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Simulation Training

A flight simulator is probably
what first comes to every-
body’s mind when talking
about simulation training. Pilots
of passenger aircrafts are re-
sponsible for hundreds of lives
during their daily work. This
enormous responsibility re-
quires accurate preparation for
any situation that might occur
in order to guarantee adequate
response and assured handling
(1, 2).

Another occupational group
dealing with responsibility for
human lives every day are
medical professionals. The
benefits of simulation training
for both sides — physician and
patient - are obvious (1). On
the one hand physicians gain
experience and confidence by
repeating not only standard
but also extremely rare tasks.
The complexity of the simula-
tion setting can be increased
gradually instead of exposing
the trainee to overstraining
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conditions which may often

be the case in education on
daily hospital business as the
complexity of upcoming cases
cannot be influenced. There-
fore, simulation training makes
requirement-based instead of
opportunity-based education

of medical students possi-

ble. Unlimited repetition in a
stress-free environment has
been proven advantageous for
prospective medical doctors (3,
4). On the other hand patients
benefit from a risk-free treat-
ment by well-trained, self-con-
fident physicians. Shifting the
first part of the learning curve
to a simulated environment
and transfer of consolidate
knowledge and skills to real-life
situations reduces the risk of
making mistakes and taking
bad decisions (5).

Despite the awareness about
the usefulness and overall posi-
tive empirical results regarding
simulation training, the major-
ity of medical education and
training is still done by applying
theoretical knowledge directly
to patient treatment. This is

on the one hand due to en-
trenched methods and financial
limitations. On the other hand
simulation systems are often

KntoueBble cnoBa: kateTepHble
BMeLlaTenbcTBa, 3D-nevars B
MeaNLMHE, CUMYNSILMOHHOE 06-
yueHue KaTeTepHbIM BMeLLaTeb-
cTBam, 3D-Mozenv cepaua, Moaenb
MyNbCUPYHOLLEro cepaua, AeTckas
Kapau1onorusi, BPOX AEHHbIA MOPOK
cepaua

CumynsumoHHoe oby4eHue
AsmnacumynsTop (aBmaTpeHaxep),
BEPOSITHO, NEPBOE, YTO NPUXOANT
Ha yM KaX oMy, KOra peyb 3axo-
LT 06 CUMYNSLMOHHOM 0BYHEHNM.
MMUAOTbI NACCAXMPCKIX CAMONETOB
BO BpeM$i eXXeiHEBHON paboThl
HECYT OTBETCTBEHHOCTb 32 COTHM
XKU3He#. Takas orpomHas oTBeT-
CTBEHHOCTb TPEOyeT TILATENbHO
NOAr0TOBKM, YTOObI rapaHTMPOBaTh
afleKBAaTHOE pearnupoBaHme u
YBEPEHHOE ynpaBneHne B nio6oi
CUTyaLmm, KOTOpas MOXET BO3HWK-
HYTb BO Bpems noneTa (1, 2).

Ewwe oaHa npodeccuoHansHas
rpynna, KoTopas Kaxabli feHb
HeceT OTBETCTBEHHOCTb 3a
4erI0BEYECKME XKU3HN — 3TO
MeaunUmMHCKe paboTHUKK. [penmy-
LLeCTBa CUMYNSILMOHHOIO 06y4eHus
Ans 06enx CTOPOH — 1 Bpava, 1
nauueHTa o4eBuaHbl (1). C ogHoM
CTOPOHbI, BpauyW npuodpeTaroT
OMbIT W YBEPEHHOCTb, BbINOJHSAS HE
TONbKO CTaHLAPTHbIE, HO W KpaiiHe
penkue 3agauu. pu aTOM Cnox-

[eTckas kapauonorus

HOCTb 3aaHWi, BbINOJHSIEMbIX Ha
CUMYNSITOPE, MOXXHO yBENMYMBATh
MOCTENEHHO BMECTO TOr0, YTOBbI
CTaBWTb CTaxxepa B YCroBKs nepe-
HaNPSXEHNS, YTO YaCTO MOXET
UMETb MECTO NPpK 0BY4EHUN B
pamKax NoBCeAHEBHOM NPaKTy-

KM, KOria HeMb3s NOBAMATL Ha
CNOXHOCTb KMHUYECKUX CIy4YaeB
v npouenyp. Takum 06pasom,
CUMYNSLMOHHOE 06y4eHme fenaet
BO3MOXXHbIM 06yYeHue CTyAEHTOB-
MEAMKOB Ha OCHOBE TPe60BaHMiA,
a He X BO3MOXXHOCTel. [lokasaHo,
4TO HEOrPaHMYEHHOE YMCIO MO-
BTOPOB MaHMMyNsILMA B COKOWHOM
06CTaHOBKe NoNesHo Ans 6y ayLumx
Bpayei (3, 4). C apyroi CTOpOHI,
nauneHTbl nonyyaioT 6e3onacHoe
NEYEHNE TOMBKO C MOMOLLbHO YKe
XOPOLLIO 06Y4EHHbIX, YBEPEHHbIX B
cebe cneuvmanuctos. CMelleHme
NePBOJA 4aCTW KPUBOW 0ByYeHNs B
CUMYNSLMOHHYHO CPELY U NEPEHOC
B peasbHble KIIMHUYECKME YCNOBUS
y>Ke 3aKpEenIeHHbIX 3HAHWA W Ha-
BbIKOB CHM)XXAET PUCK COBEPLLEHNS
OLLMOOK 1 MPUHSATIS HENPaBUbHbIX
peLueHmii (5).

OnHako, HeCMOTPS HA O4EBUAHYIO
nonb3y W 06LUME NONOXKMTENb-
Hble 3MNMPUYECKNe pesynbTaThbl
CUMYTNALMOHHBIX TPEHUHIOB,
60MbLLAs HaCTb MEAULMHCKOrO
06y4eHms NO-NPEXHEMy npo-
BOAMTCS MyTEM NPUMEHEHUS!
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unnecessarily expensive, limit-
ed in the portfolio of simulated
cases and/or difficult to handle
due to specific software and
hardware requirements (6).

In some medical fields simula-
tion training is already estab-
lished and a fixed component
in the educational program.
Resuscitation courses for
Immediate Life Support (ILS),
Advanced Life Support (ALS),
Neonatal Life Support (NLS),
European Pediatric Immediate
Life Support (EPILS) and Euro-
pean Pediatric Advanced Live
Support (EPALS) are manda-
tory for medical personnel of
all disciplines (7). For pediatric
emergency care a simulation
training program called “PAE-
DSIM" has been initiated by
experts from Germany, Austria,
Switzerland and the US. The
goal of the interdisciplinary
education and training program
for emergency management
of life-threatening ill or injured
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CT/MRI scan

Segmentation

Fig. 1: 3D printed models can be generated from CT or MRI scans of real patients. For this purpose, the blood
volume is segmented, i.e. the intracardiac structures are marked in the images. A 3D digital model is then
calculated based on the marking. Design operations allow hollowing the model, modifying the surface structure,
and creating windows to look inside. Finally, the digital model can be printed in 3D.

children is to improve patient
care and increase patient
safety by optimizing team
performance (8, 9). In cardiol-
ogy the existing simulation
systems relate to adult cases,
e.g. for coronary interventions,
valve replacement (3), and
endovascular stenting of the
aorta (10). To the best of the
author’s knowledge, there is no
simulation training setup avail-
able for pediatric cardiologists.
This is specifically critical as
professionals in this field deal
with rare and complex cases of
congenital heart disease (CHD).
The complexity of learning and
teaching is increased due to
the variety of anatomical find-
ings, reduced size and rareness
of cases.

3D reconstruction of medical
2D scans, i.e. CT and MRI im-
age stacks, together with 3D
printing technology is an ideal
combination of tools for visuali-
zation and better understand-

TEOPETUYECKMX 3HAHWIA Henocpes-
CTBEHHO BO Bpaye6HON npakTuKe.
C 04HO# CTOPOHBI, 3TO CBA3AHO

C YKOPEHMBLUNMMCS METOLAMM U1
(hMHAHCOBbIMM OrpaHnyerusmm. C
APYroi CTOPOHbI, CUMYAISILIMOHHbIE
CUCTEMbI 4acTO HEONpaBAaHHO
AOPOTM, OrpaHnyeHbl He6oNbLUINM
HabopOM MOZENMPYEMbIX Clyyaes
WMWK CNOXHBI B 9KCNyaTaLmm
13-3a cneundmuecknx TpebosaHmit
K MPOrpamMMHOMY 1 annapaTHoMy
obecneyenuio (6). Tem He MeHee,
B HEKOTOPbIX 061aCTAX MEANLMHBI
CUMYNSLMOHHOE 06Y4eHMe yxe
LUMPOKO NPUMEHSIETCS U SBNSETCS
MOCTOSIHHBIM KOMMOHEHTOM 06pas30-
BATENbHOM NPOrpamMbi.

Kypcbl N0 HEOTNOXXHOM peaHumMa-
umu (ILS), MHTEHCMBHOM Tepanuu
(ALS), HeoHaTanbHO peaHMaLmu
(NLS), eBponeiickoii neanatpu-
YECKOW HEOTNOXHOW peaHnMaLmn
(EPILS) n eBponeiickoii neama-
TPUYECKOWA MHTEHCUBHOM Tepanuu
(EPALS) siBnsitoTcs 0653aT€NbHbI-
MW N5 MeAULMHCKOrO NepcoHana
nro6oro npoduns (7). Ans nsyde-

HUS NeanaTPUYECKO HEOTIOXKHOM
MOMOLLM 3KCepTamm 13 epMaHum,
Asctpuu, LLiseruapum n CLLIA
Obina paspaboTaHa nporpamma
CUMYIISLIMOHHOTO TPEHWHTA MOA
Ha3BaHuem «PAEDSIM». Llensto
MEXAUCLMMNIMHAPHON Nporpammbl
00Y4EHMS 1 TPEHMHIA MO OKa3aHWIo
HEOTMOXXHON NOMOLLM 6OSIbHBIM
WK TPaBMMUPOBAHHbLIM JETAM NPy
YrPOXAKOLLMX KN3HM COCTOSHMSIX
SBNSETCS YCOBEPLLEHCTBOBAHME
cneumManu3npoBaHHON NOMOLLM
nauneHTamu, v noBbILLEHNE uX 6€3-
OMacHOCTM 3a CYET ONTUMU3ALMK
paboTbl KOMaHAbI CeLnanmcTos (8,
9). B coBpEMEHHOM KapAMoNorm
CYLLECTBYIOLLME CUMYISLMOHHBIE
CUCTEMbI MOJENUPYHOT KAMHUYe-
CKME Cry4am y B3POCbIX NaLneH-
TOB, HANPUMEP, NPeAHa3HAYEHb
ANs BOCPON3BEAEHNS KOPOHAPHBIX
BMELLATENbCTB, 3aMEHbI KNanaHoB
(3) ¥ 3HAOBACKYNAPHOrO CTEHTH-
posanus aopTbl (10). Hackonbko
W3BECTHO aBTOPY, ANS AETCKMX
KapAuosIoroB eLle He CyLecTByeT
TPEHAKEPOB AN CUMYMSLMOHHOMO
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Blood Volume

Hollow Heart

Printed Model

Puc. 1: 3D-neyatHble Moaenn MoryT 6biTb CO3AaHbl Ha 0cHOBE KT - unn MPT - n3obpakenuid nauneHToB. [Ins 3TOro CerMeHTUpyeTcs KpOBOTOK W, Takum 06pa3oM, Ha 130-
OpaXkeHUsIX BbIAENAOTCS BHYTPUCEPAEUHbIE CTPYKTYPbI. 3aTeM Ha 3TON OCHOBE NPOEKTUPYETCS TpexmepHas undposas Mogenb. [Mporpamma no3BonseT caenatb MOAENb
noMoM, U3MEHUTb CTPYKTYPY NOBEPXHOCTU W CO3AaThb OKHA, YTOObI BUAETL BHYTPEHHEE CTPOEHHE. HakoHeL, UnpoByto MOAENb MOXHO pacnevatats B 3D dopmare.

ing of CHD cases. 3D printed
heart models with congenital
defects have been reported

to be particularly helpful for
presurgical planning (11-13).
Besides the clinical use also
teaching applications of 3D
cardiovascular models show-
ing congenital defects have
been highly recommended

(14) and evaluated for different
applications and target groups:
anatomy courses for medical
students (15-22), education of
cardiac nurses (23) and medical
staff in critical care (24). Also
hands-on surgical training has
been conducted for pediatric
heart surgeons (25-30). In the
field of pediatric cardiology,
however, there are no reports
regarding the use of 3D printed
heart models for training.
Based on our investigations
we have established a realistic
hands-on simulation training for
diagnostic and interventional
catheterization in patients

suffering from CHD. Due to
the application of 3D software
and 3D printing technology the
setup is highly versatile and
adaptable to any training level
and goal. For this reason, medi-
cal students, prospective and
proficient pediatric cardiolo-
gists can practice and prepare
for real patient treatment.

3D Printing of Anatomical
Models

3D printed medical models can
be generated from CT or MRI
image stacks of real patients.
In the case of cardiovascular
imaging the contrast-enhanced
blood volume perfectly visualiz-
es the intracardiac and vascular
structures in the 2D slices. 3D
processing software (Materi-
alise Mimics Innovation Suite,
Materialise NV) for medical
images allows segmentation of
a region of interest by marking
the pixels within a certain grey
value range, e.g. of the con-

TPEHWHra, XOTS AaHHAs METOANKA
Ba)kHa AN npouecca 06y4eHus,
MOCKOJIbKY CreuuanucTbl B 3T0M
061acTh MMEIOT [EN0 C PeKUMU U
CNOXHBIMM CAly4YasiMi BPOXKLEHHbIX
nopokos cepaua (BrC). Cootsert-
CTBEHHO, NOBbILLEHA COXXHOCTb
06y4eHMs 1 NpenoaaBaHus 3a cHeT
pa3Hoo6pa3uns aHaTOMUYECKMX
HaxXOAOK, YMEHbLUEHHbIX pa3MepoB
W PEAKOCTM Cryyaes.
3D-peKOHCTPYKLMS MEULMHCKIX
2D-cxaHoB, Hanpumep, Habopa KT-
1 MPT -u306paxxeHuid, BMecTe ¢
TexHonornen 3D-neyatu npeacTas-
nsieT co60¥ naeanbHoe coveTaHne
WHCTPYMEHTOB AN BU3yanu3auum u
nyyLwero noHnmanms cnyyaes BIIC.
CoobLwanocs, 4to 3D-neyatHble
MOZENM CepALa C BPOXKAEHHbIMM
nopoKamu 0CO6EHHO NONe3HbI Ans
NpeLonepavLmoHHOro NaH1poBa-
Hus (11-13).

MOMUMO KJIMHWUYECKOrO Mpu-
MEHEHUS, TAKXKE HACTOATENbHO
PEKOMEHAYETCS MCMNONb30BaATb
3D-monenu cepLeyHo - COCYANCTON
CUCTEMbI, IEMOHCTPUPYHOLLME

BPOXAEHHbIE fechexTbl (14), C
Lienbto 06y4eHms, a Takxe anpo-
O1poBaTh WX ANs pasHbix BUA0B
06Yy4eHMs W LieneBbIX rpynn: Kypcos
aHaToMuu Ans CTyAEHTOB-MEANKOB
(15-22), cneumanu3npoBaHHOro
00Yy4EHMS MeAULIMHCKMX CecTep
KapAvonoruyeckoro npoduns (23)
W NepcoHana oTAeNeHns UHTEH-
CMBHOW Tepanuu (24). Takxe yxe
ObINnv NPOBEAEHbI MPAKTUKYMbI ANs
LETCKMX Kapavoxupypros (25-30).
OnHako HeT coobLLeHN 06 UCTOb-
30BaHuK 3D-nevatHbIX Moaenei
cepaua Ans obydeHns B obnactu
LETCKOWN Kapanonoruu.

Ha ocHOBe HaLumx uccneaoBanmii
Mbl pa3paboTany peanicTUYHbIN
CUMYNSLMOHHBIA TPEHAXEP ANs
ANarHOCTUYECKOW U MHTEPBEHLIMOH-
HOM KaTeTepu3aLmn y NaLmeHToB,
ctpaparowmx BINC. bnarogaps npu-
MEHEHWIO NPOrpaMMHOro obecne-
yeHns ans 3D-moaenvMpoBaHns u
TexHonoru 3D-neyatu, TpeHaxep
04eHb YHMBEpCaneH: afganTupyeTcs
K JI060MY YPOBHIO MOArOTOBKM
06yHaroLLMXCs 1 LiensiM 06yyeHus.
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trast agent. The marked areas
of each slice add up to a 3D
volume which can be adapted
by adding or deleting parts

of the marking. Finally, the
segmented volume is turned
into an STL file, a standard-file
format for 3D printing software
applications. The described
workflow already results in a
realistic 3D replica of the blood
volume, i.e. the intracardiac
and intravascular structures of
the patient.

In a second step engineer-

ing operations can be applied
to the patient-specific heart
model using the various tools
provided by the 3D software.
For example, hands-on training
applications require a hollow
model of the heart and cardio-
vascular structures instead of
the blood volume. To obtain
such a hollow heart model a
second shell is created around
the blood volume in a specified
distance defining the wall thick-
ness of the 3D model. By cut-
ting open the vessel endings
and including holes or windows
in the model design, the inner
structures can be inspected
once printed in 3D. The hollow
CHD heart models are perfect-
ly suitable for training in pedi-
atric cardiology as the trainee
interventionalists can enter the
cardiovascular structures with
wires and catheters just like in
a real patient. Finally, the 3D
blood volume or hollow heart

[eTckas kapauonorus

PDA

ASD

VSD

Fig. 2: Variant cases of CHD can be designed by using operations provided by 3D processing
software. From the scan of a single patient models with PDA, ASD and VSD were created.
Another scan was used to generate 3D heart models with PS, AS and CoA.

model can be printed in 3D.
For hands-on catheterization
training on 3D printed models a
radiopaque printing material is
required to allow visualization
of the outer and inner struc-
tures of the 3D heart models
under X-ray imaging in the
catheterization theatre (cath
lab). These requirements are
met by a flexible silicone-based
material printed on an Agilista
3200W 3D printer (Keyence
Corporation).

The printing technology used
by this printer is called Polyjet.
Thereby, the liquid printing
material is ejected to the print-
ing platform and instantane-
ously cured by UV-light. The
three-dimensional structure

HOSTOMy N CTYOEHTbI-ME UKW,
6yﬂyume N y>Xe OMbITHbIE AETCKNE
Kapauonorn MoryT Ha HeM TPeHu-
poBaTb HABbIKK U TOTOBUTLCA K
JIEYEHUIO NAaUMEHTOB Ha NPaKTUKE.

3D - neyaTb aHaTOMUYECKUX
mopeneii

3D-nevaTHble MEANLIMHCKME MOAE-
N1 MOTYT BbITb CO3AaHbI 3 Habopa
KT - uan MPT - u3o6paxeHwuit
pearnbHbIX nauneHToB. Mpu nony-
YeHUn 306pakeHNIn cepaeyHo-
COCYAMCTO CUCTEMbI KDOBOTOK C
KOHTPACTHbIM YCUNEHNEM MAEaTbHO
BW3yanuanpyeT BHYTPUCEPAEY-
HbIE 1 COCYLANCTbIE CTPYKTYPbI HA
ABYXMEPHbIX cpe3ax. [porpamMmHoe
obecneuerue ans 3D-06paboTku
MeIULMHCKIUX M306paXKeHui
(Materialise Mimics Innovation

Suite, Materialise NV) nossonsiet
CErMEHTUPOBATb UHTEPECYHLLYHO
06nacTb ¢ NOMOLLbLIO BbiBopa Ava-
na3oHa 3Ha4eHuid MUKCenen B rpa-
[aumsIX CEPOro UM ero OTTEHKOB.
OTMeueHHble 061aCTH KaXAOr0
cpesa npeobpasytoTcs B TpexMep-
HOE 1306paXKeHne, KOTOPOE MOXKHO
W3MEHSITb, J00aBNSs UK yaanss
BblJ€NeHHbIE YacTW. HakoHe, 310
CErMEHTUPOBAHHOE N306paxe-
Hue npeobpasyeTtcs B chainn STL,
CTaHAapTHbIA hopMat painos B
MPOrpaMMHbIX NPUOXEHUAX ANISt
3D-nevaru.

OnucaHHbIit NpoLece No3sonseT
BOCMPOM3BECTN PEANIMCTUYUHYIO
3D- mozenb KpoBOTOKA, TO €CTb
BHYTPUCEPAEYHbIX U BHYTPUCO-
CYAUCTbIX CTPYKTYP NauneHTa.

Ha BTOpOM 3Tane MoXeT 6bITb
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[eTckas kapauonorus

¢ BINC naeanbHo noaxoasT Ans
06y4eHNs LeTCKMX KapamosoroB:
WHTEPBEHLMOHMCTbI MOTYT BBOANTD
B CEPLEYHO-COCYANCTbIE CTPYKTYPbI
WHTPOALKCEPDI N KATETEPBI, KaK Y
peanbHOro nauueHTa.

Ha cnepytowem atane 3D - Mmogenb
KPOBOTOKA WK NONOro cepaLa pac-
nevaTbiBAeTCs B TPEXMEPHOM ¢hop-
Mate. [1ng TpeHuHra no katetepu-
3aumu ans 3D-neyaTHbIX MOAENeH
TpebyeTcst PEHTTEHOKOHTPACTHBIN
neyarHblii MaTepua, no3Bonsio-
LUWIA BU3yanu3npoBaTh BHELUHWE

W BHYTPEHHWe CTPYKTYpbI cepaua

PS AS CoA

Puc. 2: BapnaHTbl cnyyaes BIC MoryT 6bITb pa3paboTaHbl ¢ MCMONb30BaHNEM NaHem
WHCTPYMEHTOB, NPefoCTaBnseMbIX NPOrpaMmHbIM 0becneveHnem ans 3D-06paboTku.
113 Habopa ckaHoB OAHOT0 naumeHTa 6binv co3aanbl Mogenu ¢ OAM, AMIMM v AMXK.

C NMOMOLLbIO PEHTIEeHOrpacum B
nabopaTtopuu kaTeTepuaaLmnu.
OTuM TpeboBaHuaM 0TBeYaeT

[pyroe ckaHupoBaxue ucnonb3oBanock Ans cosaanus 3D-moaeneii cepaua ¢ J1IC, AC n KoA.

of the models is generated by
incremental movement of the
printing platform in z-direction
and, thus, application of print-
ing material in layers. A support
material is printed along with
the model material to support
overhanging structures. Once
the print is finished the soft
support material is removed
manually and residuals are
washed off the silicone model
with water.

Avoiding Radiation and Se-
dation through Engineering
Besides patient-specific 3D
models also non-patient-spe-
cific, “engineered” 3D heart
models can be generated using
3D software. The software

toolbox allows design opera-
tions on the surface structure
and shape of the STL. By
scaling the models, a range of
patients from infant to adult
can be created. Dilation or size
reduction of single structures
enables the design of differ-
ent disease stages. Based on
one digital 3D heart model a
variety of CHD cases can be
created by closing or generat-
ing defects, changing vessel
passages or diameters imple-

menting narrowing or stenosis.

This approach is crucial for 3D
models of congenital defects
which are not an indication
for CT or MRl imaging as it
allows the creation of realistic
3D printed hearts without the

BbINOSIHEHA PEKOHCTPYKLMS MOAENM
cepaua KOHKPETHOro nauueHTa

C MCMOb30BAHNEM Pa3NNYHbIX
WHCTPYMEHTOB, NPeoCTaBNSEMbIX
COOTBETCTBYHOLMM NPOrpamm-
HbIM 06ecneyeHneM. Hanpumep,
TPEeHaXepbl AN18 NPAKTUYECKOro
06y4eHus TpebyoT Nooik MoAeNm
cepaua 1 ceplievHo-CoCY ANCTbIX
CTPYKTYP, & He MOAENM KPOBOTOKA.
[ing nonyyenus Takoi Mogenu
nonoro cepaua co3faeTcs BTopas
0607104Ka BOKPYr MOENM KpoBO-
TOKA Ha 3a[JaHHOM PacCTOSHUK,
ONpeaenstoLLEM TOMLLUMHY CTEHKM
3D-monenu. O6pesas KOHUbI COCY-
0B, BKJIOUNB OTBEPCTMS MM OKHA
B [W3aiiH MOJENM, W HaneyaTas ee
B 3D -chopmaTe, MOXHO y>Ke 3arns-
HYTb W BO BHYTPEHHWE CTPYKTYpbI
cepaua. Monble Modenu cepaua

rMBKMiIA MaTepman Ha CUIIMKOHOBO
OCHOBE, KOTOPbIA UCNOSb3YHTCS

B 3D-npuHTEpe Agilista 3200W
(Keyence Corporation).
TexHonorus neyatu, MCNOMb3y-
emMas 3TUM NPUHTEPOM, Ha3biBa-
eTcs PolyJet: xuakuii nevatHbIn
Marepuan BblbpachIBaeTCs Ha
nevaTHyKo nnatchopmy 1 cpasy

xe o6pabaTbiBaeTcs YO-CBETOM.
TpexMepHas CTpyKTypa Mogenen
CO3/aeTCs NOCTENEHHbIM Nepe-
MeLLieH1eM nevaTHom nnaTop-
Mbl B Z - HANPaBEHUN 1, TaKUM
06pa30M, HaNOXEH!S NEYATHOrO
Martepuana cnosmu. Benomora-
TEMbHbI MaTepuUan ucnomb3yeTcs
BMECTE C MaTep1anom ans Moaenu
ANS NOAAEePXKaHNS HAaBUCAIOLLMX
KOHCTpPYKUMiA. [ocne 3aBepLueHmns
neyaTtv Msrkuii NoAAep>XMBaOLLNNA
MaTepuan yaanseTcs BpyuHyto, a
€ro 0CTaTK1 CMbIBAKOTCS C CUITKO-
HOBOW MOJENN BOJOM.
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Fig. 3: By connecting the 3D printed flexible heart models to a circular system with pulsatile flow the artificial heart seems to beat.
Besides improvement of visual and haptic feedback also additional training possibilities are available compared to the static setup, i.e.
intracardiac pressure measurements and angiographic imaging.
Puc. 3: IMpu noakntoueHnn HaneyvaTanHbIx Ha 3D-npuHTEpe rMbkix Moaeneii cepaLa K cucTeMe LMpKYASLUmMm C NybCUpYHOLLMM MOTOKOM CO34aeTcs
BrieyaTnieHne, 4To UCKYCCTBEHHOE cepaue 6beTcs. [ToMUMO yNyyLleHns BU3yanbHOi 1 TaKTUMbHOW 06paTHON CBA3M, MO CPABHEHMIO CO CTATUYECKOM
YCTaHOBKOM, Tak)Ke CTaHOBMTCS JOCTYMHO OCBOEHWE U APYTUX HABLIKOB, HAMPUMEP, M3MEPEHNS BHYTPUCEPAEYHOrO AABNEHNS M aHrMorpacuyecKoil

BU3yanuaauuu.

need of radiation or sedation.
For applications in which ana-
tomical 3D modeling does not
have to be patient-specific, e.g.
in training and education, this
new approach does not rely on
invasive imaging techniques as
not every variant of a 3D CHD
model requires a new patient
scan. We have managed to

design several different train-
ing models based on only few
datasets. For example, train-
ing models simulating infant,
teenage and adult hearts with
aortic stenosis (AS), pulmonary
stenosis (PS) and coarcta-

tion of the aorta (CoA) have
been created using the same
CT scan of a single patient.

KoHcTpyupoBaHue Mogeneii 6e3
06ny4eHus U cefauum nauueH-
TOB

[Momumo 3D-mofenen Ans KOHKPeT-
HOrO NauWeHTa, C MOMOLLbK NPo-
rPaMMHOr0 06eCMEYEHNS MOXHO
€034aBatb W LPYrue, «CKOHCTPY-
npoBaHHble» 3D-Mofenu cepaua.
WHCTpymMeHTapuii MporpaMMHOro
obecneyeHust NO3BONSIET CO3Ma-

BaTb CTPYKTYPY NOBEPXHOCTY 1
chopmy Mogenm B popmare STL.
Macwtabupys mogenu, MoXHO pac-
LMPMTb AMana3oH NauueHToB oT
MnajieHLeB [0 B3pocnbIx. Pacwum-
PEHWE UM YMeHbLLEHWE pa3Mepa
OTAENbHbIX CTPYKTYP NO3BONSIET
MOZeNMPOBaTh pPasfnyHble CTaguu
3aboneBanms. Ha 0cHoBE OfHOV
umdpposoin 3D-Mogenm cepaua
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Another dataset of a child with
patent ductus arteriosus Botalli
(PDA) was used to create a
model of the actual congenital
abnormality, a healthy heart
without any defects, as well as
heart models with atrium sep-
tum defect (ASD) at different
stages of disease, perimem-
branous and muscular ventricle
septum defect (VSD). Besides
variation in size and illustration
of the disease stage, adapta-
tion of shape complexity was
performed according to the
experience level of the trainees
and goals of the training. Medi-
cal students would rather train
on a model with smooth inner
surface and simple representa-
tion of the heart valves, e.g. a
simple narrowing at the posi-
tion of the valve. For proficient
cardiologists, the training
models show a more realistic
trabecular intracardiac surface
structure and realistic heart
valves have been designed and
implemented in the models.

Even More Life-Like with
Pulsatility

The flexible 3D models can be
connected to a circular system
of silicone tubes filled with
water which is impinged with
pulsatile flow. In our setup the
pulsatility is generated by a
ventricular assist device (VAD,
EXCOR® Pediatric VAD, Berlin
Heart GmbH). The pulsing
fluid and pumping heart model

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

provide an even more realistic
training setup. Not only visual
feedback on the transmission
screen of the cath lab is more
life-like with the beating heart.
Also, haptic feedback during
training has been described
as "like in a real patient”.
Moreover, the water filled
pulsatile heart model allows for
a broader range of training ap-
plications. In static 3D printed
models manipulation of wires
and catheters, balloon dilata-
tion, device deployment and
X-ray imaging under minimum
exposure of radiation using
the C-arm can be practiced.
For dynamic 3D beating heart
models also intracardiac pres-
sure measurements as well as
angiographic imaging can be
part of the training schedule.

Realistic Training Environ-
ment

Hands-on trainings often take
place in wet labs or an area
specifically equipped with
hardware and software for the
simulation of a real clinical en-
vironment, i.e. the operating or
catheterization theatre. On the
contrary, the 3D model train-
ing is conducted directly in the
cath lab of the hospital using
the equipment and instruments
of daily clinical routine. The 3D
heart model is placed and fix-
ated on the patient table where
a real patient’s heart would be
located. A silicone tube holding

MO>HO CO3LiaTb MHOXECTBO
BapuaHToB BPOX/EHHOI0 NopoKa
cepaua (BMC) nytem 3akpbiTus
UM hopmMmpoBaHns fedeKTos,
N3MEHEHWS MPOXOAMMOCTY MW Ana-
MeTpa COCy0B, 4TO MOAENMpyeT
CY>KEHME UIK CTEHO3.

OTOT NOAXOA MMEET peLuaroLLee
3HayeHune ans 3D-MoaenvpoBaHms
BPOXXAEHHbIX AedekToB 6e3 KT
nnm MPT v no3sonset co3aasatb
peanucTuyHble 3D-nevaTHble MOAe-
nv cepaLa 6e3 Heo6xoanMMocTH 06-
NyYEHUs UK Cefaumnn NaUnMeHToB.
B cnyyae, Korfa aHaTommn4yeckoe
3D-mMoen1poBanme He CBS3aHo C
KOHKPETHbIM NALNEHTOM, Hanpu-
Mep, Npu 06y4eHUK, 3TOT HOBbIM
noAxoZ4 He 3aBUCUT OT MHBA3MBHbIX
METOZ0B BM3yanu3aLum, nocKombKy
He Kax bl BapuaHT 3D-mopenm
BIC tpebyeT HOBOrO CKkaHMpoBa-
HUS naumeHTa.

Ham ynanock paspa6oTars He-
CKOMbKO pasfinyHbIX MoAenen Ans
TPEHWHIOB HA OCHOBE HECKOMbKMX
HabopoB faHHbIX. Hanpumep,
MOZENM, IMUTUPYHOLLUME CepaLa
MaeHLeB, NOAPOCTKOB M B3POC-
MNbIX C aopTanbHbIM cTeHo30M (AC),
neroyHbIM cTeHo3oMm (J1C), oTKpbI-
TbIM aopTarnbHbIM npoTokomM (OAIT)
1 koapkTaumeit aopTbl (KoA), Gbinu
CO3/aHbl C MOMOLLbIO OfHUX 1 TEX
xe KT - ckaHOB 04HOro naumeHTa.
[pyroi Habop AaHHbIX pebeHKa ¢
HesapaLLeHreM 6oTannosa npo-
Toka (HBIM) 6bin ucnonb3osax Ans
CO3aH1s MOAENM 3TON BPOXAEH-
HOW aHOManuu, 30POBOro CEepALA
6e3 kakux-n1bo aedekTos, cepaLa
C neheKTOM MeXNpeCepAHON

[eTckas kapauonorus

neperopogku (AMMM) Ha pa3Hbix
cTaansix 3a60oneBanus, a Takxe
nepuMeMBPaHO3HbIM W MbILLIEYHBIM
fedekTammn MexoKenya04KoBom
neperoponku (AMXKTT).

ToMuMO 13MEHEHMS pa3Mepa
CepLua v ctaann 3a6onesaHus,
CNOXHOCTb (hOpMbI MOAENM Bbina
afanTupoBaHa B COOTBETCTBIN C
YPOBHEM ObITa 06y4aeMbix U Le-
namu 06y4enns. CTyaeHTam-Meau-
Kam npeAnouTUTENbHEE 06yYaThCs
Ha MOJENM C rMAAKON BHYTPEHHEN
MOBEPXHOCTHIO U MPOCTOM KOH-
CTpyKUMel CepAeYHbIX KNanaHos,
Hanpumep, NPOCTbIM CY>XEHUEM B
MECTE PacnonoXeHus KnanaHa.
YuebHble MOLENW ANs OMbITHBIX
Kapanosoros UMetoT 6onee peanu-
CTUYHYHO TPABEKYNSPHYHO CTPYKTY-
Py BHYTPUCEPLEUHOM NOBEPXHOCTH,
a Takxxe 6onee peanicTyHble
CepAeyHble KnanaHbl.

Ewe 6onblue peanucTMYHOCTY 3a
cyeT nynbcauuu

['mbkue 3D-mozenn MoryT 6bITb
MOAKIHOYEHBI K LIMPKYMPYIOLLEi
CUCTEME M3 CUAIMKOHOBbIX TPYOOK,
3anoHEHHbIX BOJOMW, KOTOpas UMM-
TUPYET NyNbCUPYHOLLMIA KPOBOTOK.
B Halwet ycTaHoBKe nynbcaums
reHepupyeTCs XXenyA04KOBbIM
annapaToM BCMOMOraTesbHOro
kpoBoobpatuerus (VAD, EXCOR®
Pediatric VAD, Berlin Heart GmbH).
O6yuyaroLas Moaenb ¢ NynbCupyHo-
LLei XMAKOCTBIO M COKpaLLaroLLmM-
Csi cepALemM obecrnevmnsaer ele
6onee peanncTuyHble YCnoBns 4ns
00y4eHMS: He TONbKO BU3yarbHas
obpaTHas CBSA3b Ha MOHUTOPE B
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a sheath introducer at its end-
ing is connected to the inferior
vena cava (IVC) for antegrade
and to the descending aorta
for retrograde access to the
cavities of the heart. Via the
sheath introducer wires and
catheters are inserted into the
cardiovascular system of the
simulated patient. Just like in
a real catheterization scenario
the passage of the instru-
ments along the large vessels
towards the heart, passing
the heart valves to enter the
consecutive cardiac cavity,

is hardly visible through the
translucent material of the 3D
printed heart model. Therefore,
visualization of the long instru-
ments and the contours of
the radiopaque cardiovascular
model is performed by X-ray
imaging. A real-time image of
the heart and devices being
manipulated inside can be
inspected on the transmission
screen. Positioning the C-arms
for antero-posterior and lateral
image acquisition as well as
minimum exposure of radiation
are fundamental for diagnostic
and interventional catheteriza-
tion. In the 3D model training
setup, these tasks can calmly
be trained in the clinical cath
lab on a simulated patient’s
heart which is not harmed by
radiation or increased sedation
time. In many cases catheter
interventions are performed
by a first operator handling the

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

X-ray machine and maneuver-
ing the catheter tip or balloon
to the correct position and a
second operator assisting with
the long wires and catheters
and preparing the balloon and
other devices such as stents.
The tasks for both roles as well
as the communication amongst
the two, which is essential for
successful collaboration, can
be practiced during the 3D
model training. As there are

no specific requirements that
need to be met or equipment
that needs to be acquired the
3D model based catheter train-
ing can take place in any cath
lab worldwide.

Experiences with 3D Model
Training

Various 3D model training
courses have followed the
first workshop in March 2019.
Courses took place in Europe
(Germany, Austria) and Afrika
(Ethiopia). The experience level
of the trainees ranged from
medical student to proficient
pediatric cardiologist. The
content of the training sched-
ule as well as the complexity
of the 3D printed heart mod-
els with CHD was adapted
accordingly. Feedback on the
novel training setup was posi-
tive overall. Medical students
value the possibility of getting
first insight into diagnostic
and interventional catheteriza-
tion and to get a feel for the

nabopaTopum KaTeTepuaaunm, Ho 1
TaKkTUnbHas obpaTHas cBA3b Obina
OnmMcaHa «Kak y HacTosLero na-
LmeHTa». bonee Toro, Mogens 3a-
NONHEHHOTO BOAOW NyMbCUPYHOLLErO
cepaua, no3sonseT 0byyats 6onee
LUMPOKOMY CMEKTPY HaBbIKOB.

B cratnyeckux 3D-neyatHbix
MOZENsX MOXHO 0TpabaTbiBaTh Ma-
HWMYNMPOBAHWE NPOBOHMKAMM U
kaTeTepamu, gunataunio 6annoHa,
pa3MeLLeHe YCTPOCTBA U BU3ya-
NU3aUMI0 C MOMOLLBH PEHTTeHOrpa-
¢Ovn NPU MUHUMATBHOM 06TyYeHnu
C MOMOLLbK) PEHTFEHTEXHONOMNK

G- arm. lNpu MCMONb30BaHUM AMHA-
Muyecknx 3D-moaenen paboTato-
LLero cepaLa BO3MOXHO 00y4eHne
TaK1M HaBbIKaM, Kak M3MepeH1e
BHYTPUCEPAEYHOrO AABNEHNS 1
aHruorpagms.

PeanucTtuyHas obyyarowas
cpepna

O6bI4HbIE NPAKTUYECKUE 3aHATUS
4acTOo NPOXOAAT BO «BNAXHbBIX»
nabopaTopusX UM B MOMELLEHH,
cneumanbHO 060pyA0BaHHOM anna-
paTHbIM 1 MPOrpamMMHbIM 0becne-
YEHWEM ANS UMUTALMN PeanbHO
KIMHUYECKOI Cpefbl, T. €. onepauu-
OHHOW Wnu naboparopuu kaTe-
Tepu3sauun. HanpoTus, TPEHUHT

C ucnonb3osanem 3D-mofenm
NPOBOANTCS HENOCPEACTBEHHO B
PEHTreHoNepaLMoHHON B0NbHNLIbI

C UCNOMb30BaHNeM 060pyLOBAHNS
W MIHCTPYMEHTOB NOBCEAHEBHO
KWHUYeCKoi npakTuku. 3D-Moaenb
cepjua pasmeLLaeTcs 1 qukeupy-
€TCS Ha CTONE ANs NaumeHTa, T0
€CTb TaM Xe, rie A0SIKHO 6b110 Bbl

[eTckas kapauonorus

pacnonaratbCs CepALe HacTosLLe-
ro 60/1bHOT 0.

CunukoHoBas Tpybka ¢ MHTPOALHO-
CEPOM Ha KOHLE NOACOEAMHAETCS

K HWXHe nonoi BeHe (HIMB)

ANS aHTerpajgHoro AocTyna u K
HUCXOAALLE aopTe Ans peTporpas-
HOr0 IOCTYNa K NMOSIOCTAM CepaLa.
Yepes MHTPOLLIOCEP NPOBOSHMKM 1
KaTeTepbl BBOAST B CEPAEUHO-CO-
CYAUCTYHO CUCTEMY CUMYSLIMOHHO-
ro nauueHTa. Kak 1 npu peasnbHoi
KaTeTepu3aumi, NPOXoXAeHUe MH-
CTPYMEHTOB 10 KPYMHbIM COCyam
K CepALy ¥ CepieyHble KnanaHbl B
CEPAEYHYH NONOCTb, €ABA BUAHO
yepes nonynpo3padHblii MaTepuan
3D-nevaTHOW MoJeM cepALa.
Buayanuaaumto AnnHHbIX MHCTPY-
MEHTOB W KOHTYPOB PEHTIEHOKOH-
TPaCTHOW MOLENN CepAEYvHO-CO-
CYZUCTOW CUCTEMbI BbINONHAOT

C MOMOLLbI PEHTrEHOrpacuu.
M306paxxeHne cepaua u yCTpomcTs,
KOTOPbIMW MaHUMYNUPYHOT BHYTPY,
B peasibHOM BPEMEHU MOXHO YBU-
[eTb Ha 9KpaHe MOHMTOpA.
Moauumonnposanue C- arms

AN NONyYeHns u306pakeHnin B
nepeaHe3agHeM v 60KOBOM Ha-
MPaBMEHNSIX, & TaKXKe MUHUMAb-
HOE BO3AEWCTBME pasnaLmm UMEeT
OCHOBOMONAraroLLee 3HaueHue ans
AMArHOCTMYECKOM M MHTEPBEHLNOH-
HoM kaTeTepuaaumn. G NOMOLLbH
TpeHuHra Ha 3D-mofensix 9T 3a-
[a41 MOXXHO CrMOKOWHO 0TpaboTaTth
B KIIMHWYECKOW pEHTTeHonepauu-
OHHOW Ha CUMYNSILMOHHOM CepaLe
nauweHTa, KOTOpoe He NOCTpasano
OT pasuaumy Uam yBENMYEHHOro
BPEMEHN ceaaunm.
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Fig. 4: The 3D printed heart model is fixated on the patient table for imaging via the C-arm(s)
of the X-ray machine. Due to the use of radiopaque printing material the contours of the
model are visible for the cardiologists in the X-ray images on the transmission screen.

Puc. 4: HanevataHHas Ha 3D-npuHTepe Mogenb cepaLa ukeUpyeTes Ha CTone nauneHTa ans
BbIMONHEHMS BU3yanu3aumm ¢ noMowbto G - arm peHTreHoBCKOro annapata. bnaroaapst MCnonb3oBaHuto
PEHTTEHOKOHTPACTHOrO NeYaTHOr0 MaTepuana, KOHTypbl MOAENM BUAHbI KAPAVONOram Ha PEHTTeHOB-

CKUX CHUMKAX Ha MOHUTOPE.

manual skills required to work
as a cardiologist. Prospective
pediatric cardiologists appreci-
ate being offered a stress-free
learning environment without
putting patients at risk. Today's
standard teaching methods

in medicine are to transfer
theoretical knowledge directly
to the practical clinical task
with immediate responsibility
for a human live. This approach
is extremely distressing for the
student and the teacher as any
mistake can be dangerous for
the patient. Training on an artifi-
cial model introduces a practi-
cal learning stage which allows
practicing without pressure and
stress, gradually proceeding
from easy to complex tasks
with the possibility of unlim-
ited repetition. Prospective
cardiologists benefit from the
3D model training setup as it

can easily be adapted to their
advanced skill level. Difficult
cases can be trained repeti-
tively, the safe handling of new
instruments and devices can
be tested and practiced, and by
using patient-specific models
optimal preparation for planned
catheter interventions is pos-
sible.

Another application for 3D
model training we have expe-
rienced as extremely valuable
is the education of physicians
in third world countries. We
have conducted trainings
within a project funded by the
GIZ (Deutsche Gesellschaft far
Internationale Zusammenarbeit
GmbH) teaching diagnostic and
interventional catheterization
of pediatric patients to doctors
who never worked in a cath lab
before. In the Ayder Referral
University Hospital in Me-

Bo MHOrMx cnyyasx kaTeTepHble
BMELLATENbCTBA BbINOHAKTCS
nepBbIM ONEpPaTopoM, PaboTaoLLMM
C PEHTIEHOBCKMM annapaToM 1
yCTaHaBNMBAIOLLMM KOHYMK KaTe-
TEpa UM 6annoH B NpaBuibHOM Mo-
NOXXEHUW, a BTOPOIA oneparop no-
MOTaeT C ANWHHbIMU MPOBOSHVUKAMM
W KaTeTepamu 1 NOAroTaBNMBaeT
6annoH, 1 fipyrue yCTPOMHCTBa, Ta-
Kue Kak CTeHTbI. 3aaaum ans o6enx
0nepaTopoB, a TakXXe B3aMMOLen-
CTBWE MEXAY H1MU, HEOBXOAUMbIE
ANs YCNELLHOro COTPYAHMYECTBA,
MOXHO OTpabaTbiBaTh BO BpeMs
06yyeHns Ha 3D-mogenw.
MockonbKy HeT 0cobbIx TPeBOBaHMIA
K cpese 1 060pyLOBaHNI, TPEHWHT
Mo KaTeTepHbIM BMELLATENbCTBAM
Ha ocHose 3D-Moaenu MoXeT npo-
BOANTLCA B t060# nabopaTopuu
KaTeTepuaauum No BCEMy MUpY.

OnbIT 06y4eHmns Ha 3D-Moaensx
Mocne nepBoro TPEHWHra Ha

3D-Mozensix, NpOBELEHHOrO B
mapTe 2019 rofa, nocnenosany
noao6HbIe MpakTMKyMbl B EBpone
(Tepmanms, Asctpus) 1 Adbpuke
(3dmonus). YpoBeHb 06yUatoLLmMxcs
Bapb1pPOBANCs OT CTYAeHTa-MeanKa
[0 OMbITHOTO AETCKOro Kapamo-
nora. Cofep>xanue 3aHsaTvi, a
TaKXXe CNoXHOCTb 3D-neyatHbIx
Mogenei cepava c BIC 6binm
afanT1POBaHbIANS KaX 0K rynmbl
o6yyatowmxcs. OT3bIBbI O HOBOVA
cucteme 06yyeHns, B LiENOM, Bbinu
NONOXMTENbHbIMM.
CTyBeHTbI-MEANKN LEHSIT BO3MOXK-
HOCTb MOMY4MTb NEPBOE Npes-
CTaBEHNE 0 ANAarHOCTU4ECKON W
WHTEPBEHLIMOHHOM KaTeTepu3aumm,
W BbIMONHUTb CAMOCTOSATENbHO
MaHunynsaumn, Heobxoaumble Ans
paboTbl KapAMONOroM. by aywmm
[ETCKMM Kapamosoram HpaBuTcs,
Korja UM npeanaratoT cBo60AHY0
OT HarpsHKEHNs 1 pucka ANs naum-
€HTOB Ccpeny.
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Fig. 5: First and second operator can train their specific roles and the communication amongst each other during the 3D model simulation
training. The image shows the team of cardiologists performing balloon dilatation on a pulsatile 3D printed heart model with CoA.

Puc. 5: IMepsblid 1 BTOPOI 0nepaTopbl MOryT 0CBanBaTh COOTBETCTBYHOLLME HaBbIKV 1 B3aUMOAENCTBIE APy C APYroM BO BPEMS CUMYNSLMOHHOMO 06Y4YeHMs
Ha 3D-mozenm. Ha n3o6paxeHnn nokadaHa KoMaHaa kapamosioroB, BbINOMHSOWAs 6anioHHy0 Aunataumio Ha nynbeupytowlei 3D-neyaTHo Mofenm cepaLa ¢

KoA.

kelle, Ethiopia a team of three
pediatric cardiologists will be
trained on the 3D printed heart
models in catheterization of the
most relevant CHD cases (PS,
AS, CoA, PDA, ASD) with the
aim of being able to perform
the interventions on patients
by themselves after the two
year project. The first two
training weeks have already
taken place focusing on the
interventional treatment of PS.
Once the physicians reliably
performed the intervention on
the 3D models, they were able
to directly transfer the acquired
skills to patients under supervi-
sion of the German trainers. As
a result, 13 patients suffering
from severe pulmonary valve
stenosis were already treated
by the new team of Ethiopian

pediatric cardiologists. Sustain-
ability of the project is guar-
anteed by two measures. The
first is the transfer of knowl-
edge and skills by teaching the
Ethiopian doctors how to treat
their patients through diagnos-
tic and interventional catheteri-
zation. The effect is a lot bigger
and helps a lot more patients
compared to the approach of

a western team of doctors
travelling to Africa and treating
the patients themselves. The
second measure for sustain-
ability — which is particularly rel-
evant in times of the COVID-19
pandemic - is to leave the 3D
printed heart models in the
hospital for continuous training.
This way, the Ethiopian team
can keep on practicing on the
models to consolidate what

CoBpeMeHHble CTaHAaPTHbIE
METOAbI 00y4€eHNs B MeaMLMHE
3aK/TH0HAKOTCA B MPUMEHEHUN
TEOPETUHECKMX 3HAHWIA Henocpes-
CTBEHHO B KIIMHMYECKOW NpaKkTuKe
C OTBETCTBEHHOCTHIO 32 XKM3Hb
yenoseka. Takoi NoaxoA KpanHe
YTOMUTENEH KaK Ans CTYAEeHTa, Tak
W AN npenojaBsaTtens, Tak Kak fito-
6ast owwmbka MoXeT 6bITb onacHa
ANs naumenTa.

MpaKTMKyM Ha UCKYCCTBEHHO
MOZENM NpefocTasnseT atan 06-
y4eHus1, KOTOPbIA NO3BONSET Npak-
TUKOBATb HaBblk1 63 HANPSAXKEHMS
W cTpecca, NOCTENeHHO Nepexoas
OT NPOCTBIX 33a4aM K CIOXHbIM C
BO3MOXKHOCTbO HEOrPAHNYEHHOM0
nosTOpeHus. Byaywimne kapanonoru
nOMyyaroT NONb3y OT CHCTEMBI 06-
y4eHus Ha 3D-Moaensx, nocKombKy
€€ MOXXHO NIerko aaanTuposarb K
WX YPOBHIO HaBbIKOB.

Cno>Hble Cry4an MOXHO Npoxo-
ATb NOBTOPHO, MOXKHO 6€30MacHo
TECTMPOBATb M NPUMEHSITL HOBbIE
WHCTPYMEHTI 1 YCTPOINCTBA, a C
MOMOLLbHO MEPCOHANM3NPOBaHHbIX
MOZEenen OCyLLECTBASATL ONTH-
MarbHy NoAroTOBKY K 3annaHu-
POBaHHbIM KaTETEPHbIM BMeLLa-
TenbcTBaMm. ELe 0fHO NpuMeHeHue
CUMYNSILMOHHOTO TPEHWHra Ha 6ase
3D-mogaenen, KOTOPOe Mbl CHMTAEM
4pE3BbIYANHO LEHHbIM, — 3TO 06-
y4eHue BpaYeii B CTpaHax TPeTbero
Mupa.

MbI NpOBENM TPEHUHIY NO fna-
THOCTUYECKOW U MHTEPBEHLMOHHON
KaTeTepuaLmMu neanaTpuHeckmx
nauneHToB Ans Bpayei, HUKoraa
paHee He paboTaBLUNX B PEHTTEHO-
nepaum1oHHON, B pamkax MpoekTa,
thuHaHcupyemoro GIZ (Deutsche
Gesellschatt fiir Internationale
Zusammenarbeit GmbH).
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they have learned in one week
and to improve their skills fur-
ther. In addition, according to
the “train-the-trainer” principle
new members of the team can
be educated by more expe-
rienced colleagues using the
3D printed hearts even after
our project has expired. This
approach can be transferred to
any country and hospital where
pediatric cardiology has not
been established, yet.

Based on the feedback pro-
vided by the participants of
each workshop the training
setup and the 3D models were
improved gradually. The wall
thickness of the models was
increased where high stress
lead to tearing of the flexible
material, e.g. at the isthmus
stenosis where balloon dilata-
tion was performed. The large
vessels of the 3D model with
pulmonary stenosis were en-
larged for better anchoring of
the wire when introducing the
balloon catheter. The transition
of the IVC to the right atrium
was adapted to allow a more
realistic pathway for the wires
and catheters entering the
right heart structures via the
antegrade access. A tricuspid
valve was designed and inte-
grated at the aortic root for a
more realistic visual and haptic
representation of the intra-
cardiac anatomy. In addition,
the training participants were
asked to fill in questionnaires
to assess the helpfulness of
the 3D models and their ap-
plication in hands-on training.
Feedback was positive overall.
The training was rated as very
helpful and the heart models as
extremely realistic. The haptic
feedback, particularly in the pul-
satile model, was described as
“like in a real patient”. Medical

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

students as well as chief physi-
cians agreed that hands-on 3D
model training should become
a mandatory part in the curricu-
lum for pediatric cardiology.

Conclusion

3D printed heart models rep-
resenting patients with CHD
are suitable for education and
hands-on training of diagnostic
and interventional catheteriza-
tion in pediatric cardiology.

A stress-free environment is
provided to the trainees by

the simulation setup which
allows unlimited repetition and
learning gradually, from easy
to complex. At the same time,
patients benefit from treatment
through well-educated and
trained doctors performing the
planned intervention slickly and
confident.

The training setup is easy

and can be arranged within
seconds. Both roles — first

and second operator — can be
trained as well as the commu-
nication between the two. No
previous knowledge unrelated
to routine catheterization activ-
ity is required as there is no
additional hard- or software
involved, e.g. for virtual reality
(VR) simulation, which makes it
also a cheap option compared
to available VR simulators in
other medical fields. Represen-
tation of visual and particularly
haptic feedback with the 3D
heart models is also more life-
like and closer to reality than
for simulated applications. The
training is conducted in the ac-
tual clinical environment using
the standard equipment of the
hospital’s cath lab. Therefore,
the simulation training based
on 3D printed models can take
place in any hospital world-
wide.

B YH1BEpCUTETCKON KNUHUKE
Angep B Mekenne, Ochmonus, B
pamkax ABYXNETHEro 0byyatoLero
NpoeKTa rpynna u3 Tpex [eTCKux
KapamosoroB 06y4aeTcs ¢ NOMO-
Wbt 3D-neyaTHbIX MOJEneii Cepa-
Lia HaBblkaMm KaTeTepuaaunm npu
BIC (J1C, AC, KoA, OAI, AMIM) ¢
LieMbio AanbHENLLEro BbIMNONHEHMS
y NaLMEHTOB. Y€ NpOoLLW nepBble
ABe HeJenv 06y4eHus, MOCBSILLEH-
Hble UHTEPBEHLMOHHOMY Neve-
Huto J1C. Mocne Toro, Kak Bpa4u
YBEPEHHO BbINONHWIN BMELLATEb-
CTBO Ha 3D-mMopAensX, OHW CMOT N
NPUMEHSATb NOYYEHHbIE HABbIKK

y NauMeHTOB NOA HabNOAEHNEM
HemeLKux npenofasartenei. Tak,
neyenne 13 NauMeHToB C TAXENbIM
CTEHO30M KrlanaHa Nero4Hoi apTe-
puu BbINO NOBEEHO HOBOW KOMaH-
[0 3hMONCKMX AETCKMX KapA1ono-
roB. [lansHewwuee pa3suTie 3TOro
06yyaroLero npoekTa 06ycnoBneHo
AByms (haktopamu. Bo-nepsbix, 310
ObICTPOE 0CBOEHUE 3(HUONCKUMM
Bpayamu ¢ NOMOLLIO CUMYIISILIMOH-
HOro 06y4eHus HaBbIKOB AnarHo-
CTMYECKOMN M MHTEPBEHLMOHHO
kaTeTepu3auuu, C MOMOLLbH KOTO-
PbIX OHW MOTYT CaMOCTOSTENbHO
NeYnTb NauneHToB. Takon noaxos
HaMHOro 3achheKTUBHEE W NO3BONS-
€T NOMOYb 60fIbLLIEMY KONNYECTBY
NauneHToB, Yem N0E3aKM KOMaHbl
€BpONENCKMX Bpayel B CTPaHbI
Adbpuku Ans npesocTaBneHmns
Takoro Bufaa nevenuns. Bropoit hak-
TOP — 370 BO3MOXHOCTb OCTaBUTb
HanevaTaHHble Ha 3D-npuHTEpe
MOZENM CepALa B KIMHUKE NS He-
MPEPbIBHOrO 06YYEHMS, YTO KpanHe
akTyanbHO BO BPEMS MaHAEMUN
COVID-19. Tak1m 06pa3om, Ko-
MaHza 3(1ONCKMX Bpayei MoXeT
NPOLONXaTh NPAKTUKOBATLCS HA
MOZenNsx, 4Tobbl 3aKpenuTb TO,
YeMy OHW HAy4NUIUCh 3a OfHY Hefe-
10, W eLe 60rbLLE YNYYLLIMTL CBOV
npuro6peTeHHble HaBbIki. Kpome
TOr0, COrNacHo NpUHLMNY «0byyan
npenofaeatens» GyayLme kapau-

[eTckas kapauonorus

0107 - NHTEPBEHLMOHUCTbI MOTY T
00y4aThCs Y y>KE 0BYHEHHBIX U
6onee OrbITHbIX KONJEr C NMOMOLLbIO
HanevataHHbIx Ha 3D-npuHTEpe
cepael Aaxe nocne Toro Kak Hal
MNPOEKT 3aBepPLUNTCS. ATOT NOAX0A
MOXeT ObITb MPUMEHEH B Nt060M
cTpaHe 1 60nbHMLe, rae AeTeKas
Kapamonorus eLuye He cosaaxa.

Ha ocHoBe 0T3bIBOB, NPeaoCcTas-
NEHHbIX Y4aCTHMKAMM KaXxaoro
TPEHMHIA, CXeMa 06yyeHns 1
3D-mofenu NOCTEeNeHHO ynyyLlia-
nucb. TonwwmHa CTEHOK Mofenei
Obina yBennyeHa Tam, rie BbICoKue
HarpysKku NpUBOAKMAM K pa3pbIBy
rmbkoro Matepuana, Hanpumep
Mpu CTEHO3aX, KOrAa BbINOMHANACh
6annoHHas gunataums. KpynHole
cocyabl 3D-MOAEeNM CO CTEHO30M
NEeroYHon apTepuu Bbinun pac-
LUMPEHBI ANs NyyLlei dukcaumm
MPOBOAHMKA NPY BBELEHNM
6annoHHoro katetepa. [Mepexoa
HIB B npasoe npeacepane Obin
U3MeHeH, YTobbl 06ecneumnTs 6onee
peannuCTUYHbINA NYTb AN NPOBOAOB
W KaTeTepoB, KOTOPbIE BBOASTCS B
CTPYKTYpbI MPaBOro cepaLa Yepes
aHTerpagHbli goctyn. Ans 6onee
PEaNUCTUYHONO BU3YanbHOrO U
TaKTU/bHOrO NMPEACTaBNEHNS
BHYTpUCEPAEHHON aHaToOMU Bbin
CKOHCTPYWPOBaH 1 BCTPOEH B
KOpEHb aopThbl TPEXCTBOPYATLIA
knanaH. Kpome T0ro, y4acTH1KoB
TPEHMHIa NONPOCUIM 3aNONHUTb
OMPOCHMKM, YTOBbI OLEHNTb NONes-
HOCTb 3D-MOfenei 1 ux npumeHe-
HWe B NpakTu4eckom obyueHnu. B
LIeNIOM OT3bIBbl MONOXMTENbHbIE:
06y4eHue BbINo OLIEHEHO KaK O4eHb
nonesHoe, a Mofenu cepaua — Kak
4pe3BbIYANHO peanucTUYHbIe. Tak-
TUrbHas 06paTHas ces3b, 0COOEH-
HO B Ny/bCUPYHOLLE MOJENK, Bbina
0nMcaHa Kak «Kak y HacTosLero
nauvenTa». CTyAeHTbI-MEANKY,

a TaKkxe BedyLume Bpaum corna-
CUIIUCb C TeM, YTO NpaKTU4YECKoe
06y4eHue ¢ nomoLbo 3D-mopenei
[OMKHO CTaTb 0653aTenbHON
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For the creation of a variety of
3D heart models representing
CHD cases new methodolo-
gies have been implemented
using 3D processing software.
Thereby, the goal was to
generate variants of 3D models
based on a single CT or MRI
scan to save radiation and se-
dation in pediatric patients. For
this purpose, a patient-specific
model created from a cardiac
scan is modified using different
design tools. The modifications
and design adaptations are per-
formed by an engineer in close
collaboration with a physician
to ensure realistic outcomes.
This way, an unrestricted
number of cases of variant 3D
heart models can be produced
with the need of only a small
number of scans. Due to the
versatility and adaptability of
the 3D printed heart models
the hands-on training is appli-
cable along the entire learning
curve, from medical student to
proficient cardiologist.

Our early experiences with the
conducted workshops have
shown the potential of the

3D models simulation train-
ing. To confirm and quantify
the benefits and first positive
results further trainings will
take place in Europe. Moreo-
ver, groups of students with
and without 3D model training
as part of their curriculum will
be followed up long-term. The
Ethiopia project will continue
and hopefully restrictions due
to the COVID-19 pandemic
will soon allow travelling again.
The next step in the project
will be to teach and provide
models for the remaining CHD
cases most relevant for the
patient spectrum of Ethiopia.
Finally, a new drive unit for the
training setup with pulsatile

flow will be constructed. The
associated drive unit for patient
use is large, heavy and expen-
sive. We want to implement

a small and cheap alternative
facilitating transportation of the
dynamic training setup with
pulsatile flow. Finally, we want
to provide the novel hands-on
simulation training using ver-
satile beating 3D printed heart
models to any prospective or
proficient cardiologist around
the world so that they can start
well-prepared into the cath lab.
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[eTckas kapauonorus

Mbl HAZEEMCS, YTO CHATUE OrPaHm-
yeHni u3-3a naHgemun COVID-19
BCKOpE M03BONSIT HAM CHOBA
NyTELWeCTBOBATL C LieMbto 06yye-
Husi. CrepytoLLmMM LwaroM B NpoexTe
OyzeT 06yueHre 1 NpefoCcTaBneHune
MOZeNe Ans Apyrux ciyvaes

BIC, Hanbonee noaxoaswumx ans
cnekTpa naumenToB ddmonuu. Ha-
KOHeLl, 6yeT NOCTPOEH HOBbIA MPK-
BOA AN CUCTEMbI C My bCUPYHOLLIMM
KPOBOTOKOM, MOCKOMbKY MOKa eLue
TaKou NpuBoS 60bLLON, TSXKENbIA
W foporoi. Mbl xoTum paspabotarb
HebOMbLLOW 1 6onee JOCTYMHbIi

MO CTOMMOCTY aflbTEPHATUBHbIN
BapWaHT, YTO 06NErYMT TPAHCNOpP-
TMPOBKY AVMHAMMYECKON MOLENH C
NYNbCUPYHOLLMM KPOBOTOKOM.
HakoHeL, Mbl XOT1M NpefocTaBnTL
HOBOE NPAaKTUYECKOE CUMYNSALIMOH-
HOE 06y4eHME C UCTIONb30BAHUEM
YHUBepCanbHbIx 3D-nevyaTHbIX Mo-
Aenei cepaua BCEM NOTeHUManb-
HbIM WU OMbITHLIM KApPAMOSIOraMm
BO BCEM MUpE, YTOBbI OHU MOr N
XOPOLLO NOAroTOBUTLCS K padoTe B
nabopaTopum KaTeTepU3aLMK.

BbipaxeHue 6narogapHocTu
VAD v npuBOL Ans TpEHaxepa ¢
WUCMONb30BaHNEM MyNLCUPYHOLLIEH
3D-mozenu cepaua 6binu npeso-
CTaBneHbl Mpou3soanTenem Berlin
Heart ans uccnenosarenbCkux
Lene.

MpoexT Klinikpartnerschaften
(KnuHnyeckoe napTHepCTBO)
MEeXZy KNMHWKO YHuBepcuTeTa
LMU v knuHvkon Ayder Yuusep-
cuteta Mekelle dpuHancupyeTcs
HEMELKMM areHTCTBOM PasBuTus
GIZ (Deutsche Gesellschaft fiir
Internationale Zusammenarbeit
GmbH).
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Abstract

Globally, chronic viral hepatitis
is caused in the majority of
cases by the hepatitis B virus
(HBV), its associated defective
hepatitis delta virus (HDV) and
the hepatitis C virus (HCV).
Their structure and genetic
organization as well as their
global burden are known in
great detail and have been suc-
cessfully translated into impor-
tant clinical applications, such
as their sensitive and specific
diagnosis, therapy and preven-
tion of the associated liver
diseases, including cirrhosis
and hepatocellular carcinoma.
In 2015, worldwide about

260 million individuals were
infected with HBV and about
70 million by HCV. These infec-
tions are a leading cause of
death with an estimated 1.34
million deaths per year, similar
to other infectious diseases, in-
cluding HIV/ AIDS, malaria and
tuberculosis. While it is now
possible to prevent hepatitis B
and hepatitis D by vaccination

against HBV and to cure hepa-
titis C by novel therapies with
direct acting antiviral agents
(DAASs), the World Health
Organization (WHO) goals

are the elimination of these
infections by 2030. This project
poses a major challenge to the
medical community as well as
to the health care authorities.
Most importantly it requires a
universal commitment and the
coordination of the appropriate
public health interventions.

Introduction

After the discovery, specific
and sensitive detection of
hepatitis B (1968), D (1977) and
C virus infections (1989) (Fig.
1), their epidemiology, natu-

ral course and global burden
were studied in great detail.

At the same time therapeutic
and preventive strategies have
been developed with the aim
to reduce the prevalence of
these infections and to eventu-
ally eliminate them [1].

HBYV Infection. HBV infection
is a serious global public health
problem (Fig. 2a and 2b) with
about 260 million people chron-
ically infected [2]. It accounts
for 500°000-1.2 million deaths

BupycHbiii renatut

JiukBupauums
XPOHMYECKoro
BUPYCHOIO
renaTtuta Bo
BCeM Mupe

KnioueBble cnosa

renatut B, renatut D, renatut C,
LMpPO3 NeYeHu, NeveHouHas Hepo-
CTaTO4HOCTb, renaToLennonspHas
KapuMHOMa, Mepbl MPOGUNaKTHKK,
BaKLMHaumsi, NpOTMBOBMPYCHAS
Tepanus

Tesucel

Bo BCEM MUpe XpOHUYECKMiA
BMPYCHbIiA renaTuT B B0MbLUMHCTBE
Cry4aes BbI3bIBAETCSH BUPYCOM
renaTuta B (HBV), accoumnmposan-
HbIM C HUM [IeDEKTHBIM BUPYCOM
penvta renaruta (HDV) v Bupycom
renatuta C (HCV).

Wx CTpyKTypa 1 reHeTuKka, a Takxe
rno6anbHoe 6peMs BbI3bIBAEMbIX
nMm 6011€3HEN U3yUeHbl 04EHD
NoAPO6HO, 1 3TN 3HAHUSA YCTELLHO
NPUMEHAOTCS B KIMHUYECKON Npak-
TUKE — B CNELNUYECKON U TOUYHO
AMArHoCTMKE, a TaKXKe B Tepanuu 1
NPOCHUNAKTUKE CBA3AHHBIX C HUMMU
3a60/1eBaHMiIA NEYEHM, BKIHOYAS
LIMPPO3 W renatoLentonspHyo
KapuuHOMY.

HecMoTps Ha To, 4TO ceivac
BO3MO>XXHO NPeoTBPaTUTL pas-
BuTHe renatuta Burenatuta D ¢
NoOMOLLbHO BakUMHauuu npotus HBV
W BbineunTb renatut G ¢ NOMOLLbIO
HOBOW Tepanuu NPOTUBOBUPYCHbIMM
npenaparamu npsiMoro AeicTeuns
(MAN4), uens BeemmnpHoi op-
raHW3auum 30paBoOXpaHeHus

(BO3) — nomnHas nMKBUAALMS 9TUX
nHchekuunin K 2030 rogy. 3ToT npo-
€KT — CEpPbe3HbIN BbI30B Kak s
MEeZMLIMHCKOr0 COOBLLECTBA, Tak

W OIS OPraHoB 34PaBOOXPAHEHNS,
1 TpebyeT BCeoOLLEel CaMooTBep-
XXEHHOCTU 1 KOOPAMHALMM BCEX
MeponpUATHA 0BLLECTBEHHOMO
30paBOOXPaHEHNS.

BsepeHue

lMocne OTKpPLITUS BMPYCOB U Cnew-
NMYHBIX BbICOKOYYBCTBUTENBHbIX
METO/I0B AMArHOCTUKM renaTuToB

B (1968), D (1977) n C (1989) (Puc.
1), 61N AETANbHO U3y4eHbl anuae-
MWUONOrKS, TeYEHNE 1 rnobanbHoe
Bpemst aTux BonesHei. Taikoke Obinm
pa3paboTaHbl TepaneBTUHeckue u
npochunakTMyeckue CTpaTermm ¢
LieNbio CHUXKEHWS 3a60NEBAEMOCTM
3TUMM MHADEKLMAMM U, B KOHEYHOM
UTOre, UX MONHOW MMKBMAauMK [1].

HBV - undekumsa. HBV - nHdexums
ABNSETCS Cepbe3HOM 0BLLEMMPOBONA
npo6nemoit 06LLECTBEHHOO 34pa-
BoOXpaHeHus (Puc. 2a u 2b): okono
260 MWNIMOHOB YeNOBEK B M1PE
SBASKOTCS XPOHUUECKN MHEPMLMPO-
BaHHbIMK [2]. Ha 370 3a6onesaHue
npuxoputcs 500 000 — 1,2 munnu-
OHa CMepTelt B rofi, NO3TOMY OHO
sBnsietcs 10-1 BefyLUel NPUYNHON
CMEPTY BO BCEM MMpe.
PacnpocTtpaHeHHocTb HBV - uH-
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BupycHbiid renatut

HBV DNA

HBsAg

HBV

HDV

HCV

Fig. 1: Hepatitis B virus (HBV), hepatitis delta virus (HDV) and hepatitis C virus (HCV). HBsAg:
hepatitis B surface antigen.

Puc. 1: Bupyc renatuta B (HBV), Bupyc renatuta aenbta (HDV) u Bupyc renatuta C (HCV). HBsAg:

ﬂOBerHOCTHbIVI aHTureH renatuta B.

per year and is the 10th leading
cause of death worldwide. The
prevalence of HBV infection
varies markedly in different
geographic and in different
population subgroups. The area
with the highest hepatitis B
surface antigen (HBsAg) preva-
lence of > 8 % is Western
sub-Saharan Africa, followed
by Eastern sub-Saharan Africa,
Central Asia, Southeast Asia,
China and Oceania with a high
intermediate prevalence of

5-7 %, Latin America, Eastern
Europe, North Africa, the Mid-
dle East, Turkey, Afghanistan,
Pakistan, India and Australia
with a low intermediate preva-
lence of 2-4 % and the US and
Canada, Central America, Brazil
and Western Europe with a
low prevalence of < 2 % [3].
From 1990 to 2005 the preva-
lence of chronic HBV infection
decreased in most regions.
This was most evident for Cen-
tral sub-Saharan Africa, Tropi-
cal and Central Latin America,
Southeast Asia and Central
Europe. Despite the decreasing
prevalence, the absolute num-
ber of HBsAg-positive individu-
als increased from 223 million
in 1990 to 240 million in 2005.
The decline of HBV infection

prevalence may, at least in
part, be related to expanded
immunization, suggested by
the strongest decline found

in South East Asian children
[3,4]. In the US, the HBsAg or
anti-HBc prevalence in adults
changed little during the period
of 1999-2006 compared to
1988-1994 while it significantly
decreased in children, reflect-
ing the impact of global and
domestic vaccination [5].

HDV Infection. HDV infection
is traditionally endemic in cen-
tral Africa, the Amazon Basin,
Eastern and Mediterranean
Europe, the Middle East and
parts of Asia. HDV is a defec-
tive RNA virus and occurs only
in association with HBV. Data
regarding the global burden of
HDV infection are somewhat
limited, however [6]. There
are 8 HDV genotypes; their
geographic distribution and the
worldwide prevalence of HDV
infection are well established
[7]. Longitudinal studies have
shown a decrease in HDV
prevalence in some endemic
regions, such as ltaly where in
HBV infected individuals the
prevalence of HDV infection
has decreased from about 25

heKunmM 3aMeTHO pasnnyaeTcs B
pasHbIX reorpadm4eckux permnoHax
W B Pa3HbIX MOATPYNNax HaceNeHus.
PaiioH ¢ camoii BbICOKOW pacnpo-
CTPAHEHHOCTbO MOBEPXHOCTHOMO
auturena renatuta B (HBsAQ)>
8% — aT0 3anaaHas Adpuka

K tory oT Caxapbl, 3a KOTOPO
cnepytoT BoctouHas Adpuka K tory
o1 Caxapbl, LieHTpansHas Asus,
tOro-BocTouHas Asus, Kutaii
OkeaHus C BbICOKMM CPESHEM YPOB-
HEM PacnpPOCTPaHEHHOCTU 5-7%;
Jlatunckas Amepuka, BocTouHast
Espona, CesepHas Adpuka, banx-
Huit BocTok, Typuws, AdranucTan,
MakncTaH, NHaus v ABcTpanus ¢
HW3KOW CPefHE! pacnpoCTpaHeH-
HOCTbH0 2-4%; CLLIA n KaHaga,
LleHTpansbHas Amepuka, Bpasunns
v 3anapHas Espona ¢ H13Ko# pac-
MPOCTPaHEHHOCTBIO <2% [3].

C 1990 no 2005 rop 3a6onesae-
MOCTb XpOHUueckoi HBV - nHdex-
Lmei CHU3Mnach B 60MbLIMHCTBE
PErnoHoB. ATo 6biNo Hanbonee
04eBuMaHO ans LieHTpanbHon Ad-
pukm K tory oT Caxapbl, Tponuye-
CKOW 1 LieHTpanbHoi J1aTuHCKOM
Awmepukm, KOro-BocTouHoin Asun u
LleHTpansHoi EBponsl. HecMoTps
Ha CHWXeHWe nokasaTens pac-
NPOCTPaHEHHOCTM 3ab60neBaHus

B PsIAe PernoHoB, abcontoTHoe
uncno HBsAg-nosnTUBHbIX Ntoaen
YBENMYNNOCH C 223 MUNJIMOHOB B

1990 rogy £o 240 MUIIMOHOB B
2005 rogy.

CHWKeHWe pacnpocTpaHeHHOCTH
HBV - uHcbekummn MoXeT, no Kpai-
Heii Mepe 4acTU4HO, BbiTb CBA3AHO
C PaCLUMPEHNEM UMMYHW3ALMM, O
YeM CBUAETENbCTBYET CyLUECTBEH-
HOE YMeHbLLeHWe 3a60neBaemMocTy
LaHHOW UHchekument y peTei Koro-
BocTouHoii Asum [3,4].

B CLUA nokasaTenb BCTpe4aeMo-
ctv HBsAg wnu aHTtuten anti-HBc
Yy B3pPOC/IbIX Marno U3MEHMICS B
nepuon 1999-2006 roaos o cpas-
HeHuto ¢ 1988-1994 rogamu, B TO
BpeEMs! Kak y AeTel OH 3HAUMTENbHO
CHU3WICS, YTO OTPAXAET BNMSHME
BaKUMHALMM B MUPE B LIETIOM U B
OTAENbHbIX CTpaHax [5].

HDV - undpekuus. HDV - nHdbek-
LS TPAAMLMOHHO SHAEMUYHA B
LleHtpanbHoit Adpuke, 6acceitHe
Ama3oHku, BocTouHoit 1 Cpeansem-
Homopckoii EBpone, Ha BrivxHeM
BocToke 1 B HEKOTOPbIX YacTsIX
Asun. HDV sBnsieTcs BUPYCOM C
pechextHoi PHK v BCTpeyaeTes
TOMBKO B accounaumm ¢ HBV.
OnHako faHHble 0 rnobansHoM
GpemeHm aToii 60Ne3HN BO BCEM
MUPE HECKOMBKO OrpaHmnyeHbl [6].
CywecTsyet 8 reHotunos HDV; nx
reorpacpuyeckoe pacnpenenenve
n pacnpocTtpaHeHHocTb HDV - uH-
ekumn ycTaHoBneHsl [7]. Mpo-
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% in 1983 to 8 % in 1997 [8].
Similar trends were observed
in Spain, Turkey and Taiwan, for
example. On the other hand,
while epidemiological studies
showed that HDV prevalence
in HBV infected individuals
remains in general < 10 % it is
as high as 70% in some devel-
oping countries/ areas such as
Nigeria, Gabon, Iran, Pakistan,
India, Takjikistan and Mongolia
as well as the western Brazil-
ian Amazon [7]. Further, in
northern Europe and the US
HDV infection still is a health
care problem. While HDV
prevalence is stable in France,
it increased in London/ England
from about 3 % in the 1980s
to about 9 % in 2005 [9]. Also
in Germany, after a decrease
of anti-HDV prevalence from
about 19 % in 1992 to about
7% in 1997, since 1999 an in-
crease to about 14 % has been
documented [10]. This increase
is in part caused by migrants
from regions with a high HDV

prevalence or by still occur-
ring clustered outbreaks, e.g.,
in Greenland [11] or Mongolia
[12].

HCV Infection. As shown in
Fig. 2a and 2b HCV infection is
endemic worldwide with about
71 million infected people [13].
It shows a significant geo-
graphic variability with the high-
est prevalence rates, based on
anti-HCV positivity, in North Af-
rica, the Middle East as well as
Central and East Asia (>3.5%).
Intermediate prevalences (1.5-
3.5 %) are found in Central and
Southern Latin America, the
Carribean, Central, Eastern and
Western Europe, sub-Saharan
Africa, South and Southeast
Asia as well as Australia. A low
prevalence of HCV infection (<
1.5 %) has been documented
in North America, Tropical Latin
America and the Asia Pacific
region [14].

Currently, the published data

are inadequate to describe the

LONbHbIE UCCNEAOBAHNA NoKasanu
YMEHbLLEHWE YaCTOTbI BCTPEYaEMO-
¢ HDV B HEKOTOPbIX 3HAEMUYHBIX
perunoHax, Takux kak Mranus, roe

Y MH(OMLUMPOBaHHBIX UL KO3hK-
LIMEHT pacnpocTpaHerHocT HDV

- MHCDEKLMN CHU3MICS MPUMEPHO

¢ 25% B 1983 roay 1o 8% B 1997
roay [8]. MoaobHbIE TeHAEHLMN
TaKkXXe Habmofanucb, Hanpumep, B
Wcnanum, Typumn 1 Taiisane.

C Dpyroii CTOpOHbI, HECMOTPS

Ha TO, YTO 3NUAEMUONOTNYECKME
WUCCrnefoBaHns nokasanm, YTo pac-
npocTpaHeHHocTb HDV - uHdhekumm
y v, MHpMumMpoBaHHbix HBY,

B Lienom coctasnset <10%, oHa
pocturaet 70% B HEKOTOPbIX pas-
BWBAIOLLMXCS CTPAHaX / peruoHax,
Takux Kak Hurepus, [aboH, VipaH,
Makuctan, NHauns, TagxukucTaH

1 MoHronus, a Takxe 3anagHas
Bpasunbckas AmasoHka [7].

bonee Toro, B CesepHoii EBpone

v CLUA HDV - nHdbexuns Bee eLue
sBNseTCa Npobnemon ans 3apaso-
OXpaHeHus. B To Bpems Kak pac-
npocTpaHeHHocTs HDV ocTaeTcs
cTabunbHon Bo OpaHumun, oHa

yBenuumnach B JIOHROHE / AHrum
¢ npumepHo 3% B 1980-x rogax o
npumepHo 9% B 2005 rogy [9].
Taxxe B ['epManum nocne cHuxe-
HUWsl MOKa3aTens BCTPe4aeMoCTH
aHtuten k HDVc npumepHo 19% B
1992 r. 1o npumepHo 7% B 1997,
¢ 1999 r. 661110 3aperucTpUPoOBaHO
€ro yBennyeHue npumepHo o 14%
[10]. OTOT pOCT YaCTMYHO BbI3BaH
NpUBbLITUEM MUTPAHTOB U3 PEruo-
HOB C BbICOKOW PacnpoOCTPaHEHHO-
cTbio HDV mnu Bee elwe nponcxoas-
LMK KNACTEPHBIMU BCTbILLKAMY,
Hanpumep, B 'pernangmu [11] unu
MoHronum [12].

HCV - uidekuus. Kak nokasaHo
Ha Puc. 2a n 2b, HCV - uHdbekums
ABNSETCS HAEMUYECKON AN BCEN
NNAHETbI: B MAPE HACUMTLIBAETCS
71 MUINIMOH MHAPULIMPOBAHHBIX
nrogen [13]. Mpn aTOM 0TMEvaeTCs
3HauuTenbHas reorpacnyeckas sa-
prabenbHOCTb C CambIMU BbICOKMMM
rnokasaTensMu pacnpocTpaHeHHo-
cTu, 6asupytolummimcs Ha anti-HCV
noautusHocTu, B CeepHoit Adpu-
Ke, Ha brmxxHem BocToke, a Takxe
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Fig. 2a and 2b: Disability-adjusted life-years (per 100,000 population and year) caused by hepatitis B and C
worldwide (2a) and in Europe (2b) [22].

Puc. 2a v 2b: ['oabl XXn13HKM, CKOPPEKTUPOBaHHbIE No HeTpyaocnocobHocTH, DALY (Ha 100 000 Hacenerus u

rof), Bbl3aBaHHoi renatutoM B v C Bo BceM Mupe (2a) v B EBpone (2b) [22].

true disease burden. Never-
theless, it appears that HCV
infection is the most common
form of viral hepatitis in the
European Union. The HCV-
related mortality in the US has
significantly increased between
1999 and 2007 from about 3 to
about 5 per 100,000 population
with major risk factors being
chronic liver disease, coinfec-
tion with HBV or HIV as well as
alcohol-related conditions [15].

Global Burden of Chronic
Viral Hepatitis Associated
Liver Diseases

HBV (world-wide ca. 260
million infected individuals),
HDV (10-20 million world-wide
infected individuals) and HCV
infections 8 a. 70million world-
wide infected individuals) are
the cause of significant morbid-
ity and mortality, depending on
the global, regional and national
prevalences of these infections
and the incidences of their as-
sociated liver diseases.

Chronic HBV and HCV infection
and their associated liver dis-
eases, i.e., liver cirrhosis and
HCCs [16] [17], are responsible
for the tremendous disease
rate worldwide, especially in
Asia and to lesser degree in
Europe and for more than 1
million annual deaths world-
wide (Fig. 3) [18]. In fact, by
2040, the deaths from chronic
hepatitis B and C are expected
to exceed the combined
mortality associated with HIV
infection, tuberculosis and
malaria [19].

Worldwide Elimination of
Chronic Viral Hepatitis B
and C

While it is now possible to
prevent hepatitis B and to cure
hepatitis C the WHO goals are
for HBV infection a decrease
from 4.7 million new cases
and 884,000 deaths in 2015
to 470,000 new cases and
309,000 deaths in 2030 and
for HCV infection a decrease

B LieHTpanbHoi 1 BocTouHon Asum
(>3,5%).

CpefHss pacnpocTpaHeHHOCTb
(1,5-3,5%) HabntoaaeTcs B Lien-
TpanbHon n KOXxHOW J1aTUHCKON
Amepuke, Kapubekom bacceitHe,
LleHTpansHoi, BocTouHol n 3a-
nagHoi Espone, B Adpuke K tory
ot Gaxapbl, KOxHon u KOro-Boc-
TOYHOM A3uu, a Takxe B ABCTpa-
nun. Huakas pacnpocTpaHeHHOCTb
HCV - uHdbekumm (<1,5%) bbina
3apeructpupoBaHa B CeBEpHOi
AmMepyke, TPONMUECKON J1aTuHCKoM
Amepuke n A3natcko-TruxookeaH-
CKOM peruoHe [14].

B HacTosiLLee Bpems HefocTaToy-
HO OMyBMKOBAHHbIX AaHHbIX A5
ONMCaHUst UCTUHHOTO 6peMEHM
6one3Hn. TeM He MeHee, NOXOXe,
410 HCV - nHdhekums asnsetcs
Hauboree pacnpocTpaHeHHO
(hOpMO¥i BUPYCHOrO renaTuta B
Esponeiickom Cotose. lMokasatens
cmepTHOCTHM 0T HCV — nHdbekumm
B CLLIA 3HaunTenbHO yBENMUMNCS
B nepwog ¢ 1999 no 2007 roa: ¢
npumepHo 3 o npuMepHo 5 Ha 100
000 Hacenexust, Npu 3TOM OCHOB-

HbIMK (haKTopamu pucka ABnsoTCs
XPOHUYECKNE 3a60MeBaHNs NeyeHw,
HBV - unu BUY - koundpekums, a
TaKXXe COCTOAHMSA, CBA3AHHbIE C
3noynoTpe6neHreM ankorons [15].

nobanbHas 3a6onesaeMocTb
XPOHNYECKUMU BUPYCHBIMU re-
naTMTaMu, acCOLMUPOBaHHBIMU C
3aboneBaHUAMM NeYeHun

HBV (okono 260 MUINMOHOB UHK-
LIMpOBaHHbIX BO BCeM Mupe), HDV
(10-20 MUNAMOHOB MHEMLMPOBAH-
Hbix B Mupe) n HCV (70 MunanuoHoB
WHULIMPOBAHHBIX MO BCEMY MUPY)
ABNSOTCA NPUUMHON 3HAUUTENBHOM
3a60/1€BaEMOCTHU M CMEPTHOCTH,
KOTOPbIE 3aBUCST OT rnobanbHoOM,
PErvoHanbHoM 1 HaLUMOHaNbHOM
pacnpoCcTPaHEHHOCTM ATUX UHAEK-
LIMiA, ¥ CBSI3aHHbIX C HUMK 3abone-
BaHWIn NeyeHu.

Xponuyeckue HBV- n HCV- nHdpek-
LIUM 1 CBS3aHHbIE C HUMK 3abone-
BaHWs NEYEHM, HANPUMEP, LMPPO3
neyeHu 1 renaToLenonsapHas
kapumHoma UK [16] [17], ocTatoTcs
MPUYMHON 3HAUMTENLHOM 3abone-
BaEMOCTM BO BCEM MUPe, 0CO6EHHO
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from 1.75 million new cases
and 400,000 deaths in 2015

to 175,000 new cases and
140,000 deaths in 2030 and
(Global Hepatitis Report. Ge-
neva: World Health Organiza-
tion, 2017) [1]. Viral elimination
is defined as a 90 % reduction
of new infections and a 65 %
reduction of infection-associ-
ated deaths related to a 2015
baseline. Modelling studies
for HBV and HCV infection, re-
spectively, suggest that these
goals can be achieved by 2030
[20,21].

Globally there are 20 heavily
burdened countries that ac-
count for more than 75 % of
patients with viral hepatitis B
and C, respectively. Key issues
are affordable high-quality
diagnostics and measures to
improve access to vaccination
and antiviral treatment as well
as efforts to tackle stignma and
discrimination. Indeed, pro-
gress has been made already
in many countries throughout
the world, demonstrating that
sustained and coordinated
efforts can be successful in
achieving the WHO elimination
goals by 2030 [22].

Elimination of HBV / HDV and
HCV Infection: General
Measures. Apart from test-

ing and treatment of HBV- and
HCV-infected individuals, to
achieve these goals for HBV

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

infection is the universal
realization of newborn immu-
nization to prevent perinatal
HBV transmission and for HCV
infection the antiviral treat-
ment of chronically infected
individuals. For both infections,
the safety of blood and blood
products as well as the imple-
mentation of infection control
programs are of paramount im-
portance [22,23]. These include
elimination of unsafe injection
practices by avoiding reuse of
unsterilized syringe or needles
as the leading source of HCV
infection [21] [24]. Another
important aspect is the better
access to diagnostics, including
non-hospital settings, vaccina-
tion and antiviral therapies.

Vaccination: Key to Elimina-
tion of HBV and HDV Infec-
tion. Therapeutic strategies
for chronic hepatitis B include
pegylated interferon (PeglFN)
alfa-2a or 2b for 48 weeks or
long-term oral treatment with
a nucleos(t)ide analog, such as
adefovir, entecavir (off-patent
since 2018 except for Rus-

sia and China), lamivudine,
telbivudine, tenofovir disoproxil
fumarate (off-patent since 2018
except for Russia and China)
and tenofovir alafenamide.
While IFN-based 6-12 months
treatment strategies result in

a sustained viral response in <
25 % of patients, nucleos(t)ide
analogs can effectively sup-

B A31n 1, B MEHbLLEN CTENEHM, B
Espone, a Takxe npuunHon 6onee
1 MUNIMOHA CMEPTel B rof, BO BCEM
mupe (Puc. 3) [18]. DakTuueckm, K
2040 rogy 0>XugaeTcs, 4To CMepT-
HOCTb OT XPOHUYECKNX renaTuToB

B v C npeBbICUT KOMBUHUPOBAH-
HY0 CMEPTHOCTb, CBSI3aHHYIO C
BWY-uHcbekumen, Ty6epKyne3om u
manspuen [19].

BcemupHas nukBuaaums
XPOHUYECKNX BUPYCHbIX
renatutoe BuC

HecMoTps Ha T, 4TO B HacToOsLLEe
BPEMS BO3MOXXHO NPefoTBpaTnTh
pasBuTHe renatuta B u naneunTs
renatuT C, uenv BO3 oTHocuTENb-
HO HBV - nHbekumm 3akntovatoTes
B CHWXKEHUM KONMYECTBA HOBbIX
Ccnyyaes ¢ 4,7 MUNNUOHA W uMcna
cmepTei ¢ 884 000 B 2015 rogy Ao
470 000 1 309 000, coOTBETCTBEH-
Ho, B 2030 roy, a B OTHOLLEHMM
HCV — uHhekunm — B CHUXKEHUN
HOBbIX CNy4aes 3a60N1eBaHNs ¢
1,75 MUNIMOHOB 1 YKCra CMEPTEN
400000 B 2015T. 8o 175000 v 140
000, cooteTcTBEHHO, B 2030 T.
(Global Hepatitis Report, >KeHesa:
BcemupHas opranusaums 3npaso-
oxpaHenus, 2017) [1].
OnUMUHALMS BUPYCOB Onpefe-
NSETCS Kak CoKpaLLeHe ymcna
HOBbIX CNy4aeB uHekumii Ha 90%
W CHUXXEHME YMcna CMEepTEN, CBS-
3aHHbIX C MH(DEKLMAMM, HA 65% MO
CPaBHEHWIO C MCXOLHBIM YPOBHEM
2015 roga. Uccnenosanus mogenu-
poBannsg HBV- n HCV-undhexumi,
COOTBETCTBEHHO, MPeAnonaratoT,
YTO 3T LienM MOryT BbITb AOCTHI-

BupycHbiid renatut

HyTbl k 2030 rogy [20,21].

B mupe cywecTsyeT 20 cTpaH ¢
BbICOKOW 326011€BaEMOCTbHO, Ha
KOTOpble NpuxoauTcs 6onee 75%
NauMeHTOB C BUPYCHbIM renatuTom
B u C, cooTBeTcTBEHHO. KntoueBble
3a/ia4y BKIOHAKT KOMMEPYECKYH0
LOCTYMHOCTb BbICOKOKAYECTBEH-
HbIX AMArHOCTUHECKMX CPEACTB

1 Mepbl MO yMyYLEeHNO 4oCTyna

K BakuMHauuy 1 NpoTUBOBMpYC-
HOMY NTeYEHMIO, @ TaKXXe yeunus

no 60pb6e €O CTUrMaTM3aumnen u
AMCKpUMUHALMEN. BMecTe ¢ Tem,
BO MHOTWX CTpaHax Mupa yxe 6bin
LOCTUTHYT NPOrPECC, AEMOHCTPM-
PYHOLLMIA, 4TO NOCNe0BATENbHBIE U
CKOOPAMHMPOBAHHbIE YCUMIUS MOTYT
ObITb YCMELLUHbIMW B JOCTUXKEHNM
ueneit BO3 no nukBuaaumum atux
UHpekunin K 2030 r. [22].

Jinkeupaums HBV / HDV - u HCV -
uHeKuuii: oblme MeponpuaTUs
[MoMMMO TEeCTUPOBaHMS 1 NEYEHMS
HBV - 1 HCV - uHbuumpoBaHHbIx
nnu, ANs BOCTUXXEHMS 3TOW Lienm

B OTHOLLEHUW HBV - nHdpekumm He-
06x041Ma BCEOO6LLAs MMMYHM3ALMS
HOBOPO>XXAEHHbIX ANs NpesoTepa-
LLeHWs NepuHaTanbHoN nepenaqm
HBV, a ans HCV - nHdbexumm

— NPOTMBOBMPYCHOE NeYeHne
XPOHUYECKN MHADULMPOBAHHbIX JLL.
[Mpn 06emx MHDeKLMAX NepsocTe-
NeHHoe 3HaueHWe uMetoT 6esonac-
HOCTb KPOBW 1 MPOAYKTOB KPOBMU,

a TaKkxe peannsauus nporpammbl
WHEEKLMOHHOTO KOHTPONS [22,23].
B Hee BxoauT 0TKa3 0T Hebe3onac-
HbIX MHBEKLMA NyTEM HEAOMYLUEHWS
MOBTOPHOrO MCMO/b30BaHNS HECTE-
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Fig. 3: Global viral hepatitis-related mortality rates [18].

press HBV replication without
resulting in viral elimination in
the vast majority of patients,
however. Therefore, the devel-
opment of a drug that not only
suppresses HBV replication
but definitively eliminates HBV
infection followed by loss of
HBsAg and the development of
a immune response (anti-HBs)
protecting against HBV reinfec-
tion.

Similar to HBV infection, the
definitive elimination of HDV in-
fection remains one of the ma-
jor challenges in the field of vi-
ral hepatitis [7] with only about
10 % of patients responding to
IFN-based strategies. Similarly,
targeting HBV infection by a
long-term nucleos(t)ide treat-
ment rarely results in clearance

of HBV/ HDV infection. Novel
experimental strategies, there-
fore, based on the specific
inhibition of HDV prenylation
(lonafarnib, lonafarnib plus
ritonavir or PeglFN), of HDV
entry (10 or 2 x 5 mg myrclu-
dex B/ bulevirtide per day s.c.
or myrcludex B plus tenofovir
or daily or mycludex B plus 180
ug pegyliertes interfero alpha
s.c. 1 x per week) and of virion
secretion (REP 2139, a nucleic
acid polymer) are presently
evaluated in clinical studies. To
date, bulevirtide plus interferon
appeard very promising with

a HDV RNA negativity rate of
80-90 % after 48 weeks of
treatment.

In view of the limited effi-
cacy of therapeutic strategies

Puc. 3: mobanbHble nokasatenu CMEPTHOCTM OT BUPYCHbIX renaTtuTos [18].

PUNM30BAHHbIX LUMPULEB UNW WIN
B KA4Y€CTBE OCHOBHOIO MCTOYHMKA
HCV - nHdpexuun [21] [24]. Opyroi
BaXKHbIA aCMeKT - 3T0 NyYLIMiA LO-
CTYN K AWarHoCTuKe, B TOM Yuchne
BHEOOJIbHUYHOM, BAKLIMHALMM
NPOTUBOBMPYCHOM Tepanuu.

BakuvHaums: KnoY K IMKBuaa-
uumn HBV - u HDV - nHdekumin
TepanesTuueckue cTpaterum npu
XPOHM4eCcKoM renatute B Bkntova-
t0T NEernaMpoBaHHbIii MHTEPEPOH
(PeglFN) anbtpa-2a unm 2b B
TeueHue 48 Hefenb Uam Jonro-
CPOYHOE NepopansHoe NeveHue
aHarnoroM Hykneo3(T)naos, Takmum
kak afedoBup, aHTeKasup (He-
3anaTeHToBaHHbIi ¢ 2018 1., 3a
ncknoyeHnem Poceum n Kutas),
NamMuBYAnH, TeN6UBYAUH, TEHO-
hoBvp an3onpokcuna ymapar
(HesanarexToBaHHbI ¢ 2018 T, 32

uckntoueHnem Poccun n Kutas) n
TeHodhoBMpa anadeHamug,.

B T0 Bpems Kak neveHue npena-
patamu Ha 0CHoBe MHTepdhepoHa
(IFN) B TEUeHMe 6-12 MecsLeB
MPUBOAAT K YCTONYNBOMY BUPYC-
HOMY OTBETY Y <25% NauneHToB,
aHarnorv Hykneo3(T)uaoB MoryT
3hPeKTUBHO NOLABNATL Peniu-
kaumio HBV, npu aToM He npuBoAs
K 3NMMUHALMM BUpYyCa Y NoAaBns-
toLLiero 60bLUIMHCTBA NALMEHTOB.
CnepoBatenbHo, Heobxoauma
pa3spaboTka npenaparta, KOTopbIi
He TOMbKO NOLABNSET PEnMkaLmio
HBV, Ho 1 oKOHYaTENbHO YCTPaHs-
eT HBV - nHbexuuio, 3a KOTOPO#A
cnepyet notepst HBsAg 1 passutue
WMMYHHOTO 0TBETA (aHTH-HBS),
3aLUMLLAIOLLErO OT NOBTOPHOMO
WHpmumposanmns HBV.

Kak v B cnyyae HBV - uHcpexumm,
OKOHYaTenbHoe ycTpaHeHne HDV
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Fig. 4: Milestones of antiviral therapy
of HCV infection: 1989-date.
RBV: ribavirin.

Puc. 4: OcHoBHble 3Tanbl NPOTMBOBMPYC-
Hoi Tepanuun HCV - nHdpekumn: 1989 1.
-para, PEB: pnbasmpuH.
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against HBV and HDV infec-
tion, the key concept of the
global HBV (and HDV) elimina-
tion is the universal vaccination
of all individuals at risk for HBV
Infection. Universal vaccina-
tion against HBV infection was
shown to be cost-saving in
countries with high and inter-
mediate endemicity. Apart from
exposure prophylaxis through
personal protection measures,
HBV vaccination should be
administered to all unvacci-
nated individuals traveling to
areas with high or intermediate
HBsAg prevalence [22,23]. In-
deed, vaccination against HBV
has been a major public health
success and has prevented an
estimated 310 million cases

of hepatitis B between 1990
and 2020 [22]. An excellent
example is Taiwan where
universal HBV vaccination was
implemented in 1984 and has

IFN (optimized)

N
o

% Sustained Virological Response

1989 1996 2000

reduced chronic liver disease
and HCC-associated mortality
by 90 % among children and
young adults as compared

to non-vaccinated individuals
[4]. Central to all HBV elimina-
tion programs remains a high
perinatal/ childhood vaccina-
tion coverage rate. As of 2015,
universal childhood vaccina-
tion has been achieved in 185
countries and 84 % of children
born in 2015 were vaccinated
with 3 doses (http://apps.who.
int/immunization monitoring/
globalsummary/timeseries/
tswucoveragehepb3.html).

Antiviral Therapy: Key to
Elimination of HCV Infection.
While there are no prospects
for a vaccine against HCV in
the near future, after decades
of IFN-based therapeutic
strategies that were of limited
efficacy and were associated

2002 2011 2014/2020...

- MHCPeKLMN OCTAETCH OAHOM U3
OCHOBHbIX Mpo6ieM B 06nacty
BUPYCHBIX renaTtuToB [7], n TONLKO
0k0no 10% nauuneHToB pearupyroT
Ha IFN -Tepanuto. TouHo Tak xe
HanpaBJieHHOE BO3AENCTBIE HA
HBV - uHthekumto ¢ NOMOLLbI0
LNMTENbHOrO NEYEHNs HYKneos(T)
naamu peaxo NpUBOAMT K UCHE3HO-
BeHuto HBV / HDV - nHdbexumm.

B HacTosiLee Bpems HOBble
9KCMEPUMEHTANbHBIE NEYEBHbIE
CTpaTerun, OCHOBaHHbIE Ha
CcneungnyYeckom MHrMeupoBaHum
npeHunmposaHus HDV (noHadap-
HKG, NoHaapHKG NNKC PUTOHABUP
nnmn PeglFN), npoHnkHoseHns HDV
(10 unm 2 x 5 mMr mupkntogexca B

/ 6yneBMpTUaAA B A€Hb MOAKOXHO
UM MUPKIKOAEKC B nntoc TeHodo-
BMP €XXEAHEBHO MW MUKIIOLEKC

B nntoc 180 MK nerunmpoBaHHoro
WHTEphepoHa NoaKoXHO 1 pas

B HEENH0) 1 CEeKpeLmn BUpHoHa
(REP 2139, nonmmep HyKNeUHOBO
KMCNOTbI) B HACTOSILLEE BPEMS

OLIEHMBAKOTCSA B KJIMHUYECKMX UC-
CcreloBaHusIx.

Ha ceroaHsLwHuiA oeHb Hanbonee
MHOroo6eLLatoLLen BbIrNsAauT KOM-
OuHaums 6ynesupTUaAA U HTEPE-
POHa C OTpMUUATENbHBIM MoKa3aTe-
nem 80-90% anst PHK HDV nocne
48 Hefienb NeYeHuns.

BBuay orpaHuyeHHon achdekTus-
HOCTW TepaneBTUYECKUX CTpATEruid
npoTus HBV - n HDV - unchekumii
KNOYeBON KOHLEMNLMEA X BCe-
MWPHOW NINKBMAALNM SBNISIETCS
BaKUMHALMS BCEX MWL, NOABEPIKEH-
HbIX PUCKY UH(bMLUMpoBaHus HBV.

B yacTHOCTH, 6bINO NOKA3aHo, YTo
BCeoObLLas BakUMHALMS NPOTHB
HBV - nHchbekumm no3sonseT cokpa-
TWTb Pacxofbl B CTPaHax C BbICOKOW
W CpeaHei SHAEMUYHOCTHO. [1o-
MUMO NPOCHUNAKTUKM 3apaXkeHnst

C MOMOLLbK MEP UHANBMAYATbHOM
3aLWMTbl, BAKLMHALWS NPOTHB

HBV nomxHa npoBoanTLCS BCEM
HEBaKLMHMPOBAHHbIM fiWLaMm, nyTe-
LUECTBYHOLUMM B Paii0HbI C BbICOKOM
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Cytosol

NS3 Protease Inhib. NS5A Inhib. NS5B
Telaprevir Daclatasvir Polymerase-
Boceprevir Ledipasvir Inhib.
Simeprevir Ombitasvir

Paritaprevir Velpatasvir Sofosbuvir
Grazoprevir Elbasvir Dasabuvir

Glecaprevir
GS 9875

Pibrentasvir

Fig. 5: Subcellular targets of direct acting antiviral agents against HCV infection. ER: endoplasmic reticulum.
Puc. 5: CybkneTounble muwenm MMAMA npu HCV - uHdbexkumn. ER: aHponnazMaTnyeckuii peTukynym.

with significant side effects
(Fig. 4), the availability of direct
acting antiviral agents (DAAs)
has revolutionized the therapy
of chronic hepatitis C of any
genotype with HCV elimina-
tion rates approaching 95-100
% after on average a 12-week
treatment course [25-27]. The
DAAs (Fig. b) include protease
inhibitors (e.g., simepreuvir, tel-
aprevir, boceprevir, asunaprevir,
faldaprevir), NS5A inhibitors
(e.g., daclatasvir, ledispavir),
nucleosidic NS5B polymerase
inhibitors (e.g., sofosbuvir, mer-
icitabine) and non-nucleosidic
NB5B polymerase inhibitors
(e.g., dasabuvir, deleobuvir,
filibuvir, setrobuvir, tegobuvir).
The antiviral efficacy of most
DAAs is genotype-restricted
while some are effective
against all HCV genotypes
(pangenotypic DAASs), e.g.,
Epclusa®, Vosevi®, Maviret®

(Fig. 6). Apart from their high
efficacy in terms of reduc-

ing morbidity and mortality
from liver cirrhosis and HCCs
[25-27], the DAAs fortunately
have an excellent safety profile
and a low rate of side effects
[22,23].

Affordability of DAAs has been
documented as a key barrier
to its widespread use in the
poorer health economies.
Their cost is in some Western
countries enormous and may
limit their use in less privileged
patients who potentially may
benefit from these agents. A
12-week course with pangeno-
typic or genotype-restricted
DAAs amounts to between
26,000 and 60,000 U$ in many
Western countries that pose a
significant financial problem to
health care providers. These
high cost are expected to sig-

NN CpeaHei pacnpoCTPaHEHHO-
cTbio HBsAg [22,23].

Be3ycnoBHO, BakUMHALMS NPOTHB
HBV crana kpynHbIM ycnexom B
0611aCTH 06LLECTBEHHOIO 34PaBo-
OXPaHEHWS W, MO CambIM CKPOMHbIM
oueHkam, npegoTepatuna 310
MWNMMOHOB CNy4aes renatuta B B
nepuog ¢ 1990 no 2020 rog [22].
lpeKpacHbIM NPUMEPOM SBASET-
cs TaBaHb, roe B 1984 r. 6bina
npoBefeHa BCeobLLas BakLMHaLNS
npotus HBV, 4to no3sonuno
CHU3UTb CMEPTHOCTb OT XPOHMYE-
Cckux 3a6onesanuit nevenm u LUK
Ha 90% cpeav AeTe U MONOabIX
NIOAEN MO CPABHEHMIO C HEBAKLMHM-
POBaHHbIMY nLiamu [4]. [naBHbIM
3NEMEHTOM BCEX MPOrpamm nuk-
Buaaumm HBV octaeTcs BbICOKMI
YPOBEHb NEpUHaTaNbHON / LETCKOM
BaKuuHaumu. 1o coCTOSHNIO Ha
2015 rog Bceo6Lyas BakUMHaLNS
[eTei bbina nposefeHa B 185
cTpaHax, 1 84% fetei, pOANBLLNX-
ca 8 2015 rogy, 6bInu BaKLUMHAPO-

BaHbl Tpems fosamu (http://apps.
who.int/immunization monitoring
/ globalsummary / timeseries /
tswucoveragehepb3.html)

MpoTuBOBMpYCHasa Tepanus:
Kntoy K nukeugaumm HCV -
UHpeKLUK

HecmoTps Ha To, B 6rvxaniuem
OyLyLLEeM HET HUKAKMX NepCrnexkTmB
Ans BakuwmHbl npotvs HCV, nocne
LECATUNETUI NPUMEHEHNS Tepaniu
Ha ocHose IFN, koTopas umena
OrpaHNYeHHY0 3PEKTUBHOCTD

1 Bbia cBA3aHa CO 3HAUMTENb-
HbIMY NO60YHbIMK 3peKTamu
(Pwc.4), nosiBneHne u JOCTYMHOCTb
MPOTUBOBMPYCHbIX NPenapaTos
npsmoro aeiictaug (MMM / DAA)
NPOU3BENO PEBOIIOLMIO B TEpaniu
XpoHu4eckoro renatuta C noboro
reHoTuna, Np1 3TOM nokasartesb
anumuHaumn HCV npubnmnxaetcs K
95-100% nocne, B cpesHeM, 12-He-
[eNbHOro Kypca nevenns [25-27).
Mrng (Puc. 5) BknroyaroT UHrU6M-
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Fig. 6: Commercially available
genotype-restricted and pangeno-
typic (Epclusa®, Vosevi®, Maviret®)
direct acting antiviral agents.

nificantly decrease in the near
future. By comparison, the
cost for a 12-week treatment
in Egypt and India for example,
is already now < 100 U$ [1].
Most importantly, in several
countries with a high preva-
lence of HCV infection and/

or low-income, e.g., in Egypt
and other countries, DAAs are
provided for free in the context
of governmental treatment
programs. However, low prices
still can be a serious impedi-
ment because there may be no
global donors subsidizing HCV
treatment while other infec-
tions that WHO targeted for
elimination by 2030 are being
subsidized [22].

Summary and Perspectives
Overall, the worldwide preva-
lence of hepatitis B and C
infection is slowly decreasing.
The coming years are expected
to increase the detection rate
and to improve our ability to
prevent HBV infection and to
effectively treat viral hepati-
tis C, resulting in the control
of these global infections by
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2030 and the elimination of
their associated morbidities
and mortalities. Apart from
these aspects, the develop-
ment of treatment strategies
to effectively reduce HBV and
HDV infections are expected
to contribute to their global
elimination.
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TOPbI NPOTEA3bl (HaNpuUmep, cuMe-
npesup, Tenanpesup, 6oUenpesup,
acyHanpeswp, (anganpesup),
UHrnouTopbl NS5A (Hanpumep,
[aKnataceup, NeAvnasup), Hykneo-
31AHble MHrMbutopsl NS5B - nonm-
Mepasbl (Hanpumep, codoclysup,
MepUUMTaBUH) N HEHYKNEO3MAHbIE
nHrnéuTopel NB5B - nonuMepassi
(Hanpumep, facabysup, Aeneo-
6yBup, punmnbysup, ceTpobysup,
Terobysup). MpoTusoBuMpycHast
9PPeKTUBHOCTb 6ONbLUIMHCTBA
MMM orpaHnyeHa reHoTUnoM,

B TO BPEMS1 KaK HEKOTOPbIE 13

HUX 3(OEKTMBHBI NPOTUB BCEX
reHoTunoB HCV (naHreHoTunmye-
ckue MNMNA), Hanpumep, Epclusa®,
Vosevi®, Maviret® (Puc 6). Momumo
BbICOKOM 3(PHEKTUBHOCTY C TOUKM
3PEHMS CHUXKEHNS 3a60MEBAEMOCTH
1 CMEpTHOCTY OT LMpPO3a neve-
Hu u UK [25-27], NNMA Takxe
06nafaroT OTANYHBIM NPoUnem
6e30MacHOCTM M HU3KIM YPOBHEM
no6ouyHbIx adhhexToB [22, 23].
Kommepueckas HegoCTynHOCTb
M4 ésina sagokymeHTUpoBa-
Ha Kak rnaBHbIi 6apbep Ha nyTu
WX LUMPOKOTO UCMOMb30BAHMS B
cTpaHax ¢ 6onee 6efHOI SKOHOMY-
KO¥i ccpepbl 3ApaBoOXpaHeHus. Mx
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Puc. 6: [locTynHble orpaHuyeHHble
FEHOTUMOM ¥ MaHreHOTUNNYecKkne
(Epclusa®, Vosevi®, Maviret®) MMNg

CTOMMOCTb B HEKOTOPbIX 3anagHbIX
CTpaHax OrpoMHa 1 Tak>Ke MOXeT
OrpaHN4MBaTh MX UCMOMb30BaHNe
MeHee NpUBMNErnpoBaHHbLIMM
nauneHTamu, y KOTopbIX NOTEHLM-
anbHO MOryT BbITb 3(IEKTUBHDI
9TV npenaparbl.

12-HeenbHbIN KypC C NaHreHoTy-
MUYECKUMI MW C OrPaHUYEHHBIMN
reHoTunom MMM 8o MHOrUX
3anafHbIxX CTpaHax CTouT OT 26
000 o 60 000 gonnapos CLUA 1
SBNSETCS CEpPbe3HON (PUHAHCOBOM
npo6nemoit Anst NOCTaBLUMKOB
MeauumMHCKux yenyr. OxugaeTcs,
4To B 6mv>kaniuem Byayliem aTa
BbICOKAs CTOUMOCTb 3HAYUTENBHO
CHU3MTCA. [N cpaBHEHUs, CTOM-
MOCTb 12-HefleNIbHOr0 NieYeHus,
Hanpumep, B Ervnte n WHauw, yxe
ceitvac coctasnsieT <100 gonnapos
CLUAT1].

BaxxHO, 4TO B psifie CTPaH C BbICO-
KO¥ pacnpocTpaHeHHocTbio HCV

- UHCDEKLMN MMM HU3KM YPOBHEM
[0X04a, Hanpumep, B Erunte u
apyrux ctpanax, MMMA4 npegocras-
naoTea 6ecnaaTHO B pamkax rocy-
[apCTBEHHbIX NPOrpamm NeYeHus.
Bbicokue LeHbl 9TUX npenapaTtos
MO-NPEXXHEMY MOTYT ObITb CEPbES-
HbIM MPENSTCTBUEM MO MPUYKNHE
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BO3MOXXHOI0 OTCYTCTBMS rnobans-
HbIX JOHOPOB, CYyOCUAMPYIOLLMX
neYerme, B TO BpEMS Kak Jpyrve
UHbekunm, koTopble BO3 nnanu-
pyeT nukeuanpoBats k 2030 rogy,
ycneLuHo cy6euampyroTes [22].

Pesiome 1 nepcnekTuBsbI

B uenom 3a60neBaeMoCTb MHEK-
LMOHHbIMK renaTuTamn B n C Bo
BCEM MUPE MELJIEHHO CHIKAETCS.
Oxxmpaetcs, uto B 6rvdKanne
FOAbl NOBbICUTCS NOKA3aTeNM Ux
BbISIBIIEHWS W YNyHLLATCS HALLW
BO3MOXHOCTM N0 NpefoTBpalLie-
HUI0 HBV - nHdbekummn 1 adpdekTns-
HOMY NIEYEHMIO BUPYCHOrO renaTuta
C, uTO NpUBELET K KOHTPOMIO Hag
9TUMU BCEMMPHO PacnpoCTpaHeH-
HbIMM HpeKumamm K 2030 rogy u
NMKBMAALMK CBA3AHHBIX C HUMM 3a-
6onesanuii u cMepTHOCTH. MomMuMO
9TUX aCMeKTOB, OXXMAAETCS, YTO
paspaboTka 3hPeKTUBHbIX CTpa-
Terni nevenus ans HBV - n HDV

- MHAPEeKLMIA TaKKe BHECET BKNaz B
WX INKBMAALMIO BO BCEM MMPe.

BbipaxeHue npu3HaTenbHOCTH:
MbI Bblpaxaem riy6okyto énaro-
[apHocCTb r-xe Mapuett ['ytrcenn
38 NMPEBOCXOAHYI0 CEKPETapCKyto
NOAAEPXKKY.
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MuHuManbHo

Minimally Invasive
Approaches in

Surgical Oncology
for Gastric Cancer

Introduction

It was not the battle of Wa-
terloo that marked the end

of Napoleon Bonaparte's life,
but most likely gastric cancer,
which eventually led to his
death on St. Helena. Gastric
carcinoma was nearly always
a death sentence until the

late 19th century, when the
German surgeon Prof. Theodor
Billroth performed the first suc-
cessful partial gastrectomy [1].
In the 1980s Japanese sur-
geons introduced the so-called
D2-lymphadenectomy, which
became standard in modern
oncological gastric surgery in
most of the countries. The D2-
lymphadenectomy (D2-LAD)

is specified as the surgical
resection of all lymph nodes in
certain areas which drain the
gastric system and therefore
are commonly infiltrated by
cancer cells [2], [3].

Introducing minimally invasive
surgery at the end of the last
century improved reconva-
lescence after major visceral
operations. Nevertheless, lapa-
roscopic D2-LAD in particular
proved to be very challenging
even for experienced surgeons
due to the delicate resection

of lymph nodes close to major
visceral vessels and organs.
Especially the laparoscopic
approach of perisplenic lymph
node dissection was a com-
mon topic of debate because
of the difficulty and the pos-
sible severe complications
like bleeding after injury of the
spleen or its vessels [4].

These difficulties amongst
others were reasons for
laparoscopic surgery not being
the primary choice for most
surgeons to treat advanced
gastric cancer except in some
high-volume centers, located
mainly in Asia. Concerns
against laparoscopic approach-
es were often focussing on
possible implications on the
long-term outcome of onco-
logical patients. Still, due to
improved short term outcomes
the laparoscopic approach is
widely recommended as the
standard therapy option for ear-
ly-stage gastric carcinoma [5].
Other publications also showed
similar results also for locally
advanced tumours. Compared
to open procedures, patients
after laparoscopic surgery
benefit from improved periop-
erative morbidity, mortality and

Pak »enyaka

WHBA3BHbLIE

METOAbl B

XMpyprum

paKa Xenyaka

BsepneHue

He 6utsa npu BaTepnoo ctana
Ha4asnoM KoHUa Xu3Hu Harnoneo-
Ha BonanapTa, a, ckopee Bcero,
paK >xenyaKa, KoTopblii B UTOre 1
MPVBEN K ero CMepTy Ha 0CTPOBE
CesToi Enenbl. Pak xenyaka
MnoYTK BCErfa Obiy1 CMEPTHBLIM Npy-
roBopom 10 koHua XIX Beka, korja
HemeLKkuiA xupypr, npocpeccop Te-
0f0p bunbpoT BbINOAHUA NEPBYHO
yCrneLHyH peaekumio xenyaka [1].
B 1980-x rogax snoHckue xu-
PYPru BHEOPUIM B KIIMHUYECKYO
NpakT1Ky TaK Ha3bisaemyto D2-
NMMEaZEHIKTOMMIO, CTABLLYHO B
60MbLUMHCTBE CTPaH CTaHAAPTOM
COBPEMEHHOM OHKONOrMYECKON
XMpyprum xenyaka. JiumdaneHak-
Tomus D2 (D2-LAD) onpenensietcs
KaK Xupypruyeckas pesexkumst Bcex
nMMEaTUYecknX y3nos B 06nacTsix,
4epes KOTOpble OCYLLECTBNSETCS
APEHaX NMMMOCUCTEMBI XeNyaKa,
11 OHU OBbIYHO MHADMNLTPUPOBAHI
pakoBbIMM KneTkamu [2], [3].

BHenpeHWe MMHUMAanbHO MHBA3NB-
HO XMPYPriv B KOHLIE NPOLLIAIOTO
BeKa ynyyLwnno peKoHBanecLeH-
LmMto nocne 06beMHbIX BUCLEPab-
HbIX onepauuid. TeM He MeHee,
nanapockonuyeckas D2-LAD
oKasanach 04eHb CNOXHOW faxe
ANS1 ONbITHBIX XMPYProB 13-3a
HEOBXOANMOCTY [ENMKATHOW pe3ek-

LUmu numaTYeckmx y3nos B6aM3un
KPYMHbIX BUCLIEPANbHBIX COCY/0B W
OpraHos.

B vacTHOCTH, nanapocKonuyeckui
MOAXOL K AMCCEKLMM OKONoCenese-
HOYHBIX TUMDATUYECKMX Y3NI0B BbiN
4acTon TEMOM Ans 06CyXAEHNS
13-3a ee CNOXHOCTH N BO3MOXHBIX
TSKENbIX OCNIOXKHEHHIA, TakuX Kak
KpOBOTEYEHWE NOCNE NOBPEXAEHNS
CeneseHkn nam ee cocynos [4].

OTV TPYAHOCTH, Hapsdy C Apy-
UMW, BbINW MPUYMHOK TOTO, HYTO
nanapockonnyeckne BMeLLaTesb-
CTBa He CTanu Ans 60MbLUMHCTBA
XMPYProB OCHOBHbIMM METOAaMM
NIEYEHMS MPK PacPOCTPAHEHHOM
paKa >enyaKa, 3a UCKNKYeH1eM
HEKOTOPbIX KPYMHbIX LEHTPOB, pac-
MOSIOXKEHHbIX, B OCHOBHOM, B A3n,
rA€ BbINOMHATCS 60MbLLOE YMCTO0
Takux onepaumii.

OnaceHus no NOBOAY Nanapocko-
MUYECKNX XUPYPrUYECKMX METOAMK
4acTo BbINK CBA3AHBI C BO3MOXHbI-
MM NOCneacTBUAMM ANst ONTO-
CPOYHbIX PE3ynbTaToB NleYeHus
OHKOMOrMYECKMX NaLUMEHTOB. Tem
He MeHee, 6narofaps ynyyLleHnio
KpaTKOCPOYHbIX Pe3ybTaTos,
nanapockonnyeckas pesekums
Y>Ke LLIMPOKO PEKOMEHYETCS B
Ka4yecTBe CTaHAApTHOro BapuaHTa
NEYEHMs paKa >XenyaKa Ha paHHux
ctaausx [5]. Opyrue ny6nvkaumum
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Pak xenyaka

Fig. 1: Difficult robotic assisted lymphadenectomy of lymph node station 5 along the right gastric vein and in close proximity to the
portal vein and hepatic artery (bottom left).

Puc. 1: CnoxHas po60TU3npoBaHHas pe3ekums nmchaTuyeckix y3nos no X0Ay NpaBoii Xenyfo4HON BeHbl U B HEMOCPEACTBEHHOM 6U30CTH OT BO-
POTHOI BEHbI M NEYEHOYHOI apTepum (BHU3Y Cnesa).

patient comfort [6]-[8]. Thus,
Japanese guidelines for gastric
cancer treatment recommend-
ed laparoscopic gastrectomy
as standard therapy option for
clinical stage | cancer and as

a promising option for more
advanced tumours [9].

Nevertheless, a recent com-
parison of robotic vs. laparo-
scopic surgical approaches for
all entities showed: the data
availability for studies focusing
on gastrectomy is limited or,
relating to prospective studies,
even non existing. This shows

that high quality research
results on minimally invasive
surgery of gastric carcinoma
are still missing [10].

Recent medical and surgical ad-
vances like chemotherapy and
D2-Lymphadenectomy might
not yet be the “Waterloo"” for
gastric carcinoma but at least
helped manage to restrain this
kind of tumour and changed it
into a partially curable disease.
Implementation of minimally
invasive surgery allowed to
operate at reduced risk for af-
fected patients. Therefore, the
following article is focusing on

Tak)Xe noKasanu aHanornyHble
pesynbTaThbl U NPU MECTHO - pac-
MPOCTPaHEHHbIX OMYXONSX.

Mo CpaBHEHMIO C OTKPbITLIMY ONe-
pauusmMm, y nauneHToB nocne na-
MapoCKOMMYECKNX BMELLATENbCTB
CHUXX@eTCs nepuonepaLnoHHas
3a60/1eBaeMOCTb, CMEPTHOCTb 1
yAyyLLIaTCS NoKasaTenu nocneo-
nepawumoHHoro komeopta [6]-8].
[oaToMy SNOHCKME pekoMeHaaLmnm
Mo JIEYEHMI0 paKa XeryKa peko-
MEHJ0Ba1 nanapocKon1yeckyto
racTPoKTOMUIO B KQYECTBE CTaH-
[AapTHOro BapuaHTa Tepanuu npu
KNWUHUYECKOW CTaaum | 1 B kKa4ecTse
MHOroo6eLLatoLLero BapuaHTa npu

6onee NO3AHNX CTaANSX paka Xxe-
nyaka [9]. Tem He MeHee, HeaBHee
CpaBHEeHWe po6oTU3MPOBAHHBIX 1
NanapocKoNMYECKUX XMPYPritvecKkmnx
MeTOZO0B ANs BCEX OPraHoB noka-
3an0: AaHHbIE UCCNEROBaHNN Takux
racTP3KTOMUN OrpaHnyYeHbl, a npo-
CMEKTMBHbIX UCCIeJ0BaHMA — faxe
He CyLLUecTBYHOT. 3TO CBUAETEMb-
CTBYET 06 OTCYTCTBUM JOCTOBEP-
HbIX PE3yNbTaTOB UCCNEA0BAHWUA MO
MMHUMaNbHO MHBA3MBHOW XMPYPriv
paka xenyaka [10].

HepasHo paspaboTaHHble KOH-
CepBaTUBHbIE 1 XMPYPruyeckue
METO/ibl Tepanum, Takne Kak XuMuo-
Tepanus u D2-numchafeHIKToOMuS,
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differences between open and
minimally invasive approaches
for gastric carcinoma.

Background — Gastric
Carcinoma

With a total of 1.033.701 new
cases in 2018 (about 6% of all
cancer entities) gastric carci-
noma remains one of the most
frequent cancer diagnoses
worldwide. However, inci-
dence rates differ widely with
generally low rates in Europe,
North America and Africa and
increased incidence in East-
ern Asia [11]. These regional
differences of gastric cancer
incidence probably originate
from risk factors like incidence
of Helicobacter pylori infec-
tions, but also a diet with low
fruit intake and a high portion
of preserved food products and
salt. Common risk factors like
smoking and alcohol consump-
tion can play an additional role
in gastric cancer development.
It is therefore not surprising
that an estimated 70% of
gastric cancer worldwide is
reported from developing coun-
tries. Furthermore, the fatality-
to-case ratio of 75% in men
and 81% in women shows

a considerable difference
compared to 63% and 68% in
developed countries [12].

A total of 782.685 deaths were
accounted to gastric carcinoma
in 2018, making it with 8,2%
the third leading cause of
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cancer related death. In some
western Asian countries (e.g.
Kyrgyzstan, Iran, Turkmeni-
stan) it is the most commonly
diagnosed cancer and leading
cause of cancer death among
male population [11].

Guggenheim et al. attributes
these regional differences in
gastric cancer related death
mainly to the availability of
modern medical and surgical
technology [12]. However, one
subtype of gastric carcinoma
is on the uprising mainly in de-
veloped countries. The cardia
carcinoma, located around the
esophageal-gastric junction,

is more similar to esophageal
adenocarcinoma and its risk
factors include gastroesopha-

geal reflux disease and obesity.

Both, being more prevalent in
high-income countries [11].

Therapy Concept of Gastric
Cancer

The German guidelines for
treatment of gastric cancer
clearly states, that a definite
therapy and therefore cure
of gastric cancer can only be
reached by resection of the
tumour. Additionally, neoad-
juvant chemotherapy can be
a complementary option for
uT2-tumors and is recom-
mended for uT3 and uT4a-
tumors. Only patients with a
small sized intestinal subtype
of gastric carcinoma should

BO3MOXHO, €eLLe He cTanm «BaTtep-
N00>» NS KAPLMHOMbI XXENYKa,
HO, N0 KpaiiHei Mepe, NoMoraioT
CAEPXMBATb NPOrpeccMpoBaH1e
9TOr0 BMAA ONyXO/M WU NPEBpaTUIN
€e B YaCTMYHO 13neunmMoe 3a60-
nesaHue. BHeapeHne MUHUManLHO
WHBA3WBHOW XMPYPriM NO3BOAMIIO
0nepupoBaTh C YMEHbLUEHNEM
pucKa Ans NauneHToB.

Mo3aTomy aTa cTaTbs NOCBALEHA
Pa3UUMAM MEX LY OTKPbITON U
MUHUMANbHO MHBA3WUBHOW XUPYPru-
€/ Npu KapumMHOMe Xxenyaka.

O6was uidopmaums o pake
xenyaka

B 2018 r. 66110 3aperucTprpoBaHo
1033 701 HoBbIX Cryyaes paka
XenyaKa (oKono 6% BCeX OHKOJ0-
TMYECKMX 3a60NEBAHWIA), MOITOMY
XKENY[OYHAS KapLMHOMA OCTaeTes
OLHMM W3 CaMbIX YaCTbIX OHKONOTM-
YeCKMX AMarHo30B BO BCEM MMPE.
OpnHako nokasarenv 3a6onesaemo-
CTM CUIbHO Pa3nnyaioTCs: B LESIOM
HW3Kue nokasatenv B EBpone,
CeBepHoii AMepuke n Adbpuke, 1
MOBbILLEHHbIA yPOBEHbL 3a60NeBa-
emocTu B BocTouHon Asum [11].
3T pernoHanbHble pasnuuns no
3a60/1€BaEMOCTH PAKOM XKEenyaKa,
BEPOSITHO, CBA3aHbI C TakUMK (hak-
TOpaMK p1CKa, Kak pacnpoCTpaHeH-
HOCTb WH(peKummn Helicobacter pylori
W [METa C HU3KMM MOTPEBIEHNEM
(PPYKTOB, 1 60MBLUMM KONMYECTBOM
KOHCEPBMPOBaHHbIX MULLEBbIX NPO-
AykToB U conu. O6LMe hakTopb!
puCKa, Takue Kak KypeHue u yno-
TpebeHre ankorons, MoryT urpatb
LOMOSTHUTENbBHYIO POSTb B Pa3BUTUM

Pak xenyaka

paxa >enyaxa. [oaTomy HeyAvBK-
TeNbHO, YTO npuMepHo 70% cny-
YaeB paKa Xenyaka Bo BCemM Mupe
MPUXOJMTCS Ha Pa3BMUBAIOLLMECS
CcTpaHbl. Kpome T0ro, COOTHOLLEHME
NEeTanbHOCTU 1 3a60N1EBAEMOCTH,
cocTasnstoLee 75% Yy My>KUnH v
81% Yy XEHLUWH, AEMOHCTPUPYET
3HAUUTENbHYHO pa3HuLy No cpas-
HeHto ¢ 63% 1 68% B pasBUTLIX
cTpaHax [12]. B 2018 roay 6b1510 3a-
perucTpuposaHo782 685 cmepTen
OT paKa xenyaka, 4to ¢ 8,2% ot
BCeX NleTasbHbIX MCXOLOB fienaet
€ro TPEeTbEN BeayLLEeN NPUUMHON
CMEpTM OT paka.

B HekoTOpbIX CTpaHax 3anafHoi
A3un (Hanpumep, B KblproidctaHe,
WpaHe, TypkmeHUCTaHe) 370 Hambo-
fee YacTo AnarHoCTUpyeMblid pak 1
OCHOBHas MPUYMHA CMEepTH OT paka
CPELM MyXCKOro HaceneHus [11].
Guggenheim ¢ coaBT. cBS3bIBaET
9TV PErMOHaNbHbIE Pa3NnYms B
CMEPTHOCTU, CBA3AHHOM C PAKOM
XKENyaKa, B OCHOBHOM, C HaNM4MeEM
COBPEMEHHBIX KOHCEPBATUBHbIX 1
XMPYPruveCcKMX METOLOB NEYEHMS
[12].

OnHako 3a601eBaeMOCTb OAHUM U3
MOATMNOB paka >enyaka pacTer,

B OCHOBHOM, B Pa3BMTbIX CTPaHax.
OT0 KapuMHOMa Kapau, pacnono-
XXEHHAs BOKPYT MULLEBOJHO-Keny-
[OYHOrO Nepexofa, aHanoruyHas
afieHoKapLMHOME MuLLEeBoaa, dak-
TOPbI pUCKa KOTOPOMN BKNKOYAKOT
racTpoasodhareansHyro pedhioke-
Hyt0 6051€3Hb W OXMpeHue. U To,

W opyroe 3a6onesaxue Hanbonee
pacnpoCTPaHeHo B CTpaHax C BbICO-
KuM ypoBHeM Joxoga [11].
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Fig. 2: Obese patient after robotic assisted gastrectomy. The specimen was extracted using a Pfannenstiel-incision.
Puc. 2: MaumeHT ¢ 0>xupeHnem nocne poboTU3MpoBaHHOM racTpakTommn. O6paseL; TkaHei U3BeYeH ¢ NOMOLLbIO padpesa no MNthaHHEeRLWTUALO.

be considered for endoscopic
resection. For all other patients
with potentially resectable
gastric carcinomas a surgical
therapy is mandatory. This
operation should include the
resection of the tumour with

5 cm (intestinal subtype) or 8
cm (diffuse subtype) resection
margin as well as a complete
D2-Lymphadenectomy. A post-
operative chemotherapy is not
recommended unless a neo-
adjuvant chemotherapy was
given or the surgical therapy
was not successful in terms of
RO-margin or complete D2-
Lymphadenectomy [13].

Comparison of Open,
Laparoscopic and Robotic-
Assisted Surgery for Gastric
Cancer

The current opinion on lapa-
roscopic surgery for gastric
cancer agrees on it being a
feasible and safe option for
especially early stage gastric
cancer. For advanced cancer
there is only few data with
limited evidence [14], [15].

Due to its relatively recent de-
velopment and clinical applica-
tion robotic assisted approach-
es are underrepresented in the
current research overview.

O6LLas KOHLenUua Tepanuu paka
xenyaka

B HEMeLKKMX pekoMeHaaunsax no
NEYEHNIO paKa XenyaKa YeTko yka-
3dHO0, YTO Tepanus, KoTopast MOXeT
MPUBECTY K U3NIEYEHNIO OT paka
Xenyaka, 06s3aTensHo BKKoYaeT
PE3EKLMI0 OMyXOnu.

KpoMe Toro, HeoabloBaHTHas
XMMWOTEPANUS MOXET LONOSHU-
TENbHO NPUMEHSTCA NPYW OMyX0-
nsx uT2 v pekoMeHayeTcs npu
onyxonsix uT3 n uT4a. Y nauneHToB
C KWLLEYHBIM NOATUMNOM KapLMHO-
Mbl XENyaKa HeBOMbLLOrO pas-
Mepa LOKHa ObITb pacCCMOTPEHA
3HAOCKONMYecKas pesexkums. Y

BCEX OCTaSIbHbIX NaUUeHTOB C Mo-
TeHUManbHo onepabenbHbIM Pakom
XENyLKa fBnseTcs 0653aTeNbHbIM
xupyprudeckoe neyexue. Onepa-
LUmMs LOMKHA BKKOYATb PE3EKLMIO
ONYXOINX C Kpaem peseKLnmn 5 cM
(KvwweyHbI noaTvn) unm 8 cM (and-
(py3HbIA MOATHN), @ TAKXKE MONHYH
D2-numdpaaeHaKTOMMIO.

MocneonepaunoHHas xumnoTepa-
M1 He PEKOMEHYETCS, ECNN He
MpoBOAMNACL HEOALbIOBAHTHAS
XMMUOTEpANNs UK XMPYpru4eckoe
NeYeHme He BbINo YCreLHbIM C TOY-
ku 3peHns RO-cTaTyca pesexumm
W nonHon D2-nuMcafeHaKToMUK
[13].
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Using the U.S. National Cancer
Database and after propensity
score matching Sweigert et al.
observed no significant differ-
ences after open and mini-
mally invasive (laparoscopic
and robotic-assisted) total
gastrectomy regarding 30-day
readmission, 90-day mortality
and overall survival. However,
the median hospital stay was
lower for patients undergoing
minimally invasive surgery.
Moreover, they also saw, that
minimally invasive approaches
were mainly performed at aca-
demic and high-volume centres
of care [16].

Less surprisingly, robotic as-
sisted gastrectomy (RAG) is
found to take longer than com-
parable open approaches but
with reduced blood loss. Post-
operative complications like
wound infection, bleeding and
anastomotic leakage tend to
have a similar incidence in both
patient groups. Despite the
missing long-term observation
data the oncological outcome
after RAG seems to be equiva-
lent to open gastrectomy (OG)
[17]. A current single-center
prospective study including
only RAG for clinical stage |
gastric cancer reported a 5-year
overall survival of 96,7%. The
authors then compared their
findings with results of similar
studies focusing on OG and
concluded that RAG and OG
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might be comparable in terms
of long-term survival [18].

A recent review by Muaddi
et al. published in the well-
respected Annals of Surgery
casts a light on a problematic
issue concerning especially
robotic-assisted surgery of
the stomach: there were still
mainly retrospective studies
comparing robotic and lapa-
roscopic gastrectomy, but no
prospective or randomised
controlled trials [10]. There-
fore, the level of evidence for
possible differences between
these two approaches is still
comparatively low.

Still, Guerrini et al. included

40 retrospective studies in
their meta-analysis with a total
17.712 patients comparing
RAG and laparoscopic gastrec-
tomy (LG). They found that
despite both approaches being
minimally invasive LG still
tends to be significantly faster
than RAG. Conversion rate to
open surgery was not different
in between the groups. Even
though the difference was
small, the time to first oral in-
take was significantly shorter in
favour of RAG. Whereas overall
complications showed no dif-
ference, surgical complications
above Grade Il (Clavien-Dindo
Classification) occurred signifi-
cantly less frequent after RAG
(4,13% vs. 6,44%, p=0,005). In

CpaBHeHUe OTKpbITOIA, nanapo-
CKOMMYECKOi M po60TU3NPOBaAH-
HO XMpYprum paka xenyaka

B HacToslLLee Bpems cuMTaeTCs,
4TO NanapockonMueckas Xmpyprus
Npu pake >xenyaKa — 3T0 OCyLLe-
CTBUMbII M 6€30MaCHbIi BapuaHT
NEYEHNs Ha PaHHKUX CTAAMsX paka
xenyaka. [ins pacnpocTpaHeHHoro
paka MMeeTCs Masno AaHHbIX C Orpa-
HUYEHHbIMW J0Ka3aTeNbCTBAMM
[14], [15]. U3-3a OTHOCUTENBHO He-
LaBHei pa3paboTkn U NPUMEHEHNS
B KITMHUYECKOW NPaKTUKe po6oTH-
31POBaHHbIE NOAXOAbI HEA0CTaTOu-
HO NpeACTaBlieHbl B HACTOSILLEM
0630pe MccneaoBaHmil.

Mpu ucnonb3osaHny HaumoHans-
HOM 6a3bl fiaHHbIX Mo paky CLLA,
nocne ncesaopanaoMn3aLnm
Sweigert ¢ coasT. He Habnoanm
CYLLECTBEHHbIX Pa3nnyui nocne
OTKPbITON N MUHAMANBHO MHBA-
3MBHOIA (NanapocKONUYECKou u
PO60TU3MPOBAHHOM) TOTAbHOM
PE3EKLNM XXenyaKka OTHOCUTENBHO
30-AHEBHOI NOBTOPHOI rocnuTany-
3aumu, 90-0HEBHON CMEPTHOCTY 1
o6LLei BbbxuBaemocTy. Mpu aToM
MeZauaHa npebbiBaHNs B CTauu-
OHape 6blNa H1Xe y NauneHTos,
NepeHeCLUNX MUHUMAIBHO UHBA3MB-
Hyt0 onepaumto. bonee Toro, oHu
TaKXKe YBUAENM, YTO MUHUMATBHO
MHBA3WBHbIE BMELLATENLCTBA, B
OCHOBHOM, BbINOSHSNUCL B aKa-
AEMUYECKUX W KPYTHBIX MeAULIMH-
CKMX LieHTpax [16]. Takxe 6bino
04€BUAHO, 4TO PO6OTU3MPOBAHHAS
ractpakTomus (Pl) 3aHumaeT 601b-
LLe BPEMEHM, YEM aHANOrMYHbIE
OTKPbITbIE OMepauui, Ho BbINos-

Pak xenyaka

HAETCS C MEHbLUEN KPOBOMOTEPEN.
[MocneonepaunoHHble OCNOXHEHNS,
Takue Kak paHesas MHexums,
KPOBOTEYEHME 1 HECOCTOATENb-
HOCTb aHaCTOMO3a, KaK npaBurio,
UMEOT OJIMHAKOBYHO 4acToTy B 06€-
WX rpynnax naumneHTos. HecMoTps
Ha OTCYTCTBWE AaHHbIX N0 JONTO-
CPOYHOMY HaBNKOAEHWIO, OHKOMOT -
yeckuid ucxog nocne Pl npeacTas-
NSETCSA 9KBMBANEHTHBIM OTKPbITOM
racTpakTomum (OF) [17]. TexyLiee
O[IHOLIEHTPOBOE MPOCMEKTUBHOE MC-
cnenosanve Pl npu knnHU4eckoi
CTaauu paka xenyaka |, nokasano
5-NETHIOK0 06LLYHO BbIXKMBAEMOCTb
96,7%. TakxXe aBTOpPbI CPaBHUMN
CBOM pe3ynbTaTbl C pe3ynbTaTamm
aHanormyHbix nccneposanuin O, n
npuLLAK K BbIBOAY, 4T0 PI 1 OF co-
NOCTaBUMbI C TOYKW 3PEHNS JONTO-
CPOYHOM BbXMBAEMOCTH [18].
HepasHui 0630p Muaddi ¢ coasT.,
Ony6MKOBaHHbIN B aBTOPUTET-
HOM xypHane Annals of Surgery,
NpONMBAET CBET HA NPOBNEMHBbIN
BOMPOC, KACaLLMIACS, B YaCTHOCTMH,
PO60TU3NPOBAHHON XUPYPruK Xe-
nyAKa: NPOBOAMINUCH, B OCHOBHOM,
PETPOCMEKTUBHbIE UCCTEA0BAHMS,
CpasHuBaroLLme poboTU3NPOBaH-
HYHO W 1anapoCKOMUUecKyto ra-
CTP3IKTOMMIO, HO He 6bINo Npocnek-
TUBHBIX MM PAHAOMW3MPOBAHHbIX
KOHTPONMPYEMbIX UCCEA0BaHNNA
[10]. Mo3aToMy ypoBeHb JOCTOBEp-
HOCTM [0Ka3aTeNbCTB BO3MOXHbIX
pasnumii Mexay aTUMN BYMS
NOAXOLAMK BCE eLLe CPaBHUTENBHO
HM30K. TeM He MeHee, Guerrini ¢ Co-
aBT. BK/IOUMNM B CBOW METaaHam3
40 peTpoCneKTMBHbLIX UCCNefoBa-
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Fig. 3: Laparoscopic assisted dissection of the Left Gastric Artery and the Coeliac Trunc during robotic assisted gastrectomy
Puc. 3: JTanapockonuyeckas Anccekunst neBom Xenya04HOM apTepumn 1 YpEBHOTO CTBOMA BO BPeMst PO60TM3MPOBAHHOM FraCTPIKTOMMN.

terms of oncological accuracy
there were similar proximal
and distal resection margins
reported in both groups. Using
robotic assistance however, a
significantly higher number of
lymph nodes could be retrieved
compared to the laparoscopic
procedure (mean number:
36,63 vs. 35,11) [19]. A higher
number of retrieved lymph
nodes can improve the exact
histopathological staging, de-
crease the risk for local cancer
recurrence and improve the
survival in general [20]-[24].
The steep learning curve

of robotic surgery in gen-

eral is another benefit based
most certainly on the three-
dimensional vision of current
robotic devices and their
intuitive handling [25], [26].
This and precise movement
of the current surgical robotic
systems are especially sup-
portive for the difficult surgical
anastomosis and the delicate
D2-Lymphadenectomy (Picture
1). Nonetheless, LG and RAG
remain time-consuming and
challenging procedures even
for experienced surgeons. Yet,
in robotic assisted surgery the
performing surgeons can sit in
a relaxed position and there-

HUiA ¢ yqacTreM 17 712 naumeHTos,
cpasHusatoLumx Pl n nanapocko-
nuyeckyto ractpaktomuto ().
OHK 0BHAPY>XNAKU: HECMOTPS Ha
T0, YTO 06a NOAX0AA ABNAOTCS
MWHUMANbHO WHBa3WBHbIMK, JTT
Tpe6yeT 3HAUUTENBHO MEHbLLE
BpemeHu, yem PI'. YactoTa
nepexoda Ha OTKPbITYIO Onepaumnto
MEXZy rpynnamu He OTanyanachb.
HecmoTps Ha To, YTO pasHuua Bo
MHOTOM 6blnia HeBOJBLLOHW, Nepros
[0 NepBoro nepopanbHoro npuema
MALLK GbINO 3HAYUTENBHO KOPOUE
nocne PI. B To Bpems kak obwme
OCMOXXHEHMS TaKXe He pasnnya-
TUCb, XMPYPrUYECKIME OCNOXKHEHNS
BbiLe Il cTenenu (no knaccudmvka-

umm Clavien-Dindo) BcTpeyanuch
3HauMTensLHO pexe nocne Pl
(4,13% npoTws 6,44%, p=0,005).

C TOUKM 3pEHUSt OHKONOTNHECKOM
TOYHOCTY B 06eMX rpynnax coobLua-
110Cb 0 CXOAHbIX MPOKCUManbHbIX W
AMCTaNbHbIX Kpasix peaekumu. Mpu
3TOM, BO Bpemsi po60TU3MPOBaHHO-
rO BMELIATENbCTBA MOXHO 6bIM0
W3BMeYb 3HaUYUTENbHO 60NbLIee
KONMYECTBO MMAaTIYECKUX Y3N0B
M0 CPaBHEHMIO C Nanapockonuye-
CKOW NpOLieaypoit (CPESHEE YMCNO:
36,63 npoTus 35,11) [19]. BonbLwee
KONMYECTBO M3BNIEYEHHbIX M-
TUYECKMNX Y3I0B MOXET YyULINTb
TOYHYI0 FMCTONATONOMMYECKYHO Ana-
THOCTMKY, CHU3MTb PUCK JIOKab-
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fore guarantee a consistent
performance even for a long
lasting operation [25].
Postoperative wound infec-
tions are frequent after open
surgery, specifically in obese
patients. Whereas laparoscopic
surgery for this patient group
usually is burdensome, obese
patients actually might benefit
from robotic assisted approach-
es (Picture 2) [27].

For elderly patients the advan-
tages of minimally invasive
surgery regarding short-term
outcome, postoperative mor-
bidity and mortality might be
increased even more [28]. Still,
the flip side of robotic surgery
in general stays the prolonged
operation time as well as the
general costs [19].

On the other hand, current
robotic systems show us the
possibilities of modern tech-
nology. The three-dimensional
vision and the instrument-
movement in seven degrees
of freedom are only part of a
wider spectrum of integrated
features. The implementation
of a visual mode detecting fluo-
rescence can help specifically
locating the lymphatic system
draining a localized gastric
tumour. Thus, a fluorescent
substance can be administered
pre- or intraoperatively into the
tumour. It will then spread into
the draining lymphatic system
and show the exact localiza-
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tion of lymphatic vessels and
nodes. The D2-Lymphadenec-
tomy could therefore become
even safer in operative and
oncological aspects [29]. It
should be mentioned that this
fluorescence technology is not
only used in robotic assisted
surgery but using it in open or
laparoscopic surgery is more
elaborate.

Whereas some guidelines and
authors tend to give a clear in-
dication for minimally invasive
surgery like low staged gastric
cancer and absence of other
contraindications, there are
currently no recommendations
when to favour RAG over LG or
vice-versa.

Even though robotic assisted
surgery becomes more and
more accepted it is still not
widely available. Recent re-
search shows promising trends
for robotic assisted surgery and
the technology is developing
fast. Nevertheless, research
results for long-term outcomes
after RAG are still rare and
should be considered critically.

Conclusion

The application of modern
technology and new tech-
niques is always a reorientation
and requires adaptation. It is
critical that in surgery patient
care remains ensured on the
highest possible level if turning
away from well-established

HOTO peunanBa paka v ynyulunTb
BbI>XKUBAEMOCTb B LienoM [20]-{24].
KpyTas kpusas 06yuenus pobo-
TU3MPOBAHHOW XMPYPriW B LIENOM
SBNSETCA €LUe OfHUM NpenMyLLe-
CTBOM, 06YCNOBJIEHHbBIM HANNYMEM
CMCTEMbI TPEXMEPHON BU3yanu3a-
LMW W MHTYWTVBHOTO YNPaBIEHNS B
COBPEMEHHbIX POBOTU3NPOBAHHBIX
ycTpomncTaax [25], [26]. 9T TexHo-
TIOTUM W CBEPXTOYHbIE MAHMMYNS-
TOPbI 0CO6EHHO 3hPEKTUBHBI NpU
BbINOJHEHUM CMIOXHOO XUPYpruve-
CKOro aHacToM03a 1 [eNMKaTHOM
D2-numdpageHakTommun (PucyHok 1).
Tewm He menee, JII n PI” ocTaroT-
Cs TPYAOEMKMMM 1 CIIOXKHbBIMM
npoueaypamu aaxe Aas OnbITHbIX
Xupypro.. [laxe HecMoTps Ha To,
4YTO B TEYEHME POBOTM3MPOBAHHOMO
BMeLLATeNbCTBA ONepupytoLLMe Xu-
PYpru MOryT CUAETH B paccnabneH-
HOM NOMOXEHUN W, CNIE[0BATENbHO,
rapaHTMpoBaTh CTabMUALHOCTb BbI-
MONHEHMS fiaXKe NpW ANUTENbHOM
onepauum [25].

Mocne OTKPbITbIX OnepaLyii, 0co-
6EHHO Yy MAUMEHTOB C OXXMPEHNEM,
4aCcTO BO3HMKAKOT NOCneonepauu-
OHHbIE PaHeBble MHADeKLmK. Jlana-
POCKOMMYECKME BMELLATENLCTBA
Takue nauneHTbl 06bI4HO NepeHo-
CST HE MEHee TSKENO, NOITOMY Y
HWX LieNnecoobpasHo BbINONMHATL PI™
(PucyHok 2) [27].

Y nauMeHTOB NOXMUNOro Bo3pac-

Ta NPenMyLLeCTBa MUHUMATBHO
WHBA3WBHOW XMPYPrin OTHOCUTESb-
HO KPaTKOCPOYHOr0 pesynbTara,
nocneonepaLvoHHoi 3abonesae-
MOCTW M CMEPTHOCTW MOTYT 6bITb
eLe 6onbLuMmm [28]. TeM He MeHee,
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060POTHON CTOPOHOK POBOTM3NPO-
BaHHO XMPYPriM B LIENIOM OCTaeT-
Cst ANUTENbHOE BpeMs onepaunu, a
TaKke 06Lwme 3atpatbi [19].

C Bpyroi CTOPOHbI, COBPEMEHHbIE
PO60TU3MPOBAHHbIE CUCTEMBI
LEMOHCTPUPYIOT Ham BO3MOX-
HOCTW COBPEMEHHbIX TEXHONOTUI.
TpexMepHas BuU3yanu3aums v
TOYHbIE BUXKEHWE MaHWMYNATOPOB
C CEMbIO CTeNeHsMM CBOBOAbI ABNS-
FOTCS ULLb YaCTbHO 6onee LUMpo-
KOro CreKTpa MHTErpupoOBaHHbIX
(hyHKUMRA. Micnonb3oBaHue pexunmMa
(bryOPECLEHTHO BU3yann3aumm
MOXXET NOMOYb TOUHO OMPELENUTH
pacnonoXxeHue MMgaTu4eckoi
CUCTEMbI, KOTOpas ApeHupyeT
onyxonb xenyaka. ®nyopecLeHT-
HOE BELLECTBO MOXHO BBOAMTb B
Onyxofb [0 UK BO BPEMst onepa-
LK. 3aTem OHO pacmpoCTpaHseTcs
B [PEHMPYIOLLYIO NUMCDATUYECKYHO
CUCTEMY 11 MOKA3bIBAET TOUHYHO
NoKann3aumio IMMaT4ecKnx
COCYL0B 1 y3n0B. Takum 06pasom,
D2-numafeHIKTOMMUS MOXKET
cTath elle 6onee 6e30nacHoi B
0NepaTMBHOM 1 OHKOJOrMYECKOM
acnekTax [29]. CneayeT 0TMETUTS,
4T 3Ta (PAIYOPECLEHTHAS TEXHONMO-
rUsi NPUMEHAETCS HE TOJbKO B Po-
60TM3MPOBAHHON XMPYPruK, OAHAKO
€€ WCroNb30BaHNE B OTKPbITOW UK
NanapocKon14eCKo X1pyprim ss-
nsieTca 6onee CnoXHbIM. B T0 Bpe-
M5l Kak HeKOTOpbIE PYKOBOACTBA
aBTOPbI, KaK Npasuio, JatoT YeTkne
NoKa3aHus K MUHUMAnbHO MHBaA-
3MBHOW Onepauym, Takne Kak pak
XENyaKa Ha paHHen cTaguu npu
OTCYTCTBMM MPOTMBONOKA3AHWN, B
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techniques towards unknown
territory. Although minimally
invasive surgery is no un-
known territory anymore, its
sub-category, robotic assisted
surgery, is relatively new. So
far, research could prove no
major disadvantages of robotic
assisted surgery. On the other
hand, in comparison to laparo-
scopic approaches the advan-
tages are either relatively small
or scientifically debatable.

Nonetheless, it should not be
forgotten that the development
of more advanced surgical
robots is in full swing. Hence,
current problems with current
systems might be solved in the
near future. Also, the usage of
robotic systems does not only
have immediate advantages for
patients but also for operating
surgeons. Intraoperative im-
provements like relaxed seat-
ing position, three-dimensional
vision and highly manoeuvrable
instruments are clearly positive
aspects. Current surgical robot-
ic systems can be controlled
using two consoles. This

offers the possibility that two
surgeons can share the same
view and even control over the
instruments. On the other hand
the more experienced surgeon
can still intervene at any given
moment. This immersive intra-
operative teaching using two
surgeon consoles minimizes
unintentional consequences
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for the patient and might even
be a partial explanation for

the steep learning curve. Of
course, the indication for RAG
must be appropriate. With

a rapidly aging society the
indications for surgical gastrec-
tomy might have to be altered
in near future in favour of
minimally invasive approaches.
Even though robotic assisted
surgery in general might seem
promising and attractive it
should not be forgotten that
laparoscopic and open surgery
are still particularly efficient
and well-established alterna-
tives. There are also hybrid
procedures combining robotic
assisted surgery with laparo-
scopic or open approaches
(Picture 3 & 4). Nevertheless,
open gastrectomy always will
and has to be the standard to
rely on if other approaches fail.
In conclusion it is the duty of
every physician and surgeon to
explain to the patients possi-
bilities, risks and limitations of
each surgical approach.

Patients must be selected
carefully and indication for one
or another surgical approach is
as important as the operation
itself.

HacTOsILLee BPeMS He CyLLeCTBYET
PEKOMEHLAUMIA, KOraa cnegyeT
0TAaTh npeanoytenune Pl nepes
JII" vnn HaobopoT. HecmoTps Ha To,
4TO PO6OTU3MPOBAHHAS XMPYPTUs
CTaHOBWUTCS Bce Gonee NpuMeHsie-
MOM, OHa BCe €LLe He SBNSEeTCs no-
BCEMECTHO OCTYNHON. HefasHue
MCCNEeLOBAHNS MOKa3blIBaKT MHOO-
obeLLaroLme TeHAEHUMM B 061acTy
PO6OTU3MPOBAHHON XUPYPrvK, W 3Ta
TexXHonorus 6bICTPO pa3BMUBaETCS.
OpnHako faHHbIX UccnefoBaHnin
LONrOCPOYHbIX PE3YNbTATOB NOCNE
PI" kpaitHe mano, 1 OHW LOMKHbI
paccMaTpuBaTbLCS KPUTUYECKM.

3aknioyeHue

[pUMEHEHE COBPEMEHHDIX TEX-
HOMOrUiA M HOBbIX METO/I0B BCEraa
TpebyeT nepenpotunmMpoBaHus

u agantauuu. Mpu nepexoge ¢
TPaANLMOHHBIX METOAOB Ha MHHO-
BALMOHHbIE, KpaitHe BaXHO, YTOObI
yX04 3a NauMeHTamMm BbINOSHANCS
Ha MaKCUMarnbHO BbICOKOM YPOBHE.
XOTS MMHUMANbHO MHBA3WBHAS
XMpyprus 60nbLUE He SBNSETCS
«Teppa MHKOrHUTa», ee noaKaTero-
pust - poboTU3MPOBAHHAS XMPYPrUs
nosiBUNach OTHOCUTENLHO HeaBHo.
[lo HacTosLwero BpeMenn ucene-
[0BaHMS He MoKa3ann H1KaKuX
CEPbE3HbIX HEJ0CTATKOB PO6OTU3M-
POBaHHbIX BMELIATENbCTB.

C Dpyroii CTOPOHbI, N0 CPABHEHMIO
C Nanapockonuueckumi onepauy-
SIMK, NpenMyLLecTBa Moo oT-
HOCUTESBHO Masbl, G0 CMOPHI
C HayuHOM TOUKM 3peHus. Tem He
MeHee, He CnefyeT 3abbiBath, 4To

Pak xenyaka

pa3spaboTka 6051ee COBEPLUEHHbIX
XMPYPrnyecknx poboTos naeT
MoNHbIM X010M. CneaoBaTenbHo,
CyLLIECTBYIOLLME NMPOBNEMBI C CO-
BPEMEHHbIMM CUCTEMAMM MOTYT
ObITb peLLeHbl B nvxaiillem 6y ay-
LweM. Kpome T0ro, ucnonb3oBaxve
po60TU3NPOBAHHBIX CUCTEM UMEET
HENOCPELACTBEHHbIE NPENMYLLIE-
CTBA He TOMbKO A1 NALMEHTOB,

HO M NS ONEPUPYIOLLMX XWUPYPrOB.
Takue npenMyLLECTBa, Taku1e Kak
paccnabneHHoe cnasyee nonoxe-
HWe xupypra Bo BpeMs onepauuy,
TpexMepHas BU3yanusaums u
WHCTPYMEHTBI C BbICOKOW MaHeB-
PEHHOCTbI0, ABASHOTCS 6ECCMOPHO
NONOXMTENbHBIMW acneKTamm.
CoBpemeHHble Xupyprudeckue
PO60TM3MPOBAHHBIE CUCTEMDI
MOTYT YNPaBnsTbCs C MOMOLLbH
ABYX KOHCONE. ITO 4aeT BO3-
MOXXHOCTb [IBYM XMpypram UMeTb
OLMH 1 TOT XXe 0630p W yNpaBAsTh
WHCTPYMeHTamu. oToMy B 060
MOMEHT Npu HE0BX0AMMOCTH
MOXXET BMeLLaTbCs 60/1e€ OMbITHBIM
xupypr. Takoe MHTpaonepaumnoHHoe
06Yy4EHME XMPYProB C NOMOLLbI0
[ABYX KOHCONEW CBOAUT K MAHUMYMY
HenpeHamMepeHHble NOCneACcTBuS
AN NALUMEHTA U MOXET Jaxe Ya-
CTUYHO OBBSICHUTL KPYTYHO KPUBYHO
06y4eHus.

besycnosHo, nokazaHns k Pl
LO/DKHbI 6bITb COOTBETCTBYHOLLMMMU.
B ycnosusx 6bICTpO CTaperoLero
06LLeCcTBa NOKa3aHMs K Xupypruye-
CKOM racTpaKTOMWKM B 6RvKaiiLLem
Oy ayLLEeM, BO3MOXHO, MPUAETCS
W3MEHUTb B NOMb3Y MUHUMATbHO
WHBA3MBHbIX METOZOB.
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Fig. 4: Using a laparoscopic stapler to separate Stomach and Duodenum during robotic assisted gastrectomy
Puc. 4: Vicnonb3oBaHue nanapockonu4eckoro cTensnepa Ans pasfeneHus xenyaka 1 ABeHaaLatMnepcTHOM KULLKKM BO BpeMS po60TU3MPOBAHHOM

racTP3KTOMUK.
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Breast Reconstruction
with Implants and
Autologous Tissue for
Patients with Breast
Cancer - Current Plastic
Surgical Procedures
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tion, free flap, DIEP, microsur-
gery, breast cancer

Introduction

Breast cancer is the most com-
mon type of cancer in women,
with over 2 million new annual
cases worldwide (1) and over
70.000 new annual cases in
Germany (2). Women have a
lifetime risk of ~ 10 percent to
develop breast cancer (3).

Over time, breast cancer
therapy has evolved, fueled by
significant progress in radio-,
chemo- and immunotherapy, as
well as surgical advancements
and structural and organiza-
tional changes in health care.
While it was initially regarded
as a local disease with radical
surgery as the primary treat-
ment option, breast cancer
therapy today is performed

in interdisciplinary conjunc-
tion between gynecologists,
oncologists, pathologists,
radiologists, radiotherapists
and plastic surgeons. To this
end, specialized breast cancer
centers have evolved in hos-
pitals of maximum care which

offer ideal care for patients
with breast diseases and draw
personalized and individual-
ized treatment plans for each
patient.

Early full surgical removal of
breast cancer (RO) is still key
for best possible oncologic
outcome. Hereafter, different
plastic surgical techniques are
needed to reconstruct breast
symmetry in terms of volume
and form, in order to achieve
an acceptable aesthetic out-
come. Specialized centers,
such as the Breast Cancer
Center of the Ludwig-Maxi-
milians University in Munich
provide this interdisciplinary ap-
proach which allows both state
of the art systemic oncological
and plastic surgical therapy of
breast cancer.

Breast reconstruction is con-
sidered an elemental part of
recovery. It reduces the impact
that breast cancer diagnosis
and therapy have on patients
psyche (4), increases qual-

ity of life, social participation,
sexuality and self-esteem (5-8).
A multitude of reconstructive
options exist for women after

lMnacTuyeckasn xvupyprus

MOMOLLbIO UMNNIAHTATOB U
ayTOJIOrMYHbIX TKAHEH y na-
LIUEHTOB C paKOM MOJIOYHOM
)Xene3bl — COBpeMeHHble
nnacTuyeckue Xmpypruye-
CKue npoueaypbl

Knio4eBble €oBa: PeKOHCTPYKLUMS
rpyam, cBo60aHbIi nockyT, DIEP,
MUKDOXMPYPrUs, paK MOSIOYHOM
Xenesbl

BsepneHue

Pak MonouHoi xenesbl ABnseTcs
Hauboree pacnpocTpaHeHHbIM
BMIOM PaKa Y >KEHLUNH: eXeroaHo
perucTpupyeTcs 6onee 2 MUIAKO-
HOB HOBbIX CIy4aeB 3a60NeBaHNs
B0 BCeM Mupe (1) n 6onee 70 000
HOBbIX Cry4aes B ['epMaHuy (2).
Puck pa3suTus paka MoNo4HoM
XKENe3bl y XEHLLMH B TeYeHWe
XU3HW COCTABNSAET NPUBN3NTENMb-
Ho 10 npoueHToB (3). Co BpeMeHeM
Tepanus paka MOJIOYHON XKenesbl
yCOBEpLLEHCTBOBANACh, 6naroaaps
3HauMTENBHOMY Mporpeccy B 06a-
CTW pagvo-, XMMIO- 1 UMMYHOTEpa-
nuK, a TaKKE Pas3BUTMIO XMPYPritn
W CTPYKTYPHO - OPraH13aumoHHbIM
N3MEHEHWUSIM B 34paBOOXPAHEHUN.
HecmoTps Ha TO, YTO WU3Ha-

YarbHO pak MOJIOYHOM Xenesbl
paccMaTpuBancs Kak okanbHoe
3a60neBanve C paankanbHbIM
XMPYPruyeckuM BMELLATENbCTBOM
B KQYeCTBE OCHOBHOIO BapuaHTa
NeYeHNs, CerofHs neveHme paka
rpyau NPOBOAUTCS NOCPEACTBOM
MEXMCLMMIINHAPHOMO B3auMopeit-
CTBUS! FMHEKOJIOr0B, OHKOJOr0B,

rMCTONATOM0rOB, PEHTIEHONOrOB,
panvoTepaneBTOB WU MNACTUYECKNX
XMpYproB.

Cneumnan1anpoBaHHble LEHTPbI Mo
NIEYEHMI0 paKa MONOYHOM XKenesbl
NpeBpaTUanCh B 60MbHNLBI, B KOTO-
PbIX NpeAnaratoT NPEKPaCcHbIA yXo4
3a naumeHTamu ¢ 3a60neBaHUsIMu
MOJIOYHOI XXene3bl U COCTaBNSOT
MepCOHANM3NPOBAHHbIE U MHAN-
BUAyanbHble MNaHbl NeYeHUs ans
KX LOM XXEHLMHbI. PaHHee v paau-
KanbHOE XMpypruveckoe yaaneHue
(RO) 3noka4ecTBEHHOM OMyXxomnu
MOTOYHON XKene3bl Mo-NPeXxXHEMY
ABNSETCS KIHOUYOM K HAUNyYLIemMy
OHKOIOTMYECKOMY UCXOAY 3a-
6onesanus. [lanee Heob6x0aNMO
UCMoNb30BaTb Pa3NuYHbIE METOAbI
NNACTUHECKON XMPYPriv ANs BOC-
CTAHOBJIEHUS CUMMETPUN TPYAN C
TOYKM 3peHns 06bema 1 PopMbl, 1
AOCTUXXEHNS MPUEMTEMOrO 3CTETU-
4ecKoro pesynbrara.
Cneunan1anpoBaHHble LEHTPI,
Takue Kak LIeHTp paka MonioyHom
xenesbl YnuepcuteTa Jltoasu-
ra-Makcumunuara B MroHxeHe,
006ecneumBaoT UIMEHHO TaKoW MeX-
AMCUMNAMHAPHBIA NOAXOL, KOTOPbINA
no3BOASET NPOBOANTH Kak COBpe-
MEHHOE CHCTEMHOE OHKOMOrnYe-
CKOe, TaK W MIacTUYECKOE XMpyp-
TMYECKOE NEYEHNE PaKa MOMOYHOM
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Fig. 1A: Preoperative frontal and lateral view of a breast cancer patient with a mutilating mastectomy scar after mastectomy of the left
breast. 1B: 12-months postoperative frontal and lateral view after plastic surgical reconstruction using a free deep inferior epigastric artery
perforator (DIEP) flap. Nipple-areola complex reconstruction was performed using a star flap (49) and medical tattoo.

Puc. 1: A) NMpenonepaumoHHblii BUA cniepean u cOoKy naumeHTa ¢ pakom MOMOUHON XXenesbl C kanevalym pybLom nocne MacTaKTOMIUM NIEBOV MONIOYHOM Xe-
nesbl. b) MocneonepaunorHbIit BUA Criepeam 1 cOoky Yepes 12 MecsiLeB nocne NNacTUHECKO XMpypritveckoi PEKOHCTPYKLMK C UCMONb30BaHNEM CBOGOAHO-
ro ockyTa Ha nepdopanTe rny6boKoiA HKHER anuracTpanbHoil apTepun (DIEP). PekoHCTpyKuns COCKOBO-apeosisipHOro KOMMeKca BbiNofHEeHa C MOMOLLBHO

3B€3[000pa3HOr0 N10CkyTa (49) 1 MEAULMHCKOro TaTyaxa.

surgical breast tumor resection
or mastectomy, involving either
implants or autologous tissue
(9). Plastic surgical expertise

is required at an early stage in
patients” treatment plans to
closely discuss resection pat-
terns, timing of reconstruction
and the different reconstructive
approaches available.
According to the Plastic Sur-
gery Statistics Report pub-
lished by the American Society
of Plastic Surgeons (ASPS)

in 2019, a total of 107,238

breast reconstructions were
performed by ASPS member
surgeons in 2019 (10). Num-
bers increased over 36%, as
compared to the year 2000.
Approximately 80% of all
reconstructions were implant-
based breast reconstructions,
while 20% of breast cancer pa-
tients received reconstruction
using autologous tissue (10).
This manuscript highlights the
different options of reconstruc-
tive breast surgery available in
a plastic surgeon’s portfolio.

Xenesbl. PEeKOHCTPyKUMS rpyam
CUUTAETCS HEOTHEMIIEMON HaCTbIO
BbI3LOPOB/EHMUS W peabunnTauuy, v
HUBENMPYET BAMAHME [MArHOCTMKM
W NeYeHns paka MONOYHOM Xenesbl
Ha NCUXMKY NALUMEHTOB (4), NOBbI-
LIAeT Ka4YeCTBO XXW3HW, CoLmans-
HY0 aKTUBHOCTb, CEKCYanbHOCTb

1 camooueHky (5-8). CywecTyeT
MHOXXECTBO BApMAHTOB PEKOH-
CTPYKLMN MOJIOYHON XKenesbl Ans
XKEHLLMH NMOCANE XMPYPritvecKoii pe-
3€KLWM ONYXO0NM AN MACTIKTOMMMU
C UCMONb30BaHNEM MMMIAHTATOB
WMAK ayTONOMNYHbIX TKaHew (9).

Y>xe npu pa3paboTke nnaHa neye-
HWS NaLMEHTOB TPebYeTCs y4acTme
NAAcTMYECKOro Xupypra ans Twa-
TENbHOro 06CY>XAEHNS BAPUAHTOB
PE3EKLMK, CPOKOB PEKOHCTRYKLMK
W Pa3NNYHbIX PEKOHCTPYKTUBHBIX
METO[0B.

CornacHo CTaTMCTM4ECKOMY OT-
yeTy, ony6nmkoBaHHOMY AMepu-
KaHCKMUM 06LLECTBOM MNacTUYECKNX
xupypros (ASPS) B 2019 rogy,

32 3TOT rOA XMpypramu-4neHamm
ASPS 6b1510 BbINONHEHO B 06LLEl
cnoxxHocTH 107 238 peKoHCTPYKLMA
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Fig. 2: Preoperative full body 3D-analysis is performed using the VECTRA WB360

(Canfield Scientific) imaging system. 3D-technology allows surgeons to model and

plan surgery and to objectively analyze surgical outcome.

Puc. 2: MpenonepaunonHbiii 3D-aHanu3 Bcero Tena BbINOMAHAETCS C NOMOLLbIO CUCTEMbI
Buayanusaumn VECTRA WB360 (Canfield Scientific). 3D-TexHonorus no3sonsieT xupypram
MOZAENMPOBATh rPyab W NAAHMPOBATb Onepaunm, a TakxKe 06bEKTUBHO aHaNM3upoBaTh UX
pesynbTathl.

Implant-Based Breast
Reconstruction

Implant-based reconstructions
are the most commonly per-
formed form of reconstruction
after mastectomy or breast
conserving tumor resection.
Traditionally, this procedure is
performed as a two-staged ap-
proach, with tissue expansion
prior to final implant recon-
struction. According to the
ASPS statistics report of 2019,
67% of all breast reconstruc-
tions were performed using
this two-staged approach,
while only 15% were per-

formed as implant reconstruc-
tions alone (10). Implant-based
reconstructions differ in the
plane of implant position.
Implants can be positioned
subpectoral, pre-pectoral or in
a dual plane fashion, in combi-
nation with different acellular
dermal matrices (ADM) includ-
ing biological and synthetic
meshes (11). The main advan-
tages of implant-based breast
reconstruction are the ability
for patients to choose the size
of their reconstructed breast,
objective pre-operative plan-
ning of implant type and size

rpyau (10). 370 um1cno ysennumnnoch
6onee 4em Ha 36% NO CPABHEHMIO C
2000 rogom. MpubnmnautensHo 80%
BCeX BMeLLaTenbCTaa Obln pe-
KOHCTPYKLMSAMM TPy M C MOMOLLbHO
WMMAAHTATOB, B TO BPEMS KaK Y
20% NauMeHTOB C PakoM MOJIOYHOM
Xenesbl 6bina BbINOIHEHO BOC-
CTaHOBMEHME MOJOYHOM XXenesbl

C UCMONb30BAHWEM AYTOOTMUHOM
TKanu (10).

B aT0M CTaThe OMMCHIBAKOTCS pas-
TIYHbIE BAPUAHTbI PEKOHCTPYKTUB-
HO XMPYPri MONIOUHOM XXENE3bl,
KOTOpbIE €CTb B NOPTEOMNO COBPE-
MEHHOrO NNACcTUYECKOro Xvpypra.

PeKoHCTpYyKUMS rpyau ¢ ucnosb-
30BaHMEM UMMNNAHTATOB
PeKOHCTPYKUMS C NOMOLLbHO
UMNNaHTaTOB ABNSETCS Hambonee
4acTo BbINONMHSEMbIM BAPUAHTOM
PEKOHCTPYKLMN MOMOYHOM Xenesbl
NOCne MacTaKTOMUM UIN PE3EKLIMMN
ONyX0mnu C COXPaHEHNeM rpyam.
TpagumumroHHo 3Ta npoueaypa npo-
BOAMTCS B [Ba 3Tana, C pacTsxe-
HUEM TKaHei nepes OKOHYaTeNb-
HOM YCTaHOBKOW MMMNaHTaTa.
CornacHo cTatucTM4eckomy oT-
uety ASPS 3a 2019 ., 67% BCex
PEKOHCTPYKLMIA MOMOYHON Xenesbl
ObINW BbINOSHEHBI C MOMOLLBIO
3TOro [1BYXaTanHoro MeToaa, u
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Fig. 3: 3D-Avatar of a breast cancer patient prior to and after breast reconstruction using a free deep inferior epigastric artery perforator
(DIEP) flap. A: Frontal and lateral view of a patient that received mastectomy of the left breast due to breast cancer prior to breast re-
construction. B: 1-year follow up after breast reconstruction using a DIEP flap. Mastopexy of the right breast was performed to restore
breast symmetry after reconstruction.
Puc. 3: 3D-aBaTap nauneHTa ¢ pakom MOMIOYHOM Xenesbl O W NOCNe PEKOHCTPYKLMW MONIOYHOM Xeneabl ¢ UCMoNb30BaHEM CBOBOAHOMO NepdhopaHTHOro
nockyTa rny6okon HUXKHel anuractpansHoi aptepum (DIEP). A) OpoHTanbHbIi 1 60KOBOW BUA NALMEHTKM, NEPEHECLLEN MACTIKTOMMUIO NIEBOW MOJIOUHOM
XXenesbl N0 NOBOAY paka A0 PEKOHCTPyKLMK rpyau. B) HYepes 1 rop nocne pekOHCTPYKLMM MOSIOYHON xenesbl ¢ ucronb3osaqnem DIEP - nockyTa. BeinonHe-
Ha MacTONeKcus NpaBow rPyAN Ans BOCCTAHOBMEHWS €8 CUMMETPUM MOCHE PEKOHCTPYKLMM.

using modern 3D-imaging tech-
nology, rapid recovery and low
down-time (12). In addition,
studies have shown reduced
complication rates in patients
who underwent implant-based,
as compared to free flap recon-
struction (13).

Breast Reconstruction Using
Free Flaps

Free-flap breast reconstruc-
tion is a main pillar of plastic
surgery. While often con-
sidered more complex than
implant-based reconstruction,
autologous breast reconstruc-

tion utilizes the patient’s own
tissue for reconstruction,
avoids the use of foreign bod-
ies, and thus creates a naturally
shaped and feeling breast.
Several studies have proven
that autologous reconstruction
shows superior long-term aes-
thetic results, satisfaction, and
quality of life when compared
to implant-based reconstruc-
tions in large series (14-18). If
radiation therapy is required,
autologous tissue transfer is
considered superior to breast
implants (19,20) and in the
setting of pre-reconstruction ra-

TONBKO 15% 6bln NPOBEAEHDI KaK
OHOMOMEHTHAs! PEKOHCTPYKLMS

C UCMONb30BaHNEM MMMNIAHTATOB
(10).

BapwaHTbl pekoHCTPYKLMK C NOMO-
LYbI0 UMMIAHTATOB Pa3nnyatoT Mo
Cnocoby pasmeLLieHns MMniaHTaTa.
VimMnnaHTaTbl MOryT 6bITb pacnono-
XKEHbI CyOneKTopanbHoO, MPeneKkTo-
pansHo unn MeTodoM «dual plane»
(«ABOMHAs MNOCKOCTb») — YaCTUYHO
noZ 60bLLOW rPYAHON MbILLLEN W
4aCTUYHO N0 MOJIOYHOM Xene3on
C NPUMEHEHNEM Pa3fiMyHbIX 6ec-
KNEeTOUHbIX AEPMasbHbIX MATPUL
(ADM), B TOM umncne 6uonoruye-
CKWe W CUHTEeTUYeCKue ceTku (11).

OcHOBHble NpenMyLLEeCTBa pe-
KOHCTPYKLMM MOJIOYHOM XKenesbl

C UCMONb30BAHNEM UMMAHTATOB
BKJIK04AL0T BO3MOXXHOCTb BbI6O-

pa nauveHTamu pasmepa rpyau,
npefonepaLmoHHoe NnaHupoBaHue
TMNa v pasmepa UMniaHTaTa c
UCMONb30BaHNEM COBPEMEHHbIX
TexHonoruit 3D-Bu3yanusaumm, 6bl-
CTPO€e BOCCTAHOBNEHWE U KOPOTKMN
NepWOA HeTPyA0Cnoco6HoCTY (12).
KpoMe Toro, 1ccnenosaqus noka-
31 CHUXXEHME YacTOTbl OCNOXHE-
HWiA Y NALMEHTOB, NEPEHECLLMX One-
pauuto yCTaHOBKM UMMNIAHTATOB, M0
CPABHEHWIO C PEKOHCTPYKLMEN C no-
MOLLbIO CBOBOAHOMO NockyTa (13).
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Fig. 4: Preoperative DIEP-flap perforator vessel visualization using CT-angiography
(CTA).

lMnacTuyeckas xvupyprus

Puc. 4: MpenonepaumonHas Bu3yanusauns cocyna nepdgopantHoro DIEP-nockyTa ¢ nomoLso
KT-aHruorpacpum (KTA).

diation, the risk of reconstruc-
tive loss is significantly lower
when breast reconstruction is
performed using autologous
tissue (19).

A large range of free flaps are
suitable for breast reconstruc-
tion. Plastic surgeons favor
abdominal based flaps such

as free deep- and superficial
inferior epigastric artery perfo-
rator- (DIEP/SIEAP) flaps and
the muscle-sparing transverse
rectus abdominis- (msTRAM)
(Fig. 1). These free flaps pro-
vide abundant soft tissue for
reconstruction with acceptable
donor site morbidity (21-27).
Body habitus must be as-
sessed in detail and included
in the decision-making process
prior to breast reconstruction.
Excess, scar-free skin and sub-
cutaneous tissue of the lower
abdominal wall is a prerequi-
site for abdominal-based flap
reconstruction in order to re-

construct a breast of adequate
volume. A range of alternate
donor site flaps including the
superior and inferior gluteal
artery perforator-, transverse
musculus gracilis- or latissimus
dorsi flap facilitate autolo-
gous breast reconstruction in
patients with limited abdominal
tissue (28-30). Preoperatively,
patients routinely receive
3D-analysis in order to guide
surgical planning (Fig. 2 and 3).
In addition, computed tomog-
raphy angiography (CTA) of the
abdominal wall vessels is used
prior to breast reconstruction in
order to identify the most suit-
able perforators for free flap
perfusion (Fig. 4).

Autologous Fat-Grafting
Autologous fat grafting (Lipo-
filling) was first described in
1893 and has recently evolved
as a reconstructive measure
after breast cancer surgery

PeKOHCTPYKLUS FPYAM C UCTOSTb-
30BaHWeM CBOGOAHOr0 NOCKyTa
PEKOHCTPYKUMS MONIOYHOM >Kenesbl
C MOMOLLLH CBOGOJHOMO NIOCKyTa
CUMTAETCS OCHOBOW NNACTUHECKON
XUpYpriv rpyau. AytonornyHas
PEKOHCTPYKLMS TPy M CHMTaeTCS
6onee CroXHOM, YemM PEKOHCTPYK-
LMsi C MCNONb30BaHWEM UMMNaH-
TaToOB, HO B TOXE BPEMS NPpH
TakoM BapuaHTe NnacTuku rpyam
MCNONb3YHTCS COBCTBEHHBIE TKAHM
naumeHTa, a He MHOPOZAHbIe Tena,
W, TakuM 06pasom, Co3aaeTcs YyB-
CTBUTENbHAS rPyfb, ECTECTBEHHAS
Mo ¢)OpME ¥ MO OLLYLLEHUAM.
Heckonbko uccnegoBarmii 60MbLUMX
Cepuii KNMHUYECKUX Cy4vaes npo-
AEMOHCTPMUPOBANK, YTO ayTONOry-
Hasi PEKOHCTPYKLMS 0BecneymBaeT
nyyLIne JONrOCPOYHbIE 3CTe-
TUYeckue peaynbTaThl U y[0B-
NETBOPEHME UMM NALMEHTOB, U,
COOTBETCTBEHHO, KA4YECTBO XKM3HU
MO CPABHEHMIO C PEKOHCTPYKLMei

C UCNONb30BaHNEM MMMNAHTATOB
(14-18).

Ecnu naumeHTy nokasaHa ny4esas
Tepanus, UCnonb30BaHWe ayTono-
MYHOI TKaHW cunTaeTcs 6onee
NPEeLNOYTUTENbHBIM BAPUAHTOM,
4eM YCTaHOBKA rpyAHbIX UMMaH-
TatoB (19,20), nockonbky nocne
paguoTepanuu puck HeyaoBNETBO-
PUTENBHOrO pesynbTata PeKoH-
CTPYKLMW 3HAUNTENBHO HUXE NPK
ayTONOrNYHOM BOCCTAHOBJIEHWM
MOMOYHOM Xenesbl (19).

[ins peKOHCTPYKLMK rpyam MCnofb-
3y0TCS pa3nuuHble CBOBOAHbIE
nockyTbl. MnacTiyeckue xupypru
OTRAKT NpejnoyTeHue abLomu-
HasbHbIM JIOCKYTaM, TakuM Kak CBO-
604HbIE NOCKYThI HA NepdopaHTe
rny60oKO / NOBEPXHOCTHON HUXKHEN
anuractpansHoit aptepum (DIEP/
SIEAP) n MbiwLecbeperatoLLme
NOCKYTbI U3 NONEPEYHON NPSMOIA
MbILLLbI XxuBoTa (MSTRAM) (Puc.
1). 3T1 cBO6OAHbIE NOCKYThI 06€-
CMEYMBAIOT JOCTATOUHbIN 0OBEM
MSITKOM TKaHu ANsi PEKOHCTPYKLMM
Npv NPUEMIEMOi 6ONE3HEHHOCTH
[OHOPCKOro yyacTka (21-27).
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Fig. 5: 3D-Avatar of a breast cancer patient after mas-
tectomy, prior to and after breast reconstruction using
autologous fat transfer. Sequential treatments are
necessary to achieve an adequate breast volume.

A: Lateral view of a patient that received mastectomy
of the left breast due to breast cancer prior to breast
reconstruction.

B: Postoperative frontal and lateral view after breast
reconstruction using autologous fat grafting. Volume
analysis with 3D-software shows an increase of
149.21 cc postoperatively.

Puc. 5: 3D-aBaTap nauveHTa ¢ pakoM MOSIOHHOM Xenesbl
nocne MacTaKTOMUW, A0 W NOCAE PEKOHCTPYKLMM rpyau ¢
1CMONb30BAHWEM ayTONOMMYHON Nepecanku xmpa. [Ans
LOCTWXXEHWs ONTUMANbHOro o6bema rpyau Heo6XoAMMO Mo-
3TarnHoe neveHme.

A) BoKoBOI BMA, NALMEHTKM, NEPEHECLIEN MACTIKTOMMIO N0
MOBOAY paka NeBOii MONOYHOM Xene3bl 40 PEKOHCTPYKLNM
pyAu

B) MocneonepaumorHbIid BUA cnepeam 1 c60Ky NOCne pekoH-
CTPYKLMI MONOYHOM Xenesbl C NOMOLLbI0 ayTOTpaHCMaHTa-
Lvu xupa. AHanna o6bema ¢ MomoLLbto 3D-nporpamMMHOro
06ecneyeHms NoKasbIBaeT NOCNeonepauroHHoe yBennyerme
Ha 149,21 cM®.

(Fig. 5 and 6). Autologous fat is
harvested through liposuction.
It can be injected to restore
volume after breast conserving
therapy, mask contour deformi-
ties resulting from scar tissue,
and enhance results after pros-
thetic (31) or free flap transfer
(32). Exemplary, after DIEP flap
reconstruction, autologous fat
transplantation into the free
flap has proven a viable option

to further augment the recon-
structed breast (32). However,
the high loss of graft volume
must be taken into account. In
literature, resorption rates of up
to 40-60% of the transplanted
adipose tissue are described
(33-35). Thus, a number of
sequential procedures must
be discussed with the patient,
in order to achieve long-lasting
volume effects.

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Mpouece NPUHSTUS peLLeHms 0
BapuaHTe PEKOHCTPYKLWM rpyam
BKIKOYAET AETaNbHYO OLEHKY
BHeLLHero obnuka nauueHTa.
[locTaTouHoe KOMM4eCTBO KOXM 1
MOJKOXHOI KNETYATKU B HUXKHEN
4acTy BPIOLLIHON CTEHKM 6e3 pybLoB
SBNSETCH 00513aTENbHbLIM YCNOBUEM
AN PEKOHCTPYKLMM a6 A0MUHANb-
HbIM JTOCKYTOM C Liefbio 06ecneve-
HWS1 aIeKBAaTHOr0 06beMa MOJIOY-
HOM XXene3bl.

lMnactuyeckas xupyprus

Mcnonb3oBaHue psaa anbtep-
HaTUBHbIX JOHOPCKMX NTOCKYTOB,
BKJIt04as nepdopaHTHbIE NIOCKYThI
Ha BEPXHEN W HUXKHEN ArOANYHBIX
apTepusix, IOCKYT NONEPEYHON
TOHKO UMK LUMPOYANLLENA MbILLLbI
CMUHbI 06/1ErYaoT ayTONOrMYHYHO
PEKOHCTPYKLMKO MOSIOUHOM XKenesbl
Yy NAUMEHTOB C HEJOCTATKOM
aba0M1HaNbHON Tkanm (28-30).
lMepes onepaunen nauyeHTam
00bI4HO BbINONHSOT 3D-aHanu3
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Fig. 6: Intraoperative view of autolo-
gous fat transfer for breast contour

reconstruction after breast conserv-
ing breast cancer surgery.

Autologous fat is a rich source
of Adipose Tissue Derived
Stem Cells (ASCs). The stem
cells induce a regenerative
microenvironment by stimulat-
ing surrounding tissue through
secretion of growth factors
and cytokines. Studies have
demonstrated an improvement
of tissue quality after injection
(36). Due to the regenerative
potential of stem cells, con-
cerns have been raised as

to whether lipofilling after
breast cancer surgery may
cause dormant breast cancer
cell growth. Currently, most
studies suggest the oncologic
safety of lipofilling in breast
reconstruction (37,38).

Surgical Microscope
Sufficient microvascular anas-
tomosis is key for successful
microvascular free tissue trans-
fer. First and foremost, this re-
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quires excellent microsurgical
skills on the part of the plastic
surgeon. Technical advance-
ments have eased microvascu-
lar anastomosis over the past
years. Microscopes allow up
to 15-fold magnification of the
surgical field. Together with
microsurgical instruments, this
provides the basis for anasto-
mosis of vessels in the range
of millimeters.

Postoperative Monitoring
The evolution of microsurgi-
cal technigues and refinement
of instruments has led to a
continuous improvement of
outcomes in free flap re-
construction (39). However,
vascular compromise contin-
ues to cause revision rates

of 5-25% (40,41). In order to
reduce tissue necrosis, timely
recognition of flap failure and
immediate operative revision

ANS NNaHMPOBAHNS XMPYPrUYECcKoro
BMeLarensctaa (Puc. 2 1 3).
Kpome Toro, nepes pekoHCTpyKum-
€/l MOMNOYHOM XXenesbl NPOBOASAT
KOMMbIOTEPHO-TOMOTpachuyeckyto
aHrnorpaduio (KTA) cocynos
OPHOLLIHOIA CTEHKM, 4TOOLI Onpe-
LEeNnTb Hanbonee noaxoasme
nepcpopaTopbl Ans nepgy3nm
cBo6ogHOro nockyTa (Puc. 4).

lMepecapka ayTonornyHoi
XMPOBOI TKaHU

[Tepecaaka ayTonoryHo Xmpo-
BOW TKaHW (MMNodmnnHr) bbina
Bnepsble onvcaHa B 1893 rogy v
HeAaBHO cTana METOAOM PEKOH-
CTPYKUMW rpyau nocne onepauum
Mo MOBOAY paka MOMOYHON XXenesbl
(Pwc. 5 1 6). AyTONOrn4HbIi Xunp
co6MparoT NyTEM NIMNOCAKLMM.

Ero MoXHO BBOAMTH NSt BOC-
CTaHOBNEHMS 06bema nocne
OPraHoCOXpaHsOLLE X1pypru,
MaCKMPOBKM KOHTYPHbIX Aedhopma-
Li1iA, BbI3BaHHbIX PY6LIOBON TKaHbHO,

lMnacTuyeckas xvupyprus

Puc. 6: VIHTpaonepaunoHHbIii BUA
ayTONOTMYHOM Nepecagky Xupa Ans
PEKOHCTPYKLMM KOHTYpA rpyau nocne
OpraHOCOXPaHsOLLE onepaLmm no noso-
Ly paka MOMO4HOM Xenesbl.

W yNyYLIEHNS pe3ynbTaToB Nocne
npoTe3uposanus (31) unu nepe-
cagkm cBo60AHOro nockyTa (32).
Hanpumep, nocne pekoHCTpyKLum
DIEP - nockyToM TpaHcnnasTaums
ayToOMNOrM4YHOro Xupa B CBOBOAHbIiA
nocKyT cTana paéounm BapuaHTom
NOCneayHoLLEro YBENNYEHUS PEKOH-
CTPYMPOBAHHON rpyan (32).
OnHako He0BX0AUMO Y4MTLIBATL
3HauMTENbHYH NOTEPO 06beMa
TpaHcnnaxTara. B nauteparype
OnucaHbl nokasarenu pesopbLum
nepecaXxeHHOM XX1POBO TKaHW 0
40-60% (33-35).

[MoaTomy € naumeHToM Heo6X0ANMO
06CyanTb LienecoobpasHocTb psaa
MpOLEAYp C Lenbio 06ecrneyeHus
06bema MOJIOYHOM Xenesbl B Teve-
H1e NPOJOMMKUTENBHOMO BPEMEHM.
AyTONOrNYHbINA XUP ABNSETCS
60raTbIM UCTOYHUKOM CTBOMOBbIX
kneTok (ASCs), KOTOpbIE MHAYLMPY-
0T pereHepaTuBHy0 MUKPOCPELY,
CTUMYNIPYS OKPY>KAKOLLME TKaHU
3a CYeT cexpeLnn hakTopos pocTa
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Fig. 7: View through the surgical microscope. Assessment of anastomosis patency and free flap perfusion is performed using cutting
edge indocyanine green (ICG) fluorescence imaging technology.
Puc. 7: Bug yepes onepaumoHHblii Mukpockon. OueHka npoxoauMocTyi aHacToMO3a v nepddyaun CBOGOHOM0 I0CKyTa C UCMOMb30BaHNeM (NyopecLEHTHO
BM3yann3aumm ¢ MHEoUMaHUHOM 3eneHbiM (ICG).

is indispensable (42). There-
fore, patients require thorough
postoperative monitoring after
free tissue breast reconstruc-
tion. Abundant monitoring
devices have been developed
to objectively assist plastic
surgeons with standard clinical
flap monitoring (43-45).

The O2C (Oxygen to See, 0O2C,

LEA Medizintechnik, Germany)
device allows non-invasive
monitoring of microcircula-
tory parameters. The device

is equipped with continuous
tissue spectrophotometry and
laser doppler flowmetry which
enables objective measur-

ing of microcirculatory blood
flow, capillary-venous oxygen
saturation and the blood fill-
ing of micro-vessels. Studies
have demonstrated that the
device provides reliable data
for continuous measurements

of tissue perfusion (46-48).
Rothenberger et al. evalu-

ated its use in free flap breast
reconstructions and were able
to detect vascular compromise
at an early stage (46).

Alongside clinical flap moni-
toring, the authors of this
manuscript currently use this
monitoring device as standard
of care after free-flap breast
reconstruction.

Conclusions

Breast reconstruction plays

an elemental role in holistic
breast cancer therapy. Plastic
surgeons are therefore strongly
involved in the treatment of
breast cancer patients. A vast
armamentarium of recon-
structive approaches exist for
primary and secondary recon-
struction. Autologous tissue
repair using free flaps provides

W LMTOKMHOB. MccnejoBaHns noka-
3anv ynyylleHre Ka4ecTsa TKaHem
nocne MHLEKLMW ayTONOrMYHOr0
xupa (36).

BmecTe ¢ TeM u3-3a pereHepaTtms-
HOro MOTEHUMana CTBOJOBbIX Kie-
TOK ObINN BbICKA3aHbI ONAceHus,
4TO NMNOCMIMHI NOCNE OnepaLmuu
Mo NOBOAY paka MOMOYHON XXeneabl
MOXET BbI3BaTb POCT «CrsILLMX>
paKoBbIX KNeToK. B HacTosLee
BpeMsi 60NbLUMHCTBO UCCNemo-
BaHuiA NO3BOMSKOT rOBOPUTL 00
OHKOMNOrMYeCcKon 6e30MacHOCTH
NMNOCHUNMHIa NPK PEKOHCTPYKLMM
MOMOYHOM Xenesbl (37,38).

Xupypruueckuii MMKpockon
CocTosTenbHbI MUKPOCOCY ANCTHIN
aHacTOMO3 ABMSAETCA KNKOHOM K
YCMELLHO TPaHCNaHTaLmMK CBO-
6opHoro nockyTa. [Npexae Beero,
9T0 TpedyeT OT NNACTUHECKOro
XMpypra OTANYHBIX MUKPOXMPYP-
MYECKMX HaBbIKOB. TeXHUYecKkue
YCOBEpLUEHCTBOBAHS 3a nocnes-

HUWe rodbl 06nerumny BoINONHEHNE
MMKPOCOCYAUCTbIX aHACTOMO30B.
Mukpockonbl NO3BONAOT YBENM-
4nTb onepaumroHHoe none B 15 pas.
BmecTe ¢ MUKpOXMpyprudeckumu
WHCTPYMEHTaMW 3T0 NO3BONSET
MPOBOANTb HANOXXEHWE aHACTO-
M03a Ha COCY /bl MUITIUMETPOBOIO
Anametpa.

MocneonepaunoHHbIit
MOHWTOPUHI

OBOMOLMSA MUKPOXMPYPTUYECKNX
TEXHWK 1 YCOBEpLUEHCTBOBaHNE
WHCTPYMEHTOB NMPUBENU K CyLLe-
CTBEHHOMY YTyULLEHNIO PE3YIib-
TaTOB PEKOHCTPYKLMM CBOBOAHLIM
nockyToM (39). TeM He MeHee, B
HacTosILLee Bpems nokasaterb pe-
BM3MOHHbIX BMELLATENLCTB BCEf-
CTBME COCYANCTOW HEJOCTATOY-
HOCTM cocTaBnseT 5-25% (40,41).
YT06bl yMEHBLUNTb HEKPO3 TKAHEH,
Heo6X0aMMO CBOEBPEMEHHOE pac-
NO3HABaHWE HECOCTOATENLHOCTY
NocKyTa ¥ HEMEAeHHas X1pyp-
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most natural, functional and
aesthetically pleasing results.
Breast cancer patients should
be treated in specialized cent-
ers of maximum care, in order
to offer multidisciplinary and
interdisciplinary treatment in-
volving gynecologists, oncolo-
gists, pathologists, radiologists,
radiotherapists and plastic
surgeons. In this regard, the
Breast Center of the University
Hospital LMU Munich offers
excellent medical care at the
highest international standard.
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ruyeckas pesusus (42). Moatomy
nauueHTaM nocne peKoHCTPYKLMM
MOJIOYHOM >Kene3bl CBOBOAHbLIM
NOCKYTOM TPeBYeTCs TLaTeNbHbIN
NOCNEeonepPaLmMOHHBIA KOHTPOSb.
Bbino pa3paboTaHo MHOXECTBO
YCTPOMCTB, YTOObLI NOMOYb MNa-
CTMYECKWUM XWpYpram BbINOSHATL
CTaHAAPTHbINA KNMHNYECKMIA MOHN-
TOPUHT COCTOSIHMSA NockyTa (43-45).
Mpubop 02C (Oxygen to See, 02C,
LEA Medizintechnik, I'epmaHus) no-
3BONSET NPOBOANTL HEMHBA3MBHbIiA
MOHWUTOPWHI NapaMeTpOB MUKPO-
LMpKynsILmAK.

Annapart oCcyLecTBNSAET Hempe-
PbIBHYHO CNEKTPOOTOMETPUIO
TKaHel u nasepHyro AoNMnepoB-
CKOM hioyMeTpuio, 4To 06e-
CNeynBaeT 0ObEKTUBHYIO OLIEHKY
MWKPOLIMPKYNSITOPHOTO KPOBOTOKA,
KanunspHO-BEHO3HOM caTypaunm
KMCOPOOM 1 KPOBEHANOSHEHME
MuKpococyfoB. Mccnenosaqus no-
ka3anu, 4To YCTPONCTBO NOKa3blBa-
€T TOYHble JaHHbIE NPY U3MEPEHN-
X nepdpysnm TkaHen (46-48).
Rothenberger ¢ coasT. ouexunm ero
MCNONb30BaHNE NPU PEKOHCTPYK-
LM MOJIOYHON XXenesbl CBOBOAHbIM
NIOCKYTOM M CMOrNIN 06HapY>KMBaTh
COCYZMCTYIO HE0CTaTOUHOCTb Ha
paHHeit ctaanm (46).

Hapsgy ¢ HabnioaeHmem 3a no-
CKYTOM B paMKax KiMHUYECKMX Ue-
CnefoBaHuid aBTOPbI 3TOW CTaTby B
HacTosiLLee BPEMS UCMONb3YIOT 3T0
YCTPOWCTBO 15 MOHUTOPUHIa 1 B
pamkax CTaHAapTHOro HabmnoaeHns
Mocne PEKOHCTPYKLMM MOMOYHOV
XENe3bl CO MCMONb30BAHWEM CBO-
60AHOr0 NnockyTa.

lMnacTuyeckas xvupyprus

3aknioyeHue

PexOHCTpYKUmS rpyau urpaet
KMHOYEBYH PONb B KOMMEKCHO
Tepanun paka MOSIOYHOM Xenesbl.
[MoaToMy nnacTuyeckme xmpypr
aKTMBHO y4acTBYIOT B leYeHUN
NauneHToB C 3TUM BUAOM paxa.
CyLLecTByeT Lienblii apceHan MeTo-
[10B NS NEPBUYHON 1 BTOPUYHON
PEKOHCTPYKLMM. AyTONOrMYHOE BOC-
CTaHOBNEHME TKaHM C UCMOMb30Ba-
HMeM cBOOOAHbIX OCKYTOB obecne-
unBaeT Haubornee eCTECTBEHHbIE,
(hYHKUMOHANBHBIE M 3CTETUYECKM
NPUSITHbIE Pe3yNbTaThl.

[MaumeHTOB C pakoM MOMOYHON
Xenesbl criedyeT NeunThb B Cneuu-
anu3npoBaHHbIX LIEHTPax, 4Tobbl
06eCcneynTb MHOToNPOUNILHOE U
MEXAMCLMMIIMHAPHOE NeYeHue ¢
y4acTieM rMHEKON0roB, OHKONOroB,
MCTONATOMOrOB, PEHTTEHOOr0B,
paguoTepaneBToB M NNACTUYECKMX
XMPYProB, a TakKe NepBOKIACCHbIH
yxod.

Hanpumep, Mammonornyeckui
LIEHTP KMMHUKKM YHUBEpcUTETa
Jloasura-Maxkcumunuana B Mionxe-
He npeanaraeT nauueHTam C pakoM
MOJI0YHOM XKene3abl NPEBOCX0AHOE
MeAMLIMHCKOE 06CIy)XMBaHWE Ha
CaMOM BbICOKOM MeX AyHapOAHOM
YPOBHE.
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Pancreatic Cancer
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Introduction

Ductal adenocarcinoma of

the pancreas (PDAC) depict

a significant tumor burden
with an incidence of 12.1/
100,000 and a mortality of 11.1
/100,000 [1]. The PDAC is
ranked fourth in cancer associ-
ated deaths and is predicted
to reach rank two in the year
2030 given its further increas-
ing prevalence [1, 2]. Therapy
of PDAC consists in a multidis-
ciplinary approach, comprising
radiation, chemotherapy and
surgery. If a curable treatment
is aimed, radical resection of
the tumor is mandatory. Here,
complete radical resection with
a cancer-free resection margin
of = 1 mm is associated with
significantly improved survival
and thus depicts an important
goal [4, B].

Current Treatment
Approaches for PDAC

Today treatment of PDAC is
substantially dependent on the
stage of the primary tumor, its

local situation and the pres-
ence or absence of metasta-
sis. A palliative, non-curative
chemotherapy is indicated for
patients with distant metasta-
sis, which is accountable for
approximately 50-60% of the
patients at the time of primary
diagnosis [6]. A borderline-
resectable or locally advanced
tumor is diagnosed in 30-

40% of the patients, which

is defined by local size of the
primary tumor, its local infiltra-
tive expansion and its invasion
or arterial (e.g. hepatic artery,
superior mesenteric artery or
coeliac trunk) or venous blood
vessels (e.g. portal vein or
superior mesenteric vein) [Tab.
11. In these cases of borderline-
resectable or locally advanced
PDAC neoadjuvant treatment
should be considered accord-
ing [7-10]. For resectable PDAC
current standard treatment
involves upfront resection of
the tumor followed by adjuvant
chemotherapy [6]. Depending
on the patient’s postoperative
condition and fitness, adjuvant
chemotherapy is performed
using a) gemcitabine, b)
gemcitabine + capecitabine or
¢) FOLFIRINOX. The more in-
tense the chemotherapy (more

Pak nogxenyao4Hoii xenesbl

Tepanusa onepabenbHOro
U NOrpaHUYHO
pe3ekTabenbHOro paka
nopKenyao4HOH Xxenesbl

KnioyeBble cnoBa: onepabenbHblii
paK NoAXXeNnya04HON Xenesbl,
npoToKOBas aAeHoKapLMHoMa
NOZXKENYA0UHON Xenesbl, Heoaab-
tOBAHTHAs Tepanus, XumuoTepanus,
pagnoxummnoTepanis.

BeepneHue

MNpoTok0Bas aaeHoKapLmHoma
noAXxenyaouHoi xenesbl (MAMX)
XapaKTepu3yeTcs 3HAYNTENbHbIM
OnyxoneBbIM 6PEMEHEM C YaCTO-
Toi 12,1/100 000 M CMEPTHOCTbIO
11,1/100 000 [1]. MAIX 3anumaeT
4eTBEPTOE MECTO MO CMEPTHOCTMH,
CBSA3aHHOM C PakoM, 1, COrnacHo
nporHo3am, focTurHeT B 2030 ropy
BTOPOr0 MeCTa, C y4eTOM AabHeN-
LLero yBenuyeHus ero pacnpocTpa-
HenHocTu [1, 2]. Tepanus MAIX
3aK/04aeTCs B MyNbTUANCLMNIN-
HapHOM NMOAXO0AE, BKIOUatOLLEM
NyYeBYIO Tepanuio, XMMUoTEPanuio
W xupypruto. [ins nonHoro usne-
YeHNs 0653aTENbHO BbINOIHEHME
paavKkasnbHOW PE3EKLMM OMyXOonu.
MonHas paukansHas pesexums

C HEraTMBHbIM KPaeM Pe3eKLnm
6onee 1 MM KOPPENMPYET CO 3HAuM-
TENbHbIM YNyYLLIEHNEM BbIXXUBAE-
MOCTH, MOSTOMY SIBNISIETCS BaXXHOM
Lienblo BMeLlaTenscTsa [4, 5].

CoBpeMeHHble METOAbI NeYeHUs
NAMK
B HacTosLLee Bpems neveHure

IMAIXK cyLlecTBEHHO 3aBUCUT OT
CTaanv NepBuYHON OMyXONK, ee
PACMONOXEHNS 1 MIPUCYTCTBUS NN
OTCYTCTBMS MeTacTasos. Nannma-
TUBHAs XMMMOTEPANUs NoKasaHa
nauneHTam ¢ OTAANEHHbIMK Me-
TacTa3amu, KOTOpble COCTaBMAOT
npumepHo 50-60% Bcex nauneHToB
Ha MOMEHT NOCTaHOBKY NePBUYHO-
ro nmarHosa [6).

lMorpannyHo pesekTabenbHas

WM MECTHO PacpOCTPaHEHHas
onyxosnb anarsoctupyetcs y 30-
40% 601bHbIX, M ONpefenseTcs
pasMepamu nepBUYHOKA ONyXOsu,
e N0KanbHbIM UHUNTPATUBHBIM
pacnpoCTpaHeHneM 1 ee UHBa-
31el apTepuanbHbIX (Hanpumep,
NeYEeHOYHON apTepuu, BEPXHEN
OpbI>KEEYHON apTepUM NN YPEBHO-
ro CTBONA) MK BEHO3HbIX (Hanpw-
Mep, BOPOTHOW BEHbI UM BEPXHEN
OPbIKEEYHON BEHbI) KPOBEHOCHbIX
cocypos [Tabn. 1].

B cnyyasx norpaHnyHo pesek-
TabenbHOW UM MECTHO pac-
npocTpaxerHon MAMX cneayet
paccMOTPETb NPOBELEHNE Heoalb-
tOBAHTHOTO NeveHns [7-10].
CoBpeMeHHOE CTaHAapTHOe
neyenne onepabenbHoii MATXK
BKJKOYAET OTKPLITYHO PE3EKLNIO
ONYXOJW C NOCNEAYHOLIEN afbio-
BaHTHOW XumuoTepanuei [6).

C yyeTom nocneonepaumoHHo-

ro COCTOSIHUS U (hU3UUECKOro
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Fig. 1: Cross sectional CT imaging showing a 4.7cm pancreatic tumor (A), with reduction in size to 4.0 cm (B) and 3.5 cm (C) during course of neoadjuvant

chemotherapy.

Puc. 1: KT n3o6paxeHue nonepeyHoro ce4eHus 0nyxonm Noaxenyno4Hoi xenessl pasmepom 4,7 cm (A) ymeHblueHve pasmepa 8o 4,0 cm (B) v 3,5 cm (C) Bo Bpems Kypca He-

0afibOBaHTHOM XumumoTepanuu.

drugs, more potential side ef-
fects) the longer is the median
survival following resection.
Compared with gemcitabine
FOLFIRINOX is associated
with a significant improvement
of survival (54.4 months vs.
35.0 months; p<0.001) [11].
Furthermore, adjuvant chemo-
therapy using gemcitabine in
combination with capecitabine
increased overall survival com-
pared with gemcitabine alone
(28.0 months vs. 25.5 months;
p=0.032) [12]. These studies
emphasize the importance of
effective adjuvant chemother-
apy after resection of PDAC,
although patient’s fitness and
often age has to be considered
when deciding for a specific
regime.

Resection Status as an
Important Predictor of
Prognosis

Resection status is a crucial
predictor of long-time outcome
after PDAC resection. This de-
pends mainly on the surgeon,
his experience and expertise

in this field. Several studies

showed that RO status with a
cancer free resection margin

of = 1 mm is associated with
improved survival [4, 5]. For ad-
enocarcinoma of the pancreatic
head, resection status has an
even more pronounced impor-
tance, as resection with cancer
free resection margin = 1 mm
is significantly associated with
improved overall survival when
compared to R1 resection (41.2
vs. 16.8 months; p<0.001) [5].
Further, especially in context of
an adjuvant therapy, patients
with RO resections (> 1 mm)
benefitted in comparison to
patients with R1 status (0-1
mm) and direct R1 resection
with overall survivals of 41.6
months, 27.5 months and 23.4
months (p<0.0001), respec-
tively [4].

Evidence for Neoadjuvant
Treatment of PDAC

For borderline-resectable and
locally advanced PDAC neoad-
juvant treatment is a powerful
option to downstage the tumor
and reach resectability [10]. Ne-
oadjuvant therapy also affects

craryca nauneHTa afgbloBaHTHYHO
XMMUOTEPANHIO MPOBOAST C UC-
nonb3oBaHueM a) remuntabuxa, 6)
remumutabuHa + kaneuutabuHa unm
B) FOLFIRINOX.

Yem MHTEHCMBHEE XMMMOTEpanus
(60mbLUE NpenapaTos, 1, COOT-
BETCTBEHHO, 60bLUE NOTEHLMANb-
HbIX NO60OYHbIX 9EEKTOB), TEM
OonbLUEe MeaMaHa BbDKMBAEMOCTH
nocne pesexkuuu. 1o cpasHeHto

¢ remuntabuHom, FOLFIRINOX
CYLLECTBEHHO yNyuLLaeT BbIXXM1BaE-
MOCTb (54,4 mec npoTms 35,0 Mec;
p<0,001) [11].

KpoMe Toro, agbtoBaHTHas
XMMWOTEPANUS C UCTIONb30BaHNEM
remumTabuHa B KOMOUHALNK C Ka-
neuuTabnHOM yBEMMUMBAET 06LLYHO
BbIXKNBAEMOCTb MO CPABHEHMIO

C MOHOTepanueit remumtabu-

HoM (28,0 Mec npoTuB 25,5 MeC;
p=0,032) [12].

Q71 UccnesoBaHNs NoSYEPKM-
BAKOT BAXHOCTb 9PPEKTUBHO
a[iblOBAHTHO XMMMOTEPANUM
nocne pesekuun MAMX, ogHako
Npu BbIBOPE KOHKPETHOIO pexxuMa
HEeo6X04MMO Y4MTbIBATL PU3nye-
CKOE COCTOSHME NauneHTa v ero
BO3pacT.

R - cTaTyc KaK BaXHblii
NpeanKTOp NporHo3a

CteneHb paanKanbHOCTV pesexLmnm
(R - cTatyc) aBnseTcs BaXKHbIM
NPEMKTOPOM OTAANEHHbIX Pe3ynb-
Tatos nocne pesexkuun MAMXK v 3a-
BMCHT, B OCHOBHOM, OT XMpypra, ero
OnbITa W 3HAHWIA B 3TOM 06NACTH.
Heckobko uccneaoBanmii nokasa-
u, 4To cTatyc RO ¢ HeraTuBHbIM
kpaem pesexuum 6onee 1 MM
CBAA3aH C yNy4LLUEHNEM BbXWUBae-
MocTu [4, 5). lNpun ageHokapumrHoMe
FOMOBKM MOKENy[04HOM XKenesbl
R - cTatyc umeer ewe 6onbluee
3HaYeHMe, TaK KaK pesexkums ¢ He-
raTuBHbIM KpaeM pesekumu 6onee
1 MM [JOCTOBEPHO CBA3aHA C ynyy-
LUEHMEM O6LLEN BbIKMBAEMOCTH MO
cpasHenuto ¢ R1 (41,2 npotus 16,8
mec; p <0,001) [5].

Kpome T0ro, 0COBEHHO B KOHTEKCTE
a[ibloBAHTHOW Tepanuu, y nauueH-
TOB C CO CTaTyCoOM pe3exumen RO (>
1 MM) 6b1110 60TbLLE NPENUMYLLECTB
MO CPABHEHMIO C NAUMEHTaMM CO
crarycom R1 (0—1 mMMm) v npocTo
cratycoMm R1 ¢ o6LLeit BbkuBae-
MocTbto 41,6 Mec, 27,5 mec n 23,4
Mec. p<0,0001), COOTBETCTBEHHO
[4].
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Table 1: Resectability of PDAC
according to blood vessel involve-
ment.

AHC: A. hepatica communis. TC:
Truncus coeliacus. AMS: A. mesen-
terica superior. VMS: V. mesenterica
superior. VP: V. portae. VCI: V. cava
inferior. Analog NCCN-Guidelines
(modified) [21].

postoperative tumor stage with
a reduction in primary tumor
size (T1/2 RR:2.87; p=0.001 vs.
T3/T4: RR 0.78; p=0.0002), N-
stage (NO: RR 2.1; p<0.00001
vs. N1: RR 0.59; p<0.00001),
increased RO resection rates
(RO: RR 1.13; p<0.00001 vs.
R1: RR 0.66; p<0.00001),
reduced perineural invasion
(Pn1: RR 0.78; p<0.00001),
reduced lymph vessel invasion
(RR: 0.50; p0.00001) and less
G3 tumors (RR 0.28; p=0.005)
[13]. A randomized controlled
trial further investigated the in-
fluence of neoadjuvant therapy
on survival of patients with
borderline resectable PDAC
comparing a group with neo-
adjuvant radio-chemotherapy
(Gemcitabine, 54 Gy radiation)
and upfront resection [7].
Patients in the upfront resec-
tion group received an adju-
vant treatment similar to the
neoadjuvant regime [7]. After
neoadjuvant treatment me-
dian survival was prolonged

(21 months vs. 12 months;
p=0.028) and RO resection rate
were increased (51.8% vs.
26.1%:; p=0.004) [7].

Another phase-3 trial compared
upfront resection followed by
six cycles of gemcitabine with
neoadjuvant radio-chemother-
apy (15 x 2,4 Gy; two cycles
gemcitabine) followed by four
cycles of gemcitabine after re-
section. The results were first
published on an interim analy-

FlenlsLion)

Medical »emincion
ROoHan

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

- .Resectable”

Arterial |No Contact
Situation

.Borderline-
resectable”

Contact to AHC without
contact to TC or division

.Not resectable”

Distant metastasis
and non-regional

of A. hepatica or possible | lymph node
resection/reconstruction | metastasis

Contact to AMS < 180°

Contact to AMS or
TC > 180°

Contact to TC < 180°

Venous |No contactor

Situation | contact < 180°
without irre-
gular vessels

Contact to VMS or VP >
180°, Contact < 180° with
irregular vessels or
thrombus and possible
resection/reconstruction

Contact to first
arterial jejunal
branch

Infiltration of the
Aorta

Non reconstructable
involvement of the
VMS or VP

Contact with first
venous jejunal
branch

Contact to VCI

AHC: A. hepatica communis. TC: Truncus coeliacus. AMS: A. mesenterica superior.
VMS: V. mesenterica superior. VP: V. portae. VCI: V. cava inferior. Analog NCCN-
Guidelines (modified) [21].

sis basis [14]. Resection rate
was similar between the two
groups in the intention to treat
analysis (72% vs. 62%; n.s.).
But neoadjuvant treatment
was beneficial concerning
overall survival (17.1 months
vs. 13.5 months; p=0.047),

RO resection (65% vs. 31%;
p=0.001), disease-free survival
(12.1 months vs. 7.9 months;
p=0.01) as well as metastasis-
free survival (17.1 months vs.
10.2 months; p=0.012) when
compared to upfront resection
and adjuvant treatment [14].
Subgroup analysis of patients
receiving resection further
showed improved survival
(29.9 months vs. 16.8 months;
p=0.001) [14]. Thus, the
interim-analysis of this study
in resectable and borderline
resectable patients indicated

DokasaTenscTBa Luenecoobpas-
HOCTW HEOAAbIOBAHTHOI O
neveHus npu MAMK

[pu norpaHnyHoO onepabesbHbIX v
MECTHO pacnpocTpaHeHHbIx MATMX
He0a[blOBAHTHOE NeYeHne SBNs-
e7Cs 3¢hHEKTUBHBIM BapUAHTOM
Tepanum, KOTopas yMeHbLIAeT pas-
Mep ONyXonu, YTO 0BecneynBaeT ee
pesekTabenbHocTb [10].
HeoafbioBaHTHas Tepanus Takxe
BAMSIET HA NOCNEONEPALMOHHYIO
CTaAuto OMyXO0Jn 3a CYET YMeHbLLE-
HUS pasmepa NepPBUYHON OMyXONK
(T1/2RR:2,87; p=0,001 no
cpasHeHuto ¢ T3/T4: RR 0,78;p =
0,0002), N-ctaguio (NO: RR 2,1; p<
0,00001 no cpasHeHuto ¢ N1: RR
0,59; p<0,00001), yBenuueHue ya-
ctoTbl RO -pesexunid (RO: RR 1,13;
p<0,00001 no cpasHexuto ¢ R1:

RR 0,66; p<0,00001), ymeHbLUeHME
nepuHeBpanbHoi MHBasum (Pn1:
RR 0,78; p<0,00001), ymeHbLUueHME

Pak nogxenyao4Hoii xenesbl

Tabnmua 1: PesektabensHocTb MAIMXK B
3aBMCYMOCTM OT NMOPaXKEHWS KPOBEHOC-
HbIX COCYZ10B.

AHC: O6bwas neveHo4Has apTepus.

TC: YpesHbiii cTBON. AMS: BepxHss
BpbixeeyHas aptepus. VMS: BepxHsas
OpbixeeyHas BeHa. V.P.: BopoTHas BeHa.
VCI: HuxHsas nonas seHa. Ananor NCCN-
Guidelines (Moancmumposaro) [21].

WHBA3MK NMMATHHECKUX COCya0B
(RR:0,50; p0,00001) 1 ymeHbLue-
Hue konuyecTsa onyxoneit G3 (RR
0,28; p = 0,005) [13].

B paHaoMn3npoBaHHOM KOHTPO-
TMPYEMOM WCCNEA0BAHMM [0-
MOSHUTENBHO U3Y4anock BMSHKE
HEOaLbIOBAHTHOW Tepanuu Ha
Bb>XWBAEMOCTb NALWEHTOB C
NOrPaHNYHbIM PE3EKTABEMbHbBIM
[MAIK nyTeM cpaBHeHMs rpynmb
NauneHToB, NOMy4MBLUNX Heoab-
tOBAHTHYI PaAMOXMMMOTEPANUIO
(remumTabuH, 06nydeHune 54 p) u
rpynnbl NAUMEHTOB, KOTOPbIE nocne
OTKPbITON PE3EKLMM NONYYaNM afb-
tOBAHTHOE JIeYeHe, aHanornyHoe
HeOoaAbIOBAHTHOMY PEXUMY [7].
lMocne HeoafbIOBAHTHOMO NeYeHus
YBENMYNNACh MEANaHA BbIKNBA-
emMocTH (21 Mec npoTuB 12 Mec;
p=0,028) n yBenuumnack 4yactoTa
RO - pe3ekumit (51,8% npoTtus
26,1%; p=0,004) [7].

B npyrom uccnenosanum Il dhasel
CpaBHMBaM Pe3ynbTaThbl OTKPbI-
TOW pesexunn ¢ NoCNeay oMM
LUIECTbIO LMKIaM1 reMumutabuHa ¢
pesynbTaTamu He0aLbOBAHTHON
paamoxumuoTepanum (15 x 2,4

['p; 4Ba UMKna remuntabuHa) u
nocneayoLLMMK Nocne pesekummn
4eTbIPbMS LMKNamn remumTaduHa.
Brepsble 0ny6n1koBaHHbIE PE3ySib-
TaTbl 6a31POBANUCH HA NPOME-
XYTOYHOM aHanuae [14]. YacToTa
pesekuni B AByX rpynnax 6bina
COMOCTABMOM NPK aHanM3e BCex
PaHAOMM3MPOBAHHbIX NALMEHTOB
(72% npoTuB 62%; H.C.).

Ho HeoaabloBaHTHOE neveHne
6bino 6onee aeKTUBHLIM
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Table 2: Studies for neoadjuvant
chemotherapy.

CTx: chemotherapy; rPDAC: resect-
able PDAC; brPDAC: borderline
resectable PDAC. Modified from: [3]

improved outcome following
neoadjuvant treatment [14].
Final analysis of the study

was not able to reproduce

the benefit in overall survival
for patients with neoadjuvant
treatment compared to upfront
resection (16.0 months vs.
14.3 months; p=0.096) [8].
Although beneficial effects of
neoadjuvant treatment on RO
resection rates, better disease-
free survival, locoregional
failure free interval, perineural
invasion, venous invasion

and lymph node metastasis
were also reproducible in the
final analysis [8]. Importantly,
survival of patients who under-
went resection of the tumor
was significantly longer after
neoadjuvant treatment when
compared to upfront resection
(35.2 months vs. 19.8 months;
p=0.029) [8]. Another phase |l
/11l trial from Italy investigated
the effect of neoadjuvant treat-
ment in resectable PDAC in

a limited number of patients
(n=85) [15].

They compared upfront resec-
tion followed by gemcitabine
(n=26), upfront resection
followed by chemotherapy
with cisplatin, epirubicin,
capecitabine, and gemcitabine
(PEXG) (n=30), and neoad-
juvant treatment with PEXG
followed by resection plus
adjuvant treatment with PEXG
(n=29) [15]. Here, patients with
neoadjuvant and adjuvant treat-
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Sequential Use of Nab-paclitaxel

Plus Gemcitabine and
mFOLFIRINOX as Neoadjuvant
Chemotherapy for Resectable

Pancreatic Cancer: A Randomized

Control Study (CISPD-1)

Neoadjuvant Plus Adjuvant or

Only Adjuvant Nab-Paclitaxel Plus

Gemcitabine for Resectable

Pancreatic Cancer: A Prospective
Randomized, Controlled, Phase Il
Study of the AIO (Working Group

for Medical Oncology From the
German Cancer Society) Pan-

creatic Cancer Group (NEONAX)

Resectable Pancreatic
Adenocarcinoma (S1505)

A Randomized Study of a GM-CSF
Secreting Allogeneic Pancreatic
Cancer Vaccine With or Without

a PD-1 Blockade Antibody
(Nivolumab) and CD137 Agonist

Antibody (Urelumab) for the Neo-
adjuvant and Adjuvant Treatment
of Patients With Surgically Resec

table Adenocarcinoma of the
Pancreas (J1568)

A Phase Il Study of Liposomial
IrinoTecan (Nal-IRl) With
5-Fluorouracil, Levofolinic Acid
and Oxaliplatin in Patients With
Resectable Pancreatic Cancer
(nITRo Trial)

A Randomized Phase Il Study of
Perioperative mFOLFIRINOX
Versus Gemcitabine/Nab-
Paclitaxel as Therapy for

CTx with nab-
Paclitaxel /
Gemcitabine +
mFOLFIRINOX

VS.

Upfront Resection

CTx with nab-
Paclitaxel /
Gemcitabine

VS.

Upfront Resection

CTx with
mFOLFIRINOX
VS.

CTx with nab-
Paclitaxel /
Gemcitabine

Cyclophosphamid
and GVAX pancreatic
cancer vaccine

VS.

Cyclophosphamid
and GVAX pancreatic
cancervaccine +
Nivolumab

VS.

Cyclophosphamid
and GVAX pancreatic
cancer vaccine +
Nivolumab +
Urelumab

Irinotecan Liposomal
Injection (Onivyde);
oxaliplatin, 5-FU;
Levofolinic Acid

CTx: chemotherapy; rPDAC: resectable PDAC; brPDAC: borderline resectable

PDAC. Modified from: [3]

ment were tumor free after
one year in 66% of the cases,
while this was only the case in
23% for patients with adjuvant
gemcitabine alone and 50% for
patients with adjuvant PEXG
alone [15]. Further, overall sur-

OTHOCMTENBHO 06LLEN BbXMBAE-
mocTu (17,1 mec npotus 13,5 Mec;
p=0,047), RO - pe3eKuui (65 %
npotus 31 %; p=0,001), 6e3peLu-
LVBHOM BbXMBaeMocTu (12,1 Mec
npoTus 7,9 Mec; p=0,01), a Takxe
BbKWBAEMOCTH 6e3 MeTacTa-

Pak nogxenyao4Hoii xenesbl

Tabnvua 2: ViccneaoBanus HeoaboBaHT-
HOW XuMUOTEPanun.

CTx: xumuotepanus; rPDAC: onepa-
6enbHas MAIMX; brPDAC: norpaHnyHo
pesekTabensHas MATMK. Moauduumpo-
BaHo C: [3]

308 (17,1 mec npoTus 10,2 mec;
p=0,012) no cpaBHEHWIO C OTKPbI-
TOWN PE3eKUMen N afboBaHTHON
Tepanvei [14].

AHanu3 noarpynn NaumeHToB,
NepPeHECLUNX Pe3eKLUnto, [ONoN-
HUTENbBHO MoKasan ynyyileHue
BbXWBaeMoCTH (29,9 Mec NpoTuB
16,8 mec; p=0,001) [14]. Takum
06pa3oM, MPOMEXXYTOUHbIA aHanu3
pesynbTaToB TOr0 UCCNea0BaHNS
y NaUMEHTOB ¢ onepabenbHON

W NOTPaHNYHO pe3eKTabenbHoM
OnyXorblo NoKasan ynyylieHue
pe3ynbTaToB Nocne He0aAblOBaHT-
HOro NneveHns [14].
OKoHuaTenbHbIi aHann3 pesyib-
TaToB WCCNeA0BaHNs He nokasan
CYLLECTBEHHOTO yNyuLleHne o6LLei
BbXUBAEMOCT Y NALMEHTOB NoCNe
HE0aAbIOBAHTHOMO NEYEHMS MO
CPABHEHMIO C NALUMEHTaMM, Y KOTO-
pbix 6bl1a BbINONHEHA OTKPbITAs
pesexuns (16,0 MecsLeB NpoTms
14,3 mecsues; p = 0,096) [8]. M aTo
HECMOTPS Ha TO, YTO NONOXNUTENb-
HOE BNIMSIHME HE0aabloOBAHTHOMO
neyenms Ha vacToTy RO - pesekumid,
yAyyLLEeHne BbXMBAEMOCTH 6e3
NpU3HaKOB 3a00NEeBaHMS, MHTEPBa
6e3 NIOKOPernoHapHoro peunamea,
nepuHeBpPasbHO MHBA3NM, BEHO3-
HOJ MHBA3WM U METACTa3NPOBaHNs
B NMchaTNYECKME Y3Mbl TAKKE
ObINIM MOKa3aHb! MPY KOHEYHOM
aHanuse [8]. BaXxHO 0TMETUTB, YTO
BbI>XKMBAEMOCTb NaLWEHTOB, Nepe-
HECLLMX Pe3eKLMto onyxonu, bbina
3HAUMTENbHO NyYLlie Nocne HeoaLb-
tOBAHTHOTO NIEYEHNS N0 CPABHEHWHO
C OTKPbITON pe3ekuyent (35,2 Mec
npotus 19,8 mec; p=0,029) [8].
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Table 3: Studies for neoadjuvant
radio-chemotherapy.

RTx: radiotherapy; CTx: chemo-
therapy; rPDAC: resectable PDAC;
brPDAC: borderline resectable PDAC;
SBRT: stereotactic radiation. Modi-
fied from: [3]

vival was improved in patients
receiving neoadjuvant and adju-
vant treatment (38.2 months),
in comparison to adjuvant
gemcitabine (20.4 months) and
adjuvant PEXG (26.2 months)
[15]. These data indicate again
that the more chemotherapy
can be given to the patient, the
better the long-term survival.
More studies in resectable and
borderline resectable PDAC
confirmed a positive effect

of neoadjuvant treatment on
resectability and overall survival
[16-19]. Evidence suggests that
some patients with PDAC al-
ready have micro-metastasis at
the time of primary diagnosis,
and thus those patients may
benefit from early treatment of
these micro-metastasis within
the course of neoadjuvant
therapy [20].

Neoadjuvant treatment for
borderline resectable PDAC is
meanwhile widely used and
established in daily routine [10].
For resectable PDAC neoadju-
vant treatment might be prom-
ising and there are multiple
trails ongoing to investigate po-
tential benefits of neoadjuvant
chemotherapy as well as neo-
adjuvant radio-chemotherapy

in resectable PDAC (Tab. 2 and
3). Those studies may change
the therapy algorithm also for
resectable PDAC by increas-
ing the efficiency and timing of
chemotherapy / radio-chemo-
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Stereotactic Body Radiation Therapy
or Conventionally Fractionated Con-
current Chemotherapy and Radiation
Therapy Preoperatively for Resectablg
or Borderline Resectable Pancreatic

Adenocarcinoma (PR033061)

Neoadjuvant CCRT With Gemcitabine/|
Durvalumab (MEDI4736) Followed by
Adjuvant Gemcitabine/Durvalumab
(MEDI4736) in Resectable or Border-
line Resectable Pancreatic Cancer

(ESR-16-12315)

Study to Assess the Safety and the

A Randomized Multicenter Phase Ib/Il]  +
Immunological Effect of Chemoradia-

tion Therapy (CRT) in Combination

With Pembrolizumab (MK-3475)

Compared to CRT Alone in Patients

With Resectable or Borderline
Resectable Pancreatic Cancer

Phase Il Study of Preoperative

Chemotherapy With Abraxane and
Gemcitabine Followed by Chemo-
radiation for Borderline Resectable or|
Node-Positive Pancreatic Cancer

(IRB00011256)

Phase Il Clinical Study on Resectable
or Borderline Resectable Pancreas

Adenocarcinoma Preoperative

Treatment With Chemotherapy and

Carbon lons Radiation Therapy
(Hadron Therapy) (PIOPPO)

Stereotactic RTx
(5d/week for
1,5 weeks)

VS.

RCTx (5 d / week
for 5,5 weeks)

Combined RCTx
with Gemcitabine
and Durvalumab
for R-PDAC or
BR-PDAC

+ | RCTx
(Capeitabine +
50,4 Gy) +
Pembrolizumab
VS.
RCTx
(Capeitabine +
50,4 Gy)

CTx with Nab-
paclitaxel /
Gemcitabine
followed by RCTx

RCTx with
FOLFIRINOX and
Carbonion
radiation

RTx: radiotherapy; CTx: chemotherapy; rPDAC: resectable PDAC;
brPDAC: borderline resectable PDAC; SBRT: stereotactic radiation.

Modified from: [3]

therapy based neoadjuvant and
adjuvant treatment. Besides

a radical RO resection forming
the basis for curative treat-
ment more effective chemo-
therapy / radio-chemotherapy
may further improve patient’s
outcome.

Summary

Neoadjuvant treatment for bor-
derline resectable and locally
advanced PDAC is promising.
For borderline resectable PDAC

B apyrom uccnegosanuu asbl I/
[1l, nposeaeHHoM B UTanuu, ns-
yuancs o ekt HeoaablBaHTHOMO
neyenuns npu onepabensHoi MAMX
Yy OrPaHUYEHHOr0 YMCna NaUNeHToB
(n=85) [15].

B aTOM nccneaoBanumn cpasHUm
pesynbTaThbl OTKPLITON Pe3exumnn ¢
nocneaytoLLmiA Tepanuei remumra-
OWHOM (n=26), OTKPbITON pe3eKLumn
C nocneaytoLen xummnoTepanmen
LMCNIaTUHOM, 3MUPYBULIMHOM,
KaneynTabuHoOM W reMUMTabuHoM
(PEXG) (n=30)  HeoaAbIOBAHT-

Pak nogxenyao4Hoii xenesbl

Tabmmua 3: Mccnenosanns HeoabIOBaHT-
HOW paavoXMMMOTEPANUA.

RTx: nyqesas Tepanus; CTx: xummoTe-
panus; rPDAC: onepabenbHas MATDK;
brPDAC: norpaHnyHo pesexkTtabenbHas
[MTAIDK; SBRT: cTepeoTakcuyeckas nyye-
Bas Tepanus. MoanduumposaHo c: [3]

HOro neyeHns ¢ noMoLsio PEXG

C MoCneaytoLLei pesekunein N
afbloBaHTHbIM nevennem ¢ PEXG
(n=29) [15].

Y naumneHToB, NOyUMBLLMX He-
0afbIOBAHTHYIO U aibIOBAHTHYHO
Tepanuio, B 66% cny4aes yepes
rOZ ONYXO0flb He BbISBASANACh B TO
BpEMS], KaK Takoe COCTOsHWE Aua-
FHOCTMPOBANOCh y 23% NauMeHToB
nocne agbloBaHTHOW Tepanueil
remumnTabuHom u y 50% naumeHTos,
Y KOTOpbIX NPOBOANNACH TOJBKO
anbtoanTHas PEXG [15]. Kpome
TOro, 061Las Bb>XMBAEMOCTb 6bina
flyyLLe y NauMeHTOoB, NoAyYaBLUMX
HEOaAbIOBAHTHYIO M afbOBAHTHYHO
Tepanuio (38,2 mecsiua), no cpaBHe-
HUIO C TEMU, KTO MOMyYnn afbio-
BaHTHYO TEPANMIO reMunTabuHom
(20,4 mecsua) v afbIOBaHTHYHO
Tepanuio PEXG (26,2 mecsiua) [15].
OTU aHHbIE CHOBA YKa3blBAIOT Ha
TO, YTO YeM BOIbLLE XUMUOTEPANUM
nosyyaeT NaLmMeHT, TeM fyulle
[ONroCpPOYHas BbIKUBAEMOCTb.
[ononHuTenbHble nccneaoBanHns
onepabenbHO 1 MOrpaHNyHo
pesekTabenbHoii MAMK noaTteep-
AWK NONOXXUTENbHBIA 3ddexT
HeO0a[bIOBAHTHOIO IEYEHMs Ha
pe3ekTabenbHOCTb W 06LLYIO Bbl-
XuBaemocTb [16-19].

ViMerowwmecs faHHble CBUAETENb-
CTBYHOT 0 TOM, YTO Y HEKOTOPbIX
nauvenTos ¢ MAMXK Bo Bpems
NEPBUYHON ANarHOCTUKM YXKe

€CTb MUKPOMETACTA3bI, W, TAKUM
06pa3oM, 3TV NaLMEHTbI MOryT
MOMYYUTb PAHHEE NIEYEHNE ITUX
MMKpOMETACTa3 B paMKax kypca
HeoaabIOBaHTHOM Tepanuu [20].
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Table 3: Studies for neoadjuvant
radio-chemotherapy.

RTx: radiotherapy; CTx: chemo-
therapy; rPDAC: resectable PDAC;
brPDAC: borderline resectable PDAC;
SBRT: stereotactic radiation. Modi-
fied from: [3]

neoadjuvant therapy is already
established, but its compo-
nents (radiation, chemotherapy
and their optimal combination)
still have to be optimized.
Following neoadjuvant therapy
and potential downstaging in
borderline and locally advanced
tumors, qualified surgery is
eminent. Often a technical
difficult radical operation with
potential vascular resection

is mandatory to achieve a RO
resection. This is the precondi-
tion for long-term survival and
curation of the patient.
Neoadjuvant therapy for resect-
able PDAC is not standard of
care today and should only be
administered within clinical
trials. First results from studies
are promising and suggest a
survival benefit in patients with
neoadjuvant therapy and resec-
tion of the tumor. This has to
be validated by further ongoing
investigations to put treatment
of PDAC on the next level.

Case Study: Neoadjuvant
Treatment in Borderline-
resectable Pancreatic Cancer
A 42 years old male patient
presented with obstructive
jaundice, light colored stool
and dark urine. Cross sec-
tional CT scanning revealed a
4.7 cm borderline resectable
pancreatic head tumor [Fig.
1A]. The CA19-9 was 391 U/ml.
According to the interdiscipli-
nary cancer board, the patient
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Perioperative Therapy for Resectable
Pancreatic Adenocarcinoma and
Borderline Resectable Pancreatic
Adenocarcinoma With Molecular

Correlates (15-0150.cc)

Chemotherapy Regimens With or
Therapy for Borderline Resectable

a Prospective, Randomized Phase |l

7 |Comparisons of Different Neoadjuvant + |Gemcitabine plus
nab-paclitaxel
Without Stereotactic Body Radiation VS.
Gemcitabine plus
Pancreatic Cancer: Study Protocol of nab-paclitaxel
with SBRT
Trial VS.
S-1 plus nab-pac-
litaxel with SBRT

+ + |Nab-paclitaxel /
Gemcitabine for
R-PDAC + SBRT
VS.
Nab-paclitaxel /
Gemcitabine for
BR-PDAC + SBRT

Two Arm, Prospective, Multicenter + | mFOLFIRINOX
Randomized Phase Il Trial of Neo- VS.

adjuvant Modified Folfirinox Regimen, mFOLFIRINOX +
With or Without Preoperative Con- RCTx

comitant Chemoradiotherapy in (Capecitabine +
Patients With Borderline Resectable 50,4 Gy)
Pancreatic Carcinoma

RTx: radiotherapy; CTx: chemotherapy; rPDAC: resectable PDAC;
brPDAC: borderline resectable PDAC; SBRT: stereotactic radiation.

Modified from: [3]

received neoadjuvant chemo-
therapy with gemcitabine and
nab-paclitaxel. Treatment with
gemcitabine / nab-paclitaxel
was continued after responsive
disease (size 4.0 cm, CA19-9
40 U/ml) [Fig. 1BI.

After completed neoadjuvant
chemotherapy with further
response the patient received a
total pancreatectomy with sple-
nectomy and resection of the
portal vein showing an ypT3,
ypN1 (3/61), Pn1, L1, CRM+,
RO tumor [Fig. 1CI.

The treatment was continued
with adjuvant gemcitabine
and nab-paclitaxel. Two years
follow-up after completion of
treatment did not show recur-
rence of the tumor.

Mo3TOMy HEOaAbIOBAHTHOE NeYe-
HWE NOrpPaHNYHO pe3eKTabensLHON
MAIK y>xe ucnonbayeTes U BHe-
APSETCS B NOBCEAHEBHYHO NPaKTUKY
[10]. Mpw pesekTabenbHoii MATTX
HEe0a4blOBAHTHOE NIeYeHNe SBNSIET-
CS1 MHOT006ELLarLLIMM BAPUAHTOM
Tepanuu, 1 B HACTOSILLEE BPEMS
MPOBOANTCS HECKOMBKO MCCNEfOBa-
HUA NOTEHLMAaNbHBIX MPEUMYLLIECTB
Heoa4bIOBAHTHON XUMMUOTEPanuK, a
TaKXXe He0aLblOBaHTHOW pagmo-
XMMWOTEPANUKM Npn onepadensbHoON
MAMX (Tabn. 21 3).

OTu uccnesoBaHns MOryT U3me-
HUTb anropuTM Tepanun Takxe

W [N NOrpPaHUYHO pesexTabens-
Hbix MAIK 3a cyeT yBenuuenus
9PPEKTUBHOCTU 1 CPOKOB He-
0afbKOBAHTHOrO 1 afbOBAHTHOMO
NIEYEHNs Ha OCHOBE XUMUOTepanun/
paavoxummuoTepaniu. Nommmo
paaukanbHoi pesexunn RO, aBnsto-

Pak nogxenyao4Hoii xenesbl

Tabmmua 3: Mccnenosanns HeoabIOBaHT-
HOW paavoXMMMOTEPANUA.

RTx: nyqesas Tepanus; CTx: xummoTe-
panus; rPDAC: onepabenbHas MATDK;
brPDAC: norpaHnyHo pesexkTtabenbHas
[MTAIDK; SBRT: cTepeoTakcuyeckas nyye-
Bas Tepanus. MoanduumposaHo c: [3]

LLeiics OCHOBOW Ans padukanbHOro
nevenms, 6onee apdekTBHas
XMMWUOTEpanus/pasnoxuMmoTepa-
MUst MOXET eLLe 60MbLUE YayYLNTb
pesynbTaTthl NeYEHNs NaumeHTa.

3aknioueHue

HeoapbroBaHTHOE NieyeHue norpa-
HUYHO pe3eKTabenbHOM 1 MECTHO
pacnpocTpaHenHoi MAIMX ssnset-
S NEPCNEKTUBHLIM M MHOrobeLLa-
toLLmM. Mpu norpaHnyHo pesekTa-
6enbHoi MAIMXK HeoaabloBaHTHas
Tepanus y>xe NPUMEHSIETCS, HO ee
KOMMOHEHTbI (Ny4eBas Tepanus,
XMMUOTEPANUS M UX COYETaHME)
eLLe HyXAAKTCs B ONTUMM3ALNK.
Mocne HeoaLbIOBAHTHOM Tepanun 1
MOTEHLMANBHOTO CHUXXEHUS CTaANM
MpW NOrpaHUYHO pe3eKTabenbHbIX
1 MECTHO PacnpOCTPaHEHHbIX
ONyxonsix NoKasaHa BbICOKOKBANM-
(buumMpoBaHHas xupyprus. HYacto
ANS JOCTUXEHMS pe3ekunm RO
Heo6X04MMa TEXHUHECKM CNOXHAS
pagukanbHas onepaunst ¢ noTeH-
LmManbHOi pe3ekLumeit CoCyLoB.

OT0 SIBNSETCA NMPEANOCHINKONA ANs
AOArOCPOYHOr0 BbKMBAHWS U U3-
NeYEHNs naumeHTa.

HeoasbroBaHTHas Tepanus npu
onepabensHoii MAIMXK cerogHs He
SBNSETCS CTAHAAPTOM NEYEHMS

W [ON>KHA NPOBOAMTLCS TONBKO B
pamKax KIMHU4EeCKWX 1ccnesosa-
HuiA. [epBble pesynbTaThl Ucchne-
[0BaHMIA SBNSOTCS MHOroo6eLLaro-
MMM M NPEANONAraroT ynyulleHune
BbDKMBAEMOCTH Y MALMEHTOB C
HeoaabIOBAHTHOM Tepanuen u
pe3ekumeit onyxonu. OaHaKo OHu
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AOMXKHO 6bITb MOATBEPXKAEHDI B

X0i€ NPOAOIIKAIOLUMXCS UCCNEfo-
BaHWi1, 4TO NO3BOMNT BbIBECTY NE-
uyeHwe MAIX Ha HOBbI YPOBEHb.

KnuHnueckuii cnyyaii: Heoagn-
I0BaHTHOE JieueHune npu norpa-
HUYHO pe3eKTabenbHOM pake
NOKENYAOYHOM Xenesbl

Y naumeHTa 42-x neT 6bInu Bbl-
SBNEHbI MEXaHN4ecKas XXenTyxa,
CBETNbINA CTYN U TEMHas Moua. Mpu
nonepeyHoM KT-ckaHnpoBaHuu
Obina BbISBEHA NOrPAHNYHO
pe3exTabenbHas 0nyxosb roNoBKy
NOAXXENYA0UHO XENe3bl pasme-
pom 4,7 cm [Puc. 1A]. CA19-9 6bin
391 E[/mn.

CornacHo nnaxy neveHus, pas-
paboTaHHbIM MEXANCUMNIMHAPHbIM
OHKOJOTMYECKNM KOHCUIMYMOM,
MauMeHT NONYyYMn HEOAAbHOBAHT-
HY0 XMMMOTEPANWI0 FEMUNTAOUHOM
1 Hab-naknuTaxkcenoM. Jleyenne
remunTabuHoM/Hab-naknmMTakcenom
MPOAOIXANM W NOCNE NONy4eHus
0TBETa Ha Tepanuio (pasmep 4,0
cM, CA19-9 40 E[l/mn) [Puc. 1B].

Mocne 3aBepLUeHNst HeoadbHo-
BaHTHOW XMMUOTEPann ¢ nony-
YeHneM fanbHeiwwero achdexra ot

Univ.-Prof. Dr. Helmut Friess
Department of Surgery
Klinikum rechts der Isar
Technical University of Munich
Ismaninger Str. 22

81675 Miinchen, Germany
Phone: ++49 89 4140 - 2121
helmut.friess@tum.de

Pak nogxenyao4Hoii xenesbl

neyeHns nauneHTy bbina Bbinon-
HeHa ToTasnbHas NaHKPeaTaKToMus
CO CMEHIKTOMUEN M pe3eKLumen
BOPOTHOW BeHbl: ypT3, ypN1 (3/61),
Pn1, L1, CRM+, RO [Puc. 1C].

lMocne onepaumu 66110 NPOBEAEHO
a[ibloBaHTHOE NeyeHne reMumnTabm-
HOM W Hab-naknuTakcenom. Yepes
[1Ba rofa nocne 3aBepLLeHNs neve-
HUS PELMAMB OMyXONW HE BbISIBNEH.
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HTepBEeHLNOHHaA paguonorua

Prostate Artery
Embolization For
Benign Prostate
Syndrome

Keywords: MR angiography
(MRA); Interventional radiology;
Prostatic artery embolization
(PAE); Benign prostate syn-
drome (BPS), Cone beam CT
(CBCT)

Introduction

The prostate artery emboliza-
tion is a radiological interven-
tion treating symptoms of the
Benign Prostate Syndrome
(BPS). Those Lower Urinary
Tract Symptoms (LUTS) include
voiding and storage symp-
toms [1]. As other therapies
require general anesthesia and
often go along with high risk
of incontinence, bleeding or
erectile dysfunction [2], new
minimal invasive procedure are
under current investigation.
Avoiding these risks PAE has
gained increasing interest over
the past few years. In 2000
DeMerritt et al. [3] described
positive effects on LUTS of a
PAE performed in order to stop
prostate hemorrhage. In the
following years, evidence of an
effective and safe treatment
with PAE was gained. In 2018
the UK National Institute for
Health and Care Excellence
(NICE) included PAE as recom-
mended treatment for BPS and

2020 the German Society for
Interventional Radiology (De-
GIR) positioned itself positive
towards the PAE [4, 5].

Technique

Most treatments for BPS are
performed via a transurethral
access whereas the PAE is
performed using a vascular
approach through femoral
arteries. This angiographic
mode provides low bleeding
risks and spares the urogenital
organs. Until today, there is

no standardized protocol for
the procedure. Thus, there are
differences in the performance
of the PAE e.g. particle size
and material used as well as
patient selection and procedure
planning. In the following, the
approach followed at the Insti-
tute of Diagnostic and Interven-
tional Radiology in Frankfurt/
Main is described.

In our institute, we perform the
PAE as outpatient treatment

if no complications occur. PAE
is performed in a sterile work
area by experienced inter-
ventional radiologists. After
injecting local anesthesia, uni-
lateral transfemoral approach

is achieved and a 5F sheath

IMbonusauumsa npocra-
TUYECKUX apTepun npu
nobpokayecTBEeHHOM
runepnnasum npeacra-
TeNnbHOM Xenesbl

KnioueBble cnosa: MP-
anruorpagms (MPA); nHTepBeHLM-
OHHas pazvonorus; améonusauns
npocTaTuyeckux aptepuii (AMA);
[06pOKaYeCTBEHHAs runepniasms
npescTatensHoi xenessl (AMDK),
koHycHo-ny4esas KT (KJTKT)

BeeneHve

OMB0onM3auns NPOCTaTUYECKUX
aptepui (3MA) sBnsieTcs paamo-
NIOTMYECKMM BMELLATENbCTBOM

C LeNbIo IeYeHUs CUMNTOMOB
A06pOKAYECTBEHHON runepnnasnm
npencrarensHoi xenessl (AMK)
WK Tak Ha3blBaeMbIX CHMMTOMOB
HUXXHUX MOYEBLIBOASLLMX MyTel

(CHMIM), koTOpble BKAKYAIOT Hapy-
LeHns mo4vencnyckaHus n Hakonne-

Hus Moum. [1]. Mockonbky Apyrue
MEeTOfbI NeveHns TpebytoT obLuei
aHeCTe3nn 1 4acTo CONPOBOXAa-
tOTCS BbICOKUM PUCKOM Pa3BUTUS
HEAEePXXaHNs MOUM, KPOBOTEUEHNS
WA SPEKTUNBHOW ANCyHKUMM [2],
B HacTosLee BPEMS UCCNEAYOTCS
HOBbIE MasOWHBA3MBHbIE NpOLie-
Lypbl. 32 NOCnefH1e HECKOMbKO
NEeT Pe3Ko Bo3poc nHTepec K AlMA,
KOTOpas N03BONSET U36exaTh No-
LO6HbIE PUCKN.

B 2000 r. DeMerritt ¢ coasT. [3]
Onucanu NoNOXNTENbHbIA APGeKT
OlA, BbINOMHEHHOI C LIEMbIO 0CTa-
HOBKW KPOBOTEYEHMS 13 MPOCTATI,
Ha CHMTI. B nocnegytoLume rogbl

ObINv NONyYeHbl AOKA3ATENbCTBA
3 HEKTUBHOCTM 1 6830MaCHOCTY
neyenus ¢ nomoLsio AMA. B 2018
rofly HauvoHanbHbli UHCTUTYT
30PaBOOXPAHEHNS U YCOBEPLLEH-
CTBOBaHWS MEAMLNHCKOW NMOMOLLM
Benukobputanum (NICE) pekomeH-
fosan JlA B ka4yeCTBe neyeHns
CHMI, a B 2020 r. HemeLkoe
06LLECTBO MHTEPBEHLIMOHHON
paguonoruu (DeGIR) npoaemoH-
CTPUMPOBAIO NO3UTUBHOE OTHOLLE-
HUME K 3TOMy NieuebHOMY MeTogy.
[4, 5].

TexHuka

BonbLUMHCTBO BIOB NeYeHms
CHMIN npoBoAATCS Yepes TpaHc-
ypeTparbHblii 4OCTYM, B TO BpEMS
kak SMMA BbINOAHAKT C UCTOMb-
30BaHWeM CoCyancToro foctyna
uepes3 6eapeHHbIe apTepuu. ITOT
aHrvnorpadmyeckuii Metog obecne-
UMBAET HU3KMIA PUCK KPOBOTEUEHMS
W WaauT MOYEnosoBble OpraHbl.
OnHako A0 CErofHSALWHEr0 AHS
elLie He paspaboTaH cTaHaapTUan-
POBaHHbI MPOTOKON NPOLEAYPbI.
[MoaToMy CyLLECTBYHOT pasnuuns

B BbINONHeHNM MA: Hanpumep,
BapbUPYErT UCNONb3yeMble
Matepuan 1 pasmep Mukpocdep,

a TaKKe 0T60p NALMEHTOB U
nnaxsupoBsaxue npoueaypsl. lanee
B CTaTbe OMUCbIBAETCS METOANKA,
KoTOpas npuMeHsieTcst B HcTUTyTE
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Fig. 1: Freely rotatable 3-dimensional MRA reconstruction. A: View from the left pelvic side and origin analysis of the left prostatic artery (arrow).
B: View from the right pelvic side and origin analysis of the right prostatic artery (arrowhead).
Puc. 1: CBoboaHo Bpavuarowascs TpexmepHas MPA-mogens. A: Bua ¢ neBoii CTOPOHbI Ta3a v onpejeneHne YPoBHS 0TX0XAEHNS NIEBON NPOCTaTUYECKON apTepum (CTpeska).
B: Bua ¢ npasoii CTOPOHbI Ta3a v onpeaesieHne YpoBHS OTXOXAEHUS NPaBoi NPOCTATMHYECKO apTepum (CTpenka).

is inserted via the Seldinger
technique. Subsequently 5F
Sidewinder or 4F Cobra cath-
eter are used to catheterize the
pelvic arteries, whereas the PA
mostly needs further selection
with a 2F microcatheter. MRA
guidance prior to the procedure
(Fig. 1) as well as angiographic
guidance are used to visualize
the pelvic arteries and identify
target vessel. If there is a risk
of nontarget embolization,
further selective catheteriza-
tion is attempted or protec-
tive coil embolization of the
affected vessel is conducted.
In rare cases cone beam CT
(CBCT) is performed if anas-
tomoses cannot be ruled out.
Selective embolization of PA is
performed with microspheres
of 300-500 pm (Embosphere®
Microspheres; ©2018 Merit

Medical Systems, South Jor-
dan, Utah, USA) as distally as
possible until almost complete
blood flow stasis in all branch-
es is achieved (Fig. 2). Due to
the presence of anastomoses
to the PA of the other prostate
side, bilateral embolization
should be attempted in all
cases. Following the removal
of catheters and sheath, the
approach is occluded using a
vascular closure device.

Currently different particles
are in use for PAE: spherical
and non-spherical particles,
gelatin and polyvinyl materi-
als and different sizes such
as 100-300 pm or 300-500pm
[6]. The smaller particles are
likely to cause more ischemia
as they occlude smaller
vessels, whereas the larger

AMArHOCTUYECKON M MHTEPBEHLINOH-
Hoii paguonorun Bo OpaHkdypTe-
Ha-Maiire.

B HalueM MHCTUTYTE, ecim 0T-
CYTCTBYET PUCK OCNOXXHEHWH, Mbl
nposoanm AMA ambynartopHo.
Mpoueaypa BbINONHSETCS B CTe-
PUMbHO paboyeit 30HE OMbITHBIMY
WHTEPBEHLMOHHBIMW PAANONOramMm.
locne BBEAEHNS MECTHOI aHe-
CTE3UN OCYLUECTBNSAETCS OAHO-
CTOPOHHWIA TpaHCheMoparbHblif
AOCTYN 1 BBOAUTCS MHTPOAbIOCED
5F no metoanke CenbamHrepa. 3a-
TeM ANg KaTeTepn3aunm Tasosbix
apTepui MCNoNb3yeTCs KaTeTep
5F Sidewinder unu 4F Cobra, B TO
BPEMs Kak HenocpencTseHHo OMNA
BbINOMHSETCS C NOMOLLBIO MUKPO-
kateTepa 2F. MP-anruorpagms
(MPA) nepea npouegypoi (Puc. 1),
1 aHruorpachuyeckas HaBuraums Bo
BpeMs NpoLeaypbl UCMONb3YHTCS
AN BU3yanu3auum TasosbIx apTe-

Py M MAEHTUMKALMN LeneBoro
cocyfa.

Ecnu npucyTcTByeT puck Heuene-
BOW aM60/M3aLmMK, TO BbINOSHSOT
LanbHemLLyo CeNeKTUBHYIO KaTeTe-
pU3aLMI0 MK NPOBOAAT 3ALUNTHYHO
3M60n13aLmio COOTBETCTBYHOLLErO
cocyza cnupanbto. B peakux
crnyyasix (eCnv HeMb3s UCKIHUUTb
aHaCcTOMO3bl) BbIMOSHAETCS KOHYC-
Ho-nyyesas KT (KJIKT).
Cenextusryto IMA npoBoasT
MuKpocchepamn pasmepom 300-500
MKkM (Embosphere® Microspheres;
©Merit Medical Systems, 2018,
CayT-[>xopaaH, HOTa, CLLIA) kak
MOXHO 6onee AucTansHo [0 4OCTH-
XKEHMS MOYTU MOJHOrO CTa3a Kposu
BO BCEX BETBSAX apTepuit (Puc. 2).
/3-3a Hann4ms aHaCTOMO30B C NPo-
cratnyeckumu aptepusamu (MA) Ha
[APYroii CTOPOHE MPeACTaTENbHOM
Xeneabl, BO BCEX CRy4asx cneayet
NPOBOANTD JBYCTOPOHHIOK 3MOONM-
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particles tend to be less painful
and result in fewer adverse
events [7]. The superiority of
one specific particle is under
current investigation [6, 8].
Additionally, there are dif-
ferences in planning PAE as
well. Some centers use only
intraprocedural imaging such
as DSA or CBCT, whereas
others use CTA or MRA to plan
the procedure and display their
reconstructions in the angio
room during PAE. Technical
improvement is promised by
the Proximal embolization first
then embolize distal method
of PAE (PErFecTED-method)
introduced by Carnevale et al.
[9]. They recommend emboliz-
ing the proximal branches first
to increase blood flow towards
the prostate and then superse-
lectively embolizing the distal
branches of the central gland.

The blood supply of the central
gland of the prostate is re-
duced [10] by embolization.
This mechanism results in
different effects of the PAE. In
addition to necrosis and apop-
tosis induced by hypoxia, the
lower blood supply reduces the
transformation of blood testos-
terone into dihydrotestoster-
one (DHT) [11]. The immediate
effect is said to be achieved by
the reduced DHT levels as well
as relaxation of smooth muscle
tissue [8]. This relaxation

might be a result of elevated

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

NO levels and reduced alpha-
1-receptor density [8]. Volume
decrease is said to be a result
of hypoxic ischemia and edema
and develops over the follow-
ing months as the necrotic
tissue is resorbed [8, 10].

Technical Challenges

As pelvic vessel anatomy

is highly variable detailed
knowledge of the possible PA
origins as well as the individual
anatomy of the patient is cru-
cial whilst identification of the
PA during the procedure can be
challenging [12]. Due to these
anatomical challenges preproc-
edural imaging or periinterven-
tional CBCT is important.

The prostate artery itself is
often described as an inde-
pendent and highly variable
vessel [13]. Additionally, the PA
shows anastomoses to other
organs such as urinary bladder
or rectum in up to 60% [12].
These anastomoses can be
identified in the preprocedural
imaging. In most cases the PA
approaches the prostate in four
quadrants, i.e. two anterome-
dial and two posterolateral
branches [14]. The anterome-
dial branches supply the blood
for the central gland whereas
the posterolateral branch
provides blood for the periph-
eral gland. In up to 40% of the
cases these branches can arise
from different origins as two

3aumio. Mocne yaaneHus KateTepos
W MHTPOJbOCEpa AOCTYN 3aKpbiBa-
€TCS C MOMOLLbIO YCTPOCTBA ANSt
3aKpbITUS COCYLOB.

B HacToswee Bpems ans OlA uc-
NOMb3YHTCA Pa3NNyHble YacTuLbI:
cchepudeckue n Hecepuyeckme,
W3 XXENaTMHOBbIX M NONMBUHUNO-
BbIX MaTepuasnoB, PasHbIX pasme-
poB — 100-300 mxm nnm 300-500
MKM [6]. Bonee Menkue YacTuubl,
BEPOSITHO, BbI3bIBAIOT GOMbLLYHO
WLLEMMIO, MOCKOBKY OHU 3aKYNopu-
BalOT 6071Ee MeNkne Cocyabl, Toraa
kak 60f1ee KpynHble YacTuLbl, Kak
npaBuno, MeHee 60Ne3HEHHbI U
NPUBOAAT K MEHbLUEMY KOMMYECTBY
no60YHbIX 3GHEKTOB [7].

B HacTosLLee BpeMms npevmyLue-
CTBA PasfMyHbIX YacTuL uccneny-
toTcs [6, 8].

TaK>Ke CyLLeCTBYOT pasnnius 1 B
nnanmposanuu OlA. HekoTopble
LIEHTPbI UCTIOMb3YOT TONBKO WUH-
TpanpoLeLypHYIO BU3yanuaaumio,
TaKyt Kak umposas cyoTpakum-
OHHas aHruorpacus (LICA) namn
koHycHo-nyyesas KT (KJIKT), B

TO BPEMS KaK ApYrue NPUMEHSIOT
KTA v MPA ons nnaHupoBaHus
NpoLeaypb! 1 0TOBPAKEHS CBOMX
PEKOHCTPYKLMI BO Bpems JMA.
MHoroobeLLatoLLiee TexHUYe-

CKO€ ycoBepLUeHCTBOBaHMe JA
6bin0 pa3paboTaHo Carnevale ¢
coasT. [9]: meToauka Proximal
embolization first then embolize
distal (PErFecTED) 3akntouaetcs
B NEPBOHAYaANbHOM BbINONHEHNM
NpOoKC1ManbHON aMbonm3aumm, a
3aTeM guctanbHon. OHU peKoMeH-
AyHOT CHavYana aM60IM3npoBaTh

HTepBEeHLNOHHaA paguonorua

MPOKCMManbHbIe BETBU, YTOObI
YBENNYMTbL NMPUTOK KPOBM K Npef-
CTaTeNbHOI Xenese, a 3aTeM
CynepcenekTUBHO aMB0N3NPOBaTH
AMCTaNbHbIE BETBM LIEHTPANbHOM
30HbI XXENEe3bl.

Takum 06pa3om, nyTem am60-
NM3aumMn yMeHbLLAETCS KPOBOC-
Hab>XeHue LeHTPabHOM 30HbI
npeacTaTtenbHoii xenesbl [10] 3ToT
MEXaHW3M NPUBOLMT K PasfnyHbIM
achchextam nocne AMA. B gonon-
HEHWe K HEKpO3y M anonToay, Bbl-
3BaHHbIM TMMOKCHEN, YMEHbLUEHMe
KPOBOCHAOXXEHMS CHUXKAET TPaHC-
chopmaLmto TeCTOCTEPOHA KPOBK

B auruppotectocTtepoH (AIT) [11].
HemeaneHHbIi addhekT focTuraet-
€5 3a cYeT CHKeHns yposHs AT,
a TaKxxe paccnabnenus rnagkon
MbILLEYHO TKaHu [8]. 3To paccna-
6N1eHNe MOXET ObITb PE3YNbTaTOM
MOBbILLEHHbIX YPOBHEN OKCMAA
azoTa (NO) 1 CHUXEHNS NNOTHOCTY
ansa-1-peuentopos [8]. Cuntaet-
CSl, YTO YMeHbLLEHNe 06bema sBNS-
€TCS PE3YNbTATOM MMMNOKCUYECKON
WLLEMMWM 1 OTEKA, U PA3BMBAETCS B
TeueHue CreayroLmx MecaLUes no
Mepe paccacblBaHUs HEKPOTUYE-
CcKoW TKaHwm [8, 10].

TexHuyeckne npo6nembl
[Tockonbky aHaTOMUS Ta30BbIX
COCY[0B CUIbHO BapbUpyeT,
[eTanbHoe 3HaH1e BO3MOXHOI0
pacnonoxerus A, a Takke UHau-
BMAyanbHOM aHaTOMUKM NaumeHTa
UMEET peLuaroLLiee 3HaueHue, a
noeHtTuchukaums MNA Henocpen-
CTBEHHO BO BpeMs MpoLeaypbl
MOXeT BbITb CNoxHoM [12]. MoaTo-
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MHTepBeHuMOHHaﬂ paguonorusa

Fig. 2: DSA and embolization of the left and right prostatic artery of a 59-year-old patient. A: DSA of the left prostatic artery before prostatic artery emboliza-
tion (PAE). The presence of anastomoses to the contralateral prostate vessels is visible. B: DSA after performing the PAE with complete blood stasis in the

left parts of the prostate.

Puc. 2: LICA v am6onn3auns nesoi 1 npasoil npocTaTiieckix aptepuid y 6onbHoro 59 net. A: LICA neBoii npocTatnyeckoi aptepum o OMA. BusHo Hanuume aHacToMo308 ¢
KOHTpanartepanbHbIMK cocyaamu npoctaTtsl. B: LICA nocne BbinonHeHns AMA ¢ nofHbIM CTa30M KpOBY B NEBbIX OTAENAX NPOCTaThI.

PAs per pelvic side [14]. Due
to intraprostatic anastomoses,
embolization of all branches is
necessary to reduce the risk of
revascularization and achieve a
good clinical result [15].

Patient Selection and
Diagnosis Prior to PAE

Due to the variety of methods
of BPH therapy, patient selec-
tion and informed consent on
all available options are manda-
tory and important for the suc-

cess of the therapy. First, the
diagnostic findings, including
the leading symptoms, as well
as objective parameters such
as flow rate or prostate volume
should be analyzed in detail.
Further considerations should
focus on the patient’s general
condition and thus on the eligi-
bility for surgery. Subsequently,
the patient’s expectations,
goals and fears must be care-
fully determined and weighed
up, and the side effect profile

MY Ba>kHa NpPeANHTEPBEHLMOHHAS
BM3yanu3auus unn NepumHTEpBeH-
umorHas KJIKT.

Cawmy apTepuio npeacTaTensHoi
XENe3bl 4aCTO OMUCHIBAIOT Kak
CBOGOAHO nexxallmii 1 Bapnabdenb-
HO PacnonoXeHHbIi cocya [13].
Kpome Toro, y 60% naumeHTos

[TA nmeeT aHacToMO3b! C Co-
CyZamu fpyriux opraHos, Takux

Kak MO4eBOM My3blpb UMK NpsMas
Kkuwka [12]. 3T aHacToMO3bl MOTY T
ObITb MAEHTUPULMPOBAHbI NPK
npeAonepaLymoHHON BU3yanu3aumu.

B 60nblumHcTBE cnyyaes 1A pac-
NONOXeHbI B NPEACTATENBHON Xe-
ne3e B YeTblpex ee KkBagpaHTax, T.
€. UMeeT [iBe NnepefHeMenanbHble
W [iBe 3aHenarteparbHble BETBU
[14]. NepenHemeanansHble BETBU
CHA6XXatT KPOBbHO LIEHTPANbHYHO
30HY XKenesbl, TorAa kak 3aaHena-
TepanbHble BETBM 06ecneumBaeT
KPOBbIO NEPUEEPUHECKYIO 30HY
npocTatsl. B 40% cny4aes T
BETBM MOryT OTXOAMTb HA Pa3HbIX
ypoBHsix kak ase A Ha Ta30BoM
cTopoHe [14]. B cBs3n ¢ Hannumem
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Fig. 2: C: DSA of the right prostate artery before PAE. In comparison to the left side, there is a sharper line between the sides as a result of contralateral
embolization. D: DSA of the right prostate artery after the embolization. After embolizing both sides, no contrasted vessels or anastomoses were seen.

Puc. 2: C: LICA npasoi npoctaTnyeckoii apTepun nepes AMA. Cripasa Mexy CTOpOHaMy BU3yannamnpyeTcs 6onee YeTkas MHNS B pesynbTaTe KOHTpanatepanbHoi aMbonnsa-
unu. D: LICA npasoii npoctaTnyeckon aptepun nocne ambonusaumn. G 06emx CTOPOH KOHTPACTUPOBAHHbIX COCY0B 1 aHACTOMO30B He HabntogaeTcs.

and financial aspects must be
considered.

It is crucial to evaluate clinical
symptoms before and after
PAE via the International Pros-
tate Symptom Score- (IPSS-)
and Quality of Life- (QoL-)
questionnaires [16]. The effect
of the PAE on the erectile
function should be assessed
using the International Index of
Erectile Function (IIEF). Digital-
rectal examination, transrectal
ultrasound, the determination

of urodynamic parameters
such as urinary flow rate and
residual urine volume and, if
necessary, contrast-enhanced
ultrasound of the prostate
should be performed prior to
PAE to determine the objective
parameters of benign prostatic
syndrome [17]. MRI may be
useful for detailed volumetry
of the prostate and analysis of
morphological aspects such as
intravesical prostate protrusion
(IPP) and prostate urethra angle

BHYTPUNPOCTATU4ECKNX aHACTO-
MO30B HE06X0aMMa aMb0nu3aLms
BCeX BETBEWN A1 CHUXKEHWS pucka
peBacKynspu3aLmMy 1 LOCTUXKEHNS
XOPOLLEr0 KNMHAYECKOrO Pesynb-
Tarta [15].

OT60p nauueHToB U
AuarHocTuka nepep JAI

B cBsi3n ¢ pasHoobpasnem MeTonoB
Tepanuu [T oT60p nauveHToB
W X MHEPOPMMPOBAHHOE Cornacue
Ha ONTUManbHbIA BApUaHT neve-
HUS ABNSAETCS 0653aTENbHBIMM U

Ba>XHbIMK yCNoBMAMU Ans ycneLl-
How Tepanuu. Bo-nepsbix, cnegyet
MOAPOBHO NpoaHaNM3MpPOBaTh
AMarHOCTUYECKNE AaHHbIe, BKIHO-
yas BedyLune CUMNTOMbI, @ TakXXe
Takne 06bEKTMBHbIE NapameTpbl,
KaK CKOPOCTb NOTOKa MO4M Unn
06bEeM NPeACTaTENbHOM Xenesbl.
Takxe BaXHO OLeHUTb 06LLee Co-
CTOSHVE NauMeHTa 1, CnefoBaTenb-
HO, BO3MO>XHOCTb XMPYpri4ecKkoro
BMeLLaTensCcTBa. 3ateM Heo6X0au-
MO TLLATENLHO OMPESENUTL U B3Be-
CUTb OXKMAAHMSA, LN 1 Onacerust
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Fig. 3: Axial and sagittal MRI of a 59-year-old patient before (A) and after
(B) PAE with an initial prostate volume of 99.2 ml, an IPSS of 31 points and
a QoL score of 5 points. In the follow-up four months after PAE, a signifi-
cant reduction of the prostate size to a volume of 77.5 ml (-21,9%) and a
decrease in the IPSS to 10 points (-68%) as well as a reduction of the QolL-
score to 2 points (-60%) was documented.

A: Axial and sagittal MRI before PAE

Puc. 3: AkenanbHas u caruttansHas MPT nauverTa 59 net fo (A) u nocne (b) SMA
C MCXOAHLIM 06bEMOM npeacTaTenbHoM xenesbl 99,2 mn, IPSS 31 6ann n QoL 5
6annos. B nocneaytoLme YeTbipe MecsLa 0TMEYEHO JOCTOBEPHOE YMEHbLUEHWE 00b-
ema npeacTaTeNbHoi Xenesbl 40 77,5 mn (-21,9%) u cHxenne IPSS go 10 6annos

(-68%), a Takxe QoL go 2 6annos (-60%).

A: AkcnanbHas v caruttanbHas MPT go OMA

(PUA) as well as adenomatous
nodules [18, 19]. If malignancy
is suspected by PSA values or
imaging, it should be confirmed
by a biopsy [20].

As described above, an
analysis of the pelvic vessel
anatomy prior to PAE is crucial,
as this knowledge may not
only reduce radiation exposure
but also the risk of non-target
embolization. However, this in-
formation can also be obtained
by CBCT during the interven-
tion, which further increases
the amount of radiation. At

3- to 6-month intervals after
PAE, clinical, imaging and uro-
logical control examination are
indicated.

Typically, the indications for
PAE comprise symptomatic
BPH with a volume of > 30-
40ml, moderate to severe
LUTS symptoms (IPSS 7-19)
and a QoL score of >3 [21, 22].
In different studies, however,
these criteria sometimes differ
considerably. As contraindica-
tions, we determine severe
atherosclerosis, known neuro-
genic bladder outlet disorder,
prostatitis or prostate cancer
[21, 23]. Furthermore, there are
specific contraindication for an-
giographic interventions such
as severe bleeding tendency,
hypersensitivity to contrast
media, renal insufficiency or
severe comorbidity. Therefore,

nauneHTa, a TakXKe paccMOTPETb
npocusib NO60UHbIX 3DEKTOB U
(PMHAHCOBbIE ACMEKTbI NEYEHNS.
KpaitHe BaXKHO OLEHNTb KNUHMYe-
CcKne cMnToMbI [0 1 nocne AMA
C NMOMOLLbHO OMPOCHUKOB «Mex ay-
HapoZJHas LuKana npocTaTYecKmx
cumnToMoB (IPSS)» n «KauecTso
u3hu (QoL-)» [16]. Bnnsnue 3MA
Ha 3PEKTUNBHYH PYHKUMIO CriedyeT
OLiEHMBATb C MOMOLLbH OMPOCHKKA
«Me>XayHapOLHbIA MHAEKC SpeK-
TUNBHOM YHKUMN (IIEF)».
ManbLeBoe pekTanbHoe ucchne-
LOBaHue, TpaHcpekTansHoe Y3W,
OMPEAENIeHNe YPOLNHAMUYECKNX
napameTpoB, Takux Kak CKOPOCTb
MOTOKA MOYM M OCTATOUHbIN 06BEM
MOYH, & TaKXXe, NPN HeobX0au-
MocTu, Y3W npeactatenbHoii

HTepBEeHLNOHHAA paguonorua

XEnesbl ¢ KOHTPACTUPOBaHNEM
cnefyeT npoBoauTh nepes IMA
AN OnpefeneHnst 06 beKTUBHbIX
xapaktepucTuk ArHK [17].

MPT MoXeT 6bITb nonie3Ha ans
[eTanbHON BOMOMETPWM Mpes-
CTaTeNbHOM XeNesbl 1 aHanM3a
MOPCHONOTNYECKINX ACMIEKTOB, TAKUX
KaK BHYTPWMy3blpHast NpOTpy3us
NpoCTaThl M NPOCTATUYECKWIA yron
YPETPbI, & TAKXXE aAEHOMATO3HbIE
yanbl [18, 19]. Ecnmn 3Hauenms NCA
N BU3yanu3aums CBUAETENbCTBY-
tOT B MOSIb3Y 3M10KAYECTBEHHOIO
HOBOOOPA30BaHMsl, TO 3TO AOHKHO
ObITb MOATBEPXXAEHO C MOMOLLbH
6uoncum [20].

Kak 6b1510 0nmucaHo BbllLe, aHanm3
aHaToOMMK Ta30BbIX COCYA0B Nnepes
OlA UMeeT peLuaroLLiee 3HaueHme,
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Fig. 3 B: Axial and sagittal MRI after PAE
Puc. 3 B: AkenanbHas v caruttansHas MPT nocne OMNA

prior to PAE, prostate-specific
antigen (PSA) and creatinine
level should be evaluated.

If urodynamic problems pre-
dominate, if there are recurrent
urinary tract infections or if

a neurogenic cause of LUTS
can be assumed, PAE may not
be the method of choice [24].
However, if general anesthesia
is a significant risk to the pa-
tient, if the patient is anticoagu-
lated or if there are concerns
about maintaining erectile func-
tion, PAE should be considered
[23, 25]. Furthermore, PAE is a
suitable treatment method for
prostates with a volume >80
ml as an alternative to prostate

enucleation [26]. Some authors
also describe PAE as an effec-

tive therapy for BPH-associated
acute urinary retention [23, 24].

Clinical Results and
Predicting Factors

Early results showed success
rates of 76% after 12 months
[27]. In the literature clinical
success rates between 72.1%
and 100% are documented
[28, 29]. However, the criteria
for clinical success are inho-
mogeneous. In most cases, a
reduction of the IPSS value by
-25 % and a post-interventional
value of <15 points as well as
an improvement of the quality
of life by -1 point and a post-

MOCKOMbKY 3TO 3HAHME MOXXET HE
TOMBbKO CHU3UTb NIY4EBYHO HArpy3Ky,
HO M PUCK HeLeneBon aMbonmsa-
Lumn. Takoke 3Ty MHGOPMALIMIO MOX-
HO MONY4nTb 1 ¢ NomoLbro KJTKT
BO BpeMsi BMELLATENbCTBA, 0AHAKO
970 elle 60MbLUE YBENMYMBAET
KONM4ecTBO 06nyyeHus. Mocne
OlA, ¢ nHTepBanom ot 3 o 6 Mec
nauneHTaM nokasaHo KIMHUYECKOE,
BM3yanM3upyHoLLee 1 Yponoruye-
CKOE KOHTPOMbHOE 06CneoBaHue.
Kak npasuno, nokasaHusmm K

OlA aBng0TCA CUMNTOMAaTUYE-
ckast [AMMXK ¢ o6bemom >30-40

MJ1, YMEPEHHbIE NN TSHKENbIE
cumntomsl CHMIM (IPSS 7-19),

1 NOKa3aTesb KA4eCTBa XXU3HH
QoL >3 [21, 22]. OaHaKo B pasHbIx
UCCNEeLOBAHNSX 3TU KPUTEPUN UHO-

HTepBEeHLNOHHaA paguonorua

rAa CYLLUECTBEHHO Pas3fnyaroTCs.
B kauecTBe npoTMBONOKa3aHNi

Mbl ONpefensieM BbIPaXXEHHbIM
aTepoCKIIep0o3, HEMPOrEHHBIN
MOYEBOM My3bIPb, MPOCTATUT 1 paK
npeacTartenbHon xenessl [21, 23].
KpoMe Toro, cyLecTByioT cneu-
ncpnyeckue NpoTUBONOKA3aHUS LSt
aHrnorpagmyeckmx BMeLLaTenbCT.,
TaKme Kak CKIOHHOCTb K TSXKEMbIM
KPOBOTEYEHMSAM, TUNEPYyBCTBH-
TENBHOCTb K KOHTPACTHbIM BeLLe-
CTBaM, NMo4eYHas He[OCTATOHHOCTb
WU CONYTCTBYIOLUNE TSXKENbIE
3abonesanms. Takxe nepeq OMNA
CcnefyeT OLEHUTb yPOBEHb MPOCTaT-
cneumdmyeckoro anturena (MCA) u
KpeaTuHWHa.

Ecnu npeobnagatot ypoauHamuye-
CKMe paccTpoicTBa, NPUCYTCTBYIOT
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PAE-QolL of <3 points are con-
sidered as a clinical success
[29, 30]. The meta-analysis by
Malling et al. summarized 13
studies with a total of 1,254
patients [31]. They described a
mean improvement of the IPSS
by -16.2 points (-67 %), of the
QoL score by -3.0 points, of
the prostate volume by -20.3
ml, and of the IIEF by +1.3
points after 12 months. These
values showed a significant
improvement even after three
years. Other long-term studies
showed a IPSS reduction of
-16.94 points after 6.5 years of
follow-up [11].

However, the IPSS improve-
ment is highly variable as
results between -9.1 and -21
points are reported [28, 30]. A
case with significant reduction
of prostate volume and IPSS is
shown in Fig. 3.

Therefore, there must be other
factors influencing the clini-
cal outcome. Young age and
higher prostate volume appear
to be associated with higher
IPSS improvement from PAE
[6, 32]. Little et al. [18] found
that adenoma-dominated
hyperplasia responds better to
PAE, whereas Assis et al. [33]
documented better clinical re-
sults with larger central glands.
A high degree of atherosclero-
sis and vascular convolutions
are considered to be negative
predicting factors [34, 35].
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However, the influence of
technical parameters such as
the size of the particles and
the end point of therapy are
controversial and have not yet
been uniformly defined [8].

Radiation

Due to its technically challeng-
ing nature, PAE often requires
high radiation doses. Ath-
erosclerosis and complicated
vessel anatomy might have

an influence on the radiation
dose needed [36]. Currently
dose area products between
11,305 and 45,070 uGym? per
procedure are documented [30,
371. Mean entry doses are de-
scribed between 339 and 2,420
mGy [22, 37]. In their system-
atic review Zumstein et al. [38]
documented mean DAPs of
19,514 uGym?, no entry doses
were analyzed. If CTA or CBCT
are used for visualizing the

PA, additional radiation occurs.
For CTA a mean dose of up to
808.4 mGycm and for CBCT
dose area products between
1,900 and 3,652 uGym? are
documented [24, 39].

Reducing the radiation expo-
sure is an important goal in
further developing the PAE
method. One way to achieve
this might be using MRA for
preprocedural planning, as it of-
fers detailed information about
the origin of the prostate artery
without applying any radiation.

PELNANBUPYIOLLME UHAEKLMN
MOYEBbLIBOASILLNX NYTEN UK MOXKHO
NPELNONOXMUTb HEMPOreHHYI0
npuumnny CHMI, OMA He moxeT
ObITb METOZOM Bblbopa [24]. B
cnyvae, ecnv 06Las aHecTe3uns
NPeLCTaBNsAeT 3HaUNTENbHbIA PUCK
ANS NauUMeHTa, nauneHT nonyyaet
AHTUKOAryASHTHYHO Tepanuio unm
€CTb ONACeHUs Mo NOBOAY CO-
XpaHEHMS APEKTULHON ChyHKLNK,
Lienecoo6pasHo cnepyeT paccMo-
TPETb BO3MOXHOCTb MPUMEHEHNS
OMA [28, 25]. Kpome Toro, JMMA
SBNSETCH NOAXOASALUMM METOLOM
NIEYEHNS NPU NPEeACTATENbHOM
xenese ¢ 06bemMom >80 Mn B
KayecTBe aflbTepHATUBbI SHYKNE-
auwu npocTartbl [26]. HekoTopble
aBTOpPbI TaKXXe onuckisaloT AMA
kaK apeKTUBHbIA METOA Tepanum
OCTPO¥i 3aAEPKKM MOYM, CBS3AHHOM
¢ ANMDK [23, 24].

KnuHuyeckue pesynbTatbl n
(hakTOpbI NPOrHO3UPOBaHUA
CornacHo KpaTkoCpO4HbIM Pe3ynb-
Tatam, nokasarenb yCrewHoCTH
BbinonHeHus OMA cocTasnseT 76%
vepes 12 mecsues [27]. B nutepa-
Type 3a40KyMEHTMPOBaHbI nokasa-
TENN KIMHNYECKON 3(DEKTUBHOCTY
0T 72,1% po 100% [28, 29]. OgHako
KPUTEPUM KIIMHUYECKOrO YryuLUe-
HWS) HEOJHOPOHbI.

B 60nbLUMHCTBE Cry4aeB CHUXe-
Hue nokasatenei IPSS (- 25 %) u
MOCTUHTEPBEHLMOHHbIN NoKa3aTenb
<15 6annos, a Takxe ynyyLueHne
Ka4ecTBa Xu3Hu (- 1 6ann) u noka-
3atenb QoL <3 6annos cumtaeTcs
MOMOXXUTENbHBIM KITMHUYECKUM

HTepBEeHLNOHHAA paguonorua

pesynbTatom. [29, 30].

B meTaananuse Malling ¢ coasr.
0606wunm pedynbTathl 13 nccne-
[OBaHui ¢ yyacTvem 1254 nauu-
eHT0B [31]. OHu onucanu cpefHee
ynyywenue IPSS (- 16,2 6anna unm
Ha 67 %), nokasaTens Ka4ecTea
Xu3hu (- 3,0 6anna), obvema
NPEACTaTeNbHOM Xenesbl

(- 20,3 mn) u lIEF (+1,3 6anna)
yepes 12 mecsues.

TV nokasaTeny NpoJomKanm
yAyyLwaTcs faxe Yepes Tpu roga.
[pyrve nonrocpoyHble uccneso-
BaHWs nokasanu cHmxenue IPSS
(-16,94 6anna) 4epes 6,5 neT
HabmnoneHus [11]. Tem He MeHee,
ynyulleHve nokasatenei IPSS
CUNbHO BapbMpYETCS, Tak Kak co-
obLiaeTcs 0 pesynbTarax ot -9,1 1o
-21 6anna [28, 30].

KnuHuueckuii ciyyan 3HaunTenbHo-
r0 yMeHblUeHus 06bemMa npeacTa-
TenbHOM xenesbl v IPSS nokasaH
Ha Puc. 3.

CyLecTsytoT 1 apyrue hakTopbl,
BAVSIOLLME HA KIMHUYECKMIA UCXOA.
Monogoii Bo3pacT 1 60MbLUMiA
06bEM NPOCTATbI, NO-BUAUMOMY,
CBSA3aHbI C 60/1€€ BblpaXKEeHHbIM
ynydwwenuem IPSS nocne OMA [6,
32]. Little ¢ coasT. [18] 06Hapy>xu-
u, 4T0 Andpcpy3Has runepnnasns
npocTaThbl fyylle pearupyeT Ha
OlA, Torpa kak Assis ¢ coaBT.

[33] 3apoKyMeHTVpOBaNM fyullmne
KMMHUYECKME pe3ynbTaThl NPy 3Ha-
YUTENBHOM YBENNYEHUN LieHTPab-
HO¥ 30HbI Xene3bl. HeraTuBHbIMK
MPOrHOCTUYECKMMM (haKTOpamm
CUNTAIOTCS BbICOKAs CTENEHb
aTepocKepo3a 1 U3BMTbIE COCY bl
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Adverse Events

PAE seems to be a safe meth-
od to treat BPS without major
adverse events [25, 31, 40].
Most common complications
are transient dysuria, hematu-
ria, dysesthesia, or the occur-
rence of urinary tract infection
[21, 31]. Further complications
as hematoma or postemboliza-
tion syndrome are related to
the interventional nature of the
procedure. However, in 0.1%
of the cases major adverse
events like non-target emboli-
zation of rectum, bladder or pe-
nile structures are documented
[25, 31]. These can usually be
prevented by precise knowl-
edge of the individual ves-

sel anatomy, superselective
embolization and protection of
anastomoses.

Comparison to Other BPS
Therapies

In several randomized con-
trolled trials and meta-analyses
[21, 28, 30] PAE has been com-
pared to transurethral resection
of the prostate (TURP), the
gold standard of BPH therapy,
in recent years. Although PAE
has shown benefits in terms

of risks and adverse events,

it has usually failed to achieve
the clinical and urodynamic im-
provements of TURP [21, 41].
Carnevale et al. [28] in their
randomized study and Gao et
al. [30] in their meta-analysis,
however, reported similarly

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

good results for PAE compared
to TURP. Both achieved IPSS
improvements of 21 and 16
points, respectively. However,
urodynamic improvements of
transurethral prostate resection
(TURP) were superior to PAE in
both studies.

Although the PAE seems to
be functionally inferior, it is
becoming more attractive with
regard to its side effect profile.
In a randomized controlled trial,
Abt et al. [21] registered only
about half as many adverse
events (Clavien I-lll) in PAE as
in TURP. A major advantage
over transurethral procedures
is the significantly lower
incidence of postinterven-
tional erectile dysfunction and
retrograde ejaculation [21, 28].
Serious bleeding is also less
frequent than with standard
therapies [24].

To our knowledge, a com-
parison with other minimally
invasive methods such as
holmium laser enucleation

of the protaste (HoLEP) or
thermo-ablative procedures
or with drug therapy within a
randomized study has not yet
taken place. However, these
findings would be of great
interest in classifiying PAE be-
tween these different therapy
options for BPS. In contrast to
many other minimally invasive
procedures, PAE is not limited

[34, 35]. B 10 >Xe Bpems BinsHWe
TEXHUYECKMX NAPaMETPOB, Taknx
Kak pasMep 1Cnonb3yemblx MUKPO-
cdpep, 1 KOHEYHas Touka Tepanuu,
NPOTUBOPEUMBO U ELLE TOUHO HE
onpenenexo [8].

Paavaums

3-3a CBOE# TEXHUUYECKOM CMOX-
HocTu OMA yacTo TpebyeT BbICOKMX
103 paguauun. ATepocknepos 1
CNO>XHAs aHaTOMMS COCyA0B MOTyT
BAMSATb HA HEOOXOAUMYIO [I03Y 06-
nyyerus [36].

B HacTosiLee Bpems 3a80KYMEHTH-
POBAHHOE NPOM3BEAEHNE 03bl HA
nnowags (DAP) coctasnset oT 11
305 o 45 070 mkI"pm? Ha npoue-
aypy [30, 37], a cpeiHee 3Ha4eHue
BXOLHOW 103bl Mexay 339 u 2420
MIp [22, 37].

B cBoeM cuctemaTnyeckom 063ope
Zumstein ¢ coaBT. [38] 3a80KyMEH-
TUpoBanu cpeaHee 3HaueHne DAP,
paBHoe 19 514 Mkl pM?, BXOAHbIE
[03bl HE aHANM3MPOBASIUCh.

Ecnu ans susyanusauum MNA uc-
nonbayrotes KTA nnm KITKT, npouc-
XOANT LONONHUTENBHOE 06/y4eHMe.
Mpu BoInonHeHUn KTA 3a10KymeH-
TMPOBaHa CpeaHss 403a A0

808,4 m'pem, a ans KJIKT DAP
coctasuna ot 1900 fo 3652 MKl pm?
[24, 39]. CHuxeHuMe ny4eBom Ha-
TPY3KH SBNSETCS BAXHON LIENbIO
JanbHEeLLIero passnTus MeToaa
OMA. OaHuM 13 cnocobos fo-
CTUXKEHMS 3TOTO MOXET BbITb
ncnonb3osanue MPA nns npefo-
NePaUMOHHOr0 MNaHUPOBaHKS,
MOCKOMbKY OHA AaeT NoAPO6HYHo
MHCOPMALMIO O MECTE OTXOXKAEHNS

HTepBEeHLNOHHaA paguonorua

apTepuit NpeacTaTeNlbHoOM Xenesbl
6e3 NPUMEHEHUS Kakoro-nmoo 06-
NyYeHmSs.

HexenaTtenbHble fiBReHUs

B HacTosiee Bpemst OMNA npeg-
cTaBnseTcs 6e30nacHbIM METOA0M
neyenmns CHMI 6e3 cepbesHbix
HeXenaTenbHbIX IBNEHMiA [25, 31,
40]. Hanbonee 4acTbIM1 OCIIOXHE-
HUSIMM SBASIOTCA NpexoasLLas au-
3ypvsi, remaTtypus, Au3ecTeans unm
pasBuTHE MH(EKLMM MOYEBBIBOAS-
wwx nytent [21, 31]. OcnoxHeHus

B BMAE remaToMbl Ui NocTamM60-
NM3ALMOHHOrO CMHAPOMA CBSA3aHbI
C MHTEPBEHLMOHHbIM XapaKTEPOM
npoueaypsl. OaHako B 0,1% cnyya-
€B 33/[J0KYMEHTUPOBAHBI CEpPbes-
Hble HeXenaTenbHble ABMeHNs,
Takme Kak Hewenesas aM60nm3aums
COCYZ0B NPSAMONA KNLLKW, MOYEBOrO
ny3bIps UMK NONOBOr0 YneHa [25,
31]. Vx 06b14HO MOXHO NpesoT-
BPaTUTb 3a CHET TOYHOIO 3HAHWS
aHaToOMWK OTAENbHbIX COCYL0B,
CYNEPCENEKTUBHOK aMBONM3aLmnm v
3aLMThl aHACTOMO30B.

CpaBHeHue ¢ ApyruMn MeToAamu
neyenus CHMN

B HeCkonbKkux paHAOMM3MPOBaHHbIX
KOHTPONMPYEMBIX MCCNELOBAHNSX

1 MeTaaHanusax [21, 28, 30] OMA
CpaBHWBANM C TPAHCYPETPAbHON
pesexumeit npoctatsl (TYPM), koTo-
pas B NOCNEAHNE oAbl CUNTAETCA
30M10TbIM CTAHAAPTOM Tepanuu
ArmxK.

HecmoTps Ha 1o, yto IMA npo-
[EMOHCTpMpOBaNa NpeumyLLecTsa
C TOYKM 3PEHMS PUCKOB U HeXXena-
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to any maximum volume of the
prostate and does not use a
transurethral approach, which
means that post-interventional
strictures and incontinence can
be avoided [31].

Conclusion

Summarizing the current study
situation, PAE is no replace-
ment for established surgical
procedures for severe ob-
structions due to urodynamic
inferiority. It is as a treatment
option with low complication
profile for moderate to severe
symptoms, and as a possibil-
ity for younger, sexually active
patients or those with con-
traindications against surgery.
Previous studies have already
demonstrated the effective-
ness and safety of PAE in a
suitable patient population.

In conclusion, PAE is an effec-
tive method with a low compli-
cation rate for treating at least
moderate LUTS with growing
evidence. Patient selection is
crucial for the clinical success
of this method. Preprocedural
planning is important and re-
duces radiation exposure.
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TenbHbIX SBNEHMIA, OHA 06bIYHO He
NPYBOAKMNA K TAKOMY XKe 3HaunMOo-
MY KITMHUYECKOMY M YPOLANHaMMYe-
CKOMy yayuLweHnto, kak TYPIT [21,
41]. Opnako, Carnevale ¢ coasT.
[28] B cBOEM pPaHAOMU3MPOBAHHOM
nccnefoBaHum, 1 Gao ¢ coasT. [30]
B CBOEM MeTaaHanmae coobLumnm
06 aHanornyHblx ¢ TYPTT pesynb-
Tatax nocne MA. Obe npoueaypb!
ynyywmnu IPSS Ha 21 v 16 6annos,
COOTBETCTBEHHO. TeM He MeHee,
yfyuLUeHne YPOAUHAMUKKM Nocne
TYPI 6bin0 nyyLue, Yem nocne
OlA B 060X UCCresoBaHusIX.
Xots JMA KaxeTcs yHKUKO-
HanbHO MeHee 3htheKTUBHON,

9Ta npouenypa CTaHOBUTCS BCE
6onee NpvBneKaTebHOW B CBA3M C
NYYLLAM OTHOCUTENBHO NOBOYHBIX
appexToB npocpunem. B panao-
MW3MPOBAHHOM KOHTPOSIMPYEMOM
uccnegosanum Abt ¢ coasT.[21] 3a-
PErUCTpMpOBanM NPUMEPHO BABOE
MEHbLLE HeXenaTenbHbIX SBJIEHNHA
(Clavien I-11l) Bo Bpemsi QMA, uem
npu BbINonHeHun TYPIT.
OcHoBHbIM npenmyLecTsom JMA
nepes TpaHcypeTpasbHbIMY Npo-
Leaypamu SBNSETCA 3HAUUTENBHO
6onee HU3Kas YacToTa NOCTUH-
TEPBEHLIMOHHON 3PEKTUIEHOM
AMCCYHKLWM W PETPOrPaAHOM
askynsumm [21, 28]. Takoke pexe,
4eM NP CTaHAAPTHOW Tepanuu,
BO3HWKAKOT CEPbe3HbIE KPOBOTE-
yeHns. Hackonbko Ham M3BECTHO,
CpaBHeHue C ApyrimMu ManouHsa-
3MBHbIMM METOAAMM, TaKUMM Kak
ronbMueBas nasepHas SHykneauus
npoctartsl (HOLEP), nnm ¢ Tepmo-
abnsALUMOHHBIMK NPOLEaypaM, Uam
MeJMKaMEHTO3HOM Tepanuei B
pamkax paH4OMM3NPOBAHHOIO WC-
CnefoBaHus eLle He NPOBOANIOCH.
TeM He MeHee, 9Tv pesynbTarhl
NPELCTaBASHOT 60MBLION UHTEPEC
Ans knaceudpukaumu OA cpeam
pa3nuyHbIX BapMaHTOB Tepanuu
ArTK.

B oTnmnume 0T MHOrMX Apyrux
MarnonHBA3MBHbIX MpoLeayp,

HTepBEeHLNOHHAA paguonorua

npumeHeHne AMA He orpaHmnye-
HO KaKnM-NIMB0 MakCMManbHbIM
061bEMOM NPOCTATbI, MPK 3TOM He
WUCNONb3YeTCs TPaHCypeTpanbHbII
AOCTYM, 4TO NO3BONSET M3bexXaTh
NOCTUHTEPBEHLMOHHBIX CTPUKTYP U
Heaep>xaHus moum [31].

3aknioueHue

CornacHo y>xe MMeroLLmmMcst pe-
3ynbTaTam uccneposaqui, MA He
SBNSETCS anbTePHATMBOM 00LLe-
MPUHSTBIM XMPYPrUYeckuM npoLie-
Lypam npm TSKeNbIX 06CTPYKUMSX C
YPOAMHAMMYECKMM HAPYLLEHUSMN.
OTO BapMaHT IEYEHNS C HU3KUM
npochunem OCNOXXHEHMIA NoKa3aH
MPY YMEPEHHDBIX U CPEAHETSKENbIX
CUMMTOMAX, a TaKXKe MOXET Mpu-
MeHATLCS y 60Nee MONOAbIX, CeK-
CyanbHO aKTUBHbIX MALUMEHTOB WK
NauWeHTOB C NPOTMBONOKA3AHNSMM
K XMpYpruveckoMy BMeLLaTenbCTBY.
MpeablayLume UCCNER0BAHMS yKe
NPOAEMOHCTPUPOBaM aPheKTHB-
HOCTb 1 6e3onacHocTb OlNA y nog-
XOASILLE NoNynsALMM NauMeHTOB.
OlNA sBnsieTCcs apeKTUBHLIM
METOOM C HU3KWUM NoKasaTenem
OCIOXXHEHMIA 1 POCTOM [0Ka3a-
TeNbCTB ANS NIEYEHNs, No KpanHen
Mepe, ymepeHHbix CHMIT. Ot6op
NauneHToB MMEET peLuaroLLee 3Ha-
YeHne Ans KMHUYECKoro ycnexa
aT0ro MeTofa. MNpensaputensHoe
nnaHvpoBaHxue neped AlA kpaiiHe
BaKHO W CHUXXAET paanaumoHHoe
06nyyeHue.
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Introduction

Treatment of prostate cancer
and other urogenital malignan-
cies needs tob e discussed

in multidisciplinary teams to
improve the long-term onco-
logical outcome and to reduce
treatment associated complica-
tions (1).

The UOCC for the manage-
ment of malignant tumors of
the urogenital tract (kidney,
bladder, prostate, testis and
penis) represents one of the
largest and most experienced
centres in Germany. As one of
the very few centres in Ger-
many the UOCC has been cer-
tified by national and interna-
tional commissions due to the
high level of quality with regard
to patient care and research as
well as the extensive expertise
in the management of even
very complex situations. The
UOCC is well equipped with
all modern diagnostic and
therapeutic approaches for the

proper diagnosis and the guide-
line-recommened management
of urogenital cancer thereby
allowing an individualized and
risk adapted management even
for very complex situations.

Prostate Cancer

The following chapter will
focus on the modern diagnos-
tic approach and therapeutic
management of prostate can-
cer (PCa) which represents the
most common solid neoplasm
in men. The main purpose of
the article ist o provide non-
urologists and patients with the
most recent update in diagno-
sis and treatment of PCa based
on current evidence-based
recommendations (2).

Interdisciplinary Teams are
the building block of modern
PCa management

In Germany, PCa was newly
diagnosed in more than 60.000
men in 2018 and approxi-
mately 15.000 men died due
to PCa. Although diagnosis and
treatment of PCa still repre-
sents one of the domains of
uro-oncology, modern therapy
necessitates the interdisci-
plinary discussion between
urologists, radiation oncolo-

Pak npocTatbl

CTHKa U NevyeHue paka
npocTaThl AOKHbI ObITh
WHHOBALIMOHHbIMU, ME)X-
AUCLIMMTMHAPHBLIMKU U UH-
AMBUAYaNM3UPOBaHHbIMU

KnioyeBble cnoBa: pak npoctathl,
MynbTUnapameTpuyeckas MPT,
MCMA M3T / KT, dy3uoHHas
ovoncus, paankanbHas npocTaTak-
Tomusi, RALP, PPIQ, cnacutens-
Has npocTaTakTomus, IMRT, PTMU,
IGRT, PTBK, ku6ep-Hox.

Bctynnenue

MnaH neyeHns paka npocTarbl 1
APYryIX yporeHnTanbHbIX 3foKaqe-
CTBEHHbIX 3a6051€BaHWIA C LIENbIO
YyYLLEHUS OTAANEHHbIX OHKONOTU-
YECKMX PE3ynbTaToB U YMEHbLLEHNS
OCNOXXHEHMIA, CBA3AHHBIX C NeYeHN-
€M HOBOO6Pa30BaHuiA, HEOBX0AMMO
06Cy>XaaTh B MyNbTUAUCLMNAMHAP-
HbIx rpynnax (1).

B YHMBEPCUTETCKON KNMHUKE
KenbHa pabotaeT UOCC — mex-
ANCUMNANHAPHBIA LEHTP MO neve-
HUIO 3NI0KAYECTBEHHBIX OMyXOnen
YPOreHUTansHOro TpakTa (Noyek,
MOY€EBOro My3blpsi, NPOCTATbl,
SIMYEK M NONIOBOr0 YNEHa), KOTOPbIiA
cepTMNLMPOBAH HALMOHANBHBIMM
W MEXYHAPOLHBIMI KOMUCCUSMM.

Pak npocTatbl

Cnegytowas rnasa 6yfeT nocBsLLe-
Ha COBPEMEHHbIM METOAAM AnarHo-
CTUKW W NIEYEHMs paka npocTarthl
(PI), koTopbIit siBNSieTCS Hanbonee
pacnpoCTpaHEHHbIM CONMMAHBIM
HOBOOOPA30BAHNEM Y MY>KUMH.

OcHoBHas Lienb cTaTbi — Npeao-
CTaBMTb Bpayam (He yposioram) v
nauueHTam camble HOBble AaHHble
Mo AMarHocTuKe v neveHuto Pl
COrNIACHO NOCNESHUM Hay4HO-060-
CHOBAHHbIM PEKOMEHAALMAM (2).

MexaucuunnmHapHble KOMaHAb
ABNAOTCS OCHOBOW
COBpPeMeHHOro nedexus P

B 2018 rogy B 'epmanum PI1 6bin
BrEepBble AMarHoCTMpoBaH y 6onee
ueM 60 000 My>KuunH, 1 okono 15
000 My>kunH ymepnn 0T 3TOro
3abonesanus. HecMoTps Ha To,
AMarHocTuka u nevenue Pl no-
MPEXXHEMY NMPeACTaBnsSeT Co60N
OIHO W3 HanpaBNEHNN OHKOYPO-
1IOrUK, COBPEMEHHAs Tepanus BO
MHOTUX KIIMHUYECKMX CUTYaLMsIX
TpebyeT MeXAUCLMMNINHAPHOMO
06CYXAEHNS MEXY Yponoramu,
OHKOJI0ram1-paamnonoramu, OHKOMO-
ramu, ructonaTonoramu U paauono-
ramu, 4To6bl ONpeaenuTL Hambonee
NoAX0ASALMA NeYeBHBIA anropuT™
NS KOHKPETHOro naumeHTa (Tabnu-
uai).

Ha ocHoBe pexoMeHgauuin Myb-
TUANCUMNIMHAPHBIX KOMAHZ Ans
KaXA0ro nauneHTa MoXeT 6bITb
paspaboTaH MHAMBMAYaNbHbIA NaH
NEYEHMS C YHETOM PUCKOB, YTO
06ecneunBaeT BbICOKYHO Tepanes-
THYECKyto APPEKTUBHOCTb NPK
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gists, oncologists, pathologists,
and radiologists in many clinical
situations to identify the most
appropiate treatment approach
for the individual patient. The
UOCC has established this
interdisciplinary approach in
joint consultations of different
subject areas such as urol-
ogy and uro-oncology and in
multidisciplinary tumor boards
at weekly intervals (Table 1)
including the main team play-
ers of interdisciplinarity. Based
on the recommendations of
the multidisciplinary teams, an
individualized and risk adapted
treatment plan can be devel-
oped for each patients which
will result in high therapeutic
efficacy associated with low
treatment-related side effects.

Early detection of PCa safes
lives

The goal of disease specific
early detection measures is to
reduce the risk of PCa associ-
ated mortality and to decrease
the frequency of metastatic
disease. Results of the large
prospective randomized Eu-
ropean clinical trial including
more than 170.000 men dem-
onstrated clearly that stringent
early detection will reduce PCa
mortality and frequency of
metastases by 54% and 52%,
respectively (3, 4). If PSAis
used in an intelligent way, we
are able to develop individual
early detection strategies ().
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Subject Area Diagnostic and/or Therapeutic Method

MRI fusion biopsy, focal MRI guided TULSA-

Urology

PRO, robot-assisted nerve sparing radical
prostatectomy, open retropubic radical
prostatectomy, radical salvage prostatectomy
for radiation failures, salvage lymphadenectomy,
cytoreductive radical prostatectomy, medical
cancer therapy, chemotherapy, targeted therapy
for druggable mutations, clinical trials

Radiation Oncology

IMRT, HDR-Brachytherapy, stereotactic radiation

therapy, cyberknife, hypofractionated radiation
therapy

Radiology

mpMRT, in bore MRI fusion biopsy, MRI guided
TULSA-PRO

Nuclear Medicine PSMA-PET/CT, ""Lu-PSMA radioligand therapy

Pathology
Oncology

mutations

Molecular pathology, identification of druggable

Targeted therapy, clinical trials

Table 1: Teamplayers of the certified prostate cancer centre of UOCC, Univer-

sity Hospital Cologne, Germany

It is already known that a PSA
serum concentration below 1.0
ng/ml at an age < 50 years is
associated with a minimal risk
to suffer from significant PCa
within the next 20 years. Early
detection intervals, therefore,
could be as long as 4 years. A
PSA level > 1 ng/ml, however,
is associated with a 23fold
increase to suffer from PCa
which needs to be treated
actively so that follow-up inter-
valls must be shorter.

Multiparametric magnetic
resonance imaging (mpMRI)
is the modern baseline diag-
nostic tool to diagnose PCa
Any clinical suspicion with
regard to the presence of PCa
should not result in an immedi-
ate transrectal prostate biopsy
but at first a mpMRI of the
prostate should be scheduled.

OTCYTCTBMK NO60UHbIX 3ChHEKTOB,
CBA3AHHbIX C NIeYeHneM.

PaHHee o6HapyxeHue Pl
cracaeT XWU3Hu

Lienbto creumguyecknx MeToaos
paHHero 06HapyXeHus AaHHOro
3a60/1eBaHNs SBNAETCS CHIKEHME
puCcKa CMEPTHOCTM, CBA3AHHOM C
PI, 1 yMeHbLLEHNE YacTOThI METa-
CTa31poBaHus.

Pe3synbTatbl 60/16LLOM0 MPOCMEK-
TMBHOTO PaHAOMW3MPOBAHHOMO
€BPONENCKOr0 KIMHUYECKOro
NcCneaoBaHuns ¢ yuactvem bonee
170 000 My>X4MH YETKO NPOLEMOH-
CTpUPOBAnM, YTO paHHee 06Hapy-
XEHUE CHUXAET CMEPTHOCTb OT Pl
W 4aCcTOTy MeTacTasnpoBaHus Ha
54% v 52%, COOTBETCTBEHHO (3,4).
Ecnm pa3ymHo ncnonb3oBath
nokasatenb [1CA, MoXHO pa3pabo-
TaTb UHAMBULYASIbHbIE CTPATEMMK
paHHero obHapyxerus (5). Yxe

Pak npocTtarbl

W3BECTHO, YTO KOHLIEHTpaLWs
MCA B cbiBopoTKe HiKe 1,0 Hr /
MJ1 B Bo3pacTe <50 net cBsa3aHa ¢
MUHUMAIbHBIM PUCKOM PasBUTHS
KMUHUYECKM 3Haumumoro Pl B Te-
yeHue cnegyromx 20 neT. B aTom
Clyyae uHTepBsasbl Ans paHHero
06Hapy>eHnst MoryT focTuraTh 4
net. OpHako yposeHb MCA> 1 Hr/
MJ1 CBA3aH C 23-KpaTHbIM yBENNYe-
HWEM umncna nauneHTos ¢ Pr1, koTo-
pbiM TPebyeTCst aKTUBHOE NEUeHue,
NO3TOMY MHTEPBASbI JOMXKHbI BbITh
Kopoue.

MynbTunapameTpuyeckas
MarHUTHO-pe30HaHCHasi
Tomorpacus (MnMPT) — aTo
COBpEeMEHHbII 6a30BbI UHCTPY-
MEHT Ana amarHocTukm P
Jlio60oe KnmHMyeckoe Nofo3perne
Ha Hanmume P He [omxHO npu-
BOAUTb K HEMEANIEHHOW TPaHC-
peKTanbHON 6uoncum MpocTaThl,
BHauane cnedyeT HasHauuTb Mn
MPT npencratensHoi Xxenesb!.

C nomoLbto MIMPT MOXHO He
TOMBKO 06HapYXuTb Pl ¢ TOUHO-
cTbto 60nee 90%, HO 1, KPOMe TOro,
UCMOoNb30BaTL NOAO3PUTENBHBIE
o6pasosaHus Ha MPT B kayecTse
MULLEHM AN5 TaK HasbiBaemoit MPT
hy3noHHO#M 6roncum (6,7).

OTOT N0AX04 NO3BONSET NYHKTH-
poBaTh NOAO3PUTESbHBIE YHACTKM
C BbICOKOM TOYHOCTbIO, UTO AaeT
MHOXKECTBO NPEenMyLLECTB Mo
CPaBHEHMIO C TPANLIMOHHOM
TPaHCPEKTanbHON BroNcuen nog
YNbTPa3ByKOBbIM KOHTpONeM: (1)
6onee BbICOKMI1 NoKa3aTeb Bbl-
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With the help of a mpMRI not
only the presence of PCa can
be predicted with a more than
90% accuracy but furthermore,
the suspicious lesions on MRI
can be used as a target for a so
called MRI fusion biopsy (6,7).
This approach allows to hit the
suspicious lesions with high
accuracy which results in many
advantages as compared to tra-
ditional transrectal ultrasound
guided biopsies: (1) higher
detection rate of significant
PCa, (2) lower detection rate of
insignificant cancers thereby
avoiding overdiagnosis and
overtreatment, (3) objective
assessment of the intra- and
extraprostatic extension of can-
cer, and (4) objective assess-
ment concerning the option of
focal therapy (8).

Once the diagnosis of PCa

is established, parameters
such as PSA, ISUP score and
Gleason score, number of
positive biopsy cores, void-
ing problems, comorbidities
and the personal wish of the
patients must be taken into
consideration to identify the
most optimal treatment for the
individual patient.

Modern Treatment Options in
Low Risk PCa

Low Risk PCa is defined by
the presence of Gleason score
6 (3+3) or 7a (3+4), PSA < 10
ng/ml and the absence of a
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Fig. 1: Locally advanced prostate cancer as depicted on mpMRI

palpable prostatic nodule on
digitorectal examination (2).
Active surveillance (AS), nerve
sparing robot assisted radical
prostatectomy (nsRALP), radia-
tion therapy and focal therapy
are current treatment options
which need to be discussed
with the patient (2).

Under AS PSA serum concen-
trations need to be checked

at 3-months intervals and the
mpMRI as well as the fusion bi-
opsy of the prostate need to be
repeated at 12 and 24 months
in order to identify upgrading

of PCa which mandates avtive
therapy (2). According to the
survival data of a recently pub-
lished prospective randomized
trial comparing radical prosta-
tectomy, radiation therapy and
active monitoring no significant
difference could be identified
at 10-year follow-up (9).

Patients in the active monitor-
ing group had a higher rate of
metastases and a higher need

SBNEHMS KITMHUYECKN 3HAUMMOrO
PI1, (2) 6onee HWU3Kui1 Nokasatenb
O6HaPY>KEHNS HE3HAUNTENbHbIX
HOBOOGPa30BaHWi, 4To NO3BONS-
€T 13bexarb runepanarHocTuky

1 HeonpaBAaHHOE neveHue, (3)
06BEKTUBHYHO OLIEHKY MHTPA- U
9KCTPANPOCTATMYECKOrO Pacpo-
CTpaHeHus paka u (4) 06beKTUBHYO
OLIEHKY Lienecoo6pasHocTyh npuMe-
HeHus chokanbHoW Tepanim (8).

Mocne Toro, Kak avarHo3 Pl ycra-
HOBMEH, HE06X0AMMO MPUHSTH BO
BHMMaHWe Takue napameTpbl, kak
MCA, uapekca 'MncoHa cornacHo
ISUP, kom14ecTBO NONOXMTEMbHbIX
pesynbTaToB 6uoncum, NpobneMs

C MOYENCTYCKaHNeM, COMyTCTBYHO-
LWue 3a60MEBaHUS U NNYHOE Xena-
HWe NauWeHTOoB, YTO6LI ONpefenUTL
Haubonee oNTMManbHOE nevexne
ANs nauueHTa.

CoBpeMeHHble MeTOAbI Nle4eHus
PI1 Hu3Koro pucka

P Hu3Kkoro pucka onpegensercs
KONM4eCcTBOM 6annoB o Lukane
'mucoHa 6 (3 + 3) nnm 7a (3 + 4),
yposHeM MNCA <10 Hr / mn 1 0T-

Pak npocTatbl

Bl cyTcTBMEM nanbnupyemoro yana

npeLCcTaTenbHON Xenesbl npu
nanbLesoM pexkTanbHOM UCCneao-
BaHu (2).

il CoBpeMeHHbIMY BapuaHTamu

| neyeHns, KoTopble HEOOXOAUMO 06-
| cyanTb ¢ naumeHTOM B 9TOM Cryyae
| ABNAOTCS aKTUBHOE HAOMOEHNE

(AH), HepBoc6eperatoLas poboTy-
31poBaHHas paankanbHas npo-
craraktomus (ns RALP), nyuesas
Tepanus 1 ookanbHas Tepanus (2).

AH BKNKOYAET KOHTPOSb ChIBOPO-
TouHoro MNCA kaxable 3 MecsLa,
npu aToM MNMPT 1 ¢py3unoHHyo
6uoncuto NpocTathbl HE0BX0ANMMO
noBTOPSATbL Yepe3 12 n 24 mecsua,
4TO6bI BbISBUTL POCT ONYX0JU, 4TO
noTpebyeT aKTUBHOW Tepanim (2).
CornacHo aaHHbIM O BbXKMBa-
EMOCTH 13 HeAABHO OMy6InKo-
BAHHOI0 MPOCMNEKTUBHOMO PaHzo-
MWU3MPOBAHHOMO UCCNEAOBAHNS,
CPaBHMBAIOLLEr0 pasuKanbHyH
NPOCTATIKTOMUIO, JTyYEBYHO
TEepanuio 1 akTUBHbIA MOHUTOPUHT,
npu 10-neTHeM HabMOAEHNN He
yanoch BbISBUTb 3HA4NTENbHbIX
pasnuyuid (9).

Y nauneHToB B rpynne akTMBHOTO
HabnofeHus bbin 6onee BbICo-
Kas 4acToTa MeTacTasvpoBaHms

1 6onee BbICOKAs NOTPEOHOCTb B
aHﬂpOFeHHOVI fenpusauummn BoO Bpe-
MA HaGHPOD,eHl/IFI, YT0, 04HAKO, He
MPUBENO K CHUKEHWUIO NoKasaTeneil
BbI>KMBAEMOCTU.
Hepsocbeperatowas RLAP siBns-
€TCA XUPYPru4eCKnm nevYeHnem
BbIGOpA NPK pake HU3KOro pucka
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for androgen deprivation during
follow-up, which, however, did
not result in inferior survival
rates.

Nerve sparing RLAP represents
the surgical therapy of choice
in low risk disease (10, 11).
Mean surgery time is about 2
hours with a median blood loss
of less than 250ml and a perio-
perative transfusion rate of less
than 0.3%. Continence and
potency rates are at 94% and
75% among the patients who
underwent surgery at UOCC
due to the significant experi-
ence of our surgeons. With
regard to radiation therapy,
intensified modulated radia-
tion therapy (IMRT) with image
guided radiation therapy (IGRT),
stereotactic radiation therapy
or cyberknife therapy can be
discussed and performed (2,
12).

In selected cases, MR-guided
focal therapy using the TULSA-
PRO device can be offered.
This approach targets the
visible and previously biopsied
MRI lesions only thereby elimi-
nating PCa foci effectively and
maintaining functions of conti-
nence and potency (13, 14).

Modern Therapeutic Options
in Locally Advanced PCa
About 30% of men with newly
diagnosed PCa harbour fea-
tures of highly aggressive PCa
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Fig. 2: Locally relapsing prostate cancer with a positive finding in the left
seminal vesicle on %Ga-PSMA-PET/CT

(Gleason score 8-10, PSA > 20
ng/ml, ¢T3 on palpation) which
necessitates an intelligent
combination and sequence of
local and systemic treatment
options to induce long-term
cancer control. Prior to the
decision of the type of local
therapy — radical prostatectomy
or radiation therapy — local
extension of PCa and presence
of locoregional or systemic me-
tastases need to be assessed
by mpMRI and PSMA-PET/CT,
respectively (Fig. 1, 2).

If there is no evidence of
metastatic disease or sig-
nificant extraprostatic exten-
sion, radical prostatectomy in
association with an extended
pelvic lymphadenectomy or
radiation therapy combined
with androgen deprivation
therapy are discussed with

the patient (15-18). In case of
metastatic disease or extrapro-
static extension, local therapy
is preceed by 6 months of
systemic androgen deprivation
therapy to downsize the tumor
and to facilitating local therapy.
The UOCC has significant
experience in the management
of locally advanced PCa and in
addition to standard, guideline
recommended treatment we

(10, 11). CpenHee Bpems onepaumm
COCTaBNSET OKOJO 2 YacoB Npu
CpefHelt KposonoTepe MeHee 250
MJ1 W nokasatene nepuonepawy-
OHHbIX TpaHcy3ani Menee 0,3%.
MokasaTenu yaep>xaHus Moum 1
noTeHumn coctasnsaioT 94% n 75%
y NaUMEHTOB, MEPEHECLLMX onepa-
umio 8 UOCC.

Y10 KacaeTcs ny4eBomn Tepanuy,
TO MOXHO 06CYANTb M NPOBECTY
WHTEHCUBHYIO MOZYNMPOBAHHYIO
nyyesyto Tepanuto IMRT (PTMW) ¢
paanoTepanuei nof Bu3yanuaauu-
OHHbIM KoHTponeM IGRT (PTBK),
CTEPE0TaKCUYECKYHO NYHEBYIO
Tepanuio unv Tepanuio Knbep-Ho-
XOM (2, 12).

B oTaenbHbIX Cnyyasx MOXeT 6bITh
NpeLnoxeHa gokansHas Tepanus
nod MPT-koHTponem ¢ ucnonb3osa-
Huem annapata TULSA-PRO. 3tot
neYebHbIA NOAX0A NPUMEHSETCS
TOMbKO NP BUAUMBIX HA MPT 1
paHee NofBeprHyThIx Guoncumn
06pa3oBaHmsix, 1 3 heKTUBHO
ycTpansieT ovarv PI1 v nopnepxu-
BaeT PYHKUMN Y AEPXKAHNS MOUN U
noTeHuun (13, 14).

CoBpeMeHHble TepaneBTU4eckne
BO3MOXXHOCTMW NP1 MECTHO-
pacnpocTpaHeHHoM PI1

Okono 30% My>4MH C HeaBHO
AMarHoCTMPOBaHHbIM Pl uMetoT
NPU3HAKK arpeccuBHOTO paka

Pak npocTatbl

(nnaexc Mmucona 8-10, MCA> 20
Hr / mn1, ¢T3 npu nanbnauum), 4o
TpebyeT pasyMHOK KOMOMHALWM 1
nocnesoBaTenbHOCTM BAPUAaHTOB
MECTHOTO M CUCTEMHOIO JIeYeHUS,
4TO6bI 06ECNEYNTb [ONTOCPOUHbIN
KOHTPONb Haf pPakoBOW OMyXONbio.
[Nepen NPUHATMEM PELLEHIS O TUMe
MECTHOrO NIEYEHNs — PaauKanbHOw
NPOCTATAKTOMUM AN NY4EBON
Tepanuu, HeoBX0AMMO OLEHUTb
nokanbHoe pacnpocTpaHerue Prl
W Hann4mMe NOKOPErNOHAMbHBIX UK
CMCTEMHBIX METacTasos C NOMo-
wbto MOMPT v NMCMA-N3T / KT,
COOTBETCTBEHHO (Puc. 11 2).
Ecnu HeT npu3HakoB mMeTacTa-
3MPOBAHNS U 3HAYUTENBHOTO
3KCTPaNpPOCTaTM4eCKOro pacnpo-
CTPaHEHMs ONyXonu, C NauueH-
TOM 06CY>XAAETCS pagukanbHas
NPOCTATIKTOMUS B COUETAHUM C
pacLUMpEHHON Ta3oBoi NuMdane-
HIKTOMMEN UM NyyeBas Tepanus
B COYETaHUM C aHAPOrEHHOM Je-
npuBaLWOHHO# Tepanueit (15-18).
B cnyvae meTactasvposanms unm
3KCTPANPOCTATMHECKOr0 pacnpo-
CTpaHeHus, BHauane B TeyeHue 6
MeCsLEB MPOBOAUTCS CUCTEMHAS
aHaporeHHas aenpusaus, 4tobb!
YMEHBLUMTb ONYyX0fb W 06/1erynTh
MECTHYIO Tepanuto.

JleyeHue metactatuyeckoro Pl
Y 0k011o 10% My>4uH C Bnepsble
BbISBNEHHBIM Pl 11y 0kono 50%
MY>KU4WH NMOCNE MECTHOTO NIeYEHNs!
06Hapy XMBaKOTCS METACTasbl,
06bIYHO NOKANN3YIOLLMECS B TA30-
BbIX U 3a0PHOLLIMHHBIX NUMaTy-
YeCKUX y3nax v / unn B KOCTSIX.



Prostate Cancer

offer numerous clinical trials in
this clinical scenario to continu-
ously improving the outcome
of locally biologically aggres-
sive PCa.

Treatment of Metastatic PCa
About 10% of men with newly
diagnosed PCa and about 50%
of men after local treatment
are diagnosed with metastatic
disease usually located in the
pelvic or retroperitoneal lymph
nodes and/or the skeletal
system. Systemic therapy with
androgen deprivation therapy in
combination with antihormonal
agents such as abiraterone,
apalutamide, enzalutamide or
systemic chemotherapy with
docetaxel represent the treat-
ment of choice (2). The type of
combination therapy needs to
be discussed with the patient
and it will need to reflect the
PSA serum concentration, the
metastatic burden, the pres-
ence of symptoms and comor-
bidities.

In patients with low volume
metastastic disease, the
concept of cytoreductive local
therapy in terms of radical
prostatectomy- a therapeutic
approach developed by the
UOCC - or radiation therapy
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Fig. 3: Loco-regional relapse of prostate cancer with an intrapelvic lymph
node metastases identified on #Ga-PSMA-PET/CT

after 6 months of neoadjuvant
systemic therapy is mandatory
to improve long-term survival
(19, 20).

Additional individual treatment
concepts at UOCC include
radioligand therapy with

77 utethium-PSMA which is
delivered as an intravenous
therapy at 3-4 months intervals
(21). Another option would be
personalized treatment based
on the genomic profiling of tis-
sue biopsies from progressing
metastatic sites (22, 23, 24).
Based on the type of druggable
mutations different therapeu-
tic options including PARP
inhibitors, immuno-oncological
therapy, antibody treatment etc
can be applied. Those modern,
highly sophisticated diagnostic
and therapeutic options are
well established at UOCC and
can be done on a routine base.

Management of Relapsing
PCa

About one third of patients
will experience a PSA relapse
following local therapy of PCa.
Many therapeutic options are
available, which need to be
selected based on the PSA
serum level, the PSA doubling

CucTeMHas aHaporeHHas genpu-
BAUMOHHAs Tepanus B COMETaHUN C
AHTUrOPMOHANBHLIMK CPELACTBAMMY,
Tak1MK Kak abupaTtepoH, ananyTa-
MWZ, SH3anyTaMua UK CUCTEMHas
XMMUOTEpanus JOLETAKCENOM,
ABNSIOTCS NeYeHneM Bbibopa (2).

Tun KOMBMHUMPOBAHHOW Tepanuu,
KOTOpas y4MTbIBAET KOHLEHTPALMIO
MCA B CbIBOPOTKE, KONMMYECTBO
MeTacTas0B, HanMume CUMMNTOMOB U
COMyTCTBYOLMX 3a60NeBaHui, He-
06X041MMO 06CYUTb C NALMEHTOM.
Y nauneHToB ¢ He6onbLLINM 06b-
€MOM METacTasos, KOHLenuus Lu-
TOPEAyKTVUBHOM MECTHOI Tepanim

C y4€TOM PaanKanbHOW NPOCTaTaK-
TOMWM (TEPANEeBTUYECKMIA NOAX04,
pa3paboTanHsii B UOCC), unu
nyyesas Tepanus nocne 6 mecs-
LieB He0aiboBAHTHOW CUCTEMHON
Tepanum SBASOTCS 0653aTeNbHbI-
MM L5 yyYLIEHNs SONTOCPOYHOM
BbXMBaemocTm (19, 20).

[lononHuTenbHble MHAMBUOYaNb-
Hble BAPUaHTbI NIEYEHNst BKIHO-
4aK0T PAAMOSIUTAHHYIO TEPanuio
177-noteTnem-NICMA, koTopblii
BBOAMTCS B BUAE BHYTPUBEHHON
Tepanuu ¢ nHTepsanamu B 3-4
Mecsua (21). Jpyroi BapuaHt —
NepCcoHann3nMpPoBaHHOe NeueHue,
OCHOBAHHOE Ha reHOMHOM npodune
61ONCUPOBAHHBIX TKaHeM M3 Npo-

Pak npocTatbl

rPECCUpYHOLLMX MeTacTaTUYecKux
ouaros (22, 23, 24). B 3aBucumocTy
OT TWNa MyTauuid, Bbi3bIBAEMbIX
NeKapCTBEHHbLIMU Npenaparamu,
MOTYT NPUMEHATLCS PA3IIUYHBIE
TepaneBTUYECKME BapuaHThl, BKIHO-
yas uHruéutopsl PARP, UMMyHOOH-
KOJOrMYECKyHo Tepanuio, neveHue
aHtutenam n 1. [.

OnTuManbHbliA TepaneBTUYECKNiA
MoAXoA NpU peLnausupyioLiem
PN

Y 0KOMO TPETH NaUNEHTOB Nocne
MecTHoi Tepanuu Pl passusaeTcs
MCA- peunams. [JocTynHo MHOXe-
CTBO TEPANeBTMYECKNX NOAXOL0B,
KOTOPble HEO6XOANMO BbIOUPATH C
y4eToM ypoBHs MNCA B CbIBOPOTKE,
BpeMeHn yaBoeHus MCA, ctenenu
pacnpocTtpaHerus Pl u uHaexca

[ IMCOHA HA MOMEHT NOCTaHOBKM
nepBOHaYaNbHOro AMarHo3a, Tuna
MECTHO# Tepanum 1 ConyTCTBYHO-
LMX 3a60neBaHUA.

MecTHo-peunansupyrowmii Pr1
nocne Jly4eBoi Tepanun MOXHO
3(PHEKTUBHO NIEUNTD C MOMOLLbHO
pagukanbHO cnacuTenbHON npo-
cTaTakTomun unm Tepanim TULSA-
PRO nog koHTponem MPT (25, 26,
Puc. 2).

JlokopernoHanbHble peLmanBsl
MOXXHO JIEYNTb C MOMOLLbHO XU-
Pypryeckoii onepauum, ctepe-
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time, the extent of PCa and
Gleason score at time of first
diagnosis, type of local therapy,
and comorbidities. Locally
relapsing disease following
radiation therapy can be man-
aged successfully with radical
salvage prostatectomy or MRI
guided TULSA-PRO treatment
(25, 26, Fig. 2). Locoregional
relapses can be managed with
salvage surgery, stereotactic
or cyberknife radiation therapy
(27-29, Fig. 3).

OTaKCUYECKON Ny4eBOI Tepanum
W1 pagnoTepanuu Kubep-HoXoM
(27-29, Puc. 3).

68Ga-NICMA-T3T / KT sensetcs
OCHOBHbIM METOLOM AMArHOCTH-
Ku ANns! BbISBAEHWS NALMEHTOB C
MECTHbIMU, NTOKOPETMOHANBHBIMM 1
CUCTEMHbIMU MeTacTasamu (Puc. 4)
C Lenblo onpenenexus Hanbonee
ONTUMANIBLHOTO TepanesTUYECKOr0
noAxoAa.

%8Ga-PSMA-PET/CT represents
the baseline diagnostic to
identify patients with local,
locoregional and systemic
metastases (Fig. 4) in order

to identifying the most op-
timal therapeutic approach.

At UOCC all modern imaging Fig. 4: Systemic relapse with mulitole bone metastases identified on
studies with various PET/CT 6Ga-PSMA-PET/CT

tracers are available for highly

specific diagnosic purposes

which will result in an individu-

alized, risk-adapted treatment

recommendation based on the

discussion in multidiscplinary

tumor boards.
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Supplementation -

Why, How

Much

and How Long?

Keywords: Vitamin D3, Calci-
triol, 1,25 hydroxylase, parathy-
roid hormone, extraosseous
effects, diabetes mellitus,
respiratory infection, autoim-
mune diseases

Abstract

Vitamin D3 is the precursor of
the active Vitamin D3 hormone
1,25 (OH),D3 (Calcitriol). This
hormone is important for the
regulation of the function of

all organs, especially bone,

but also the immune system
beneath others. The amount

of Vitamin D3 needed cannot
be covered by normal food,

but around 80% have to be
synthesized by sun exposure
of the skin. However, because
of several reasons, the mean
sun exposure is too short for
sufficient Vitamin D3 synthesis
in most countries. Vitamin D3
deficiency below 50 nmol/L

(20 ng/ml) is common not only
in Europe but especially in the
Middle East. It occurs in up to
80% in Middle East countries,
and between 30-60% in West-
ern, South and Eastern Europe.
The risk group include young
children, adolescents, pregnant
women and elderly and colored
immigrants in Europe. Whereas

the effect of Vitamin D3 sup-
plementation on the bone and
muscle is well confirmed, the
multiple extra-skeletal effects
are only confirmed in preclinical
and in epidemiological asso-
ciation studies and have to be
confirmed by large longtime
controlled studies.

Introduction

Vitamin D3 deficiency is very
common worldwide— some
authors even talk about a
pandemic of vitamin D defi-
ciency [1]. This is true not only
for countries, where tradition-
ally especially young females
and women are not allowed to
expose their skin to the sun,
but also in Western countries
especially in those with only
few hours of sunshine per day
[2]. Osteomalacia in children
and osteoporosis in elderly
had been within the focus of
several prospective controlled
clinical trials.

The results underlined the
importance of a Vitamin D3 and
calcium supplementation in
these risk groups. International
guidelines summarize the rec-
ommendations of prevention
[2]. However, within the last

ButamMuH

Butamuu D

D

3ayeM, CKONbKO
U KaK onro?

KntoueBble cnosa: ButamuH D3,
Kanouutpuon, 1,25-ruapoxcunasa,
napaTupeouaHbIiA FOPMOH, BHE-
KOCTHblE 3chPeKTbI, CaxapHblid
anabeT, pecnupaTopHas MH(exkums,
ayTOMMMYHHble 3a60NeBaHus

Tesucobl

Butamun D3 sBnseTcs npeg-
LUECTBEHHNKOM aKTWUBHOM rOPMO-
HanbHOM (hopMbl BUTammHa D3

— 1,25(0H)2D3 (kanbuntpurona).
OTOT rOPMOH BAXXEH ANs perynu-
POBaHMS (hyHKLMIA BCEX OPraHoB,
0C06EHHO KOCTEN, @ TaKXXe UM-
MYHHOW W fpyrux cuctem. Heo6xo-
AMMOE KONM4eCTBO BUTammHa D3
He MOXET 6bITb 06ecrneyeHo 3a
CYET 06bIYHOM NULLK, 1 OKOMO 80%
[O/MKHO CUHTE3MPOBATLCS B KOXE
NOA BO3LENCTBIUEM CONHEYUHDBIX J1y-
yeit. OfiHaKo B 60NbLUMHCTBE CTPaH
MO HECKONbKMM MPUYMHAM CPESHSIS
NPOLOMKATENBHOCTL NPEDbIBAHNS
Ha COMHLE CAMLLKOM KOpOTKa ANs
AOCTaTO4HOrO CUHTE3a BUTaMMHA
D3. Oeduumt BuTammna D3 Huxe
50 Hmonb / 11 (20 Hr / Mn) pacnpo-
CTpaHeH He TOMbKO B EBpone, HO n
B [PYruX PEr1oHax Mupa, 0CO6eHHO
Ha bnmxxHem BocToke. OH BCTpe-
yaetcs y no4ti 80% HaceneHus B
ctpaHax bnvxHero BocToka ny 30
-60% Hacenenuns 3anaaHoi, KOx-
Hoit 1 BocTouHoit Esponbl. B rpyn-
ny pucka BXOASAT ManeHbkue feTH,

MOAPOCTKY, GepeMEHHbIE XEHLUW-
Hbl, @ TAKXXE NOXMIbIE MOAM U
LiBETHbIE UMMUrPaHTLI B EBpore. B
TO BPEMS KaK BO3AeHCTBIe [o6aB-
TIEHHOTr0 B paumoH sutammua D3 Ha
KOCTY W MbILLLbI XOPOLLIO U3BECTHO,
MHOXKECTBEHHbIE 3KCTPACKENETHbIE
3pcheKTbl OnnCcaHb! TOMLKO B A0-
KITMHNYECKMX 3MUOEMUONOTUYECKMX
WUCCNENOBaHNSAX 1 LOMKHbI ObITh
NOATBEPXAEHBI KPYMHbIMM [OMTO-
CPOYHBIMU KOHTPOMMPYEMbIMMU
uccneoBaHNaMu.

BeepeHue

[leduunt ButammHa D3 oyeHb
pacnpoCTPaHeH BO BCEM MUPE:
HEKOTOpbIE aBTOPbI JaXe rOBOPST
0 NaHAemun fecmumTa BUTaMmMHa
D [1]. 370 BepHO He TOMbKO Ans
CTpaH, rae TPagnuUMOHHO LeByLL-
KM M XKEHLLMHbI HOCAT 04€XayY,
3aKPbIBAOLLYHO MX OT CONTHEYHOIO
N3Ny4YeHus, HO TaKKe W Ans 3anag-
HbIX CTPaH, 0COBEHHO ANs TeX, rae
MPOLSOMKUTENLHOCTL CONTHEYHOTO
CBETA COCTABNSET BCETO HECKOMbKO
4acoB B fieHb [2].

OcTeomansums y feTen n 0cTeo-
Mopo3 y NOXWbIX BbINK M3Yy4eHbl
B HECKOMbKMX NPOCMEKTUBHBIX KOH-
TPONMPYEMbIX KIMHUYECKNX UCCe-
[0BaHusIX. PeaynbTaThl NOATBEP-
AVIN BXXHOCTb Nprema Jo6aBok ¢
BUTaMuHOM D3 1 Kanbumem B 9TUX
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decades, numerous articles
about the postulated multiple
extra-skeletal effects of Vitamin
D3 have been published based
on preclinical and epidemiologi-
cal studies [3]. Most of the clin-
ical trials used higher doses of
a Vitamin D3 supplementation
than recommended for bone
health. The results of these
studies are uncertain, as most
of these published so far were
underpowered and were only
short time trials. To confirm

the benefit of a higher Vitamin
D3 supplementation supposed
to be helpful in prevention,
improving or even curing com-
mon diseases, large and most
important, trials over more than
5 years would be necessary
[4]. These are however expen-
sive and could only be financed
by public health organizations.

The current questions that
arises for the general physician
are:

* \When is a Vitamin D testing
really needed?

¢ \What vitamin D3 levels
should be achieved?

* \Which doses will be neces-
sary and how long?

® |s a higher Vitamin D3 sub-
stitution necessary for some
extra-skeletal effects although
there are till now not enough
scientific proof?

Those questions will be dis-
cussed after a short overview
on the synthesis, and the
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systemic and cellular effects of
Vitamin D3 known until now.

Synthesis and Effects of
Vitamin D

Only the short-wavelength-light
(280-315 nm; UV-B) of the sun
converts 7-Dehydro-cholesterol
to Vitamin D3 (Cholecalciferol)
within the keratinocytes of

the skin, where most of the
natural Vitamin D3 is produced
[5]. This process is hindered

by dark cloths and skin, sun-
blocker with a factor above 10
or fine dust and pollution. Only
around 20% of the Vitamin

D3 that is necessary can be
covered by the usual Western
or Asian diet, which might be
slightly improved by the regular
consumption of fat fish from
cold sea or cod oil.
Cholecalciferol is hydroxylated
to the prohormone 25(0H)D3
by the 25-Hydroxylase (CY-
P27A1) of the Liver, which is
also a storage for the prohor-
mone. Bound to DBP (Vitamin
D binding protein) the prohor-
mone is transported to the
kidney, where it is hydroxylated
to 1,25 (OH),D or Calcitriol, the
active Vitamin D3 hormone by
the 1-alpha hydroxylase

(CYP 27B1).

While Calcitriol, the active Vita-
min D3 has a very short half-life
of 4-6 hours, the prohormone
25(0OH)D3 has a half-life of 2-3
weeks and therefore is the

rpynnax pucka. B MexxayHapoaHbIx
pyKOBOACTBAX Oblnn 0606LLEHB
PEKOMEHALMM MO MPOUNAKTUKe
9TuX 3a6onesaHui [2].

OpHako B TEYeHMWe NocneaHux
LEeCATUNETHI 66110 0ny6IMKOBaHO
LOCTaTO4HOE KONMYECTBO CTaTen
0 NpeznonaraeMbiX BHEKOCTHbIX
apcpexTax Butammua D3, npo-
LEMOHCTPUPOBAHHBIX B JLOKIMHU-
YECKMX U 3NMAEMMUONOTNHECKMX
uccnenosanusx [3]. B 60nbLnH-
CTBE KJIMHNYECKNX UCCNEA0BaHWNA
MCMOMb30BaNMUCh 60MEE BbICOKME
[03bl 406aBOK C BUTaMuHOM D3,
YeM TaKoBble PEKOMEH0BaHbI ANS
3[0P0BbS KOCTEN.

PesynbTaThl aTUX UCCe[oBaHuiA
COMHWTEbHbI, NOCKONbKY 60/1b-
LUMHCTBO W3 HKX, ONYy6IMKOBAHHbIX
[0 HACTOsILLEro BpeMeHw, bbin He
MHOTOLIEHTPOBbIMMW W MPEACTaBNS-
1 o060 NNLLIb KPATKOCPOUHBIE MC-
CcnefoBaHus. Ytobbl NOATBEPAUTD
nonb3y 0T npuema 60mee BbICOKMX
103 BuUTammnHa D3, koTopbIif, Kak
npegnonaraetcs, 6yneT noneseH
ANS MPOMNAKTUKK, YyYLIEHMS
WNK fiaXkKe NeYeHns pacnpocTpa-
HEHHbIX 3a60NEBAHNH, HY>XHbI
Me>XyHaPOLHbIE MHOrOLEHTPOBbIE
UCCNEeLoBaHNS, MPOAOIIKUTENBHO-
cTbto 6onee 5 neT. [4]. OgHako oHM
LOpOrut 1 MOTyT OMHAHCMPOBATLCS
TOMNbKO OpraHu3aumsmu obLue-
CTBEHHOrO 3paBOOXPaHEHHUS.

B HacToswee Bpems y Bpaya 06-
Lyei NPaKTUKK 06bI4YHO BOSHUKAIOT
crnenytoLLme BOMpOCh!:

+ Korna Heo6x0AnMo onpesenuTsb
ypoBeHb BUTammuHa D?

Butamuu D

+ Kakoro ypoBHsi coaep>xaHus
BuTamuHa D3 cneayet noctuub?

+ Kakue §o3bl NOTPedyHoTCs M Kak
ponro?

* HeobxoauMbl nn 601e€ BbICOKME
[03bl BUTamuHa D3 ans HekoTo-
PbIX BHECKENETHbIX 3PEKTOB B
OTCYTCTBME AOCTATOUHbIX HAYUHbIX
[oKasaTenscTa?

OTv Bompock! 6yayT 06CYXAeHbI
nocne KpaTkoro ONMCaHUs CUHTE3a,
a TaKKe M3BECTHbIX Ha HAcTosLLEe
BPEMS CUCTEMHBIX 1 KNETOUHbIX
ahchexToB BuTamMuHa DS.

CuHTe3 U ach¢exTbl BUTaMUHa D
Tonbko KOPOTKOBOHOBbLIN CON-
HeyHblit cBeT (280-315 Hm; UV-B)
npespaLiaeT 7-fernipoxonecTepuH
B BuTamuH D3 (xonekansuucpepon)
B KEpaTMHOLMTAX KOXM, B KOTOPbIX
BblpabaTbiBaeTCs 60MbLIAS YACTb
ecTecTBeHHoro sutamuHa D3 [5].
Okono 20% HeobxoAMMOro BuTa-
MuHa D3 MoxeT 6bITb 06ecneveHo
3a CYET 06bIYHOr0 3anagHoro uam
a3naTcKoro NuTaHus, KOTopoe
MO>ET ObITb HEMHOTO YNy4LLEHO 3a
CYET PerynsipHoro ynoTpedneHms
XXUPHOW pbI6bl U3 XONOAHOrO MOPS
UK pbibbero xmpa.
Xonekanbumepon rmapokcum-
pyeTcs fo nporopmoHa 25(0H)D3
nocpescTBOM 25-r1apoKcunassl
(CYP27A1) neyenu, koTOpas Takxe
SBASETCS W XPaHUIULLEM NPOrop-
MoHa. CBs3aHHbIn ¢ DBP (BuTa-
MWH D-CBS3bIBAIOLLMM BENKOM),
NPOrOPMOH TPAHCNOPTUPYETCS B
MOYKH, FAe OH TMAPOKCUAMPYETCS
no 1,25 (OH),D unvm kansumutprona
— aKTWUBHOW rOPMOHAbHOM (OPMbI
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best parameter for testing the
Vitamin D3 status of a person.
When Calcium or Calcitriol

are high, parathyroid hormone
(PTH) will be suppressed and
25(0OH)D3 deactivated by the
24-Hydroxylase (CYP24R1) to
the inactive 24, 25(0OH)D3 and
eliminated by the liver. This
guarantees that the production
of active Vitamin D3 hormone
always corresponds to the
requirement [5]. This is an
example of a perfect endocrine
control loop/circuit, like the
metabolism of the thyroid-
hormones.

Nearly every cell has a nucleus
receptor (VDR) for Calcitriol
but also expresses the 1-alpha
Hydroxylase on the surface, so
it can convert the prohormone
25(0OH)D3 to active Vitamin D3
hormone on its own.

The Calcitriol secreted from the
kidney apparently is necessary
for the regulation of Calcium-
and Phosphate-homeostasis,
whereas the local activation

of Vitamin D3 is used for the
autocrine regulation of the
cell-function and metabolism.
Around 6000 genes, which
corresponds to approximately
3% of the human genome,
are under direct or indirect
control of Calcitriol [6]. There
are also membrane-receptors
for Calcitriol that are responsi-
ble for non-genomic effects,
especially the regulation of the
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intracellular metabolism.

Within the last decades around
4500 scientific articles were
published on Vitamin D3 in
cell-biological- and animal stud-
ies. Vitamin D3 is supposed to
influence widespread diseases
like cancer, arteriosclerosis, dia-
betes, autoimmune diseases
and infections [5, 7, 8].

In a recent meta-analysis sig-
nificant lower mortality rates in
populations with higher Vitamin
D3 serum levels had been
described [9]. This, however,
might also be because health-
ier life-style and more outdoor
activity as a confounder and
not only Vitamin D3 itself. Vita-
min D3 supplementation also
may improve the mood of the
elderly, especially those with
very low Vitamin D3 levels [10].
However, for the scientific
confirmation of those effects
of Vitamin D placebo-controlled
randomized studies are needed
[5]. Therefore, these preven-
tion-studies have to be carried
out over a longer period of time
as chronic diseases like dia-
betes mellitus, cardiovascular
diseases, carcinoids, rheumatic
diseases, skin-diseases and
dementia develop over a longer
time.

Normal Range and Refer-
ence-Values of 25(0H)D3
The VitaminD3 and its me-
tabolites are basically lipids and
therefore poorly water soluble,

BuTammuHa D3 ¢ nomowsto 1-ansda-
rugpokevnassl (CYP 27B1).

B T0 Bpems Kak kanbuuTpron
NMEET 0YEHb KOPOTKWIA Nepros
nonypacnapna, CocTaBnstoLni 4-6
4aco., NporopmoH 25(0H)D3 — 2-3
HeLenu u, crefoBaTenbHo, SBNseT-
CS NyuLLMM noKasaTenem ans onpe-
LENEeHNs KONMYecTBa BUTaMUHA

D3 B opranu3me Yenoseka. Korga
YPOBEHb KanbLus MW KanbLUTPHO-
na NoBbILLAETCS, CEKpeLns napaTu-
pouaHoro ropmona (IMTT) cHuxa-
eTcs u 25(0H)D3 peakTusmpyeTcs
24-rnppokeunasoi (CYP24R1) mo
nHepTHOrO 24, 25(0H)D3, KoTOpbIA
BbIBOAWTCS NEYEHbI0. ITO rapaHTu-
pyeT, 4To BblpaboTka akTueHoro D3
- FOPMOHa BCera COOTBETCTBYET
noTpe6HoCTAM opraHnsma [5]. 31o
NpUMep AEANLHOrO SHAOKPUHHOTO
KOHTPONIMPYEMOrO 3aMKHYTOr0
LMKNa / «NeTnu», Takoro Kak, Ha-
npumep, MeTabonmam ropMOHOB
LYNTOBUIHON >Kenesbl.

[MouTu KaxKaas KneTka uMeeT saep-
Hbin peuenTop (VDR) ans kanbum-
TpUONa, HO TaKXXe akcnpeccupyet
Ha NOBEPXHOCTY 1-anbga-rmapok-
Curasy, noaToMy MOXeET CaMo-
CTOSATENbHO NPeobpa3oBbiBaTh
nporopmoH 25(0H)D3 B akTuBHbIi
D3 - ropmo-.

Kanbuutpuon, cexpeTupyembli
noYKamu, no-BUaMMOMY, He0BX0-
IMM 015 perynsaumm romeocrtasa
kanbuus v chocdara, Torfa Kak
MecCTHas akTusauws sutamuHa D3
NCNONb3yeTCs ANs yTOKPUHHOM
perynsaumm KNneTouHon cyHKLMK 1

Butamuu D

MeTabonnama. Okono 6000 reHoB,
YTO COCTABNSAET NPUMEPHO 3%
reHOMa YenoBeka, HaxoasTes noj
MPSMbIM MK KOCBEHHBIM BO3-
[encTBMeM Kanbuutpuona [6].
CyLiecTBytOT Tak>Ke MembpaH-
Hble peLenTopbl KanbumTpuona,
KOTOpble OTBEYAOT 32 HEreHOMHble
3pheKTbl, 0C06EHHO 3a perynsauno
BHYTPUKIIETOUHOrO METaBbomM3Ma.
3a nocrneaHue fecaTuneTus

6b1510 ony6MKoBaHO 0Kono 4500
HayuHbIX CTaTe# 0 BUTAMUHE

D3, 3y4eHHOM B KNIETOUHO-610-
NOTMYECKMX UCCNEAOBAHMNSX U
UCCNEA0BaHNSX HA XXUBOTHbIX.
MpeanonaraeTcs, 4To BUTAMUH

D3 BAMSIET HA TEYEHWE LUMPOKO
pacnpoCcTpaHeHHbIX 3a6oneBaxuii,
TakmuX Kak pak, apTepuockiepos,
Anabet, ayTOMMMYyHHble 3a60oneBa-
HWS W uHcbexumn [5,7,8].

B HenasHeMm MeTaaHanuae 6binu
ONUCaHbl 3HAYUTENBHO 60Nee H13-
Kie YPOBHW CMEPTHOCTY B MONynsi-
Lmsix ¢ 6051e€e BbICOKMMM YPOBHSMM
BuTamuHa D3 B CbIBOPOTKE KPOBY
[9]. OaHako, 3TO TAKXKE MOXET
ObITb CBA3AHO C TakuMK hakTopa-
MM, KaK 3[0POBbI 06pa3 XXU3HU

W aKTWUBHbIA OT/bIX HA CBEXEM
BO34yXe, a He TOMbKO C CamuM
BuTammuHom D3. [lo6asneHue B pa-
UumoH BuTamuHa D3 Takxe MoxeT
YAYYLWNTL HACTPOEHMWE Y MOXUIbIX
ntoaein, 0COBEHHO C 04EHb HU3KIUM
YPOBHEM 3TOr0 BuTammuHa [10].
OpHako ons Hay4YHOro NOSTBEPX-
[EHMS 3TUX 3D(HEKTOB BUTAMUHA
D Heo6x0auMbI NNaUebo-KoHTPO-
JMpyeMble PaHAOMU3MPOBAHHbIE
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Table 1: Classification of the Vitamin
D status [10]

they need a specific protein for
transportation, the so-called
Vitamin D-binding protein
(DBP). With the routinely used
immunoassays, only the total
Vitamin D3 can be measured
although only the free fraction
is biological active. Therefore,
the results of the Vitamin D
concentration, obtained by im-
munoassay should be inter-
preted with care.

The well-known and best ana-
lyzed effect of Vitamin D3 is its
control function of the Calcium-
and Phosphate-homeostasis.
Only the active Vitamin D hor-
mone Calcitriol is essential for
a sufficient intestinal Calcium
absorption. Because normal
Calcium levels in plasma

are essential for the normal
life, PTH will be released, as
described above [5]. From this
negative feedback-loop, the
normal range of the Vitamin D3
can be derived. But this is only
true if the intake of Calcium is
sufficient and the kidney-func-
tion normal. An increased level
of PTH then uncovers a Vitamin
D deficiency. This is the most
common reason for a second-
ary hyperparathyroidism [5].
When the Vitamin D3 level is
75 nmol/l (30 ng/ml) the PTH
levels of nearly all probands
were normal. Between 20

and 75 nmol/I (12-30 ng/ml)
10-30% of the probands had

a secondary hyperparathy-
roidism, levels below 20 nmol/l
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Vitamin D Deficiency =
Severe Deficiency/
Shortage

Deficiency/
Shortage

< 20 nmol/I
<12 ng/ml

20-75 nmol/l
12-30 ng/ml

>30% PTH increase 10-30% PTH

Highly increased
bone-remodeling or
osteomalacia

(12 ng/ml) more than 30% of
the probands had an increased
PTH. The normal Vitamin D3
level should therefore be above
70-80 nmol/l (28-32 ng/ml).
These values are recommend-
ed by the Societies for Bone
disease [5] (Tab 1).

The IOM's (Institute of medi-
cine) expert-team considers
values such as > 50 nmol/I (20
ng/ml) as sufficient. Lower
values (< 30 nmol/l/12 ng/ml)
are supposed to be insufficient
for the bones, maybe also
associated with osteomalacia
and rickets of children and
adolescents. Whereas the

IOM mainly focusses on bone
health, the Endocrine Societies
also focus on probable extraos-
seous effects of Vitamin D3,
where higher dosages might
be necessary [11] (Tab 2).

This however does not mean
that all people should be sup-
plemented with Vitamin D3,
only those who are not able to
expose their skin to the sun for
any reason. as the skin is the
main source for the natural Vi-
tamin D3 supply. When expos-
ing both arms and lower legs
(ca. 18% of the body's surface)
to the sun for around 15 min.
without using subblocks, 2000-

Vitamin D Insufficiency =

Slightly increased
bone-remodeling

Normal Vitamin D

> 75 nmol/I
> 30 ng/ml

increase No PTH increase

Normal bone-
remodeling

uccnefoBaHus [5]. ATu npodunak-
TUYECKME MCCNEeS0BaHNS JOMKHbI
ObITb AOArOCPOYHBIMM, NOCKOMBKY
XPOHWU4eCcKne 60ne3Hu, Takue Kak
caxapHblit anabeT, CepLEeUHO-CO-
CyauCTble 3a60N€eBaHNs, KapLUHO-
UaHble ONyXOmnu, peBMaTUYECKME U
KOXHble 3a60NneBaHus, LeMeHLMS,
Pa3BMBAIOTCS B TEUEHNE ANUTENb-
HOTO BPEMEHM.

[uana3oH HOPMbI U KOHTPOb-
Hble 3HayeHuns 25(0H)D3
Butamun D3 1 ero metabonuTl,

B OCHOBHOM, SIBASIOTCA UNnAaMu
W, CNefoBaTenbHO, NoXo pac-
TBOPUMbI B BOAE, MO3TOMY ANs
TPAHCMOPTUPOBKM UM HEOOX0AUM
cneundmnyeckmin 6enok, Tak Hasbl-
Baemblii BUTaMuH D-CBA3bIBAIOLLMIA
6enok (DBP). C nomoLLbto 06bI4HbIX
MMMYHOMNOTMYECKNX aHaNN30B
MOXXHO OnpesennTb TOMbKO obLiee
konmuecTBo BuUTamuH D3, x0T8
61ONOrMYECKM aKTMBHA TOMBKO

€ero cBo6ofHas paxums. Moatomy
nokasaTenu yposHs BuTamuHa D,
NOSTyYeHHbIe C NOMOLLLIO UMMYHHO-
ro aHanuaa, CefyeTt MHTeprpeTH-
pOBAThb C OCTOPOXXHOCTBIO.
XO0pOLLO M3BECTHbIN 1 Hanbonee
NpOaHanM3nPOBaHHbINA ApQeKT
BuTamuHa D3 — 370 KOHTPOIL
romeocrasa Kanbuus u gocdara.
AKTMBHbIN D - rOpMOH KanbLmTpuon
HEeo6X04MM LIS AOCTATOUHOrO

Butamuu D

Tabnmua 1: Knaccudpukaums yposHei
Butamuna D [10]

BCACbIBAHMS KaNbLns B KMLLIEYHUKE.
HopmanbHbIi YpoBeHb KanbLms

B Nnasme >XW3HEHHO BaXKEH Ans
OpraHu3ma 4enoBeka, U 0T HEro
3aBucuT cexpeuns MTT, kak 6bino
OnUCaHo BbILLe [5].

Mcnonb3ys aTy oTpuLaTenbHyto 06-
paTHyLO CBSA3b, MOXHO ONpeaenuTL
AManasoH HopMasbHbIX noKasaTe-
neii coaep>xanus ButammHa D3. Ho
970 BEPHO TOMLKO B TOM Cryyae,
ecnu noTpebnexue Kanbums [ocra-
TOYHOE U (HYHKLMSI NOYEK HOpMaTb-
Has.. [oBbILeHHbIA ypoBeHb MTT
yKasblBaeT Ha feduunT BUTaMnHa
D. 370 Hambonee YacTas npuymHa
BTOPUYHOIrO runepnapaT1peosa [5].
Korpa yposeHb sutamua D3
cocTasnsn 75 HMonb / 1 (30 Hr/
Mn), yposeHb MTT nouTtn y Beex
06CnefyeMblx 0CTaBaNCs HopMarb-
HbIM. [1pW €ro conep XxaHun Mexay
20 1 75 HMonb / 1 (12-30 Hr / Mn)

y 10-30% uccnenyembix 6bin ana-
FHOCTMPOBAH BTOPUYHBIA rUnep-
napartvpeos, npu yposHe Hxe 20
HMOMb / 11 (12 Hr / M) y 60nee 30%
W3 HUX OTMEYANCS MOBbILLEHHbII
ypoBeHb MTT. CneposatensHo,
HOpMaribHbIi ypoBEHb BUTamuHa D3
LOJKeEH 6bITb Bbilwe 70-80 HMONb

/ 1 (28-32 Hr / Mn). OTU 3HAYEHMS
PEKOMEHA0BaHbI aCCOLMaLMaMM N0
NeYeHnto 3aboneBaHmii KOcTen [5]
(Tabnuua 1).

I"pynna akcneptos IOM's (Institute
of medicine, UHcTUTYTa MEgnUN-
Hbl, CLLIA) cunTaeT gocTaTouHbIM
ypoBeHb BUTaMuHa D3 >50 HMOb
/ n (20 Hr / mn). MpegnonaraeTcs,
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Table 2: Recommended Vitamin D
intake [11]

4000 U Vitamin D3 can be
synthesized and stored [12].

How Much Vitamin D is
Needed to Prevent
Osteoporotic Fractures?

The International Osteoporosis
Association guidelines recom-
mend 800-1000 U Vitamin

D3 and 1000 mg Calcium
(including Calcium taken in

by nutrition) supplementation
to prevent postmenopausal
osteoporosis [13, 14].

Two recently published Meta-
analyses tried to answer the
question if this supplementa-
tion could also avoid osteoporo-
tic fractures. The supplemen-
tation of Vitamin D3 only (ca.
800 U) could not significantly
reduce the fractures incidence,
but together with a calcium
(1000-1200 mg) substitution,
the fracture incidence was
significantly reduced. In adults
aged 65+ years, the reduction
of all fractures was 15% and
30% of the hip fractures [15].
A more recent Meta-analysis
confirmed these results, but
the reduction of all fractures
was only 16% and of the hip
fractures 6% [16]. This differ-
ence can be explained by the
selection of participants. Those
people living in nursing-homes
and patients with previous
osteoporotic fractures were ex-
cluded in the last meta-analysis
[16l.
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General Population
I0M Recommendation

0-6 month

breast-feeding

4000

4000
4000

At Risk of Vitamin D Deficiency
Endocrine Society Suggestions

|

600-1000 4000

1500-2000 10 000

600-1000
1500-2000

RDA = Recommended Daily Acquirement; UL = Upper Limit Daily Intake

Falls are the major risks factors
for fractures in osteoporosis.
Therefore, it is important to
examine if a Vitamin D3 sub-
stitution can reduce the risk of
falls. The risk of falls in elderly
can be reduced significantly
(ca. 19%), but only if a Vitamin
D level of > 60 nmol/l (> 24
ng/ml) will be achieved [17].
Bolus-injections of 500 000

U of Vitamin D3 increase the
risk of falls and are not recom-
mended.

A cost-benefit analysis of the
hitherto existing data suggest
a yearly cost-reduction in the
European Union of 5.7 billion €
when supplementing all elder
people (65 +) with Vitamin D
and Calcium in the above-men-
tioned doses [18].

What About Studies on
Extraosseous Effects?
Diabetes Mellitus

As explained above, the DNA

4TO TOMbKO Nnokasatenu < 30 HMosb
/11 (12 Hr / Mn) HeBOCTaTOuHbI AN
300P0BbS KOCTEMN, W TaKXXe MOTYT
ObITb aCCOLMMPOBAHBI C OCTEO-
Mansunei n paxuTom y AeTen v
noapocTko.. B To Bpems kak IOM,
B OCHOBHOM, (DOKYCUpYeTCS Ha
COCTOSIHUW KOCTEW, accoumaumm

MO 3HAOKPUHHBIM 3360N1EBAHUAM
TaKxke 06paLLarT BHUMaHWE Ha
BO3MOXHble BHEKOCTHbIE 3(h(EKTbI
BuTamuHa D3, Korga MoryT noTpe-
60BaTbCs 60nee BbICOKWE A03bl [11]
(Tabnuua 2).

OpaHaxo 370 He 03HA4aeT, 4TO BCe
N0V [OMKHbI NOAYYaTh BUTAMMH
D3. B Hem HyXXAatoTcs TOMbKO Te
T[N, KOTOPbIE N0 KaKon-nneo
MPUYMHE NULLEHBI JOCTATOYHOTO
Mo BPEMEHM BO3EMCTBIS COMHLA
Ha KOXY, TO €CTb OCHOBHOTO UC-
TOYHMKA HATYPaNbHOrO BUTAMUHA
D3. MMpy1 BO3AENCTBUM CONHEYHbIX
nyYen Ha pyKu 1 ronexm (MpuMepHo
18% NOBEPXHOCTYW Tena) B TeveHue
NpUMepPHO 15 MUHYT 6€3 MCnosb30-
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4000 POJHOM accoumaumy no 0cTeomno-
10 000

Butamuu D

Tabnuua 2: PexoMeHayemble HOpMbl Mo-
Tpebnerus utamuna D [11]

BaHWs COMHLE3ALLUMTHbIX CPEACTB
MO>ET ObITb CUHTE3MPOBAHO U CO-
xpaHeHo 2000-4000 ME sutamuHa
D3[12].

Ckonbko BuTamuHa D HeoGxoau-
MO Ans npocbunakTUKM ocTeono-
PpOTHYECKMX NepenoMoB?

B pexomeHpauusx MexayHa-

P03y PEKOMEHAYETCS MPUHUMATb
800-1000 ME sutamuHa D3 1 1000
MF KanbLus (C y4eToM Kanbuus, no-
CTyNatoLLEero ¢ NuLen) ans npesot-
BpaLLEHWs NOCTMEHONAY3ambHOr0
ocTeonopo3a [13, 14].

ManeHus SBNSKOTCS OCHOBHbIMM
npUYMHaMM NepenomMoB Npu ocTe-
onopo3se. Mo3ToMy BaxHo 6b110
MPOBEPUTL, MOXET N 3aMeCTU-
TeNbHas Tepanus BUTamuHom D3
CHWU3MTb PUCK TakuX NafeHuin. Puck
y NOXMMbIX NtoAEA MOXET BbITh
3HAUUTENBHO CHIKEH (MPUMEPHO
Ha 19%), ecnu 6yaeT LOCTUTHYT
ypoBeHb BUTaMuHa D> 60 Hmonb / n
(> 24 Hr / mn) [17].

bontocHble nHbekummn 500 000 ME
BuTammHa D3 noBsbiwatoT puck
NageHnin n He PEKOMEHAYIOTCS K
MPUMEHEHNIO.

OKOHOMWYECKMIA aHANN3 UMEIOLLNX-
CS1 Ha CErofAHSALIHNA fIeHb AAHHbIX
npegnonaraeT eXeroaHoe CHXe-
HWe 3aTparT Ha 3APaBOOXPAHEHNE B
Esponeiickom Coto3e Ha 5,7 Mnpa
€BPO Np¥ BBEAEHNM B PALMOH BCEX
NOXMMbIX Ntofen (cTaplue 65 neT)
BuTamuHa D 1 kanbums B Bbileyno-
MSIHYTbIX Jo3ax [18].
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of all cells in the body have a
binding domain for calcitriol,
and most cells also are ex-
pressing membrane receptors.
Some cells like the Islet cells
of the pancreas even express
1-alpha-hydroxylase for activa-
tion of Vitamin D3 [5]. Vitamin
D3 increases the signal for
insulin synthesis and release as
shown in cell culture experi-
ments.

From this, one could assume
that Vitamin D3 could reduce
the incidence of type 2 diabe-
tes.

In the WHI (women health
initiative) study 33951 women
between 60-80 years of age
were supplemented with either
400 U of Vitamin D plus 1000
mg Calcium or placebo for a
period of 8 years. The adher-
ence was 80%, but no differ-
ence in the incidence of a type
2 diabetes was found [19]. In
contrast a meta-analysis of 21
observation-studies showed
that by a follow-up of 5-25
years, people with highest Vi-
tamin D values had the lowest
incidence of a type 2 diabetes
[10]. However, again it must be
emphasized that higher Vitamin
D3 levels might be associated
with healthier lifestyle and
frequent outdoors exercise,
and this also might reduce the
incidence of diabetes.

Type 1 diabetes is common
in regions with lower Vitamin
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D levels. A Vitamin D3 sub-
stitution in children suffering
from rickets reduced the risk
of developing a type 1 diabe-
tes. In NOD mice known to
spontaneously develop type

1 diabetes a substitution with
calcitriol delayed the onset

of the disease [5]. A Meta-
analysis from seven controlled
trials including patients that
were recently diagnosed with
type 1 diabetes, age between
5-38 years (n= 287) that were
either supplemented with
1-alpha-calcidol or Vitamin D3
compared to placebo, showed
a significant increase of the
fasting C-peptide values, as
well as a reduction of insulin-
doses needed to control blood
sugar. The observation period
varied between 4 weeks up to
1 year. Therefore, this is only
a hint, but no confirmed data,
that a Vitamin D3 substitu-
tion can prolong the so called
“honeymoon” of the type 1
diabetes [20].

Obesity

Obesity is associated with
lower Vitamin D3 levels and a
higher prevalence for cardio-
vascular disease and diabetes.
A meta-analysis from 26 rand-
omized studies could not de-
tect an influence of Vitamin D3
in various doses from 800-4000
U daily on the BMI or body

fat content, even not in the
subgroup of patients receiving

Kak obcToAT aena ¢ uccneposa-
HUSIMU BHEKOCTHbIX 3¢ppekToB?
CaxapHblii anabeT:

Kak 6b110 n3noxeHo Bbitle, AHK
BCEX KNETOK B OpraHn3me nMeeT
CBSA3bIBAOLLMIA JOMEH NS Kanb-
uMTpMONa, M 60NbLIMHCTBO KNETOK
TaKk>Ke 3KCMPECCHpyHT MemMBpaH-
Hble peuenTopbl. HekoTopble KneT-
KU, Takue Kak OCTPOBKOBbIE KNETKM
noKenyA04HOM XXenesbl, Aaxe
aKcnpeccupytoT 1-anbga-ruapokeu-
nasy ans akTueauwu Butammuna D3
[5]. Butamun D3 ycunueaeT curHan
AN CUHTE3a W BbIBPOCA MHCYNNH,
KaK MoKasaHo B 9KCrepyMeHTax Ha
KNETOYHbIX KyNbTypax. [1oatomy
MO>HO MPEANONOXNUTb, YTO BUTA-
MWH D3 MOXXeT cHu3nTb 3abonesa-
€MOCTb AnabeToM 2 Tuna.

B uccnenosanum WHI (Women
health initiative, NHuumaTuea no
OXpaHe 3[0p0BbS XEHLUMH) 33951
XeHwwwuHa B BospacTe 60-80 net
npuHuMani néo 400 ME sutamuHa
D nntoc 1000 Mr kanbums, nnbo
nnaue6o B TeyeHue 8 net. Komnna-
€HTHOCTb cocTasuna 80%, ofHaKo
pasHuLbl 0THOCUTENBHO 3aboneBa-
eMOCTH AnabeToM 2 Tuna He 6b110
06Hapy»xeHo [19].

B 70 e Bpems MeTaaHanms 21
HabMofaTeNbHOr0 UCCNEA0BaHNS
rokasarn, 4To npn NoCneaytoLLeM
HabnaeHM B TeveHue 5-25 neTy
NHOAEN C BbICOKMMM NoKa3aTensiMum
BuTammuHa D 6bina camas Huakas
3abonesaemMoCTb AnabeTom 2 Tuna
[10]. OfHako, onsTh Xe, He06X0-
LMMO MOAYEPKHY T, YTO 6onee
BbICOKMiA ypOBEHb BUTammHa D3
MOXeT ObITb CBSI3aH CO 3[10p0-

Butamuu D

BbIM 06pa30M XXM3HW W YACTbIMK
YNPaXHEHNSIMM Ha OTKPbITOM BO3-
LyXe, 1 9TO TaKXKE MOXXET CHU3NTb
3a60N1eBaeMOCTb AnabeToM.
[nabet 1 TMNa pacnpocTpaHeH B
pervoHax ¢ 60nee HU3KUM YPOBHEM
ButamuHa D. BeefieHue B paumoH
BuTammuHa D3 y feten, ctpagato-
LUWX PAXUTOM, CHUXKAET PUCK pas-
BUTMS AnabeTta 1 Tuna. Y Mblluen
NOD, M3BECTHbIX TEM, YTO Y HUX
CMOHTAHHO pa3BuBaeTcs auader 1
TUNa, BBEAEHWE B PaLMOH Karb-
LMTpMONa 3afiepXXmBaeT Havano
3abonesanus [5).

MeTaaHanua cemu KOHTPOSMPY-
EMbIX UCCNIeJOBaHMI C y4acTMEM
NauMeHTOB C HelaBHO AMarHocTu-
poBaHHbIM AnabeToM 1 Tuna, B
Bo3pacTe o1 5 1o 38 net (n = 287),
KOTOPbIE MPUHUMAnK nnéo 1-anb-
tha-kanbumgon, oo sutamuH D3,
Mo CPaBHEHMIO ¢ Mnauebo, nokasan
3HAYMTENbHOE NOBbILIEHUE YPOBHS
C-nenTtnpa HaToLLaK, a Takxe
CHWKEHME 03 NHCYNMHA, HEeOO-
XOAUMBIX NS KOHTPOMS YPOBHS
caxapa B kposu. Cpok HabnoaeHns
BapbMpoBan oT 4 Hedenb 1o 1
roga. Takum 06pa3oM, aTO TOMbKO
«HaMeK», a He NOATBEPXKAEHHbIE
[aHHbIX, YTO 3aMeCTUTeNbHas
Tepanus BuTammHoM D3 MoxeT
NPOANNTB TaK HA3bIBAEMbINA «Meo-
Bblii Mecsl» auabeta 1 Tuna [20].

OxupeHue

O>xu1peHue cBsi3aHo ¢ bonee
HU3KUM YPOBHEM COAEPXaHNs
BuTamuHa D3 v 60nee BbICOKO
pacnpoOCTPaHEHHOCTbIO Cepaey-
HO-COCYAMCTbIX 3a60/1€BaHMI W
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higher doses and for longer
time. However, the patients
included initially had a medium
BMI of 29,3 (27,5 -32,1), a
medium age of 60 years (48,8
— 68) and were treated over a
period of average 12 month
(6-36) with various doses of Vi-
tamin D3 or placebo [21]. Like
in most studies on the extraos-
seous effects of Vitamin D3,
duration, Vitamin D3 dose and
the age of patients were too
heterogenous and therefore
no definite conclusion can be
drawn.

Autoimmune Thyroiditis
Autoimmune thyroiditis (AIT) is
the most common organ-specif-
ic autoimmune disease, affect-
ing around 10% of all women
and 2% of all men. Numerous
observational studies showed
an increased risk of Vitamin D3
deficiency to develop an AlT.
An inverse correlation between
Vitamin D3 serum-levels and
TPOAb und TgAb was de-
tected. Some VDR polymor-
phisms are associated with a
higher incidence of AIT [22]. In
a smaller prospective, placebo-
controlled study with only 42
women who were suffering
from AIT, were treated with 50
000 U of Vitamin D3 per week
for a period of 3 month. Not
only the TPOAb concentrations
decreased significantly but also
TSH [23]. A meta-analysis of 26
observational studies showed
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a doubling of the incidence

of Graves' disease in patients
with low Vitamin D levels

[24]. One smaller prospective
intervention study however,
could not confirm an influ-
ence on the recurrence rate

of Graves’ disease. Inclusion
criteria were patients suffering
from Graves’ disease currently
euthyroid after antithyroidal
therapy and Vitamin D3 levels
under 12,6 ng/ml. 210 patients
were included, which were
divided into two groups, one
was supplemented with Vita-
min D3, 1000-2000 U per day
for 12 months, the other group
served as control. Despite the
mean Vitamin D3 levels in the
substitution-group were only
26 ng/ml the time until relapse
was significantly prolonged but
not prevented [24].

Also, for other autoimmune
disease such as M. Addison or
the autoimmune polyendocrine
syndromes observational stud-
ies show an inverse correlation
between Vitamin D and the
incidence of the disease. How-
ever sufficient well performed
interventional studies are miss-
ing [22].

Acute Respiratory Infections
It has been known for cen-
turies that sunlight exposure
might ameliorate the course of
a microbial disease like lepra
and tuberculosis. Virus infec-

anabeta. MeTtaaHanu3 26 paHao-
MW3MPOBaHHbIX UCCNEA0BAHMIA He
CMOT BbISIBUTb BNIMSIHWE BUTaMUHA
D3 B po3ax ot 800-4000 ME B neHb
Ha MT nnu cogepxxanue xupa

B OpraHu3me, fjaxe B nofrpynne
nauueHToB, nosyyasLunx bonee
BbICOKME [103bl, U B Te4eHue 6onee
ANNTENBHOrO BPEMEHMU.

OpaHaxo, n3HauansbHo BKIHOYEHHbIE
nauneHTbl umenu cpegHuin UMT
29,3 (27,5-32,1), cpenHuit Bo3pacTt
60 neT (48,8-68) v neunnuco B
TeyeHue, B cpesiHeM, 12 MecsueB
(6- 36) pasmMyHbIMKM JO3amK BN-
TamuHa D3 namn nnaue6o [21]. Kak
1 B 60MBLUMHCTBE MCCEef0BaHNN
BHEKOCTHbIX 3¢h(peKToB BUTAMMUHA
D3, npofomk1TensHOCTL, J03a
BuTamuHa D3 1 Bo3pacT naumeHToB
ObINN CIMLLKOM HEOLHOPOAHbBIMM, U
NO3TOMY HEeNb3s CAeNaTb OAHO-
3HAYHbIN BbIBOA.

AyTOMMMYHHBbI TUpeouanT
AyTOUMMYHHBI TUPEOUANT

(AWUT) — Hambonee pacnpocTpa-
HEeHHOe opraHocneungnyeckoe
ayTONMMYyHHOE 3a60/eBaHME,
KOTOPbIM CTpafatoT okoso 10%
BCEX JKEHLUMH 1 2% BCEX MY>KUMH.
MHorouucneHHble HabnlAaTenb-
Hble UCCNEAOBAHMS NOKa3anu npu
necuumte ButammHa D3 nosblLLeH-
HbIA puck pa3sutus ANT.

B yacTHoCTH, 6bIna 06HapyxeHa
o6paTHas Koppensuns Mexay
ypoBHsMu BUTammuHa D3 B cbiBO-
poTke Kposu 1 TPOAD, n TgAb.
HekoTopble nonumopduambl VDR
CBSi3aHbl ¢ 60/1€€e BbICOKOW 4acTo-
TOW pa3sutus AUT [22].

Butamuu D

B He60bLIOM MPOCNEKTUBHOM
nnave6o-KOHTPONMPYEMOM MCChe-
LOBaHWM 42 XeHLWWHbI, CTpaja-
towwme AUT, nonyyamu 50 000 ME
BuTammuHa D3 B HefienNto B TeYeHWe
3 MecsUeB. Y HY 3HAUUTENBHO CHY-
3UITUCb HE TOJIbKO KOHLEHTpaLmu
TPOAb, Ho u TTT [23].
MeTaaHanu3 26 HabNKAATeNbHbIX
“ccnefoBaHuin nokasan yaBoe-
HWE YacToThl Cy4aes 60Ne3HM
['peiiBca y NaUMEHTOB C HU3KUM
ypoBHeM ButamuHa D [24]. OfHako
0[1HO He6ObLLIOE NPOCMEKTUBHOE
WHTEPBEHLIMOHHOE MCCNELOBAHME
He CMOr /0 NOATBEPANTb Takoe
BNMSIHWE Ha YacTOTY PELMANBOB
3T0ro 3abonesaHus.

Kputepuum ons yqactvs naumeHToB
BKJItOYanu: 6onesHsb [peiisca, 3y-
TUPEOMIHOE CCTOSIHME NMOCHE aHTy-
TUPEOWIHOW Tepanuu, ypoBeHb CO-
pepxaHus sutamuia D3 Huxe 12,6
Hr / Mn1. B viccneoBaHnm npuHsm
yyacTue 210 naumeHToB, KoTopble
Oblnv pa3feneHbl Ha Be rpynnbi:
ofHa nonyyana sutamuH D3 B fo3e
1000-2000 ME B fieHb B TeueHne
12 Mecsues, fpyras rpynna 6bina
KOHTPOSILHOW. HecMoTps Ha To,
4TO CPELAHUIA YPOBEHDL COAEPXKAHMS
BuTamuHa D3 B rpynne ¢ 3amecTtu-
TeMbHO Tepanueii COCTaBMsAN BCe-
ro 26 Hr / Mn, Bpems 40 peunansa
3abonesaHus 6bI10 3HAUNTENBHO
NPOAJIEHOD, OHAKO CaM PeLnaus He
NpeaoTBpaLLEeH [24].

Kpome T0ro, B OTHOLLEHUM APYTUX
ayTOMMMYHHbIX 3a60NeBaHNiA,
Taknx Kak 601e3Hb ABAMCOHA UK
ayTOMMMYHHbIE NONNAHAOKPUHHBIE
CMHAPOMbI, HABNIOAATENbHbIE
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tions are more frequent in
months with fewer sun light
exposure. There are multiple
observational studies that
show a correlation between
Vitamin D3 deficiency and the
incidence of infectious res-
piratory diseases. Therefore,
prospective interventional trials
had been done and a recent
meta-analysis with 25 of these
studies confirmed that a con-
tinuous daily or weekly Vitamin
D3 supply, but not a bolus sub-
stitution, could lower the risk
of getting an acute respiratory
disease. Especially in patients
with a Vitamin D3 level < 25
nmol/l the preventive effect
was highest [26].

Currently, because of the
SARS-CoV-2 pandemic Vitamin
D3 hormone plays an important
role improving the innate and
adaptive immune competence
[27]. In addition, and most
important it might reduce the
cytokine storm during a virus
infection (for comprehensive
Rev. see [27]). Especially the
incidence of virus infections
like SARS-CoV-2 and influenza
can be significantly reduced by
Vitamin D3 supplementation
[28, 29].

Cardiovascular Diseases and
Carcinoma

There are numerous preclini-
cal studies implicating Vitamin
D3 to prevent arteriosclerosis
or carcinomas, but only small
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and short-term clinical trials
had been done. Because of
that the IOM in the US started
a large study with 25 871 men
> 50 years and women > 55
years, including 5000 Afro-
Americans. Primary endpoints
were invasive carcinomas or
severe cardiovascular diseases
such as a heart attack, stroke
or death. Secondary endpoints
were the incidence of organ-
specific carcinoma, death
because of carcinomas and
other cardiovascular diseases.
The intervention consisted of
a supplementation with 2000
U Vitamin D3 per day either
with 1g of Omega 3 or placebo
in a 2x2 design. Its name was
"VITamin D and OmegA3 trialL"
(VITAL) [30]. The study was
planned for a period of 5 years.
The Vitamin D levels that were
achieved were 41 ng/ml in the
verum-group and 30,8 +/- 10
ng/ml in the placebo-group.

No significant difference for

all endpoints could be found,
even though the doses of
Vitamin D3 and the number

of cases were sufficient and
the observation period long
enough. A similar study from
New Zealand with only 5110
probands who received a bolus
injection of 100 000 U Vitamin
D per month over 3,3 years
showed neither a reduction of
cardiovascular events nor of
carcinoma incidence or mortal-
ity. The Vitamin D3 staring level

UCCneLoBaHNS NoKasblBaroT
06paTHYH KOPPENALMIO MEX Y
BuTamuHoM D 1 3a601e8aeMOCTbH.
OnHako OTCYTCTBYHOT [OCTATOUHO
XOPOLLO BbINOSHEHHbIE MHTEPBEH-
LIMOHHbIE UCCnefoBaHus [22].

OcTpble pecnupaTopHbie
uHbeKuumn

Y>Ke HeCKOMbKO CTONETHM M3BECT-
HO, YTO BO3AEMCTBME COSIHEYHOrO
CBETA MOXET YAYULLIMNTL TeUeHue
MHCEKLMOHHBIX 3a60eBaHui,
TaKux Kak nenpa u Ty6epkynes.
BupycHble nHekumm YaLe Bo3-
HUKIOT B MECSILbI C MEHBLUMM BO3-
[EeNCTBMEM COJTHEYHOrO CBETA.
MpoBeaeHbI MHOXXECTBEHHbIE
HabnogatenbHble NCCNefoBaHus,
KOTOpbIE NOKA3bIBAIOT KOPPENALMIO
Mexay neduuntom ButammHa D3 u
NHEKLMOHHBIMM PECTIMPATOPHbLIMM
3a60neBaHnAMM.

HepaBHuit MeTaaHanua 25 Takux
uccnenoBaHnia NOATBEPAMI, HTO
WMEHHO HeNpepbIBHOE EXeHEBHOE
UM exeHefienbHoe fo6aBneHne

B paumoH ButammuHa D3, a He 60-
TIOCHOE BBEAEHME, MOXET CHU3UTb
PUCK pa3BUTUS OCTPOrO pecnupa-
TOpHOro 3abonesanuns. Ocob6eHHO
3HAYMMBbIA NPOCHUNAKTUHECKMIA
3pcheKT BbiN BbISBNEH Y MaUMEH-
TOB C YpOoBHEM BuTamuHa D3 <25
HMOJb / 11 [26].

B HacToswwee Bpems no npu-

unHe nanaemun SARS-CoV-2

D3 - FOpMOH UrpaeT BaXHYH0

POfTb B YNYULLEHNM BPOXAEHHOM U
aflanTUBHON UIMMYHHOW KOMMETEHT-
HOCTH [27]. KpoMme TOro, 310 MOXeT

Butamuu D

YMEHBLUNTb LIMTOKMHOBBIN LUTOPM
BO BPEMS BUPYCHOM MHDEKLMK
(mofpo6HbIn 0630p cM. [27]). B
4aCTHOCTM, YacTOTa BUPYCHbIX
nHdekumin, Takux kak SARS-CoV-2
W FpUNM, MOXET BbITb 3HAYUTENBHO
CHWXXEHA C MOMOLLbO BBEAEHWS B
pauuoH BuTammuna D3 [28, 29].

CepaeyHo-cocyaucTble
3abonesaHns U KapuMHOMa
CyLiecTByeT MHOXECTBO npe-
KIMMHWYECKMX UCCIEN0BaHuiA, B
KOTOpbIX BUTamuH D3 npumeHsieTcs
ANs MPOOMNAKTUKK apTepHoCKIe-
pO3a MK KaPLMHOMBI, OAHAKO Y>Ke
MPOBEAEHbI ULLb HEGOMbLLME 1
KpaTKOCPOYHbIE.

MMoatomy IOM B CLLIA nposen 6051b-
LLIOe UCCNeioBaHME C yyacTnem 25
871 My>unH > 50 neT 1 XKEHLUMH

> 55 ner, sktovas 5000 acppoame-
PUKaHLEB.

[MepBUYHBIMW KOHEYHBIMK TOHKaMK
CTasnv MHBA3MBHbIE KAPLMHOMBI Wi
TsKENble CepAeYHO-COCYaNCTblE
3a60neBaHms, Takne Kak MHapkT
MMOKapAA 1 MHCYNbT, Ui CMEPTb.
BTOPUYHBIMW KOHEYHBIMM TOUKAMK
Obinv 3a601€BAEMOCTb OpraHocre-
LMEPUYHON KapUMHOMOM, CMepTb OT
KapLyMHOM 1 ApYrux CepaeyHo-Co-
cyamcTbIx 3abonesanuid. Uccne-
[0BAHME 3aKM04aNoCh B NpuemMe
Butammta D3 B no3e 2000 ME B
[eHb n1bo ¢ 1 omera-3, mbo ¢
nnaue6o no cxeme 2x2, U Ha3bl-
Banocb «BUTamuu D n OmegA3
Tpuall» (VITAL) [30]. Uccnegpo-
BaHwe 6bl10 3annaHMPoOBaHO Ha

5 -neTHuit nepuog. JocTurHyThle
ypoBHU BUuTammnHa D cocTaBunm 41
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was 26,5 +/- 9 ng/ml, which
remained stable in the placebo-
group and increased up to 46
ng/ml in the verum-group [31].
In both studies, the Vitamin D3
levels in the placebo groups
were relatively high. In the
multiple earlier observation-,
cohort- and prospective studies
the starting levels respectively
the placebo levels were clearly
lower, often around 12 ng/ml.
Therefrom one can conclude
that a Vitamin D3 substitution
is only needed and has sig-
nificant positive health con-
sequences when Vitamin D3
levels are lower than 12 ng/ml.

Conclusion
Since the determination of
Vitamin D3 routinely can be
done, the normal range is not
uniformly defined among the
professional societies, as well
as the recommended daily
intake dose of Vitamin D3.
Therefore, it sometimes is
difficult for general physicians
to decide when a Vitamin D3
measurement is necessary and
what dosage and how long a
supplementation should be
done [31].

For this decision it is important
to know that one must differ-
entiate between the osseous
and the extraosseous effects.
There are enough well docu-
mented studies and recom-
mendations for the osseous
effect, e.g. the prevention of
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postmenopausal osteoporosis
with an 800-1000 U Vitamin D3
substitution per day plus 1000
to max. 1200 mg of Calcium,
including the calcium intake by
nutrition [11]. This supplemen-
tation is an adequate adjuvant
treatment of postmenopau-
sal osteoporosis, besides
anti-resorptive therapies. This
scheme is also useful for
people over 65 years of age to
prevent them from falling and
getting fractures, especially
hip-fractures as shown by two
recent meta-analyses [15, 16].

If, however, someone is suf-
fering from chronic diseases
like diabetes or autoimmune
diseases, higher doses of Vi-
tamin D3 might be necessary,
as multiple preclinical studies
showed the beneficial effects
of active Vitamin D3 hormone
[5]. Long-term controlled clini-
cal trials would be necessary to
confirm the multiple proposed
extraosseous effects, as most
of them are chronic diseases.
Concerning the low Vitamin D3
levels during winter and the co-
incidence with infections, not
only a strong association but
also preclinical evidence con-
firms the preventive effect of
Vitamin D3 for viral infections
like influenza or even SARS-
CoV-2. Vitamin D3 2000-4000
U/d will be necessary, does not
have any side effects, is safe
and preventive [29].

Hr / Mn B rpynne npuema D3 1 30,8
+/- 10 Hr / mn B rpynne nnave6o.
He 6b1710 06HAPY>KEHO 3HAYUTENb-
HbIX Pa3MNYNiA AN BCEX KOHEUHbIX
TOYeK, iaXKe HECMOTPS Ha TO, YTO
103bl BuTamuHa D3 v Konn4ecTBo
Crnyyaes 6bIn LOCTATOYHbIMM, &
nepuos HabnOLeHNS ANUTENbHBIM.
AHanoru4Hoe v“ccneaoBaxme,
nposeaeHHoe B HoBoi 3enanamm ¢
y4yacTtuem Bcero 5110 y4acTHMKOB,
KOTOpblEe Nony4anu 60NoCHYo
nHbekumto 100 000 ME ButammnHa
D B MecsL B TeueHue 3,3 neT, He
MoKa3ano Hu CHUXKEHNS Y1Cna cep-
LEYHO-COCYANCTbIX 3a60MEBaHNA,
HW 3a60/1EBAEMOCTY KapLMHOMOW,
HW CMEPTHOCTY. MICX0fHbINA YpOBEHb
BuTamuHa D3 coctasnsn 26,5

+/- 9 Hr / MN1, KOTOPbIN OCTaBancs
cTabunbHbIM B rpynne nnauebo v
NnoBbILLANCS 80 46 Hr / MN B rpynne
npuema sutamuna [31].

B 060ux uccnenoBanmsx ypoBHH
BuTammuHa D3 B rpynnax nnaue6o
6bIM OTHOCUTENBHO BbICOKUMU. B
MHOTOYMCTIEHHBIX NPESbIAYLLMX Ha-
6ntofieHNSIX, KOrOPTHBIX M NPOCMEK-
TUBHbIX CCNIE0BaHMSIX HA4abHble
YPOBHM, COOTBETCTBEHHO, YPOBHM
nnauebo 6bin 3aMETHO HUXeE,
yacTo okono 12 vr/ mn. OTcroaa
MO>XHO ClIenaTb BbIBOJ, YTO BBE-
[eHue B paunoH sutamuHa D3 He-
00X0AMMO M UMEET 3HAUNUTESIbHbIE
MONOXMTENbHbIE NOCNEACTBUS ANs
300p0Bbs, KOTja yPOBEHb BUTAMM-
Ha D3 Huxe 12 Hr / mn.

BoiBoab!
HecMoTps Ha To, 4TO B 06bI4HOM
BpauebHOW NPaKTUKe yXXe LLIMPOKO

Butamuu D

UCMOMb3yeTCs TECTUPOBAHME HA
ypoBeHb BuTamuHa D3, cpeam npo-
(heccnoHanbHbIX COOOLLECTB HET
KaK YeTKoro Onpefenexus auana-
30Ha HOPMbI, TaK 1 PEKOMEHAYEMOM
CYTOYHOM [03bl BUTaMuHa D3.
[MoaTomy Bpayam 06LUen NPaKTUKK
WHOT 4@ TPYAHO PELNTb, KOrAa
LEeNCTBUTENBbHO HEOO6XOANMO
onpeneneHne ypoBHS COAEPXKaHNs
BuTamuHa D3, a Takxe B Kakoi [o-
3MPOBKE W KaK JONrO ero cneyet
npuHumaTs [31].

J[1ns 3TOro BaXKHO 3HaThb, YTO
HY>KHO pasnnyathb KOCTHbIE U BHe-
KOCTHble acpdpekThbl. CyliecTyeT
[OCTATO4HO MHOTO MCCEeS0BaHUA 1
PEKOMEHAALMIA OTHOCUTENBHO KOCT-
HOro achchexTa, Hanpumep, npo-
hunaxkTvKa nocTMeHoNay3anbHoro
0CTEONopPO3a BKIIUaeT Npuem
800-1000 ME sutamuHa D3 B eHb
nnoc 1000 -1200 Mr kanbuus, ¢
Y4YETOM €ro noTpebneHuns ¢ nuLlei
[11]. Takas po6aska sutamuHa D3
CUNTAETCS afieKBaTHbIM afibto-
BaHTHbIM JIe4YeH1eM NOCTMEHONA-
y3arbHOr0 0CTE0NopP03a, NOMUMO
aHTMPe30pOTUBHOM Tepanun. 3Ta
cxema TaKkke nonesHa Ans nonen
cTapLue 65 net, 4tobbl NPeaoT-
BPaTUTb NEPENOMbI NpU NageHum,
0co6eHHO nepenombl 6eapa, Kak
nokasanu Ba HeaBHUX MeTaaHa-
nu3a[15, 16].

OpnHako, TeM, KTO CcTpagaeT
XPOHUYECKUMI BONE3HSMM, TaKUMM
Kak anabeT un ayTOUMMYHHbIE
3abonesaHms, MOryT NOTpedoBaTh-
cs1 60nee BbICOKME 403bl BUTAMMHA
D3, NOCKOMbKY MHOTOUNUCNEHHbIE
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Key Messages

® The combination of Vitamin
D3 and Calcium not only
prevents osteomalacia or
osteoporosis, but can also
reduce the risk of falling and
getting fractures in patients
with postmenopausal osteo-
porosis

e The nearly ubiquitous distri-
bution of Vitamin D receptors
and enzymes that can acti-
vate or deactivate Vitamin D3
leads to the assumption that
Vitamin D must have multiple
extraosseous effects

e Many observational and
association studies show a
coincidence between low
Vitamin D3 levels and many
chronic diseases

e Prospective clinical long-
term trials are mandatory in
the future to confirm of all
the extraosseous effects of
Vitamin D3 hormone.

* However, patients with low
Vitamin D3 levels (< 20 ng/
ml) should already receive
a Vitamin D3 substitution
between 2000 and 4000 U
Vitamin D3 at least during
winter time.

* \Women who traditionally are
not allowed to do expose
their skin to the sun need a
Vitamin D3 supplementation
(1000-2000 U/d) during their
life.

German  Hevewo)
Medical 200
Journal YOHAR

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

NPEKIUHUYECKME UCCTe0BaHNs
nokasanu 651aroTBOPHOE BIMSIHWE
akTusHoro D3 - ropmona [5]. [ns
NOATBEPXXAEHNS MHOXXECTBEHHbIX
npegnonaraemblx BHEKOCTHBIX
ahhekToB NOTPEOYHOTCS AONTO-
CPOYHbIE KOHTPOMMPYEMBIE KITMHU-
YeCKue 1ccneoBaHus, NOCKOMbKY
NPeSMETOM UCCreS0BaHNi SBASHOT-
€S XPOHUYECKne 3a601eBaHNS.

Y10 KacaeTCs HU3KNX YPOBHEN
BUTamMuHa D3 B 31MHWIA Nepuroa u
O[iHOBPEMEHHbIM POCTOM Pecnmpa-
TOPHBIX MHEEKLNIA, TO HE TOJbKO
3HauMMas KOppensuus, HO 1 npe-
KITMHUYECKME UCCnesoBaHns nog-
TBEPXXAAIOT MPOCHUNAKTUHECKMIA
apcpexT BuTammuHa D3 oTHOCUTENb-
HO BMPYCHBIX MHCHEKLNIA, TaKkuX

kak rpunn unm gaxe SARS-Co-2.
MoaTomy npuem BuTammHa D3 B
po3e 2000-4000 ME / cyT cuntaet-
Cs1 LLenecoo6pasHbIM, He UMEHLLNM
no604HbIX 3¢PeKToB, 6e30MaCHbIM
W npodunakTuyeckm [29].

KnioueBble coobieHuns

* KombuHaums ButamuHa D3 u
KanbLms He TOMbKO NpesoTepa-
LyaeT 0CTEOMANALMIO UM OCTEO-
MOpPO03, HO TaKXXE MOXET CHU3UTH
PUCK NepesioMoB NPy NafeHnn y
NauneHToB C NOCTMEHONay3abHbIM
0CTE0MnopOo30oM.

* [pakTnyeckmn youksuTapHoe pac-
NOMOXeHWe PeLenTopoB BUTaMKUHA
D 1 hepMeHTOB, KOTOPbIE MOTYT
aKTMBMPOBATb MW [ieaKTUBH-
poaTh BUTamnH D3, no3sonset
NPELNONOXMTb, YTO BUTaMuH D
LOSDKEH UMETb MHOXECTBEHHbIE
BHEKOCTHble apeKTbI.

Butamuu D

* MHorve HabntofatenbHble v
accoumaTuBHble UccneoBaHns
NOKa3bIBAKT COYETAHME HU3KOrO
YPOBHs BUTamMuHa D3 n MHOrux
XPOHMYECKNX 3a60NEBAHWA.

« [Ins NOATBEP>KAEHMS BCEX BHE-
KOCTHbIX achchexToB D3 — ropmoHa
HEOOXOAMMbI MPOCNEKTUBHbIE
KIMHUYECKME JONrOCPOYHbIE UC-
CnefoBaHus

+ OHaKo MauMeHTbI C HU3KMM YpOB-
HeM BuTamuHa D3 (<20 Hr / mn)
y>Ke LOSKHbI NoNy4aTh 3aMecTu-
TeMbHY0 Tepanuio BuTammHom D3 B
po3e o1 2000 £o 4000 ME B cyTKm,
Mo KpanHen Mepe, B 3UMHEE BPEMS.
* JKeHLLMHbI, KOTOPbIM B CUAy Tpa-
AMLMA, He Pa3peLLaeTcst HOCUTb OT-
KPbITYO OAEXAY W, COOTBETCTBEH-
HO, NOABEPraTh KOXY BO3AENCTBUIO
COJNHLA, HY>XAAKTCs B Npueme
BuTamuHom D3 (1000-2000 ME B
[EHb) B TEYEHWE BCEW XXM3HMU.



Vitamin D

Literature

1.

Holick MF. The Vitamin D deficiency
pandemic: approaches for diagnosis,
treatment and prevention Rev Endocr
Metab Disord 2017; 18: 153-65

Lips P, Cashman KD, Lamberg-Allardt
et al. Current vitamin D status in
European and Middle East countries
and strategies to prevent vitamin D
deficiency: a position statement of the
European Calcified Tissue Society. Eur
J Endocrinol 2019; 180:23-54

Reid IR. What diseases are causally
linked to Vitamin D deficiency? Arch
Dis Child 2016; 101: 185-189

Bouillon R, Bischoff-Ferrari H, Willet
W. Vitamin D and health: perspectives
from mice and man. J Bone Miner
Res 2008; 23: 947-9

Pike JW, Christakos S.Pike JW, et al
Biology and Mechanisms of Action of
the Vitamin D Hormone. Endocrinol
Metab Clin North Am. 2017,46:815-
843

Carlberg C Vitamin D: A Micronutrient
Regulating Genes. Curr Pharm Des.
2019;25:1740-1746

Mondul AM, Weinstein SJ, Layne TM,
Albanes D. Vitamin D and Cancer Risk
and Mortality: State of the Science,
Gaps, and Challenges. Epidemiol Rev.
2017,;39:28-48

Vanherwegen AS, Gysemans C,
Mathieu C. Regulation of Immune
Function by Vitamin D and Its Use in
Diseases of Immunity. Endocrinol
Metab Clin North Am. 2017;46:1061-
1094

Zhang Y, Fang F, Tang J et al. Associa-
tion between vitamin D supplementa-
tion and mortality: systematic review
and meta-analysis. BMJ. 2019; 366:
14673 doi: 10.1136/bm;|.14673

. Penckofer S, Byrn M, William Adams

W et al. Vitamin D Supplementation
Improves Mood in Women with Type
2 Diabetes. J Diabetes Res. 2017;
2017: doi: 10.1155/2017/8232863

. Bischoff-Ferrari H, Shao A, Dawson-

Hughes B et al. Benefit-Risk assess-
ment of Vitamin D supplementation.
Osteoporosis Int 2010;21:1121-1132

. LeFevre ML, LeFevre NM. Vitamin

D screening and supplementation in
community-dwelling adults: Common
questions and answers. Am Fam
Physician 2018; 97:254-260

. Ross AC, Taylor CL, Yaktine A, Del Va-

lie HB; Committee to Review Dietary
Reference Intakes for Calciumand Vi-
tamin D; Institute of Medicine. Dietary
Reference Intakes for Calcium and
Vitamin D. Washington DC National
Academies Press. 2011

. Lips P-Vitamin D deficiency and

secondary hyperparathyroidism in the
elderly: consequences for bone loss
and fractures and therapeutic implica-

20.

21.

22.

23.

5.

Flenzion)
|

Medical e

IHCIUI

oL

S

e

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

tions Endocr Rev 2001;22:477-501
Weaver CM, Alexander DD, Boushey
CJ et al. Calcium plus vitamin D sup-
plementation and risk of fractures:
an updated meta-analysis from the
National Osteoporosis Foundation.
Osteoporosis Int 2016;27:367-376
. Yao P, Bennett D, Maham M et al.
Vitamin D and calcium for prevention
of fracture. A systemic review and
meta-anylysis. JAMA Netw Open
2019; 2:1917789
. Gallagher JC. Vitamin D and falls - the
dosage conundrum. Nat Rev Endo-
crinol. 2016;12:680-684
. Weaver CM, Bischoff-Ferrari H, Shana-
han CJ. Cost-benefit analysis of cal-
cium and vitamin D supplementation.
Archives of osteoporosis 2019;14:50
doi:org/10.1007/s11657-019-0589-y
. de Boer IH, Tinker LF, Connelly S eta.
Women's Health Initiative Investiga-
tors. Calcium plus vitamin D supple-
mentation and the risk of incident dia-
betes in the Women's Health Initiative
Diabetes Care. 2008 Apr;31(4):701-7
Gregoriou E, loannis Mamais |, Tzane-
takou |, et al. The Effects of Vitamin D
Supplementation in Newly Diagnosed
Type 1 Diabetes Patients: Systematic
Review of Randomized Controlled Tri-
als. Rev Diabet Stud 2017;14:260-268.
doi: 10.1900/RDS.2017.14.260
Chandler PD, Wang L, Zhang X et al.
Effect if Vitamin D supplementation
alone or with calcium on adiposity
measures: a systematic review and
meta-analysis of randomized con-
trolled trials. Nutrition Reviews 2015;
73:577-593
Bellan M, Andreoli L, Mele C, et al.
Pathophysiological role and therapeu-
tic implications of Vitamin D in autoim-
munity: Focus on chronic autoimmune
diseases. Nutrients 2020;12,789;
doi:10.3390/nu12030789
Chahardoli R, Saboor-Yaraghi AA,
Amouzegar A, et al. Can supplemen-
tation with vitamin D modify thyroid
autoantibodies (Anti-TPO Ab, Anti-Tg
Ab) and thyroid profile (T3, T4, TSH) in

Prof. Dr. Roland Géartner (MD)'
Michaela Rippl Cand. med.2

'roland.gaertner@med.uni-

muenchen.de
Zmichaela.ripp/@t-online.de

24,

25.

26.

27.

28.

29.

30.

31.

32.

Hashimoto’s thyroiditis? Horm Metab
Res 2019; 51:296-301

Xu MY, Cao B, Yin J et al. Vitamin D
and Graves'disease: A meta-analysis
update. Nutritients 2015; 7: 3813-3927
Cho YY, Chung XJ. Vitamin D sup-
plementation does not prevent the
recurrence of Graves’disease. Sci Rep
2020, 19,16 doi: 10.1038/s41598-019-
55107-9

Martineau AR, Joliffe DA, Hooper RL
et al. Vitamin D supplementation to
prevent acute respiratory tract infec-
tions: systemic review and meta-anal-
ysis of individual participant data. BMJ
2017; 356:i6583 doi: org/10.1136/bmj.
6583

Bilezikian JP, Bikle D, Hewison M et al
MECHANISMS IN ENDOCRINOLOGY
Vitamin D and COVID-19. EJE 2020:
183, R133-R147

Alexander J, Tinkov A, Strand TA et

al. Early Nutritional Interventions with
Zinc, Selenium and Vitamin D for
Raising Anti-Viral Resistance Against
Progressive COVID-19. Nutrients.
2020 Aug 7;12:2358. doi: 10.3390/
nu12082358.

Grant WB, Lahore H, McDonnell SL
et al Evidence that Vitamin D Sup-
plementation Could Reduce Risk of
Influenza and COVID-19 Infections and
Deaths. Nutrients. 2020 Apr 2;12:988.
doi: 10.3390/nu12040988

Manson JAE, Cook NR, Lee IM et al.
Vitamin D supplements and preven-
tion of cancer and cardiovascular
diseases. New Engl J Med 2019;
380:33-44

Scragg R. Khaw KT Toop L.et al.
Monthly High-Dose Vitamin D Sup-
plementation and Cancer Risk: A Post
Hoc Analysis of the Vitamin D Assess-
ment Randomized Clinical Trial. JAMA
Oncol 2018;4:182178

LeFevre ML, LeFevre NM. Vitamin

D screening and supplementation in
community-dwelling adults: Common
questions and answers. Am Fam
Physician 2018; 97:254-260

'Medical Clinic IV

“Radiology City Centre
University Hospital, LMU Munich
Ziemssenstrasse 1

80336 Miinchen, Germany

Butamuu D




Welcome to German Medical Online - - :
the Who's Who ades
of the German Medical Sector .

Get connected to the Leading Hospitals, -
-Clinics and Medical Specialists.

Get connected to the Best Suppliers of |
Medical Equipment, MedTech, Instruments - --
and more. -

German Medical Online - whatevéryou are . -
.looking for in the Medical Field. ' |

Hospitals Clinics
Medical Centers

Pharma Companies
Laboratories

Patient and Travel
Services Hotels = .




www.german-medical-online.com



German Medical Online
* www.german-medical-online.com e

The Who's Who of the Medical World

Hospitals Clinics

Medical Centers
) Prachices

Medical Doctors

[ ) Medical Equipment

W MedTech Instruments
Pharma Companies
Laboratories

Patient and Travel
Services Hotels

For direct information on your cell phone,

jump to the web page with detailed information:

www.german-medical-online.com

The healthcare sector is one of the world’s
fastest growing industries.

Whereas some countries are ambitiously
working on improving their healthcare
systems, patients throughout the world set off
to find the best possible medical treatment.

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

Get connected to the Leading Hospitals,
Medical Centers and Medical Specialists.
Find the Best Suppliers of Medical Equipment,
MedTech, Instruments and more.

With the access rate of more than 999.000

per month German Medical Online is a

leading medical business portal - a fascinating
global marketplace.




=" Hospitals Clinics
— H) Medical Centers

Heidelberg University Hospital

One of Europe’s leading medical centers. World-renowned experts provide
comprehensive care in all medical specialties.

UniversitdtsKlinikum Heidelberg

Department of Ophthalmology, Klinikum rechts der

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

transplants, lasik and epilasik and more

/?"‘-—— Klinikum rechts der Isar

knee shoulder and foot surgery, arthroscopy cartilage cell
j; and bone cartilage transplantation

% x4 Department of Orthopaedic Sports Medicine,

‘}\&““WEHSWJ’
5 .

*\rkﬁ y %, Department Dermatology and Allergy TUM

RIS R BT ]
KLINIK UND POLIKLINIK FUR
DERMATOLOGIE UND
ALLERGOLOGIE

Department of Dermatology and Allergy Biederstein,
Technical University Munich

M igpers1E™

élﬁg;gi{mﬂ Specialist Hospital Kloster Grafschaft

SPECIALIST HOSPITAL
FOR PNEUMOLOGY AND
ALLERGOLOGY

Specialist Hospital for Pneumology and Allergology

University Hospital for General, Visceral and
4 Transplantation Surgery
4 u|('|' Experienced excellence center for abdominal organ
7 transplantation and surgical oncology.

Department of Pediatric Surgery, University Medical
kunkum  Center Mainz, Germany
m

Id der Johannes Gutenberg-
5'?.5‘? Universitat Malnz
Z

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

malformations, paediatric, spine, neurosurgery.



German  Hewewo)
Medical »emincion
Journal MYOHAN

International Part“ers THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY 3apy6e)KHb|e napTHepr

Trade Fair and Congress Partners

KIHE 17.05. - 19.05.2023

> K I H E Kazakhstan International Healthcare Exhibition
& A Atakent IEC, Almaty, Kazakhstan

() HEALTHCARE EXHIBITION
For more information please visit: www.kihe.kz

® Iran Health 27.05. - 30.05.2023

International Exhibition of Medical
Laboratory, Equipment, Pharmaceutical
iran health Tehran, International Permanent Fairground, Iran

For more information please visit: iranhealthshow.com

2% MENA Hospital Projects Forum 08.06. - 09.06.2023

MENA HOSPITAL . .
PROJECTS FORUM MOVanICk Grand Al Bustan

Dubai, UAE

For more information please visit: www.menahospitalprojects.com

Oman Health Exhibition & Conference 18.09. - 20.09.2023

Oman Convention and Exhibition Centre

7 OMAN HEALTH Muscat, Oman

EXHIBITION & CONFERENCE

For more information please visit: www.omanhealthexpo.com

ﬂ”" UzMedExpo 20.09. - 22.09.2023
‘.".i UzMedEXPO International Healthcare Exhibition

Uzexpocentre, Tashkent, Uzbekistan

For more information please visit: http://www.ieg.uz/uzmedexpo

The Saudi International Medlab Expo 09.10. - 11.10.2023

SAU D g;?bAS Riyadh International Convention and Exhibition Center
Riyadh, Saudi Arabia

THE SAUDI INTERNATIONAL MEDLAB EXPO

For more information please visit: www.saudimedlabexpo.com

Saudi International Pharma Expo 09.10. - 11.10.2023

SAUDI gpamwrao 2 , . PC
|NTERNA'I-'IO-NAL Riyadh International Convention and Exhibition Center
PHARMA EXPO Riyadh, Saudi Arabia

For more information please visit: www.saudipharmaexpo.com




International Partners

Y

Astana

<% ZDOROVIE

rehab
exPo

enigul grag ol Yool
lj.uhl.lqu ddlel ul.oj.lu.u.o.l

THE SAUDI INTERNATIONAL EXHI
FOR BIBABILITY & REHAR LITATIGN REGUIREMENTS

MEDICAL

M FAIR

ASIA

MEDICAL

MANUFACTURING

ASIA

German H Mm on
Medical nemiy) o]
Journal );@/0; )l

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Trade Fair and Congress Partners

Turkmen Health

International Exhibition and Scientific Conference
Ashgabat, Turkmenistan

10.10. - 12.10.2023

For more information please visit: www.turkmenhealth.com

3apy6exHble napTHepbl

Astana Zdorovie 25.10. - 27.10.2023

Kazakhstan International Healthcare Exhibition
Astana, Kazakhstan

For more information please visit: www.astanazdorovie.kz

The Saudi International Exhibition 03.03. - 05.03.2024
for Disability and Rehabilitation Requirements

Riyadh International Convention and Exhibition Center
Riyadh, Saudi Arabia

For more information please visit: www.saudirehabexpo.com

TIHE 16.04. - 18.04.2024

Tashkent International Medical Exhibition
NEC Uzexpocentre
Tashkent, Uzbekistan

For more information please visit: www.tihe.uz/en/

Medical Fair Asia

Medical and Healthcare Exhibition
Marina Bay Sands, Singapore

11.09. - 13.09.2024

For more information please visit: www.medicalfair-asia.com

Medical Manufacturing Asia 11.09. - 13.09.2024

Medical Technology Solutions
Marina Bay Sands, Singapore

For more information please visit: www.medmanufacturing-asia.com




