-HeycToiumMBOE no-
BPeX/eHue Ta30Boro Konblia.
OTOT TUM NEpenoma npoUCXoamT B
34% cnyyaes BCEX TPaBM TA30BOr0
Konbua (MccnegoBatenbckas rpyn-
na Tas lll). Y nauneHToB cTapiue 65

| NeT 3T0T TUn nepesioMa npouncxo-

AT B 39% BCeX Cny4aes.
Bbi3BanHble 60K0BbIM NafeH1eM
BHYTPEHHWe BpaLLaTesnbHble Tpas-
Mbl Y MALUMEHTOB CTapLue 65 NneT sB-
NAKTCA Hanbonee 4acToin Npuun-
Ho¥t nepenomoB B-Tuna (74%). Ons
CpaBHEHWS: Y MaLMeHTOoB [0 65 neT
OHM COCTaBNAOT BCEro 57%.

Mepenom C-tuna:

B MOMEHT COOTBETCTBYHOLLEN TPAB-
Mbl POMCXOAMT YPE3MeEpPHOe Bpa-
LLiEH1e W CoNyTCTBYIOLLIEE (B OCHOB-
HOM KpaH1oKayarnbHoe) cmeLLe-
Hue Tasa.

Takum 06pa3om, HacTynaeT nonHas
nocTynaTenbHas v BpallaTensHas
HeCcTabUNbHOCTL Tasa C NOMHbIM
HapyLLEHNEM LieNoCTHOCTY KOCTHO-
CBSA304HOrO KOMMNekca, avadpar-
Ma Ta3a BCerja pasopBaHa.

[ins no>uMnbIX NaUMEHTOB faxe
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sacralis fractures!). In the pel-
vic register of the Study Group
Pelvis Ill, these can be found
in only 5% of all patients > 65
years with type C injuries (171 /
811 type C fractures (21%). By
comparison, this figure is 79%
in patients < 65 years (707 /
811 cases). Transiliac fractures
or sacroiliac luxations occur
less frequently but are just as
unstable. If these fractures
take a semilunar path out of
the sacroiliac gap and run later-
ally into the iliac bone, these
are referred to as “crescent or
semilunar fractures”. This type
of fracture may easily be over-
looked during primary diagnos-
tics but constitutes a special
risk for a secondary dislocation
with painful pseudoarthroses
(so-called differentiation of B-C
problem).

Complex Pelvic Injuries: A
“complex pelvic injury” is
understood to be a pelvic ring
fracture with concomitant
peripelvic soft-tissue dam-
age, i.e. an additional injury
of nerves, vessels, muscles
or the pelvic viscerae [1].
Haemorrhages, an increased
sepsis rate (contamination

of extensive, retroperitoneal
haematomas and necroses
at large-scale decollements)
and the multiple organ failure
as a result of mostly long-
term depression of the blood
circulation make the complex
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pelvic injury a special problem.
The large majority of complex
pelvic injuries occurs within
the scope of a polytrauma and
is an indication for an extraor-
dinarily high energy impact.
Since elderly patients often

do not even survive this high
energy impact, this injury only
plays an overall subordinate
role in elderly patients. The
Study Group Pelvis Il found
complex traumas in 345 cases
(10%) of altogether 3410 pelvic
ring injuries (2004 - 2009). 44
patients with complex pelvic
trauma were older than 65
years (13%); thereof altogether
18 patients died (= 41% of
complex traumas > 65 years).
In 12 cases of patients > 65
years with complex trauma, a
severe soft-tissue injury as part
of the complex trauma could
be found (27%); thereof alone
8 patients died (67%). By com-
parison: From 301 patients <
65 years with complex trauma
(87 %), 74 patients suffered
severe soft-tissue damage and
only 9 patients died (12%). This
means that soft-tissue trauma
contributes to a significantly
increased mortality rate in
particular at older age. In doing
S0, it must not be neglected
that a considerable portion of
patients over the age of 65
years frequently take anti-
coagulants (phenprocoumon,
clopidogrel) due to existing
underlying diseases. This may

HW3KOW 3Hepriv yaapa nocra-
TOYHO ANt BOSHUKHOBEHWS 3TO-

ro Tuna nepenoma. H4acto otMeva-
t0TCS 3aiHWe TpaHhopaMuHab-
Hble NepenoMbl KpecTua (He 3aaHe-
ro KPecTLOBO-NOAB3AO0LLIHOIO COY-
NEHEHMS, B OTNNYME OT NEPESIoMoB
Kpblnbes Kpectual). B peectpe Vc-
cneposatenbckoi rpynnbl Tas i
Takue nepenoMbl MOryT 6biTb 06Ha-
PY>XeHb! TOMbKO Y 5% BCex nauueH-
TOB cTapLe 65 net (171/811 ne-
penomos C-tuna (21%).

[ns cpaBHeHus: y NaumeHToB 4o
65 net ata undpa coctasnseT 79%
(707 /811 cnyyaes).
TpaHcunnakanbHble nepesoMbl Unu
KPeCTLOBO-NOAB3AOLLHbIE NEPENO-
MOBbIBWXW BCTPEYAIOTCS MEHEe Ya-
CTO, HO TaKXXe SIBNSIOTCS CTONb Xe
HeCTabnnbHBIM MOBPEXAEHNEM.
Ecnm doparmeHTsl KocTv npoxoasT
NOMYNYHHBIA NyTb B KPECTLIOBO-
NOAB3LOLUHOM OTBEPCTUM U HaX0-
AATCA NateparnbHo 0T NOAB3AOLL-
HOW KOCTH, TaKue Nepeniombl Hasbl-
BAKOT «MOMYMECAL», MW «NONYNYH-
HbI NepenoM». TOT TUM NOBPEX-
AEHWIA 4acTo 3a6bIBaOT Npu nep-
BMYHOM ANArHOCTMKE, HO OHM Npea-
cTasnsieT coboi 0cobyto 0nNacHoCTb
ANt BTOPUYHOM Aucrokauum ¢ 6o-
NEe3HeHHbIM NCEBAOAPTPO3OM (TaK
HasbiBaemas npobnema audde-
peHumaumu B-C-nepenomos).

CoyeTaHHOEe KOMBMHMPOBaHHOE
nospexaeHuve Tasa: [log «cove-
TaHHOM TPaBMOW Tas3a» noapasy-
MEBAOT NepenoM Ta30BOro KonbLa
C CONyTCTBYHOLUMMK NOBPEXOEHK-
AMU MATKNX TKaHeVI, T.€. AONOJIHKU-

OpToneauyeckas xvpyprus

TebHbIE TPaBMbI HEPBOB, COCY 0B,
MbILLIL} MK Ta30BbIX OpraHos [1].
KpoBouanusHus, cencuc (MHm-
LMpOBaHME 06LLMPHON 3a6PHOLLIMH-
HO¥ reMaToMbl 1 HEKPO3bl) 1 Mo-
NMopraHHas HeoCTaTOYHOCTb Kak
pesynbTart ANUTENbHOMO HapyLue-
HUS KPOBOOOPALLIEHNS CO3AKT NPy
KOMMEKCHOM TpaBMe Tasa 0co-
6ble npobnemsl. [Mogasnatowiee
6OMbLUMHCTBO KOMOUHMPOBAHHbIX
MNOBPEXAEHWIA Ta3a NPOUCXOUT

B pamKkax nofmTpaBMbl 1 CB1ae-
TENbCTBYIOT 0 YPE3BbIYANHO BbICO-
KoW 3Heprum yaapa. Mockonbky no-
XUSble NALUMEHTbI YaCTO fAXE He
MOTYT NEPEXUTb CTOSb BbICOKYH
SHEpruto yaapa, 9Ta TpaBMa urpaet
BTOPOCTEMEHHYH POSib.
Wceneposatensckas pynna Tas

[l oTMeTUNA CoYeTaHHYHO TPaBMy B
345 cnyyasx (10%) 0T BCero Konm-
yectsa (3410) noBpeX AeHWiA Ta3o-
Boro konbua (2004-2009).

44 naumneHTa co CroXHbIMW TPas-
Mamu Tasa 6binn cTapLue 65 net
(13%); ymepnu 18 6onbHbIX (41%
BCEX KOMMMEKCHbIX TPABM Y nauu-
€HTOB CcTapLue 65 neT). B 12 cny-
yasix y nauweHToB cTaplue 65 net
CO COYETAHHOW TPaBMOM Bbln OT-
MEeYeHbI TSXKENbIE TPABMbI MATKUX
TKaHei, (27%); 8 u3 Hux nornénu
(67%). [ns cpaBHeHus: u3 301 na-
LmMeHTa [0 65 neT co CoYeTaHHO
TpaBMoii (87%), 74 HaHeCeH ce-
PbE3HbIN YLLEpO MATKMX TKaHEN v
TOMBKO 9 NaumeHToB ymepiv (12%).
OTO 03HAYaeT, YTO TPABMbI MATKMX
TKaHen yBENNUMBAIOT CMEPTHOCTD,
B 4aCTHOCTU, B MOXW/IOM BO3pacTe.
TakxXe Hy>XHO y4nTbIBaTb, 4YTO 3Ha-
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result in forced haemorrhage
in the muscular fascia regions
of the pelvis (gluteal or psoas
muscles) as well as a compart-
ment syndrome and soft-tissue
damage may develop even
without existing bone injuries.
It is important to take surgical
measures in due time, which
should already be carried out in
the first place in combination
with other surgical stabilisation
measures [26, 33.

Open Pelvic Fractures: In case
of open pelvic ring fractures,
osseous perforations of the
outer skin or the hollow organs
of the pelvis occur with an
incidence of 0.9 - 4.8% of all
cases of pelvic fractures. Just
like complex pelvic injuries,
open pelvic fractures exhibit a
high degree of lethality of up
to 50% due to septic complica-
tions [9]. All in all, this type of
injury only plays a minor role in
elderly patients.

Diagnostics

Note: In case of elderly pa-
tients with severe pain in the
pelvic region, CT diagnostics
should be taken into considera-
tion in spite of the often normal
findings of the pelvis examina-
tion.

Treatment

The frequent concomitant
comorbidity of the patients
entails that a sufficient internal-

German rleneol)
Medical »emviyiHcion]
Journal MYOHAR

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

medical (cardiopulmonary)
preparation of the patient prior
to the surgery is unavoidable in
most of the cases and there-
fore an early-secondary surgical
treatment is often carried out.
As a matter of principle, the
treatment should be compre-
hensively discussed with the
patient, his relatives or legal
representatives. In doing so,
the initiated treatment should
be aimed at the restoration

of the pelvic rind stability and
allow for early physical fitness
and mobilisation of the patient.
Whenever possible, con-
servative treatment methods
should be used. As a matter

of principle, this applies to all
type A fractures and type B
injuries with internal rotational
mechanisms which can also
be regarded as stable. In case
of type C injuries, a combined
ventrodorsal surgical treatment
is usually required.

The sufficient surgical treat-
ment of pelvic ring fractures

in elderly patients frequently
requires the use of fixed-angle
implants in addition to the com-
plete pelvic instrumentation, in
order to enable both a juxta-
articular compression screw
stabilisation and an abarticular
fixed-angle stabilisation.

The sufficient post-surgical su-
pervision in a well-equipped in-
tensive care unit should also be
provided for in order to ensure

YuTENbHAS YaCTb NALMEHTOB CTap-
Lue 65 et 4acTo NPUHUMAIOT aHTH-
koarynsHTbl (phenprocoumon, Kno-
NWUAOrPerb) B CBA3N C CyLUECTBYIO-
LYMMKU OCHOBHbIMM 3a60NEBAHNSMM.
OTO MOXET NPUBECTM K KPOBO-
N3NMAHWIO B 06/1aCTb MbLLIEY-

HO (hacLimm Tasa (AroAnyHbIX

WM NOSICHUYHON MbILULY), & TaK-

XK€ BbI3BATb CUHOPOM CAABMNEHMS
(KOMNaPTMEHT-CUHAPOM) MArKMX
TKaHen faxe 6e3 nepenomos Ko-
CcTel. BaxkHo cBOEBpPEMEHHO Npw-
HSITb XMPYPruyeckine Mepbl, KOTO-
pble [OMKHbI OCYLLECTBAATHCS B
NepPBYI0 04EPEefib B COUETaHUM C
LPYTUMN XUPYPrUYeckumMmn BMeLLa-
TeNbCTBaMM No cTabunuaaumy Ta-
30B0r0 KombLa [26, 33].

OTKpbITHI NepenoM Tasa: B cny-
4ae OTKPbITOrO Nepenoma Taso-
BOro K0fibLia nepdopaumn Koxm
WA NOSIbIX OPraHoB Ta3a npouc-
x0T ¢ YacTtoTon 0,9-4,8% oT 06-
LLero yucna cnyyaes nepesoMoB
Ta3a. Tak Xe, KaKk coueTaHHas KoM-
OWHMPOBaHHas Tpaema Tasa, 0T-
KPbITbI NEPENOM Ta3a OTANYaAT-
Cs1 BbICOKOW CTENEHBIO IeTasbHO-
¢ — 10 50% B CBA3M C cenTuye-
CKUMM OCNOXHEHusMK [9]. B Lenom
9TOT TWN TPaBMbI Ta3a He XapakTe-
PEH ANs NOXWIbIX NALMEHTOB.

[LmarHocTuka

Ecnu y noXunbix nauneHToB 0TMe-
4aeTcs cunbHas 60Mb B 06n1acTyH
Ta3a, TO BOMKHA ObITb NPOBEAEHA
KT-gnarHoctvka, HeCcMOTpS Ha 6na-
ronpUsiTHblE Pe3ynbTaTbl 06bIYHOTO
obcnenoBaHns Tasa.

OpToneauyeckas xvpyprus

Jleuenue

Hanuuue conyTcTByrowmx 3a60-
NEBaHMIA Y NOXWUNbIX NALMEHTOB
npegnonaraeT JOCTATOuHYH Tepa-
NEBTUYECKYH KapANONYbMOHap-
HYt0 MOATOTOBKY Nepez onepauu-
€M W, CNefioBaTeNbHoO, 4acTo NpoBo-
[NTCS pPaHHee BTOPUYHOE XUPYpPrut-
veckoe nevenue. JleyeHne fonx-
HO ObITb BCECTOPOHHE 06CY>XAEHO
C NAUMEHTOM, ero POACTBEHHMKAMM
WA 3aKOHHBIMU NPEACTABUTENSAMM.
[NepBOHaYanbHoOE NneyeHne AONMKHO
ObITb HANPaBEHO HA BOCCTAHOBE-
HWe CTabnbHOCTM Ta30BOro KOSb-
Lia, 4TO 06ECNeUnNT PaHHIOK MOBK-
nM3aumio nauneHTa u paHee npose-
[eHune puskynbTypsl. [0 BO3MOX-
HOCTM BOSXHbI 6bITb MCNONb30Ba-
Hbl KOHCEPBATMBHbIE METOLbI Nle-
YeHns. ITO NPUHLMN NIeYeHus OT-
HoCUTCS K nepenomMam Tuna A u B
(C BHYTPEHHMM POTALMOHHBIM Me-
XaHW3MOM, KOTOpble SBNSKOTCS CTa-
OUNbHbIMK).

B cnyyae Tpasmbl C-Tuna 06b14HO
TpebyeTcs BEHTPOAOP3ANbHOE KOM-
OMHMPOBAHHOE XMPYPrYECKOro Ne-
ueHve.

Xvpypruyeckoe neyeHue nepeno-
MOB Ta3a y NOXXMbIX MALMEHTOB
4acTo TPEBYET MCNONb30BAHMS M-
MNaHTaToB, PUKCMPOBAHHBIX NOA
NOCTOSHHbBIM YTNIOM, B JOMOfHe-
HUME K OKONOCYCTaBHOMY BUHTOBOMY
oXaTuio Ang cTabunmsaumu, 1 BHe-
CYCTaBHOM CcTabunu3aummn nog k-
CMPOBaHHBIM YTIIOM.

Takxxe [OMKHO NPOBOAUTLCS COOT-
BETCTBYHOLLEE NOCneonepaumoHHoe
HabnoaeHre B XopoLLo 060pyao-
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sally inserted plate-osteosynthesis.
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Case study 2: Fig. 2a: Pat MT 78y, f: Fall onto the buttocks with bilateral sacrum fracture and left-lateral anterior pelvic ring fracture; stabilisation with dor-

Mpumep 2: Puc. 2, A. MauvenTka MT, 78: ManeHve Ha aroauubl ¢ ABYCTOPOHHUMI NEPENOMOM KPECTLA 1 NeBbIM 6OKOBLIM NepeH1M NepesioMoM Ta30BOro KombLa;
CTabunuaaunst ¢ NOMOLLBIO NAACTUHYATOrO OCTEOCHHTESA.

the sufficiently safe monitoring
and caring of the handicapped
patient after the surgery. This
means that complex recon-
structions of the pelvic ring
should usually be reserved to
special centres with experi-
ence in pelvic surgery.

Treatment Concept in Case of
Type A Pelvic Injuries

As these are stable types of
fractures, conservative treat-
ment is sufficient in most of
the cases.

In particular in elderly patients
with type A pelvic ring injury,

a concomitant injury of the
posterior pelvic ring should be
paid attention to. In this case,
distinctions to type B injuries
are fluent. In case local tender-
ness on pressure above the
sacrum shows itself as early
as during the first physical ex-
amination, the produced x-ray
images must be meticulously
analysed. In case of ambigu-
ous x-ray findings or unfeasible
mobilisation (pain!), the CT
examination has to be made
up for within the first 5 days.
In this case, a concomitant
transalar sacrum fracture in
terms of a type B2 internal

Fig. 2b: Aggravated pain after 5 months, no healing of the sacrum on the left
side and implant slackening.

Puc 2, B. Yceunenne 6oneii nocne 5 MecsLeB, He3aXX1BIIEHUE KPECTLA C JIEBOY CTOPOHbI
n ocnabnexne uMnnauTara.

BaHHbIX OTENIEHNSAX MHTEHCUBHOM
Tepanun Ans A0CTaTOYHOrO KOH-
TPOMS ¥ yxo4a 3a nauneHTamu no-
CINe XMPYPruveckoro BMeLLaTeb-
CTBA. JTO 03HAYAET, YTO KOMMJIEKC-
Hasl PEKOHCTPYKLMS Ta30BOr0 KOMb-
L|a AOMKHA BbIMONHATLCS B 0CO0ObIX
LieHTpax, CneuuanianpoBaHHbIX B
NaHHOK 06NaCTW UK UMEHOLLIMX [10-
CTaTOYHbIN OMbIT B XMPYPrm Tasa.

JleyeHue nepenomoB Tasa A-Tuna
HOCKOHbe 9TOT TWN NepesioMoB

¥ 4B1AETCS CTAOUNbHBIM, B GOSbLLNH-

CTBE CNy4aeB KOHCEPBATUBHOE le-
YeHue saBnsaeTca AOCTATOYHbIM. Oﬂ-
HaKo y NOXUIbIX NaLUMEeHTOB HY>XXHO
YAENUTb BHAMaHWe ComnyTCTBYoLLe-
My MOBPEXAEHMIO 3aHEro Ta3oBo-
ro nonyKonbLa.

B aTom cnyvae cnegyet oTanyaTh
€ro ot nepenoma B-tuna. Ecnv yxe
Mpy NePBOM OCMOTPE 0TMEYaeT-

51 60/1€3HEHHOCTb MPY Nanbnaumm
BblLle KpecTua, TO AiaHHbIE NPOKU3-

; BEEHHOro PEHTreHoBCKOro uccre-

LOBaHUS LOMKHBI ObITb TILATENBHO
npoaHanu3npoBaHsbI.

B cnyyae HeOAHO3HAYHbIX PE3ynb-
TaTOB PEHTTEHA UM HEBO3MOX-
HOCTM MOBMIM3aLMN (13-3a 60MK)
B TEYEHME NepBbIX 5 AHEN [OMX-
Ha 6bITb BbINONHEHA KOMMbHOTEP-
Hast Tomorpacms (KT). JanHoe 06-
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Fig. 2d: Metal removal of the dorsal plate and 3D navigation-supported, iliosacral screw-osteosynthesis on the left side; after surgery, the patient can be
mobilised nearly painlessly. Also note the initial sinking of the screw in spite of the washer!

Puc. 2, D. YaaneHve Metanna 13 CrivHHOW NNacTHbl C NOMOLLbI0 3D-HaBurawmm, MnmocakpasbHbliA BUHTOBOW OCTEOCUHTES C NEBOV CTOPOHBI; MOCHE ONepauni nauneHT MOXeT
ObITb MOGMAN30BaH NOYTY 6€360NME3HEHHO. TaKXKe HY>XHO 06paTUTh BHUMAHIME HA HAYaNbHOE MOTPY>XXEHIE BUHTA, HECMOTPS Ha Lanby!

rotational injury is frequently Maz=n-10 A 30k " crepoBaHue 3a4acTyto NoKasbiBa-
detected (ventral transalar H13¢ LRl R Bl ] €T NONnepeYHbIA Nepesiom kpecTua
cortical compression of the B-Tuna (BeHTpansHas nonepeyHas
sacrum as “ventral sacrum KOPTUKarbHast KOMMPeCccust — «BeH-
bend”). As the therapeutic con- TpasnbHbIA U3rub kpectua»). Neyed-
sequence, a supraacetabular HbIM MEPOMPUSTUEM CTAHOBUTCS
external fixation as “minimal- «MVHWUMHBA3WBHas» CynpaaueTaby-
invasive” measure is applied NApHas BHeLLHAS ukcauuns B nep-
for the period of 3-4 weeks Bble 3—4 Heenu, kak Tepanus 6o-
as pain therapy. This may be neBoro CUHApOMA.
supplemented by a navigation- OTO MOXET ObITb JOMONHEHO yCTa-
supported iliosacral screw. I2RD NAT_AX HOBKOIA MNMOCAKPANbHOT0 BUHTA C
Prior to removing the external M-BECKEN KN/Pelvis Filter: D JRESUJITELY HaBUraUMOHHOW TEXHO-

fixation, x-ray images are made 2
and the patient is subjected to
a physical examination. For this
purpose, the cross bar of the
fixation is loosened and the pa-
tient is requested to walk and
sit. If no new complaints occur,
the entire fixation is removed
in the same outpatient session.
In case the patient still exhibits
paralgesia or pain aggravation
during this “pain provocation
attempt”, the cross bar of the
fixation is attached again and
left there for the period of ad-
ditional two weeks.

noruu. lMepes yLaneHnem BHeLHeN
chmKcaLmmn NPoU3BOANTCS
PEHTIEHOBCKOE MCCefoBaHme u
NPOBOANTCS OCMOTP. B wacTHoCTY,
huKcauns ocnabnseTcs, v naumueH-
Ta NPOCAT X0AUTb U cuaeTb. Ecim
Xanob HeT, puKcaums CHUIMAeTCs B
ambynaTopHbIx ycrnosusix. lMpu co-
XPaHSIOLLMXCS HapyLUEeHKsX 6one-

i BOW YYBCTBMTENBHOCTM (huKcaums

OCTaBNSETCS eLle Ha 2 HeAesNu.

JleyeHue nepenomoB Ta3a B-tuna
[Mp1 faHHOM TUNe nNepenoma, oTMme-
4aeTCs TONMbKO 4op3anbHas poTa-
LIMOHHAS HECTABUIIbHOCTb, NOJTO-

Fig. 2c: Metal removal of the dorsal plate and 3D navigation-supported, iliosac- MY, Kak NpaBuno, 0CTaTo4HO CTa-

Treatment Concept in Case of ral screw-osteosynthesis on the left side; after surgery, the patient can be 6unusaumum nepeaHero Ta3oBoro
mobilised nearly painlessly.

Type B Pelvic Injuries _ KOmbLa.

) . Puc. 2, C. Ynanexue metanna u3 03anbHoi NaacTuHbl ¢ NOMOLLb0 3D-HaBurawmu, .
In case of this type of injury, WIIMOGAKDASTbHbITE BUHTOBOV OCTEOCHHTES C N1EBOVi CTOPOHSI: 110CIE Onepauyi nauvest S XUPYPrUYECKoit cTabunmuaLim
there is a purely dorsal rotation- MOXeT GbiTb MOGUIN30BaH NOYTH GE360IE3HEHHO. CTaHAapTHbIe NpoLesypbl Ans 0T-
al instability; stabilisation of the LeNbHbIX 06n1acTen NOBPEXAEHNS
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Case study 3: Fig. 3a: Pat HS 86 vy, f: Transsacral bilateral insufficiency fractures, no mobilisation because of severe pain, stabilisation with 7.3-mm transil-
iosacral traction screws on both sides + wire to stabilise the screws; after surgery, mobilisation using analgesia is possible.

Mpumep 3: Puc. 3, A. MaumeHnTka HS, 86 neT: MNonepeyHbii ABYCTOPOHHMIA NEPENOM, MOBMUAM3ALMS HEBO3MOXKHA 13-3a CUIbHOM 60NM, CTABUNM3ALMS C MOMOLLbHO 7,3-MM
BbITSDKHbIX BIUHTOB C IByX CTOPOH + CTabnnn3aums BIUHTOB C MOMOLLbKO MPOBOSIOKY; NOCNe onepaLmi — Mobunnaaums ¢ 06e36011BaHeM BOIMOXHA.

[i0Ka3anu CBOK AEKTUBHOCTb U
LOMKHbI MPUMEHSITHCS HE3ABUCUMO
0T BO3pacTa naumeHTa. Monoxe-
HIE «/1eXa Ha CrnHe» Anst NOXuno-
r0 naumMeHTa JOJKHO BbITb fOCTA-
TOYHBIM 7St XMPYPrU4ECKOiA CTabu-
nn3auum.

anterior pelvic ring is usually
sufficient. For surgical stabi-
lisation, standardised proce-
dures for the individual injured
regions have proved effective
and should be applied irrespec-
tive of the patient’s age.

CpaweHue

[Mocne 0TKpPLITOM Peno3numm ocy-
LEeCTBNSAETCA CTabunmaaums ¢ no-
MoLLbo mnacTuHkM AO ¢ aHaTomu-
4ecku afianTUpoBaHHbIMKU 3,5-MM
6-t0 0TBEPCTUAMM (HanpaBneHne
BMHTA KpaHu1o-kayAanbHoe), KoTo-
past TakXXe BO3MOXKHA B BEPCUM C
(buKcupoBaHHbIM yriom. Ans fo-
CTWXKEHWSI ONTUMANBHOTO CXAaTHs
MefManbHble napasmMpuanansHbie
BMHTbI BOSKHbI 6bITb MCMONb30BA-
Hbl KaK CxumatoLme. M3-3a octe-
0nopo3a cam BUHT JOJKEH 0CTa-
BaTbCS B KOCTW M JOCTUraTh NPOTH-
BOMOJNIO>KHOTO KOPTUKANBHOIO COS.

Generally, dorsal decubitus po-
sitioning of the elderly patient
should be sufficient for surgical
stabilisation.

Symphysis

After open reduction, the
stabilisation is carried out

with an anatomically adapted
3.5-mm 6-hole AO symphysis
plate (screw direction cranio-
caudal), which is also available
as fixed-angle version. In order
to achieve optimum compres-
sion, the medial, parasymphy-
sis screws should be used as
compression screws. Because
of osteoporosis, the longest TpaHcny6ukanbHas HecTabunb-
possible screw paths should be Fig. 3b: CT-checkup of the correct screw and wire position. The correctly HOCTb

achieved in the bone, including Positioned dorsal supraacetabular external fixation is also visible. O6bI4HO IOCTATOUHO MPUMEHE-

the opposite corticalis Puc. 3, B. KT-06cneoBaHme MokadbiBaeT HOPMATbHYHO NO3NLMIO BUHTA U MPOBONOKA. — y1q MPOCTOi BHELLHe# dhukcaLmm
' Takxe BuaHa npasunbHas fjopcasnbHas cynpaaueTabynsipHas BHELHAS (uKcaums.

C cynpaaueTabynsipHbIMY BUHTAMK

Transpubic Instability Schanz.

The application of a simple

external fixation with supra- JleyeHve nepenomMoB Tasa C-Tuna
acetabular Schanz screws is Y NOXWAbIX NALMEHTOB BCE A0-

usually sufficient. CTYMHble 06/1aCTN Ta3a AOMKHbI
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Treatment Concept in Case of
Type C Pelvic Injuries

In case of geriatric patients, all
reachable regions should pref-
erably be stabilised ventrally in
supine position of the patient.
A combined dorsoventral os-
teosynthesis should be carried
out for sufficient and secure
mobilisation (see also case
study 1 (Fig. 1).

Transiliac Instability
Depending on the path of the
fracture, the iliac crest is pro-
vided with traction screws and
an osteosynthesis with DC or
reconstruction plates, if possi-
ble with fixed angles, along the
iliopectineal line is carried out.

Sacroiliac Luxation

Since often only a slight
fracture dislocation occurs

in elderly patients due to the
low energy impact, percutane-
ous methods should be used
for all non-dislocated or only
slightly dislocated fractures
and/or possible closed fracture
reductions. This may be carried
out conventionally by means
of an image converter or with
the help of a navigation device.
Transiliosacral traction screws
(7.3-mm cannulised with
washer) are often inserted in
supine position of the patient.
In case an open reduction is re-
quired, the ventral plate-osteo-
synthesis with stabilisation by
two 3-hole 3.5-mm DC plates
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also in supine position has
established itself as the stand-
ard procedure. After the initial
anterolateral incision in the
iliac crest and shifting the iliac
muscle medially, the sacroiliac
joint is well visible. A further
advantage is the possibility of
simultaneously displaying the
symphysis and the sacroiliac
joint in supine position. This
method considerably facilitates
the necessary open reduction.

Sacrum Fractures

Due to unsatisfactory results
of conservative treatment
methods after sacrum frac-
tures with possible subse-
quent insufficiency fractures,
surgical stabilisation has been
continued to be recommended
during the last few years also
in case of geriatric patients.
There is rarely an indication
for open reductions in elderly
patients (nerve root compres-
sion). In case of often only
slight dislocation (< 5 mm) and
patients without accompany-
ing neurology, the percutane-
ous transiliosacral traction
screw-osteosynthesis in supine
position is preferably used as
modified procedure. Deviating
from the original technique ac-
cording to Matta [15], a lateral
image via the image converter
is now produced in addition to
the inlet and outlet projections
for the purpose of increasing
the safety, in order to secure

ObITb CTABMIM3MPOBAHBI BEHTPAb-
HO B NIEXXAYEM MONOXKEHNM NaLm-
eHTa. [ina focrarto4Hoii 1 6esonac-
HOW MO6MNM3aLNM NPOBOAMTCS KOM-
OWMHMPOBAHHbINA LOPCOBEHTPAMbHbIA
OCTEOCHHTES (CM. TaK>Ke NpuMep

1 —puc. 1, A-F).

TpaHcunuakanbHas HecTabunb-
HOCTb

B 3aBMCMMOCTM OT HANPaBAEHHOCTH
nepenoma B rpebeHb NoAB3A0LLHOM
KOCTY yCTaHaBNMBAIOTCS BUHTBI,

11 OCTEOCUHTES OCYLLIECTBAAETCS C
nomoLLbto DC 1nu pekoHCTPyKLUm-
OHHbIX NAACTWH, ECIN 3TO BO3MOX-
HO, C (PMKCMPOBAHHbBIMK yriiamu,
BAOMb MANONEKTUHANBHOW MMHN

KpecTLoBO-N0AB3A0LIHbIIA Bbl-
BUX

MoCKOMbKY Y MOXUABIX NALMEH-
TOB CMELLEH!s hparMeHTOB KOCTE
He3HauMTENbHbIE — M3-3a HU3KOM
9HEpruM yAapa, 4pe3KoXHble MeTo-
bl MOTYT BbITb UCMONB30BAHbI ANS
BCEX NEPENoMOB 6€3 CMELLEHMS
UK ¢ HeGOMbLLMM CMELLIEHWEM / 3a-
KpbITON peno3uuum. OH1 MOryT Bbl-
NOMHATBLCS C MOMOLLbIOHABMIaLMOH-
HbIX YCTPOWCTB.
TpaHcunnocakpanbHoe BbITSKe-
HWE BUHTaMM (7,3-MM) NPOBOAMT-
Cs1 B MOMOXEHUN NaUNEHTa Niexa
Ha CrvHe.

B cnyyae 0TKpbITOr0 conocTase-
HWs TpebyeTCs BEHTPANbHBINA OCTE-
OCMHTES C MOMOLLbIO [iBYX 3,5-MM
nnactui DC nnacTuH ¢ 3 oTBepCTH-
MM — TaKKe B NONOXEHNM Nexa
(3apexomenfoBan cebs kak cTaH-
[apTHas npoueaypa).

OpToneauyeckas xvpyprus

lMocne nepsuyHOro NepesHeboKo-
BOrO paspesa B rpebHe noAB3aoLL-
HO¥ KOCTM 1 CMELLEHNs NOAB3A0LL-
HO MbILLLbI MeAnanbHEE XOPOLLO
BMAHO KPECTLIOBO-NOAB3AOLLHOE
COUneHeHue.

Elye 0fHMM NpenmyLLecTBOM SBNS-
€TCS BO3MOXXHOCTb O[JHOBPEMEHHO-
ro BUAEHNs cumchuaa 1 KpecTLOoBo-
NOAB3[OLUHbIX COUNEHEHWA B NO-
NOXEHUM Nnexa. ITOT METO/ 3Ha-
UnTENBHO 06MeryaeT OTKPbITOE
BMpaBeHue.

Mepenom KpecTua

V13-3a HeyLOBNETBOPUTENBHBIX Pe-
3yNbTaTOB KOHCEPBATUBHOTO NEYe-
HMS NepPenoMoB KpecTua, B nocnes-
HWEe HECKONbKO NeT Ans noXunbix
naunMeHToB pekoMeH10BaHa TOJIbKO
xupyprudeckas ctabunuaaums. Ot-
KpbITas peno3numna y noXunbix na-
LIMEHTOB NPOBOANTCA PEOKO — M3-3a
CAaBJiMBaHNA HEPBHbIX KOPELLUKOB.

3auacTyto npu HeBOMbLLIOM CMeLLe-
HUK (<5 MM) 1 OTCYTCTBUM HEBPONO-
TMYECKMX CHMMTOMOB MPOBOANTCS
MOAMULMPOBAHHDBIA YPECKOXKHbIN
TpaHcUIMocaxkpanbHbIi TPaKLMOH-
HbliA BUHTOBOW OCTEOCHHTES B M0-
NOXEHWM Nexa

OTKJIOHEHME OT OPUTUHANBHOW Me-
TOAWKM B COOTBETCTBMM C Matta [15]
OCYLLECTBASETCS C NOMOLLbIO HABYK-
rauMoHHOr0 YCTPOWCTBA, B JONOS-
HEHWe K MOLENMPOBaHMIO NpoLiesy-
Pbl, Ans NOBbILLEHUS 6€30MaCHOCTH,
a TaKKe onpeaenexuns npasusib-
HOi 6OKOBOM TOYKM BXOAA BUHTA W
ONTUMM3ALMN LNIWHbI BUHTA [32].
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the correct lateral entrance
point of the screw and thus
ensure the optimum screw
length [32]. In this respect, the
C-arm-based 3D navigation-
supported method is highly
recommended, which usually
provides sufficient image qual-
ity also in osteoporotic bones
(Fig. 1+2). In case of significant
osteoporosis, the longest pos-
sible screws (> 100 mm) reach-
ing up to over the medium line
of the sacrum should be used.
Because of the risk of second-
ary screw dislocation (“back-
twist of the screws”), there

is the general possibility of
additional screw reinforcement
by means of wire cerclages

as a modified procedure (see
Fig. 3). Additional stabilisation
of the ventral pelvic ring by
means of a supraacetabular
external fixation in terms of an
additional traction chord is also
required.

Besides the bilateral screw-os-
teosynthesis, further modifica-
tions of the described osteo-
synthesis techniques are used
to stabilise bilateral sacrum
fractures. The percutaneously
inserted plate-osteosynthesis
in prone position constitutes an
alternative or an addition to the
screw-osteosynthesis. A pre-
bent 5.0-mm 12-14-hole LCP

is inserted via two incisions
dorsally from the sacrum above
the iliac crests and initially
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OpToneauyeckas xvpyprus

Mo3ToMy pekoMeHayeTcs MeTon
3D-Hasurauuu, KoTopbIA 06ecneym-
BaeT [OCTATOYHOE KAYECTBO M30-
BpaKeHNst Jaxe Npu BbIPKEH-
HOM ocTeornopo3e (puc. 1+2). B cny-
yae 3HauYMTENBHOrO 0CTEONopo3a
LOMXHbI 6bITb UCMONb30BaHbI BUH-
Tbl AMHOK > 100 MM.

113-3a pucka BTOPUYHOIO CMELLEHMS
BMHTOB («MOBOPOT BMHTA HA3aL»)
BO3MOXKHO JOMONTHUTENBHOE apMu-
POBaHWE BUHTA C MOMOLLbHO MPOBO-
[ia npoueaypsl (cM. puc. 3, a-e.)

[lononHuTensHas cTabunuaaums
3aHero Ta3oBOro NomykonbLa Ao-
CTUraeTcs ¢ MOMOLLbHO CynpaaleTa-
OyNSAPHOW BHELLHE chukcaummn Ans
[ONOSTHUTENHOTO BbITSXKEHUSI.
[MoMMMO [IBYCTOPOHHErO BUHTO-
BOr0, AanbHeiiwas Moanchvkaums
OMUCaHHbIX METOJI0B OCTEOCUHTE-
3a OCyLLeCTBNSETCS Ans cTabunu-
3aUuy IBYCTOPOHHWX NEPenoMoB
KpecTua.

YpeckoXKHO ycTaHoBNEHHas nna-
CTMHA OCTEOCHHTE3a B MONOXE-
HUM Nexa SIBNSIeTCs anbTepHaTH-
BOW M/ [OMNOMHEHWEM K BUHTOBO-
MY OCTEOCUHTE3Y.

lpeasapuTenbHO U3orHyTas 5,0-Mm
12-14-ablpoyHas nnacTuxa ycra-
HaBNMBAETCS Yepes3 ABa paspeda
[OPCansHO OT KPECTLa BblLLe Nnoj-
B3[0LLHbIX rpebHEi; M3HauanbHo
BbITATMBAIOT KOCTb NapaniensHo
KPECTLOBO-MOAB3AO0LLHbIM COYme-
HEHUAM C MOMOLLIbIO ABYX [JIMHHbIX
KOpTUKanbHbIX BUHTOB. Brocnea-
CTBWM OMpefeneHHas gukcaums
NOAB3LOLLHOM KOCTYW OCYLLECTBNS-



Orthopedic Surgery

drawn towards the bone in
parallel to the sacroiliac joint
by means of 2 long cortical
screws. The definite fixation to
the iliac bone is subsequently
performed via fixed-angle
screws (Modification according
to the descriptions of Hockertz,
TJ.: Lecture Homburg Pelvic
Course 2009).

By modifying the dorsal verte-
bral column osteosynthesis,

a spinopelvic support of the
dorsal sacrum against L4/L5
has been described (unilateral
and bilateral) in order to ensure
the rapid mobilisation of the
patient [4]. Furthermore, first
results after percutaneous
cement injections are being
reported, although there are no
long-term results available yet.
In 2008 Frey et al. presented a
pilot study on the treatment of
osteoporotic sacrum fractures
by percutaneous injection of
bone cement (PMMA) into the
ala sacralis fractures via a 13-G
syringe [3]. A total number of
52 patients, among them 40
women, with an average age
of 75.9 years were treated in
the above-described manner.
The VAS showed significant
pain alleviation; in one specific
case, an S1 pseudoradiculitis
was found (completely regres-
sive after steroid injection).
The authors concluded that
the cement filling in case of
osteoporotic sacrum fractures
is an efficient and safe method
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to achieve rapid pain alleviation
and mobilisation of the pa-
tients.

Emergency treatment of
pelvic fractures in elderly
patients

In all patients with pelvic ring
fracture and pelvis-induced
massive haemorrhage, an
initial treatment according to
the pelvic trauma algorithm is
carried out after a brief target
and problem-oriented diagnosis
[10, 23, 24].

Complications

Elderly patients suffering from
injuries in the pelvic ring region
belong to the high-risk group
in particular for post-surgical,

€TCS1 BUHTaMM NoJ OMKCUPOBaH-
HbiM yriom (Modification according
to the descriptions of Hockertz, TJ.:
Lecture Homburg Pelvic Course
2009).

B nutepatype onucaH gopcanbHbli
M03BOHOYHbIN OCTEOCMHTES (0AHO-
W [BYCTOPOHHMIA), Ha ypoBHe L4/L5,
NOAAEPXMBAIOLLMA KpecTew Ans
06ecrneyerms BbICTPOM MOBUIN3a-
Lmu naumeHTa [4].

Kpome Toro, onucaHs! nepeble pe-
3yNbTaTbl YPECKOXKHBIX MHBEKLMIA
LiemeHTa. [1oArocpoyHbIX pesynbTa-
TOB NOKA HE MMeeTCs.

B 2008 rogy Frey ¢ coasT. npea-
CTaBMIW 3KCMEPUMEHTATbHBIE UC-
CnefoBaHus no NEYEHUIO Nepeno-
MOB KpECTLa, NOPaXKeHHOro 0CTeo-
MOPO30M, NYTEM YPECKOXHOrO BBE-
AeHus KOCTHOro LemeHTa (PMMA) B

OpToneauyeckas xvpyprus

CfIOMaHHble KpbINbs KPecTua ¢ no-
MoLbto 13-G wnpuua [3].

Bcero ykasaHHbIM METO0M 6bIno
NPONEYEHo 52 naumeHTa, cpeam
HUX 40 XXEHLLMH, CPELHMIA BO3PACT
75,9 rona, 66110 0TMEYEHO 3HAYM-
TerbHOe CHUXEHME B0Mu.

ABTOpbI NPULLIK K BbIBOY, YTO Me-
TOA 3aMOJHEHUs LEMEHTOM B CIly-
yae nepeniomMoB KpecTua ¢ 0CTeono-
PO30M SBNAETCA APEKTUBHBIM Y
6e30MacHbIM Ans 6bICTPOr0 yMeHb-
LLeHWst 60N1eBOrO CMHAPOMA U MOBU-
nM3aumun NaunMeHTos.

HeoTnoxHas Tepanus nepeno-
MOB Ta3a y NOXWJbIX NaLUeHTOB
Y BCcex NoXuabIx NauneHToB C ne-
penoMamu Ta3oBoro KonbLia, Bbl-
3BaBLUNMN 0BUNbHbIE KpoBoTE4e-
HUs., NepBrUYHas 06paboTka npo-
BOANTCS B COOTBETCTBUM C an-
rOpUTMOM OKa3aHuA 3KCTp6HHOI7I
NoMOLLKM Npu TpaBMax Tasa no-
e KPaTKOCPOUHOM W NPOBNIEMHO-
OPUEHTUPOBAHHbLIX AUArHOCTUKK
[10, 23, 24].

OcnoxHeHus

Moxunble NaUMEHTBI C TPaBMaMMU
Ta3a 0THOCATCS K rpynne BbICOKOr0
pucKa, B YaCTHOCTH, B OTHOLLIEHNM
MOCTXMPYPrUYeckmx, TPOM60IME0-
TIMYECKUX OCTOXKHEHMIA.

B o6s3aTensHOM nopsake npoBo-
AMTCS afiekBaTHast NpochunakTuka
HU3KOMOMEKYNSPHBIM TENapuHOM,
C KOHTPONEM CBEPTbIBAHNS KPOBM,
W remMorpammbl (KONM4eCTBO TPOM-
6oumToB) [28]. PaHHee MeamKamen-
TO3HOE NeYeHue NeveHne U paHHss
MOBUNM3aLMS LONONHUTENBHO MU-
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thromboembolic complications.
Sufficient prophylaxis with
low-molecular heparin including
the control of the coagulation
status (anti-XA level) and the
haemogram (thrombocytes)
should be aimed at [28]. Early
medical treatment and early
mobilisation additionally mini-
mise the risk of a deep pelvic-
crural thrombosis.

Complex traumas exhibit an in-
creased rate of local soft-tissue
complications and infections,
which is why the necessity of
multiple interventions has to be
planned in advance during the
management.

In most of the cases, neuro-
logical disorders and urological
damage are fatefully associ-
ated with the injury. An early
diagnosis allows for the im-
mediate initiation of a specific
treatment in cooperation with
other disciplines (e.g. urological
functional diagnostics, perma-
nent catheter treatments, etc.).
Due to reduced bone strength,
impossibility of retaining partial
loads or infections arising from
multiple underlying diseases,
osteosynthesis complications
can be found in elderly patients
in the entire pelvic region.
Whereas screw migrations or
extractions increasingly occur
in the posterior pelvic ring area,
pin infections or slackening in
the ventral pelvic ring region
occurs after mobilisation at

the increased use of external
fixations. These complications
should be reviewed in due
time, as otherwise pseudo-
arthroses may develop, which
may lead to protracted and
painful processes. In case of
pain aggravation in the course
of the treatment or sensations
of instability, the symptoms
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should be clarified by diagnos-
tic measures by means of a
CT examination of the pelvic
ring; in case of osteosynthesis
failure, a revision should be
aimed at.

Conclusion

The medical treatment of pel-
vic ring fractures in elderly pa-
tients confronts the treatment
management with entirely new
challenges. In addition, exist-
ing underlying diseases and
the often poor bone quality of
the geriatric patients make the
necessary surgical treatment
more difficult. The quality of
the achieved fracture reduction
and the sufficient stabilisation
of the pelvis are nevertheless
the most important criteria for
a good long-term result also in
elderly patients.

There is a great variety of
modified standard procedures
available, which help minimise
the secondary surgical trauma
also in case of elderly patients.
Due to the additional possibility
of using fixed-angle implants in
osteoporotic bones, improved
stabilisation and fixation of the
implants is expected; the cor-
responding verification for this,
however, is not yet available.
Within the scope of the pri-
mary treatment situation, the
rapid and correct estimation of
the severity of the injury and
the intensity of the haemor-
rhage are decisive prognostic
factors in particular in case of
elderly patients.

The necessity of surgical treat-
ment of unstable pelvic frac-
tures at old age is undisputed;
however, sound and age-adapt-
ed treatment strategies for the
various injured pelvic regions
and types of pelvic injuries still
need to be developed.

HUMW3NPYIOT PUCK TPOMB030B. [1pu
COYETaHHO TPaBME 3HAUNTESb-

HO YBENNYMBAETCS PUCK BOSHUKHO-
BEHWSI MECTHbIX OCNIOXXHEHMIA 1 UH-
bexumit, NOSTOMY 3apaHee CnefyeT
3anfaHvMpoBaTh MHOrOKpaTHbIE Xu-
pypruyeckue BMeLLaTensCcTea. Tak-
Xe B 60MbLUMHCTBE Cly4aes BO3HM-
KatoT HEBPOMOrMYECKME PACCTPON-
CTBA ¥ YPONOrMYecKne NoBpexXae-
HUs.. PaHHsS guarHocTvka no3so-
NeT, B KOMMIEKCE C APYruMu Me-
TOAAMK (YPONOTUYECKON yHKLM-
OHamNbHOW AMarHOCTUKOM) Hemen-
NEHHO Ha4aThb cneumuyeckoe ne-
YeHune (Hanpumep, yCTaHoBKY no-
CTOSIHHOTO KaTeTepa) B ¢Bsi3u ¢ 13-
MEHEHMEM KONMYECTBA U Kave-
CTBa KOCTHOM TKaHM, HEBO3MOX-
HOCTW COXPAHEHUS YaCTUYHBIX Ha-
PY30K, MHDEKLMSAMM, CBA3AHHBIMM
C HECKOJbKIMM OCHOBHbIMM 3360-
NEBaHNAMM, OCTEOCUHTES B Nt060M
061acTH Ta3a MOXET NpoTeKaTb C
OCMOXXHEHNSAMM.

MockonbKy MUrpaums unm aKCTpak-
LS BMHTOB YalLie BCEro Mpomcxo-
QT B 0651aCTW 3aHEro Ta3oBo-

ro nonykosbLa, a MHgULmMpoBa-
HWe unu ocnabnexue ukcaumm — B
BEHTPasbHON 06/1acTy Ta3080r0
KombLa, nocne Mobunuaauum no-
Ka3aHo LLUMPOKOE 1CMONb30BaHe
BHELLIHMX 3an1ceit. OTW OCNOXHE-
HWS! [LOJXKHbI ObITb BbISIBNEHBI CBO-
€BPEMEHHO, B MPOTUBHOM Cryyae
MOXEeT pa3BuTLCS NCEBAOAPTPO3,
YTO MOXKET MPUBECTM K 3aTSKHbIM
1 60NE3HEHHBIM MpoLeccam. B cny-
yae ycunenus 6oneBoro CUHAPO-
Ma B XOfIe NNEYEHNS UMK OLLyLLie-
HUI HECTAbUNLHOCTM AOMKHA ObITh
NpOoBeAeHa AnarHocTUKaTasoBoro
konbla ¢ nomowbto KT, a B cnyyae
HECOCTOSTENbHOCTM OCTEOCUHTE-
3a - NpoBeAeHa peBmn3us.

3aknioueHue

JleueHne nepenoMoB Ta3oBoro
KONbLA Y MOXWIbIX NALMEHTOB CBS-
3aHO C COBEPLUEHHO HOBbIMM NPO-

OpToneauyeckas xvpyprus

6nemamu. ConyTcTBytoLMe 3a60-
NEeBaHMs, MHOE Ka4YeCTBO KOCTHOM
TKaHW repuaTpuyeckinx 60bHbIX
YCNOXHSIET HEOOXOANMOE XMpYp-
ruyeckoe nevenune. Kauectso pe-
no3uumMmM Nepenoma 1 LOCTaTouHas
cTabunuaaumv Tasa, TeM He Me-
Hee, ABNAOTCA Hanbonee BaXHbI-
MM KPUTEPUSAMM L7151 XOPOLLEro [of-
FOCPOYHOrO pesynbTarta y NoXubIX
nauneHTos. CyLlecTByeT MHOXe-
CTBO MOAMChHMKALMIA CTaHAAPTHBIX
NpoLeayp, KOTOPbIE MAHUMU3UPYIOT
BTOPUYHYIO XMPYPrUYECKYIO TPABMY
Yy NOXWIbIX NALMEHTOB.

Bnarofaps AONONHUTENBHOW BO3-
MOXXHOCTW UCMONb30BAHNS MMNNAH-
TaToB No4 PKCUPOBAHHDBIM YT IOM
Mp¥ OCTEOMNOPO3€ KOCTEN yyyLlia-
eTCs cTabunmuaaums v ukcaums
MMNNAHTATOB (X0TS aBCOMKOTHO AO-
CTOBEPHbIX AAHHbIX 06 3TOM Noka
He umeeTcs).beicTpas v npasuib-
Has OLEHKA TAKECTW TPaBMbl 1 UH-
TEHCUBHOCTU KPOBOTEUEHMS MPK
NEPBUYHOM NIEYEHUN SBASIKOTCSA pe-
LUAKOLLMMM MIPOTHOCTMYECKUMU (haK-
TOpamu, 0COBEHHO Y MOXMIbIX Na-
LmeHTOoB. HeobxoanMocTb Xupyp-
TMYECKOro NIEYEHNS HECTaBbMUbHbIX
nepesnoMoB Ta3a y NauweHToB Mno-
XXUNOro Bo3pacra sensetcs bec-
CMOPHbIM, OAHAKO aAaNTUPOBaHHbIE
CTpaTeruy NeueHuns NoBPEX AEHH
Pa3fnYHbIX NOBPEXAEHMIA Ta30B0-
ro KOfbLia ¥ pasHLX TUMOB Nepeno-
MOB Ta3a Hy>X[atoTcs B AanbHel-
el pa3paboTke.

bnarogapHocTb

MbI x0TenM 6bl BbIPa3nTb HaLLy rny-
6okyto 6narofapHoCTb YneHam Uc-
crnenosarenbckoi rpynnsl Tas |l
(Study Group Pelvis Il of the DGU/
AQ), koTOpble 0Ka3anu Ham no-
MoLLb B paboTe myTem cbopa v
OLEHKN COOTBETCTBYHOLUNX AAHHbIX.
MbI Takxe Bbipaxkaem ocobyto 6na-
rofapHocTs DGU 3a nocTosHHyto
noaaepxky ViccnenosarensCckoi
rpynnbl Tag Il (2004-2009).
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PET/CT

Summary

PET/CT combines positron
emission tomography and
computer tomography in one
device and joins functional and
morphological information.
This procedure constitutes

a practicable examination
technique for the entire body.
The assessment of metabolic
processes by means of PET is
often the only way to detect

a disease at an early stage.
The glucose analogue FDG is
currently the most frequently
used PET tracer. The glucose
metabolism in malignantly
transformed tissue but also in
inflammatory altered tissue and
physiologically in the cardiac
muscle as well as in the brain
is significantly increased, so
that increased uptake of FDG
occurs. This forms the basis
for the detection of malignant
tumours and inflammations by
means of FDG-PET/CT as well
as the assessment of metabol-
ic alterations in the brain and
the cardiac muscle. Nowadays
PET/CT diagnostics is already
the preferred imaging method
for a great number of indica-
tions and exhibits the potential
of rising to a standard position
in oncologic diagnostics.
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Basic Principles

and Indications
of the PET/CT

PET/CT, which combines posi-
tron emission tomography and
computer tomography in one
device, has developed to be-
come an integral part of state-
of-the-art imaging diagnostics.
It does not only join functional
and morphological information
but it also constitutes a prac-
ticable examination technique
for the entire body (1, 2, 3). It
underlines the strong points

of nuclear-medical diagnostic
measures and combines them
with radiological domains.

The assessment of metabolic
processes is often the only
way to detect a disease at an
early state. The fundamental
novelty of the PET/CT is the
more accurate coordination

of metabolic processes (PET)
and anatomical structures (CT)
by means of image fusion (4).
Divergences between the PET
and CT findings on separate ex-
amination devices are consider-
ably reduced using the PET/CT
procedure (5, 6).

Basic Principles

Depending on the indication,
there are a great number of
radiopharmaceuticals avail-
able for the PET/CT procedure.
Most of the PET radiophar-

OCHOBHble

N3T /KT

NMPUHLUMUNMDI

M3T / KT 1 noka3aHus
K ee NpoBeAeHUIO

Tesucobl

M3T /KT coyeTaeTt nO3MTPOHHO-
9MUCCHOHHYIO W KOMIMBIOTEPHYHO TO-
morpaduu B 0JHOM YCTPONCTBE, 1
Tak1M 06pasom, NpesocTaBnseT u
(OYHKUMOHANbHBIE, 1 MOPCONOTy-
YecKkue AaHHble. YkasaHHas TeXHO-
norus sBnseTcs 3hdeKTUBHbIM Me-
TOZOM 06Cref0BaHus BCEro opra-
Hu3ma. OueHka MeTabonmyeckmx
npoweccos ¢ nomoLubto M3T 3a-
4aCTYIO SABNSETCS EAMHCTBEHHbBIM
cnocobom o6Hapy>keHus 3abonesa-
HWA HA PaHHUX CTaansX.

Anaror npupogHou ritokossl O
(chTOPAEOKCHTNHOKO3]) HbIHE YaLLe
BCEro 1Cnonb3yeTcs Kak paauo-
thapmnpenapat ans M3T. MeTa-
60/M3M FNHOKO3bI B 3N10KAYECTBEH-
HO NEPEPOXAEHHBIX , U3MEHEHHBIX
BOCNaNMTENbHbLIM NPOLIECCOM TKa-
HSIX, @ TAKKe B TKaHSX CepAeyHom
MbILLILbI ¥ FONTIOBHOIO MO3ra BO Bpe-
M$ PU3MONOTNYECKIMX MPOLIECCOB
3HAUNTENbBHO yBENMYMBAETCS, 6Ma-
rofaps Yemy noBbILLIAETCS MOrno-
wexne umn O .

370 CTano 0CHOBOM METOA BbIsIB-
NEeHMs 3NOKA4YECTBEHHBIX ONYXO0-
nen v BocnanuTENbHbIX MPOLECCOB
¢ nomotpto OAr-NaT /KT, a Tak-
€ OLEHKN MeTabonM4ecknx u3me-
HEHWiA B FrONIOBHOM MO3re 1 cepaevy-
HOIA MbILLLE.

B HacTosiee Bpems M3T / KT-
AMArHoCTMKa y>Ke SBNSETCS Npes-
NOYTUTENbHBIM METOLOM BU3yan-
3aUnK, C LIMPOKIM CMEKTPOM MoKa-
3aHWN K MPOBEAEHMIO, 1 Bnarofaps
3TOMY MOXET CTaTb CTaHAAPTHbIM
MeTOJO0M AMarHOCTUKM OHKOMOTMye-
CKWX 3a60N€eBaHMiA.

M3T /KT 6bina paspaboTaHa, 4YTo-
Obl CTaTb HEOTHEMIIEMOMN YACTbIO
COBPEMEHHOI BU3yan13auMoHHOM
AMArHOCTUKM, YTO AAET BO3MOX-
HOCTb MPOBECTH 06CnefoBaHne op-
raHuama B uenom (1, 2, 3). Me-

TOZ4 UCNOMb3YET CUIbHBIE CTOPOHI
SLEPHON MeULNHBI M 06beauHAET
WX C LOCTVKEHMSMN PAMoNoruu.
OueHka 06MeHHbIX MPOLECCOB —
3a4acTyt0 eAMHCTBEHHbIN CNoco6
06Hapy>xu1Tb 3a601eBaHNe Ha panx-
Helt cTaguu. OyHaamMeHTanbHbIM
HoBecTBoM 13T / KT sBnsieT-

cs 6onee TOYHas KOOpAMHALMS Me-
Tabonnyeckux npoueccos (M3T) n
aHartomudeckux cTpykTyp (KT) ¢ no-
MOLLIbHO CIUSIHUS U306paXKeHNit (4).
PacxoxaeHus Mexxay pesynbTa-
Tamu M3T n KT npu ux noseaexHmmn
Ha OTLENbHbIX YCTPONCTBAX 3Ha-
YNTENbHO YMEHbLIWANCH MPK UC-
nonb3oBaHuy MAT / KT-npoueayps!
(5, 6).

OcHoBHble npuHuunbl MAT / KT
CywwecTByeT 60nbLUOE KONMYECTBO
paavodbapmnpenapatos ans M3T
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maceuticals are cyclotron
products. The examination
substance is thus produced in
centres with installed cyclotron
and radiochemical equipment
and transported to the location
of the PET/CT. In doing so, the
comparably short half-life of
most of the PET radionuclides
(positron emitters) has to be
taken into account. Due to its
relatively long half-life of 109.8
minutes, the positron emit-

ter flour-18 (18-F) is the most
frequently used radionuclide

in PET diagnostics. During the
synthesis of a PET radiophar-
maceutical, 18F or another
positron emitter is combined
with a tracer, which takes part
in a certain metabolic proc-
ess of the body. The positron
emitted by the radionuclide hits
a tissue electron after only a
few minutes of flying distance
and the two particles eliminate
each other. During this proc-
ess, two gamma quanta of 511
keV each emitted in opposite
directions are generated, which
are detected by means of the
PET camera. This allows for
localising the decay within the
body. The locally increased
uptake of the radiopharmaceu-
tical leads to the local increase
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Fig. 1: Female patient status post 12th thoracic vertebral body fracture. An
infiltration treatment in the region of the fractured segment was carried out
to alleviate the pain. Thereupon the patient developed a sepsis with multiple
arthritides positive for staphylococcus aureus as well as pneunomia. The
primary focus of inflammation could not be localised by means of magnetic
resonance imaging, skeletal scintigraphy and contrast medium-enhanced CT.
The FDG-PET/CT conducted thereupon shows semicircular glucose metabo-
lism increase of th_e paravertebral soft tissugs at the level Qf the 12th_ thoracic 3NEKTPOHOM. B pesynbTare oﬁpasy-
vertebral body, which corresponds to the primary focus of inflammation.

Puc. 1: MaumenTka ¢ nepenoMom 12-ro rpyaHoro no3soHka. Mocne MHUabTPaLMOHHOM
aHeCTe3nn passuncs CTadnIoKOKKOBbI CENCUC CO MHOXKECTBHHbIMM apTpUTamMm 1
NHeBMOHWeN. [epBrYHbIN 04ar BocnaneHus He bl onpeseneH Hu ¢ nomoLubo MPT,
HU nyTem cumHTurpadun n KT ¢ KonTpacTuposanmeM. MNposeaerHas 3atem 18F-O
13T / KT nokasana nonykpyrible o4ar NoBbILEHHOr0 MeTabomnama ritoKo3bl

B napasepTedpanbHbIX MArKUX TKaHSX Ha YPOBHE 12-r0 rpyAHOr0 NO3BOHKA, YTO
COOTBETCTBYET NEPBUYHOMY 04ary BOCNaneHms.

of the emission, which in turn
can be displayed by means of
PET in the form of a localised
increased enhancement.

The radiopharmaceutical 18F-
fluorodeoxyglucose (18F-FDG),
the glucose marked with the
positron emitter 18F, is the far
most frequently used radiop-
harmaceutical in PET and PET/
CT diagnostics and in addition
also the currently only gener-
ally approved one. Hence, we
confine ourselves to describing
PET/CT diagnostics with 18F-
FDG in the following sections.
18F-FDG is transported to the
cell via the selective glucose
transporter and analogi-

cally phosphorylated there to
normal glucose. In contrast

to phosphorylated glucose,
however, 18F-FDG cannot be

/ KT. BOMBLUMHCTBO U3 HUX MPON3-
BOAMTCS C NOMOLLbHO LIMKNOTPO-

Ha B cneumanbHbIX LeHTpax, paau-
OXMMUYECKMM 060PYLOBAHNEM, M0-
CNe YEro OHU TPAHCMOPTUPYHOT-

cs K MecTy nposegenus MOT / KT.
[p1yeM B OCHOBHOM UCMOSb3YHOT-
€5 NO3UTPOH-M3MNyYatoLLne paano-
HYKIMAb! ¢ 6onee KOpoTKUM nepu-
OLOM nonypacnaga. M3-3a otHocu-
TENbHO ANUTENBHOMO NEpUoa no-
nypacnaga — 109,8 MUHyTbI — 130-
Ton 18 (18-F) sBnsieTcs Hambonee
4acTo UCTONb3YEMbIM PAAYOHYKIN-
Jom B [M3T-guarHocTuke.

Bo Bpems cuHTe3a pagmocapmnpe-
naparta ans MN3T apmnpenapar,
NPUHUMAIOLLMIA y4acTue B onpefe-
NEHHbIX METABOMYECKMX MPOLIEC-
cax B opraHuame, Metutcs 18F nnm
APYTUM NMO3UTPOH-M3Ny4aroLLMM
130TONOM. [103NUTPOH, 13Ny4aembli
Paa1oHyKMAOM, CTANKMBAETCS C

NnaT /KT

t0TCS ABa raMma-KBaHTa C SHepru-
eil 511 kaB, koTopble perncTpupy-
t0TCS C NOMOLLBIO Kamepb! 3T, uto
W NO3BOJIAET NIOKaNM30BaTh paauo-
aKTMBHbI pacnag B OpraHuame.
JlokansHoe yBenuueHue nornoLle-
HWs paanodapmnpenapara npu-
BOAMT K JIOKANbHOMY YBENMYEHNIO
U3Iy4eHnsl, KOTOPOE, B CBOK OYe-
penb, 0To6paKaeTcs C NOMOLLbH
MM3T B BNAE y4aCTKOB MOBbILLIEHHO-
r0 U3ny4eHus.

Paaunodhapmavnestuyeckas
18F-chbnyopofeokcurnokosa
(18F-®LI) — rntoko3a, MeyveHHas
nzotonom 18F, — aBnsietcs Hanbo-
lee 4acTo UCNoNb3yeMbIM paamo-
thapmnpenapaToM npu NpoBeje-
Hiav N3T- n N3T / KT-guarHocTukm
W, KPOME TOr0, EANHCTBEHHbIM MOJT-
HOCTBI 040OPEHHBIM NPENapaToM.
[M03TOMy Mbl OFPaHNUMMCSt OMK-
canuem MN3T / KT guarHocTukm ¢
18F-Or.

18F-OI nepeHocuTcs B KNETKY
NOCPEeaCTBOM CENEKTUBHOrO TPaHC-
nopTepa rioKo3sl 1 gpoccopunu-
pyeTcs B Helt 10 HOPMANLHOM [Iito-
ko3bl. OaHaKo, B 0TAM4ME OT oc-
(hOPUNMPOBAHHOM FHOKO3bI, Aa-
nee 18F-OI He MOXET BbITb Me-
TabonManpoBaHa u 0CTaeTCs BHY-
Tpu knetku. N3T ¢ 18F-OI naet
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Fig. 2: Male patient with left hilar lung carcinoma. The consolidation situated ventrally of the
hyperactive tumour exhibits a normal glucose metabolism and corresponds to an adjacent
atelectasis. In addition, three partly pathologically enlarged mediastinal lymphatic nodes are
shown at the same level, however, all of them exhibit a normal glucose metabolism in the PET.
A lymphogenic metastatic spread could thus be excluded on the basis of the PET/CT result.
Puc. 2: MaumeHT ¢ NprkopHEBbIM pakoM Nerkix cnesa. KoHCoNMaaums TkaHei BEHTpanbHO OT
rMNEPaKTUBHbIX y4aCTKOB OMyX0M NOKa3blBAET HOPMabHbIM METAB0M3M TIOKO3bl M COOTBETCTBYET

CME>XXHbIM aTesieKTa3am. KpOMe TOro, TP YBENNYEHHbIX ﬂVIMCbaTVNeCKVIX y3na CpefoCTEHNA UMEKOT

HOpMasibHbliA MeTabon3Mm raKo3bl. Takum 06pa3om, IMMGOreHHoe MeTacTasnpoBaHNe UCKIHYHEHO.

metabolised further and re-
mains captured in the cell. PET
imaging with 18F-FDG provides
a three-dimensional image of
the patient’s regional glucose
metabolism. The expression of
certain glucose transporters in
the cell membrane is signifi-
cantly enhanced in malignantly
transformed tissue but also in
inflammatory altered tissue,
the cardiac muscle and the
brain, so that increased uptake
of FDG occurs. This forms

the basis for the detection of
malignant tumours and inflam-
mations by means of FDG-PET/
CT as well as the assessment
of metabolic alterations in the
brain and the cardiac muscle
(7).

Indications for 18F-FDG-PET/
CT

Whereas oncologic problems
make up the largest portion of
indications for PET/CT, 18F-
FDG-PET/CT can also be used
to localise an unclear inflamma-
tory focus (Figure 1). Dedicated
PET examinations of the brain
e.g. in dementia or epilepsy
diagnostics and the myocardial
vitality diagnostics represent
further indications.

In oncology, most of the
malignant tumours as well as
their metastases exhibit an
enhanced glucose metabolism
and thus an increased 18F-FDG
uptake, in contrast to healthy
tissue. Exceptions from this
are hepatocellular carcinomas,
prostate carcinomas, renal cell
carcinomas and sometimes
also urothelial carcinomas

as well as some soft tissue
tumours, which exhibit no reli-
able increase in the 18F-FDG
uptake.

Malignant cerebral tumours
can also be assessed by
means of the glucose analogue
18F-FDG to a limited extent
only, as healthy brain tissue
already exhibits an extremely
enhanced glucose metabo-
lism and malignant areas thus
sometimes cannot be identi-
fied with sufficient certainty.
There are other PET tracers
available for verifying the exist-
ence of such tumours, these
are, however, not yet been
admitted for large-scale clinical
application (Table 1).

The area examined during the
PET/CT examination usually
reaches from the calvaria to

TPEXMEpHOe 1306pakeHne peru-
OHaNbHOro MeTabonM3ma rnKo-
3bl MaumeHTa. JKenpeccus onpene-
NEHHBIX NEPEHOCUNKOB MHOKO3bI B
KNETOYHYH MeMOpaHy 3HauMTENb-
HO YCMIMBAETCS B 3/I0KA4ECTBEHHO
M3MEHEHHOM TKaHu, Mpu Bocnanu-
TeMbHbIX MPOLECcax B TKaHu, cep-
LEYHOM MbILLLE 1 FOIOBHOM MO3-
re Npv OMPeAeneHHbIX (Pr3anono-
TMYECKMX NPOLieCcax, YTo Bbi3blBa-
€T NoBbILLIEHHOe nornoLeHne O
OT0 cO3[aeT OCHOBY ANl BbISIBME-
HWS 3/10Ka4YECTBEHHDBIX OMyXONen v
BocnaneHus ¢ nomowbro OAM-M3T
/ KT, a Takxe oueHkn meTabonuye-
CKWX M3MEHEHWN B FONIOBHOM MO3re
1 CepAeYHON MblLLLe (7).

MokasaHusa Kk 18F-OA NIT / KT
OHkonornyeckue npobnems co-
CTaBMSHOT 6ONbLUYH YaCTb NOKa-
3aHui gna N3T / KT, n notomy
18F-O MNIT / KT TaKkxe MoxeT
ObITb MCNONB30BAH NS NoKanu3aa-
LM BOCMANMTENBHOrO o4ara (puc.
1). O6cnenosaHve Mosra npu fie-
MEHLMW, SMUNENCHM 1 OLIEHKA XXU3-
HEeCnocobHOCTM MUoKapaa MoryT
Tak>Xe NpoM3BOAMTLCS C MOMOLLBH
cneunanuauposarHoii M3T.

B 6051bWMHCTBO 3110KAYECTBEHHbIX
Onyxornen, a TakxKe Ux MeTacTasax
0TMEYAETCS MOBbILIEHHbI META60-

N3M TMIOKO3bI W, CEA0BATENBHO,
yBenuyeHue nornoweHuns18F-Or.
VickntoueHrem SBnsioTCs renaro-
LENMONSAPHbIE KAPLMHOMBI, KapLm-
HOMbI MPEACTATENbHON Xenesbl,
MnoyYeYHble, a MHOrAa 1 ypoTenuans-
Hble KapLMHOMbI, @ TaK)Xe HEKOTO-
pble OMyX0Mn MATKWUX TKaHeM, B Ko-
TOpbIX He HAOMIOKAETCS yBENMYe-
Hve nornowweHus 18F-OA1

3n0Ka4YeCTBEHHbIE OMYXONM rONoB-
HOro Mo3ra TakXe MoryT 6bITb UC-
CNeoBaHbl C MOMOLLbIO aHanora
rntoko3bl 18F-O[I7, ogHako Heob-
XOZMMO OTMETUTb, YTO 340P0BbIE
TKaHM M0O3ra y>ke 0TIM4atoTCs Mo-
BblILLUEHHbIM METAB0MM3MOM TIHOKO-
3bl, M MOTOMY 3/T0KA4ECTBEHHO W3-
MEHEHHbIE TKaHW AaHHOK 06nacTm
WHOTia He MOTyT BbITb ONPEAENEHbI
C [IOCTATOYHOU TOYHOCTBHO.

B 70 e Bpems apyrve cyLiecTsy-
towume MAT-UHAMKaTOPbI Ans onpe-
LeNeHns onyxonen ¢ JaHHOMH oka-
nu3aumei He 6bInn JONYLLEHb! Ang
KPyMHOMACLLTabHOro KIIMHUYECKOrO
npuMeHenus (tabn. 1).

06b14HO ¢ nomolbto MAT / KT uc-
cneflyeTcs obnacTb Tena 0T CBO-
[a yepena [0 NPOCKUManbHOW Ya-
CcTu 6enpeHHoi kocTw (8). Mpu He-
06X0AMMOCTM UCCNELOBAHME MO-
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the proximal femurs (8). If
necessary, the imaging area
can be extended to include
the entire body. This makes
sense for instance during stag-
ing of malignant melanomas,
where metastases in the distal
extremities are not unusual.
Depending on the indication
and the previously conducted
examinations, a native low-
dose CT or a full diagnostic CT
including intravenous contrast-
ing can be carried out within
the scope of PET/CT diagnos-
tics. In case of low-dose CT,
the CT data set during the
appraisal is merely used for
the anatomical allocation of the
PET findings (9).

During PET/CT using the low-
dose CT technique, the patient
is exposed to significantly less
radiation than during conven-
tional diagnostic multilayer CT
of the same examination area
(10).

As a matter of principle, PET/
CT whole-body examinations
may be conducted within the
scope of the primary staging
as well as the follow-up of pa-
tients with malignant diseases.
The additional metabolic infor-
mation provided by the PET fa-
cilitate the distinction between
malignant and benign lesions,
e.g. of a lymphatic node iden-
tifiable in the CT image (Figure
2). As a functional procedure,
PET/CT is capable of demon-
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Fig. 3: In case of this patient, the contrast medium-enhanced CT showed a
not clearly classifiable coin lesion in the right superior lobe of the lung as well
as a concomitant, partly locular intrapleural effusion. The 18F-FDG-PET/CT
showed a glucose metabolism of the coin lesion typical of malignant tumours.
In addition, pleural nodules were shown, which also exhibited a glucose
metabolism typical of malignant tumours. The diagnosis lung carcinoma with
pleural carcinosis could thus be made with the help of PET/CT.

Puc. 3: Y nauvenTa npu KT co cpeaHen MHTEHCUBHOCTbIO 001y4eHNs C
KOHTPaCTMPOBAHMEM BbISBNIEHO 06pa30BaHNe HESICHOM 3TUOMOTMK B (POPME MOHETLI B
npaBoii BEpXHeW [0f1e NErkoro, a Takxe BHYTpuniespanbHblid BeinoT. 18F-OA M3T
/ KT nokaablBaeT TUMNYHbIA ANs 3N10KAYECTBEHHOM OMyX0Nn MeTab0oNN3M MHOKO3bI.
Kpome T0ro, BbisiBAIEHbI NAEBpasbHbIE Y3emKK C TEM e MeTaboam3MoM. Takum
06pa3om, MOXeT ObITb NOCTABNEH AMArHO3 — pak Nerkux ¢ KapLMHOMaTo30M MNespbl.

strating a response to a radio-
therapy or chemotherapy at an
early stage, so that for example
an ineffective chemotherapeu-
tic regime can be adapted as
early as possible (11). Fur-
thermore, PET/CT following a
chemotherapy or radiotherapy
is capable of identifying still
existing residual tumour tissue
and contributing to concentrate
the surgical intervention on still
active tumour portions. PET/
CT may also provide valuable
information for the assessment
of the operability of a specific
tumour. An additional field of
application of the PET/CT is the
radiotherapy planning for the
purpose of limiting the target
volume to still vital tumour por-
tions or metastases (12). In the
following sections we take a
closer look at the tumour enti-
ties that are most frequently
indicated for 18F-FDG-PET/CT
diagnostics:

XET BbITb PACPOCTPAHEHO Ha BCe
T€N10.3T0 UMEET CMbIC, HaNpK-
Mep, Npy 310Ka4eCTBEHHOW Mena-
HOME, KOTia 4acTo 06HapY>XMBAtoT-
Csl MeTacTasbl B AUCTaNbHbIX OTAe-
nax KoHeuyHocTei. B 3aBucumocTy
0T MOKa3aHWi W paHee NpoBeLeH-
HbIX 06cnefoBaHni B pamkax 19T/
KT-omarHoCTvkmn MOXeT MPOBOANT-
cs 06bl4Has KT ¢ HU3KOIA N C Bbl-
COKOW Ny4€BOiA HArpy3KoW, B TOM
ymMcne C KOHTPACTUPOBaHNEM.

B cnyyae KT ¢ Hu3koid 030 Mo-
NyYeHHble fAaHHble BO BpeMs o6pa-
60TKM MCNONb3YIOTCS ANS ONpese-
NEHMS aHATOMMYECKOW NoKanuaa-
umu ganHbIx MAT (9). Mpu MAT / KT
C UCNOMb30BaHNEM HEBONBLLON fy-
4eBOW Hapy3Ku NauneHT noasep-
raeTcsi 3HaYNTENbHO MEHbLLEMY
PEHTTEHOBCKOMY M3My4eHItO, Yem
npu MHOrocnokHbIX KT (10).

M3T /KT Bcero Tena MOXET Npo-
BOAMTCS C LIENbHO KaK AnarHoCTUKM,
TaK 1 HabMIOLEeHUs BO BPEMS Nieye-

NnaT /KT

HUs 1 nocne Hero. [lononHuTens-
Has MHopmMauus 0 MeTabonuye-
CKMX M3MEHEHMSIX, MPELCTaBNEHHOM
[13T, no3BonseT pa3nnyatb 310- 1
Lo6poKavecTBEHHbIE 06pa3oBa-
HUS, HAaNpUMep, U3 IMMGATUIECKNX
Y310B, KOTOPblE ONPeaensTCs Ha
KT n3obpaxenusx (puc. 2).

Metog M3T / KT cnocobeH npoge-
MOHCTPMPOBATbL PEAKLMIO Ha fyue-
BYHO UM XMMUOTEPANHKO Y>KE Ha
paHHel cTaguy NeyeHns, 4to faet
BO3MOXXHOCTb KaK MOXHO paHbLue
CKOPPEKTMPOBaTh XUMUOTepanes-
Tuueckuin pexxum (11). Kpome Toro,
M3T /KT nocne nposeaeHns xu-
MMO- UAM Ny4EeBO TEpanumu No3Bo-
NSIET BbISBUTL OCTATOYHbIE TKaHM
OMyXOmnu 1 NMOMOraeT CCYLEeCTBUTb
TOYHOE U 3PPEKTUBHOE XMPYPri-
4eckoe BMELLATensLCTBO Mo yaane-
HUIO eLLe aKTMBHOM 4acTy OmyXo-
. AT / KT moxeT Takxe npe-
[OCTaBMATH LIEHHY0 MHOopMaLIO
NS OLEHKM aKTUBHOCTM ONYX0JM.
Kpome Toro, M3T / KT ncnonayer-
Cs AN NNaHMPOBaHUs pagnoTepa-
MUK C LENbIO OrpaHnyeHns obbema
MuLLEeHn (12).

B cneaytowmx pasaenax Mol 60o-
nee noapobHO PacCMOTPUM OMyX0-
neBble 06pa30BaHus, Ans BbisBNe-
Hus KoTopble nposoautes 18F-OL
MM3T / KT-auarHocTuka.

Pak nerkux

lMposepenme NIT / KT nokasaHo B
Ccry4ae KpyrnHo- 1 MeNKoKNeTO4HOM
KapLMHOMbI NETKNX NETKNX Ans an-
arHOCTWKM OMyXONK Ha paHHei cTa-
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Lung Carcinomas

PET/CT is indicated for both
macrocellular and the less
frequent parvicellular lung car-
cinomas to determine the initial
tumour stadium as well as to
verify relapses and character-
ise unclear pulmonary masses
(Figure 3). Due to the verifica-
tion of previously unknown
distant metastases, PET/CT
can contribute to avoiding
unnecessary surgical interven-
tions (13).

In addition, the number of
mediascinoscopies can be
reduced as a result of the ac-
curate lymphatic node stag-
ing. PET/CT is also useful for
the definition of the biological
target volume in radiotherapy.
The superiority of PET/CT over
standard procedures can be
seen to emerge in the assess-
ment of the treatment re-
sponse and the prognosis.

Colorectal Carcinomas
Primary diagnostics is a domain
of endoscopic procedures;
however, PET/CT holds a solid
position in staging and relapse
diagnostics (14, 15). When
treating hepatic metastases,
PET/CT is perfectly suitable

for assessing the treatment
success both after surgical re-
sections and minimal-invasive
methods, such as the radio
frequency ablation or the selec-
tive internal radiotherapy.

Pancreas Carcinomas

The combined functional-mor-
phological information provided
by the PET/CT is particularly
useful during the verification

of relapses at known pancreas
carcinoma. PET/CE allows for
the differentiation between
malignant and benign tumours
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in the primary situation to a
limited extent only. The lo-
calisation of regional lymphatic
node metastases and distant
metastases represent further
indications.

Oesophageal Carcinomas
Since this tumour entity usu-
ally exhibits an extremely
enhanced glucose metabolism,
the PET/CT is principally suit-
able both for primary staging,

in particular for the assessment
of a lymphogenic metastatic
spread, and follow-up and re-
lapse diagnostics. Furthermore,
there is an interesting approach
of therapy monitoring during
ongoing treatment in order to
adapt an ineffective chemo-
therapy regime at an early
stage, if required.

Head and Neck Tumours
As a multimodal examination
method, PET/CT is perfectly
suitable for the assessment
of primary tumour extensions
as well as the detection of
lymphatic node and distant
metastases. In up to 50% of
the cases, the PET/CT result
may lead to the adaptation of
the treatment regime. PET/CT
is meanwhile also being used
for radiotherapy planning.

Mammary Carcinomas

In principle, PET/CT is capable
of verifying both the primary
tumour and lymphogenic and
haematogenic metastases,
although it only exhibits a low
sensitivity for small mammary
carcinomas. This procedure is
thus not suitable as screening
examination or for the assess-
ment of the primary tumour.
PET/CT is indicated for the
clarification of a lymphogenic
or haematogenic metastatic

AWK, @ TaKXe ANS BbISBNEHUS pe-
LIMAMBOB W YTOUHEHMUS NPUPOLbI
NEeroyHbIX 06pasoBaHmil. (puc. 3).
Bnaropaps BbISBNEHMIO paHee He
onpenensiemMbix 0TAANEHHbIX MeTa-
cta3os 3T / KT nomoraet u3be-
XaTb HEHYXKHOTO XVMPYPrU4ecKoro
BMeLuatenscTaa (13). Kpome Toro,
MOXET 6bITb YMEHBLLEHO YUCIO
MPOBOANMBIX MeANACTUHOCKONMIA
Kak pesynbTaT BbISBNEHUS C MOMO-
LUbI0 JAHHOrO MeToAa MMMaTu-
yeckmx yano.. MAT / KT Takxe no-
ne3Ha ans onpenenexus 6uonoru-
4ecKoro 06bema MULLIEHN B paauo-
Tepanuu.Mpenmywectso MAT / KT
MO CPABHEHMIO CO CTAHAAPTHBIMM
npoueaypamu COCTOMUT B TOM, YTO
MOXXHO OLIEHMTb PeakLyto Ha Mpo-
BOAMMYHO Tepanuio 1 nporHo3upo-
BaTb [alNbHEMLLEE NIeYeHMe.

KonopekTanbHbii pak

MepBuyYHas ANArHOCTMKA AaHHO-

ro BUAA paka oTHocuTCs K o6nactv
9HLOCKOMMYECKMX NPOLIEAYP, OAHA-
ko M3T / KT umeeT cepbesHbie npe-
WMYLLIECTBA NPW YTOUHEHWM CTa-
JnKn 3a60NeBaHNst U B AMarHoCTH-
ke peunamsos (14, 15). Mpu neyve-
HWM NeYeHOYHbIX MeTacTas3os MAT
/ KT npeansHo NoAxoauT Ans OLeH-
Ki 9PPEKTUBHOCTY NEYEHNs Kak
MOCINe XMPYPruveckon pesexkumm,
TaK 1 nocne NPUMEHEHNS MUHUMH-
Ba3MBHbIX METOAOB — PAANOYACTOT-
HOM abnsALUMK UNW CENEKTUBHON BHY-
TPEHHeN paavoTepanim.

Pak nomxenynoy4Hoii xenesbl
Kom6uHupoBaHHas
(pyHKLMOHANBHO-MOPAoNornyeckas
MHcbopMaLWs, NONyYeHHas npu npo-
BeaeHum M3T / KT, ocoberHo no-
ne3Ha npu SuarHoCTuKe peuman-
BOB paka NoKENyA0YHON XKENe3bI.
M3T /KT no3eonsieT npoBoAuThL
audpdhepeHLmaLmio Mexay 310- v
A06pOKAYECTBEHHBIMW NEPBUY-
HbIMW ONYXONSAMU C OrPaHNYEHBIM
pacnpocTpaHeHnem, a B fanbHei-
LUEeM — BbISBNSTb METACTa3bl B pe-

NnaT /KT

F'MOHapHbIe J'IVIMq:)aTMHeCKMe y3nbl 1
O0TAaJieHHble MeTAcTa3bl.

Pak nuwesopa

lMockonbKy Anst yKazaHHOW Onyxo-
1 XapaKTepPeH MOBbILLEHHbIA Me-
Tabonuam rnoko3bl, M3T /KT nog-
XOAMT ANS NEPBUYHON AMArHOCTH-
Ki1, 0COBEHHO NS OLEHKN NUMO-
FEHHOr0 MeTacTasnpoBaHus, a Tak-
XK€ HabMAEHNS W [NarHOCTUKK pe-
umaneoB. Kpome TOro, MMEeTCs MH-
TEPECHbI NOAX0A K MOHUTOPUHIY

3 HEKTUBHOCTI Tepanum BO BpeMst
HENPEPbIBHOMO NEYEHMS C LIENbIO
afanTaumn HeapeKTUBHbIX Pexu-
MOB XMMWUOTEPANNM HA PaHHWX CTa-
AKX IEYEHNS.

Onyxonu ronosbl 1 Weu

Kax MynbTUMOfanbHblii METOZ UC-
cneposanus, M3T / KT ugeansHo
NOAXOAMT NS OLEHKM pacnpocTpa-
HEHUs! BNepBble AMarHOCTUPOBaH-
HO¥ OMYX0NM, @ TaKKe BbISBNEHUS!
MMEaTUYECKnX y3n0B W 0TAaneH-
HbIX MeTacTasoB. B 50% cnyyaes
nposegenue MAT / KT moxeT npu-
BECTM K U3MEHEHMIO PEXMMA Neve-
Hus. MAT / KT Takxe nenonbayeT-
Cs AN NNaHMPOBaHUS Ny4eBOiA Te-
panum.

Pak MOno4HoOM xenesbl

B uenom ¢ nomouwbto MIT / KT
MO>HO [IMarHoCTUpOBAaTh NePBMY-
HYt0 OMyX0Jib U IMMEO- 1 remaTto-
FeHHble MeTacTasbl, HECMOTPS Ha
TO, 4TO METOL CNabo YyBCTBUTENEH
NPy ManbIx pasmepax KapUuHOMbI
MOJIOYHOI XXenesbl.

OTa npoueaypa, TakuMm 06pa3om,
He NMOAX0AUT B KA4ECTBE CKPUHMH-
roBoro 06cneAoBaHMs unu ans
OLIEHKY NepBuryHOiA onyxomnu. M3T/
KT nokazaHa ans yTOYHEHUS M-
(0- M reMaToreHHoro MeTacra-
3MpOBaHWS, ANS OLIEHKM pacnpo-
CTPaHEHHOCTM OMYXONM NPWU MECTHO
pacnpoCcTPaHEHHOM pake MOJSIOUHOM
XXenesbl, a TakXe Ans AMarHocTu-
Ki peumansea.
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Fig. 4: Male patient status post malignant melanoma. The FDG-PET/CT was performed as
whole-body staging and detected a solitary osseous metastasis in the medullary cavity of
the left femoral shaft.

Puc. 4: MaumeHT co 3nokavecTBeHHo MenaHomoi. 18F-OI MAT / KT scero Tena BbisBuna
O[IMHOYHBIN KOCTHBI MeTacTa3 B MO3roBOW NONOCTH Anacuaa nesoi 6epeHHoN KoCTu.

spread, for the assessment of
the tumour extension at locally
advanced mammary carcino-
mas as well as for relapse
diagnostics.

Malignant Lymphomas
PET/CT is increasingly used to
assess the remission status
after the treatment in order to
distinguish a non-vital residual
tumour mass from still vital
tumour portions. Another indi-
cation is the therapy monitor-
ing during ongoing treatment
for the purpose of adapting an
ineffective therapeutic regime
at an early stage, if required.
In principle, PET/CT can also
be used for primary staging,
although it cannot replace the
invasive bone marrow biopsy.

Malignant Melanomas
Malignant melanomas usually
exhibit an extremely intensive
FDG uptake. PET/CT is cur-
rently used for lymphatic node
staging as well as the detec-

tion of distant metastases and
in relapse diagnostics (Figure
4). The existence of cerebral
metastases should, however,
be excluded by means of MRI.

Cancer of Unknown Primary
Syndrome

In one to two-third of the
cases, PET and/or PET/CT
leads to the localisation of the
primary tumour after adequate
but futile diagnostics including
previous radiological sectional
imaging. Moreover, the PET re-
sult leads to the adaptation of
the therapeutic regime in about
50% of the cases. In case of
suspected neuroendocrine
primary tumour, a somatostatin
analogue should be used as
tracer instead of 18F-FDG.

Testicular Tumours

Whereas the significance of
PET/CT in primary staging is
currently still disputed, the
assessment of residual tumour
tissue after chemotherapy of

3noka4yecTBEHHbIE NUM(OMbI
M3T /KT Bce valLe ucnonbayeT-

CS ANs OLEHKW pemMmuccum nocne ne-
YeHusl, 4TOObI OTNINYMTDL HEXMN3HE-
CMOCOBHYKO OCTATOUHYKO Maccy ony-
XOMK OT OCTAtOLLENCS aKTUBHOW ee
yacTu.

[pyroe nokazaHue K NpuMeHeHIo
— MOHWTOPUHT 3hPEKTUBHOCTM
NEYeHns BO BPEMS TEKYLLEro Kyp-
ca C Lienbio KoppeKLnm Headhdhek-
TMBHOIO TEPaNeBTUYECKOr0 PEXU-
Ma Y€ Ha paHHeii ctaauu. B npuk-
umne NAT / KT Takxe MOXET OblTb
“Cnonb3oBaHa Ans NepeUYHON ana-
FHOCTMKM, XOTS OHA U HE MOXET 3a-
MEHWTb BUOMCMID KOCTHOrO MO3ra.

3nokavyecTBeHHast MeslaHoOMa
3noka4ecTBeHHast MenaHoma 06bI4-
HO MHTeHcMBHO nornowaet OAr.
M3T /KT HblHe ucnonb3yeTcs ans
BbISIBNIEHWS) BOBNIEYEHHbIX B NATO-
NOTUYECKMIA MPOLIECC NIMdaThye-
CKWX y30B, @ TaKXXE OTAaNEHHbIX
MeTacTasoB ¥ B AMArHOCTUKE pe-
LmamBoB (puc. 4). MeTacTasbl B ro-
NOBHOM MO3T, 04HAKO, [OMKHbI
ObITb UCKNKOYEHBI C MOMOLLbH0 MPT.

Onyxonu ¢ HeBbISIBNEHHOIA
NepBUYHOI JIoKanu3saumei

OT o4HOM [0 OBYX TPeTel npoBe-
fenubix N3T uam N3T / KT npuso-
[NT K BbISIBNEHWIO NEPBUYHON ONy-
XONW [aXKe nocne NpaBuiibHO Ha-
3HAYEHHbIX, HO 6ECNONE3HbIX N0
pesynbTaTam AuarHoCTUYECKMX 06-
CNeLoBaHWK, BKIOYas pasvono-
TMYECKYHO NOCTOWHYI0 BU3yanu3a-
umto. bonee Toro, pesynbtathl [T
noKa3bIBAOT HEO6X0AMMOCTb 13-
MEHEHs TepaneBTUYECKOrO pe-
XnMa npumepHo B 50% cnyyaes.

B cny4ae nonospeHns Ha nepsuy-
HYHO OMyX0Jib HENPOSHAOKPUHHOM
cuctembl BMecTO 18F-O nomxkeH
ObITb UCMONB30BAH aHanor coMaTo-
cTaTuHa.

Onyxonu auyka

3Havenve N3T /KT B nepsuyHOM
[MarHoCTUKE B HACTOsILLEE Bpe-
Mst MO-MPEXXHEMY OCTAETCS MCKY-
TabenbHbIM. OHaKO nokasaH1em
K e NPOBeAEHUIO SIBNSIETCS BbIsiB-
NeHNe OCTATOUHOW TKaHWU OMyX0nu
nocne XMMUoTEPaNuN Npn NEYEHUH
KapLMHOMBbI sinuka. He cemmnHoma-
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seminal carcinomas constitutes
a clear indication. By contrast,
non-seminomatous tumours,

in particular if they are small,
might not be detected by
means of PET.

Conclusion

In summary it may be said that
PET/CT diagnostics is already
the preferred imaging method
for a great number of indica-
tions and exhibits the potential
of rising to a standard position
in oncologic diagnostics (16).
PET/CT can be an extremely
useful diagnostic instrument
also in case of non-oncologic
problems, such as the localisa-
tion of the focus of inflamma-
tion, brain diagnostics as well
as the assessment of the heart
and vessels, e.g. vasculitides.
It can be assumed that due to
the wide range of new, very
specific PET radiopharmaceu-
ticals available, PET/CT diag-
nostics will continue to gain in
significance in the near future
and the already considerable
indication spectrum of this
procedure will be significantly
extended.
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Indications for PET/CT and suitable PET radiopharmaceuticals

Oncology
ceuticals

Standard radiopharma-

18F-fluorodesoxyglucose

NCIEENEERENES 18F-sodium fluoride

Prostate and urothelial

carcinomas

Neuroendocrine tumours

18F- or 11C-choline

Somatostatin receptor
ligands

Neurology 18F-fluorodesoxyglucose

Epilepsy diagnostics

18F-fluorodesoxyglucose

18F-fluoroethyltyrosine

Inflammatory

Diagnostics vasculitides, etc.

Cardiology

Myocardial perfusion

Table 1
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TO3HbIE XK€ ONyX0nu, 0COBEHHO He-
60MbLUMX pa3MepoB, He MOTYT ObITb
06Hapy>XeHbI ¢ NoMOLLbHo M13T.

3aknioyeHue

M3T /KT anarHocTuka yxe ssans-
€TCH NPEANOUTUTENbHBIM METOAOM
BM3yanm3auum ¢ 60MbLLIMM YUCIOM
noKasaHuii K NpOBEEHNIO U MOXET
CTaTb CTaHAAPTHbIM METOAOM [na-
FHOCTVKM B OHKONOrUK (16).

M3T / KT MOXET 6bITh 4Ype3Bblyait-
HO NONE3HbIM METOAOM ANArHOCTH-
K1 1 B ApYyrux 06nactsix Meauum-
Hbl: Ans NOKanM3auum ovara socna-
NEHNS, NP AnarHocTvKe 3abonesa-
HWiA FOMOBHOMO MO3ra, A1 OLEHKM
COCTOSHWS CEpALA 1 COCY 0B, Ha-
npumep, Npy BackymTax.

MOo>XHO MPEANONOXMTb, YTO B CBS-
31 C MOSIBNIEHNEM HOBbIX Pafno-
(hapmnpenapartos

3HaveHue 3T / KT-guarHocTukm
OyneT Bo3pacTartb, a CnekTp no-
Ka3aHWi K ee NPOBEAEHMIO 3HAUM-
TEMbHO PACLUMPHTCS.
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Introduction

Liver resection is the curative
treatment approache of choice
for patients with primary and
secondary liver tumors. Only

in selected cases of early HCC
in cirrhosis liver transplantation
might be considered as alterna-
tive curative strategy. Other
medical and interventional
strategies like chemotherapy,
chemoembolization, local
tumor ablation and radioem-
bolisation are not thought to be
of curative nature. Therefore,
liver resection has evolved as a
frequent and safe surgical pro-
cedure within the last decades.
Based on the promising long
term results of liver surgery
for cholangiocarcinomas [1],
hepatocellular carcinomas and
liver metastases, mainly of
colorectal origin the extent and
complexity of liver surgery has
markedly increased recently, to
offer even patients with large
or multifocal tumors a surgical
treatment option, if no extrahe-
patic tumor manifestations are

present. Consequently, small
residual livers remnants after
resection can be a significant
problem for postoperative liver
function as well as for effective
regeneration of the liver. Ac-
cordingly, residual liver volume
and moreover residual function
has evolved as the major deter-
minant for surgical resectabil-
ity. Whereas a totally normal
liver in young individuals can
regenerate, even if 75 to 80%
of the liver are removed at one
time (fig. 1), this critical liver
mass is significantly lower in
older patients and in patients
with preexisting liver damage.
Therefore, especially in critical
cases and extended liver resec-
tions, accurate measurement
of preoperative liver function
and thereby prediction of post-
operative residual liver func-
tion are the most challenging
tasks in preoperative patient
evaluation. Since postoperative
liver failure is a potentially life
threatening condition and a ma-
jor cause of mortality after liver
resection the risk-benefit ration
of an individual operation can
only be adaequately judged un-
der precise knowledge of the
postoperative liver function.

[lporpecc B Xu-
Liver Surgery pypruu neyexu

KntoueBble cnoBa: xupyprus neye-
HU, (OyHKLMOHAMbHbIE NPOBLI Neve-
HU, PE3EKLNS NEYEHM, NeUeHOYHbIE
MeTacTasbl, ONyXomnu NeYeHu, re-
naToLeNonApHas KapLnuHoma, xo-
NaHruoxKapLmHoma

BeepeHue

Pe3exums neyeHn npuMeHsieTcs y
MauUMEHTOB C NEPBUYHBLIMM W BTO-
PUYHBIMK OMYXONsIMU. TOMbKO B OT-
LENbHbIX CyYasix renaToLento-
NSPHOI KAapLUMHOMbI HA paHHMX CTa-
AVSIX NPY LIMPPO3€ NEYEHN TPaHC-
naaHTauns MOXET paccMaTpuBaTh-
€S KaK anbTepHaTBHas nevebHas
ctpaterus. [lpyrve MeanMKkameHTos-
HbIE 1 UHTEPBEHLMOHANBHBIE METO-
[Obl, Takne Kak XuMuoTepanus, xu-
MWUO3IMOO0NM3aLMs, MECTHbIE abns-
LMK ONyXxomnu 1 pazanoaMeonn3aumu
He cunTatoTCs 3(hHEKTUBHbIMK. Ta-
KM 06pa30M, B TEYEHMUe nocnes-
HWX AECATUNETMIA PE3EKLMS NEYEHM
pa3suBanack kak 0CHOBHOW 1 6€30-
NacHbIi XMPYpPruvecknii MeToA.
MepcnexkTuBHbIE JONTOCPOUHBIE pe-
3yNbTaTbl XMPYPru4eckoro neve-
HWS XONaHrMoKapumHoMsl [1], rena-
TOLENMIONSPHON KapLUUHOMBI 1 Me-
TacTasoB B Ney4eHb, B 0CHOBHOM KO-
NIOPEKTANLHOrO MPOMUCXOXKAEHNS,
CnocobCTBOBANM B NOCNELHEE Bpe-
MS1 BO3PACTaHWO YPOBHS CMOXHO-
CTW XMPYPruv MEYEHN, YTO NO3BO-

nseT npeanaratb ANg NaUMEHTOB
[aXe C 60MbLUMMM Ui MyNbTUChO-
KanbHbIMW OMYXONSMU XUPYpruye-
CKWUN METOZ NeYeHms (Mpn oTCyT-
CTBUM BHEMEYEHOUHbIX MPOSIBEHNIA
onyxonu). OfHaKo HeaoCTaToOuHOE
KONMYECTBO OCTABLLEICS nocne pe-
3EKLMM NAPEHXUMbI MEYEHN MOXKET
ObITb CEpbE3HON NPOBNEMOit ANs ee
NOCNeonepaLmoHHOro (OYHKLUMOHM-
POBaHKS, a TaKxe APPEKTUBHOMN
pereHepauum.

COOTBETCTBEHHO, OCTATOUHbIN 06b-
€M NneveHu 1 ee (yHKLUMOHMPOBA-
HUWe NMochNe Pe3eKLmn CTanm 0CHOB-
HbIMM (DaKTOPOMM, ONPEAENSIHOLLM-
MM pe3ekTabenbHOCTb. B To Bpems
Kak HopMasibHas neyeHb y MoAo-
[bIX UL, MOXET PEreHepu1poBaTb,
[aXe eCnv eMHOBPEMEHHO yaane-
HO 0T 75 10 80% ee 0bbema (puc.
1), y NOXMMbIX NALMEHTOB 1 Y Na-
LIMEHTOB C NOBPEXAEHHOM Neve-
HbHO 3Ta KPUTUYECKAS MAcca 3HauM-
TeNbHO MeHbLLe. [oaTomy, ocoben-
HO B TSKENbIX CAy4asx v npu pac-
LUMPEHHbIX PE3EKLMSAX NEYEHM, TOY-
Hoe onpefenerne yHKUNOHAMbHO-
ro pe3epsa neveHn nepes onepa-
LiMeid 1, TEM CambIM, MPOTHO3MPO-
BaHWe NocneonepaumoHHbIX qyHK-
LIMOHaNbHbIX BO3MOXHOCTEN OCTaB-
LUeiics nocne pesexkumn 4acTu ne-
YeHn ABnseTCs Hambonee CoXHON
3afavei B NpesonepaunoHHoM 06-



Liver Surgery

German
Medical
Journal

ol
[0
ypHaN

Lana 1
rleneny
Ma

[

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Xupyprus neyetu

Fig. 1: Future liver remnant (FLR)
after liver resection: the percentage
of the future liver remanant sufficient
(green), probably sufficient (orange)
or not sufficient (red) in an healthy
individual after one stage liver resec-
tion is shown on the left. In contrast
using modern techniques in liver
surgery the future liver remnant
(determined at initial diagnosis) might
be significantly lowered as discussed
in the text by several methods (right
column). Due to liver functional im-
pairment in some patients scheduled
for liver resection even markedly
lower percentages of future liver
remnant might be tolerated in mod-
ern medicine (see text).

This is especially true, since

on the one hand the limits of
liver surgery are continuously
pushed towards smaller liver
remnants using several meth-
ods of modern liver surgery
described below. On the other
hand the critical liver volume as
percantage of total liver volume
is potentially decreased in sev-
eral subgroups of patients with
preexisting impaired liver func-
tion (fig. 1). The latter is due to
several reasons. Many patients
undergoing liver surgery have
been treated by chemotherapy
previously and it is well known,
that chemotherapeutic agents
impair liver function for several
weeks [2] and in addition a
certain percentage of patients
will retain a chronic liver dam-
age like the sinusoidal obstruc-
tion syndrome after oxaliplatin
based chemotherapy (FOLFOX)
or chemotherapy associated
steatohepatitis (CASH) after
irinotecan based protocols
(FOLFIRI). Both of these
conditions are known to be
associated with an increased
rate of complications after liver
surgery, patients with mani-
festation of steatohepatitis
show additionally an increased

conventional liver surgery

future liver remnant future liver remnant

100 % 00 %
90 % 90 %

80 % B0 % _

raby
70% 70 %
60 % 60 %
50% 50 %
40%" 40 %
30 % 30 %
20% 20 %
10 % 10%
inoperable
D% 0%
healthy individual patient with potentially compromised liver
+

function (e.g. viral hepatitis, chemotherapy)
+ medem liver surgery

postoperative mortality. Also
patients with severe steato-
sis of the liver, liver cirrhosis
and/or viral hepatitis have an
impaired functional and rgen-
erative reserve of the liver and
thereby a potentially increased
risk for postoperative compli-
cations. The same is true for
older patients over 70 years of
age, which still can undergo
liver resection at an accept-
able risk, but only if adaequate
patient selection is assured.

Preoperative Workup

Major aim of the preop-
erative diagnostic measures
is to exclude any condition
which contraindicates surgi-
cal resection, either form

the oncological point of view
(i.e. irresectable extrahepatic
disease) or from the surgical
point of view (i.e. insufficient
liver function for the planned
extent of liver resection). The
latter is obvious for patients
with planned extended liver
resections (removal of more
than 4 segments) but for the
reasons discussed above
equally important in patients
with minor liver resections or
standard hemihepatectomies.

cnenosaHuy naunenTa. Mfockonbky
nocneonepauvoHHas neveHouHas
HELOCTaTOYHOCTb SBNSETCA NOTEH-
LanbHO ONAaCHbIM ANs XXU3HK CO-
CTOSIHUEM W OCHOBHOW NPUYMHOM
CMEPTHOCTM MOCAE Pe3eKLmun neve-
HM, OLIEHKA «PUCK/NOMb3a» KaXaou
OTZENbHOW onepaLmmn MoXeT BbITb
OCyLLECTBIEHA TOMbKO HA OCHOBE
TOYHOrO NPOrHO3a nocneonepauu-
OHHOM (DyHKLMM NEYEHM.

910 0CO6EHHO aKTyanbHO, NOCKOMb-
Ky, C OIHOW CTOPOHbI, XMpYprus ne-
YeHW pa3BMBAETCS B HANPaBAEHM
OCTaBMNEHMS BCE MEHbLUNX 06bEMOB
neyeHn (HECKOMbKMX METOL0B CO-
BPEMEHHO XMPYPriv MEYEHN onu-
caHbl Hxe). C pyroit CTOPOHI,
KpUTUYECKWI1 06bEM yaansemoi ne-
YeHW B BUAE NPOLEHTOB OT 06LLe-
ro 06bema NnocTerneHHo CHKaeT-
Cs1 B HEKOTOPbIX NOArpynnax naum-
€HTOB C NPEeBapUTENbHO HAPYLLEH-
HbIMW (OYHKLMAMM NeyeHm (puc 1).
MocnefHee CBA3AHO C HECKONbKU-
MM NpUYMHAMK.

MHorve naumeHTbl, KOTOPbIM Bbl-
NOMHSETCS Onepauns Ha neyenu,
NpeBapuTenbHO NMPOXOLAAT XUMMO-
Tepanuto, 1 XOPOLLIO U3BECTHO, YTO
XMMWOTEpaNeBTMYECKME npenapa-
Tbl B TEYEHUE HECKOMbKNX HEAENb
HapyLLaKT (yHKLMM Neyenm [2).
Kpowme Toro, y onpeAeneHHoro npo-
LieHTa 60MbHbIX COXPAHETCS XPOHM-

Puc. 1: Cnea — 6yayLuuii 0cTaTok neye-
Hu (BOM) nocne peaexunm nevenm y 3ao-
POBOrO YenoBeka: A0CTAaTO4HbIA (3ene-
HbIl), BEPOSTHO AOCTATOYUHBIN (OpaH>Ke-
Bbli1) NN HEAOCTATOuHbINA (KpacHbliA). Co-
BPEMEHHbIE TEXHONOTMN N METOAbI pea-
GunnTaumn B XMpYpruy neyeHun no3sons-
tOT 3HAYNTENBHO YMeHbLLIMTL 06bem BOT
(Npasas KonoHka). B cBA3m ¢ (hyHKLMO-
HaNbHbIMY HAPYLLEHNAMI MEYEHU Y HEKO-
TOPbIX NALMEHTOB, KOTOPLIM MNaHKpyeT-
CS1 PE3eKUNst NeYeHm, B COBPEMEHHOI Me-
ANLMHE JONYCKAeTCs 3aMETHO MeHbLLIIA
o6bem 6yayuiero 5O (cMm. TekcT).

4ecKoe NOBPEXAEHNE NEYEHH, KaK,
Hanpumep, CUHYCOMAANbHbIN 06-
CTPYKTWBHbIA CUHAPOM NOCTE XUMU-
OTepanuu Ha 0CHOBE oKcanuniaTu-
Ha (FOLFOX) unm cTeaTorenatwr,
CBSA3AHHbIN C IEYEHWEM MO NPOTO-
Konam C NpUMEHeH1eM MpUHOTeKa-
Ha (FOLFIRI).

O6a 311 ycnoBus, Kak U3BECTHO,
CBAA3aHbI C yBENMYEHNEM NoKa3aTe-
N5 NOCNEONEPaLMOHHBIX OCOXHE-
Huit. K TOMy XK€ y NauneHToB ¢ npo-
SBMEHUAMM CTeaTorenaTuTa onac-
HOCTb NETanbHOr0 MCX0Aa nocne
onepauum 3aMeTHO BO3pacTaeT.
Takxe naumeHTbl ¢ TAXENbIM CTe-
aTo30M NEYEHM, LIMPPO3OM NEeYeHN
W/ MK BUPYCHbIM renaTuToM uMe-
tOT CHUXXEHHBINA (DYHKLUMOHANBHBINA

W pereHepaTu BHbI PE3epB NeYeHu,
W NOTOMY PUCK NOCNEONepaLmoH-
HbIX OCTIOXHEHWIA Y HuX 6onee Bbl-
COK. TO >Xe xapaKTepHo 1 Ans no-
XMMbIX NaUKEeHTOB cTapLle 70 neT,
KOTOPbIM MOXET BbITb BbIMONHEHA
Pe3eKLMs NEYEHN C MUHUMAMbHbBIM
PUCKOM NPY YCIOBUW X fleKBATHO-
ro otbopa.

NpenonepauuoHHoe ob6cneno-
BaHue

OCHOBHOI LienbHo npeaonepaunoH-
HOr0 iMarHocT14eckoro obeneno-
BaHUA ABNAETCA UCKTHOYEHNe NHo-
60ro ycnoBus, KOTOPOE SBANAET-



Medical ey

H el
|
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To minimize the risk of of the
planned surgical intervention is
fundamental, since liver failure
is still a major cause of mortal-
ity after hepatectomy.

Evaluation of liver function:
Predicting postoperative liver
function has been the Achilles’
heel of liver surgery for many
years. Until recently it was dif-
ficult to adaequately measure
liver function due to limita-
tions in liver function testing.
Conventional blood parameters
as surrogates for liver function,
e.g. serum albumin, bilirubin or
coagulation parameters (INR)
have been shown to be unreli-
able for the prediction of the
residual liver function, since
these parameters may remain
compensated, even under
presence of markedly impaired
liver function. Several dynamic
tests for the assessment of
liver function like the MEGX-
test and the ICG-clearance
have been developed, however
the specificity and the predic-
tive value of these test is still
unsatisfactory, and therefore
they are of limited value in
modern liver surgery. A novel
test protocol, termed LIMAX
(maximum liver function capac-
ity) test, has been developed
at the Department of General,
Visceral and Transplantation
Surgery at the Charité Hospital
in Berlin since 2003 to over-
come these limitations [3].
The LIMAX test measures the
metabolism of *C labelled
methacetin, which is metabo-
lized exclusively in the liver by
a hepatic cytochrome P450
1A2 isoenzyme, which is
ubiquitously active throughout
the liver but not found outside
the liver. After i.v. injection, the
labelled methacetin is instantly
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metabolized into acetami-
nophen and "#CO, which is
pulmonarily exhaled. The ratio
of the *CO, : ?CO, can be
determined online by a suit-
able device which is directly
connected to the patient (fig.
2a). Thereby, breath analysis

is performed automatically

and liver function capacity is
calculated from the kinetics of
the *CO, : 2CO, ratio over a
period of 60 min as described
in detail previously [4]. The
test has been established for
several years, and it has been
shown among others, that the
resection of a certain percent-
age of liver volume leads to

an equivalent decrease in the
LiIMAX value after surgery.
With it, the LIMAX test showed
a significantly higher correlation
(r=0.94; P <0.001, fig. 2b)
with remnant liver volume than
e.g. the ICG test [4]. Especially
in patients with obstructive
jaundice like hilar cholangiocar-
cinoma patients, the ICG dissa-
pearance might be unspecific
and misleading [4].

Liver imaging procedures: By
improvemts in the CT as well
as MRI technigue the detection
and differentiation of primary
and secondary liver tumors

has markedly improved over
the years. Thereby the entity
of a primary liver tumor can be
adaequately predicted based
on imaging procedures (CT,
MRI with liver specific contrast
media) without the need of an
additional liver biopsy in more
than 90% of cases [5]. Also the
diagnosis of liver metastases
has become more sensitive
both by introduction of contrast
enhanced triple-phase mul-
tislice detector CT-scans and
by introduction of liver new

Csl MPOTMBONOKA3aH1eM Ans onepa-
TMBHOIO BMELLATENbCTBA, Kak C OH-
KONOTUYECKON TOUKM 3PEHMS ( He-
pe3eKTabenbHble BHEMEYEHOUHbIE
NPOSIBAIEHNS) , TaK U C XUPYpruye-
CKOW TOYKYM 3pEHMs (Hanpumep, He-
AOCTaTO4HAsH COXPaHHOCTb OYHK-
LM NEYEHM ANs NnaHupyeMon pe-
3eKLmm).

MocnefHee 0CO6EHHO BaXKHO Ans
NaLMEHTOB, KOTOPLIM NaHUPYEeT-
CS1 pacLUMpeHHas pe3ekums neye-
HYW (yLaneHve 6onee yeM 4 cer-
MEHTOB), HO N0 NPUYMHAM, OnK-
CaHHbIM BblLLE, 3TO CTOJTb Xe BaX-
HO 1 ANS MAUMEHTOB, HyXar0-
LUMXCS B MabIX PE3EKLMAX NeYe-
HM UNK CTaHAaPTHON reMurenaTak-
TOMMK. CBECTU K MUHUMYMY pUCK
3annaH1poBaHHOr0 XMPYpPruvecko-
ro BMeLLaTeNbCTBA ABNAETCS (hyH-
[aMeHTanbHON 3aaadei, nocKosb-
Ky NeYeHOYHast HEAOCTATOUHOCTb
Mo-NpeXXHeMy SBNSETCS OCHOBHOM
MPUYMHON CMEPTHOCTY Mocne pe-
3EKLMN NEYEHM.

OueHka (yHKLUmMM neyeHu: po-
THO3MPOBAHWE NOCNE0NePaUMOHHOM
(hYHKLMW 3TOrO OpraHa B TeueHue
MHOTUX NET 6bIN0 axunnecoBoi ns-
TOW Xupyprum neyenn [lo HeaasHe-
rO BPEMEHM 6bI0 TPYAHO OLEHUTH
(OYHKLMW NeYeHn n3-3a 0TCYTCTBUS
HagexHbIx TecToB. O6bI4HbIE Napa-
METPbI KPOBY B KA4€CTBE Cypporart-
HbIX nokasarenen yHKUuM neve-
HU, TaKve Kak, Hanpumep, CbIBOpO-
TOYHbIN anbOyMUH, 6UNUPYOUH N
nokasaTenu Koarynsumu, nokasanm
CBOKO HE3h(PEKTUBHOCTL Anst Npo-
THO3MPOBAHNS (PYHKLMOHANBHBIX
PE3€epPBOB MeYeHu, NOCKONbKY AaH-
Hble napameTpbl MOryT 0CTaBaThb-
Csl KOMMEHCUPOBAHHBIMUM AaXe Nnpu
HaMYMN 3HAUNTENBHO HAPYLLIEHHOM
(PYHKLMM NEYeH.

BbIno pa3paboTaHo HECKONLKO Au-
HaMWYECKMX TECTOB ANS OLEH-

Ki CDYHKLMM NEYeHN, Takue Kak
MEGX-tect n ICG-KnupeHc (knm-
PEHC MHOOUNAHTPUHA), OAHAKO

Xupyprus neyetu

CneumnthuyYHOCTb W MPOrHOCTUYE-
CcKast LEHHOCTb 3TUX TECTOB Mo-
NPeXXHEMy SBASIOTCA HeyLOBNET-
BOPUTENbHbIMK, 1 NTOTOMY B COBpE-
MEHHOW XMPYPruuM NEYEHN UX Npy-
MEHEHUE OrpaHUYeHHO.

HoBbIi NPOTOKON MCCNE0BaHMS,
Ha3BaHHbIA LIMAX (Makcumans-
HbIA (DYHKLMOHANbHbINA pPe3eps ne-
yeHw), KOTOPbIA NOMOT NPELONETb
3TV OrpaHnyeHms, 6bin paspabo-
TaH 1 npumeHsieTcs ¢ 2003 roga Ha
kacheipe obLLeid, BuCLEepanbHoON 1
TPaHCNNAHTALOWOHHON XVpypriv B
knuHuke «LLlapute» B Bepnune [3].

Tect LiIMAX nccnegyet Metabo-
1M3M MeyeHoro u3oTonom 3C me-
TaueTvHa, KOTOpbIA MeTabomaun-
pyeTcs TONbKO B MEYEHN MEYEHOY-
HbIM LmTOXpOMOM P450 1A2 — n3o-
(hepMeHTOM, NPOSBASHOLLMM aK-
TMBHOCTb TONbKO B Nneyeru.MlNocne
B/B BBEIEHWSI MEYEHbI MeTaLle-
TUH MrHOBEHHO MeTabonn3npyeTes
B aueTamuHodeH n *CO,, KoTopbIiA
ynansetcs yepes nerkue. COOTHO-
wenme °CO, : *CO, MOXeET 6biTb
onpeneneHo ¢ NOMOLLbHK NOAX0As-
LLero yCTpoMCTBa, KOTOPOE HEeMo-
CPeACTBEHHO CBA3aHO C NALMEHTOM
B peXKuMe oHnamH (puc. 2, a). Ta-
KM 06pa3oM, aHanu3 BblbIxaeMo-
ro BO3[yXa OCyLUEeCTBASETCS aBTO-
MaTU4ECKH, U (hyHKLMOHAMbHBIA pe-
3€PB NeYeHN PacCUMTLIBAETCS MO-
CPEACTBOM KUHETUKN COOTHOLLEHHS
CO, : 2CO, B TeueHue 60 MuH [3].
TecT UCnonb30Bancs B TEYEHME He-
CKOMbKMX NIET, W 6bINI0 NOKA3aHo, B
4aCTHOCTM, YTO pe3eKums onpese-
NEHHOro 06bema NeYeHN NPUBOANUT
K 9KBMBANEHTHOMY YMEHbLLIEHMIO
3HadeHus LiIMAX nocne onepauuy.
Tak, LiMAX TecT nokasan 6onee
BbICOYH0 Koppensumio (r = 0.94;

P <0.001, puc 2, b) ¢ peaungy-
albHbIM 06LEMOM MEYEHM, YEM
ICG-TecT [3]. Tak, y naumeHToB C
MEeXaHW4eCcKom XXenTyxou, 06ycros-
NEHHON XONaHMOKapLIMHOMOH, 1C-
YE3HOBEHWE MHAOLMAHTPUHA MU
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Fig. 2: Principle of the LiIMAX liver
function test (a) and correlation with
the volume of removed liver tissue
during liver living donation surgery (b)
(according to [3]).

Puc. 2: LiMAXx-TecT (a) 1 ero Koppensuus
C 00LEMOM y/ianeHHbIX TKaHeit neveHm
BO BpeMs orepawmuu no 3abopy neyexu ot
XKMBOrO JOHOPA (B COOTBETCTBUM C [3]).

MRI contrast media. Correct
diagnosis of small HCCs in liver
cirrhosis is often a problem
using contrast enhanced mul-
tislice CT-scans, leading to a
delay of tumor diagnosis. Liver
specific MRI contrast media
like GA-EOB-DTPA have been
shown to significantly improve
the detection of small hepato-
cellular carcinomas in cirrhosis
compared to CT scans and
conventional MRI [6].

In addition, the exact total liver
volume as well as the volume
of the futur liver remnant
(FLR) can be determined by
CT-volumetry (fig. 3a). Combi-
nation of this virtual resection
with the LIMAX liver function
test enables the calculation

of residual postoperative liver
function expressed as LIMAx
value. This value predicts the
risk of liver failure and allows
the implementation of a deci-
sion tree in the preoperative
planning to avoid critical values
of postoperative liver function
[6]. If a critical postoperative
liver function is predicted, fur-
ther methods for conditioning
and growth of the future liver
remnant have to be undertaken
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(see below), or if impossible
non-surgical alternatives are to
be discussed to put the patient
not a risk to undergo a surgi-
cal operation with a very high
risk of severe postoperative
complications.

Tumor staging: Adaequate
preoperative tumor staging

is essential in primary and
secondary liver tumors. Extra-
hepatic manifestations of the
tumor have to be excluded for
primary liver tumors, and they
have to be known for colorectal
liver metastases, since for the
latter resection is only indicat-
ed, if the extrahepatic disease
is also resectable. Especially
for CRLM-patients with a high
risk of tumor recurrence, i.e.
patients with a high clinical risk
score (Fong score) preoperative
PET-CT [7] is recommended to
detect or exclude extrahepatic
tumor burden.

Methods to Increase the
Resectability of Liver Tumors
The early postoperative out-
come is determined by liver
function, liver volume, liver
regeneration and disruptive fac-

ICG-TecTe MOXeET ObITb HECTELM-
hU4eCcKMM 1 BBOASILLMM B 3a0MyX-
Lenve [4].

MeToabl BU3yanu3auuu: 3a no-
CnefHve rodsl bnarogaps yco-
BepLueHcToBanmio KT- n MPT-
TEXHOMOT M BO3MOXXHOCTY BbisiB-
nexns n auddepeHumnpoBaHms
MNEPBUYHBIX 1 BTOPUYHBIX OMyX0-
Nen NeyveHn 3HaUUTeNbHO NOBbICK-
nucb. Tak, nepsuYHas onyxonb ne-
YEHN MOXET ObITb ANArHOCTMPOBA-
Ha nocpeacteom KT n MPT ¢ koh-
TpacTvuposaHuem 6e3 nposese-
HWs 61onCumM neveHu 6onee Yem B
90% cnyyaes [5]. Takxe MeTOAN-
Ka BbISIBNIEHUS! METACcTa30B B neve-
HW cTana 6onee YyBCTBUTENLHOM
3a c4eT pa3paboTkyM KOHTPACTHO-
ro TPexhasHoro MynbTUCIINPaNbHO-
ro KT-ckaHnpoBaHus U HOBOW KOH-
TpacTtHoi MPT nevenu.

OnHako BbIsIBNEHWe HEBObLLIOM re-
naToLentoNspHON KapLUHOMbI NpK
LIMPPO3€ NEYEHM C MOMOLLbHO KOH-
TpacTHOW MynbTUCTMpansHon KT
ABNSETCS NPO6IEMON, UTO NPUBO-
JMT K TPYAHOCTSIM B MArHOCTMPO-
BaHwsi ONyXonu.
CneunanuauposarHas MPT ¢ KoH-
Tpactom Gd-EOB-DTPA nowmora-
€T HaMHOro ahhekTnBHEEe 06Hapy-
XXMBATb renaToLeNIoNapHyH Kap-

LIMHOMY Ha (pOHe Lmppo3a neye-

HM N0 CPABHEHMHO C 0BbI4HbIMK KT
n MPT [6]. KpomMe TOro, ¢ nOMOLLbI0
KT-BontoMeTpuu MOryT 6bITb Onpe-
LeneHbl 061U 06bEM NeYeHu, a
TaKkxe 06bem Jonu neveHn nocne
pesexunm (puc. 3, a).

CoyeTanme faHHOro MeToaa BUpTY-
anbHom pesekumu ¢ LIMAX-TecToMm
no3BOSISET paccunTathb nocneone-
PaLMOHHbINA (hYHKLIMOHAMBHBIN pe-
3€epB NeYeHn B BUAeE nokasaTens
LiMAX-TecTa. 310 3Ha4eHue no3so-
NSIET OLEHUTb PUCK NEYEHOYHON He-
[OCTATOYHOCTYW W MPUHMMATL pe-
LLEHWe Ha CTaauy NpefonepaumoH-
HOr0 NNIaHUPOBaHWS, 4TO6bI 36e-
XaTb KPUTMHECKUX 3HAYEHUIA (DyHK-
LM NeyeHu nocne onepaumu [6].
Ecnu nporHo3upyeTcs KpuTieckoe
(hYHKUMOHANBHOE COCTOSHME Neve-
HUM Nocne onepaumu, JOSKHbI BbITh
MPYMEHEHbI HOBEWLLNE METObI ANSt
YBENNYEHS W (DYHKLMOHANBHOMO
BOCCTaHOB/IEHMS OCTaBLUENCS ya-
CTM NEYEHM (CM. HUXE) NP HEBO3-
MOXXHOCTW NPOBEAEHUS HEXMPYPIU-
4eCKOro fieyeHus.

OnpepaeneHue cTagun oNyxonu:
ToyHas npefonepaumoHHas ana-
THOCTMKA CTafMM OMyX0oNneBoro npo-
Liecca 0653aTenbHa Npu NepBUYHbIX
1 BTOPUYHBIX OMYyXONSX NEYEHU.
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tors like postoperative compli-
cations (infections [8], vascular
problems, bile leaks [9], etc).
Whereas the first two points
can nowadays be adaequately
predicted, the last point can be
avoided by adaequate surgical
technique and knowledge of
liver anatomy in most cases.
Therefore liver surgery is asso-
ciated with a low perioperative
mortality nowadays [10], de-
spite an increasing radicality of
the surgical procedures. Apart
from advances in surgical tech-
nique, this is partially based on
adaequate conditioning of the
future liver remnant in compli-
cated cases. However, a meta-
analysis estimated the overall
incidence of postoperative liver
failure after hepatectomy be-
tween 0.7% and 9.1% [11]. To
reduce the risk of liver failure,
extended procedures are only
feasible, if the remnant liver is
in optimal condition. Whereas
before extended procedures
with removal of 70 to 80% of
liver volume, all surgeons are
considering preoperative con-
ditioning of the liver remnant,
in less extensive procedures
an adaequate trigger for these
considerations was missing,
but is now available with the
predicted postoperative LIMAX
value.

Portal vein embolisation: If
the predicted postoperative
liver volume and -function are
within a critical range, hypertro-
phy of the FLR can be achieved
by portal vein embolization of
the contralateral lobe (fig. 3).
Portal vein embolization can be
performed using either a per-
cutaneous transhepatic access
established ipsilaterally via CT-
fluoroscopy or if this is not pos-
sible (e.g. due to localization of
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the tumor) direct cannulation
of an ileocolic vein via mini-
laparotomy can be alternatively
performed. After insertion of

a pigtail catheter into the main
portal trunk, direct portogra-
phy is performed to visual-

ize the portal vein anatomy.
Afterwards, a microcatheter is
introduced into the branches
of the right portal vein and
embolization is performed
using increasing sizes of PVA
particles until peripheral stasis
in the embolized liver lobe (fig.
3). After 3 to 6 weeks imaging
and liver function procedures
are repeated, and surgery is
performed in case of sufficent
hypertrophy of the FLR. By
using portal vein embolization
a relative increase of the future
liver remnant of 20 to 40 %
can be achieved [12]. This is
the basis for safe performance
of extended liver resection
procedures like right trisec-
tionectomy for central bile duct
cancer. Also for patients with
impaired liver function due to
severe liver fibrosis or liver cir-
rhosis portal vein embolization
has been shown to be safe and
effective in inducing hypertor-
phy of the FLR and reducing
postoperative morbidity and
mortality without incluenc-

ing the long term oncological
outcome [13].

Two stage hepatectomy: In
case of bilateral liver metastas-
es it might not be possible to
remove all metastases during a
single operation. Therefore the
concept of two stage hepat-
ectomy has been develloped
mainly for patients with metas-
tases of colorectal origin. Dur-
ing the first operation one lobe
(mostly the left lobe) is freed of
all metastases and at the same

Mpy NEpPBUYHBIX OMYXONAX [OSXK-
Hbl BbITb UCKIKOUEHbI BHEMEYEHOY-
Hble NMPOSIBNIEHNS, KaK B Clyyae Me-
TacTa30oB KONOPEKTaNbHOMO paKa,
MOCKOSIbKY B NOCNEAHEM Ciyuae pe-
3€KUMS BO3MOXXHA TONBKO MpU pe-
3eKTabenbHOCTH BHEMEUYEHOUHbIX
onyxonew.

MauneHTam ¢ Ne4eHoUHbIMU MeTa-
CTa3amy KOJOpeKTabHOro paxa u,
COOTBETCTBEHHO, BbICOKUM PUCKOM
peunamsa onyxonu no Lwkane Fong
score nepes onepaumeit peKoMeH-
[oBaHo nposegeHue MAT-KT [7]
ANS UCKIKOYEHNS) BHENEYEHOUHBIX
NPOSIBNEHWIA ONYXOW.

MeTogb! yBenuyeHus pesekTa-
6enbHOCTN onyxonei nevyeHu
PesynbTar onepaumu B paHHeM no-
CreonepavLvoHHOM nepuoje onpe-
[enseTcs hyHKUMOHamMbHbIM COCTO-
SHUEM NEYEHN, €€ 0OBEMOM, CKOPO-
CTbt0 pEreHepaLmmn 1 Haamumem no-
BpeXJaloLwumx (akTopos — nocre-
OnepaLmOHHbIX OCIOXHEHWIA (MH-
hekumii [8], cocyanCTbIX NPO6IEM,
xenuHoro cenwa [9], . 4.). B 1o
BpeMs Kak nepsble Ba haktopa
MOXXHO MPOrHO3MPOBATb, NOCNEA-
Hero MOXHO n3bexarb B 60JbLUMH-
CTBE Cly4aeB 3a CHET afKBATHON
XMPYPrYECKOM TEXHUKM U 3HAHMS
aHaToMuu neyeru. MoaTomy HblHe
B XMPYPrum NeYeHn 0TMEYaeTCs [0-
BOJbHO HM3KAs NepronepaLmoHHas
cMepTHOCTb 10], HeCMOTPSA Ha pa-
AVMKANU3aumio X1pYpPrivyeckux BMe-
LwarenscTs. [ToMMMO JOCTUXKEHMIA
B 06/1aCTV XMPYPruECKON TEXHU-
Ki1, 3TO OCHOBAHO W Ha adhhekTuB-
HOM peabunuTaLmm ocTaTka neyveHn
[aXe B CNOXHbIX Cyyasx. Tem He
MeHee YacToTa nocneonepavLmoH-
HO¥ NEYEHOYHON HEAOCTATOYHOCTH
nocne pe3exkuun neveHn cocTasns-
e10,7-9,1% [11].

Y106b! YMEHBLUINTL PUCK BO3HMK-
HOBEHWS! MEYEHOUHOM HeJoCcTaTou-
HOCTM, LienecoobpasHo NpoBOANTL
PaCLLUMPEHHYHO PE3EKLIMIO TOJb-

KO BYZly4m YBEPEHHbBIMM B TOM, YTO

Xupyprus neyetu

0CTaBLLAACS NOCNe PE3EeKLMM YacTb
neveHn ByLeT yHKLMOHNPOBATL
HopmanbHo. Ecnu 1o HacTosiLe-

r0 BPEMEHM TOMbKO Nepef paciuu-
PEHHOW Pe3eKLmeit NeyeHu, ¢ yaa-
neHvem ot 70 o 80% ee o6bema,
XMPYPry NPOrHO3WPOBaNM PyHKLW-
OHarnbHOE COCTOSHME OCTaBLUEN-

CS 4aCTyW NeveHw, a B Cryyae MeHee
CMOXHbIX BMELLATENLCTB, Kak npa-
B0, 9TO HE MPOBOAMIIOCH, HbIHE
MPOrHO31POBaHHE CTaN0 BO3MOXHO
¢ nomoLypto LiIMAx-TecTa.

AMbonu3aums BOPOTHOIA BEHbI:
Ecnu nporHoaupyemble nocneo-
nepaumoHHbIA 06bEM NeYeHn 1 ee
(OYHKLMM HAXO[ATCS B KpUTUYE-
CKOM auanasoHe, runeptpocus by-
Aylero ocTaTka nevenu (BOM) mo-
XET 6bITb JOCTUTHYTA NyTEM 3MO0-
nM3aumnn NopTabHON BEHbI B KOH-
TpanareparnbHoi fone (puc. 3). Om-
60n13aums BOPOTHON BEHbI MOXET
ObITb BbIMOHEHA YEPE3 YPECKOXK-
HbliA YpECneyeHOYHbIA LOCTYN C NO-
MoLLbto KT-chnoopockonim unu,
€CIW 3T0 He NpefCTaBNsAeTCs BO3-
MOXHbIM (Hanpumep, 13-3a noka-
nmM3auuy onyxonmn), nyTeM npsiMoil
kaTeTepu3auum NoAB3LO0LIHO-
060/104HOM BEHBI MOCPEACTBOM
MWHW-NIanapoToMuK.

lMocne BBeaeHus kaTeTepa B hop-
M€ CBMHOrO XBOCTMKA B rNaB-

HbliA CTBON NOPTasbHON BEHbI OCY-
LeCTBNAETCA NpsiMas nopTorpa-
hus fns BU3yanuaaumm aHaTo-
MWV NOPTaUTIbHOM BEHBI. 3aTem Mu-
KpoKaTeTep BBOAMTCS B CEMEHTAp-
HYt0 BETBb NPaBOI BOPOTHO BEHI
W BbINONHSAETCS IMO0M3aUNS ¢ Mo-
MOLLbIO YBENMYMBAIOLLMXCS B pas-
Mepe YacTuL SMOONN3NPYIOLLEro
arenta Contour® PVA Embolization
Particles nns noctvxenus nepuce-
PUYECKOr0 3acTOS B AMOON3NPO-
BaHOW Jone neyenn (puc. 3).

[Mocne 3—-6 Hefenb NPOBOAUTCS BY-
3yanusauns NeYeHmn u uccnefoBa-
HWe ee PyHKUWI, B Cryyae focTa-
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Fig. 3: Principle of portal vein em-
bolization: (a) volumetry of the future
liver remnant (green) before and after
portal vein embolization (b) CT-guided
puncture of the portal vein and
embolization of the right lobe until no
portal perfusion is observed in the
periphery.

time a portal vein embolization
of the right liver lobe is per-
formed. Again, after a period of
recovery and liver hypertrophy
a right hemihepatectomy can
be performed. Using this ap-
proach, liver surgery is feasible
in cases with multiple bilateral
metastases, as long as two
segments are free or almost
free of tumor.

Conversion chemotherapy:
This concept of tumor down-
sizing is also mainly applied in
patients with colorectal liver
metastases, since chemo-
therapy is less effective in
other primary and secondary
liver tumors. If colorectal liver
metastases are irresectable at
the time of diagnosis, but an
experienced hepatobiliary sur-
geon assesses the tumors re-
sectable after potential down-
sizing, a so called “conversion
chemotherapy” should be
initiated. In contrast to a purely
palliative chemotherapy, con-
version protocols should aim at
a maximum tumor regression.
Therfore potent modern proto-
cols of triple therapy are mainly
used, e.g. FOLFOX or FOLFIRI
in combination with Cetuximab
in patients with k-ras wild-type
[14], or FOLFOXIRI, which has
a response rate of up to 70%
in patients with k-ras wild-type
and with k-ras mutations [15].
Depending on the pre-treat-
ment tumor extension, re-

staging is performed approxi-
meteley every two months. In
case of tumor regression and
surgical resectability, opera-
tion is performed as soon as
possible, to limit hepatotoxic-
ity of the chemotherapy. In
case of tumor progression and
definitive irresectability chemo-
therapy is de-escalated to
palliative protocols. Using this
aggressive approch of conver-
sion chemotherapy more than
10% of initially irresectable
colorectal liver metastases can
undergo curative resection.

Combination of liver resec-
tion and local ablation: It has
been shown, that local tumor
ablation is superior to pallia-
tive chemotherapy in patients
with CRLM. Therfore liver
resection might be combined
with a method of local tumor
ablation, mainly radiofrequency
ablation, either intraoperatively
or later on by a percutaneous
approach. This proceeding is
suitable for patients, who have
resectable liver metastases,
but one small tumor is situ-

TO4HO# runepTpocpumn BOIM npoBso-
anTcs onepauust. G noMoLLbio aM-
60onm13aumnn NOpTanbHOK BEHbI MO-
XET 6bITb AOCTUrHYTO OTHOCH-
TenbHoe yeenuyenne BOI — Ha
20—40% [12]. 310 sBNSIETCA OCHO-
BO Anst 6e30MacHOr0 BbINOSHe-
HUS PACLLMPEHHOM pe3eKumn ne-
YEHW KaK, HanpuMep, NPaBoCTo-
POHHSAS TPUCErMeHTapHas pesex-
LS MU LEHTpanbHOM pake >end-
HbIX MPOTOKOB. B x0fe uccnenosa-
HWiA 6bINO [0KA3aHO, 4TO 3MBOMN3a-
LMsi NOPTaNbHOM BEHbI Y NALMEHTOB
C HapYLLEHNSIMN (DyHKLMM NEYEHM
MpKW TSHXXENOM LMppo3e uiv rbpo-
3€ NeYeHm 9BnseTcs 6e30MacHbIM 1
9(PPEKTUBHLIM METOAOM JOCTUXE-
HUS TUNEPTPOCNM NEYEHM, a Tak-
XE CHXXEHWs NocreonepaumoHHbIX
OCMOXXHEHWIA 1 CMEPTHOCTU 6€3
y4eTa [OnroCpOUHbIX OHKONOrnye-
CKWX pesynbTatos [13].

[iByxaTanHas renaTakTromus: B
cnyyae bunarepanbHbix MeTacTa-
30B BCE NEYEHOUHbIE MeTacTasbl B
TEYeHMe OAHOM onepauuy yaanuTb
HEBO3MOXXHO. [10aTOMy KOHLENUMs
ABYX3TanHoi renaTakToMum Obina
paspaboTaHa, B OCHOBHOM, Ans na-
LIMEHTOB C MeTacTa3aMm KONOPeK-

Puc. 3: MeToa am6onu3aummn noptans-
HoVi BeHbI: a — BontomeTpust BOT (3ene-
HbI) 4O 1 nocne amMb6onM3auUnm nopTasb-
HO¥ BeHbl; 6 — KT-KOHTpONMpyemas nyHk-
LSt BOPOTHOW BEHbI 1 aMO0NN3aLms npa-
BOVA JOMM 10 NpeKpaLLeHns nepdyanm Ha

nepucmepmu.

TasnbHOro NPOUCXoXAeHus. Bo Bpe-
Msi IEPBOW Onepavummn ofHa 4ons (B
OCHOBHOM NeBasi) 0cBO60XX4aeT-
Cs1 OT BCEX METACTA30B U B TO €
BPEMS BbINOMHAETCSA AMOONM3aLms
nopTasbHOK BeHbI NPaBON [ONM Ne-
yeHun.locne nepuofa BOCCTaHOB-
NEHUS N [OCTVXKEHNS TUNePTPOu
MOXET 6bITb BbINONHEHA NPABOCTO-
POHHSAS TEMUrENaTIKTOMMS.

C ncnomnb3oBaHWeM yka3aHHO-

ro NOAX0Aa Pe3eKLus NneyveHn Bo3-
MOXKHa Jaxe B Cryvae MHOXe-
CTBEHHOro bunarepanbHoro meTa-
CTa3npoBaHUs NPK HaMM4MK [BYX
CBOOOAHBIX UM MOYTH CBOOOAHBIX
OT ONYXOMu CErMEHTOB MEYEHM.

KoHBepcuoHHasi xummoTepa-
nua: YKasaHHblii METOL YMEHbLUE-
HUS OMYXOMM TaKXKe NPUMEHSETCS B
OCHOBHOM Y NaUWEHTOB C MeTacTa-
3aMM KOMOPEKTaNbHOro paka B ne-
YeHb, MOCKOMbKY MPK NEPBUYHbIX W
BTOPUYHbIX OMyXONSIX NEYEHN XUMM-
oTepanusi MeHee 3(hHeKTUBHA.

Ecnv MeTacTasbl KOnopeKTansHo-
r0 paka B neveHn Ha MOMEHT no-
CTAHOBKM AMarHo3a siBNstTCs He-
pe3ekTabesnbHbIMM, HO OMbITHBIA
renatobunmnapHon Xvpypr MOXeT
OLEHNTb VX KaK pe3eKkTadenbHble
nocne yMeHbLLEHNS UX pa3Mepa,
[OJ/DKHA ObITb NPOBEAEHA TaK Ha-
3blBaEMas «KOHBEPCUOHHAS XUMU-
oTepanusi». B oTnuune ot u1cTo
NannMaTBHON XMMMOTEPanUK, KOH-
BEPCHMOHHbIE MPOTOKOMbI JOKHbI
ObITb HANPaBEHbI HA MAKCUMaSTb-
HYIO Perpeccuto onyxonu.
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ated very inconvinient and can
not be resected or only by a
marked increase of the periop-
erative risk.

Hepatocellular Carcinoma
(HCC)

In case of small hepatocellular
carcinoma in compensated cir-
rhoses, minimally invasive liver
resection has been shown to
be feasible and safe and might
even has advantages con-
cernig the rate of postoperative
complications, particularly in
HCC patients. First data sug-
gest, that especially the rate of
wound infections and post-
operative ascites associated
reversible complications, which
are often seen after surgery

in cirrhotic patients might be
reduced by laparsocopic liver
resection for HCC [16].

The problem of liver function
has been adressed in detail
above. Whereas in patients
without cirrhosis and in pa-
tients with good liver function,
even extended hemihepat-
ectomies are tolerated well
(fig. 4), liver function is one of
the major problems in HCC
patients with cirrhosis. Many
HCC patients have an impaired
function due to HCC specific
risk factors like chronic viral
hepatitis, NASH, alcoholic liver
cirrhosis and others. Therfore
during planning of the treat-
ment strategy risks of liver
resection have to be consid-
ered, and if the predicted
postoperative liver function is
not sufficient alternative treat-
ments are indicated. The alter-
native curative approach is liver
transplantation, which cures
the underlying liver cirrhosis
and the HCC at the same time.
However, liver transplantation
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is indicated only in patients
with eraly HCC within the so
called Milan criteria or maybe
up to seven criteria. The up to
seven criteria include tumors,
where the sum of the number
of tumor nodules and the maxi-
mum diameter of the largest
tumor in cm is 7 or less [17].

In case of more advanced
tumors, liver transplantation
might still be an option, since
not all of these patients experi-
ence tumor recurrence. Several
promising attempts to more
specifically predict the risk of
tumor recurrence for patients
outside the Milan criteria after
liver transplantation based

on pretransplant parameters
have been described. These
“tumor-biological” selection
criteria include for example
the DNA-index of an individual
tumor. It has been schown,
that in tumors with a DNA
index below 1.5 the risk of tu-
mor recurrence is below 20%,
even in tumors exceeding the
Milan criteria [18]. Accordingly,
patients with a good response
after preoperative transarte-
rial chemoembolization (TACE)
have been shown to be at low
risk for tumor recurrence after
liver transplantation, whereas
patients with progress after
TACE have a very high risk of
HCC recurrence [19].

After liver transplantation for
HCC, there is hope, that new
immunosuppressive agents
like sirolimus might reduce the
risk of tumor recurrence or at
least prolong the survival after
liver transplantation. However,
these data are so far based
only on retrospective analyses
[20], the results of a prospec-
tive randomzed trial answer-

Acnonb3ytoTcs B 0CHOBHOM COBpE-
MeHHbIE NPOTOKOSbI TPOMHOM Te-
panuu, Hanpumep, FOLFOX nnm
FOLFIRI, B couetanum ¢ Cetuximab
y naumenToB ¢ onyxonsamu ¢ KRAS
ankoro tuna [14], nnn FOLFOXIRI,
KOTOpbI adchekTBeH y 70% y na-
umeHTOB ¢ onyxonsmu ¢ KRAS au-
koro Tuna v ¢ KRAS myTauweii [15].

O6cnefoBanme C LEeSbio yTOUHEHMS
cTaguv OMyXomu MPOBOANTCS Kax-
Ible [Ba Mecsua. B cnyyae perpec-
CUM OMYXOMW U €€ XMPYPrUYECKON
pe3ekTabenbHOCTH Onepauns Bbl-
MOJHSAETCS KaK MOXHO CKOpEe, UTO-
bl OrpaHN4NTb renaToTOKCUMYHOCTb
XummoTepanuu. B cnyyae nporpec-
CMPOBaHWS OMyX0MK M OKOHYaTeb-
HOW ee Hepe3eKTabenbHOCTW XUMK-
0Tepanuus NPOBOANTCS MO Nanu-
aTvBHBLIM NPOTOKONAaM. Mcnonb3o-
BaHue noJo6HON arpecCcuBHON KOH-
BEPCMOHHOM XMMUOTEPaNuW NO3B0-
NSeT NPOM3BOANTL pe3exumun 60-
nee vem B 10% cnyyaes nepsoHa-
YanbHO Hepe3ekTabenNbHbIX nevye-
HOYHbIX METACTa30B KONOPEKTalb-
HOro paka.

CoueTaHue peseKuumn neveHu ¢
abnauueit:

B xoe nccneaoBaruit 6b1510 BbIsB-
NEHO, YTO MECTHbIE abnauumm ony-
X0n1 3hheKTUBHEE NANNMATUBHON
XMMMOTEPANWKW Y NALMEHTOB C Me-
TacTasamu KONMopeKTanbHOro paka
B neyeHn. CnefoBatenbHo, pesek-
LIMKO MeYeHm LienecoobpasHo cove-
TaTb C METOLOM OKanbHOW abns-
LMK OMyXx0mnu, FNasHbIM 06pa3oM,
pagMoYacToTHOM abnsaumn — Moo
BO Bpems onepauuu, ubo nNo3fHee,
MOCPEACTBOM YPECKOXHOrO NOAXO-
0a.9T0 nokasaHo Ans NaLuMeHToB

C pe3ekTabenbHbIMM MeTacTa3amu
B MEYEHN, KOrfa ofHa HebonbLuas
OMyXOJb PAcoJIOXKeHa O4eHb «Hey-
LOBHO» U HE MOXET ObITb yAaneHa
00bI4HbIM METOLOM 63 3HAUMTENb-
HOrO YBENMYEHNS NEPUONEepaLMoH-
HOro pucka.

Xupyprus neyetu

FenaTouennionsipHas KapuuHo-
Ma (F'LUK)

B cnyyae He6onbLLoi 0nyxonu ne-
YeHw, NP1 KOMMNEHCUPOBAHHbIX LMp-
po3ax, MUHUMHBA3MBHAS PE3eKLNst
neYeHu uenecoobpasHa v 6esonac-
Ha M Jaxe UMEeT NpenmMyLLecTsa
OTHOCMTESIbHO YaCcTOTbI Mocneone-
PALMOHHBIX OCMIOXHEHMIA, 0COBEHHO
y 60mbHbIX LK.

[NepBble NonyyeHHble faHHbIe CBU-
LETenbCTBYIOT O TOM, YTO YacTo-
Ta BO3HUKHOBEHMS PAHEBO MHAEK-
LM 1 NOCAEONEePaLUnNOHHOr0 acumuTa
kak 06paTUMbIX OCMIOXHEHWIA, KOTO-
pble 4acTo 0TMEHAIOTCA MOCHe One-
pauuv y NaumeHTOoB C LMPPO30M Me-
YeHn MOXET BbITb YMEHbLLEHA NP
BbIMOSTHEHWM NaNaPOCKONUYECKO
pesekumm nevenn npu MUK [16].

lMpo6nema thyHKLUMM NeYeHn Bbinm
noapo6HO OCBELLEHBI BbIlwe. B T0
BpEMS Kak NaumMeHTbl, He CTpa-
[atoLLMe LMpPO30M NeveHu, 1 na-
LIMEHTBI C €€ XOPOLUMM (hyHKLMO-
HanbHbIM COCTOSIHUEM JOMYCKatOT-
Cst AaXe K pacLUMpeHHoi remurena-
TIKTOMMK (PUC. 4), DYHKLNM Neve-
HU SBASIOTCS OJHON U3 OCHOBHBIX
npo6nem y 60nbHbIX ¢ MUK 1 ump-
PO30M NEeYeHM. Y MHOTUX NaumeH-
T08B ¢ ['LK 1 HapyLLeHnsMun yHK-
LiuM NeYeHM CYLLIECTBYIOT U CreLm-
thndeckme HakTopbl pUcKa, Takue
KaK XPOHUYECKMiA BUPYCHbIV rena-
TnT, NASH, ankoronbHblii LMppo3
neveHu u ap. MNoatomy npu paspa-
60TKe CTpaTerum neyveHnst JOMKHbI
ObITb PACCMOTPEHBI BCE PUCKN pe-
3€KLWM NEYEHM, 1 ECIIM NPOrHOCTH-
4ecKoe NocneonepaunoHHoe yHK-
LIMOHANBHOE COCTOSIHUE NEYEHU He
SBASETCS [OCTATOYHbIM, LIENecoo-
6pa3HO OCTAHOBMTCS Ha anbTepHa-
TUBHBIX BUJAX NEYEHMS.
AnbTepHaTUBHbIM NeYeBHbIM NOf-
XO[OM SIBNISETCS TPAHCMNaHTa-
LS neyeHu, KoTopas nokasaqa
npu umppo3e neyenn ¢ M'UK. Og-
HaKO TpaHcnnaHTauus nokasaqa
TOMbKO naumerTam ¢ MUK Ha pan-
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Fig. 4: Exemplary case of a large
HCC without liver cirrhosis, resected
by left trisectionectomy: Preopera-
tive MRI, intraoperative view before
and after resection and CT after an
uneventful postoperative course.

ing this question finally will

be available in the near future
[21]. Overall, the results of liver
transplantation for HCC already
have improved under modern
perioperative management
including neoadjuvant TACE,
adequate patient selection

and modern immunosuppres-
sive regimens; however the
individual impact of each of
these measures is diffcult to
differentiate.

Cholangiocarcinoma (CC)
Central bile duct tumors (hilar
cholangiocarcinomas, Klatskin
tumors) require extended liver
resections, with removal of

a majority of functional liver
parenchyma in most cases.
Therfore optimal condition-

ing of the liver remnant and
precise assessment of liver
function are absolute prereg-
uisite for safe performance of
these operations. Especially
the so called “hilar en bloc re-
section” described first in 1999
[1] requires a perioperative
multimodal treatment to not
set the patient at an exception-
al risk. However, if applied, this
procedure offers a maximum
oncological radicality, since the
bile duct cancer is operated
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by a no touch technique with
preperation relatively far from
the tumor - in contrast to other
approches, where for example
the portal vein bifurcation is
completely dissected with a
substantial risk of tumor cell
dissemination and an subse-
quently assumed higher risk of
tumor recurrence [1].

In lymph node negative
patients with inoperable hilar
cholangiocarcinoma also liver
transplantation either with ex-
tensive neoadjuvant radioche-
motherapy as practiced by the
Mayo group [22], but poten-
tially also without neoadjuvant
therapy [23] can be considered
in carefully selected patients.
Adequate patient selection
implied, 5 year survival rates of
50 to 70% are achievable after
liver transplantation.

In the palliative setting, it has
been recently shown, that a
combination chemotherapy us-
ing gemcitabine plus cisplatin
significantly improves the me-
dian survival from 11.7 t0 8.2
months (p=0.002) compared
with gemcitabine monotherapy
in patients with biliary tract
cancers. If this combination

HUX CTaAMsX NPW COOTBETCTBUM TaK
Ha3blBaeMbIM MunaHckum KpuTe-
PUAM WK PACLLIMPEHHBIM KpUTE-
PUAM (KPUTEPUAM, PACLLIMPEHHbIM
«[0 Cemmu») Kputepusm «Jjo cemm»
COOTBETCTBYIOT OMyXOJ, MPU KO-
TOPbIX KOMMYECTBO OMyXONEBbIX
Y3708 1 MakCUMaJbHbIA AMameTp
Camoi KpyrnHoi ONyxonu He npesbl-
waet 7 cM [17]. Jaxe B 6onee 3a-
NYLLEHHbIX CAyYasx TPaHCMaHTa-
LS NeYeHn OTAENbHbIM NauMeHTam
0CTaeTCs O4HUM M3 BApUAHTOB fie-
YEHWS: OMbIT MOKA3bIBAET, YTO HE Y
BCeX NaunMeHTOB HacTynaeT peuu-
AVB OMyXOnu.

BbInn onucaHsl HECKOMbKO Nep-
CNEKTUBHbIX MOMbITOK 60MEe KOH-
KPEeTHO MPOrHO3MPOBATh PUCK peLm-
AVBa OMyX0nM y NauneHToB BHE Mu-
NaHCKWX KpUTEPHEB NMOCAE TPaHC-
MAaHTauun neveHn Ha 0CHOBE Npe-
TPaHCMNaHTALMOHHbBIX NapamMeTPOB.
OTu «onyxoneso-6uonoruyeckue»
KpuTepuM 0TOOPa BKMKOHAIOT, Ha-
npumep, AHK-nHAeKC oTaensHoM
Onyxonu. Bbino BbISBAEHO, YTO B
onyxonsix ¢ AHK-uHaexcom Huxe
1,5 puCK peunamnBa CoCTaBnseT Me-
Hee 20%, faxe B Cry4ae onyxo-
nei, npesbiwaromx MunaHckme
kputepuu [18]. COOTBETCTBEHHO,

y NALMEHTOB C XOPOLLUM OTBETOM
nocne npeAonepaLUnoHHoi TpaHe-
apTepuanbHon XMmMnoaM60am3aum

Xupyprus neyetu

Puc. 4: Knunnyeckuii cnyyail 60bLIOM
['LIK 6e3 umppo3a neyeHu, neBoCTOPOH-
HSS TPUCEKLMOIKTOMMS: NpeaonepaLmoH-
Has MPT, Buz BO Bpems 11 nocne onepa-
umu, KT nocsne HeoCN0XXHEHHOro Nocseo-
nepauroHHoro nepuosa.

(TACE) 6bIn 0TMEYEH H3KuiA no-
KasaTeflb pucka peLmansa onyxo-
M noche TpaHcniaHTauum neve-
HU, B TO BPEMS KaK y NaLMEHTOB C
NpOrpecc1poBaH1eM OnyxXonm no-
cne TACE puck pa3sutus peunam-
Ba 'LIK [19] 04eHb BbICOK.

locne TpaHcnaHTaLWUK NEYEHN

y naunenTos ¢ 'K ecTb Hapex-
[, 4TO HOBbIE MMMYHOCYNPECCHB-
Hble npenaparbl, Tak1e kak cupo-
JIMMYC, CMOTYT CHU3WTb PUCK pe-
LManBa ONyXonn Uim, no KpamHe
Mepe NOBbICUTb BbKMBAEMOCTb MO-
Cre TpaHcnnaHTaumu neyeru. Oa-
HaKO 3T aHHbIe Noka 6asnpytoT-
CS Ha PETPOCMEKTMBHOM aHannsa
[20], pesynbTaTbl NPOCMEKTUBHbIX
PaHAOMU3MPOBAHHBIX UCTIbITAHMIA,
KOTOpble MOMOrNM 6bl OTBETUTL Ha
3TOT BONPOC, O6yAyT AOCTYMHbI B
bnuxaiiuee spems [21]. B Lenom,
pesynbTathl TPAHCNNAHTALNM Ne-
uenu npu LK y>xe ynyywarotcs 3a
CYeT COBPEMEHHOIO Npeaonepaum-
OHHOTO NEYEHMS, BKIHOUAS HEOadb-
tosaHTHyto TACE, afeksarHoro ot-
6opa nauneHToB 1 COBPEMEHHOMO
WMMYHOCYMPECCUBHOMO MPOTOKONA,
O[HAKO CTENeHb BO3AENCTBUS KaX-
[0ro 13 3TUX METOAOB AudhepeH-
LMpOBaTh JOBOJLHO CMOXHO.

XonaHruokapuuHoma
LleHTpanbHbIA paK >KenyHbIX npo-
TOKOB (XONAHr1OKapLMHOMa BOpOT
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is also helpful in the adjuvant
setting after surgical resection
remains to be investigated.

Colorectal Liver Metastases
(CRLM)

Nowadays, resectability of
colorectal liver metastases is
mainly defined by the ability to
resect all lesions while leaving
at least 30% of nontumoral
liver parenchyma. Older con-
traindications for liver resection
like more than 3 metastases,
maximum tumor dimater less
than 5 cm, bilobar metastases
etc. are not valid any more
[24]. It has been demonstrated
in several studies, that e.g.

the width of the safety mar-
gin is not relevant, the most
important issue is complete
resection of all metastases
[25], and even if this results in
a histologically R1, long term
survival has been reported.

It could be demonstrated
recently, that after R1 resection
and RO resection comparable
overall and disease-free sur-
vival rates could be achieved
(61% vs. 57%, and 28% vs.
17%, respectively [25]. This
means, that agressive surgical
approches are justified, even

if only a small safety margin is
achievable and provided the
postoperative complication rate
is low. It has also been shown,
that also in patients with more
than three metastases and
with tumors larger than 5 cm
long term survival and cure can
be achieved [26].

There is a ongoing discussion
about the benefit of neaoadju-
vant chemotherapy before liver
resection of resectable colorec-
tal liver metastases. Especially
the porspective randomized
study of Nordlinger et al. [27]
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has been extensively dis-
cussed. Although perioperative
chemotherapy could increase
the progression free survival in
this study, the main criticism
of that study was, that patients
in the control group did not
undergo any chemotherapy

at all. It has been generally
accepted, that many patients
with colorectal liver metatsas-
es may benefit from chemo-
therapy, however the ideal
timing of chemotherapy, i.e.
perioperative versus adjuvant
chemotherapy is still under
debate. Many surgeons tend
to adjuvant approaches, since
there are several known side
effect of chemotherapy. These
include the sinusoidal obstruc-
tion syndrome after oxaliplatin
based rotocols (FOLFOX) or
chemotherapy associated
steatohepatitis (CASH) after
irinotecan protocols (FOLFIRI).
Both of these conditions are
known to be associated with
an increased rate of complica-
tions after liver surgery [27],
patients with manifestation of
steatohepatitis show addition-
ally an increased postoperative
mortality [28]. However, data
with a high level of evidence
comparing perioperative versus
adjvant chemotherapy after
liver resection are still lack-
ing. A recent analysis based
on a multicenter database has
shown, that in patients with

a singular metachrounus liver
metastases larger than 5 cm in
diameter, adjuvant chemother-
apy is associated with a 5 year
overall survival of 65%, which
was significantly higher than

in patients without chemo-
therapy (5 year overall survival
55%, p< 0,01). In contrast

the groupo undergoing peri-
operative chemotherapy did

neyenu, onyxonb KnaukuHa) Tpeby-
€T PacLLMPEHHON peseKLumm neve-
HM, C yAanexuem, B 60NbLUNHCTBE
crnyyaes, 60/bLUei YacTH (OyHKLM-
OHaUbHOM napeHxumbl. Cnenosa-
TEeNbHO, ONTUMANbHOE BOCCTAHOB-
NIEHME OCTaBLUENCS YaCTV NeYeHu

1 TOYHas OLeHKa ee (hyHKLNK 5B-
NAOTCA aBCONKOTHO HEOOXOAUMBIM
ycnosumeM fnist 6e30nacHoro BbInos-
HeHws 3Toi onepauun. OcobeHHO
9T0 KacaeTCs Tak Ha3bIBAEMOW «pe-
3€KUNKM eNHBIM 6110KOM>», BrepBble
onucanHou B 1999 roay [1] , koTo-
past TpebyeT nepronepaLmroHHOro
MYNbTUMOAANBHOTO NIEYEHNs C Lie-
TNbKO CHUXXEHMS PUCKOB AN Nawum-
eHTa YkasaHHas onepaums obecne-
YMBAET MAKCUMAbHYH OHKOMO M-
YECKYH0 PaANKanbHOCTb, MOCKOSbKY
MCNONb3yeTCs OnepaTUBHAs TEXHN-
Ka, NPX KOTOPON MaHWMymsALMK Npo-
BOASTCS OTHOCUTENbHO Aaneko OT
ONyX0mnu — B OT/INYME OT JPYrux Me-
TOZOB, KOrAa, HanpyuMep, NOJHO-
CTbH0 McceKaeTcs Gudypkaummn nop-
TanbHoOM BeHbl, 4T0 06yCNoBAMBAET
CYLLIECTBEHHbII PUCK pacnpocTpa-
HEHWsl ONYX0NEBbIX KNETOK M BMo-
CNeaCTBUM PUCK PELMANBA OnyXo-
v npeanonaraeTcs 6onee BbICO-
Kum [1].

MauneHTaM ¢ HeonepabenbHO
LieHTPanbHON X0NaHr1MoKapLmHo-
MO, HO 6e3 nopaxxeHns nuMda-
TUYECKMX Y3N0B, TAKXKE MOXET
ObITb PEKOMEHAOBAHA TPAHCMNAH-
TaLMm NeYEHM Kak C HE0aLbOBaHT-
HOW XMMWOITy4eBOI Tepanuen, kak
9T0 NpakTuKyeTcs B rpynne Maiio
[22], Tak v 6e3 Hee [23] y TwaTenb-
HO 0TOOPAHHbIX NALMEHTOB.

ALieKBaTHbIA OTEOP NALMEHTOB MO-
XeT 066eCneYnTb 5-NETHIO BbIXU-
BaeMocTb 0T 50 1o 70% nauueH-
TOB NOCNE TPaHCMNaHTauum neye-
HW. B nannuaTvBHOM Tepanum He-
JaBHO 6blIM0 BbISIBNEHO, YTO COYE-
TaHWe XMMUOTEPANNK € UCMOMb30-
BaHWEM remumTabuHa + umennatu-

Ha 3HAUMTENbBHO YNyYLlaeT Meau-
aHy BbixusaemocTn ¢ 11,7 o 8,2
Mecsues (p = 0,002) no cpaBHeHMIO
C MOHOTepanuei reMunTabuHom y
NaLUNEHTOB C PAKOM XENYHbIX My-
Teit. Hackonbko AaHHas KomMbuHa-
LIMst MOXKET ObITb NONE3HOM B Kaye-
CTBE afiblOBAHTHOW Tepanuu nocne
XMPYPru4ecKon pe3eKLnmn — [OMX-
HO CTaTb NPeAMETOM OTZAESNbHOro
uccneaoBanms.

MeTacTa3bl KONopeKTanbLHOro
paka B neyeHb (MKPIT)

B HacTosiLLee Bpems pe3ekTabenb-
HocTb MKPT1 onpepensetcs Bo3-
MOXXHOCTbIO YaneHns BCex MeTa-
CTa30B Mpu COXPAHEHUM He MeHee
30% HopMarnbHOW NapeHX1Mbl na-
PeHx1Mbl neyeHn. HekoTopble npu-
MEHSIBLUMECS paHee NpoTUBOMO-
Ka3aHus K pesexkuun nevenu: 6o-
nee 3 MeTacTasos, MameTp ony-
xonv 6onee 5 cM, 6unobapHbie Me-
TacTasbl, — HbIHE YXXE He aKTyarb-
Hbl [24]. HexoTopbIMK uccnenosa-
HUAMM 6bINI0 NOKA3aHO: MPUHLMMK-
anbHO BaXXHbIM BOMPOCOM 5B
€TCS NOMHas pesexkuns Bcex MeTa-
CTas0B [25], u faxxe npu rucTono-
MYecKn HeBNAronPUSTHOM Bapu-
aHTe BO3MOXXHO A0ArOCPOYHOE Bbl-
XUBaHue.

HenaBHO Tak>xe 6bIn0 BbISBNEHO,
4TO pe3ynbTathl pesekunn R1 v pe-
3ekums RO conocTaBuMbl Mo NOKa-
3arensam obLueit 1 6e3peuninBHON
BbIXX1BAEMOCTH (61% npoTus 57 v
28% npoTuB 17 COOTBETCTBEHHO
[25]. 970 03HA4aeT, YTO arpeccms-
HbIA XUPYPrUYeCKnia NoAX04 onpas-
[aH, faXKe Npu HeBOMbLLOM 3anace
MPOYHOCTM U HEBO3MOXXHOCTY 06€-
CNeYmnTb HU3KMIA MoKasaTeNb nocne-
OnepaLMoHHbIX OCNOXHEHMIA. Kpo-
Me TOro, UCCneoBaHus nokasa-
M, YTO Y NALMEHTOB C 60Mee YeM 2
MeTacTa3amm 1 OMyXosibto pasme-
poM 6oree 5 CM MOXET 0TMeYaThb-
Cst AOAroCPOYHas BbIKMBAEMOCTb W
KypabenbHocTb [26].
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Fig. b: Results after liver resection for
colorectal liver metastases during dif-
ferent time periods. (Charité Campus
Virchow according to [32])

not show a significantly higher
survival than the group without
chemotherapy. Preoperative
chemotherapy increased the
postoperative complication rate
significantly from 24% to 37%
[29]. Therefore neoadjuvant
chemotherapy in patients with
resectable liver metastases and
a low risk of tumor recurrence
should be considered cautious-
ly. Unquestionalble indications
for preoperative chemotherapy
are potentially resectable liver
metastases. This means a
tumor manifestation within the
liver, which might be curatively
resectable after down-sizing by
chemotherapy. This concept is
discussed above in the sec-
tion “Methods to increase the
resectability of liver tumors”.
Patients with synchronous
colorectal liver metastases
represent a distinct entity,
which have a high risk of tumor
recurrence even after cura-
tive resection of the primary
and the liver metastases. The
optimum treatment strategy in
this subgroup is still under de-
bate. It has been proposed by
Mentha et al. [30] that a liver
first apporach might improve
overall surival. This liver first
approach includes neoadjuvant

liver resection for colorectal liver metastases

— 1985-1892 (69)

40

overall survival [%]

0 2 4

— 1993-1998 (174)
1999-2007 (500)

6 8 10

years after liver resection

chemotherapy followed by
resection of the liver metas-
tases, afterwards neoadjuvant
radiotherapy of rectal cancer
and finally rectal resection. This
is in contrast to conventional
concepts with initial resection
of the primary and subsequent
liver resection. However these
assumptions of a survival bene-
fit only rely on retrospective,
non controlled data. These data
can not be discussed in detalil
here, but a not evidence based
practical proposal would be to
use a conventional approch

in case of few liver metas-
tases and a primary outside
the rectum, whereas in case of
multiple liver metastases and/
or a primary in the rectum the
liver first approach might be
beneficial in terms of patient
selection for liver resection and
early initiation of a systemic
chemotherapy in a group of
patients with high risk of tumor
dissemination.

Whereas in patients with pri-
mary liver malignancies (HCC,
cholangiocarcinoma) extra-
hepatic distant metastases
represent a contraindication
for liver resection, this is not
true for CRLM, as long as the

B HacTosiLLee Bpems NpofoxaeT-
CS AMCKYCCUS O NONb3e HEOaLbio-
BaHTHOW XUMUOTEPaNUN 0 Pe3ek-
LiMu NeYerm Npu pesekTabenbHbIx
MKPT1. OcobeHHO akTUBHO 06CYX-
[anucb pe3ynbTaTbl NPOCNEKTUBHO-
r0 paHAOMW3MPOBAHHOTO UCCEeno-
BaHus Nordlinger ¢ coasT [27].
OCHOBHO KPUTUKE B 3TOM MCChe-
LOBaH1W NOABEProCh TO 06CTOS-
TENbCTBO, YTO NEepUonepaLnoHHas
XMMWOTEPANUs MOrna bl NOBLICUTb
BbIKNBAEMOCTb, OfHAKO MauMeHTbl
B KOHTPOJIbHOM rpynne BoobLUe ee
He monyyanm.

O6LLEenpUHSATO CYUTaTb, YTO MHO-
rMe nauMeHTbl NoNy4yaloT Npenmy-
LecTBa OT XMMUOTEpPANUK, OfHAKO
CPOKY e€e NpoBefeHns (nepuonepa-
LIMOHHAs VS afibloBaHTHAs) NPOAOI-
xarot o6eyxaatbes. MHorue xu-
PYPryt NPELNOYNTAIOT afblOBaHT-
HYIO XMMUOTEpanuio 13-3a U3BeCT-
HbIX NO6OYHbIX 9HEKTOB XMMMO-
Tepanuu. K HUIM OTHOCKTCS CUHY-
confianbHbli 06CTPYKLUMOHHBI CUH-
APOM NoCIe NPOTOKOMA NleyeHus

¢ okcanunnatuHoM (FOLFOX) nnu
CTeaTorenatuT , BbI3BaHHbIA Ne-
4e6HbIM MPOTOKOJIOM C MPUHOTEKA-
Hom (FOLFIRI). O6a 3T cOCTOSHUS
, K&K U3BECTHO, CBA3aHbI C yBEmu-
YEHWEM NMoKa3aTens OCNOXHEHMI
nocne onepauny Ha neyenm [27], y
NauneHToB C NPOSBNEHUSAMM CTea-

Puc. 5: PesynbTathl pesekunm neyenm
Mpy MeTacTasnpoBaHnm KONopeKTasnbHo-
ro paka Yepes pasHble Nepuosbl Bpeme-
Hu (Charité Campus Virchow B cooTseT-
cTBim ¢ [32))

TorenaTuTa 0TMEYAETCS yBeauye-
HWe nocrneonepaLmoHHoN neTanb-
HocTu [28]. TeM He MeHee A0oCTO-
BEPHbIX AaHHbIX MO CPABHEHMIO Me-
PUONEPALIMOHHON M 8bIOBAHTHO
XMMWUOTEPAnuK No-NpeXxXHEMY Hefio-
CTaTOuHO.

HenasHuii aHanns 6a3bl JaHHbIX
MHOrOLEHTPOBOr0 UCCNE[0BaAHMA
nokasan, 4To y NauMeHToB C eau-
HUYHBIMM METaxpOMHbIMM MeTacTa-
3amu B neveHn paamepom bonee 5
CM B AMameTpe, nofyyaBLunX afb-
tOBAHTHYIO XMMUOTEpPANuto, 5-net-
Hsi 06LLast BbXXMBAEMOCTb CO-
CcTaBnseT 65%, YTO 3HAUMTENb-

HO BblLLE, YEM Y MaUMeHTOB 6e3 Xu-
MuoTepanuu (5-neTHss obLyas BbI-
XunBaeMocTb 55%, p <0,01). B 10
€ BPEMS rpynna naumeHToB, Ko-
TOPbIM Bbina NpoBEfeHa nepuone-
paTMBHAs XMMUOTEPANHS, He NoKa-
3ana yBennyeH1e BblKUBAEMOCTH
MO CPABHEHMIO C FPyNMoW, He no-
nyyasLuen xumuoTtepanuto. MNpose-
[ieHue npefonepaLmoHHON XUMKOo-
Tepanuu 3HaUNTENbHO YBENUUMIo
nokasarteflb NocneonepaLnoHHbIX
OCNOXHEHWiA — ¢ 24 10 37% [29].
CnepnoBatenbHO,HE0AAbIOBAHTHYO
XMMWOTEPANHIO Y NAUNEHTOB C pe-
3ekTabernbHbIMN MeTacTasamm B
neyeHb U HU3KKWIA PUCK peunamsa
Onyxonu cnepyeT BOCNPUHUMATD C
OCTOPOXXHOCTBIO.
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extrahepatic tumor burden is
surgically resectable. Accord-
ingly, patients with resectable
pulmonary and liver metastas-
es haven been shown to have
acceptable survival rates after
curative resection [31].

Using modern diagnostics,
chemotherapy and surgical
treatment approaches, the
overall survival after liver resec-
tion for colorectal metastases
has significantly improved
recently (fig. 5). Despite a
higher number of complex
patients e.g. extensive preop-
erative chemotherapy, older
patients, patients with a higher
number of metastases, pa-
tients undergoing preoperative
portal vein embolisation and
patients undergoing repeated
hepatectomies the periopera-
tive mortality has not increased
and is still about 2% in our own
experience, as it was in the
eighties and early ninties in a
series of less complex cases
(fig. B). It has been shown

in a prospective multicentric
analysis, that nowadays, liver
resection for colorectal metas-
tases can be savely performed
even in selected patients older
than 70 years of age [10].

BeccnopHbIM NokasaHnem K npoBse-
AEHWI0 NPELONepaLMOHHON XUMK-
oTepanuu SBRAKTCS NOTEHUMAb-
HO pe3ekTabernbHble MeTacTasbl B
MeYeHb, T. €. OMyXofb, KOTOPas Mo-
XET CTaTh pe3ekTabenbHoi no-
Cre YMEHbLLEHNS ee pasmMepoB 3a
cyYeT xumuoTepanum. [laHHbli Bo-
NpocC NPeCTaBlieH Bbllle, B pasae-
ne «MeToabl yBennueHus pesexTa-
6enbHOCTY ONYXONen NeYeHn».

MaumMeHTbl C CUHXPOHHBLIMKM MeTa-
CTa3amy KOJIOpeKTarnbHOro paka B
neyYeHu NPEACTaBNSOT OTAENbHYIO
HO30510rM4eCKyto POpMy, Ans KOTO-
POV XapaKTepeH BbICOKMiA PUCK pe-
LmAanBa ONyxoam Aaxe nocne pe-
3€KLWM NEPBUYHON OMYXONN U ee
MeTacTasos B neyeHb. Ontumarns-
Has cTpaterus NeveHnst B aToi
NOArpynne no-npexxHemy 06Cyx-
paetcs. B vactHocTw, B paboTe
Mentha ¢ coasT [30]. 6611 npeaso-
XKEH MOAXOJ «MeyeHb-nepsas» K
TNIEYEHMIO, KOTOPBIiA, N0 MHEHWIO aB-
TOPOB , MOXET YNYHLLINTb 0BLLYHO
BbKMBAEMOCTb.

[laHHas MeToauKa BKIIHOUAET He-
0afbHOBAHTHYHO XMMUOTEPANHUIO C
nocneaytoLLei pesexkumein MeTa-
CTa30B B NeyeHu, 3aTeM Heoabio-
BaHTHYIO Ny4EBYH0 TEPANUIO paka
NPSIMOIA KULLKW W, HAKOHEL, pe3ex-
Lm0 Knwwiky. OHA NPOTMBOMONOXHA
06bI4HOM Tepanuu, Koraa BHavane
NPOBOANTCS PE3EKLNS NEPBUYHOM
ONyX0Mu C NOCHeayHoLLEeN pe3eKLy-
e/ neyeHu.

OnHako npu OLEHKe BbIXUBAEMO-
CTM NPY 3TOM NOAXOLE MOXHO M-
paTbCs TOMbKO HA PETPOCMEKTUB-
Hble, HEKOHTPONMPYEMbIE AaHHbIE.
OTW AaHHbIE He MOTYT BbITb 06CYX-
LEHbI 30€Cb NOAPOGHO, HO Aaxe
He 060CHOBaHHAs Hay4HO NpakTH-
Ka MOXET NPUMEHSTLCS B Clyyae
HECKOMbKMX METacTa3os B neve-
HM 1 NEPBUYHOIA ONYX0MW BHe Npsi-
MO KWLLKM, TOTAA Kak B cryyae
MHOXXECTBEHHbIX METACTA30B Ne-
YEHW W / UK NEPBUYHON OMyX0Mn

B MPSIMOI KULLKE NOAXO «NeYeHb-
nepBas»MOXeT BbITb NONE3HbIM B
nnaxe 0T6opa NauneHToB ANs pe-
3EKLMM NMEYEHM U PaHHET0 Havana
CUCTEMHO XMMUOTEPANWM B rpynne
NaLMEHTOB C BbICOKMM PUCKOM pac-
MPOCTPAHEHMS OMYXONU.

B 70 Bpemst Kak y 6011bHbIX C nep-
BMYHbIMM 3/10KA4ECTBEHHBIMMU HO-
Boo6pasoBaHuamm neyerm (MUK,
XONaHroKapLMHoMa) BHEMEHEHOY-
Hble MeTacTasbl SBASKTCS NPOTH-
BOMOKA3aHUEM K PE3EKLNN MeyeHw,
B cnyyae MKPI — HaobopoT, 4o Tex
nop, Noka BHEMEYEHOUHas! OMyXOb
ocTaeTcs pesektabensHon. CooT-
BETCTBEHHO, 6bINO BLISBNEHO, YTO Y
NauMeHTOB C pe3ekTabeNbHbIMM Ne-
FOYHBIMM M NEYEHOYHBIMYU MeTacTa-
3aMu OTYMEYaETCS BOSHE NpUeM-
nemast BbIXXUBAEMOCTb Mocne pe-
3exumm [31].

Bnarogaps “cnonb3oBaHuio co-
BPEMEHHbIX METOJ0B ANarHOCTH-
Ki, XMMUOTEPANAN 1 XUpypraye-
CKMX METOLOB NEYEHNS BbIXXMBAE-
MOCTb NOCNE PE3EKLMM NEYEHN NPK
MKPIT B nocnefHee Bpemst 3Hauu-
TenbHO yBenuuunacs (puc. 5). He-
CMOTPS Ha B0JIbLUIEE YUCTIO CHOX-
HbIX MAUMEHTOB, HANPUMEP, C WH-
TEHCUBHOM NpesonepaunoHHON Xu-
MMOTEPanueN, NOXMOro BO3pac-
T4, ¢ 60/IbLLIMM KONIMYECTBOM METa-
CTa30B, NAUMEHTOB, KOTOPbIM Npo-
BOANTCS NpefonepaLmoHHas aM60-
nmM3auuy NopTanbHOK BEHbI, W Na-
LIMEHTOB, KOTOPbIM TpebyeTcs no-
BTOpHAs Pe3eKLMs MeYeHN, Nepuo-
nepaum1oHHOM CMEPTHOCTb He yBe-
nmMumunack 1 No-NPeXXHeMy CocTas-
nset 2% (Haw COBCTBEHHbIN OMbIT),
KaK 370 6b1n0 B 80-X M paHHux 90-x
NS MEHEE CTOXHbIX CryYaes (pu-
CYHOK 5). B xofie NpoCneKTUBHOro
MHOrOLEHTPOBOrO MCCNEf0BaHMS
ObINI0 MOKA3aHO, YTO Pe3eKkums ne-
uyeHn npu MKPTT MoXeT 6bITb Bbl-
NOSHeHa faxe y OTAeMbHbIX naum-
eHTOoB cTapLe 70 net [10].
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Interventional
Radiology
Important Aspects

Keywords: Interventional
Radiology, Peripheral arterial
disease (PAD), Hepatic malig-
nancies, Vertebral fractures,
Endovascular therapy, Radio-
frequency ablation (RFA),
Percutaneous vertebroplasty,
Selective interventional radio-
therapy (SIRT)

Interventional Radiology has
undergone breathtaking devel-
opment during the last dec-
ades. Interventional techniques
have replenished or even re-
placed surgical procedures in a
wide variety of diseases. Com-
pared to open surgery interven-
tional radiology is less invasive
with a comparatively lower
morbidity and mortality rate. In
some cases it can be per-
formed as outpatients” proce-
dure, it is repeatable and cost-
effective. The two sections of
interventional radiology at the
Department of Clinical Radio-
logy in Munich (Grosshadern
and Downtown campus) cover
a broad spectrum of interven-
tional procedures (vascular as
well as non-vascular), which
are performed by highly expe-
rienced interventional radiology
experts. However, endovascu-
lar procedures have a nearly 50

years lasting tradition, starting
in the early 60ies of the last
century at the Munich Policlinic
downtown campus where the
German specialty of Angio-
logy was founded and the first
attempts of endovascular treat-
ment of PAD (peripheral arterial
disease) were taken. Today,

an interdisciplinary team of
experts is dealing with almost
all types of vascular diseases
at the ‘Centre for Vascular
Diseases’. The team consists
of interventional radiologists,
vascular surgeons and angi-
ologists. In the interventional
radiology suite all established
and newly developed endovas-
cular procedures are available
and used by a highly expe-
rienced team that has been
working together for years.

Vascular Interventions
Peripheral Arterial Disease
(PAD)

PAD is defined as a partial or
complete obstruction of the
peripheral arteries including
the lower abdominal aorta. In
95% of all cases it is caused
by arteriosclerosis, one of the
most common and dangerous
pathologies worldwide re-
sponsible for about 50% of all

paguonorus

WHTEPBEHLIUOH-
HOW paauonoruu

KntoueBble CnoBa: MHTEPBEHLNOH-
Has paguonorus, 3abonesanus ne-
PUEPUYECKIX apTEPUH, 3rI0KaYe-
CTBEHHbIE ONYX0JIM NEYEHM, Nepe-
NIOMbI NO3BOHOYHMKA, SHAOBACKY-
NsipHas Tepanus, pagno4acToTHas
abnsums (PYA), upeckoxHas Bep-
TeBpPONNacTuka, CenekTUBHas uH-
TEPBEHLMOHHAS paamoTepanms

B TeueHve nocnenHero necsatune-
TUS IHTEPBEHLIMOHHAS PaAMONOrus
6ypHO pa3BuBanachb:

MOSIBUIIOCh MHOXXECTBO HOBbIX WH-
TEPBEHUMOHHbBIX METOJ0B, KOTOPbIE
3aMEHUIN XMPYPTUYECKME BMELLa-
TENbCTBA MPKU NEYEHUN LUIMPOKOIO
CneKTpa 3aboneBaHmi.

Mo CpaBHEHWIO C TPAAULMOHHON XU-
PYpruei, MHTEPBEHLMOHHAS paan-
ONnOrns — 3Ha4NTENBHO MEHEE MH-
BA3WBHbIil METOA C 60/1EE HU3KM-
MM NOKa3aTensiM1 OCMOXKHEHMIA 1
CMEPTHOCTH.

B HekoTopbIx cnyyasx npoueaypa
MOXeT ObITb BbINONHEHa ambyna-
TOPHO W MHOTOKPATHO, YTO fenaeT
METO/ 3KOHOMWUYECKM BbIFOAHbIM.

B 1BYX 0TLENEHNSAX MHTEPBEHLMOH-
HO pagmonorum LieHTpa KnuHnye-
CKoM pagunonorum B MioHxeHe (kam-
nycsl [poccxafepH 1 VHHeHWwTaaT)
NPOBOANTCS LINPOKWIA CMEKTP WH-
TEPBEHUMOHHBIX MpoLeayp (cocy-
IMCTbIX, @ TAKXKE BHECOCY ANCTbIX),

KOTOPbIE BbINOAHAKTCS OMbITHLIMM
cneuuanucTamu B 0611acTv uHTep-
BEHLIMOHHON Paznonoruy.
OH[0BACKYNSPHbIE NPOLIEAYPbI YKe
UMetoT nouTu 50-neTHue Tpaau-
LK, ¢ Havana 60-x rofoB npoLusio-
ro BeKa, KOrja B NOMKIMHUKE Kam-
nyca MHHeHwTaar B MionxeHe, rae
W HAUWMHaNacb HemeLKas aHruoro-
rus, 6bina npeanpuHaTa nepsas no-
MbITKA 3HLO0BACKYNSAPHOIO NIeYeHus
3aboneBaHuii nepudepnyecknx ap-
Tepui.

HbIHe MHOronpodubHas rpynna
3KCMepPTOB 3aHMMAETCS NOYTH BCe-
MM BUAMK COCYANCTbIX 3a60eBa-
Huii B LieHTpe 60nesHei cocynos.
OnbITHas kOMaHAa OTAENEHNS MH-
TEPBEHUMOHHON PAANONOriK, BKITHO-
yaroLLas MHTEPBEHLMOHHbBIX paauo-
110r0B, COCYAUCTBIX XMPYProB U aH-
rMOJIOroB, BbINONHSET BCE CTaH-
LapTHbIE 1 HEJABHO pa3paboTan-
Hble 3HAO0BACKYNSPHbIE BUAbI BMe-
LiaTensCTBa.

OHAoBacKynspHble BMeLLaTenb-
cTBa

3abonesaHus nepucepnyeckux
apTepwmii (3MA)

3I1A onpefenseTcs Kak YacTuyHas
WK nonHas 06CTpyKUmMs nepudepy-
4ecKux apTepui (MHora B npouecc
BOBJIEKAETCS N HUXKHAS BPIOLLHAs
aopta). B 95% cnyyaes 310 06y-
CNOBMEHO aTEPOCKNEPO30M, OAHOM
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deaths per year. The remaining
5% fall upon other reasons
(inflasmmation, genetic disposi-
tion, trauma) that statistically
decrease with increasing age.

PAD can be divided in 2 sub-
forms: Acute and chronic limb
ischemia (ALl and CLI, respec-
tively). ALI originates from

a sudden embolic / athero-
thrombotic vessel obstruc-
tion, whereas CLI is due to
progressive arteriosclerosis.
The established classifica-
tions (Fontaine, Rutherford)
distinguish different stages of
PAD depending on the clini-
cal symptoms (Table 1). The
risk of amputation grows with
the increasing stage of the
disease and is especially high
in stages Ill and IV (Fontaine)
and in stages 4-6 (Rutherford),
respectively. These late stages
are characterized by persistent
pain and, in some cases, skin
lesions.

The prevalence of PAD in
dedicated investigations ranges
from 3% to 10%. In a popu-
lation over 70 years of age,
prevalence rises up to 20%.
Since the populations of de-
veloped countries are showing
an increasing ageing, a further
rise of prevalence is expected.
Progressive symptoms are
presented by 25% of patients.
In the last decades, we wit-
nessed a continuous increase
of diabetic patients with symp-
tomatic PAD. These patients
have a very high risk of ampu-
tation (50% major amputations
after 1 year), since severe
pathologic alterations of the
arterial vessels are preferably
located in the periphery of the
extremities (with dominance
of the lower extremities). An
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increase of vascular interven-
tions by 40 % is predicted for
the year 2020! In the last 10
years, endovascular approach-
es in the therapeutic manage-
ment of PAD have become
more and more important. In
comparison to surgical proce-
dures, they are less invasive,
in some cases they can be per-
formed on an outpatient basis,
they can be repeated without
major increased risks and

are cost-effective. Technical
improvements of the applied
materials now enable results of
treatment that are comparable
to those of vascular surgery. In
order to facilitate the decision
whether a patient with PAD is
appropriate for the endovas-
cular approach, periodically
updated guidelines, interna-
tional (Transatlantic intersociety
consensus 2 (TASC-2), Table
2) as well as national (AWMF
guidelines (in German lan-
guage)) have been published
and were updated recently.
The selection of patients for
endovascular approaches
thereby depends on localiza-
tion, morphology and extent of
the pathologic alterations.

Endovascular Treatment of
PAD

Endovascular treatment of
PAD encompasses established
“conventional” techniques,
such as balloon angioplasty
and stenting as well as recent
developments like drug eluting
balloons, drug eluting stents,
atherectomy devices or cutting
and scoring balloons. The aim
of all kinds of interventional
procedures is an improvement
of the peripheral blood flow

in the short, and a preserva-
tion of the affected limb in the
long term. Due to the recent

13 Hanbonee pacnpoCTPaHEHHbIX U
OnacHbIX NATONOrWiA, KOTOpas AB-
NSETCA NPUYMHOW CMEPTH B NOYTH
50% Bcex cny4aes 3a rof.
OcTanbHble 5% npuxoasTes Ha
OPYrue NpuumHbl (BocnaneHue, re-
HeTMuecKas NPeapacnonoxXeH-
HOCTb, TPaBMbl), 4TO CTATUCTUYE-
CKM YMEHbLUAETCS C BO3PACTOM.
3ATT MOXHO pa3fenuTb Ha 2 cyb-
(hOPMbI: OCTPYHO U XPOHUYECKYHO
nwemmun koHeuHoctel (ONK n XKK,
COOTBETCTBEHHO).

OWK npoucxoauT 0T BHE3anHom am-
60nMyecKoil / aTepoTpoMB0THYE-
CKOM 06CTPYKLMKM COCyAa, B TO Bpe-
M3 kak XUK cBs3aHa ¢ nporpeccu-
PYIOLLMM aTepOCKIIepO30M.

O6LenpuHsTbIe KnaccudukaLmm
(Fontaine, Rutherford) Bbiaenstot
pa3nuyHble ctagun 3M1A B 3aBucu-
MOCTY OT KJTMHUYECKMX CUMMTOMOB
(tabn. 1). Puck amnyTaumm Bo3pac-
TaeT € pa3BuUTUEM CTafmm 3abone-
BaHus 1 0COBEHHO BbICOK Ha CTa-
ansix Il w IV (Fontaine) u Ha cTagum
4-6 (Rutherford), cOOTBETCTBEHHO.
3T N034HVe CTagun 3a60NeBaHms
XapakTepn3yrTCs NOCTOSHHOW 60-
TNbHO W, B HEKOTOPbIX Cryyasix, no-
pakeHneM koxu. PacnpocTpaHeH-
HocTb 31A, cornacHo AaHHbIM cre-
LmMarnbHbIX MCCNELOBaHNM, Kone-
6netcs o1 3 po 10%. Cpean Hace-
nexns B Bo3pacTe cabiwe 70 net
pacnpoCTPaHEHHOCTb e€ BO3pacTa-
eT [0 20%. B cBsi3u ¢ Tem, 4T0 Ha-
CeNeHve PasBUTbIX CTPaH CTPEMM-
TEMNbHO CTAPEET, 0XKUAAETCS fanb-
HEMLLMIA POCT PacnpPOCTPAHEHHOCTH
AaHHoro 3abonesanms. Mporpeccu-
POBaHWE CUMMTOMOB OTMEYAOTCS Y
25% naumeHToB.

B nocneaHue fecatuneTus Ml cTa-
N1 CBUAETENSAMMU NOCTOSHHOTO yBE-
TIYEHNS MALMEHTOB C CaxapHbIM
A1abeToM M CUMNTOMATUYECKON
3MA.

QT NaUMEHTbI UMEKOT OYEHb Bbl-
COKMiA puck amnyTaumuu (50% BbIco-
KuX amnyTauuid nocne 1 roga), no-
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CKOMbKY TSKenble NaTonormyeckue
W3MEHEHNS NPOMCXOAAT B apTepu-
X Ha Nepudepnn KOHEYHOCTEN (C
npeo6nagaHnem HxHux). MporHo3s
Ha 2020 rog — yBenuueHue cocyam-
CTbIX BMeLIATENbCTB Ha 40%!

B nocnegHve 10 neT aHAoBacky-
NSPHbIE METOAbI B NeveHun 3M1A
CcTaHoBsTCA BCe 6onee 1 6onee
BaXXHbIMM. [10 CPABHEHWIO C XMPYp-
TMYECKUMI BMELLATENLCTBAMM OHM
MEHEE MHBA3MBHbI, B HEKOTOPbIX
Cry4asx OHW MOryT ObITb BbINON-
HEHbl B aMByNaToPHbIX YCNOBUSIX,
MHOrOKPATHO NOBTOPEHbI 6€3 yBe-
TIMYEHNS pUCKa 1 SBASKOTCS 9KOHO-
MUYECKN 3CDDEKTUBHBIMM.
TexHn4yeckoe COBEPLUEHCTBOBA-
HWE NPUMEHSIEMbIX MaTEpPNanoB U
YCTPOWCTB NO3BONSOT 0Becneun-
BaTb PE3y/bTaThl IEYEHMS, KOTO-
Pbl€ CONOCTABUMbI C TAKOBbIMW MPK
MCMOMb30BaHNN METOA0B 0ObIHHON
COCYAMCTON XMPYprum.

[Mocobuem npu onpefeneHuu, nog-
X0OuT v nauueHT ¢ 3MMA ans oH-
LOBACKYNSPHOTO NIEYEHMS, ABMAOT-
Csi HelaBHO OGHOBNEHHbIE 1 ONY-
6NMKOBaHHbIE PYKOBOACTBA, Kak
MexayHapofHble (Transatlantic
intersociety consensus 2, TASC-

2, Tabn. 2), TaK U HaUMOHaNbHbIE
(AWMF — Ha HemeukoM 53bike). OT-
60p NauMeHTOB Ans SHA0BACKYNSpP-
HbIX BMELLIATENbCTB 3aBUCHUT OT J10-
Kanuaauuu, Moponoruu v cTene-
HW BbIP@)XEHHOCTY NATONOrUYECKNX
U3MEHEHUIA.

OHpoBackynspHoe neyexue 3MA
OHL0BACKYNAPHOE NEYEHNE BKITHO-
4aeT TaK Ha3blBaEMbIE «0ObIYHbIE>
METOAbI, TaKue Kak 6annoHHas aH-
rMonnacTka 1 CTEHTUPOBaHKE, a
TaK>Ke nocneaHue paspaboTku, Ha-
npumep, 6anoHbl U CTEHTBI C fe-
KapCTBEHHbLIM MOKPLITUEM, YCTPOA-
CTBa ANS aTEPIKTOMUN («pexy-
Lue» 6annoHbl).

Llenbto BCeX BUMAOB MHTEPBEHLMOH-
HbIX NpoLeayp SBNSETCS ynyyLle-
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Fig. 1: 73 y. old patient with filiform
stenoses of the right AIC, the left
AIC and the right AIE (arrows; 1a).
PTA and stenting with a balloon-ex-
pandable stent (right AIC; star) and a

self-expandable stent (right AIE; crux)

with protection of the right internal
iliac artery (1b,c). Treatment of the
left-sided stenosis was refused by
the patient.

introduction of smaller vascular
access systems (4 French) and
compatible catheters, the risk
of bleeding at the access site
could be reduced as well as
the post-interventional im-
mobilization time. The lower
size also enables transbrachial
approaches no longer requir-
ing post-interventional im-
mobilization of the patients in
some well selected cases. At
our institution, 80% of periph-
eral endovascular procedures
(i.e. distal from the common
femoral artery (AFC)) can be
performed with 4-French-sys-
tems (own experience). Only
interventions of the abdominal
aorta / pelvic arteries continue
to require accession systems
ranging from 5 to 8 French.

Abdominal Aorta / Pelvic
Arteries -

Common lliac Artery (AIC) /
External lliac Artery (AIE)
Treatment of obstructions of
the infrarenal aorta and pelvic
arteries is mandatory in all
stages of PAD since this will
be an important inflow proce-
dure. According to the TASC-2
consensus, the endovascular
approach is preferred for short
or unifocal lesions (Fig. 1). Ad-
ditional stenting of the pelvic
arteries is recommended since
heavy calcifications are seen
quite frequent in these lesions.
At our institute, we achieve a
successful recanalization in at
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least 95% of all cases with a
5 years patency rate of more
than 81%.

Superficial Femoral Artery
(AFS) / Popliteal Artery (AP)
Interventional therapy is
primarily recommended for
short distance obstructions
and stenoses not involving the
femoral bifurcation or the lower
leg'’s trifurcation. In addition to
traditional balloon angioplasty
newly developed techniques
like directional atherectomy
with the Silverhawk and Tur-
bohawk catheter as well as all
kinds of drug eluting devices
are used if appropriate. These

HuWe nepucepryeckoro kpooobpa-
LLeHWs B KPaTKOCPOYHOM Nepenek-
TUBE W COXPAHEHNE NOPXKEHHON
KOHEYHOCTM — B JONMOCPOUHOM.

B cBi31 ¢ Ha4anoM npuMeHeHus
MEHbLLWX M0 pasmMepy CUCTEM [i0-
cTyna Kk cocyfiam (4-French) n nog-
XOASILLMX KaTETEPOB PUCK KPOBO-
TEYEHNS B MECTE MPOKOSIA MOXET
ObITb YMEHbLLEH, KaK 1 BPEMS UM-
Mo6uan3aumu nocne BMeLLaTeb-
ctBa. MeHbLunii pasmep cuctem
NO3BONSET OCYLUECTBASATb TAKXKe
TpaHcOpaxmanbHble NOAXO0ab!, He
TpebytoLme B HEKOTOPbIX Clyyasx
MMMOBMIN3ALMM NALMEHTOB NOCNE
BMeLLaTensCcTBa. B Hawem yupex-
neHumn 80% nepuchepruyeckux aHLo-
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Puc. 1. 73-neTHui naumeHT ¢
HUTEBUAHbBIM CTEHO30M NPABOA

OnMA, nesoit OMNA v npasoit HMA
(cTpenkw, 1, a). YTA u cTeHTMpOBaHNE
6anoHHOPACKPbIBAIOLLMMCS CTEHTOM
(npasas OlA; 3Be3nouKa) u
CamopackpbIBatoLLMMCS CTEHTOM ( npasas
HIA; KpecTuk ) ¢ 3aLwmTon NpaBoil
BHYTPEHHel NoAB3A0LLIHON apTepuy (1, b,
c). OT neyeHnst NeBOCTOPOHHEr0 CTEH03a
naLmeHT 0TKasancs.

BacKyNspHbIX npoueayp (T.e. auc-
TanbHee 06Len 6eapeHHOI apTe-
pWK) MOrYT 6bITb BbINOSHEHDI C UC-
nonb30BaHnem cuctembl 4-French
(CO6CTBEHHbIiA OMbIT).

TonbKo BMeLLaTenbcTBa Ha 6proLu-
HOW aopTe / Ta30BOM apTepum
No-NPeXXHeMy TPEBYHOT NpuMeHe-
Hus cuctem 5-8 French.

BbpiowHasa aopta / TasoBble ap-
Tepuu (O6was noas3AOLWIHANA ap-
Tepus (OMNA) /HapyxHas nop-
B3aowHas aptepus (HMA))
Jleuenme o6cTpyKummn nHdbpape-
HabHOrO CErMeHTAa aopTbl U Ta30-
BbIX apTepui ABNSETCS 0653aTenb-
HbIM Ha Bcex aTanax 3M1A, nockonb-
Ky 3T0 SBNAETCS BAXHOW Ha4ab-
HO¥ MpoLieypoi.

CornacHo pykosoacTtey TASC-2,
9HA0BACKYNSPHbIA NOAX0A SABASET-
S MPEeAnOYTUTENbHBIM A5 KOPOT-
K1x 06pa30BaHWI MK NPy HamM4MK
OfiHOro oyara (puc. 1). Takxe peko-
MEHLYeTCs [ONONHNTENbHOE CTEH-
TUPOBaHME Ta30BbIX apTepuit, Tak
KaK 4acTo 0TMEYaeTCs BbIPAXEH-
Has kanbLmdukaums aaHHbIx obpa-
30BaHUiA.

B Hawem uHcTuTyTE B 95% BCex
CIly4aeB Mbl MPOBOAWM YCMELLHYHO
peKaHanu3aumio ¢ CoXpaHeHnem
MNPOXOAMMOCTY COCya B TEYEHNE 5
neT y 6onee 4em 81% nauneHToB.

MoBepxHocTHas 6eapeHHas ap-
Tepus / lMoakoneHHas apTepusi
WNHTepBEHUMOHHAs Tepanus B nep-
BYHK) O4EpEfib PEKOMEH0BaHa Ans
06CTPYKLMiA KOPOTKUX y4aCTKOB CO-
CY[i0B W CTEHO30B, 663 BOBNEUEHUS
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Fig. 2: 71 y. old patient with multiple
haemodynamic relevant stenoses of
the lower popliteal artery (2a; arrow)
and the proximal lower leg arteries
(2b; arrows). Satisfying result after
PTA (2¢,d), no stent implantation
necessary

new techniques have enlarged
the indications and possibilities
of endovascular treatment of
the femoro-popliteal vascula-
ture tremendously, preserving
such important therapeutic
options like bypass surgery for
the patient. Stenting is recom-
mended for residual stenoses
>50% and dissections compro-
mising the blood flow. Recently
developed longer and more
flexible stent systems now of-
fer the possibility to treat long-
er or more complex lesions like
TASC C and D lesions or even
chronic total occlusions (CTO).
Again, this type of procedure
should be applied only in well
selected cases and following
interdisciplinary consultation. In
particular this is an alternative
therapeutic strategy if surgical
treatment is not an option due
to comorbidities. Regarding
this new approach, data evalua-
tion is still in progress.

Lower Leg Arteries

Patients with infrapopliteal
lesions are different from
patients with iliac or femoro-
popliteal obstructions in many
respects. First, they normally
are in a later stage of the
disease, typically with criti-
cal limb ischemia and pain at
rest or even with ulceration.
More than 40% of these
patients are diabetics, with this
number still increasing. They
regularly suffer from several

el
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complex lesions of all three
crural vessels, mostly with

long and calcified occlusions

of the tibial arteries and only a
patent but insufficient peroneal
artery (Fig. 2). Moreover, this
group of patients is espe-

cially challenging due to several
comorbidities, such as renal
insufficiency, coronary heart
disease, or polyneuropathy and
mediasclerosis. Unlike the iliac
and femoro-popliteal vessels,
the main goal of endovascular
treatment in this vessel region
is not long term patency of

the treated segment but limb
salvage and avoidance of major
amputation. Newly developed

GenpeHHoi 6ucbypkaumm nnm Tpu-
hypKaummu B 061aCT ronexu.

B [onomnHeHue K TpagvumoH-

HO 6annoHHON aHrMoNNacTuKe,
npy He06X0AMMOCTM UCTIONB3YHOT-
CS HelaBHO pa3paboTaHHble Me-
TOAMKM, TaKue, Kak npsiMas ate-
P3KTOMUS C MOMOLLBIO KAaTETEPOB
Silverhawk v Turbohawk, a Tak-
)€ BCE BUAbl YCTPOMCTB C NeKap-
CTBEHHbIM NOKPLITUEM. ITH HO-
Bble TEXHONOMNM 3HAYNTENBHO pac-
LMWK MOKA3aHNS U BOSMOX-
HOCTU 3H[O0BACKYNAPHOrO neye-
HUS 6e4PEeHHO-NOAKONEHHOM COCY-
AVCTOM CETM, COXPaHSs NpN 3TOM
ANS NauMeHTa BO3MOXHOCTb LLIYH-
TpoBanms. CTEHTMPOBaHWE PeKo-
MEHJYETCS B Cyyae 0CTaTOUHO-
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Puc. 2. 71-neTHuit naumeHT co
MHOXXECTBEHHBIMI CTEHO3AMM HIKHE
NOAKONEHHON apTepu C HapyLLEHUeM
remMoAnHamukm (2, a; CTpenka) u
MPOKCUManbHbIX apTepuii ronexm (2,
b; cTpenkw). YnoBneTBOpUTENbHBbIN
pesynbTar nocne YTA (2, c,d),
UMMNaHTaUMs CTEHTA He HyXXHa.

ro cTeHo3a 6onee 50% u paccnoe-
HUS CTEHKW COCY[ia, HApYLLAOLLEr0
KPOBOTOK.

B nocneaHee Bpems paspabota-
Hbl 60nee AnMHHbIE W TMOKKME CucTe-
Mbl CTEHTMPOBAHMS, KOTOPbIE AAOT
BO3MOXXHOCTb NleyeHuns Bce 6onee
CNOXHbIX 06Pa30BaHMiA, TaKMX Kak
C v D no knaccudpmkaumm TASC,
UM Jaxe 06LLENA XPOHUYECKON OK-
knroaum. OHaKo Takoro poda npo-
Lielypbl [OMXKHBI NPUMEHATHLCS
TOMbKO Y TLATeNbHO 0TO6PaHHbIX
NauneHToB, Ha OCHOBE MEXAMCLM-
NAVHAPHBIX KOHCYNbTaumit. B yacT-
HOCTM, 3TO MOXET CTaTb anbTep-
HaTUBHbIM BUOM NEYEHHs B Cry-
yae, Koria X1pypruyeckoe neve-
HMe HEBO3MOXHO M3-3a COMyTCTBY-
toLLMX 3ab0oneBaHuiA (OLeHKa AaH-
HbIX MO JaHHOMY METOZY eLle npo-
LOIKaeTcs).

ApTepum roneHu

[MaumreHTbI ¢ nopaxxeHneM nog-
KOJIEHHOW apTepun 0TNYaI0T-

Cs1 OT NAUMEHTOB C 06CTpyKLMeEn
NOAB3LOLUHbIX NN 6€APEHHO-
MOAKONEHHbIX COCYA0B. Bo-nepBbIx,
OHM 0BbIYHO HAXOAATCA B NO3AHEN
cTaauu 3abonesanus, Kak npasu-
10, C KPUTMYECKOIA ULLIEMMEN KOHEY-
HOCTE 1 60MbIO B NOKOE MK fiaxe
¢ nsbs3snennem. bonee 40% atnx
60MbHbIX CTPAAAIOT AMAOETOM, U X
4nCA0 MPOJOMKAET PacTu.

[ins HUX xapakTepHO KOMMeKC-
HOE MopaXkeHue BCex Tpex apTe-
PWii TONEHM, B OCHOBHOM C [JIMHHBI-
MM 1 KamnbLUMHUPOBAHHbBIMI OKKJTHO-
3usimm 60MbLLEBEPLIOBON apTepun
NPV COXPaHEHUM YaCTU4HOM MPOXO-
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balloon catheters and stent
systems for these small ves-
sels have greatly enlarged

the armamentarium of inter-
ventional radiology. This led

to the recommendation of an
endovascular first strategy in
nearly all kinds of crural vascu-
lar obstructions. Conventional
balloon angioplasty - if neces-
sary in combination with not
self-expanding coronary stent
systems - yields a preservation
of the extremity in 75%-96%
of all cases and a sufficient
recanalization in 60%-75% of
all cases after 1 year. The re-
cent use of drug-eluting stents
improved the rate of extremity
preservation to more than 98%
of all cases after 1 year.

New Developments

Drug Eluting Stents

Drug eluting stents are coated
with cytostatics (e.g. paclitaxel)
in order to inhibit neointimal
proliferation after angioplasty
and to protect the results of
revascularization. The cytostat-
ics are adsorbed to polymers.
Although well established in
the coronary arteries, their use
in the peripheral vasculature
has not been recommended
for a long period of time since
several small trials failed to
show a benefit of the drug
coating in comparison to bare
metal stents. This effect was
mainly related to negative ac-
tions of the polymer coating.
Today, both, newly developed
polymers as well as polymer
free drug eluting stents are
available. The use of polymer
based Sirolimus eluting stents
in the infrapopliteal vasculature
shows a persistent sufficient
recanalization in 92% of all cas-
es 12 months after intervention
(1), and a persistent sufficient

recanalization in 95% of all
cases 24 months after inter-
vention, respectively (2). In the
femoro-popliteal vasculature
the recently introduced poly-
mer-free paclitaxel coated stent
systems also delivered promis-
ing results (Zilver PTX registry,
preliminary data). Using these
stents in order to treat a wide
range of lesion sizes (9,9 cm
+/- 8,2 cm) demonstrated
some significant advantages

in comparison to conventional
balloon angioplasty / bare metal
stents regarding event-free
survival, primary patency and
rate of restenosis (after 12
months). 40% of the included
patients showed TASC C/D
lesions, i.e. lesions primarily
treated by vascular surgery so
far. About 50% of the patients
were diabetics. However, there
is one serious drawback so

far: Like conventional systems,
drug eluting stents are perma-
nent implants with the risk of
fracture over the time.

Bioabsorbable drug eluting
stents may represent another
attractive approach. The deve-
lopment of biocabsorbable stent
systems is stimulated by the
concept that stent action is
only necessary for a short time,
and that persistent conven-
tional stent systems require
prolonged anticoagulation.
Moreover, persistent stent sys-
tems reduce / modulate future
therapeutic options and are

at risk of fracture. Presently,
different systems are being
tested in a preclinical setting
and no clinical data are avail-
able so far.

Drug Eluting Balloons
Drug eluting balloons (DEB's;
Fig. 3) provide an alternative

AMMOCTY Mano6epLioBOn apTepum
(puc. 2).

KpoMe Toro, 3Ta rpynna nauveHToB
ABNSETCH OCOOEHHO CNOXXHOW ANs
NEYeHs U3-3a HECKONbKMX COMyT-
CTBYHOLLMX 3a60MEBAHWIA, TAKNX Kak
no4eYHas HefloCTaTOYHOCTb, MLE-
MuYeckas 6onesHb cepaua, nonu-
HelponaTus 1 aTepocKepos.

B oTnnume 0T cnyyaes nopaxe-
HWS NOAB3AOLLHbIX U 66 APEHHO-
MOAKOMEHHbIX COCYA0B, rNaBHas
LieMNb SHA0BACKYNSAPHOrO Nneve-

HWS 3a60N1eBaHUIA COCYA0B B 3TOM
y4acTKe — He COXPaHNUTb NPOXOAu-
MOCTb B JONITOCPOYHOI NEPCNEKTH-
Be, a CNacTV KOHEYHOCTU 1 NPeJoT-
BPaTUTb €€ amnyTaumio.

HenaBHo pa3paboTaHHbIi 6annoH-
HbliA KATETEP U CUCTEMBI CTEHTMPO-
BaHWs ANS BbILLIEYNOMSHYTbIX Ma-
TbIX COCYLOB 3HAYUTENLHO YBENH-
YW apceHan MHTEPBEHLMOHHOM pa-
anonorum.

HbiHe aHaoBacKkynsipHas Tepanus
PEKOMEH0BaHa NPaKTU4ECKM MpK
BCEX Buax 06CTPyKLmiA COCYLOB
ronenu. ObblvHas 6annoHHas aHru-
OnnacTvka, npn Heo6X0ANMOCTH — B
COYEeTaHMM C HECaMOPaCKPbIBAK0-
LMMMCS CUCTEMAMM CTEHTUPOBA-
HUS KOPOHAPHbIX COCYA0B, — 06e-
CMEYMBAET COXPAHEHNE KOHEYHO-
CTeit B 75-96% BCex Cnyyaes u
LOCTaTOYHYI0 peKaHanM3aumio B
60%—75% BCex Cny4vaes C AMTeNb-
HOCTbtO Bonee 1 roga. HegaeHo Ha-
yaBLLIEECs UCMOJb30BAHNE CTEH-
TOB C JIEKAPCTBEHHbIM MOKPbITH-

€M yMyyLIMIIO noKasaTtenb CoXpaHe-
HWS KOHeYHOCTY Bornee YeM B 98%
BCEX CNYyYaeB C AAMTENbHOCTbIO 60-
nee 1 roga.

HoBble pa3paboTku

CTEHTbI C IEKapCTBEHHbIM
MOKpPbITUEM

OTU CTEHTBI MOKPbITbI LUTOCTATHK-
Kamu (HanpuMmep, NaknmTakcenom),
4T06bI NPENATCTBOBATL NPOUE-
paunMn HEOMHTUMbI NOCNE aHr1o-

NAACTUKM 1 TakuM 06pasom 3aluu-
LaTb pesynbTaThl peBacKynspu3a-
umu. LiutoctaTuky afcopbuposaHsi
Ha NONMMepbI.

HecmoTps Ha TO, YTO NOAO6HbLIE
CTEHTbI XOPOLLO 3apeKOMEHA0BaM
ce6s Npu yCTaHOBKE B KOPOHAPHbIX
apTepusix, UX UCNONb30BaHME ANs
nepudeprnyeckx CoCy0B B TeYe-
HWE ANUTENBHOTO NeprUoaa BpemMe-
HM He 6bIN0 PEKOMEHL0BaHO, No-
CKOMbKY Pe3ynbTaTbl HECKONbKMX
UcCneaoBaHuin He nokasanu npeu-
MYLLECTBA CTEHTOB C NEKApPCTBEH-
HbIM MOKPbITUEM MO CPABHEHWIO C
«OJIbIMW» METANMYECKNMM CTEH-
Tamu. 370 6bIN0 CBS3aHO, B OCHOB-
HOM, C HEraTUBHbIMU BO3AENCTBNS-
MW NONMMEPHOTO MOKPbITHS.

B HacTosLLee BpeMst NPUMEHSIOTCS
KaK HefiaBHO pa3paboTaHHble no-
TMMEpHbIE CTEHTI, KaK € MOKPbITU-
eM, Tak 1 6e3 Hero. Mcnonb3osa-
HWE CTEHTOB HA NOMMEPHON OCHO-
Be Sirolimus B NOAKONEHHON cOCy-
AMCTON ceTn obecneunBaeT AocTa-
TOYHO CTOVKYH) peKaHanmaaunio B
92% cny4aeB yepes 12 MecsLeB
nocne BMeLwatensctaa (1), u go-
CTaTO4HO CTOWKYH — B 95% cnyya-
€B Yepes 24 Mecsua nocne BmeLLa-
TenbCTBa (2).

B 6epeHHO-N0AKONEHHOM COCYAN-
CTO¥ CETU HeaBHO paspaboTaHHas
6ecrnonuMepHas cucTema CTeHTu-
POBaHMS C NAKNMTAKCENOM Nokasa-
na MHoroobeLLatoLLme pesynbTarhl
(PTX Zilver PTX registry, npesnsapy-
TeNbHbIE AaHHbIE).

Mcnonb3oBaHue 3Tx CTEHTOB Npy
NEYEHUM COCYAUCTBIX NOPAXKEHMIA
pasHbIx pasmepos (9,9 + /- 8,2 cm)
MPOLEMOHCTPUPOBANIO PAA CyLue-
CTBEHHbIX NMPENUMYLLECTB MO CPaB-
HEHWIO C 06bIYHOI 6aNOHHON aHru-
ONNaCcTMKON M «TOMbIMM « METaNU-
YECKMMM CTEHTaMM MO CReayHLLMM
rnoka3aTessiM: BbKMBAEMOCTb 663
OCNOXKHEHMIA, NepBUYHast MPOX0au-
MOCTb 1 PecTeHo3 (nocne 12 mecs-
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Fig. 3: 20y. old patient with a short-

extended high-grade restenosis of a
distal origin femoro-tibial bypass (3a;
arrow). Long-term dilation with DEB
(3b). Sufficient recanalization (3c).

way to supply antiproliferative
drugs to the vessel wall. In
animal experiments this con-
cept could be confirmed and

it has been shown that drugs
applied in this way did not only
permeate into the vessel wall
but were also detectable there
for at least 28 days. The drug is
dissolved from the balloon dur-
ing PTA. DEB's have — in com-
parison to Drug eluting stents
- the advantage of a tem-
porary device, i.e. long term
complications like fractures /
dislocations can be avoided.
Also, potentially important side
branches / collateral vessels
are saved. Furthermore, in the
case of restenosis, the proce-
dure can be easily repeated.
First data addressing interven-
tions in the femoro-popliteal
vasculature (THUNDER trial;

2 years observation period)
show a significant reduction of
the rate of reinterventions in
patients treated with DEB's in
comparison to patients treated
with conventional balloons.
However, the use of DEB's is
limited in cases of long dis-
tance lesions / severe calcifica-
tions so far.

Nevertheless, no one would
doubt that drug eluting devices
already are an important part of
our endovascular arsenal and
will play an important role in
the near future since they have
the potential to substantially
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improve the results of different
kinds of endovascular proce-
dures.

Directional Atherectomy
Atherectomy enables to
remove obstructive arterio-
sclerotic plagues by means of
mechanical excision (Fig. 4).
For this purpose, we use spe-
cialized catheters armed with
small rotating cutters that can
be selectively cored or ex-
posed (Silverhawk and Turbo-
hawk catheters). The debulking
is performed "“step by step”,
i.e. generally repeated pas-
sages are needed in order to

ue). 40% naumentos ¢ TASC C/

D 06pa3oBaHusamMmu NepBoHaYasibHO
NEUMAINCH 0BbIYHBIMU METOLAMM CO-
cyamncToii xupyprim. Okono 50% na-
LIMEHTOB CTpadanu gnabeTom.

OpnHaKo y CTEHTOB C NeKapCTBEH-
HbIM NOKPLITUEM ECTb W OfIMH Ce-
PbE3HbIN HEAOCTATOK: Kak 1 06bIY-
Hble CUCTEMbI, OHU ABNISKOTCS NO-
CTOSIHHbIMM UMMAIAHTaTaMU, C PU-
CKOM PaspyLLEHMs C TEHEHNEM Bpe-
MeHu. B cBs3un ¢ aTM 6uopaccach-
BaIOLLMACS CTEHT C NEKAPCTBEHHbIM
MNOKPLITUEM MOXET CTaThb 6onee
NpvBnEeKaTebHON anbTepHATUBOM.
Pa3paboTka 6ropaccacblBaroLen-
CS1 CUCTEMbI CTEHTUPOBaHUS Bbina

paguonorus

Puc. 3. 20-neTHUi naumeHT ¢ KOPOTKUM
BbIPXXEHHbLIM PECTEHO30M ANCTANBHOMO
yyacTka 6eapeHH0-60/bLLe6epLOBOro
wyHTa (3, a; cTpenka). JonrocpoyHas
Annataums ¢ nomowbsto BT (3, b).
[ocTtatoyHas pekaHanusaums (3, c).

BbI3BaHa KOHLenumen, 4to paéota
CTEeHTa HEOOXOAMMA NULLb B TeYe-
HWe KOPOTKOro BPEMEHM W YTO No-
CTOSIHHbIE 0BbIYHbIE CUCTEMBI CTEH-
TUPOBaHMS TPEOYHOT ANUTENbHOV
aHTUKOArynsHTHOM Tepanuu. Kpome
TOr0, NOCTOSIHHbIE CUCTEMBI CTEH-
TUPOBAHMS YMEHBLLAIOT / MOAYW-
pytoT By fyLune TepaneBTUYeCKue
BO3MOXKHOCTM M MOTYT pas3pyLUmTb-
csl. B HacTosLLee BpeMst pa3nuyHble
CUCTEMbI MPOXOAST TECTUPOBaHWE
B [OKJIMHUYECKNX UCTIbITAHUSX, Of-
HaKO A0 CUX NOp LOCTOBEPHbIX K-
HUYECKNX [aHHbIX HE UMEETCS.

BannoHb! ¢ nekapcTBEHHbIM
NOKpbITUEM

BannoHb! ¢ NekapcTBEHHbIM NOKPbI-
Tvem (BJIM - puc. 3) — anbTepHa-
TWBHbIIA CNOCO6 JOCTABKM aHTUMPO-
nmchepaTUBHOTO CPEACTBA K CTEH-
Ke cocypa.

B akcnepuMeHTax Ha XXMUBOTHbIX
[aHHas KoHLenuus 6bina noa-
TBEPXAEHA: B 4aCTHOCTH, BbINO NO-
Ka3aHo, YT0 npenaparbl, MPUMe-
HSEMbIE Takmm 06pa3oM, He TOMb-
KO MPOHMKIM B CTEHKY COCYAa, UX
MOXXHO 6bIfI0 ONPEAENUTL B HEM B
TEYEHME He MeHee 28 aHeil.

lpenapat pacnpocTpaHseTcs u3
6annoHa BO BPeMs YPE3KOXXHON
TPAHCAOMUHANBHO aHr1onacTy-
ku (HTA). bannoHsb! ¢ nekapcTaeH-
HbIM MOKPbITUEM UMEIOT — M0 Cpas-
HEHWIO C aHANOMNYHbBIMM CTEHTa-
MM — NPEenMyLLECTBA BPEMEHHO-

r0 YCTPOWCTBA: MOXHO 136eXaTh
LOArOCPOYHBIX OCNOXXHEHWHA, Ha-
npu“Mep, NEPENOMOB W AUCTOKa-
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Fig. 4: 63 y. old patient with short-
extended calcified stenosis of the
popliteal artery (P2 segment; arrow in
4a). Satisfying result after repetitive
endovascular atherectomy using a
atherectomy catheter.

cover the whole circumference
/ the full length of the lesions.
Due to the avoidance of dila-
tion there is no barotrauma to
the vessel wall, reducing the
risk of dissection as well as
the risk of neointimal prolif-
eration. As yet, there are only
single centre experiences (3,4)
(TALON (Treating Peripherals
with SilverHawk: Outcomes
Collection) registry 2006).

In these reports, the rate of
primary patency ranges from
67% to 82% (after 12 months).
Between 60 and 82 patients
were included in the studies.
Complication rate was

< 3.2%. For further evaluation,
multi-centre studies including
higher numbers of patients are
required.

Even now, however, directional
atherectomy can be consid-
ered an important component
of our endovascular arsenal.

It plays a role for treatment of
classical “No-stent-regions”
such as the popliteal artery or
the femoral bifurcation since it
will reduce the risk for bail-

out stenting to a minimum by
keeping the option for popliteal
bypass anastomosis. In addi-
tion, it offers new possibilities
for treatment of severely calci-
fied lesions, usually not treat-
able without additional stent
placement. Though, presently
it is still an expert tool and only
at specialized centres available.

a

Non-Vascular Interventions
Embolization of aortic lesions
Minimal-invasive embolization
of aortic lesions is a brandnew
approach in order to reduce
morbidity and mortality of
selected patients requiring
surgical procedures so far.
We perform embolization

of penetrating aortic ulcers,
persistent endoleaks after
endovascular aneurysm repair
(EVAR; Fig. 5) and false aneu-
rysms that occasionally arise
from spine surgery. Thereby,
a microcatheter is introduced
percutaneously under fluoro-
scopic control addressing the
lesion and an occluding agent
is applied for sealing — in com-
bination with coils for further
stabilization. At our institution,
we use a mixture of ethylene
vinyl alcohol copolymers dis-
solved in dimethyl sulfoxide
(embolization) and tantalum
powder (visibility). Ethylene
vinyl alcohol copolymers show
the lowest recanalization rate
of all embolic materials known
so far. They are safe, easy to
use and show a fast precipita-
tion when exposed to aque-
ous solutions. This enables

umi. Kpome TOro, NoTeHUManbHo
Ba)KHbIE COCYANCTbIE OTBETBNEHMS
(konnarepanu) oCTatoTCs COXpaH-
HbIMK. Kpome Toro, B ciyyae pe-
CTeH03a NpoLeaypa MOXET ObITb
BbINOJIHEHA MOBTOPHO.

[TepBble NOMy4eHHbIE AaHHbIE OT-
HOCUTENbHO BMELLATENLCTB Ha
6enpPEHHO-NOAKONEHHON COCy an-
CTOV CETU (KNMHUYECKME UCTIbITa-
Hug Thunder; nepuop Habnofe-
HUs — 2 T0/la) NoKa3bIBaOT 3Ha-
YUTENBHOE CHUXXEHME NOBTOPHbIX
BMELUATENbCTB Y NAUMEHTOB, Y KO-
TOPbIX NPUMEHSNUC BANNOHbI C fne-
KapCTBEHHbIM MOKPbITUEM MO CpaB-
HEHWIO C NauyeHTaMm, npu neye-
HUM KOTOPbIX MPUMEHSINN 0BbIYHbIE
6annoHbl. OfHaKo NpUMeHeHue Ta-
kux 6aNnoHOB OrpaHNYeHo B Chy-
yae 60MbLLO MPOTSHXKEHHOCTH NO-
PaXKEHWst UMK BbIPAXKEHHOIO 00bI3-
BECTBMEHUS.

TeMm He MeHee, HeNb3s YCOMHUTb-
Cs B TOM, 4TO YCTPOMCTBA C nekap-
CTBEHHbIM NOKPbITUEM YK€ BXOAAT
B apCceHan SHA0BACKYNSPHbIX BME-
LaTensCTB M 6yayT Urpath Bax-
HYH0 ponb B 6nvxkaniuem By pyLieM,
MOCKOJIbKY OHU UMEIOT NoTeHunarn
ANS CyLeCTBEHHOTO YNYHLLEHUS pe-
3ynbTaTOB SHAOBACKYNSPHBIX METO-
[0B NeYeHus.

Puc. 4: 63-neTHUA NaLMEHT C KOPOTKUM
KanbLMHUPOBAHHbIM CTEHO30M
NOAKONEHHON apTepun (P2 cermeHT;
cTpenka Ha 4, a). YA0BneTBOPUTENbHBIN
pesynbTat nocne NOBTOPHOM
9H[0BACKYNSAPHON aTEPIKTOMMM C
NCMONb30BAHMEM CMELMaNbHOT0
Karetepa.

Mpsmas aTepakToMus
ATEP3IKTOMMA NO3BONSET yAANSATH
aTepocKNIepoTMYecKue 6ASLLKM No-
CPELCTBOM MEXAHUYECKOT0 UX UC-
ceyenus (puc. 4).

[ins 3TOr0 Mbl UCMONb3YEM CrieLu-
aNn31POBAHHbIE KATETEpbI, OCHA-
LLeHHble HeBOMbLLOH BpaLLaroLLeit-
€51 (hpesoit, KoTopas MOXXET BblfBM-
raTbCsi M BbIGOPOYHO UCCEKaTh TKa-
Hu (Silverhawk un Turbohawk kaTe-
Tepsbl).

Vicceuermne NpoBoOAMTCS «Luar 3a
Luarom», To eCTb MyTeM NoBTOp-
HbIX ABMXKEHWIA, YTOObI 3aXBaTUTb
ONSLLKY Ha BCHO ASIMHY 1 MO BCEW
OKPY>KHOCTM.

Bnarofaps oTcyTCTBMIO paciumpe-
HUS COCYAMCTON CTEHKM HE HAHO-
CUTCS 6apOTPaBMa, YTO CHIKAET
PUCK MOBPEXEHMS, a TaKXKe pucK
nponudepaun HEOUHTUMBI.

Ha ceroaHsiLuHWiA ieHb npoBe-
[EHO EAMHCTBEHHOE OHOLIEH-
TPOBOE KNMHMYECKOE UCTIbITa-

Hue (3, 4)(TALON: Jleyenue nepu-
(hepnyECcKnX COCY[OB C MOMOLLbHO
SilverHawk, 2006).

B aTux goknagax nokasarenb npo-
X0AMMOCTY COCYLOB Konebnetcs
0T 67 10 82% (nocne 12 mecsues
HabmnofeHus). Yucno naumeHTos,
BKJIOYEHHBIX B UCCIIeJ0BaHMS, CO-
cTasmno ot 60 o 82 venosex. lNo-
Ka3aTesb OCIOXXHEHWI COCTaBMN
<3,2%. [Ing nanbHeuLIen oLeHKu
MeToAa HeoBX0aMMO NPOBEAEHME
MHOTOLIEHTPOBbIX UCCIE0BaHMI C
GONbLLMM YMCIIOM MALMEHTOB.
OnHako aaxke B HACTOSILLMIA MO-
MEHT npsiMast aTepaKTOMMs SIBNSeT-
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Fig. b: Type 2 endoleak after EVAR
of the infrarenal aorta (5a; arrow);
CT-guided puncture of the aneurysm
sac (bb); embolization with onyx, ad-
ditional application of coils (5c).

an immediate imaging-based
control of success. Important
drawbacks (in rare cases) com-
prise anaphylactoid symptoms,
respiratory disturbances up to
ARDS, angionecrosis, catheter
displacement and severe pain
syndrome. In order to avoid
severe complications, a careful
preinterventional exploration of
the patients and their continu-
ous monitoring during the pro-
cedure are indispensible. The
risk of angionecrosis, catheter
displacement and severe pain
syndrome can be minimized by
slow injection of the emboliza-
tion material.

Regarding the results, data
evaluation is still in progress.
Though we can only provide
our own experience, we
guess that minimal-invasive
embolization of aortic lesions
is an attractive approach that
should be further evaluated in
the future.

Radiofrequency Ablation
(RFA) of Malignant Intrahe-
patic Lesions

RFA is an interventional
procedure suited for physical
destruction of tumour masses
up to a diameter of 5 cm. RFA
is the most common applied
thermic procedure. This fact
is due to its comparably high
efficacy, easy performance
and low complication rate (less
than 2%(5). It can be adminis-

Puc. 5: SnponoaTekanue 2 Tuna

nocne 3HA0BACKYNSPHOrO NeYEHUs
aHeBpP13Mbl MH(PapeHanbHON aopTbl

(5, a; cTpenka); KT-koHTponupyemas
NYHKLMS aHEBPM3MATbHOMO MeLLKa

(5, b); am6onM3aums C OHUKCOM,
LOMONHUTENbHOE MPUMEHEHWE CrvMpaneil
(5, c).

CS BXHbIM KOMMOHEHTOM 3H[0Ba-
CKYNISIPHOro neve6HOro apceHana.
OHa urpaeT BaXHyr0 pofb AN1s fe-
YeHWs KNAcCU4eCKNX «HECTEHTUPY-
EMbIX» Y4aCTKOB, TAKWX KaK nog-
KONeHHas apTepus unn 6eApeHHas
Oudhbypkaums, NoCKobKy 3TO NO3BO-
NSIET CHU3NTb PUCK 10 MUHUMYM,
COXPaHsist BO3MOXXHOCTb BbINOSHE-
HUS NOAKONEHHOrO LYHTUPYHOLLe-
ro aHactomo3a. Kpome Toro, aax-
HbI METOL NPEAOCTABNSAET HOBbIE
BO3MOXXHOCTM ANs NEYEHs 0CO-

60 KanbLUMHUPOBAHHbIX MOPaXEHMIA,
Kak npaBuio, He NoAJAIOLLMXCS fe-
yeHnto 6e3 JOMONHUTENBHOIO CTEH-
TMPOBaHMKS.

Heobxo0aMMo 0TMETUTb, YTO U B Ha-
CTOSILLEE BPEMS METOS SBNSETCS
WHCTPYMEHTOM TOJbKO ANs 9KCnep-
TOB M JOCTYMEH NULUb B cneyvan-
3MPOBAaHHbIX LIEHTPAX.

BHecocyaucTble BMeLLATENbCTBA
Ambonusaums onyxonei aopTbl
MuHUMHBa3MBHas ambonu3aums
ONyX0Jen aopTbl — MPUHUMMMATBHO
HOBbI MOAXOA, KOTOPbIA NO3BONSET
CHU3UTb NOKa3aTenNb OCNOXHEHUN !
CMEPTHOCTM Cpeam OTAENbHbIX Na-
LIMEHTOB, TPEOYHOLLMX XMPYPriye-
CKOro BMeLLaTeNbCTBA.

MbI BbINONMHAEM 3MB0ONU3aLMIO NPO-
HWKatoLLEeN 53Bbl a0PTbl, CTOMKME
3HIOMOATEKAHNS

nocre 3HA0BACKYMSPHOro neye-
HUS| aHEBPU3MbI (PUC. 5) 1 NIOXHbIX
aHeBPU3M, KOTOPbIE MHOT A BO3HK-
KakoT Nocne XMpypruyeckoro Bme-
LIATEeNbCTBA HA MO3BOHOYHMKE.
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tered to hepatic (primary and
metastatic), renal, pulmonary
and bone tumours. Thereby,
high-frequency alternating cur-
rent (450-750 kHz) is applied
under fluoroscopic control over
a probe introduced into the tis-
sue to be treated (Fig. 6). The
current stimulates ionic move-
ments with consecutive tissue
heating, inducing coagulation
necrosis. For real time control,
different imaging modalities
can be employed: Ultrasound
(US), Computed Tomography
(CT) or Magnetic Resonance
Imaging (MRI). At our institute,
we prefer the CT-guided con-
trol since images can be easily
and fast acquired. The rate of
artefacts is reduced in com-
parison to US or MRI. RFA of
intrahepatic malignancies can
be applied percutaneously as
well as intraoperatively. So far,
there is no obvious advantage
of intraoperative RFA regarding
overall survival (6).

In most cases, the percutane-
ous procedure can be per-
formed with analgosedation
and local anaesthesia without
the need of general anaesthe-
sia. The most important pre-
requisite is sufficient haemos-
tasis. The number of treated
intrahepatic lesions should not
be greater than 5. The duration
of the procedure depends on
tumour size, as does the rate
of recurrence (7,8). In addition
to the tumour, a 1 cm safety
margin of adjacent healthy tis-
sue should be ablated. During
the withdrawal of the probe at
the end of the treatment, abla-
tion should be maintained in
order to avoid tumour cell dis-
semination and to reduce the
risk of bleeding into the access
route of the probe. The efficacy
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of RFA can be further improved
by combination with previous
embolization of feeder vessels
since the thermic convection is
reduced.

Minor complications without
the need for treatment com-
prise pleural effusions, small
subcapsular haematomas and
temporarily elevated tempera-
ture (9). More severe complica-
tions — requiring therapeutic in-
tervention — include infection /
sepsis, allergic reactions, large
fluid collections that should

be drained, and penetrations
of the stomach / bowel (only
described if US was used for
monitoring the procedure (10).

RFA of malignant intrahe-

patic lesions yields excellent
results if the prerequisites

are respected. Especially the
ablations’ results of solitary
hepatic metastases of color-
ectal cancer are comparable
with those of surgical resection
(mean survival time: 37 months
(RFA) compared to 41 months
(surgery))(11). RFA is minimal-
invasive, repeatable and cost-
effective (reduced retention
time of patients at hospital).

Percutaneous Vertebroplasty
(PV)

PV is a minimal-invasive proce-
dure developed for the stabili-
zation of aetiologically different
symptomatic vertebral frac-
tures (e.g. osteoporosis, vari-
ous malignancies (metastases,
myeloma, lymphoma)) as well
as for the management of
drug-resistant pain syndrome
as a result of vertebral fracture
in order to avoid especially
neurologic complications and
to improve the patients’ quality
of life. PV can be performed

MwkpokaTeTep BBOANTCS NOJ KOH-
TPONEM PEHTTEHOCKONMM 1 AOCTaB-
nsieT B 06nacTb NOPaXXEHMS OKKITHO-
3UPYHOLLMIA areHT Ang «3aneyarbl-
BaHus» — B KOMOMHALMM CO Crinpa-
TbKO, C LiefIblo CTabunmsaumm.

B Hawem MHCTUTYTE Mbl MCMOMb3Y-
€M CMeCb COMONMMEPOB 3TUAIEHA U
BMHWIOBOIO CMUPTA, PACTBOPEHHbIX
B AMMETUACYNbdoKenae (aM6onu-
3auus) 1 NOPOLLKe TaHTana (ans
obecneyenms BuammocTm). Conomu-
Mepbl 3TUNIEHA N BUHUIIOBOTO CTIMp-
Ta NoKasblBaKT HaUb0oEE HU3KWI
nokasaTefb pekaHanuaaumu cpeam
BCeX MaTepuasos Ans am6onnsa-
LK1, N3BECTHBIX JO CVX NOP.

OHu 6e30MacHbl, NPOCTbI B MCMOSb-
30BaHMM 1 NOKa3bIBAKOT ObICTPOE
0CaX[eHne Npn KOHTaKTe ¢ BO-
AHbIMW pacTBOpamMu. 3T0 NO3BONS-
€T OCYLUECTBNATH BU3yarbHbIA KOH-
TPOJb NPY BbINONHEHNM BMELLA-
TenbCTBaA.

CyLiecTBeHHbIM HEOCTATKOM (B
peaKux cryyasx) SBnsoTcs aHagu-
NAKTOMAHbIE CUMMTOMbI, [bIXaTENb-
HblE HapYLLEHWS, BMNOTb 40 CWH-
ApOMa OCTPOW AbIXaTeNbHOM Hepo-
CTaTO4HOCTM, @HMMOHEKPO3bI, CME-
LLeHWe KaTeTepa W BbIPaXeHHbIiA
6011€BOW CUHLPOM.

YT06bI M36exKaTh TAXKENbIX OCNOX-
HEHWiA, He06X0AMMO TLLATENBHOE
npeABapuTENbHOE 06CNeA0BaHNE
MauMEeHTOB W NX MOCTOSHHbBIA MOHY-
TOPMHT BO BpeMs npoLieaypsl. Puck
aHrMOHEKPO3a, CMELLEHMS kaTeTe-
pa W BbIPaXKEHHbI 6ONEBOW CUH-
LPOM MO>HO CBECTH K MUHUMYMY
MeZAneHHbIM BBeAEHNEM aMO0MN3a-
LIMOHHOrO MaTepmana.

Yt0 KacaeTcs pe3ynbTaTos, OLeHka
AaHHbIX eLle npogomkaercs. He-
CMOTPS Ha TO, YTO Mbl MOXEM Onu-
paTbCs TOMbKO Ha Hal COBCTBEH-
HbIA OMbIT, Mbl MPEANOMNAraeM, 4To
MWHUMHBA3MBHas aME0Nn3aums 06-
pa3oBaHuii B 0611acTh aopThbl — 3TO
HOBbIY 3PEKTUBHBIA NOAXOS, KO-

paguonorus

TOPbIN JOMKEH MONYYMTb BbICOKYHO
OLIEHKY B ByayLieM.

PagnoyacTtoTHas abnauus (PYA)
3/10Ka4eCTBEHHbIX BHYTpUNeye-
HOYHBbIX

o6pa3oBaHuii

PYA sBnseTcs MHBA3WBHOW NpoLie-
LYPOW, KOTOpas NoaxoauT Ans -
3M4€ECKOro paspyLUeHus onyxone-
BbIX MAcc AMameTpom Ao 5 cm. PHA
SBNSETCS CaMOW PacmpoOCTPaHEH-
HO TEPMMYECKOI MpoLieaypol. ATO
CBSA3aHO C €8 CPABHUTENBHO BbICO-
KOW 9PEKTUBHOCTBIO, NIErKOCTHIO
BbINOJHEHNS U HU3KUM YPOBHEM
OCNOXXHeHWi (MeHee 2% (5)). OTa
npoueaypa MOXeT 6bITb HanpaB-
JIEHa Ha fleYeHne onyxonen NeyveHm
(MepBUYHbIX 1 METaCcTaTUYECKMX),
NoYeK, Nerkux u koctei. Takum 06-
pa3oM, BbICOKME YaCTOTbl NEPEMEH-
HOro Toka (450-750 KI'L) NpuUMeHs:-
t0TCS! MOA PEHTTEHOCKOMMYECKUM
KOHTpOJIEM NOCPEACTBOM 30HAA,
KOTOpbI BBOAUTCS B NOPAXKEHHbIE
TKaHu (puc. 6).

Tok CTUMynMpYeT LBUXXEHNE UOHOB
C NoCneayLLMM HarpeBaHnem Tka-
Hell, BbI3blBas KOArynsLMOHHbIA He-
kpo3. [ins KOHTPONS HAL npoLesy-
pOii B pearnbHOM BPEMEHW MOTYT
ObITb WUCMONb30BaHbI PA3NIYHbIE
MeTozbl Buayanusauuu: Y3U, KT
nnm MPT. B HawweM WHCTUTYTE Mbl
NpesnoYMTaEM PyKoBOACTBOBATb-
cs KT-KOHTpOsIeM, NOCKOSbKY 130-
OpaXKeHnst MOryT BbITb NONYYEHbI
Nerko u 6bICTPO, a nokasarerb no-
ny4enns apTehakToB 3HAUNUTENBHO
CHVXXEH MO cpaBHEeHMKO ¢ Y3W unn
MPT. Tak>xe HET 04EBMAHOO Npe-
UMYLLECTBA UHTPAONEPALMOHHON
PYA 0THOCUTENBHO 06LLEN BbIXKK-
BaemocTu (6).

B 6onbLumHCTBE Cnyyaes npoue-
Lypa MOXET ObITb BbINOMHEHA

C MCNONb30BAHNEM CEATMBHbIX
CPELCTB M MECTHOM aHecTe3uu, 6e3
o6LLero Hapko3a. Hanbonee Bax-
HbIM YCIOBUEM SBNISIETCS CTabuIIb-
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Fig. 6: Hypervascularized hepatocel-
lular carcinoma in segment 8 (6a;
arrow). Percutaneous RFA (6b,c).
Enlarged hypodense area after the
intervention (6d; arrow) indicating
coagulation necrosis.

under local as well as under
general anaesthesia. Thereby,
a canula is introduced under
fluoroscopic control (usually
CT, because of the fast image
acquisition and the excellent
visibility of the applied bone
cement) into the median por-
tion of the anterior third of

the affected vertebral body.
The access depends on the
anatomical region. Whereas
the posterior access (primary
over the pedicles, alternatively
extrapedicular posterolateral
approach) is established for
the thoracic and lumbar spine,
vertebroplasties of the cervical
spine require a ventral access
in order to protect the vertebral
arteries. After image-controlled
correct positioning of the can-
ula, the image-guided injection
of bone cement is performed.
Intravertebral cement deposi-
tion is considered to be suf-
ficient if the anterior two thirds
of the vertebral body are filled
with cement and if the cement
is distributed homogenously
to both of its sides (Gangi et
al. CIRSE quality improve-
ment guidelines). Stabilization
is achieved if partial replace-
ment of the bone destruction
and shoring of the remaining
trabecula could be accom-
plished (Fig. 7). Pain reduction
is caused by physical neurotox-
icity of the cement. In cases
of neoplastic destruction, the
rate of recurrence is reduced

Puc. 6. 'mnepsackynsipuanpoBaHHas
renaToLennonapHas KapumHoma

B cermeHTe 8 (6, a; cTpenka).
YpeckoxxHas PYA (6, b, ). YBenuuenHas
9XOHeraTuBHas 061acTb nocne
BMeLaTenscTaa (6, d; ctpenka),
yKasblBaroLlas Ha KoarynsiLMOHHbI
HEKpo3.

HOCTb remocTasa. Konm4yecTso BHy-
TpUNEYeHoUHbIX 06pa3oBaHni, Ko-
TOPble NOABEpPrarTCs npoLeaype,
— He 6onee 5.

[nvTenbHOCTL NpoLeaypb! 3aBUCHT
0T pa3Mepa onyxonu, PaBHO Kak 1
nokasarens peunansa (7,8). Kpo-
Me Camoi Oryxosu, BOKPYr JONX-
Ha ObITb yaaneHo no 1 cM cocepHe
300P0BOM TKaHW.

Bo Bpewms BbIBOAA 30HAA B KOHLE
nevenns abnaumst JOMXKHbI 6bITb
NPOAOIKEHa, 4TO6bI 3bexaTtb
pacnpoCTpaHeHust OMyxonesbIx Kne-
TOK W YMEHBLUUTb PUCK KPOBOTEYE-
HUS MO X4y 30HAA

AhdekTBHOCTE PHA MOXET 6bITh
yAyyLIeHa MyTeM COYETaHMS C M-
6onu3aumen NUTatoLLMX Onyxosb
COCYZ0B, YTO NO3BONSIET YyMEHb-
LWNTb TEPMUYECKOE BO3JENCTBME.
HesHauuTenbHbIe 0CNOXHEHUs 6e3
HEOB6X0AMMOCTM UX NIEYEHNS BKJTHO-
YaroT: NNEeBpanbHbIA BbINOT, Manyo
cybKancynspHyto rematomy 1 Bpe-
MEHHOE MOBbILLEHHOE NOBbILLEHNE
Temneparypsl (9).

Bonee Tsxxenble 0CNOXHEHWS, Tpe-
bytoLLMe TepaneBTUIECKOro BMe-
LIaTeNbCTBA, BKIOYALOT: MHeKLMM
/ cencuc, annepruyeckne peaxkumu,
CKOMneHne 60M1bLLIOrO KONMYECTBa
XXUIKOCTH, KOTOPYHO HEOO6XOANMO
ClMTb, @ TaKXXe NEHETPALMIO Xe-
NyAKa / KNLWEYHMKA (KOTOpbIE BUA-
Hbl, €CAX ANSt MOHUTOPHUHTa BbIN0
ucnonb3osaro Y3U (10)).

[Mpwn cobnoaeHNM BCeX YCnoBui
PYA 3n0Ka4eCTBEHHbIX BHYTPUNE-
UEHOUHbIX MOPaKEHMIA AAET OTAMNY-
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Fig. 7: 62 y. old patient suffering
from multiple myeloma with large
painful osteolytic formation of the
fourth lumbar vertebral body (7a-c).
PV was performed applying 3 ml
bone cement. The result is depicted
in Fig. 7d-f.

after applying PV. This phenom-
enon has been ascribed to the
cytotoxic character of the bone
cement.

PV is applied with patients
suffering from persistent pain
syndrome despite optimized
therapy with analgesics /
patients that have acquired
severe side effects (e.g.
sedation, confusion) under
analgesics (12). PV should not
be performed to treat asymp-
tomatic vertebral fractures,
patients with osteomyelitis /
spondylodiscitis, haemorrhagic
diathesis / uncorrected coagu-
lopathy, radicular symptoms

or tumoural invasions of the
spinal canal. Pain syndromes
based on the compression of
nerve roots or the spinal cord
cannot be improved by PV. The
procedure should be executed
very carefully if there are partial
/ complete destructions of the
posterior edges of the respec-
tive vertebral bodies orin
patients with previous severe
allergic reactions. The “one-
time treatment” of more than
3 vertebral bodies should be
avoided (12).

Complications comprise ce-
ment leakage into the epidural
veins, the spinal canal or the
intervertebral foramina, infec-
tion and pneumothorax (as-
sociated with interventions at
the thoracic spine). The risk for

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

leakage is especially elevated
if there are partial / complete
destructions of the posterior
edges. It can be reduced by
increasing the viscosity of the
cement. The usefulness of
preinterventional contrast-en-
hanced CT of the epidural veins
is discussed controversially
since there may be difficulties
to differentiate between bone
cement and residual contrast
medium (12).

The most important endpoint
in evaluating the therapeutic
success of PV is pain reduc-
tion. This can be achieved in

a sufficient manner in 90% of
all cases. PV should also aim
at preventing collapse of the
vertebral body by more than
33%. If a major collapse of the
respective vertebral body is
present, kyphoplasty instead
of PV should be considered.
Kyphoplasty combines PV with
preceding balloon dilation in or-
der to re-establish the affected
vertebral body height.

Selective Interventional
Radiotherapy (SIRT)

SIRT is a relatively new method
for the treatment of advanced
primary and secondary liver tu-
mors not or no longer respond-

Hble pe3ynbTatbl. OcO6eHHO pe-
3ynbTaThl a6NALUMM OAUHOUHBIX Ne-
YEHOYHbIX METACTA30B KOJOPEK-
TanbHOro paka conocTaBUMbl C UX
XMPYPruyecKoi pesexuneir (cpes-
HSS MPOAOSKUTENBHOCT XXU3HN —
37 mecsiues (PHA) no cpaBHeHuto ¢
41 mecsiuem (xupyprus))(11).
PYA — MUHWWMHBA3MBHbIN, MHOTO-
KpaTHbII 1 3KOHOMMYECKM 3hchek-
TUBHbIN (COKpaLLaeT Bpems npebb-
BaHus mauueHTa B 60NbHULE) Me-
TOA NEYEHMS.

YpeckoxHasi BepTebponnactu-
Ka (YB)

YB sBNSETCS MUHUMHBA3WBHBIM Me-
TOAOM, pa3paboTaHHbIM Ans cTa-
OnnmMaaumy 3TMONOTUYECKN pa3nny-
HbIX CUMMTOMATUYECKMX NEPENO-
MOB NO3BOHOYHMKA (HanpuUMep, Npu
0CTE0MopO3e, Pa3nnyHbIX 3110Kaue-
CTBEHHbIX HOBOOOPA30BaHMsX (Me-
TacTasax, MMenome, niumdgome), a
TakXXe AN Tepanuu NeKapCTBEHHO
yCTOW4MBOro 601€BOT0 CUHAPOMA
B pe3ynbTaTe nepenoma no3soH-
KOB — C LieMbH N36exxaTb HEBPOJIO-
TUYECKNX OCTOXKHEHWUHA W YNYULLUTb
Ka4yecTBO XXM3HK nauneHToB. 4B
MOXET BbITb BbINOMHEHA MO, MECT-
HOW aHeCcTe3ueid, a Takxe nog 06-
LWM HAPKO3OM.

Pa6ouas kaHons BBOAMTCS NOA
PEHTTEHOCKOMUYECKMM KOHTPO-
neM (Kak npasmno, UConb3yeT-

paguonorus

Puc. 7. 62-neTHuin naumeHT co
MHO>XXECTBEHHOI MWUENIOMOA € KPYMHbIM
60/1€3HEHHBIM OCTEONIUTUYECKUM
06pa30BaH1eM YETBEPTOr0 NOSICHUYHOIO
no3BoHKa (7, a-c). 4B 6bina BbINONHEHa ¢
UCMONb30BAHNEM 3 M1 KOCTHOIO LieMeHTa.
PesynbTar npescrasneH Ha puc. 7, d-f.

cs KT, koTopast o6ecrne4msaet 6bl-
CTPOE NONyYeHne U306PaKEHNI 1
OTNIMYHYIO BUAUMOCTb MPUMEHSIE-
MOr0 KOCTHOTO LIEMEHTa) B CPEA-
HIOKO YacTb NEPeAHeN TpeTH Tena
NOBPEXXAEHHOr0 N03BOHKa. [ocTyn
3aBMCHUT OT aHaTOMUYECKOI 06/1a-
CTH.

B T0 Bpems Kak 3agHuin [ocTyn
(NepBoOHaYanbHO — «3a HOXKaMm»,
B KAYECTBE aflbTEepPHATMBbI — «BHE-
HOXKOBbI» 3aaHenaTepanbHbIi
MNOAXOL) yCTaHaBNMBaeTcs ang
FPYAHOr0 W NOSICHUYHOTO OTAEN0B
MO3BOHOYHWKA, BEPTEGPONNACTY-
Ka LUENHOro OTAeNa NO3BOHOUHM-
Kka TpebyeT BEHTPaNbHOro LOCTY-
na — Ans 3alWmTbl NO3BOHOYHbIX ap-
Tepuit. Mocne BU3yanbHOW KOPpeK-
Liuu NPaBUIbHOTO NOSIOXKEHMS Ka-
HIOMW NOA TaknM XE KOHTPOMEM
OCYyLLECTBASETCS BBEAEHNE KOCTHO-
ro LeMeHTa.

MHTpaBeHTEGpanbHoe HanosHe-
HUE LIEMEHTOM CHYMTAETCS oCTa-
TOYHbIM, ECIM NEPEAHUE ABe Tpe-
TW Tena no3BOHKA 3anoJHEHb! Lie-
MEHTOM W €CAM LIEMEHT pacnpese-
NEH 0AHOPOAHO Mo 06e ero CTopo-
Hbl (Gangi ¢ coaBT, PyKOBOACTBO
CIRSE).

Crabunusaums focTuraeTcs npu
YaCTWUYHOM 3aMeHe KOCTHOM Je-
CTPYKUMW W «Onany6ku» OCTaBLUNX-
cst Tpabekyn (puc. 7). YMeHbLUeHHe
6071 06YCNOBNEHO HEMPOTOKCHY-
HOCTbIO LiemMeHTa. B cnyyasx onyxo-
NEBbIX Pa3pyLLEHKiA NOCNE NpUMe-
HeHust YP vacToTa peumansoB CHu-
XaeTes. ATOT PeHOMEH 0O BACHS-
€TCS LIMTOTOKCUMYHOCTBHO KOCTHOMO
LiemMeHTa.
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Fig. 8: Patient with metastasis from
colorectal cancer in segment 2 of
the liver before (8a; arrow) and 9
months after SIRT (8c). Substantial
decrease of FDG uptake in Fig. 8c.
Fig. 8b shows an angiogram of the
left hepatic artery after catheteriza-
tion. The gastroduodenal artery was
coiled (arrow).

ing to established therapeutic
regimens (e.g. systemic /
intraarterial chemo- or im-
munotherapy, surgery, RFA,
transarterial chemoemboliza-
tion (TACE))(13). Small radio-
active resin- or glass-based
microspheres containing the
beta emitter Yttrium-90 are in-
jected slowly (30-60 min) in the
hepatic arterial system after
selective catheterization of the
hepatic artery’s main branches
inducing a high-dose interstitial
radiotherapy and an arterial mi-
croembolization in the fields of
interest. This method is based
on the dual vascular supply of
the liver: hepatic tumours have
a predominant arterial supply
— in contrast to normal hepatic
tissue which is mainly supplied
by the portal veins. Following
intraarterial injection the radio-
active microspheres are accu-
mulated in the capillary system
of the tumours. Superselective
hepatic branch cannulation and
embolization of side branches
is mandatory in order to pre-
vent for deposition of micro-
spheres in other organs, e.g.
the stomach. Yttrium-90 shows
an average radiation distance
of 2.5 mm. This enables selec-
tive destruction of neoplastic
tissue whereas the normal liver
tissue is not affected (Fig. 8).

Before applying SIRT, extra-
hepatic metastases have to
be excluded with diagnostic

e

Puc. 8. MaumeHT ¢ MeTacTazamu
KONOpPeKTanbHOro paka Bo 2-M
CermeHTe neyerm 1o (8, a; cTpenka)

n cnycta 9 mecsues nocne CUPT (8,
c). CywecteeHHoe cHuxeHne O
nornoLeHvs (8, c).

Puc. 8, b. AHrnorpamMma nesom
NeYeHOYHOM apTepum nocne
KaTeTepuaaunu. acTpofyoaeHansHas
apTepus cnupanuaosaHa (CTpeska).

YB npumeHsieTCs y NaumeHToB €O
CTOWKWUM 60N1EeBbIM CUHPOMOM Ha
(hOHe ONTUMM3MPOBAHHON Tepa-
MUK aHanbreTukamn n 60MbHbIX, y
KOTOPbIX UIMEHOTCS CEPbE3HbIE NO-
604Hble 3hheKTbl (Hanpumep, cny-
TaHHOCTb CO3HAHWA) OT aHasbre-
3um (12).

YB He JomxHa NPUMEHATLCS AN
neyeHns 6eCCUMNTOMHbIX nepe-
JIOMOB MO3BOHKOB, Y NAUMEHTOB C
0CTEOMMENUTOM ( CMOHANI0AMC-
LIMTOM), remopparuyeckum auare-
30M (KoarynonaTtuei), KOpeLUKOBbIM
CMHIPOMOM WM OMyXONEBbIM M0-
PaXKEHNEM CMMHHOMO3rOBOr0 KaHa-
na. bonesble cMHAPOMBI, 0BYCOB-
NEeHHble KOMMPECCHEN HEPBHBIX KO-
PELLKOB WM CMIMHHOMO MO3ra, He
MOTYT 6bITb YMEHbLLEHbI NOCPEL-
cTBoM YB.

[Mpouenypa AomxHa 6bITb BbINOS-
HeHa 04eHb TLATeNbHO, eCiv y na-
LMeHTa UMeeTes YacTuyHoe / non-
HOE paspyLLeHue 3aHero Kpas co-
OTBETCTBYHOLLMX TEN NO3BOHKOB
WAV Y NAUMEHTOB C TSHXKEMbIMK an-
NePruyeckMMm peakLmsamMm B aHam-
Hese.

Heo6x0a1mo naberaTb 0HOMO-
MEHTHOro BMeLLaTenscTaa 6onee
yeM Ha 3 no3BoHKax (12).
OCnOXXHEHUS BKKOYAKOT: YTEUKY
LieMEHTa B 3nuaypanbHbIe BEHbI,
MO3BOHOYHbIN KaHan uim Mexnos-
BOHKOBOE OTBEPCTHE, MHAEKLIMIO

W MHEBMOTOPAKC (NpY BMeLLaTENb-
CTBE B rPyAHOM OTZAENe NO3BOHOY-
HUKa). PUCK yTeuku 0CO6EHHO Be-
JMK MPK YACTUYHOM / MOSIHOM pas-
PYLUEHUW 3aAHEr0 Kpasi Mo3BOHKA.
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imaging (PET-CT/MRI, conven-
tional angiography with %mTc
— macroaggregated albumine).
Hepatic / renal function should
not be severely impaired.

An obstruction of the portal
vein restrains the administra-
tion of SIRT since in these
cases the arterial perfusion is
also essential for the normal
hepatic tissue, and the aimed
selective enrichment of the
microspheres in the tumours
is aggravated. The percentage
of hepato-pulmonary shunt-
ing should not exceed 20%.
Reported side effects comprise
abdominal pain, nausea, fever
and (in rare cases) peptic ul-
ceration, gastrointestinal bleed-
ing, mild pancreatitis, radiation
pneumonitis and radiation
hepatitis (14).

First data on limited cohorts
of selected patients suggest a
benefit of SIRT even in patients
not / no longer responding to
any established alternative
therapies. Van Hazel et al.(15)
as well as Sharma et al.(16)
could demonstrate a superior-
ity of the combination of SIRT
/ systemic chemotherapy in
patients with metastasized
colorectal cancer in comparison
to patients receiving systemic
chemotherapy alone regard-
ing overall survival and time

to progression, respectively.
Similar observations were
made by Cosimelli et al.(17)
and Ricke et al.(18) in patients
not / no longer responding to
any established alternative
therapies. In patients suffering
from advanced hepatocellular
carcinoma, an increase of the
median survival rate after ap-
plying SIRT could be observed
as well (19), even in very few
selected patients with partial

Asymptomatic PAD

Chronic intermittent
limb ischemia

- Stage lla: Pain-free
interval > 200 m

- Stage lIb: Pain-free
interval < 200 m

Continuous pain
syndrome

Necrosis / Gangrene

1
v

Rutherford

symptomatic PAD

Slight chronic intermittent limb
ischemia (Doppler > 50 mmHg)

Moderate chronic intermittent
limb ischemia

Severe chronic intermittent limb
ischemia (Doppler < 50 mmHg)

Continuous pain syndrome
Distal atrophic lesion with acral
IEHONE

Ascending lesion (superior to
the metatarsal bones)

Table 1: Staging of PAD. Comparison of the established classification sys-

tems.

Tabmmua 1. Ctagum 3MNA. CpaBHeHWe CyLLECTBYHOLLMX CUCTEM Knaccudukaumi.

/ complete obstruction of the
portal vein. However, since the
evaluation of long-term results
is still in progress so far, a ter-
minal evaluation of the method
cannot be performed. It has

to be emphasized that SIRT

is no curative approach but

a potential new low-invasive
palliative method dedicated to
the treatment of patients with
advanced therapy-refractory
neoplastic disease of the liver.
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OnHako ero MOXHO YMEHbLUMTB 3a
CYET YBEJMYEHNs BA3KOCTU LiIeMEH-
Ta. Mone3HoCTb NpeABapnTenbHON
KT ¢ KOHTPACTHbIM yCUNEHNEM 3MK-
AypanbHbIX BEH 0CTAETCS CNOPHBIM
BOMPOCOM, NOCKOMbKY 0TMEHatoT-
Cs ONpefeneHHbIe TPYAHOCTH Npu
BM3yasibHOM PasnnyeHnn KOCTHO-
rO LIEMEHTA C OCTaTOYHbIM KOHTpa-
cTom (12).

Han6onee BaXkHOW KOHEYHON TOY-
KOW B OLIEHKE TepaneBTU4eCcKoro
ycnexa 4B sBnsieTcs yMeHbLUeHre
6001, 3TO MOXET BbITb LOCTUTHYTO
B 90% Bcex cnyyaes. 4B gomxHa
ObITb TAKXXe HanpaBsieHa Ha npe-
LOTBpALLiEHNe pa3pyLUeHns Tena
no3BoHKa He bonee yeM Ha 33%.
Ecnu paspyLuenme 6onblue, [or-
XKEH BbITb PACCMOTPEH BapUaHT Ku-
connacTuku. Knchonnactuka coue-
Taet 4B ¢ npeasapuTenbHoii 6an-
NOHHOW AunaTaumeid Ans BoccTa-
HOBJIEHNS YMEHBLUMBLUEICS BbICO-
Tbl T€Na NO3BOHKOB.

CenekTyBHas MHTEPBEHUMOHHAS
nyyesas Tepanus (CUJIT)

CUPT siBnsieTca CpaBHUTENBHO HO-
BbIM METOZOM NEYEHUS NO3[HNUX
CTaANi NEPBUYHbIX M BTOPUYHBIX
OnyXxoneii NeYeHu, KoTopble He 0T-
BEYAIOT Ha OObIYHbIE TEPANEBTUYE-
CKME PEXWMbI, HAMPUMEP, CUCTEM-
HYH / BHyTPUApPTEPHANbHYHO XU-
MMO- UK UMMYHOTEPaNHK), XMPYp-
rM4eCcKOe BMELLATENbCTBO, Paano-
4acTOTHYIO abnALmio, TpaHcapTepH-
anbHyto xummnoambonusaumio (13).

HebonbLUne pafnoakTMBHbIE CMO-
NSHbIE UMW CTEKNSHHbIE OCHO-

BE MUKpPOCEpbI, coaepKalLme
6eTa-u3oTon MTTpuii-90 MeaneHHo
(30-60 MWH) BBOAATCS B MEYEHOY-
HY0 apTepuanbHyr CUCTEMY MO-
CNe CeNeKTUBHON KaTeTEPU3ALMN
OCHOBHbIX BETBEW NEYEHOUHON ap-
TepuK, Bbi3biBast BbICOKOA03HOE 06-
Ny4EHNE W apTepUanbHy MUKPO-
3M60NM3aLMI0 Ha OnpeaeNieHHOM
y4acTKe MeyeHu.

OTOT METO/ OCHOBAH Ha Hanu4nm
ABOWHOW COCYAMCTON CETH B Neve-
HU: B OTAIM4ME OT HOPMANbHO ne-
UEHOYHOW TKaHM, KOTOpast B OCHOB-
HOM KPOBOCHA6kaeTcs NopTasbHbI-
MW BEHAMM, OMYXOJN MEYEHN UME-
t0T apTepManbHoe KpOBOCHaBKe-
Hue.

lMocne BHYTpUapTEPHUanbHOM UHB-
€KMW PagnoakTUBHbIE MUKPOCHe-
Pbl HAKAMNMBAIOTCS B KANUINISAPHOM
cucteme onyxoneit. CenekTueHas
KaTeTepn3aums NeYeHOUHbIX BET-
Bel M aM60/M3aLms 6OKOBbIX S1B-
nseTcs 0653aTenbHON Ans NpesoT-
BpaLleH1s nonagaHns Mukpocadep
W B APYrve opraHbl, HanpuMep, B
XKEMYLOK.

CpepnHee paccTosHWe N3nyyeHus
nTTpus-90 — 2,5 MM. TO aaeT BO3-
MO>HOCTb M361paTenbHOro pas-
PYLUEHWS OMyXONEBOW TKaHK, B TO
BPEMS KaK HOpMasibHas TKaHb ne-
YeHW He NOLBEPraeTCs N3MEHe-
HusM (puc. 8). MNepen npoBeaeHu-
em CUPT nonxHbl ObITb UCKHOYE-
Hbl BHEMEYEHOYHbIE MEeTaCcTasbl Mo-
CPEACTBOM METOAOB ANArHOCTUYE-
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C Il classification for lesions of the femoro-popliteal pathway

<10cm

<5cm

the popliteal artery

obstruction <5 cm

popliteal artery

- Circumscribed stenosis

Complete obstruction

Multiple haemodynamic
relevant stenoses /complete
obstructions, each <5 cm, not
involving the P3 segment of

Multiple stenoses / complete
obstructions, total length

> 15 cm, with or without
extended calcifications
Restenoses / Re-Obstructions
requiring therapy after

2 endovascular interventions

Chronic complete AFC/ AFS
obstruction (> 20 ¢m), in
addition alterations of the

Primary endovascular
procedure

Primary endovascular
procedure

Severe calcified complete

Primary operation
(if there are no
outstanding risk
factors)

Primary operation

Chronic complete obstruction
of the popliteal artery /
proximal part of the trifurcation

AFC = Common femoral artery; AFS = Superficial femoral artery

Table 2: TASC Il classification
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MeyeHouHas / noveyHas gyHKUmm
He JOJIKHbI ObITb 3HAUUTENBHO Ha-
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O6CTPYKLMS BOPOTHOW BEHbI SBAS-
€TCS NPOTMBOMOKA3aHNEM ANS UC-
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Yasx apTepuanbHas nepdyans Tak-
XK€ UMEET BaXXHOE 3HaUeHe ANst
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HOPManbHOM NEYEHOUHOM TKa-

HU, N HANPaBAEHHOE CENEKTMB-

Hoe o6oralleHre MUKpochepamu
onyxonu ycyryénsetcs. MpoueHT
NEYEeHOYHO-NEr04HOrO LYHTUPOBA-
HUS He LOJKEH npesbiwaTh 20%.
Mo604HbIE A GEKTLI BKMOHAKOT:
60/1b B XXMBOTE, TOLIHOTY, IMXOpag-
Ky, B peaKux cyyasx — nentuye-
CKMe 3Bbl, XeNyA04YHO-KMLLEYHbIE
KPOBOTEYEHMS, NAHKPEATHT, MHEB-
MOHWT, pafMaLMOHHbI renatut
(14).

lepBble faHHbIE O BECbMa Orpa-
HUYEHHOW rpynne nauueHTos, 0To-
OpanHbIx Ans nposefeHns CUPT

B KA4YECTBE aNlbTepHaTUBbI 00bIY-
HOMY NIEYEHMIO, MOTYT NpeaocTa-
BuTb Van Hazel ¢ coasT.(15), a Tak-
e Sharma ¢ coaBT. (16). Mocneg-
HWiA, B YACTHOCTH, ONUCLIBAET Npe-
umyLLecTBo coveTanus CUPT u cu-
CTEMHOI XMMUOTEpPanuv y nauueH-
TOB C METACTATUYECKMM KOSOPEK-
TasbHbIM PAKOM B CPABHEHUM C Na-
LMEHTaMM, NOYHABLUMMM TOJbKO
XMMWOTEPANNIO OTHOCUTENBHO M10-
Kasarteneii 06LLeN BbIKMBAEMOCTH
W BPEMEHW [0 NMPOrpeccnpoBaHns
npouecca. AHanormyHble Habnofe-
Hus Bbinn caenabl Cosimelli ¢ co-
asT. (17) n Ricke ¢ coaBT .(18) y na-
LIMEHTOB, HE MOAJAOLLMXCS 00bIY-
HbIM BUAAM NieveHus. Y 60NbHbIX

C 3anyLLEeHHO renatouenmonsp-
HO¥ KapLMHOMOW Nocne npuMeHe-
Hus CUPT oTMeuaeTcs yBennye-
HWe MefuaHbl BbKnBaemocTy (19),
[aXe B CNy4ae 4acTU4HO/ NONHON
06CTPyKLMM BOPOTHOM BeHbl. OfHa-
KO MOCKOJIbKY U3y4eHune [ONrocpoy-
HbIX Pe3yNbTaToB €LUe NPOLOXKa-
€TCS, OKOHYaTeNbHAs OLEHKA METO-
[la He MOXeT npoBedeHa. CrnegyeTt
NOAYEPKHYTb, 40 CUPT B HacTo-
AW MOMEHT He ABNAETCS pam-
KanbHbIM Nie4e6HbIM NOAXOLOM, HO
06nafaeT NOTEHUNANOM HOBOTO MU-
HUMHBA3MBHOrO NanNIMATUBHOTO Me-
TOAA y NALUMEHTOB C NO3AHAMU CTa-
ANSIMI PedPAKTEPHbIX OMyXONEBbIX
3a60/1eBaHmii NeYeHm.
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Influence of Dental
Implant Surface
Modifications on
Osseo- and Perio-

Integration

Keywords: surface modifica-
tion, cytokines, osseointegra-
tion, bone implant contact
ratio, periointegration

Abstract

An increasing trend towards
implantation in complex

cases is beginning to emerge
in dental implantology. As a
result of advances in surgical
techniques, implants today
can be inserted with primary
stability even where there is an
extensive lack of hard and soft
tissue. The long-term stabil-
ity of the implants inserted is,
however, influenced consider-
ably by the osseointegration
and periointegration process.
Faced with this, numerous
current research efforts aim at
modifying the implant surfaces
by ablative and additive proce-
dures in order to optimise the
healing processes.

Introduction

The use of endosseous, dental
implants is a firmly estab-
lished procedure today for the
masticatory functional reha-
bilitation of patients following
tooth loss [22]. Success rates
of more than 95% have been
described for observation pe-

riods of more than 5 years [4].
A trend towards implantation

in complex cases is beginning
to emerge because of the
increasing average age of the
population with a concomitant
increase in multi-morbidity in
dental implantology. As a result
of the concurrently increas-

ing demand for quality of life
there is an increased need

for aesthetically attractive,
implant-supported restorations.
The locoregional hard and soft
tissue conditions are equally
significant for the successful
insertion of implants.

A sufficient vertical and trans-
verse amount of bone (vertical:
maxilla > 10 mm, mandible =
7 — 10 mm; transverse maxilla
and mandible =4 -6 mm) is a
basic requirement for anchor-
ing an implant so that it has
primary stability in the local
available bone [9]. Bone struc-
ture augmentation concepts,
such as sinus floor elevation
[28] or augmentation and graft-
ing osteoplasty [33], however,
enable implants to be provided
where there is an extensive
lack of bone. A particularly
difficult situation here is the
severely atrophic maxilla. With

3y6Hasa umnnaHTonorus

Brnsrm1e MoAMUKaLIMM
rOBEPXHOCTH 3yOHOr0
UMMNIaHTa Ha 0CCeo- U
nepuoMHTErpaLMIo

Kntouesble cnosa: Moauduka-

LSt MOBEPXHOCTU; LIUTOKUHI;
0CCEOMHTErpaums; nokasarenb npu-
)KMBAEMOCTH, NEPUONHTErpaLms

Tesucobl

B nocneaHee Bpems B cToMaTono-
TMYECKOM MMNAAHTOMNOMMKN OTMe-
4aeTCs TEHAEHUMS K CMIOXHON UM-
nnaHTaumun. [JocTuxeHus B obna-
CTW XMPYPrU4ECKON TEXHWKN HbIHE
NO3BOASAOT YCTaHABNMBATb 3yOHbIE
MMNJaHTaTbl C MaKCMManbHOM CTa-
OWMbHOCTBH AaXKE MPK 3HAYMTENb-
HOM OTCYTCTBWM XXECTKUX WU MSr-
KX TkaHel. Ha JonrocpouHyto cTa-
6MNBbHOCTb UMMNAHTATOB B OCHOB-
HOM BUSIOT MPOLECCHI 0CCEO- U Me-
PUOVHTErpaLym, NO3TOMY LieNbo
MHOTOYUCIIEHHBIX NCCTIEA0BaHMIA
ABASETCH MOANMKALMS NOBEPXHO-
CTW UMNNaHTaTa nyTem abnsumuoH-
HbIX W aAAMTUBHbIX NpoLeayp ANs
ONTUMM3aLMN NPOLIECCOB 3aXKMB-
NEHNS.

Beepexue

Acnonb3oBaHne BHYTPUKOCTHBIX
3y6HbIX MMNJIaHTATOB SBNSETCA Ce-
roAHs CTaHAAPTHOW NPoLeAypoi
Ans (PyHKUMOHANLHOM peabunuTa-
LMW XKeBaTenbHOW CUCTEMbI Nauu-
€HTOB nocne noTepu 3y60s [22].
OnucaH 6onee YeM 95%-Hblii NoKa-
3artenb yCnewHoCcTh umnnaHTaumm
3a nepuos HabnofeHui 6onee 5

neT [4]. TeHAEHUMS K COXKHOW UM-
nnaHTauum 06ycnosneHa ysenumue-
HWEM CPeaHero Bo3pacTa Hacene-
HWS 1, COOTBETCTBEHHO, POCTOM CO-
NyTCTBYOLLMX 3a60/1€BaHNNA B CTO-
MaTONIOrMYECKON MMNMAHTONOT K.
Kak pesynbTtat nocTOsIHHO pacTy-
LLero crnpoca Ha KayecTBO XKNU3HM,
OTMEYaeTCs NOBbILLIEHHAs NOTPe6-
HOCTb B 3CTETUYECKM NpUBNEKa-
TeNbHOW, OCHOBAHHOW Ha UMMIaH-
Tarax, pectaspauu 3y608. CocTo-
SHWe NOKanbHbIX TBEPAbLIX N MSITKUX
TKaHen UMetoT 0IMHAKOBO BAXXHOE
3HaveHue Ans yCnewHon ycTaHoB-
KM MIMNNAHTaTOB.

[locTaTouHas BbicoTa 1 TOMWMHA
KOCTHO TKaHu (BbICOTA: BEPXHSIS
YyentocTb > 10 MM, HUXKHSAS — 7-10
MM; LUMPWUHA ANSt BEPXHEN U HUX-
Heit yeniocTh — 4-6 MM) sBnseT-

€51 OCHOBHbIM TPEOOBaHNEM ANs 3a-
KPEMNeHus MniaHTaTa Takum 06-
pa3oM, 4To6bl OH 0BecneynBan cTa-
6MNBbHOCTb B NOKANbHOMK KOCTH [9].
MeTogb! yBeNMYEHUs KOCTHOW TKa-
HU, TaKue Kak CUHYC-pTUHI [28]
WAKM 0CTEONNacTuKa (Hapalumsanue
W nepecafika KoCTHOM TkaHm) [33],
M03BONAOT BbINOMHUTL UMNAHTA-
Lm0 3y60B NpW 3HAYMTENBHOM OT-
CYTCTBWM KOCTHOM TKaHW. OcobeH-
HO COXKHAs CUTyaums BO3HUKAET
NPV BbIPXKEHHOW aTpochun Bepx-
Hel YenCTU.
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Fig. 1: Management of extensive lack of bone in the maxilla following explantation. To improve the vertical and horizontal amount of
bone the patient received a sinus floor elevation as well as onlay grafting of autogenous, avascular bone grafts from the iliac crest bilat-
erally. Insertion of 8 dental implants (BEGO Semados RI; diameter 3.75 mm, length 15 mm) was performed after a time interval of 14
weeks. Implants were uncovered 6 months after implant insertion using the vestibuloplasty with free gingival grafts from the hard pal-
ate (a, b, c). Following prosthodontic rehabilitation using an implant retained zirconia bridge harmonization of the profile from treatment
start (d) until end of treatment (e) was achieved. Furthermore, a significant improvement in the en face (f) and intraoral esthetics (g) was
achieved.

Puc.1. TakTvka npu BbIPXXEHHOM OTCYTCTBIM KOCTHOI TKaHIU BEPXHEi YENocTV nocne akennaHTauvu. [ins yBennyerus BepTUKanbHoro v
rOPM3OHTASLHOrO 06bEMA KOCTHOM TKaHW NaLMeHTy NpoBeeH CUHYC-TMTUH, & TakKe 61natepansHO HanoXeH ayToreHHbIn aBackysipHbIA KOCTHbIN
TpaHcnnaHTaT 13 rpebHst NoAB3[O0LLIHOM KocTu. YcTaHoska 8 umnnantatos (BEGO Semados R, anameTp 3,75 MM, anvHa 15 M) 6bina BbINONHEHa Yepes
14 Hepienb. Yepes 6 MecsaLeB UMNAAHTaTh! ObIIN PACKPLITH! M MPOBEAEHA BECTUOYIONNACTMKA C UCMOSb30BaHNEM CBOGOAHOTO SI0CKYTa C TBEPAOIO

HEba (a, b, ¢). MocneaytoLlas NpoCToAOHTMYECKAs peabunnuTaumus NpoBeeHa ¢ MOMOLLbHO LIMPKOHWEBOTO MOCTA, YTO MO3BONIIO FapPMOHU3MPOBAThL
npocunb NaumeHTa: Hauano neyeHns (d), okoHuaHue neverms (e). Kpome Toro, fOCTUMHYTHI 3HAUUTENBHOE YNyylleHne BiuAa nauveHTa B aHdac (f) u
3CTETUYECKM U3MEHEHA POTOBAS NOMOCTb.

augmentation osteoplasty with
autologous, monocortical bone
transplants of the anterior illac
crest, however, a sufficient
amount of bone can normally
be made to anchor endosseous
implants so that they have
primary stability (Fig. 1, 2).

As far as soft tissue is con-
cerned, a sufficient amount
of keratinised gingiva is an
essential determining factor
for a successful implant [12].
According to Berglundh and
Lindhers recommendations,
this should not be less than
a minimum width of 3 mm
around the implant [2]. With
long-standing edentulism in
particular, there is normally only

a narrow band of keratinised
gingiva persisting the alveolar
ridge area. A sufficiently wide
"attached gingiva" can be
made by the free graft of a mu-
cosa transplant from the hard
palate. In this case, the palatal
donor site normally heals with-
out any complications [11].

Regardless of surgical manage-
ment, the surface composition
of the implant, however, influ-
ences osseointegration and
peri-implant soft tissue heal-
ing. The following article gives
an overview of the impact of
modifications to the implant
surface on osseointegration
and peri-implant soft tissue
healing.

HapalumBaHue KOCTHO TKaHu ¢ no-
MOLLIbIO 2y TONOMMYHbIX MOHOKOPTH-
KanbHbIX TPAHCMNAHTATOB NEepes-
Hero rpebeLuka noAB3AOLLHOM KO-
CTv 0BecneynBaeT ee 10CTATOYHOE
KONMYECTBO M YCTAHOBKY SHAOOC-
CalbHbIX MMMAAHTATOB C XOPOLUEH
YCTOM4MBOCTbIO (puc. 1, puc. 2).

YT0 KacaeTcs MArkux TKaHen, To
AOCTaTO4HOE KONMYECTBO Kepa-
TUHW3MPOBAHHOMW [ECHbI ABNSET-

€S BXHbIM ONMpeaenstoLLmm dak-
TOPOM AN1S1 YCNELWHOW MMMIaHTaLMm
[12]. B cooTBETCTBMM C PEKOMEHAA-
umsmu Berglundh u Lindhe, ee wn-
pWHa BOKPYr MMNAaHTaTa JOSKHA
ObITb He MeHee 3 MM [2].

Oco6eHHOo B Cyyae afieHTuu, Kor-
[a, KaK NpaBuno, 0CTAETCs TONbKO
y3kas nonoca kepaTuHN3NpOBaH-

HOW JieCHbl B 0611aCTW anbBeonsp-
HOro oTpocTKa. [ocTaTtouHo Wupo-
Kast «MpPUKPEneHHas» AecHa Mo-
XET ObITb «CgNaHa» METOOM re-
pecagku TpaHcniaHTaTa cnmau-
CTOW 0605104KM C TBEPLOro HEGa. B
9TOM Cllyyae MeCTo U3bATUS TPaHC-
nnaHTata 0bblYHO 3aXXnBaeT 6e3
0CnoxHeHwi [11].

He3aBycuUMO 0T XMPYPrvecKoil
TEXHWKW, COCTaB MOBEPXHOCTY UM-
nnaHTara, 0fjHaKko, BAMSIeT Ha 0Cce-
OWMHTErpaumio 1 3a>KMBNEHNE MST-
KNX TKaHeM.

B aToi cTaTbe paccMaTpuBaeT-

s BO3[eiCTBIUE MOANMKALWIA NO-
BEPXHOCTW MMMAAHTaTa Ha NpoLec-
Cbl OCCEOMHTErpaLmm 1 3aXuBre-
HWS NEPUUMMNAHTHbBIX MSAFKMX TKa-
Heil.
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Surface Characterization

The characteristics of an
implant surface are largely
determined by their topography
and their chemical composi-
tion [31]. The most important
surface topographical param-
eter in dental implantology

is that described by the S,
value, roughness. According to
Albrektsson and Wennerberg,
implant surfaces can be divided
into 4 groups according to their
roughness: 1) smooth surfaces
(S, < 0.5 um), 2) slightly rough
surfaces (Sa =0.5-1 um),

3) moderately rough surfaces
(S, =1-2um)and 4) rough
surfaces (Sa > 2 pm), [1]. Each
surface modification changes
both the topography and the
composition [13].

Osseointegration

The surgical trauma caused

by inserting implants triggers
complex, biological interactions
at cellular and molecular level.
The healing of the cancellous
bone takes place here in 3
partially overlapping phases: 1)
osteoconduction, 2) new bone
formation and 3) remodelling
[5].

Osteoconduction, the recruit-
ing of osteogenic stem cells
for the implant surface is

the most important phase of
endosseous bone healing [15].
The implant surface adsorbs
fibrinogen which acts as an
“adapter” for the adhesion of
thrombocytes [3]. For their part
the thrombocytes are activated
on the implant surface and
release various osteogenic
growth factors. Fibrinogen is
cleaved proteolytically into fi-
brin, which forms a temporary,
three dimensional network
around the implant. As a result
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of the activated growth factors
secreted by the thrombocytes,
osteogenic stem cells move
along the fibrin scaffold to the
implant surface. This migra-
tion causes a retraction of the
temporary fibrin matrix [25].

The new bone formation phase
that follows this is character-
ised by the progressive deg-
radation of the organic bone
matrix by osteogenic cells
starting on the implant surface
and continuing towards the pe-
riphery. Then the mineralisation
of the matrix takes place as a
result of calcium phosphate
being deposited.

When the first two phases of
osseous healing are complete,
a firm biological bond between
the implant and the bones is
formed and osseointegration is
complete. In the subsequent
remodelling phase a higher
organisation of the peri-implant
bone is achieved by resorptive
processes [6].

Influence of Surface Modifi-
cations on Osseointegration
The influence of the roughness
of the surface on osseointegra-
tion was thoroughly investi-
gated. It was established that
the roughness influenced the
osteoconduction process in
particular (Fig. 3). As the rough-
ness increased, an enlarge-
ment of the implant surface
occurred with a subsequent
increase in the fibrinogen ad-
sorption capacity and activation
rate of the thrombocytes. In
addition, the fibrin scaffold is
more firmly anchored to rough
surfaces [24].

There is general agreement
that implants with smooth (S,
< 0.5 pym) and slightly rough

XapaKTepucTUKN NOBEPXHOCTH
XapakTepucTUKL NOBEPXHOCTY UM-
nnaHTara B0 MHOrOM OMPEAENsoT-
Cs1 UX TOnorpadmei  XMMM4eckum
coctasoM [31]. Hanbonee BaxxHbIM
TONnorpacmyeckMm NapaMmeTpoM no-
BEPXHOCTW B CTOMATONOMN4ECKON
WMMNTAHTONOM MK SBASETCS NOKa3a-
Tenb S, — CpeaHsist rnybuHa Wwepo-
X0BaToCTH. [0OBEPXHOCTM MMNNaH-
Tata, no Albrektsson n Wennerberg,
MOryT 6bITb pasfeneHsl Ha 4 rpyn-
Mbl — B 3aBUCMMOCTY OT CTENEHN
WX LepoxoBaTocTu: 1) rnagkue no-
BepxHocTH (S, < 0,5 MKMm), 2) crer-
ka wepoxosarble (S, = 0,5-1 Mkwm),
3) yMepeHHo Luepoxosarbie (S, =
1-2 MKM) 1 4) wepoxosarble (S, >
2 MkmM) [1]. Kaxaas moandrkaums
NOBEPXHOCTH OTNIMYAETCA KaK To-
norpaduen, TaK U XMMUYECKUM CO-
CTaBOM.

OcceouHTerpauus
Xupypruyeckas TpaBma, Bbi3BaH-
Has yCTaHOBKOW MMNNAHTaTa, Bbl-
3bIBAET Psifl CNOXHbIX GKonoruye-
CKMX PeaKLmii Ha KNeTO4YHOM 1 MO-
NEKyNSAPHOM YPOBHE. 3axusre-
HWe ry64aTon KOCTM NPoXoauT 3 ya-
CTMYHO NEPEKPbIBAIOLLNXCS (hasbl:
1) 0CTeOKOHAYKUMIO; 2) hopMUPO-
BaHue HOBOM KOCTH; 3) pemojenu-
poBaHue [5].

OCTEOKOHAYKLMS, NPUBREYEHNE
OCTEOreHHbIX CTBOJIOBbIX KNETOK K
NOBEPXHOCTV UMNNaHTaTa, ABAseT-
Cst Hambonee BaXKHbIM 3TarnoM BHY-
TPUKOCTHOTO 3aXKuBIieHns [15].
[MoBEPXHOCTbL MMNNAHTaTa afcop-
OupyeT pmOPMHOreH, KOTOPbIN Aei-
CTBYET KaK «afantep» AAs afresnu
Tpom6oumToB [3]. Co cBoei cTo-
POHbI, TPOMBOLMTHI HA NOBEPXHO-
CTW UMNNAHTATa aKTUBU3MPYHOTCS
W NPOLYLMPYIOT PasfnyHble OCTEO-
reHHble (hakTopbl pocta. OubpuHo-
FEH MPOTEONNTUYECKM pacLLennseT-
Cst B (PMOPWH, KOTOPLIA chopmupyeT
BPEMEHHbIe, TPEXMEPHbIE CETH BO-
KpYr UMnnaHTara.

3y6Hasa umnnaHTonorus

B pesynbTare aktuBu3aumm gax-
TOPOB, BblAeNseMbIX TpoM6ounTa-
MW, OCTEOTEeHHbIE CTBOJOBbIE KNET-
Ki NepemMELLarnTcs no hbprHoOBO-
MY KapKacy K MOBEPXHOCTW UMMaH-
TaTa. 3Ta MMrpauns BbI3blBAET pe-
TpaKLUMo BPEMEHHOU PUOEPUHOBON
Matpuubl [25].

Cnepyrowas hasa hopmnposa-
HWS KOCTW XapakTepn3yeTcs npo-
TPECCMBHOM ferpafauyen opraHu-
YeCcKOM KOCTHOM MaTpuubl 6naroja-
P OCTEOTEHHbIM KNIETKaM, KOTOpbIE
NOSIBNSKOTCA HA NOBEPXHOCTMU UM-
naaHTaTa u ABUrakoTcs no Hampas-
nexvto K nepudpepun. lanee B pe-
3ynbTarte HakonneHus cocgata
KanbLusi NPOMCXOANT MUHEepann3aa-
LmMs MaTpuLbl.

lMocne nepsbIx ABYX (ha3 3axuB-
NEHMS KOCTU BUONOrnyecKas cBs3b
MEXZY UMMAAHTATOM U KOCTHOM
TKaHbIO NOIHOCTBIO CHOpPMUpOBaHa
— OCCEOMHTErpaLmMs MPOu3oLLNa.

B nocneaytoweit hase pemogenu-
POBaHMS NPOUCXOAUT OpraHn3aLmns
NEPUMMNIAHTHOW KOCTHOM TKaHu 3a
CYeT Pe30pOTUBHBIX MPOLIECCOB [6].

BnusiHue Moaudmkaumin nosepx-
HOCTM Ha OCCEOMHTErpaLmio
BnusiHne wepoxosaTocTv noBepx-
HOCTM MMNAHTaTa Ha OCCEOMHTE-
rpaumio 6bIN10 TLATENBHO UCCNEAO0-
BaHO. B 4acTHOCTH, 6bIN0 BbISICHE-
HO BNWsSHWE (haKTopa LLIepoxoBaTo-
CTVM NOBEPXHOCTM Ha NPOLieCC ocTe-
OKOHAYKLMK (puc. 3).

[Mpy yBENMYEHUN LLIEPOX0BATOCTH
YBENMUNBAETCS M MOBEPXHOCTb MM-
nnaHTara, 4to NPUBOAMT K Nocne-
LyIOLLIEMY YBENMYEHNIO aacopoLmm
(hMBPUHOreHa 1 CKOPOCTY aKTy-
Bauum TpomMboLmMTOoB. Kpome TOro,
(hMBPUHOBBIA KapKac 60nee Npoy-
HO NPUKPENASETCS K LLEPOXOBATbIM
noBepxHocTaM [24]. CywecTsy-

€T 06LLee MHEHWE, YTO UMNMAHTa-
Tbl C rnaaKom (S, < 0,5 Mkm) 1 crer-
Ka LUepOX0BaTOW NOBEPXHOCTLIO (S,
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Fig. 2: Management of extensive lack of bone in young patients. Pre-operatively the patient presented with an extensive oligodon-
tia (a) with vertical atrophy of both jaws (b) and concomitant reduction of the height of the lower third of the face (c) as a result, ec-
todermal dysplasia. After augmentation of the bony bed, inserting endosseous implants and providing implant-supported bridges
and single crowns (d, e) harmonisation of the profile (f) and the perioral area (g) was achieved.

Puc.2. TakTvka npu 06LIMPHOM OTCYTCTBMI KOCTHOM TKaHM Y MONOAOr0 naumeHTa. [lo onepauum y nauneHTa — BblpaXkeHHast 0iMrofoHTHS (a) ¢
BEPTMKaNbHOM aTpoduei 06enx YentocTei (b) 1 conyTCTBYIOLLEE CHUXXEHIUE BbICOTbI HIKHEN TPETH nLa (C), Kak pesynbTaT aKToAepMabHOM
ancnnasuu. focne yBennyeHnst KOCTHOTO I0Xa yYCTaHOBNEHbI 3HA00CCANbHbIE MMNAHTATbI, MOCTbI M OAMHOYHbIE KOPOHKY (d, €), 4To 06ecneumnno

rapmoHu3aumio npocpuns (f) n 06nacTu pra naumeHTa (g).

surfaces (S, =0,5-1 pm)
display worse osseointegra-
tion than implants with mod-
erately rough (S, =1-2 um)
and rough surfaces (S_ > 2
pum). Furthermore, better bone
apposition was exhibited on
moderately rough surfaces
than on rough surfaces [31].
As, however, each roughening
of the surface also leads to a
change in its chemical compo-
sition, it is not clear whether
the effects observed are due
to a change in the roughness
or the concomitant change in
composition [13].

Various organic and inorganic
coatings were developed in
order to optimise the chemi-
cal composition of the implant
surface. The coating of im-
plants with extracellular matrix

peptides (e.g., collagen) was
evaluated several times in
animal experiments with the
aim of improving osteocon-
duction (Fig. 3). In accordance
with a current European As-
sociation of Osseointegration
(EAQ) agreement, no basic
improvement in osseointegra-
tion is, however, assumed as
a result of coating the surface
with peptide sequences of the
extracellular matrix [13]. Bio-
activation by growth factors,
such as Bone Morphogenic
Protein (BMP)-2, is probably
likewise ineffective. As BMP-2
also causes bone loss, such

a coating may even reduce
osseointegration [13]. Implants
with a thin calcium phosphate
(CaP) coating were introduced
in order to improve bone
mineralisation in the new bone

= 0,5-1 MKM), [EMOHCTPUPYIOT XyA-
LUYKO OCCEOMHTErPALMIO, YEM UM-
NAaHTaThbl C yMEPEHHO LLIEPOXOBA-
TO# (S, = 1-2 MKM) ¥ LIePOX0BATOA
MOBEPXHOCTBHO (S, > 2 MKM).
Kpome Toro, 661510 BbISBIIEHO Nyy-
LLe€e COMPUKOCHOBEHME KOCTY 11 UM-
nnaHTaTa ¢ yMepeHHo LUepPOXoBa-
TOW NOBEPXHOCTLH), YEM C LLIEPOXO-
Bato# [31]. OaHako ocTaeTcs He-
SICHbIM, SIBASIOTCS NN BbISIBNIEHHbIE
3pheKTbI PE3ynbTATOM Pa3HOM
CTENEHu LIepoXoBaTOCTM UMK XKe
N3MEHEHNS €r0 XMMMYECKOrO CO-
CcTaBa (KaXabliA TN LLePOX0BaTo-
CTW XapakTepuayeTcs OnpefeneH-
HbIM XMMUYECKUM cocTaBom) [13].

C uenbto ONTMMU3ALNM XUMUYECKO-
ro cocTaBa NOBEPXHOCTH UMMMIaH-
Tara 6b1am paspaboTaHbl pasnuy-
Hble OpraHN4ecKie N HeopraHu-
yeckue NoKpbIThs. MoKpbITHE UM-
NAAHTaTOB SKCTPASHENCTLIMU M-

TPUYHBIMU NENTUAAMM (HANPUMED,
KonnareHoM) 6bi1a OLEHEHO B He-
CKOJTbKMX 3KCMEPUMEHTAX Ha XM-
BOTHbIX, Liefbr0 KOTOPbIX 61510
yAyyLLEeHe 0CTEOKOHAYKLMM (puC.
3). CornacHo EBponeiickoit acco-
umaunm occeomHTerpaunm (EAQ),
yAyyLLEHe OCCEOMHTErpaLnm B
[anbHENLLIEM 0XXNAAETCs 3a cueT
MOKPbITUS NOBEPXHOCTW UMMNNaHTa-
Ta nenTuaamu ¢ nocnefoBaTeb-
HOCTbI SKCTPASHENCTON MaTPK-
ubl. [13]. MokpbiTe 6MOAKTUBHBLIMM
MaTepuanamu, TakuMmu kak KocT-
Hbli1 MOpdoreHHbIn 6enok (Bone
Morphogenic Protein, BMP -2), Be-
POSITHEE BCET0, HEAhEKTUBHO.
Mockonbky BMIT-2 Takxe Bbi3biBa-
€T MOTEPHO KOCTHOM MaCChl, TaKoe
MOKPLITUE MOXET JAXKE YMEHbLIMTD
CTeneHb occeonHTerpauum [13].
MMnnaHTatbl, NOKPbITbIE TOHKUM
cnoem cpoccpara kanbums (CAP),
Obinv pa3paboTaHbl Ans NoBbILLe-
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formation phase (Fig. 3) [8].
In animal experiments, such
implants show improved os-
seointegration compared with
uncoated controls. However,
there are still no confirmatory
clinical studies [13].

Peri-Implant Soft Tissue
Healing — Periointegration

As for osseous healing, soft
tissue healing is also divided
into 3 overlapping phases: 1)
Inflammatory phase, 2) Prolifer-
ative phase and 3) Remodelling
phase [26]. In the inflammatory
phase the wound is repopu-
lated by macrophages and
polymorphonuclear leukocytes.
This phagocytic cell debris pro-
tects against microbial contam-
ination and secretes growth
factors. These stimulate the
proliferation of fibroblasts, the
formation of a new epithelial
cover and the generation of
vessels in the area of the
wound. The proliferative phase
of wound healing gives way to
the remodelling phase. In this
phase, apoptosis of the major-
ity of the fibroblasts occurs and
a fibre-rich, peri-implant scar
tissue is formed at the implant
emergence profile [27].

Influence of Surface Modifi-
cations on Periointegration
While a large number of animal
experiment and clinical studies
investigate the impact of modi-
fications on osseointegration,
up till now there has only been
scanty data on the importance
of the implant surface for
healing and consolidating the
mucosa in the implant emer-
gence profile.

In a study using animal ex-
periments, we investigated the
impact of the surface rough-
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remadelling

new bone formation

anarganic coating,
e.g. calcium
osseocanduction phosphate [CaP)
arganic coating with arganic coating with
extracellular matrix growth factors
proteins

| roughness l

Fig. 3: Summary of the impact of surface topography and composition on the

partial stages of osseointegration. Surface roughness and coating with organic

factors such as extracellular matrix proteins or BMP-2 affect the osteoconduc-
tion processes whereas inorganic coatings help new bone to form.

Puc.3. BosgeiicTeue Tonorpacumi nOBEpPXHOCTY 1 COCTABA MMMNIAHTaTa Ha
OTAENbHbIE 3Tanbl 0CTeoUHTErpaumin. LLiepoxoBaTocTb NOBEPXHOCTY M MOKPbITUE
OpraHMyeckMMmn Matepuanami, TakuMm Kak MaTpuuHblii 6enok unu BMP -2, BnnsieT Ha
MPOLIECChbl 0CTEOKOHAYKLMM, TOFAa KaK MOKPbITUS HEOPraHN4eCKOro MPONCXOXAEHNS

cnoco6CTBYOT (hOPMMPOBAHNE HOBOW KOCTY.

ness of the implant shoulder
on peri-implant inflammation
parameters with transmucosal
healing implants. After a period
of 12 weeks, a mild inflam-
matory reaction was evident
histologically in the area of the
mucosal emergence profile of
the smooth shoulder, however,
a severe inflammatory reaction
was evident in the emergence
area of the moderately rough
surface (Fig.4).

Moreover, the effect of a bio-
activation of the transmucosal
implant area on soft tissue
healing was investigated.
Faced with the central role

of the glycoprotein laminin

5 within the scope of the
adhesion process of the oral
mucous membrane epithelium
to the implant surface, Werner
et al. combined a laminin 5
derivative with titanium. In
vitro experiments with human
oral epithelial cells showed an

HUS| MUHEPANN3ALIMM KOCTHOW TKaHM
B (ha3e PopMMpOBaHMS KOCTH (pUC.
3) [8]. B akcnepumeHTax Ha XMBOT-
HbIX TaKk1e UMNNaHTaTbl NoKasan
yfyuLLEeHWe OCTEOMHTErpaLmMm No
CPABHEHWO C 0BbIYHBIMK MMMIAH-
Tatamu. OHaKO KIIMHUYECKME UC-
NbITAHUS TaKUX UIMMNIAHTATOB eLle
He nposoannucs [13].

3axusneHue NepUMMNNAHTHbIX
MSIrKUX TKaHeii — nepuonHTerpa-
uus

Kak v 3axuBneHue KocTy, Boc-
CTaHOBIIEHME MSTKWUX TKaHel Tak-
Xe BKIIo4aeT 3 nepekpblisaroLLme-
cs pasbl: 1) chady Bocnanenms; 2)
a3y nponmcepaumu; 3) dasy pe-
MoZenuposaHus [26]. B nepsyto
hasy paHa 3anonHaeTcs Makpo-
tharamu 1 noMMOpPHOAAEPHbI-
MU feikoLmMTamu. It charoumTap-
Hble KNETKW 3almLaroT paHy ot
MWKPOGHOTO 3arpsi3HEHNs 1 Bblfe-
NSHOT hakTopbl POCTA, YTO CTUMY-
nvpyeT nponudepaumto gubpodbna-
CTOB, POPMUPOBAHME HOBOTO 3MK-
TENWanbHOro NoKpoBa M CocyaoB

3y6Hasa umnnaHTonorus

B 06nacTy paHbl. [ponudepaTne-
Hast (ha3a 3aKMBNEHUS PaHbl CMe-
HsIeTCA (ha3on PEMOAENMPOBAHMA.
B aToi ¢haze npoucxoaut anon-
T03 60nbLUMHCTBA HMBPOBNACTOB,
1 B 061aCTV NPOCHMNS BbICTYNAHNS
hopMUpyeTCS NEPUAMNIIAHTHAS
py6uoBas TkaHb [27].

Bnusinue Mopudmkaumii nosepx-
HOCTM Ha NePUOMHTErpaLuio
HecmoTps Ha 60MbLLOE KONMYECTBO
MPOBEAEHHbIX 3KCNIEPUMEHTOB Ha
XMBOTHbIX W KITMHUYECKMX UCCTe-
[0BaHMIA, B KOTOPbIX M3y4anu Biu-
SiHVEe MoAMUKALMIA NOBEPXHOCTH
UMNNaHTaTa Ha NPoLEeCC OCTEONH-
Terpaumm, nony4eHHble JaHHble 0
3HAYEHUM MOBEPXHOCTY UMMIAHTa-
Ta Ans 3aKWUBNEHNUS U BOCCTAHOB-
NIEHNS CAIM3MCTON 0605104KM B 06/1a-
CTW NPOMIA BbICTYNAHUA SBNSHOT-
cst 60nee YeM CKPOMHBIMM.

B aKcnepyMeHTax Ha >XMBOTHbIX Mbl
W“ccnefoBany BNMSHWE LLIEPOX0Ba-
TOCTM NOBEPXHOCTY Nfeya MMNAaH-
Tara Ha nepuMMniaHTHoe Bocna-
NEHNE C MOMOLLIbK TPAHCMYKO3HbIX
MMMNAHTATOB.

[locne 12 Hepenb rMCTONOrMYECKU
6bina BbisiBNEeHa HebonbLLas BOC-
nanuTenbHas peakums CIn3ncTom
0601104KK B 06nacTH Npochuns Bbl-
CTYMaHus rNagxkoro nneya uMnnasx-
Tata, B TO )€ BPEMS BbIPaXeH-
HOE BOCManeHue nposiBUIOCH B 06-
NacTV yMepeHHO LLIepOX0BaToM No-
BEPXHOCTY €ro npochuns BbiCTyna-
Hus (puc. 4).

Kpome T0ro, 661 n3yyeH adchexT
61oaKTMBaLMM TPAHCMYKO3HOM Ya-
CTM MMNNAHTATA HA 32XXMBMEHNE
MSFKWX TKaHeM.

YuuTbiBast BXHYIO POSib MIMKOMPO-
TenHa NamuHuHa-5 Ha npouece ag-
res3nn anuUTenns CAM3NCTon 060-
NI0YKM NONOCTM PTa K NOBEPXHO-
cTv umnnaxTara, Werner ¢ coaBT.
COEJMHWI NPOM3BOAHbIE NAMUHM-
Ha-5 ¢ TUTaHOM. JKCEPUMEHTBI in
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Fig. 4: Histological representation of inflammation reactions in the peri-implant mucosa. 12 months after implantation
and transmucosal healing, mild inflammation was evident around emergence profile of the smooth implant shoulder (a),
whereas there was a strong indication of inflammation of the peri-implant tissue in the area of the moderately rough
shoulder (b). HE stain, original magnification: 400x.

Puc.4. I'nctonornyeckas kapTiHa BOCMANUTENBHOM PeakLmmn B NEpUAMMNIAHTHON Cin3ncToil o6oouke. Yepes 12 mecsues nocne
UMNAaHTaLUM 1 33KMBAEHINS CAN3NCTON BbIN0 0TMEYEHO HEBONbLLOE BOCTANEHME BOKPYT NPOUns BbICTYNaHUS rNaakoro nneva
UMNnaHTa (a), B T0 XKe Bpemst Hab/0anoch BbipaXKeHHOe BOCNaeHne NepUMMNaHTHbIX TKaHei B 06/1aCTV YMEPEHHO LLEpPOX0BATOr0
nneya umnnaxTarta (b). Okpacka reMaToKCUNMH-303MHOM, yBenuueHue: 400x.

increased proliferation in the
functionalised group compared
with the control. These results
were confirmed by the data

in a pilot study on dogs [32].
As well as epithelial adhesion,
neovascularisation also has

a significant importance for
adequate soft tissue heal-

ing. The vascular endothelial
growth factor (VEGF), a heparin
binding glycoprotein, is one

of the most important media-
tors for angiogenesis in wound
healing [23]. As a result of its
short half life of 9 hours in the
tissue, a topical application

in protein form is inefficient
[29]. A possible system for

the delayed release of VEGF is
the extracorporeal transfection
of autologous fibroblasts and
their re-plantation in the area of
the wound as part of an invivo
tissue engineering approach.
For this technique, an improve-
ment in the new vessel forma-
tion rate [19] without detect-
able local or systemic side
effects [18] has already been
found in the rat model.

Conclusions

Using the available data from
animal experiments and clinical
studies, currently no “ideal”
implant surface in relation to a
functionally and aesthetically
satisfying, long-term result

can be defined. As far as the
surface topography is con-
cerned, however, moderately
rough surfaces (S, = 1 -2 um)
in the area of the bone contact
are preferable whereas smooth
surfaces (S, < 0.5 um) in the
area of the emergence pro-
file should be favoured. With
regard to the composition, no
practical recommendation can
be derived from recent litera-
ture.
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BuiBoApb!
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4ecku.
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TepaType He COAEPXKNTCS MpaKTh-
4ecKux pekoMeHaauUmi.
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HoBeHLume

State of the Art
Genetic Testing
of Mental
Retardation

Summary

Novel technologies in ge-
netic diagnostics led to a very
reliable, sensitive and more
efficient detection of genetic
causes of mental retardation
(MR). Basic diagnostic of MR
such as chromosome analysis
is already obsolete as array
technology detects genetic
alterations such as duplications
or deletions of chromosomal
regions at much higher reso-
lution. Whereas microscopic
inspection usually detects
deletions as large as 5 mega-
bases (5 Mio base pairs) array
technologies visualizes dele-
tions and duplications even
smaller than 100 kb (100 thou-
sand base pairs). Using this
approach genomic aberrations
are detected in up to 15% of
patients with MR with normal
conventional karyograms. How-
ever, the vast majority of MR is
thought to be monogenic with
single base pair alterations or
very small deletions or dupli-
cations. Today, more than 90
genes on the X chromosome
are known causing MR most
frequently in males. Using
sophisticated next generation
sequencing technology most
of the X-linked syndromic and

non-syndromic MR cases are
now being deciphered. Subse-
quently, this technology allows
also identifying genetic causes
of autosomal recessive MR
and malformation, in particular
in consanguine families, or of
de novo originated MR giving
the chance for prenatal diagno-
sis in subsequent pregnancies.

Introduction

Mental retardation (MR) as
defined by an 1Q below 70
affects approximately 2% of
the general population. More
severe forms with an 1Q < 50
has a frequency of about 0.5%
(reviewed in Ropers and Hamel
2005, Nature Reviews Genet-
ics 6:46-57).

Until today, chromosome
analysis detecting additional
chromosomes such as triso-
mies or partial chromosome
alterations is a basis diagnostic
in defining the genetic causes
of MR. Indeed, trisomie 21,
also called Down syndrome, is
the most frequent form of MR.
Besides these alterations one
also finds structural changes
such as inversions, unbalanced
or balanced translocations,

all with an increased familial

reHeTHueCKMe
TECTbl YMCTBEHHOIA
OTCTANOCTH

Tesucobl

[pUMEHEHE HOBbIX TEXHONOWiA B
FEHETUYECKOMN AMarHocTuKe cTanm
OCHOBOW HaZIeXHbIX, YyBCTBUTENb-
HbIX 1 9 EKTUBHbIX METOLOB Bbl-
SBEHNS TEHETUYECKMX HAPYLLEHMIA
npu ymcTBEHHOW oTCTanocTu (YO).
OCHOBHbIEe METOAbI AMArHOCTUKM
YO, kaK, Hanp1Mep, XpOMOCOMHbIN
aHanms, y>xe ycrapenu, Hoeble Tex-
HOMOr N YMNOB OBHAPYKMUBAIOT re-
HETMYECKME HapYLLEHMS, Takne Kak
LyNAMKaLUW1 Un feneumun y4acTkoB
XPOMOCOM,

C ropasfo 6onee BbICOKUM pa3spe-
LweHuem. Ecnn mukpockonuyeckoe
nccneaoBaHne 06bI4HO NO3BONS-
€T 0BHAPY>XNTb AENeLnn y4acTKoB
[OHK pa3mepoM He MeHee 5 mera-
6a3 (5 MJH. Nap OCHOBaHWM), MHO-
XKECTBO YMM-TEXHONOMWIA AA0T BO3-
MOXXHOCTb BM3yanu3upoBaTb Jene-
LMV 1 QyNnvKaunm y4acTkoB pasme-
pom gaxe meree 100 kunobas (100
TbIC. Nap 0CHOBaHWiA). Mpu nomoLLy
AAHHOro MeTo/a reHoMHble abep-
pauun 06HapyxeHbl y 15% naunet-
108 ¢ YO npu HOpMasbHO# Kapmo-
rpamme.

OnHako noaasnstolLee 60MbLLNH-
CTBO FEHETUYECKMX HAPYLLEHWIA NPK
YO cuuTatoTcst MOHOT€HHbIMK, C
anbTepavuveid 0[HON Napbl HyKre-
otnpos [JHK nnw ¢ oueHb HeBONb-
LU0V Aeneuneid Unu aynnvkauu-

ei. HblHe 13BecTHO, 4TO Bonee YeMm
90 reHoB X-XpPOMOCOMBI Bbi3bIBa-
toT YO, koTopas yalle BCTpeyaeT-
CS1'Y MYXKUMH.

Bnarogaps 1cnonb3oBaHuto yco-
BEPLLUEHCTBOBAHHbIX TEXHOMO-

TMiA HOBOTO NOKOMEHMS B HACTO-
siliee Bpems ObIno reHeTuYe-

CKM pacLunpoBaHo 60MbLLMHCTBO
X-cuenneHHbIX CUHAPOMHBIX 1 He-
cneundmyeckux hopm YO. Cnefo-
BaTeSbHO, yKasaHHas TEXHONOrus
TakXXe N03BONSET BbISBUTbL FEHETH-
yeckue HapyLLEHUs! MPK ayTOCOMHO-
peueccusHon dhopme YO u apy-

TMX MOPOKAax PasBuTHs, 0COOEH-

HO Y KPOBHbIX POACTBEHHUKOB, UMK
de novo Bosnukatowei YO, npedo-
CTaBNISis LUAHC A8 MpeHaTanbHou
ANarHOCTUKN Npu 6EPEMEHHOCTH.

BsepaeHue

YMCTBEHHOAs! 0TCTanoCTb, KOTOpas
xapakTepuayetcs 1Q < 70, nopa-
XaeT 2% Hacenexus. bonee Taxe-
nble opmbl ¢ 1Q <50 BCcTpevaroT-
cay 0,5% (onybnmkosaHo Ropers

n Hamel B 2005, Nature Reviews
Genetics 6:46-57).

[lo c1x Nop XpPOMOCOMHBII aHanus,
KOTOpbIA NO3BONSN BbISIBUTh Ha-
NNY1e [OMONHUTENbHBIX XPOMO-
COM — TPMCOMMIO UM YaCTUYHbIE
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Fig. 1: Schematic representation

of molecular karyotyping: DNA of
the patient which is isolated from
whole blood will be fragmentated by
restriction enzymes such as Styl and/
or Nspl. Subsequently, specific DNA
sequences (adaptors) are merged

to the DNA fragments allowing its
widespread amplification and label-
ling. Labelled DNA fragments are
then hybridized onto millions of short
oligonucleotides covering known
polymorphisms in the genome which
will be scanned allowing detection of
missing (deleted) or duplicated DNA
fragments.

recurrence risk of unbalanced
aberrations in future pregnan-
cies. Using conventional karyo-
typing one usually reaches a
resolution of about 5 - 10 mil-
lion base pairs leaving smaller
aberrations undetected. Due
to the development of fluores-
cent in situ hybridisation (FISH)
and subsequently of multiplex
ligation-dependent probe ampli-
fication (MLPA) small deletions
or duplications are detected
particularly analysing telomeric
regions (Flint and Knight 2003)
in about 5-10% of unexplained
MR.

If these routine screening
methods do not detect chro-
mosomal aberrations and if the
physical characteristics of one
patient do not allow a specific
differential diagnosis and thus
directed genetic testing, one
usually has to rule out inborn
error of metabolisms which
will not be the scope of this re-
view. Even then, the underlying
cause of MR remains unknown
in more than 65% (Rauch et

al. 2006). Here we will concen-
trate on novel genetic screen-
ing technologies allowing the
identification of the genetic
causes in the fast majority of

250 ng genomic DMNA

patients with syndromal and
non-syndromal MR for which
environmental or toxic causes
have been ruled out. One
recent technigue which is al-
ready fundamental as a routine
diagnostic tool, is the so-called
chip or microarray technology,
also known as molecular karyo-
typing, to identify deletions or
duplications usually of an entire
or several genes. This ap-
proach led to the definition of
novel microdeletion / -duplica-
tion syndromes.

However, even with this
technology, the great majority
of genetic causes of patients
with MR is not being deci-
phered. Here will give first
insights into the transition of
the most recent new genera-
tion sequencing technology

to track down single base pair
changes causing MR even
without knowing the respec-
tive candidate gene or region.
In combination both technolo-
gies will allow the detection of
nearly all genetic causes of MR
changing the routine of clinical
syndromology and allowing
more accurate family planning
in future pregnancies or for
close relatives.

XPOMOCOMHbIE anbTepauum, SBns-
Cs1 OCHOBHbIM METOOM AMarHocTH-
Ki NPY ONPEAENEHNN TEHETUYECKMX
npuumnn YO. Tak, Tpucomms no 21
XPOMOCOME, KOTOPas TakKe Ha3bl-
BaeTCs cuHapoMom [layHa, senset-
cs Hamnbonee yacTon copmoit YO.
MOMUMO YKa3aHHbIX U3MEHEHNH,
MOryT 6bITb O6HAPY>KEHbI U CTPYK-
TYpHbIE: MHBEPCUM, HecbanaHcupo-
BaHHble uiu cbanaHcupoBaHHble
TpaHCNoKaumu, Ans KOTOPbIX Xapak-
TEPEH NOBbILLEHHbII PUCK NOBTOPE-
HUs HecbanaHcMpoBaHHbIX abeppa-
LniA Npu nocnegyrowmx 6epeMen-
HOCTSIX.

O6bl4YHOE KapUOTMNUPOBAHKE 10-
CTUraeT PaspeLLEeHms Ha YpOBHE
5-10 MnH. nap ocHosanuit AHK, 60-
nee xe Menkue abeppaumu ocTa-
t0TCS He3aMeueHHbIMW. Bnaroasps
Pa3BUTUIO PAIYOPECLEHTHO rMbpm-
avm3aunu in situ (FISH) v pasHosug-
HOCTM NONIMMEPA3HON LIEMHON pe-
akuum (MLPA), koTopas nossonset
aMnancnuUMpoBaTh MHOXXECTBO KO-
MWiA, MOryT ObITb BbISBNEHBI Mable
Aeneunn unn oynavkaumn, 0cobeH-
HO NpW UCCNEA0BaHNM TENOMEPHBIX
yuactkos (Flint u Knight 2003) npu-
MepHo B 5-10% cnyyaes HeobbsC-
HuMbIX YO.

Ecnu pyTUHHBIE CKPUHUHIOBbIE Me-
TOAbI HE BbISIBNISOT XPOMOCOMHbIE

PucyHok 1: Cxema MonekynsipHoro
kapuotunvposanms: [IHK naumrenTa,
BblJ€eNeHHas 13 LienbHOM Kposu, 6yaeT
(hparMeHTMpOBaHa PECTPUKLIMOHHBIMU
thepmeHTamu, Takumm Kak Styl n / uan
Nspl. Bnocneacteum cneumduyeckmne
[HK-cexBeHcb! (aaanTtepbl) 06bEAMHAIT
B pparmenTsl JHK, koTOpbIE MOXHO
aMnnMcuuUMpoBaTh M MapPKMPOBaTb.
MeueHble pparmeHTbl [IHK 3atem
TMOPUAN3MPYIOTCS B MANIINOHBI
KOPOTKNX ONUTOHYKNEOTUAO0B, MOKPbITHIX
nonuMopcu3Mamu 3 reHoma, Kotopble
Oy nyT CKaHMpOBaHb! AN 06HAPY>KEHNS
BbINABLUMX (Leneums) uin yABOEHHbIX
(mynnmukauum) cparmentos [HK.

abeppaunu, a hmsnyeckue xapak-
TEPUCTWKW NaLMEHTA He NO3BONAOT
MPOBECTH Creumduyeckyto audde-
PEHUMANBHYIO AUArHOCTUKY W reHe-
TUYECKME UCCNEAO0BAHNS, CIERYET
UCKITIOYMTb BPOXKAEHHbIE HApyLLE-
HWS METaboNM3ama, KOTopble BbIXO-
OAT 32 pamku JaHHOM cTaTbm. [1pu
3TOM 0CHOBHas npuynHa YO ocTa-
€TCS HEBBISBNIEHHO 60nee Yem

B 65% cnyyaes (Rauch ¢ coaBr.
2006).

MbI 0OCTAHOBMMCS HA HOBbIX FEHETU-
4eCKNX CKPUHUHIOBbIX TEXHOMOMM-
51X, MO3BONSIHOLLMX BbISBUTb FEHETH-
Yeckne U3MeHeHMs y 60NbLIMHCTBA
NauneHToB C CMHAPOMANbHOM 1
Hecneundmyeckoin dopmamu YO,

Y KOTOPbIX 3KONOTMYECKIME MW TOK-
CUYHbIX MPUYMHbI 3a60/1EBaHMS
Oblnm UCKNtoYeHbl. OHAM W3 Mo-
CNefiH1X METOZ0B ANarHOCTUKM
KOTOPbII BbISBASET AENeLMn Unu
AyNAMKaLMM BCEX UNW HECKONBKO
FEHOB W y>Ke CTar PyTUHHbIM, SIBJIS-
€TCS TaK Ha3blBaEMbIi reHeTMYe-
ckuit umn (OHK-umn), unm mukpoma-
TPUYHASH TEXHONOTSI, U3BECTHBIIA
TaKoKe Kak MOMEKYNAPHOE KapuoTy-
nupoBaHme. [laHHbIA MeToA No3Bo-
NsieT 06HapY>XMBaTb HOBbIE MUKPO-
Aeneumu / fyéankaumu npu paae
cuHapoMoB. OfiHaKo axe ¢ npu-
MEHEHNEM 3TOW TEXHONOrMN 60Mb-
LUMHCTBO rEHETUYECKNX U3MEHEHWH
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SNP Microarrays to detect de
novo duplications / deletions
in patients with MR

Recent developments using
array technology now allows
scanning of the entire genome
for microdeletions / duplica-
tions (Fig. 1).

Any variation in the copy
number is called copy number
variant (CNV). Most of the
CNVs are benign (Buysse et al.
2009), have no obvious causa-
tive influence on the disease
and may be inherited by one
of the parents. However, there
is a scientific debate whether
these benign CNVs contrib-
ute to common multifactorial
diseases (Zhang et al. 2009)
as the level of expression of
genes within or adjacent to the
genomic interval may be af-
fected. Nevertheless, in a child
with MR most of the de novo
CNVs which are not present in
the parents and do not overlap
with known CNVs are causa-
tive for the disease.

Caution needs to be taken if
the deleted / duplicated chro-
mosomal region does not con-
tain any known genes or if the
gene involved is not expressed
in the brain or totally unknown
in MR. In our diagnostic experi-
ence we found several exam-
ples of deleted genes which
were unknown to be a benign
CNV at the time of analysis or,
for genes on the X chromo-
some which was transmitted
by the mother, also be present
in the unaffected uncle of the
child with MR. Despite cau-
tion is needed if interpreting
undescribed CNVs, the sensi-
tivity of the microarray analysis
is thought to have a 100 times
higher resolution than conven-

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

tional karyotyping and thus
superior in deciphering genetic
causes of MR (Fig. 2).

Most importantly, all previ-
ously known microdeletion
syndromes are also detected
using microarrays (McMullan
et al. 2009). Furthermore, even
low-level chromosomal mosai-
cisms and uniparental disomies
(UPDs) can be detected using
this technology (McMullan

et al. 2009, Altug-Teber et al.
2005). We strongly encourage
applying molecular karyotyping
only after genetic counselling
as some microdeletions may
reveal risks cancer, and several
inherited microduplications indi-
cate a risk of epilepsy (Heinzen
et al. 2010) or psychiatric dis-
orders such as schizophrenia
(Need et al. 2009, Stefansson
et al. 2008).

Summarizing a large propor-
tion of publications on the use
of microarrays in about 22,000
patients with MR Miller and
colleagues came to the conclu-
sion that chromosomal micro-
arrays should be the first-tier
genetic diagnostic test (Miller
et al. 2010). Even considering
costs for the genetic analysis,
microarray testing for chromo-
somal imbalances is supe-

rior to conventional strategies
(karyotyping and subtelomere
analysis) in MR (Regier et al.
2010). Currently, molecular
karyotyping should be per-
formed as basic test in patients
with autism, developmental de-
lay, mental retardation, and/or
multiple congenital anomalies.
However, despite its high reso-
lution, deletions / duplications
smaller than 100 kb or even at
a single base pair level are not
detectable even with the most

y naumenToB ¢ YO 1o cux nop He
pacLunchpoBaHsb!.

B atoii cTatbe 6yayT Bnepsble pac-
CMOTPEHbI YCOBEPLUEHCTBOBAHNS

B TEXHOMOMUAX NOCAEAHErO MOKO-
NEHNS, KOTOPbIE MO3BONSOT 06HA-
PY>KWUTb USMEHEHME EAMNHCTBEHHOM
naps! ocHoBanuii [IHK, Bbi3BasLLee
YO paxe 6e3 3HaHWs COOTBETCTBY-
fOLLIEr0 reHa-kaHamaara u ero no-
kyca.

CoueTanme 06eux TEXHONOrWiA No-
3BOJMT BbISIBASTH NPAKTUYECKM BCE
reHeTU4ecku 06yCnoBNEHHbIE CRy-
yan YO, 4T0 CyLIECTBEHHO U3MEHUT
06bI4HYH) KIMHUYECKYHO MPaKTUKY W
[acT BO3MOXXHOCTb MPOBOANTL 60-
nee TOYHOE NaH1POBaHUe CEMbM 1
6EepeMEHHOCTM Y BCeX BAM3KMX POg-
CTBEHHMKOB.

MeTton SNP Microarrays (JHK-
yuna) BbisBASET de novo aynnu-
Kauvu / feneuuu y naumeHTos ¢
YO.

MocnefHme yCoBEPLIEHCTBOBAHMS
YUN-TEXHONOr NI NO3BONAOT CKa-
HMPOBATb BECb FEHOM Ans 06Hapy-
XKEHUS MUKPOLeneLmii / fynnvka-
Lmii (puc. 1).

Jlto6ble M3MeHeHns KonnyecTsa
konuid [IHK B reHOMe Ha3bIBatoT-
Csl «BapuaLmsM1 Y1cna Konui B
FEHOME», U NONMMOpdU3ma-

Mu, a Takoke CNVs (oT aHrn. single
nucleotide polymorphisms). Bosb-
wuHcTBo CNVs sBnsitoTes f06po-
kavecTBeHHbIMK (Buysse ¢ coasT.,
2009), He BbI3bIBaOT 3260N1€BaAHMS
1 MOryT 6bITb YHACNEA0BaHbI OT
OfIHOTO U3 POAUTENEN.

OnHako NPOAOMKAIOTCS HAyUHbIe
nebartbl, B X0fie KOTOPbIX 06CYX-
[aeTcs MOryT i1 JO6POKa4eCTBEH-
Hble CNVs y4acTBOBaTb B BO3HWK-
HOBEHUWN MHOTO(YaKTOPHbIX 3a60-
neBanuii (Zhang ¢ coasT., 2009), Ha
YPOBHE 3KCMPECCHM FEHOB U1 TEHOM-
HbIX MHTEPBAsoB. TeM He MeHee

y peberka ¢ YO 6onbLumHcTBO de

novo CNVs, koTOpbIX HET y poauTe-
Ien W KOTOPbIE He NePeceKanTcs ¢
n3secTHbIMU CNVS, aBnstoTCs npu-
4nHON 3a60N1eBaHNS.

Oco60ro BHUMaHus TpebyeT cuTy-
aums, Koraa y4acTok XpOMOCOMbI

C [ieneuvei / gynnvkaumeii He co-
LEPXXUT KaKux-nnbo U3BECTHBIX re-
HOB, JIN60 NOBPEXAEHbIN FEH He
3KCMPECCMPOBAH B rOI0BHOM MO3-
re NN HUKOT 4@ He BbISIBNISNCS Npu
YO.

B Haluem anarHoCcTU4eckoM aKc-
NEPUMEHTE Mbl HALLSIN HECKONb-

KO NPUMEepOoB [JieNneLmnn reHoB, Ko-
TOPbIE ObINM HEU3BECTHbI B Kaue-
cTBe fobpokayecTBeHHbIX CNVSs,
UK reHoB Ha X-XpoMOCoMe, KOTO-
pble 6blAn NepefaHsl 0T MaTepy, a
TaKkXXe NpUCYTCTBOBANM Y 340POBO-
ro naam peéerka ¢ YO.

[Mpy1 MHTEpNpETaLMM eLLe He onu-
caHHbix CNVs Heobxoamma onpege-
NIEHHas OCTOPOXHOCTb, OfHAKO Me-
TOA MUKPOUMNOB 06ecneynBaeT B
100 pa3 6onee BbICOKOE pa3peLle-
Hue, 60MbLLe, Yem 06bI4HOE Kapuo-
TUNWUPOBAHWE W, CNEA0BATENBHO, OH
aphekTUBHeE Npn pacLungposke
reHeTmueckux npuumnt YO (puc. 2).

BaxxHo, 4TO BCe paHee M3BECTHble
MUKpOAEneLmnn Takxe Obinu o6Ha-
PY>XEHbI C MOMOLLbIO0 MAKPOUMIOB
(McMullan ¢ coasT., 2009).

KpoMe Toro, aaxke XpOMOCOMHbIiA
MO3auLM3M HWU3KOrO YPOBHS M 0f-
HopoauTenbckas gucomus (UPDs)
MOTyT 6bITb O6HAPY>KEHbI C NOMO-
LUbHO 3TOM TEXHONOorMM (McMullan ¢
Cc0aBT., 2009, Altug-Teber ¢ coasT.,
2005).

MbI HACTOSITENBHO PEKOMEHAYEM
MPUMEHEHWE MOJIEKYNISIPHOTO Kapw-
OTMNMPOBAHWS TONBKO NOCHe reHe-
TUYECKOrO KOHCY b TYPOBaHHS, M0~
CKOJIbKY HEKOTOpbIE MUKpOJEne-
LMW MOTYT CBUAETENbCTBOBATL O
pUCKe BO3HWKHOBEHHS paKa, a He-
CKOMbKO YHACNeA0BaHHbIX MUKPO-
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Fig. 2: lllustration of a 5.4 Mb dele-
tion in 2936.1-36.3 with the 500K
Affymetrix SNP Array in a severely
mentally retarded girl. a) Image of the
parents-patient trio analysis, showing
the de novo occurrence of the dele-
tion (red arrow) and mapping of the
deleted region according to Ensembl
release 60 - Nov 2010. b) Selected
GTG-banded chromosome 2 pair of
the patient. The der(2) (red arrow)
and the normal chromosome 2 can
not be distinguished unequivocally at
the 550 band level.

dense high resolution microar-
rays. Thus, for this diagnostic
area a new technology which
is called next generation se-
quencing has been developed
basically allowing the sequence
analysis of the entire genome
or at least of nearly all coding
genes of an individual which
is now being transferred from
research into the clinic.

Next Generation Sequencing
Using very sophisticated novel
technology, known as next
generation sequencing (NGS),
we are now able to reliably
sequence entire individual ge-
nomes at reasonable costs and
time (Ng et al. 2009). Actually,
the generation of sequencing
data of individual genomes is
not the greatest challenge any-
more but rather the bioinfor-
matical analysis and evaluation
of the clinical relevance of the
received data. Recent applica-
tion of this technology onto
the identification of genetically
unknown syndromes revealed
the genetic causes even in
single families. Despite initial
doubts whether one would be
able to identify a single disease
causing mutation due to the
complexity of the data and the
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large number of polymorphic
DNA changes in one individual
in general (two individuals dif-
fer each other at 2 to 3 Mio
positions!) as well autosomal
dominant (Hoischen et al.
2010) as autosomal recessive
traits (Bilgtvar et al. 2010) and
de novo mutations (Vissers et
al. 2010) were solved through
NGS. Even individual risk
predictions for cardiac diseases
and early sudden death seem
to become possible (Ashley et
al. 2010). In the field of MR we
clearly have now two options:
sequencing of a large number
of genes known to be mu-
tated in patients with MR, and
unbiased sequencing of entire
genomes in individual patients.

Due to the complexity of

the data sequencing whole
genomes, one currently uses
the strategy to sequence

only regions of which are
being transcribed into RNA,
the called exons. The entire
number of exons is also called
"exome", the strategy to se-
quence virtually all exons “all-
exome-sequencing”. For this,
the exones have to be enriched
by hybridization capturing, a
method, which has not yet to-

LyNNMKaUmWiA — ykasblBaTb Ha PUCK
pa3suTus anunencun (Heinzen c co-
asT., 2010) unm ncuxm4eckux pac-
CTPOWCTB, TakuUX Kak LLM30thpeHus
(Need ¢ coasr., 2009, Stefansson ¢
c0asT., 2008).

MoaBOAS UTOMM MHOXECTBA My6In-
Kaumii 06 MCnoNb30BaHM MUKPOUM-
noB ans obcnegosanns 22 000 na-
umenTos ¢ YO, Miller v ero konne-
IV NPULLIX K BbIBOAY, 4TO MPUME-
HEHWe XPOMOCOMHbIX MUKPO4MMOB
LOJXHO CTaTb METOLIOM FreHeTHYe-
CKOM MarHoCTUKW NepBoro ypos-
Ha (Miller ¢ coasT. 2010). Jaxe ¢
Y4YETOM PACXOL0B HA FEHETUYECKMIA
aHanu3 TeCTMPOBAHMWE C MOMOLLbH
MWKPOYMMOB ANS BbISBNEHWUS XPO-
MOCOMHOrO aucbanaHca UMeeT npe-
UMYLLECTBO Nepes 00bI4HbIMU Me-
TOAaMM (KapuoTUNUPOBAHWE U Te-
NIOMEPHBIA TECT) MPU AMArHOCTUKE
YO (Regier ¢ coasT., 2010). B Ha-
cTosiLee BPeMst MONEKYNsipHoe Ka-
PUOTUMMPOBAHNE [OXKHO ObITh
BbINOJIHEHO B KAYECTBE OCHOBHO-
ro aHanu3a y naumneHToB, cTpasa-
HOLLMX ayTU3MOM, 3a[EPXKKOI pas-
BWTWSI, yMCTBEHHO OTCTANOCTbHO U
/ VNN MHOXXECTBEHHbIMU BPOXKEH-
HbIMW aHOMaNMSMK.

OnHako, HECMOTPS! Ha ero BbICOKOE
paspeLLeHune, feneuumn / jynnuka-
LMu MeHee, yem 100 K6 unm aaxe

PucyHok 2: UnntocTpaums 5,4 Mb geneunm
B 2036,1-36,3 ¢ 500K Affymetrix SNP ,
BbISIBNIEHHAs METOLOM FEHETUYECKOr0
uuna y AeByLLKY C BbIpaXeHHon YO:

a — TPOMHOM aHann3 nauueHTa v ero
poauTenen, nokasblBatoLLmii de novo
nosiBfIEHNe feneunn (KpacHas cTpesika)

W KapTUpOBaHWe BbINABLLEro y4acTka B
cooTeeTCTBIM ¢ Ensembl 60 Bbinycka —
Hos6pb 2010 ropa; 6 — GTG-okpaLueHHble
XPOMOCOMbI 2-/i napb! y naumeHTa.
[NoBpexeHHas 2 (kpacHas CTpernka) u
HOpMarbHas XpOMOCOMA 2 He MOTYT BbITb
pasnuueHbl Ha ypoBHe 550 aucka.

Ha YpOBHE OfHOM Mapbl OCHOBA-
HuiA [IHK ¢ nOMOLLIbHO TEXHONOMMK
MUKPOUMNOB He 06HApYXMBaKOT-
csi. MoaTomy Ans AMarHoCTUKK no-
[06HOro ypoBHs 6bina paspaboTa-
Ha HOBas TEXHOMOUS — CEKBEHNPO-
BaHWe HOBOTO MOKONEHNS, KOTOpas
no3BOASET NPOBOAUTL NOCNES0-
BaTeNbHbIiA aHANK3 BCEro reHoma
WK, No KpanHen Mepe, NoYTH BCex
KOAMPYHOLLMX Y4aCTKOB rEHOMA WH-
AVMBUAYyMA W KOTOPAs B HACTOsILLEE
BpEMS Hayana npuMEeHsITbCS B KIn-
HUYECKOM NPaKTHKe.

leHOMHOE ceKBeHVUpOBaHue HO-
BOr0 NOKONIEHUs

Vicnonb30BaHMe Ype3BbIvaitHo
CINO>XXHOW HOBOW TEXHONOrNM, 13-
BECTHOW KaK CEKBEHMPOBAHHME Ho-
Boro nokonexust — NGS (ot aHrn
next generation sequencing), Mbl
Tenepb B COCTOSHNM HALEXHO Cek-
BEHMPOBATb FEHOM MHAMBUAYYMA
— 6bICTPO 1 N0 pa3ymHon LieHe (Ng
W ap., 2009).

[leiicTBUTENBHO, CEKBEHMPOBAHMe
reHOMa YenoBeKa HbiHe He Mpea-
CTaBMseT 0c060M NPO6NEMbI, Tak
Xe, KaK 1 6MONHHOPMALMOHHI
aHanu3 v oLeHKa KIMHNYECKON 3Ha-
YAMOCTU NMOMYYEHHbIX AaHHBIX. [10-
CnefiHue NpUMEHeHs! 3TON TeXHO-
NIOTUK MO MAEHTUMKALMM TEHETH-
4eCKu He OMPeLeneHHbIX CUHAPO-
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Fig. 3: Diagnostic work flow for
clinical genetic testing implement-
ing next-generation technologies to
decipher the causes of MR.

tally been explored for diagnos-
tic purposes. Thus and as the
great majority of all MR genes
has been localized on the X
chromosome, we are currently
sequencing the “X-ome”, in
particular in males with MR

or in affected females with
non-random X-chromosome
inactivation. It is anticipated
that mutations in more than
1000 genes may be associated
with MR, making it difficult to
predict the functional relevance
of all sequence changes identi-
fied right now. However, build-
ing up resources in network
structures like the German
network for mental retardation
(MRNET) will optimize diagnos-
tic decisions much faster. As
“next generation sequencing”
will become even cheaper,
faster and more reliable, data
received will undoubtedly lead
to a major breakthrough in
diagnostics of MR.

Implementing the very recent
technologies does already
change our diagnostic work up
these days (Fig. 3). First step
chromosomal analysis is being
displaced by molecular karyo-
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typing with higher sensitiv-

ity to visualize aberrations as
small as 100 kb. Clearly, if the
clinical geneticist does have a
syndromal suspected diagnosis
such as Angelman syndrome,
testing of specific genes is
indicated before unselected
screening approaches. Also,
relatively frequent genetic
causes of MR such as Fragile X
syndrome or myotonic dystro-
phy need always to be con-
sidered, in particular as large
repeat expansions underlying
MR are not being detected

by next generation sequenc-
ing. However, in particular for
affected males we propose
sequencing of the X-ome
analysing the great majority of
known MR genes and most im-
portantly also of non-syndromal
manifestation in one test.

MOB MO3BOJIUNIO BbISIBUTb UX FEHe-
TUYECKME MPUYMHBI AaXE B OTAEMb-
HOW CeMbe.

HecMmoTps Ha nepBoHaYasbHble Co-
MHEHMS B TOM, MOXHO 1 C OMO-
LUBIO JAHHOrO METOAA UAEHTU(DM-
LmpoBatb 3a60neBaHue, Bbi3BaH-
HOE MyTaumei, u3-3a CIoXHO-

CTM NONYYaeMbIX AaHHbIX W 6011b-
Lworo 06Lwero yuena noammopad-
HbIX n3meHenmnin IHK y 0gHoro mH-
OVBUAYyMa ([BA YenoBeka MoryT
0TnMYaTbCs Apyr oT Apyra Ha 2-3
Mio-noauumm), TakKe ¢ NOMOLLbHO
NGS 6b151 BbISIBIIEHbI @Y TOCOMHO-
LOMWHaHTHbIE (Hoischen ¢ coaBT.
2010), ayTOCOMHO-PELIECCUBHbIE
npu3Haku (Bilgivar ¢ coasT., 2010)
u de novo MyTauuu (Vissers u ap.,
2010). CTano BO3MOXHbIM Bbl-
SIBNEHNE prCKa BOSHUKHOBHUS
CepLEYHO-COCYANCTbIX 3a60NeBa-
HWiA 1 PaHHel BHE3anHOW CMepTy
(Ashley u gp., 2010).

B obnactu uccneposanus YO oue-
BWAHO, UMEETCS ABa BapuaHTa uc-
CNEL0BaHNS: CEKBEHMPOBAHME
60nNbLIOr0 YMCHa reHOB, KOTOPbIE
MOryT MyTMPOBATb Y MAUMEHTOB C
YO, 1 06beKTMBHas NonHas pac-
LWncppoBKaA reHOMA Y OTAENbHbIX
MauneHToB.

PucyHok 3: MoTok nauneHToB ans
ANarHOCTUKY — KITMHUYECKOrO
FEHEeTMYECKOro TECTUPOBAHMS C NMOMOLLbHO
TEXHOJOMU HOBOFO MOKOMEHNS, C LESbK
YTOUHEHMS npuymHbl YO.

113-3a CNOXHOCTM iaHHbIX, MONy-
yaeMblX MK CEKBEHMPOBAHNK Lie-
IOr0 reHoMa, B HacTosLLee Bpe-
MS1 MPOBOAMTCS CEKBEHMPOBA-
HWE TONbKO KOAMPYHOLLMX y4acT-
KOB rEeHOB, T. €. TEX y4aCTKOB re-
HoB ([HK), koTopble TpaHcKpubu-
pytotcst B PHK — Tak HazblBaeMbIx
9K30HOB. COBOKYMHOCTb e BCex
9K30HOB Ha3bIBAETCS «3K3OM»,

a METOZ BUPTYaNbHOro CEKBEHH-
POBaHNS BCEX K30HOB — «3K30M-
CEKBEHWUPOBAHUEM>.

[1ns 3TOro 3K30HbI JOMKHbI ObITh
oboraLeHbl nyTem ruépuansaumm,
METOZO0M, KOTOpbIA eLLe He noy-
YW WMPOKOTO MPUMEHEHNS ANS Au-
arHoCTU4eCKMX Lienei. Mockonbky
6onblUMHCTBO Beex YO-reHoB Jio-
Kanu3oBaHbl Ha X-XpOMOCOME, Mbl
B HACTOSILLEE BPEMS CEKBEHNPY-
€M «X-OM», B YaCTHOCTH, Y MY>XYWH
¢ YO nmu y 60MbHBIX XXEHLWH, He-
PaHAOMMU3MPOBAHHbIX MO MHAKTUBA-
LMK X-XPOMOCOMBI.

lMpennonaraercs, 4To MyTaumm 60-
nee 4em 1000 reHoB MOTyT 6bITb
cBsi3aHbl ¢ YO, No3aToMy TpyAHO
npeAcKasaThb KNMHUYECKOe 3Haue-
HWe BCeX U3MeHUIA KOAUPYHOLLNX MO-
cneposatenbHocTel [HK, BbisiBns-
€MbIX B HACTOSALLMIA MOMEHT.
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B nto6om cnyyae, co3faHue pecyp-
COB B CETEBbIX CTPYKTYpax, Kak, Ha-
npuMep, Hemeukas ceTb yMCTBEH-
Hoi otcTanoctv (MRNET) no3so-
JMT ONTUMU3NPOBATDL ANArHOCTMYE-
CKME peLLeHns ropasgo bbICTpee.

Kak TonbKo «CeKBEHMPOBaHME HO-
BOrO MOKONEHUS» CTAHET elle ae-
LweBne, 6bICTPEE U HALEXHEE, AaH-
Hblg, NOMyYeHHbIE C MOMOLLbH) 3TO-
ro MeToAa, HECOMHEHHO, NpuBeayT
K CEpbEe3HbIM MPOPbIBOM B ANArHo-
ctuke YO.

lp1MeHeHne HOBEMLLMX TEXHONO-
TUiA y>Ke N3MEHUNO0 METOAb! Ana-
FHOCTMKM (puC. 3).
MNepBoHaYanbHbI XPOMOCOMHbINA
aHanm3 BbiN BbITECHEH MOMEKYAP-
HbIM KaPUOTUNMPOBAHNEM, HYB-
CTBUTEJILHOCTL KOTOPOrO MO3B0-
nfeT BU3yanuauposatb abeppaunm
pasmepom B 100 K6.

OueBMAHO, UTO ECIN FEHETUK-
KIMHWLMCT [OMKEH NOATBEPAUT
TaKoW [MarHo3, Kak, Hanpumep,
CMHAPOM AHrenbMana, To Ao 06-
LLero CKPUHUHIa reHoMa Leneco-
06pa3Ho NPOBOAMTL TECTMPOBA-

Mpocheccop Onadh Pucc, noktop
MeauuUMHCKUX Hayk MuTep bayap,
KaHAMAAT MEANLIMHCKMX HayK
Maikn BoHuH, fokTop
MeaULMHCKUX Hayk AHppeac

Oycxe

HWe onpeneneHHbIX reHoB. Kpo-
Me TOro, BCEraa [OMKHbI TECTUPO-
BaTbCS OTHOCUTENBHO YaCTble re-
HeTuyeckme cnyyan YO, Takue Kak
CMHIPOM criabon X-XpOMOCOMbI Un
MMOTOHMYECKAs AMCTPOMS, 0CO-
6eHHo ecnm YO He 6bina onpefe-
NeHa nyTem CEKBEHMPOBaHNS Ho-
BOro nokonenus. OfHako cTpaga-
toLumM YO My>XUnHaM Mbl npeana-
raeM, B YaCTHOCTH, CEKBEHMPOBA-
Hue X-oma, Mpu KOTOPOM aHanu-
31pYOTCS 6ONBLUNHCTBO U3BECT-
Hbix reHoB YO u, camoe rnasHoe,
TaKkxe Hecneundgmrueckne popmb
YO-nposBneHus B 04HOM TecTe.

Puc. 2. Mnnioctpaums 5,4 Mb pe-
neuwm B 2936,1-36,3 ¢ 500K
Affymetrix SNP , BbisiBnieHHast meTo-
[IOM FEHETUYECKOro Ynna y AeBylu-
K1 C BbIpaXeHHon YO: a — TPOoiHO#
aHanu3 nauueHTa u ero poauTe-
nei, nokasblsaroLwmii de novo noss-
NeHve aeneumnn (KpacHas cTpenka)
W KaPTMPOBaHKE BbiNaBLLEro yyacT-
ka B cooTBeTCTBMM ¢ Ensembl 60
Bbinycka — Hos6pb 2010 roaa; 6 —
GTG-oKpalLeHHbIE XPOMOCOMbI 2-i
napbl y nauvexTa. MNospexxaeHHas
2 (KpacHas cTpesika) u HopmasnbHas
XPOMOCOMA 2 He MOTyT BbITb pasnu-
YeHbl Ha ypoBHe 550 aucka.

Puc. 3. lMoTok nauneHToB Anst ava-
FHOCTUKU — KNIMHUYECKOTO reHeTH-
4EeCKOro TECTMPOBAHNS C NOMOLLbHO
TEXHONOriA HOBOTO MOKOJEHMS, C
LIeNbIO YTOUHEHNS NprunHbl YO



Ophthalmology

Fig. 1: 25-year-old female patient
with flexible, iris-supported lens.
Visual acuity prior to surgery: without
correction: 1/40 (2.5 %), with correc-
tion of -9.25 sph combined with -0.5
cyl A0° 1.0 (100 %). Visual acuity
after surgery: 1.2 (120%) without
correction.

FlenlsLio)

Medical »emyiHcion
ypHan

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Possibilities
of Modern
Ophthalmology

In the last five years tremen-
dous innovations have been ac-
complished in ophthalmology,
which enable specific advances
for patients. Below, three areas
are listed as examples.

1) Iris-Supported Phakic
Intraocular Lens (PIOL)

By means of a tunnel incision
3.2 mm in width, such an arti-
ficial lens can be inserted into
the anterior chamber of the eye
and attached to the iris (Fig. 1).
The procedure is performed as
outpatient surgery using local
anaesthesia. Refractive errors
of up to -23.5 dioptres in the
case of myopia and up to +12
dioptres in hyperopia can be
corrected with this operation
to replace glasses or contact
lenses. However, the anterior
chamber (space between the
innermost surface of the cor-

nea and the outermost surface
of the iris) needs to have suf-
ficient depth to avoid contact
with the sensitive inner layer of
the cornea (endothelium).

Surprisingly, PIOL is exception-
ally well-tolerated; inflamma-
tory conditions are only rare. In
order to avoid a potentially aris-
ing increase in intraocular pres-
sure, a small gap is opened in
the iris prior to surgery using
an argon/YAG laser.

This method is suitable for
those individuals who do no
want to or cannot have their
refractive errors corrected by
excimer laser, for instance in
cases where the cornea is too
thin or the refractive error too
high. High astigmatism (up

to 7.5 dioptres) can also be
treated using this procedure

Ocranbmonorus

PucyHok 1: 25-neTHss naumeHTka ¢
rMOKUMM Mpuc-Kunc-nui3amu. OcTpoTa
3peHuns [o onepaumi: 6e3 koppexuum 1
/40 (2,5%), ¢ koppekumen —9,25 sph B
coyetanmm ¢ —0,5 0 cyl A° 1.0 (100%).
OctpoTa 3peHus nocne onepauuu: 1.2
(120%) 6€3 koppeKLum.

BO3MOXHOCTH
cOBpeMeHHOM
o TanbMosoruun

3a nocneaHve nsTb NET B 0dhTanb-
MOJIOr N NOSIBUNUCH MHHOBALIMOH-
Hble TEXHONOruM, AAtoLLne BO3MOX-
HOCTM M3MIEYEHNS MHOTVM NaLMeH-
Tam. Huxe npuseaeHbl TpY npumMe-
pa Nof06HbIX AOCTUXKEHW.

1) ®akuyHasa MHTpaoKynspHas
NWH3a ¢ uKcauueil K pagyxHoi
060n04Ke (MpuC-KNUNC-NUH3a).
C NomOLLbHO TYHHENBHOTO pa3pesa
LUMPWHOM 3,2 MM Takas n1H3a Mo-
XET 6bITb NOMELLEHA B NEPELHION
Kamepy rnasa v BCTaBleHa B pa-
LY>XHYH0 060m104Ky rnasa (puc. 1).
Mpoueaypa BbINONHSETCS B amby-
NATOPHbIX YCNOBUSAX MOA MECTHO
aHecTesuen.

Onepauust MOXeT CKOPPEKTMPO-
BaTb aHoManum pedpakumm [o
-23,5 anonTpuii B cnyyae 6mm3o-
PYKOCTM W [0 +12 fmonTpui npu
AanbHO30PKOCTH 1 136aBUTb Naum-
€HTA OT HOLLEHWS O4YKOB WU KOH-
TaKTHbIX MH3. OHAKO NEPEeHss

Kamepa (MpoCTPaHCTBO MeX Y BHY-
TPEHHEN NOBEPXHOCTLIO POrOBM-
Libl ¥ BHELLHE NOBEPXHOCTbIO pa-
Ly>XHON 060M04KM rnasa) JOMmKHa
UMETb JOCTATOUHYHO [yOuHY, YTO-
Obl M36exaTb KOHTAKTa NIMH3bI C
UyBCTBUTESbHBIM BHYTPEHHUM CI10-
€M POroBHUbl (3HAOTENNEM).

YOMBUTENBHO, HO MPHC-KINMC-
NIMH3a UCKMHOYMTENBHO XOPOLUO Me-
PEHOCUTCS, BOCNANEHNE BO3HUKAET
penko. Bo n3bexxaHne BO3MOXHOro
MOBbILLEHWS BHYTPUIIA3HOro Aas-
NEHNS Nepes MMNNaHTaunen NnH3b
B pafy>kke C MOMOLLbK aproHOBOro
nasepa npoAenbIBakT HebonNbLIOe
0TBEpPCTHE.

OTOT METOA NOAXOAMT ANs TeX na-
LMEHTOB, KOTOPbIE HE XXENAKT UK
He MOTYT KOPPEKTUPOBATL 3pEHNE
C NOMOLLb}O SKCMMEPHOTO Nase-

pa, HanpuMep, B TexX Clyyasix, Kor-
[ia POroBuLa CAMLLKOM TOHKas 1iu
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(Fig. 2a, b). In this case, the
required PIOL axial length is
marked prior to surgery using
an argon laser, since the eye
may turn due to local anaesthe-
sia and a wrong axial position
would be detrimental. By using
laser-marking, precise position-
ing is guaranteed.

2) Reconstruction of Injury-
Related Iris/Lens Defects

As a consequence of a variety
of injuries, iris damage may
occur to a varying degree. This
often leads to a blinding glare
causing a reduction in visual
acuity.

Using specially stained artificial
lenses, these defects can be
covered to eliminate the glare
to a large extent (Fig. 3a, b).
This procedure thus creates an
artificial pupil. As a result of the
trauma, the lens is often also
clouded (cataracta traumatica)
or even missing entirely. In
such cases, the lens can then
be replaced by another artificial
lens during the same surgery.
(Fig. 4a, b).

These operations are rela-
tively elaborate and complex,
depending on the individual
initial condition. Occasionally,
surgical treatment of the retina
and the vitreous body (pars
plana vitrectomy) may also be
necessary at the same time.
All'in all, the surgery is well
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Fig. 2a, b: Right (a) and left (b) eye of
a 25-year-old patient with toric, iris-
supported artificial lens (2.25 cyl A 6°
and 166°, respectively). Visual acuity
after surgery: 1.25 (125 %) each, with-
out correction.

Fig. 3a, b: (a) Condition after car bat-
tery explosion, with corneal scarring,
total loss of lens and partial loss of
iris. Visual acuity: perception of hand
motions. (b) Implanted iris-print lens
with artificial pupil. Visual acuity: 0.16
Corneal transplantation (keratoplasty)
is planned.

Fig. 4a, b: (a) Glass splinter injury with
corneal scarring, partial loss of iris
and clouding of the lens. (b) Cataract
surgery (phacoemulsification) with
implantation of an iris-print lens.

PucyHok 2: lMpasblid (a) v nesblit (b) rnas
25-NIeTHEr0 naumeHTa ¢ TopUYECKMM
npuc-knunc-nmH3amu (2,25 cyl 6 ° n 166 °
COOTBETCTBEHHO). OCTpOTa 3peHns nocne
onepauuu: 1,25 (125%), Kaxablii, 6e3
KOPPEKLA.

PucyHok 3: (a) TpaBma rnasa BCneacTame
B3pbIBa aBTOMOOMNBHOMO akKyMynsiTopa:
py6Libl POrOBMLIbl, NONHAS NOTEPS
XpycTanuka u YacTuyHas noteps
pagy>xku. OcTpoTa 3peHus: BocnpusTie
ABVXEHMS pyku. (b) MmnnaHTuposaHHas
VMPMC-MIPUHT-NIMH3A C UCKYCCTBEHHBIM
3paukom. OcTpoTa 3peHus: 0,16.
[TnanupyeTcs nepecajaxa porosuLibl.

PucyHok 4: (a) TpaBma rnasa ockosnkamm
cTekna ¢ pybuamu poroBuLbl, YaCTUYHOM
noTepeii pagy>XHoi 060104KM 1
nomyTHeHnem xpyctanuka. (b) Yaanenue
KaTapakTbl (pakoamynbcuchmkaums) ¢
UMNAAHTaUMe MPUC-MIPUHT-NINH3bI.

Fig. 5: Wet macular degeneration
with bleedings and fluid leakage at
the centre.

PucyHok 5: BnaxxHas fereHepaums
XKENTOro NATHa C KPOBOU3UAHUAMM
npocayMBaHneM XUIKOCTH B LIEHTpE.

Ocranbmonorus

Xe aHoManus pedpakumm cnmiu-
KOM BefvKka. BbipaXkeHHbI acTur-
MaTuam ([0 7,5 AMONTPKiA) Takxe
MOXET 6bITb CKOPPEKTMPOBAH C M0-
MOLLbKO yKa3aHHOro METOLA (puC.
2a, b). Mpnyem B 3TOM cryyae ne-
pes onepaumein aproHoBbIM Nase-
POM AOSKHA 6bITb OTMEYEHa 0ce-
Bas AIMHA NINH3bI, NOCKOSbKY rNnas3
BCNEACTBIE MECTHON aHeCTe3nm
MOXXET NOBEPHYTHCS, YTO NpHBE-
[LET K HENpaBmibHOMY OCEBOMY 0-
NOXKEHWO NH3bI. JlazepHas Mapku-
POBKA NIMH3bI rapaHTUpyeT ee npa-
BUJIbHOE MO3NLIMOHMPOBAHMKe.

2) PeKkoHCTpYKLuA Npu TpaBMa-
TUYECKUX NOBPEXAEHNAX pajyX-
Ku/xpycTanuka. TpasMbl rnasa ss-
NSAKOTCA NPUYMHON PA3AUYHBIX MO-
BPEXAEHWI ero pagy>xHon 0605104-
Ki. ITO 4aCTO NPUBOJMT K BO3HUK-
HOBEHWIO CrensiLLmx 61IMKOB, YTO
BbI3bIBAET CHUXEHME OCTPOTbI 3pe-
HUS.

Mcnonb3oBaHue crneuuansHo okpa-
LLIEHHbIX UCKYCCTBEHHbIX NMH3 faeT
BO3MOXHOCTb BO MHOTOM YCTpa-
HUTb 3T AedheKTbl, NpesoTBpaLLas
nosiBneHne 6onbLUen YacTu 6nu-
KOB (puc. 3a, b). [laHHas MeToaK-
Ka, Takum 06pa3oM, CO3LAeT UCKYC-
CTBEHHbIV 3paqok. B pesynbTate
TPaBMbl XPYCTaNMK 3a4aCTyH0 OKa-
3bIBAETCA NOMYTHEHHbIM (Cataracta
traumatica) unv gaxe noiHOCTLIO
0TCyTCTBYET. B Takux cayuasix oH
MOXET 6bITb 3aMEHEH UCKYCCTBEH-
HbIM XPYCTaNMKOM BO BPEMSI TOM
Xe onepauuu (puc. 4a, b). v one-
pauuy B LENOM JOCTATOYHO CROX-
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worth the effort to assure reha-
bilitation of the injured eye.

3) Age-Related Macular
Degeneration (AMD)

This medical condition leads
to loss of central vision and
formation of a central scotoma
(loss of the central field of vi-
sion). Consequently, faces etc.
cannot be recognised anymore
and reading is no longer pos-
sible.

A distinction is made between
a dry and a wet form. Whereas
the former is not amenable to
treatment (yet), the wet form
has recently become treatable
with medication. The wet form
(Fig. 5) with formation of new
blood vessels (neovascularisa-
tion) and subsequent fluid leak-
age can currently be treated by
three different, albeit similar,
therapies (referred to as VEGF
inhibitors). There are extensive
studies on Ranibizumab and
Pegaptanib, which confirm
their efficacy. Positive experi-
ences have now also been
reported for the use of Bevaci-
zumab.

In this procedure, the medica-
tion is injected into the vitreous
body where it takes effect. The
operation is performed as an
outpatient surgery using eye-
drop anaesthesia and aseptic
technique. The VEGF inhibitors
are also successful in the event
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Fig. 6a — c: (a) Wet macular degeneration with visual acuity of 0.05 (5 %).
(b) Dye test (fluorescein angiography) displaying neovascularisation.

(c) Optical coherence tomography (OCT) with fluid accumulation at and next
to the centre of the retina (arrows).

PucyHok 6: (a) BnaxkHas aereHepauust XXenToro nsiTHa ¢ 0cTpoToi 3perus 0,05 (5%).
(b) TecT ¢ okpalLmBaHueM (hto0peCLEHTHas aHrorpadms), AEMOHCTpPUPYHOLLAst
HeoBackynspuaaunto. () OnTuyeckas korepeHTHas Tomorpaduu (OKT): ckonneHne
XMOKOCTY B LIEHTPE W PSAOM C LIEHTPOM CETHATKM (CTPENKM).

Odranbmonorus

Hbl, HO CTEMEHb CMOXHOCTW 3aBHK-
CVT OT MHANBUAYANBHBIX OCOBEHHO-
CTeii rnasa nauneHTa u nonyyeH-
HO¥ TpaMbl.

MHorpa Heo6xo4MMo 0JHOBPEMEH-
HOE XMPYPruveckoe NeyeHue ceT-
4aTku 1 CTEKNOBUAHOrO Tena (nep-
BUYHas BUTPaKTOMMUS). OfHaKo
onepauus CTOUT NIK0ObIX YCUUA Xu-
pypra ans obecnevexus peabunu-
Tauum TPaBMMPOBAHHOIO rnasa.

3) BospacTHas aereHepauuu
XeNToro NATHa UK BO3pacTHas
Mmakynoguctpodus (BMA).

910 3a60neBaHNe NPUBOAMT K MO-
Tepe LeHTPanbHOro 3peHus u ¢op-
MMPOBAHWIO LIEHTPANBbHOW CKOTOMBI
(noTepm LeHTpanbHOro nons 3pe-
HUS): NAUMEHT He pasnuyaeT nmua,
He MOXET uuTaTh. PasnuuatoT cy-
XYH M MOKPYHO (BRaxkHyto) chopmy
BMZ. B T0 Bpems Kak cyxas ¢op-
Ma MoKa YTO HEU3Neumnma, Bax-
Has nocnefHee Bpems nojsepra-
€TCS NleYeHnto 6naroaapst HoBbIM
npenaparam.

Jleuenue BnaxHon copmbl BM/
(puc. 5) ¢ 06pazoBaH1eM HOBbIX
KPOBEHOCHbIX COCYLOB (HEOBACKY-
nspu3aumen) u nocneayrowmm npo-
CauMBaHUEM XXMAKOCTU MOXET
HbIHE MPOBOAMTLCS TPEMS PA3NY-
HbIMM, XOTS M CXOXXMMMW MO CBOEMY
LEeACTBUIO NpenapaTami (UMeHye-
MbiMu VEGF-uHrnéutopamm). Pe-
3ynbTatbl TUATENbHOMO UCCREL0-
BaHus npenapatos Ranibizumab n
Pegaptanib nogTsepxaaroT ux ag-
(PEKTUBHOCTD. [MONOXUTENbHBIN
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of neovascularisation caused
by high myopia, referred to as
Gronblad-Strandberg syn-
drome, choroidal ruptures.

A recovery can be achieved
even in macular oedemas (col-
lections of fluids at the area
responsible for high acuity
vision) resulting from diabetes,
uveitis or vein thrombosis (Fig.
Ba-c, 7a-c).

However, the VEFG inhibitors
need to be injected repeatedly
at an interval of about four
weeks to achieve medium-
term success. Due to the
novelty of this type of treat-
ment, long-term results do not
exist yet. Nevertheless, there
is now hope for many patients
who could previously not be
helped at all.

In these three areas, medical
progress also becomes evident
in ophthalmology that would
have been inconceivable just a
few years ago.

Prof. Dr. W. Behrens-Baumann (MD)
Clinic for Ophthalmology
Otto-von-Guericke University
Magdeburg
Augenklinik@uni-magdeburg.de
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Fig. 7a — c: Same eye as in Fig. 6 after two injections of Bevacizumab into the
vitreous humour. (a) Formerly wet macular degeneration, now dried out, with
pigmentation, visual acuity 1.0 (100 %!). (b) Fluorescein angiography without
diffuse fluid leakage. (c) OCT with reduction in fluid accumulation so that the
central fovea (yellow spot, macula lutea) is present again (arrow).

PucyHok 7: ToT e rnas, 4To Ha puc. 6, nocne AByx MHbeKumii npenapata Bevacizu-
mab B CTekn0BMAHOE Teno. (a) PaHee BnaxxHas AereHepauns XenToro ngrHa, HblHe
BbICYLUEHHas C nurMeHTaumei, octpota 3penus 1,0 (100%!). (b) ®nroopecueHTHas
aHruorpachus: Anddy3Hoe NpocaymnBaHne XUaAKOCTI OTCYTCTBYET. (¢) OnTuueckas
KOrepeHTHast TOMOrpacus: 3HaUUTENBHOE YMEHbBLLEHNE KONIMYECTBA XXMAKOCTH,
LieHTpanbHas sMka (XenToe NgTHO) CHOBA ONpeaenseTcs (CTpenka).

Odranbmonorus

ONbIT NPUMEHEHMA ONNCaH 1 Ana
Bevacizumab.

YkasaHHble npenapatbl BBOAATCS B
CTEK/0BMAHOE TENO, rAe M 0Kasbl-
BalOT MECTHbII Ne4ebHbIn A exT.
MaHunynsums BbINONHAETCS amby-
NATOPHO, NOA MECTHOM aHECTE3MeN.
VEGF-uHrnbutops! Takxe MoryT
YCMELHO NPUMEHSTLCS B CAy4ae
HEOBACKyNApM3aLMK, BbI3BAHHON
6M30PYKOCTBIO BbICOKOM CTene-
HU, KOTOPYHO HAa3bIBAIOT CUHAPOMOM
I'peHbnaga—-CTpanabepra, paspbl-
BOB XOPOMAANbHbIX COCYLOB.
BoccTaHoBneHne MOXET 6bITb J0-
CTUTHYTO aXKE MPK OTEKE MaKybl
(ckonneHun XuAKocTM B 06nacTu,
OTBETCTBEHHO 3a OCTPOTY 3PEHNS)
B pesynbTate auabeta, yBeuta unm
Tpom603a BeH (puc. 6a-C v 7a-c).

OpHako VEFG-nHrnéutops! Heob-
X0AMMO BBOAUTbL NMOBTOPHO, C UH-
TepBanoM B YeTbIpe HeAeNM, Ans
LOCTUXXEHNS CPEAHECPOYHbIX MO-
NOXWUTENbHBIX pesynbTaTtos. M3-3a
HOBW3HbI 3TOTO BM/A JIEYEHUS 0T-
AaneHHble pe3ynbTaThl MoKa He u3-
BECTHbI. TeM He MeHee, 3TO AaeT
HaaeXxay MHOTUM naumeHTam, Ko-
TOPbIM PaHbLUE HE MO0 ObITh Npe-
LOCTaBNEHO Kakoe-nnbo neveHme.

Taxum 06pa3oM, B OMMUCaHHbIX TPEX
obnacTsx odTanbMonorun oTMeya-
€TCS 3HAUMTENbHbIN NPOrpecc v [o-
CTWXKEHUS, YTO 6bINO HEMBICTIUMO
eLLie HECKONbKO NeT Ha3ag.
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Diagnostic and
Therapeutic
Standards

in Patients with

Faecal Incontinence

Introduction

Fecal incontinence is the in-
ability to control bowel move-
ments, causing stool (feces)
to leak unexpectedly from
the rectum. Also called bowel
or anal incontinence, fecal
incontinence can range from
occasional leakage of a small
quantity of stool while pass-
ing gas to a complete loss of
bowel control.

The ability to hold stool (called
continence) requires the rec-
tum, anus and nervous system
to be working normally. Two
groups of muscles in the wall
of the anus and rectum are
responsible for holding the
stool in the rectum, the outer
muscle group (external anal
sphincter) and the inner muscle
group (internal anal sphincter).

Faecal incontinence is a
complex problem. The result-
ing social isolation is a major
concern, which results in a
reduced quality of life [1]. The
real prevalence is unknown,
but studies show a higher
prevalence than expected
[2,3]. In the past years, much
has been learned about the
normal physiology of the anus

and rectum, in particular, the
mechanisms of continence and
factors related to incontinence
[4]. Today we are now able to
quantitate these physiological
parameters associated with
fecal incontinence. Importantly,
this assessment can now been
translated into appropriate ther-
apeutic options which range
from non-operative medical
management to sophisticated
surgical procedures.

Aetiology

Anal continence is provided by
a complex system of functional
and morphological compo-
nents. A disturbance of one

or more of these components
and/or multiple diseases can
cause fecal incontinence (Tab.
1). From a pathophysiologi-

cal point of view fecal incon-
tinence is either caused by

an insufficiency of the rectal
sphincter, a disturbed rectal
sensoric, a decreased reser-
voir of the rectum, a disturbed
innervation or a combination
of the above. Interestingly,
fecal incontinence has been
shown to be as prevalent or
more prevalent in men [5,6],
but women are more willing to
report this symptom than men

HepepxaHue kana

n TepaneBTUYECKME
cTaHAapTbl ANS
NaLueHToB C
HeAep)XaHueM Kana

BsepneHue

Henep>xaHue kana — 310 Hecnocot-
HOCTb KOHTPONMPOBATL MPOLIECC
OMOPOXXHEHMS KULLIEYHMK, B Pe-
3ynbTaTe Yero CTyn (Kan) Hempoms-
BOJIbHO UCTEKAET M3 NPSMONA KULL-
k. AHanbHas (kuiieynasl, oexars-
Hasl) MHKOHTUHEHLMS, KaK eLle Ha-
3bIBAOT JAHHYIO NATONOrMHo, MO-
XET BaPbMPOBATb OT Cly4aitHbIX
yTeuek HebOMbLLOr0 KonM4ecTBa
CTyNa Npy NPOXOXAEHWM rasa o
MOSTHOM NOTEpU KOHTPONS 3a aKTOM
pechexaunm.

CnocoBHOCTb yaepXxuBaTh CTyN
(TaK Ha3blBaeMas KOHTUHEHLWS)
TpebyeT HOpManbHO PaboTbl KULL-
KW, aHyca 1 HepBHOW cucTeMb! [1Be
rPyNMbl MbILLL| B CTEHKE aHyca U
NPSIMOiA KULLIKW OTBETCTBEHHBI 32
NPOXO>XX[eHWe CTyna no NpsIMON
KWLLKE: BHELUHSS rpynna MblLL (Ha-
PY>KHbIA COMHKTED 3aAHEro npo-
XO£4) W BHYTPEHHSAS (BHYTPEHHMIA
CUHKTEP).

Henep>kaHue kana sBnseTcs Cnox-
HO NP6IeMoi, KoTopas MOXeT
MNPVYBECTM K COLManbHOM 130A5LMK
6ONbHOrO U YXyALUEHWHO KAa4ecTBa
€ro >ku3nu [1]. PeanbHas pacnpo-
CTPaHEHHOCTb JAHHOW NaToNormu
HeM3BECTHa, 0HAKO UCCNEN0BaHMS
MoKasbIBaKOT 60MEE BbICOKYHO ee
PacnpoOCTPAHEHHOCTb, YEM MOXHO
6b1510 0xmaats [2, 3].

B nocnefHue ropbl 6bina foctarou-
HO XOPOLLIO M3y4eHa HopMasibHas
(h13MONOrus aHyca 1 NPSIMON KULL-
Ku, B YACTHOCTH, MEXaHU3Mbl yaep-
XXUBAHNS KMLIEYHOO COLEPXXUMOTO
1 (hakTopbl, CBA3AHHbIE C €r0 He-
fepxanvem [4]. CeroaHs Mbl yxe
MOXXEM KOSIMYECTBEHHO OLIEHUTH
(h13MONOrnyeckue napameTpbl,
CBSA3aHHbIE C HeflepXKaHue kana.
Ba)xHO 0TMETUTD, UTO TaKas OLEH-
Ka Tenepb MOXET BbITb TPaHCHOp-
MMPOBaHa B COOTBETCTBYHOLLME Te-
paneBTUYeckne BO3MOXHOCTH, KO-
TOPbIE BapbyPYHOT OT HeonepaTus-
HOTO MEANLIMHCKOrO NeYerus [0
CIMOXHbIX XMPYPruvecKux BMeLLa-
TENbCTB.

ATtuonorus

AHarbHoe yfepXxuBanme Kana ocy-
LeCTBNSET CNOXHas cucTema Co-
cToAas 13 PYHKUMOHANBHBIX 1
MOPCHONOrNUECKIMX KOMMOHEHTOB.
HapyLueHue 0fHOr0 UK HECKOIb-
KMX M3 3TVX KOMMOHEHTOB W / Unn
Hanyme psifa 3abonesanuii Mo-
XET BbI3BATb HELlepXKaHue kana
(tabn. 1).

C natomanonornieckoi TouKku
3PEHUs HElepIKaHME Kana MOXET
ObITb BbI3BaHO HEAOCTATOUHOCTbIO
CCpmHKTEPA NPAMON KULLIKK, Hapy-
LLEHWeM PEKTaNbHOW CEHCOPUKY,
YMEHbLLEHWEM pe3epByapa NpsmMon
KULLKW, HApyLUEHWEM WHHEpBaLWM
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[7]. As expected the problem
increases with advancing age,
especially in the above sixty
age group [5].

WU PasNIMYHBIM COYETAHMEM ONu-
CaHHbIX BblLLe (haKkTopOoB.
MHTepecHo, 4To MCCNELoBaHMS Mo-
Kasanu: Hefiepxxanue kana 6onee
pacnpoCTPaHEHO CPEaM MyXUKH
[5, 6], 0AHAKO XKEHLLMHbI HAMHOrO
yalLe coobLatoT 0 CMMNTOMax 3a-
B0neBaHusl, HEXENN MyXUnHbI [7].

Symptoms

Clinical evaluation which
includes a full history and
physical examination is vital.
It is important to specifically Kak 1 cnefoBano oxuaath, Bbillie-
ask the patients, whether they 19+ Expert Endoscopy Team during proctorectoscopy ONMCaHHbIe MPOBAEMbI YBENMUMBA-
suffer from fecal incontinence. /C: 1+ KOV@HAa SKCNEPTOB MPOBOAUT MPOKTOPEKTOCKOMO I0TCS C BO3PACTOM, 0COBEHHO NO-
Many patients will not speak Cche wectuaecaty ner [5].

about the fecal incontinence

until they are specifically asked CuMNTOMbI

for symptoms. This identifies KnuHuueckas ougHka jaHHOi naTo-

patients with a previous obstet- norvm, koTopas BKIKYaeT B cebs

ric or iatrogenic injury to the NOJIHYHO UCTOPUO 3a60N1EBaHMS 1

sphincter muscles. (hU3NYECKYHO IKCepTU3Y, UMeeT
N.eurological M.ultiple Sclerpsis, Parki.nson's Disgase, Spinal Cord OrPOMHOE 3HaueHme. BaxHo npsi-
Disturbances Injury, Systemic Sclerosis, Myotonic Dystrophy, MO CTIPOCHTS Y NALMEHTA, CTpaaaeT

cation must also be document-

Amyloidosis
I OH HefJlepXXaHueM, NpUYemM cnpo-
ed as manipulation of these

Inflammatory Crohns Disease, Ulcerativ Colitis CUTb O HANMYMM Y HErO KOHKPETHBIX
factors could easily alleviate e CMMMTOMOB, Y4MTbIBAS, YTO MHOTUE

the symptoms of fecal incon- Trauma Pelvic Fracture, Postpartal, Post Surgical (Internal nauneHTbl camu He By ayT roBopuTb

tinence especially in the mild Sphincterotomy (whether midline or lateral), 06 3ToM. 3T Takxe N03BONSET Bbl-

cases. To obtain the severity of oz, i, (U iy i ABUTb NALMEHTOB C aKyLLIEPCKIMM
an lleal Pouch-Anal Anastomosis, Low Anterior

Functional Idiopathic Incontinence,
Disturbances Rectal Prolaps, Chronic Obstipation

The influence of diet and medi-

.the incontinence object|v§|y, it et ) Tt ek el Gl UK ATPOrE€HHBIMU NMOBPEXAEHNUSAM
is helpful, to use standardized MbILLL CPMHKTEPA B aHAMHE3e.

scores like the Williams Incon- Radiogenic Proctitis
tinence Score (Tab. 2). Lo CycTeMa NUTaHs 1 NPUEM fle-
KapCTB TakXe OMKHbI BbITb Bbl-

Systemic Muscle | Muscle Dystrophia, Dermatomyostis
Diagnostic Work Up Diseases ABMIEHbI W YYTEHbI, NOCKOSbKY 3TH

An effective conservative or Congenital Atresia, Menigomyelocele (haKTOopbI MOrYT YaCTUYHO CHUMATb
operative treatment can only Disorders CUMNTOMbI HeJlepXXaHus Kkana, 0co-
be achieved when the exact 6eHHo B nerkux cnyyasx. [ins o6b-

; ) ) Table 1: Causes of Faecal Incontinence -
pathophysiological underlying Ta6nua 1. MpHanHb! HenepXaHIS Kana EKTUBHOW OLIEHKM TAXKECTU MH-

disease has been understood. KOHTUHEHLWW NONIe3HO UCMOoSIb30-
The battery of tests apart from BaTb CTaHAaPTU3NPOBAHHY!O LLIKA-
anal inspection and rectal ny, Hanpumep, Wwkany Yunbsu-
examination may include proc- ca — Williams Incontinence Score

torectoscopy, ultrasonography, (Tabn. 2).
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anal manometry, electromy-
ography, and proctography.
While not all the tests may be
indicated, they are frequently
complimentary to each other.
In addition to providing a clue
to the diagnosis, they also
evaluate and quantify function
and potentially identify residual
problems.

Anal Inspection and Rectal
Examination

Anal inspection should exclude
perianal skin lesions, fissures,
scars, fistel openings or a mu-
cosal prolaps. Rectal examina-
tion evaluates the sphincter
resting and squeezing pres-
sure, a sphincter defect can
be localized and a rectocele
discovered.

Proctorectoscopy

This procedure is done to
detect inflammatory or neo-
plastic lesions, hemorrhoides
or fissures. By functional
proctoscopy an intussuscep-
tion, a rectocele or mucosal
prolaps can be identified. The
compliance of the rectal wall
can be tested by insufflation of
air (Fig. 1).

Anal Manometry

This test measures the pres-
sures of the anal sphincter
muscles (resting and squeezing
pressure), the length of the
sphincter, the sensation in the
rectum (sensoric innervation),

el
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Fig. 2: Anal manometriy tracing showing anal sphincter resting pressure,
squeezing pressure and anal sphincter relaxation

Puc. 2. 3anuch aHanbHoiA MaHOMETPUW: AaBNEHNE CXaTuA, AaBNIEHNE PACTAXKEHUA 1

penaxcauvs aHanbHoro chuHKTepa

Williams Incontinence Score

Symptom
Continence to solids, liquids, and flatus

Score

Continence to solids, liquids, but not flatus

Continence to solids, occasional incontinence to liquids

Occasional episodes of incontinence to liquids
Frequent episodes of incontinence to solids and liquids

Table 2: Williams Incontinence Score
Tabnmua 2. LLkana Yunbamca Ans OLeHKM CTeNeHn Heepxxanus kana

and the neural reflexes (recto-
anal inhibitory reflex, cutoanal
reflex) that are needed for nor-
mal bowel movements (Fig. 2).

Anal Ultrasonography

Anal ultrasonography has
proved to be a simple but
elegant technique to portray
sphincter anatomy. The internal
sphincter is a clearly defined
inner hypoechogenic ring,

1-3 mm in thickness. This
specialised expansion of
smooth muscle can be traced
up into the circular muscle

of the rectum. The external
sphincter varies in echogenicity
and configuration between the

[marHocTuka

OhheKTMBHOE KOHCEPBATUBHOE
WK ONEPaTUBHOE NEYEHNE MOXET
ObITb HA3HAYEHO TOMBKO MPH Bbl-
SICHEHWUM NATOU3MONOrNUECKON
OCHOBbI 326011€BaHMS.

CnekTp TeCToB, KPOME aHanbHOro
OCMOTPA ¥ PEKTaNbHOr0 MCCREeL0-
BaHus, MOXET BKIKOYaTh MPOKTO-
pekTockonuto, Y3, aHanbHyto Ma-
HOMETPUIO, 3MIEKTPOMMOrpacmio 1
NpoKTOrpacuio, KOTOPbIE 3a4acTyo
LOMOMHAKT APYr Apyra.

Kpome anarHoCTvku, OHm cayxar
Ans (PYHKUMOHANBHOM OLIEHKM 1
onpeaeneHns BO3MOXHbIX 0CTATOY-
HbIX HAPYLLEHMIA.

HepepxaHue kana

AHanbHbIii OCMOTP U peKTanbHoe
uccneaosaHve

AHanbHbIA OCMOTP AONKEH UCKITHO-
UWTb NepuaHasbHble MOPaXEHMS
KOXW, TPELLMHbI, LapaniHbl, no-
BPEXAeHWs nocne ucTuHra uam
nponanc cam3ncTon 06004k, Pek-
TasnbHOe UCCNELOBAHME OLiEHNBa-
€T CuNy CXaTms 1 paccnabneHns
CmHKTEPA, Hannune fedeKkToB n
pekTouene.

MpokTopeKTocKonus

OTa npouedypa npoBoanTCs Ans
BbISIB/IEHWS BOCMANWUTENbHOTO Wi
Onyx0meBoro NpoLecca, reMoppos
UK TpeLumH. MocpeacTBoM PyHK-
LIMOHANBHOM NPOKTOCKOMMN MOTYT
ObITb BbISIBNEHbI MHBArMHALMM, PEK-
TOLene UK Nponanc cnuancTon
0605104KM. PaCTSKUMOCTb CTEHKM
NPSIMOIA KULLKW MOXET BbITb MPO-
BEpeHa nyTeM BAYyBaHMS BO3Ayxa

(puc. 1).

AHanbHas MaHOMeTpUsi

OTOT TECT N3MepsieT AaBneHve
MbILUL aHANbHOTO chuHKTEpa (B CO-
CTOSHWM NOKOS! 1 CXaTus), BNUHY
CCMHKTEPA, OLIEHMBAET OLLYLLEHNS!
B NPSIMO#A KULLKE (CEHCOPHYIO MH-
HepBaLWIo) 1 COCTOSIHME pedrek-
COB (PEKTOAHANBLHOT0 TOPMO3HOTO,
KyTOaHanbHoro), KoTopble HeobXxo-
AWMbI ANSi HOPMATLHOIO aKTa Ae-
thexaumu (puc. 2).

AHanbHas ynbTpacoHorpacus
AnanbHoe Y3U aBnseTcs npocTbim,
HO ameraHTHbIM CMoco6OM BU3yanu-
3auum aHaToOMUM chuHKTEpa. BHy-
TPEHHUIA CHMHKTEP — YETKO Onpe-
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sexes. In most women the lon-
gitudinal muscle and external
sphincter are isoechogenic and
difficult to distinguish, whereas
in men the external sphincter is
hyperechogenic compared with
the longitudinal muscle, so that
both are clearly defined (Fig. 3).
Endosonography complements
physiological studies, and is an
ideal screening tool in faecal
incontinence to select those
patients with sphincter dam-
age, who might benefit from
surgical repair.

Electromyography

Anal sphincter EMG is re-
corded with a small plug placed
in the anal canal. The person
relaxes, squeezes and pushes.
A computer records sphincter
muscle electrical activity. Anal
sphincter electromyography
confirms the proper muscle
contractions during squeeze
and muscle relaxation during
push. In people with a non-
relaxing puborectalis muscle,
the tracing of electrical activity
gets bigger instead of smaller
during a push session. Normal
anal EMG activity with low
anal squeeze pressures on
manometry may indicate a torn
sphincter muscle that could be
repaired (Fig. 4).

Proctography

Defaecating video proctogra-
phy is a method of examining
the physiology and function

FlenlsLio)
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_—M@mal Anal Sphincter
i
-

Fig. 3: Endosonography of the anal sphincter showing the internal anal sphinc-

F- “
External Anal Sphincter

ter as the inner hypoechoic ringlike structure and the external anal sphincter
as the outer hyperechoic ringlike structure

Puc. 3. SnpopekTansHas ynbTpacoHorpatnst aHanbHoro CHUHKTEPa: BHYTPEHHNI

CCHMHKTED 3a[HEr0 NPOXOZA (TMMO3XOreHHbIE KOMbLIEBLIE CTPYKTYPbI) U HAPY>KHbIN
ChUHKTED 3a/HEr0 NPOX0fa (TMNEepaxoreHHble KOMbLEBbIE CTPYKTYPbI)

10 ms

Right Anal Sphincter

Left Anal Sphincter

25 uVv

Fig. 4: Typical electromyography of the anal sphincter muscles
Puc. 4. TunndHbie anekTpoMmorpachim MblLLL aHANbHOIO CUHKTEpPa

of the rectum and pelvic floor
muscles during attempted
defaecation. This technique
provides a quantitive method
of assessing rectal emptying
and the approach to defining

[enseMoe BHYTPEHHEE TMM03Xo-
FeHHOE KOMbLO 1-3 MM TOSLLUMHOA.
370 creumguyeckoe paciumpeHue
TNALKNX MbILLIL, KOTOPOE MOXET
ObITb BU3yann3upoBaHO B KPYroBoiA
MbILLILIE MPSIMOM KMLLKMX.

HepepxaHue kana

Hapy>XHblit COUHKTEP pasnuyeH

MO 3XOreHHOCTU U KOHMrypauum

Y MY>KUMH 1 XKEHLLUMH. Y 6OMbLLMH-
CTBa XXEHLLMH NPOLOSbHbBIE MbILLLbI
W HapPY>XHbIA COUHKTEP ABNSIOTCS
N303X0reHHbIMW W TPYLHO pasau-
YNAMbIMM, B TO BPEMS KaK Y MY>KHMH
BHELLUHWIA CCOUHKTEP MMNEP3XOreH-
HEH M0 CPABHEHWIO C MPOLAOSbHBIMU
MbILULIAMK, 1 OHKM 06a 4eTKO BU3ya-
nuaupytotes (puc. 3).

OHAOCOHOrpachus JONONHSET u-
310N0rMYeCcKNe NCCNefoBaHus u
SBNSETCS MAEANbHBIM MHCTPYMEH-
TOM CKPUHMHIA NPW HEAEPXKaHNM
Kana, no3BONSOLLMM BbISBUTH Na-
LMEHTOB C NOBPEXAENEM COUHKTE-
pa, KOTOPbIM NOKA3aHO XMpypruye-
CKOE BMeLLaTeNbCTBO.

AnekTpoMuorpadus
Onektpomuorpachus (AMI) aHanb-
HOr0 CChMHKTEpa OnMCHIBAETCA

C NOMOLLbH HE6OMBLLOMO AaTyu-

Ka, NOMELLEHHOrO B aHaUbHbIiA Ka-
Han. Viccnegyemblin paccnabnseTcs,
CXXMMAET M BbITANKMBAET AaTUMK.
KomnbroTep nponssoaunT rpadu-
YeCKYH0 3anmnch ANEKTPUUECKOM ak-
TUBHOCTY MbILLL ChuHKTEpPa. OMI
MOXET NoKasaTb HopMasbHOe Co-
KpaLLeHue 1 paccnabnequne Mol B
NpOLIECCe CXATMs 1 BbITANKMBAHWS.

Y naumeHToB C HepaccnabnsroLm-
MUCS Ny6OPEKTaNbHbIMM MbILLILA-
MW OTMEYaETCs YBENNYEHNE 3eK-
TPUYECKOW aKTUBHOCTW — HU3KOE
AAaBNEHNE HA MAHOMETPE MOXET
yKa3blBaTb Ha PACTSHXKEHWNE MbILLIL|
cpuHKTepa (puc. 4).
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the ano-rectal angle. Further-
more it is important to identify
any structural abnormalities,
such as intussusception (falling
inside itself) of the rectum, rec-
tal prolapse (protrusion of the
rectum), rectocele (bulging in
the rectum) (Fig. 5), enterocele
(falling of the bowels during
evacuation), cystocele (bulging
of the bladder) or vaginal pro-
lapse (protrusion of the vagina).
Over the past few years, MR
(magnetic resonance) defec-
ography has gained increasing
recognition for the assessment
of pelvic floor abnormalities.
MR defecography can be
performed in a closed- or open-
configuration MR system and
allows dynamic evaluation of
the pelvic floor. Several studies
have shown that MR defecog-
raphy is useful not only for the
assessment of morphologic
and functional abnormalities of
the anorectal region, but also
for the assessment of abnor-
malities of the anterior and
middle pelvic compartments
[8,9].

Non-Surgical Management
The cornerstone to non-surgi-
cal management of fecal incon-
tinence is the alteration of stool
consistency, stool volume,
intestinal transit, and patterns
of defecation. It is the first ap-
proach for all patients who do
not have surgically correctable
defects. In addition, it is often
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Fig. b: Large ventral rectocele (yellow arrow) in a female patient during
defacation

Puc. 5. BonbLoe BEHTPAJIbHOE pPeKToLEeNe (>KeJ'ITaﬂ CTpeJ'IKa) y NAUNEHTKN B MOMEHT

pechexaumm

B/,

Fig. 6: Biofeedback training system with different rectal sensors
Puc. 6. MeTog 6ronorinyeckoii 06paTHOi CBS3N C Pa3NUHbIMU PEKTaNbHBIMM

JaTynkamu

used as an adjunct combined
with either surgery or pelvic
floor re-training to augment
the results. Therefore, the first
step in any management of
fecal incontinence is usually di-
etary manipulation, medication
and bowel management fol-
lowed by pelvic floor training.

Dietary Manipulation

The main goal of dietary
manipulation is to lengthen
intestinal transit time and
improve stool consistency.
This can be done by avoiding
specific foods, that can cause
diarrhea or gas and worsen
fecal incontinence (spicy foods,
fatty and greasy foods, cured
or smoked meat, carbonated
beverages) Coffeine-containing
beverages and alcohol also
can act as laxatives. On the
other hand the most common
form of dietary modification is

MpokTorpadus

MpokTorpacus — peHTreHorpadm-
YECKMii METOZ MCCNELOBaHMS (-
31010T MM 1 CDYHKLMW NPSIMON KHLL-
KV 1 MbILLIL, TA30BOrO AHA BO Bpe-
M$ NOMbITKK fedpekaunm. YkasaH-
HbIA METO/ AAET KONIMYECTBEHHYIO
OLIEHKY PEKTaIbHOTO ONOPOXKHE-
HUS 1 NO3BONSIET ONPELENNUTb aHo-
pekTanbHblit yron. Kpome Toro, Mo-
XET BbISBUTb NItOObIE CTPYKTYPHbIE
aHoManuu, Tak1e Kak MHBarmHaumum
NPSMOIA KULLIKW, PEKTaNbHBIA Npo-
nanc, pektouene (puc. 5), kuiiey-
HYIO FPbIXY XXMBOTA, LMCTOLENe
WAK BarMHanbHbIi Nponanc.

B nocneaHue Heckonbko net MP
(MarHuTopesoHaHcHas) fedeko-
rpacous npuobpeTaet Bee 607b-
LLee 3HaYeHne Ans OLEHKM Hapy-
LUeHWA B 0611aCTV TA30BOrO AHA.
MP-pechekorpadmst MOXET BbITb
BbINonHeHa Ha MP-Tomorpade oT-
KPbITOW W 3aKPbITOM KOHUrypa-
LM 1 NO3BONSIET NPOBECTU OLIEHKY

S
y

HepepxaHue kana

(hYHKLMM TA30BOr0 AiHA B AMHAMM-
ke. HeckonbKo uccnefoBanuii noka-
3anm, 4to MP-gechexorpadbms no-
Ne3Ha He TOMbKO Ans OLEHKM MOp-
hONOrNyecKnX 1 PYHKLUMOHANBHbIX
HapyLLEHWA B aHOPeKTaNbHON 06-
NacTu, HO 1 AN OLEHKM HapyLue-
HWiA B NepeHEM W CPedHeM OTje-
nax Tasa [8, 9].

Hexupypruyeckoe neyeHue
KpaeyronbHbiM kaMHeM HeX1pyp-
MYECKOr0 NIeYEHNs HEflepKaHms
Kana siBNsieTcs N3MeHeHue KOHCH-
CTEHUMK CTyNa, ero 06bema, Ku-
LIEYHOrO TPAH3MUTA W BCEW KapTu-
Hbl gechexaunu. [aHHblii neveb-
HbIA MOAX0J NOKa3aH BCEM NaumeH-
Tam, He MMeroLLMM edeKToB, KO-
TOPbIE MOXHO UCTPABMTb TONBKO
Xupypryeckumn Metofamu. Kpome
TOr0, OH UCNONb3YETCS B KAYECTBE
[OMOSTHEHMS K ONEepaTUBHOMY Nie-
YEHWH MK AiPYrUM METOAaM ynyu-
LUeHUs pe3ynbTaTtoB. TakuM obpa-
30M, NEPBbIM LLIArOM B JIeYEHNN He-
[lepXaHue Kana sSBnsieTes, Kak npa-
BUNIO, AMETA, MEANKAMEHTO3HbIE
CpencTBa, HopManusauus paboTbl
KULLEYHWKA (neveHue Anapen/3a-
nopa), ¢ NocneayroLWwnUM TPEHUHIOM
MbILLIL} TA30BOr0 Ha.

Lveta

OcHoBHas Lenb AneTbl (CUCTEMBI
NUTaHWS) — NPOANEHUE KULLIEYHOTO
TPaH3UTHOrO BPEMEHH 1 YAyuLLe-
HWS KOHCUCTEHUMM cTyna. 310 [0-
CTUraeTCs UCKITFOYEHNEM U3 NULLK
NPOJYKTOB, KOTOPbIE MOTYT Bbl-
3BaTh Auapeto unv razoobpasosa-
HWe W ycyrybuTb Heiep>KaHue kana
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the addition of high fiber food
or fiber source. These recom-
mendations act to improve the
stool form, increase bulk and
improve control. A very easy
form of dietary manipulation is
to drink more water, to keep
stools soft and formed.

Medication

The most common anti diar-
rhoea drugs, that can to be
used to increase intestinal
transit time, are loperamide
and codeine.

Bowel Management

Patients with poor rectal
compliance or decreased

rectal sensation will benefit
from a bowel management.
Bowel management is mainly
achieved through a daily en-
ema which empties the colon
to prevent unwanted and un-
controlled bowel movements
that day [8]. Some people also
use laxatives and a control-

led diet as part of their bowel
management regimen. Deter-
mining the appropriate regimen
to achieve successful bowel
management is done under
medical supervision. Care is
tailored to suit each patient and
often requires a trial and error
approach over the course of

a week. Bowel management
does not cure fecal inconti-
nence, but can greatly increase
quality of life. With successful
bowel management, a patient
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Fig. 7: Configuration of the Sacral Nerv Stimulation, showing the Electrode

and the Neurostimulator

Puc. 7. KoHdpurypauus MeToa CTUMYnSILMM CakpasbHbIX HEPBOB: ANEKTPOAb! U

HeNpoCTUMYNATOP

may be more apt to establish
independence in normal daily
life. Depending on the progno-
sis, some patients will continue
using these techniques for life
while others may gain some
degree of bowel control.

Biofeedback Training
Biofeedback is a way to
strengthen and coordinate the
muscles of the pelciv floor. It
is particularly useful in fe-

cal incontinence where the
anatomy is normal and thus not
amenable to surgery. Special
computer equipment measures
muscle contractions while

the patient does exercises,

to strengthen the rectum and
improve rectal sensation.
These exercises work muscles
in the pelvic floor, including
those involved in controlling
stool.

Computer feedback, which
displays the interaction of
muscles shows whether the
exercises are done correctly
and whether the muscles are

(OCTPO¥A ¥ XXMPHON NULLYW, KOMYEHO-
rO M$iCa, ra3vpoBaHHbIX HAMUTKOB).
KodhenHcopep>allme HanuTku u
ankorofib TaKXXe MoryT fieicTBo-
BaTb KaK cnaduTensHoe.

C ppyroii CTOpOHbI, Hanbonee pac-
NPOCTPAHEHHON (HOPMON AneTHYe-
CKOW MOAMUKALMM NUTaHUS SIB-
nsieTcs fo6aBeHe MULLM C BbICO-
KM COZIEp>KaHMeM KNeT4aTku, 4to
ynyywaeT popmy CTyna, yBenuiu-
BAeT ero 06bEeM 1 MO3BONSET fyY-
LUe OCYLLECTBASATb KOHTPOMb HAL
pedexauvein. Hanbonee npoctas
chopma aneTbl — NPUHATME AoCTa-
TOYHOrO KOIMYECTBA BOAbI, 4TOObI
CTYN 6bIN MATKAM ¥ OCDOPMIIEHHBIM.

JNekapcTBeHHas Tepanus
Hanbonee pacnpocTpaHeHHbIMM aH-
TUANaPeHbIMK NpenapaTtamu, Ko-
TOPbIE MOTYT 6bITb UCMOMb30BAHbI
ANS MPOANEHNS BPEMEHN KULLEYHO-
ro TPaH3uTa, SBNSKOTCS Nonepammz
1 KOAEWH.

Hopmanusaums pa6oTbl
KMLeYHWKa

MauneHTbl C NNOX0K PacTSXKMMO-
CTbtO NPSIMOIA KULLKW UK CHUXKEH-

HepepxaHue kana

HOW YyBCTBMTENBHOCTBIO HYXAa-
tOTCS B OUNLLEHUN KULIEYHWKA, YTO
LOCTUraeTcs B OCHOBHOM 3a CHET
€>XE[HEBHbIX KITN3M ANs NPEAoT-
BPALLEHMS HEXXENATEMbHBIX U HE-
KOHTPONMPYEMbIX OMOPOXKHEHMUIA
KuwweyHuka [8]. HekoTopble nauu-
€HTbI UCMONb3YHOT CNAbUTENbHbIE
CPELCTBA UMW CRELYOT cneunanb-
HOW ameTe.

OnpepeneHue COOTBETCTBYHOLLE-
ro ne4e6HOro pexxuMa ans [ocTu-
XKEHMS YCMELLHOr0 U PErynspHoro
OUMLLEHMS KMLLEYHMKA NPOBOANT-
Cs N04 HAbMIAEeHNEM BPpaYa, C y4e-
TOM OCOOEHHOCTEN KaXA0ro naum-
€HTa, 1 3a4aCTy0 METOA0M MPO6 1
OLIMGOK B TEYEHWE NEPBOM HeAENN.
OunLLeHne KULLEYHMKA He MOXET
pagukanbHO BbINEYUTb HEAEpXa-
HUWE Kana, 0fHaK0 MOXET YAyULLNTb
KaueCcTBO XXU3HW.IpK perynspHoM
OUMLLEHUN KMLLEYHMKA NaLMEHT
CTaHOBMTCS 6ONee He3aBUCUMbIM B
MOBCEHEBHON XKN3HU.

B 3aBucumocTy 0T mporHosa 3abo-
NeBaHNs 4acTb NauUMEHTOB By ayT
NPOLOXaTh MCNONb30BATb 3TH Me-
TOAbl B TEYEHME BCEWN XXM3HH, TOT-
[a KaK y Jpyroii yacTu Ha ux (poHe
MOXXET NOSIBUTLCS YACTUYHbINA KOH-
TPOSib HAZ ONOPOXKHEHNEM KMLLEY-
HUKa.

MeTtopn 6uonoruyeckoin
06paTHOii CBA3K

MeTog 6uonoruyeckoi obpar-

Hoii cBsisu (biofeedback) nossons-
€T YKPENUTb MbILLLbI TA30BOT0 AHA
W YNyYLLUTb UX KOOPAMHALMIO. OH
0CO6EHHO aPheKTHUBEH B Cryyasx
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getting stronger (Fig. 6). In
general, biofeedback training
has to be continued for

3 — 6 months. Although it is still sty e { the ol

unclear how it exactly works,

biofeedback training seems to
provide improvement in up to
90% of patients [10].

Surgical Management

The armamentarium of surgical
management has evolved over
the last few years. There are
now three groups of proce-
dures: one that involves the
repair and augmentation of
existing pelvic floor and sphinc-
ter muscles, another that
involves reconstruction of a
neosphincter utilising muscles
apart from the former and the
sacral nerv stimulation.

Sacral Nerv Stimulation
Sacral nerve stimulation, also
known as sacral neuromodula-
tion, is a procedure in which
the sacral nerve at the base

of the spine is stimulated by

a mild electrical current from
an implanted device. It is done
to control fecal incontinence.
Sacral nerve stimulation (SNS)
is conducted through an im-
planted device that includes a
thin insulated wire called a lead
and a neurostimulator much
like a cardiac pacemaker. The
device is inserted in a pocket in
the patient’s lower abdomen.
SNS is first tried on an outpa-
tient basis in the doctor’s office
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Fig. 8: Overlapping anterior sphincter
repair

Puc 8. MNepekpecTHas nnacTuka
cehuHkTEPa

Fig. 9: Configuration of the anal dynamic graciloplasty, showing the trans-
posed gracilis muscle, the electrodes, the neurostimulator, and the external

magnet

Puc. 9. KoHdhurypauns MeToaa aHanbHoW AMHaMUYeCKOM rpaumunonnacTukm:
nepeHeCeHHble TOHKME MblLbl 6efpa, SNEKTPOALI, HEMPOCTUMYASTOP U HAPYKHbI

MarHuT

with the implantation of a

test lead. If the trial treatment
is successful, the patient is
scheduled for inpatient surgery.
Permanent surgical implanta-
tion is done under general
anesthesia and requires a one-
night stay in the hospital. After
the patient has been anesthe-
tized, the surgeon implants the
neurostimulator, which is about
the size of a pocket stopwatch,
under the skin of the patient’s
abdomen. Thin wires, or leads,
running from the stimulator
carry electrical pulses from the
stimulator to the sacral nerves
located in the lower back. After
the stimulator and leads have
been implanted, the surgeon
closes the incision in the abdo-
men (Fig. 7). The direction of

HedepxaHus kana 6e3 aHaTomuye-
CKMX U3MEHEHWIA 1, CrieoBaTesb-
HO, 6€CMONE3HOCTM XMPYPrUYecKo-
ro BMeLLaTeNbCTBa.

Mpy NoOMOLLM CrieunansbHOro KOM-
MbKOTEPHOTO 060PYAOBAHNS U faT-
YMKa USMEPSIETCS CUNA MbILLIEYHbIX
COKPALLIEHMIA, KOr ja NauneHT aena-
€T YNPaxXHEHMS, 4T0ObI yKPenuTb
MbILLILbI NPSIMOWA KULLIKW W YNYHLLUTb
PEKTaNbHY0 YyBCTBUTENBHOCT.
OTW yNPaXXHEHUS TPEHUPYHOT MbiLL-
Libl TA30BOTO [iHa, B TOM YnCneE Te,
KOTOpbIE KOHTPOMMPYHOT NpoLiece
OMOPOXHEHMS kuLeyHuka. C nomo-
LbH0 KOMMbHOTEPHOH NPOrpaMMbl
ocyLUecTBASeTCS 06paTHas CBA3b:
Ha gucnnee oTobpaxkaeTcs B3au-
MOZENCTBME MbILLIL| U NOKA3bIBAET-
Cs1, NPaBUILHO N1 BbINOJHAKOTCS
YMPXKHEHUS W CTanW N CUNbHee
MbILLILbI (pUC. 6).

HepepxaHue kana

O6y4eHue ¢ NOMOLLbO MeToAa 61o-
NOTMYECKOI 0BPATHOI CBSA3N 06bIY-
HO MpoJomKaeTcs 3—6 MecsLeB.
HecmoTps Ha To, YTO [0 CUX Mop
OKOHYATEMbHO He BbISCHEHO, KaK OH
paboTaeT, biofeedback aaeT ynyu-
weHue y 90% nauvenTos [10].

Xupypruyeckoe neyeHue

3a nocneaHne HECKONbKO NET ap-
CeHan X1pypruyeckux MeTodoB Jie-
YeHUs aHamnbHOW MHKOHTUHEHLMM
3HauMTENbHO pactumpuincs. HolHe
BbIAENAKT TPU rPYNMbl BMELLA-
TenbCTB: BOCCTAHOBNEHME U YKpe-
NnieHne MblLLL Ta30BOr0 AHa
CoMHKTEPA, PEKOHCTPYKLWM 1 ¢hop-
MWUpOBaH1e HeoCUHKTEPa C UC-
Nnosb30BaHUeM APYrux MblLLL U CTH-
MYTIALMIO CaKparbHbIX HEPBOB.

CTUMynAumMA cakpanbHbIX
HepBoB

CTumMynsuns cakpasbHbIX HEPBOB,
TaKXXe W3BECTHas Kak cakpasnbHas
HepoMoaynaLms, — 3T0 Npouesypa
CTUMYISILNAM SNEKTPUYECKMM TOKOM
CaKparnbHOro Hepsa y 0CHOBAHWS
NO3BOHOYHMKA C MOMOLLBIO UMMfIaH-
TUPOBaHHbIX YCTPOMCTB, YTO MO3BO-
NSI€T KOHTPONMPOBATb HEEPKaHNe
kana. Mpnbop ans cTuMynsaLum co-
CTOWT 13 TOHKOrO 3NEKTPOAA 1 Helt-
POCTUMYAATOPA, HANOMUHAIOLLE-

r0 KapANOCTUMYNSITOP. YCTPONCTBO
BCTAaBMSETCS B CNeUManbHbIA KOX-
HbliA KAPMaH B HUXKHEW 4acTu Xu-
BOTa naumeHTa. MepB.blil ceaHc CTu-
MYNSLWM NPOBOAMTCS amBynaTopHO
C NOMOLLbHO NPOGHOr0 3MEeKTPOAA.
Ecnv neyenme npoLuno ycneLuxo,
nauneHTy Ha3Ha4aeTcs onepaums.



Faecal Incontinence

evidence from several studies
[11,12] was consistent with
permanent SNS resulting in
significant improvements in
patients with severe faecal in-
continence resistant to medical
or conservative treatment. This
was reflected in improvement
in the outcome measures of
cure, improvement, faecal in-
continence episodes per week,
and ability to defer defaeca-
tion. Both disease-specific and
general quality of life scores
also showed improvements. To
date no longstanding complica-
tions have been reported.

Repair / Augmentation
Procedures

Sphincteroplasty

Defects in the sphincters can
be repaired surgically using
various techniques includ-

ing anatomical apposition and
overlapping [13]. While the
overlapping repair (Fig.8) is the
most common procedure the
main principle behind all these
repairs is to complete the
cylinder of sphincters thus rec-
reating a symmetrical pressure
zone resulting in a concentric
pull towards the centre and a
contraction without a keyhole
type of deformity which would
cause fecal leakage.

Levatorplasty

This method was initially
developed for the treatment
of neurogenic incontinence.
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It is usually done in conjunc-
tion with a sphincteroplasty
[13] and includes the plication
of the puborectalis muscle
between the vagina anteriorly
and the anorectum posteri-
orly. It serves to augment the
anterior sphincter as well as to
recreate the deep aspect of the
perineal body. The combination
of levatoplasty and sphinctero-
plasty appears to have slightly
better results compared with
sphincter repair alone.

Neosphincter Reconstruction
Sphincter replacing therapy is
indicated in patients when the
anal sphincters are destroyed
beyond intrinsic repair or after
unsuccessful attempts at
repair. This usually involves
the transposition of voluntary
skeletal muscle with an intact
neurovascular supply to take
over the function of the anal
sphincter.

Dynamic Graciloplasty

In 1986 a new approach, called
dynamic graciloplasty, was
developed. In this treatment
the type Il gracilis muscle is
converted to type | fatigue-re-
sistant muscle through elec-
trical stimulation of its nerve
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Fig. 10: The Artificial Bowel Sphinc-
ter, implanted under the skin in a
male patient, showing an inflatable
cuff, placed in the anus, a balloon
reservoir, placed in the pubic area
and a pump, placed in the scrotum,
connecting the cuff and balloon

Puc. 10. AckyccTBeRHbIN cdmnHKTep,
UMNAAHTMPOBAHHBIA NAUMEHTY MOA KOXY:
HafyBHas MaHXeTa, NOMELLEHHas B aHyc,
pe3epByap, PacnofoXeHHbIii B 061acTy
n06Ka, 1 HACcOC, PacmoNOXeHHbIA B
MOLLIOHKE 1 COEANHAIOLLMA MAHXETY 1
6annoH

MMnnaHTaums NoCcTOSHHOMO YCTPOiA-
CTBa MPOBOAUTCS NOA 06LUMM Hap-
KO30M 11 TPeByeT 0AHY HOYb NPEdbI-
BaHWs B CTaunoHape. Xupypr um-
NAAHTUPYET HEMPOCTUMYNISTOP,
Pa3MEPOM C KapMaHHbIi CekyHA0-
Mep, MOA KOXY XXMBOTA NaLMeH-
Ta. TOHKME aneKTPOAbI, nayLume

W3 HEMPOCTUMYNATOPA, NPOBOAST
ANEKTPUYECKME MMNYNIBCbI OT NPK-
60opa K cakpanbHbIM HepBaMm, pac-
MOMOXEHHbIM B HUXKHEN YacTu cru-
Hbl. [locne uMnnaHTaumm cTumy-
NATOpA U ANEKTPOAOB XUPYPr yLUK-
BaeT paspes B 6ptoLLHON noso-

cTu (puc. 7). [aHHble, nonyyeHHble
B HECKONbKMX UccnefoBanmsx [11,
12], nokasanu sHaunTenbHble yyy-
LUEHWS Y MALMEHTOB C TSXKENbIM He-
[EePXXaHWeM Kana, pe3nCTEHTHbIX

K KOHCEPBATUBHOMY NeUeHuto. 310
HaLLIO OTPAXEHWE B YNyULLEHNM
PE3ynbTaToB NEYEHMS, B YACTHO-
CTH, YMEHbLUEHUM KONIMYECTBA 3NK-
30[10B HELIEPXKaHMS B TEYEHME He-
[ENN 1 YBENMYEHUN BOSMOXHOCTH
3afiepxartb akT fedpekauum, ynyd-
LLIEHUW KAYEeCTBA JKN3HU.

Kpome Toro, Ha CEerofHsIWHNA feHb
He 6bl0 3aperncTPMPOBAHO HU
OLHOTO OCTIOXHEHMS.

BoccTaHoBneHue / AyrMeHTaums
chuHKTEpa
CduHKTeponnacTmka

[edexTbl chHKTEPOB MOTYT BbITh

HepepxaHue kana

YCTPaHEHbI XUPYPrtYeCKUM NyTEM,

C MCMNOJb30BAHNEM Pa3/INYHbIX Me-

TOAOB, BKJHOYAs aHATOMUYECKYHO 1
NEPEKPECTHYHO PENO3NULIMIO MblLLIEY-
HOW TKaHm [13].

B HacToALLMiA MOMEHT TEXHMKA Ne-
PEKPEeCTHOM NnacTuky (puc. 8) sis-
NSIeTCH Camomn PacnpoCTPaHEHHOM.
OcHoBHas Lenb BCEX BOCCTAHOBY-
TeMbHbIX ONepaLmii — Co3aaTh U3
CCPUHKTEPOB LMAMHAD 1 Takum 06-
pa3oM 06eCneymTb 30Hy CUMME-
TPUYHOTO AaBNEHMS, B PE3ybTa-
T€ YEro B LEHTPE NOSBASETCS KOH-
LIEHTPUYECKN XXoM 6e3 aedhexTa
B BMAE 3aMOYHOM CKBAXMHbI, KOTO-
Pblii MOT bl NPUBECTM K NOLATEKA-
HUIO pekanbHbIX Macc.

JleBaToponnacTuka

OTOT MeTog 6biN NEPBOHAYABHO
paspaboTaH ANg NeYeHns Heaep-
XKaHusi MOUM.

YkasaHHoe BMeLLaTenbCTBO 06bIY-
HO CoYeTaeTcs Co ChuHKTEpona-
cTvKoM [13] 1 BKNHOYaeT B cebs
NAMKaUMIO Ny6OPEKTaNbHON MbILL-
Lbl MEXAy BRaranuiLeM 1 aHycom,
4TO CYXXWUT ANS yKpennexus ne-
penHero ChuHKTEpPa 1 MPOMEXXHO-
ctn. CoueTaHue nesaroponnacty-
Ki 1 CPUHKTEPONNACTMKM AaeT He-
CKOMbKO MyyLLne pesynbTaThl N0
CPABHEHWIO C MNIACTUKOM CPUHKTE-

pa.

dopMupoBaH1e HeoChUHKTepa
3amecTuTenbHas «CUHKTEPHAs»
Tepanus nokasaxa nauueHTam,
Yy KOTOpbIX COBCTBEHHDIN CNH-
KTEp He NOANEXMUT BOCCTaHOBIe-



Faecal Incontinence

supply (obturator nerve). Thus

the loop of muscle can be less

tightly wound around the anal

canal, which is closed by active

sustained contraction by the
patient (Fig. 9). This procedure

should not be used for patients

suffering from inflammatory
bowel disease, those who are
not motivated, or physically or
mentally incapable patients.
The pulse generator is stimu-
lated to gradually increase the
force of muscle contraction.
When there is a majority of

type |, fatigue-resistant, muscle

fibres, a sustained contraction
can be achieved with a lower
stimulation frequency [14].

Artificial Bowel Sphincter
This is a treatment that was
devised as a modification of
the artificial urinary sphincter.
This totally implantable, semi
automatic artificial prosthesis
utilizes a balloon cuff which
can be inflated and deflated
through the transfer of lig-
uid between the cuff and an
implanted reservoir (Fig. 10).
Initial studies have been very
promising and the quality of
life achieved satisfactory [15].

The contribution of the artificial
bowel sphincter in the manage-

ment of severe fecal inconti-
nence, remain to be evaluated
in longer term studies.

Both dynamic graciloplasty and

artificial bowel sphincter are
an effective treatment option

for severe faecal incontinence.

Even in experienced hands,
the risk of infection, explanta-
tion and system malfunction-
ing is high. In well-informed
and motivated patients, it is
worthwhile to proceed to one
of these procedures, as the
alternative is a colostomy.

w
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HUIO NOCNe ONepaTMBHOIO Neye-
HUA U HeY AAYHbIX BOCCTAHOBM-
TenbHbIX onepauuid. OB6bIYHO 3TO
— TPAHCNO3MLMA CKENETHBIX MbILLIL|
C COCYAMNCTO-HEPBHbIM NYYKOM, KO-
TOPbIE MOTYT BbINONHSATH YHKLNM
aHarnLHoro CUHKTEpA.

[mHamunyeckas
rpauunonnacTuka
B 1986 ropy 6bin pa3paboTaH Ho-

Bblii MeTOZ ANst HOPMMPOBAHMUSI He-

0CCMHKTEPa — IMHAMMYecKas rpa-

uunonnacTuka (I'IJ'IaCTVIKa aHaJlbHO-

ro ChUHKTEPA TOHKOW MbILLILIEV Be-

apa). [aHHblit BUA NnacTukv npegy-

cmaTpuBaeT npeobpas3oBaHue TOH-
koW MbILb! |l TNa B ycTanocTHo-
MPOYHyHO MbILLY | TUNA nocpea-
CTBOM 3MIEKTPUYECKON CTUMY AL
3anvpatenbHoro Hepsa. Takum 06-
Pa30M MbILLEYHbIE NETIN, MEHee

TYro 3aKpy4eHHbIe BOKPYT aHamnbHo-

ro KaHana, 3aKpbIBatoT ero npu no-
MOLLM aKTUBHbIX MOCTOSHHbIX CO-
KpaLLeHMiA, NOCTYNatoLLMX OT naum-
eHTa (puc. 9).

JT1a npoueaypa He nokasaHa navm-

eHTaMm, CTpaaaroLLMMm BocnanuTesb-

HbIMU 3a60nEeBaHNAMU KuieYyHuka,
HE3aMOTMBUPOBAHHbIM, CI:)VISVIHe-
CKW Unn YMCTBEHHO OrpaHU4eHHbIM
naumeHTam. C nOMOLLbHO reHepa-
TOpa MMNynbCoOB MOXXHO NOCTENEH-
HO yBEeNn4nMBaTb CUNY MbILLILL. Kor-

Aa 60/bLUMHCTBO MbILLIEYHbIX BOSIO-

KOH — | TMNa, TO eCTb yCTaNOCTHO-

NPOYHbIE, YCTONYMBOE COKPALLEHNE

MOXET BbITb JOCTUIHYTO MPK HU3-
KOW YacToTe CTuMynsiuum [14].

Beprep K.H. Kayap
Pobept PoseH6epr
XenbMyT Opecc

HepepxaHue kana

WUcKyccTBEeHHbI aHanbHbI
cuHKTEp

[laHHbIN BUA NeveHmns sBnsieTcs
Moaudmkaumen paHee paspaboTaH-
HOTO UCKYCCTBEHHOrO CHnHKTEPA
MOYEBOro My3blpsi. ATO UMMAAHTH-
PYyeMblii N0NlyaBTOMaTUYECKMiA 1C-
KYCCTBEHHbIA NPOTES, [ UCMOMb-
3yeTcs MaHxeTa-6annoH, Kotopas
MOXET BbITb HadyTa 1 CnyLLeHa ro-
CPeACTBOM MoJauM XXMIKOCTH MEeX-
Ly MaHXeTol 1 UMNAAHTMPOBAH-
HbIM pe3epayapom (puc. 10).

lNepBoHavanbHble UccnesoBaHNs
MeTOAA BbIi 04eHb MHOrobeLLa-
tOLLIMMM, MOCKOMBKY Y NALUMEHTOB
6ObI10 JOCTUIHYTO BNOJHE YAOBNET-
BOPUTESIbHOE Ka4ECTBO XKMU3HM [15].
OO PEKTUBHOCTb U HALEXHOCTb UC-
KYCCTBEHHOIO aHanbHOro CGUHKTe-
pa B NIeYeHUN TSHXKENOro HeaepKa-
HUS Kana, LOMXKHbI ObITb OLEHEHbI
B [ONrOCPOYHON MEPCMEKTUBE.

O6a MeToa (anHammnyeckas rpa-
LMNOnNacTyKa u UCKYCCTBEHHBIN
aHarnbHbliA COUHKTEP) 3heKTnB-
Hbl MPY IEYEHUM NALMEHTOB C T-
XEnon hopMoii HeiepXKaHUeM
Kana, 0fjHako Mpu 3TOM He UCKITo-
YeH PUCK MHEPEKLMK, SKCNaHTaLmMu
W1 BO3HVKHOBEHWS HEUCTIPABHOCTE
B CHCTEME.

B ntoboM cnyyae xopoLLo uHdgop-
MMPOBAHHbBIM 1 OPraHN30BaHHbIM
nauueHTam CTOUT nonpobosaTb
OLMH WX [aHHbIX BUOB NEYEHMS
KaK anbTepHATMBY KONOCTOME.
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Baden-Baden bapeH-baneH

World Spa & Event Resort scemupHbiii SPA-kypopT 1 ueHTp

in the Black Forest

Beautifully located in the sun
drenched southwest corner

of Germany at the foothills of
the Black Forest, Baden-Baden
is an elegant, world-famous
thermal spa and climatic health
resort, wellness and event
paradise and cultural metropo-
lis.

Today Baden-Baden is the
perfect mix of Belle Epoque
ambiance and innovative 21st
century wellness. Its famous
healing thermal water, flowing
from 12 springs, is not only
used for well-tried therapies
but also for modern and inno-
vative treatments. Today the up
to 68° degrees hot and health-
ful water pampers guests from
all over the world in the two
thermal baths — the modern
Caracalla Spa and the historic
Roman-Irish “Friedrichsbad”.
Furthermore many spa-hotels
are particularly conducive to

relaxation, offering unique well-
ness opportunities as well as
individual health and wellness
treatments.

Eight highly qualified clinics
with different focuses and
medical specialists with high
reputation offer individual med-
ical Check-ups, subject-specific
consultation, comprehensive
prevention and rehabilita-

tion methods to the point of
medical necessary operations.
Individual and culture-related
wishes of the guests will be
considered at any time.

For more than 350 years the
three kilometre splendiferous
parks and gardens “Lichten-
taler Allee” has been Baden-
Baden’s green and blooming
visiting card. The masterpiece
made of trees, fountains and
flowers invites not only for
healthy walks in crystal Black
Forest air but also fascinates

KynbTypbl B LLIBapLBanbge

KpacvBo pacnonoxeHHbln B con-
HEYHOM Horo-3anafHom «yriy» [ep-
MaHum, B npegropbsx LLsapusans-
na, bapeH-bapen octaeTcs cambiM
9MEraHTHbIM, BCEMUPHO M3BECTHbIM
6anbHEOKIMMATUHECKIM KYPOPTOM,
wellness-paem 1 LIEHTPOM KyfbTyp-
Hoit xu3nu. Cerofns Banen-bapneH
SBASETCA NAEANbHBIM COYETaHN-
€M aTMOCepbI «6enb-anoK» W UH-
HOBALMOHHOr0 0340POBEHNS XXI
Beka.

Ero 3HamenuTas uenebHas Tep-
MarnbHasi BOAa, BblTeKarowas 13
12 UCTOUHWKOB, UCMONB3YETCS He
TOMbKO ANS TPAAMLMOHHON Banb-
HeoTepanuu, HO W NS COBPEMEH-
HbIX 1 MHHOBALIMOHHbIX METO/I0B
nevenus. [opsyas nevebHas Boaa,
TemnepaTypa KoTopoi JocTura-

eT 68 0C, 6anyeT rocTen co BCETO
MWpa B IBYX TepManbHbIX Kynanb-
HsX — coBpeMeHHoii Caracalla Spa
(Cna Kapakansbl) 1 MCTOpU4eCKoi
pumcko-upnaxackoi Friedrichsbad
(®puapuxcbag). Kpome TOro, MHO-

rne SPA-oTenn, 0co6eHHO KOM-
(hOPTHbIE ANs NPOXUBAHMS 1 pe-
nakcaumu, NpeanaratoT yHuKarb-
Hble BO3MOXHOCTM ANs 0340P0B-
nexmns — o6Lume W MHANBUAYaNbHbIE
npoueaypbl.

BoceMb cneumanmanpoBaHHbIX KNu-
HUK B PasnnyHbIx 06N1acTsx Meau-
LMHbI, C UX BbICOKOKBaNMULMPO-
BaHHbIMM CMEUMANMCTamMmn OTMEH-
HOV penyTauum, NpeanararT UH-
aveupyanbHble Check-up’sl (mpo-
rpaMMbl MarHOCTVKM) B COYETAHUN
C KOHCYNbTauusiMK, KOMMIEKCHOM
NPOUNAKTMKONA N METOAAMM pea-
OunuTaumn, pa3paboTaHHbIMK Ans
KaXx[oro nauueHTa. Takxe B Jito-
60€ BpeMS BbIMOMHSAOTCS NHAUBU-
AyanbHble NOXXeNaHus rocTen, cBs-
3aHHbIE C KyTbTYPHbIM BPEMAMNPO-
BOXXAEHVEM.

Ha npoTtsxenum 6onee 350 net
TPU KMIOMETPA NPEBOCXOAHEN-
Lwero napka u capa Lichtentaler
Allee (Annes JluxteHtanepa) s8-
NAKOTCA 3eNeHO 1 LIBETYLLEN BU-
3UTHOM KapTouKoi baner-baneHa.
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as a stylish mile for art and cul-
ture with the historic “Trinkha-
lle” (Pump Room), the world-
famous “Kurhaus” - the social
meeting place of the city — the
Casino, the neo-baroque thea-
tre as well as the Museum of
Modern Art Frieder Burda de-
signed by star architect Richard
Meier. Europe’s second largest
opera and concert hall, the
“Festspielhaus”, guarantees
cultural pleasure at the highest
level and offers over 300 top
class events yearly.

During the whole year Baden-
Baden is setting for outstand-
ing and sophisticated events:
Three times a year the Inter-
national Horse Races, the
International Vintage Car
Meeting mid of July, outstand-
ing concerts at the parks and
gardens “Lichtentaler Allee”
and at the romantic courtyard
of “Castle Neuweier” as well
as international artists and
performances at the “Fest-
spielhaus”.

In the picturesque streets and
the small lanes of the neo-
baroque old town of Baden-
Baden, numerous exclusive
boutiques invite you to first-
class shopping. Everyone who
searches for brand products,
international labels and indi-
vidual antiques, jewellery and
presents will find himself in the
right spot.

Besides well-known starred
restaurants, cosy little tav-
erns with local colour and fine
Baden cuisine, bistros and
countless street cafés in the
centre, there is also Baden-
Baden's “Rebland”, one of the
most popular Riesling growing
districts in Germany and an

FlenlsLio)

Medical »emyiHcion

JYOrE

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

insider tip for the gourmet and
connoisseur of good wines.
Germany'’s oldest and accord-
ing to Marlene Dietrich “the
most beautiful casino in the
world” rounds off a perfect day
in a playful manner and entices
guests from all over the world
to try their luck at the roulette
table.

Baden-Baden Kur &

Tourismus GmbH

Solmsstrasse 1

76530 Baden-Baden / Germany
Phone: +49 (0) 7221 275 266
Fax: +49 (0) 7221 275 260
bbt@baden-baden.com
www.baden-baden.com

Co3faHHblii 13 AepeBbeB nensax-
HbIiA LWefeBp, OOHTaHbI 1 LIBETbI
NPUrNALLAK0T HE TONBKO Ha 0340-
POBUTENbHYHO MPOTYNKY Ha KPK-
CTasbHO YMCTOM BO3ayxe YepHo-
ro Jleca, Ho 1 3aBOpaXxXuBaeT kak
CTUMbHAs MU MCKYCCTBA W KyJlb-
Typbl C UCTOPUYECKUM 6IOBETOM
Trinkhalle (TpuHkxanne), Bcemup-
Ho u3BecTHbIM Kurhaus (Kypxa-
yC) — KyNbTYpHO-Pa3BneKkaTenbHbIM
LIeHTPOM ropoAa, C KasuHo, Tea-
TPOM B CTUNE HEO-6APOKKO, & TaK-
XK€ My3€eM COBPEMEHHOO MCKYC-
ctea Frieder Burda (Opuaep Byp-
[a), MPOEKT KOTOPOro 6bin pa3pa-
60TaH 3HaMEHUTBLIM apPXUTEKTOPOM
Puxapaom Meitepom.

BTopoit no Bennumte B EBpone
KOHUepTHbIN 3an, Festspielhaus

BneyaTtneHus o MepmaHuu

1 (GecTwnunbxayc), rapaHTupyeT

3pUTENsM KynbTypHOE Hacnaxae-
HME Ha CaMOM BbICOKOM YPOBHE 1
npeanaraet 6onee 300 cobbITUI
TOM-Knacca exerofHo. B Tevenve
Bcero rofa bageH-bageH sBnsetcs
MECTOM NPOBe/IEHNs IPaHANO3HbIX
KynbTYpHbIX COBLITUIA: TPW pa3a B
FOA NPOBOASATCS MEXAYHAPOAHbIe
CcKayku, Npober CTapuHHbIX aBTOMO-
Ouneii B CepeanHe WoNs, BENNKO-
NenHble KOHLEPTbI B Napkax 1 ca-
pax Annev JluxteHTanepa, Ha Tep-
puTopuK poMaHTudeckoro Castle
Neuweier (3amka Hoiiseitepa), Bbl-
CTYNAEHNs 3apy6eXXHbIX apTUCTOB
n venonHuTenei B «OecTwnub-
xayce».

Ha XuBONMCHbIX yNnLax 1 B nepe-
ynKax B CTUNE «Heo-6apoKkKo» CTa-
poro ropoaa baaen-bapeH pacno-
NO>XEHbl MHOrOUMCTEHHbIE ByTU-
Ku, KOTOPbIE MPUrNALIAkT Ha nep-
BOKMACCHbIA LONMKUHT. KaxxabliA,
KTO MLLET TOBapbl M3BECTHBIX MEX-
[yHapOAHbIX 6PEHAOB U MapPOK, aH-
TUKBapWaT, OBENMPHbIE U3LENUs 1
MOAapKK, OKa3blBAETCS B HY>KHOM
MecTe.

[TOMWMO XOpOLLIO M3BECTHBIX
«3BE3[HbIX» PECTOPAHOB, HA KYpOp-
T€ MOXHO HaNTH YIOTHbIE ManeHb-
Kie TaBEPHbI C MECTHbIM KONIOpH-
TOM U U3bICKAHHOM KyXHE#, 6UCTPO
1 6ECUNCNEHHBIE YNIMYHBIE Kade.

B bapeH-bapeHe ectb 1 Rebland
(Pe6naHg — 0HO W3 caMbix nony-
NAPHBIX BUHOAESbHECKMX XO3SUCTB
['epMaHnm, B KOTOPOM BbIpaLLMBa-
eTCs BUHOrpag PUCInHI), uTo 51B-
NSETCA BOMNONHUTENBHON «U3IOMMH-
KOii» ANS TYypMaHoB W LeHUTENen
XOPOLLMX BUH.

Crapeee B ['epmaHum 1, no
onpenenexno MapneH Antpux,
«Camoe KpacmBoe Ka3nHo B Mupe»
MOXXET 3aBEpLUMTb NPEKPACHO Npo-
BEAEHHbI fieHb B hOpPME Urpbl 1
MPWBMEKAET CO BCEr0 MUpa rocTen,
XKENaKLWMX UCTILITATL CBOI YAAYY
32 CTOJIOM C PyNeTKOM.
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