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Medical Treatment in Germany

Germany takes a leading lepmaHns 3aHMMaeT nANpyloLuyto
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German hospitals, clinics and medical | 'epMaHckue 60MbHULbI, KIMHWAKY W [O-
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the best medical treatment for annCTOB M OPraHM3yeT CaMoe Nyuluee
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Editor's Note

Dear Reader,

The German Medical Journal
can now look back on 10 years
of history. 10 years which have
flown by and in which we
continuously kept learning. And
we are also a bit proud of the
development of this “German
Medical Journal” project over
these years.

From the very first issue,
outstanding authors, pre-
dominantly physicians and
specialists from German
university hospitals, have pub-
lished highly interesting and
excellent specialist articles. By
now, every German university
hospital has probably been
represented in the German
Medical Journal. The list of
specialist articles and authors
in the German Medical Journal
is quite respectable. At this
point, we would like to seize
the opportunity to express our
sincere thanks to our authors.
They have made every issue
of the German Medical Journal
unique in its own way.

The German Medical Journal
quickly became known around
the world for its premium
quality. It has readers on all
continents — by now in 108
countries. The Russian-English
edition is steadily catching

up. In 2015, 265,000 readers
downloaded the GMJ Russ/
Engl, among them 53% from
Russian-speaking countries.
Boasting a total of 336,000
readers, the Arabic-English
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journal has an even higher
language-specific readership
of 66% in Arabic-speaking
countries.

At the beginning, we would
not have expected such a huge
coverage even in our wild-

est dreams, but we quickly
anticipated that the conversion
to an online journal and the use
of the Internet, as an ultrafast
and effective channel of com-
munication, would be the right
way to go for our professional
publication. It has enabled the
German Medical Journal to
become one of the first digital
professional journals of its kind.

What's next? Our next project
will be the visual modernisation
of the German Medical Journal
website. In terms of contents,
it still works perfectly, always
meeting the highest require-
ments. After all, it was state-of-
the-art when it was launched.
After 10 years of tireless work,
however, it's time for a visual
facelift. Wait and see for your-
self!

Enjoy your

German Medical Journal

Nadine Baume
Managing Director

[loporue yutarenu!

Hemeuxuit MeguumHckmia XypHan
B HACTOSILLMIA MOMEHT YKE MOXET
OrNSIHYThCS Ha €BOKO 10-NETHIO
nctoputo. lecsTb NneT, KOTopble
ObICTPO NPONIETENM, MHOrOMY Hac
Hayuunm. NMo3ToMy Mbl rOpAUMCS
yCreLHbIM Pa3BUTHEM HaLLEro
npoekTa «Hemevukuin MegnumHcKuia
KypHan» 3a 3TV rogbl.

C camoro nepBoro BbINycka Bbl-
JatoLLmMecs aBTopbl, MPEUMyLLe-
CTBEHHO Bpayv 1 CeLnanncTbl

13 HEMELKMX YHUBEPCUTETCKMX
KIMHWK, Ny6anKoBanM Npesoc-
XOfHble CeLnann3vpoBaHHble
ctatbu. K HacTosiLeMy BpEMEHW, B
Hewmeukom MeanumuHckom XKypHa-
ne, BEPOSTHO, 6biNn NpeAcTaBeHb!
BCE YHUBEPCUTETCKME KITMHUKM
["epmanum. lMepeyeHsb cneumanu-
31POBaHHbIX CTaTel M aBTOPOB B
Hemeukom MeauuuHekom XKypHane
BbIFNSAUT BHYLUMTENbHO. W Mbl
X0TeNM 6bl BOCMOMNb30BATHCS ITOM
BO3MOXXHOCTbHO, 4TO6bI BbIPa3nUTh
HalLy VCKPEHHIOK 6narofapHoCTb
Hawmm aBTopam. OHu caenanu
Kaxxblit Bbinyck Hemeuxoro Meau-
LHcKoro XKypHana yHuKasbHbIM B
CBOEM poje.

Hemeuxuit MegmumHckmia XypHan
ObICTPO MOMYYN M3BECTHOCTb BO
BCEM Mupe, 6narofaps CBOemy
npemuym Kadectsy. OH umeeT
yuTaTenen Ha BCeX KOHTUHEHTaXx -
yxe B 108 cTpaHax mupa. Pyccko-
aHrNNIACKO. M3faHue XypHana no
CBOE#A NONyNSPHOCTH CKOPO CPaB-
HSETCS C OCTaNbHbIMW BApUAHTaMM.
B 2015 rogy 265,000 uuTatenei
3arpysun pyccKo-aHr IMACKYH

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

OT pepakumm

BEPCIO XYypHana, cpean Hux 53% -
W3 PyCCKOA3bIYHbIX CTpaH. OxBaTbl-
Bas B 06LLen cnoxHocTu 336,000
unTaTenen, apabeko-aHrNMACKmiA
BapWaHT XypHana uMmeeT 6onee
BbICOKYH 66%-Yt0 UNTAEMOCTL B
apabos3bluHbIX CTPAHAX.

BHavarne Mbl He 0xxuganu cTonb
OrPOMHbIiA OXBAT JAXE B HALLMX
CaMbIX CMESbIX MeyTax, 0HaKo
ObICTPO 0CO3HAM, YTO NPe06-
pa3soBaHue Hallero U3faHus B
OHNAH->XyPHAN M UCMONb30BaHNE
VIHTEpHETA, KaK yNbTpabbICTPOro

1 3pEKTUBHOrO KaHana KoMMy-
HUKaLMiA, ABNSETCS MPaBUIbHbIM
HanpaBneHnem Ans pacnpocTpa-
HEHWS HaLLMX NPOECCUOHAMbHbIX
ny6nukaumid. 310 no3sonuno He-
Meukomy MegmumHckomy XXypHany
CTaTb OfHUM W3 NepPBbIX NPOdECccH-
OHaIbHbIX XXYPHAOB B ANIEKTPOH-
HOM chopmare.

Y10 xe panbwe? Hawmm cnegy-
tOLLIMM LLIArOM CTaHET BU3yasibHas
MOAepHu3aums caita Hemeukoro
MepumumHckoro XKypHana. C

TOYKM 3pEHNS COAEP>KAHNS, OH MO-
Npe>XHeMy COOTBETCTBYET CaMmoMy
BbICOKOMY YPOBHIO, 0TBEHAET
CaMbIM BbICOKUM TpeboBaHuam. Ho
He CTOWUT 3a6bIBaTb O TOM, YTO U

B MOMEHT CBOEr0 3anycka OH Obln
CBEPXCOBPEMEHHbIM MPOEKTOM.
lMocne 10 net HeycTaHHoM paboTbl
MPULLNO BPEMS W [N €70 BU3yasib-
HOro ycoBepLLeHTCcBOBaHMS! CKopo
Bbl 370 yBUaMTE!

MonyunTe yLOBONLCTBUE OT
HeMeLKoro MeanumHCKoro
XypHana!

Nadine Baume
Managing Director
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CopepxaHue

PeKOHCTPYKLUMS KPYMHBIX

[E(EKTOB KOHEYHOCTEN C
UCNOMb30BaHNEM MErasHAonpoTesa
y LleTeit 1 B3POCTbIX

Kom6uHupoBaHHble
11anapocKOn14ecKu -
3HAOCKOMMNYECKME KONOPEKTalbHbIE
peseKuum

ToTanbHoe 3HA0NPOTE3NPOBAHME
JIOKTS: NOKa3aHusi 1
TepaneBTUYeCKMiA NOAXOA

CneKTp NpakTU4ecKoro NpUMeHeHus
WHAMLMAHWH-3eN1eHOM (hITyOpecLEeHTHOM
aHrvorpadum B o6LLen u

TOpaKasbHOW X1pyprum

PexoHCTpyKLUMs nepesHen
KPECTo00pa3Hon CBA3KM U XpsiLLa npu
MOBPEX[EHUSX - COBPEMEHHAS
KOHLenuus neyvexmns

KonuuectseHHoe onpepenexve
MPOrHOCTUYECKOr0 3HAYEHNUS UHBA3UM
MM OBACKYSPHOr0 NPOCTPaHCTBA
(LVSI) Ha paHHUKX cTagusx paka
LIeMKK MaTKu: 0630p nuTEpaTypbl

HoBoe yCTpOMCTBO ANS LONTOCPOHHOM
perncTpaunn Xpunos 1 KaLna y
NaUMEeHTOB C aCTMOM W ApYrMu

pecn1paTopHbIMK 3a601eBaHNAMM



?

t
Yo
|

HCTPYKLMSA KPYNHBIX
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OHKonornyeckas oproneaus

Wiebke K. Guder, MD

Ass.Prof. Dr. Arne Streitbiirger, MD
Prof. Dr. Jendrik Hardes, MD

Dr. Markus Nottrott, MD
Univ.-Prof. Dr. Georg Gosheger, MD

Introduction

Primary or metastatic malig-
nant tumors of bone and soft
tissue can occur in all ages and
often require an interdiscipli-
nary approach depending on
tumor entity, grading and stage
of disease. While tumor resec-
tions are the main domain in
low-grade tumors, high-grade
sarcomas often require combi-
nation regimens of chemother-
apy, local tumor resection and
possibly additional radiation
therapy.

Tumor resections are per-
formed as wide resections
according to the Enneking
classification [1] and aim at
limb salvage whenever onco-
logically feasible. Nowadays,
megaendoprostheses are the
most common and accepted
reconstruction technigue ap-
plied in osteoarticular defects.
Alternatives, such as biologi-
cal reconstructions or ablative
procedures are reserved for
special indications.

Key words:

Limb salvage, megaendopros-
theses, oncological orthope-
dics, sarcoma

Indications

In the past, megaendopros-
theses have mainly been

used in the treatment of pri-
mary malignant bone tumors.
However, with continuously
improving treatment regimens
and survival periods of patients
suffering from metastatic
disease, megaendoprosthetic
reconstructions have become
a viable option in these collec-
tives whenever patients might
outlive composite osteosyn-
thetic reconstructions.

In our patient collective, we
were able to show in a retro-
spective analysis of 80 patients
treated for bony metastasis in
long bones of the upper and
lower extremity by receiving a
modular tumor endoprosthesis
that the mean patient survival
was 2.9 years. Overall survival
was 70% at one and 20% at
five years. Implant survival was
83% after one and 74% after
five years. The overall rate of
operative revisions was 18%.
A low rate of complications and
rapid functional improvement
after operation suggest that us-
age of megaendoprostheses in
appropriately selected patients
is feasible [2].

BeepeHue

lNepBuyYHble UK MeTacTaTuyeckue
3710KaYECTBEHHbIE OMyX0MN KOCTEN
W MATKWX TKQHel MOryT BO3HWK-
HYTb B I06OM BO3PACTE M 4aCTO
TPE6YIOT MEXANCLMMAMHAPHOIO
NOAXOfaA B 3aBUCUMOCTM OT Tuna
ONyXOnu, CTEMNEHM 3/10Ka4ECTBEH-
HOCTM 1 CTafuu 3abonesanms. B
TO BPEMS KaK pe3exumsi onyxonu
SIBNSETCA OCHOBHON METOLOM
NIEYEHNS MPK OMYXONSX C HA3KOM
CTENEHbH) 3/10KAYECTBEHHOCTH,
HW3KoaMhepeHUMpOBaHHbIe
CapKOMBbI 4acTO TPEOYHOT KOMOMHN-
POBAHHOM Tepanuu, BKIOHaoLLen
XMMWOTEPANMIO, PE3EKLMIO OMYX0n
1, BO3MOXXHO, LONOSTHUTENbHYHO
NyYeBYIO Tepanuo.

Ynanexue onyxonm ocyLecTBnseT-
CSl KaK pacluMperHas pesekums, B
COOTBETCTBUM C Knaccudmkaumen
Enneking [1], u ¢ coxpaHeHrem
KOHEYHOCTH, ECNM NO3BONAOT
OHKOJOr14eckue ycnosus. B
HacTosILLee Bpems UMnnaHTaums
MerasHZonpoTe30B ABASHOTCS Hau-
6onee pacnpoCTPaHEHHBIM U UC-
NoMb3yembIM METOAOM PEKOHCTPYK-
LM KOCTHO-CYCTaBHbIX AeEKTOB.
AnbTepHaTUBHbIE METOANKN, Takue
kak buonornyeckas PeKoHCTPyK-
Lms K abnsiuMoHHbIE Onepawmu,
MPOBOAATCSA NO CreumasnbHbIM
NoKa3aHMsM.

KnioyeBble cnoBa: COXpaHeHune
KOHEYHOCTK, MErasHAoNpoTes, OH-
Konorun4eckasa opronenmns, Capkoma

MokasaHus K NMPUMEHEHUI0

B npoLunomM MerasHaonpoTessl,
rNaBHbIM 06Pa3oM, UCMOMb30Ba-
TUCb NP NIEYEHUN NEPBUYHBIX
37110KA4ECTBEHHbIX ONyX0Nei KOCTH.
OpHaKo € NOCTOSHHBIM yMyYLLe-
HWUEM CXEMbI IEYEHNS N MEPUOOB
BbIXXMBAEMOCTU NaLNEHTOB, CTpa-
OALLMX OT MeTacTaT4eckoin 60-
NE3HW, PEKOHCTPYKLMM C MOMOLLBIO
MerasHLoNpOTE30B CTanM Leneco-
06pasHbIM BapUaHTOM Y 3TUX rpynn
60NbHbIX B CIy4ae, EC OHW MOTYT
NEPEHECTH CNOXHYH PEKOHCTPYK-
LU0 C OCTEOCHHTE30M.

B rpynne Hatwmx 60/1bHbIX Mbl CMOT-
1Y NoKasaTb MPK PETPOCTEKTUBHOM
ananae 80 naumeHToB, KOTOPbIX
NEYMnN MO MOBOAY METACTA30B B
ANMHHbBIX TPy64aThIX KOCTSX BEPX-
HWX M HUXKHUX KOHEYHOCTEM C NOMO-
LUbHO MOZY/IbHOTO MerasHaonpoTe-
33, YTO CPEefHSS BbXXKMBAEMOCTb
nauueHToB cocTasnseT 2,9 roga.
O6wias 1-neTHss BbIXMBAEMOCTb
coctasuna 70%, 5-Tv neTHad -
20%. BbixuBaeMocTb uMnnaHTarta
B 83% cny4aes cocTasuna - 04uH
rof, B 74% cnyyaes - NaTb NeT.
O6LuMi nokasatenb PEBU3MOHHbIX
onepaumii coctasmn 18%.
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Fig. 1: Proximal femur replacement with an ice-cone-shaped pelvic cup
(Lumic®) after pelvic resection including an extraarticular proximal femur

resection

When bones or joints are sur-
rounded or infiltrated by soft
tissue sarcomas and wide
tumor resection leads to loss
of the adjacent bone or joint,
megaendoprostheses also
come into focus as a means of
reconstruction in these cases.
Benign, borderline or low-grade
malignant lesions sometimes
also lead to the implantation of

megaendoprostheses in large
tumors or in case of local recur-
rences when wide resections
need to be performed.

With increasing numbers of
joint replacement operations in
degenerative disease, compli-
cations in these patients may
also lead to the use of meg-
aendoprostheses in revision
arthroplasty.

OHKonoruyeckas oproneaus

Puc. 1: MpoTe3npoBaHue NpoKcUManbHoro 0TAeNa 6eApeHHoi KOCTHU C NOMOLLbH
KOHyCco06pa3Hoii Yaeyku (Lumic®) nocne pesexunm Ta3oBoii KOCTH, BKIOHaKOLLEN
BHECYCTABHYH0 YacTb NPOKCUMASLHOMO 0TAeNa 6€[PEHHOI KOCTH.

Hu3kuii nokasatenb OCNOXHEHMI
1 BbICTPOE PYHKLMOHANBHOE
yAyyLLeHre Nocne onepaunm JaioT
OCHOBaHWe yTBEpXXAaThb, YTO UC-
noMb30BaH1e MerasHAoNPoTe30B
LienecoobpasHo y TiaTeNbHo 0To-
6paHHbIX NauneHToB [2].

Korpa KocTv unu cycTasbl OKpy-
XKEHbI UM MH(UALTPUPOBAHDI
CapKOMOW MSTKWUX TKaHE! 1 LUMpO-
Kasi pe3eKumMs Onyxonu NpuBOAUT

K NOTepe npuneraroLLei KocTy niu
CcycTaBa, MeranpoTesbl ABMSOTCS
OCHOBHbIM METOL,OM PEKOHCTPYK-
LMK B 3TUX CNyyasix.
[o6pokayecTBeHHbIe, Norpa-
HUYHbIE UK BBICOKOAMGDEPEH-
LIMPOBAHHbIE 3M10KA4ECTBEHHbIE
06pa30BaH1s TakXXe MHOra
TpebyrT UMMNaHTaLNUU MerasHgo-
MpOTE30B Npy 60MbLLMX pasmMepax
OMyXONK UMK B CNyYae NoKasnbHbIX
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Megaendoprosthetic
Properties

Modern megaendoprostheses
have a modular design. At our
department, the “Modular Uni-
versal Tumor and Revision Sys-
tem” (MUTARS®, implantcast,
Buxtehude) is used, which
allows the reconstruction of
bone defects of varying lengths
in 1 cm intervals. Rotation can
be set in 5° intervals [3].

In the upper extremity proxi-
mal, diaphyseal, distal and total
replacements of the humerus
and the proximal ulna are pos-
sible. In the lower extremity,
proximal (Figure 1), diaphyseal,
distal and total femur and proxi-
mal (Figure 2), diaphyseal and
distal tibia replacements can
be performed. Also, stump-
lengthening procedures after
hip disarticulations can be per-
formed using a proximal femur
megaprosthesis to improve the
patients’ functional outcome
with an exoprosthesis [4].
Prosthesis stems have a hex-
agonal shape leading to excel-
lent primary rotation stability.
They can be implanted cement-
ed or cementless. Cemented
implantations need to be
considered in elderly patients,
osteoporosis, immobilization,
following radiation therapy or in
metadiaphyseal regions when
a press-fit fixation cannot be
obtained. Cementless stems
have a hydroxyl-apatite coating

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

to facilitate bone ingrowth.
Rotating-hinge and metal-on
metal joint linkage mechanisms
are available.

Articulating prosthesis com-
ponents consist of a cobalt-
chrome-molybdenum alloy

and have a titanium-nitride or
titanium-niobium-nitride coating
to prevent allergic reaction.
Non-articulating components
are equipped with a silver
coating to prevent infection

of the implant in situ when
confronted with small quanti-
ties of bacteria. In our collec-
tive, b1 patients with sarcoma
(proximal femur n=22, proximal
tibia n=29) were compared
with 74 patients who had an
uncoated titanium megapros-
thesis (proximal femur n=33,
proximal tibia n=41) regarding
infection rate over a b-year
period. We found that the
infection rate was substantially
reduced from 17.6% in the
titanium to 5.9% in the silver
group. While 38.5% of patients
in the titanium group ultimately
had to undergo amputation for
periprosthetic infection, none
were performed in the silver
group [5].

Polyethylene terephthalate
attachment tubes are used

to reattach adjacent muscles
and tendons to the megaen-
doprostheses to prevent joint
dislocation in the hip joint and
after proximal humerus resec-
tion. The reattachment of the

PELMAMBOB, KOra Heo6X04MMOo
BbINOJHUTB LUIMPOKYH pesekuuto. C
YBENIMYEHNEM yncna onepawmii no
9HAOMPOTE3MPOBAHNK) CYCTaBOB
npw fiereHepaTuBHbIX 3a60neBa-
HUsIX, BCe 6ONbLLEMY KONMYECTBY
NaUMEHTOB C OCMIOXHEHUSIMU MO-
XeT noTpe6oBaThCs UMNNAHTALMS
MErasHAonpOTE30B MpU PEBU3NOH-
HOW apTPONNacTuKe.

XapakTepncTuku
Mera3HAonpoTe3oB

CoBpeMeHHble MerasHaonpoTesb
MMEIOT MOZYbHYHO KOHCTPYKLM.
B Halem oTaeneHun ucnosb3y-
€TCS «YHMBEPCAmbHAs OHKONMO-
rmyeckas 1 peB13noHHas CUCTeM
MUTARS®», (implantcast, bykcte-
XyZe), KoTopast N03BONSIET PEKOH-
CTpyMpOBaTh KOCTHblE AeDEKTDI
Pa3nUYHON AIMHbI C MHTEPBANOM 1
B CM. PoTauus MOXeT BbITb OTpery-
nmpoBaxa ¢ 5°- nHtepsanom [3].

Ha BepxHeit KOHEYHOCTM BO3MOXKHO
9HAONPOTE3MPOBAHME MPOKCUMATTb-
HOW, Anadpm3apHoOm, ANCTanbHOM
06nacTei v BCel NeYeBon KOCTH,
a TaKkXXe NMPOKCUMAIbHOW YacTy
NOKTEBOW KOCTW. Ha HXXHen
KOHEYHOCTM MOryT 6bITb 3aMeHe-
Hbl pokcuManbHas (PucyHok 1),
avacu3apHas, ancTanbHas 4actu
6enpa, v BCs befipeHHas KoCTb, a
TaKkXXe NpoKcuMasbsHbIi (PUCYHOK
2), mathu3apHblid 1 ancTanbHbIN
OTAenbl 60NbLUIe6epLOBOMA KOCTH.
Kpome Toro, npoueaypa no yanm-
HEHWIO KYNbTY MOCANE BbI4NEHEHNS
6eapa MOXET 6bITb BbINOMHEHA

C UCMONb30BaHWEM MeranpoTesa

OHKonornyeckas oproneaus

NPOKCUMAnNbHOrO 0TAena bespeH-
HOM KOCTU C LIeNbHO YyYLIEHMS
(DYHKUMOHANBHOrO pesynbTarta y
NauueHTOoB C 3K30MPOTE3OM [4].
HoXXK1 3HA0NpoTE3a UMEKOT
LIECTUYrOMbHYO PopMY, UTO 0be-
CNEYMBAET OTIIMYHYHO NEPBUYHYHO
POTALMOHHYO CTabMNBbHOCTb. OHM
MOryT ObITb MMNMAHTUPOBAHI
LIEMEHTHbIM 1 6ECLIEMEHTHbIM CrO-
co6oM. iMnnaHTauuo LeMEeHTHbIM
crnoco6om crnepyeT paccMOTpeTb

Yy NauMeHTOB NOXXMIOr0 BO3PacTa,
npu 0CTEONopo3e, MMObUNn3a-
LK, nocne Ny4eBoit Tepanii uim
B MeTaamacmaanbHbix 061acTsX,
Korga ukcaumus He MOXET ObITb
AOCTUrHyTa METOAOM MNOTHOM
nocaaku. becLieMeHTHbIE HOXKM
WMEIOT FMAPOKCUNANaTUTOBOE Mo-
KpbITWE Ans 0brerveHns BpacTaHus
KoCTw.

Mcnonb3yoTes 3HA0NPOTESbI CO
CBA3aHHbIM LLIAPHUPOM U C MeTann-
MeTann couneHenmem. LLapHupHble
KOMMOHEHTBI NPOTE3a COCTONAT U3
K06anbT-XpOM-MOAMBEHOBOMO
cnnaBsa U UMEtoT TUTaH-HUTPUAO-
BOE W/ TUTaH-HUOBUA-HUTPULOBOE
NOKPbITUE ANS NPEeLOTBPALLEHNS
annepruyeckoii peakuum. He-
NOABWXXHbIE KOMMOHEHTbI UMe-

0T CepebpSHOE MOKPLITUE ANs
NPOUNAKTUKM MHULMPOBAHMS
MMNNaHTaTa in Situ Npu KOHTaKTe
[aXe C He60NbLIMMK KONMUYeCTBa-
MM 6aKTEpHiA.

B Haweit rpynne mbl cpasHunm 51
nauneHTa ¢ CapkoMoii (MpoKcu-
ManbHOro oTAena 6eapeHHoN KocTy
N = 22, NPOKCUMarbHOro 0Taena
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extensor tendon to the tube in

proximal tibia replacements im-
proves the functional outcome

significantly [6].

Surgical Technique

Since local tumor control can
be influenced substantially by
the extent of tumor resection
performed, a wide resec-

tion according to Enneking

is essential in the therapy of
malignant bone and soft tissue
tumors [1]. Resection margins
cannot generally be defined in
centimeters but rely greatly on
the experience of the surgeon.
In our department, we plan
resections with a three-cen-
timeter margin of healthy bone
as measured in the initial MRI.
The soft tissue margin can-
not be measured likewise as
tissue barriers such as fascia,
perineurium or adventitia —
when left on the tumor - are
only millimeters thick but can
be enough to warrant a wide
tumor resection.

The choice of the procedure
to be performed depends on
tumor size, site, grading and
stage of disease. Therefore,
preoperative imaging needs to
be completed before and after

6onbLUebepLoBoi KocTv n=29) ¢ 74
nauneHTamu ¢ MeranpoTesamu 6e3
TUTAHOBOIO NOKPbITUS (MPOKCH-
ManbHOro 0TAena 6e4peHHON KOCTH
n= 33, NpoKcMManbLHOro oTAena
6onbLebepLoBOii KOCTH N= 41) OT-
HOCUTESNBbHO NOKa3aTens HAEKLM-
OHHbIX OCNIOXXHEHWH 32 5-NETHMi
nepuof. Mbl 06Hapyxumu, 4To
3TOT NOKA3aTefb CYLLECTBEHHO
cHuaunes — ¢ 17,6% B rpynne ¢
TUTAHOBbIM NOKPLITUEM A0 5,9% B
rpynne ¢ cepebpsHbIM MOKPLITUEM.
B 10 Bpems Kak 38,5% nauneHTos
B rpynne ¢ TUTaHOBbIM NOKPbITUEM
B KOHEYHOM WUTOre noTpebosanach
amnyTauws B CBS3W C Nepunpo-
TE3HOM MHCDEKLMEN, B rpynne C
cepebpsiHbIM MOKPLITUEM TakKue
BMELLIATENbCTBA HE BbIMOMHSANMCh
HW Y 0AHOro naumeHTa [5].

[ins NOBTOPHOrO NpMKpeneHus
MPUEXALLMX MbILLILL M CYXOXKWINA K
MerasHonpoTesy ¢ LeNbio NpeaoT-
BpalLeHus BbIBIXA B Ta306€4pEH-
HOM CYCTaBe ¥ Noche pe3eKkLumu
MPOKCMMaNbHOrO OTAeNa NneveBon
KOCTM WUCMOMb3YHOTCS NONUITH-
neHTepedhTanaToBble KpenexHsle
TPYOKM («yexsibl»). Mpukpenneque
CYXOXKMNUS SKCTEH30pa K TPpybKe
Nnp¥ NPOTE3MPOBAHNM MPOKCUMATTb-
HbIX KOMMOHEHTOB 6obLuebepLo-
BOJ KOCTU 3HAYMTENBHO yNyyLlaeTt
(hYHKUMOHANbHBIA pesynbTaT [6].
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Fig. 2a-c: Proximal tibia replacement
following an intraarticular resection

neoadjuvant chemotherapy
including plain radiographs,
MRI imaging of the affected
bone with adjacent joints with
contrast agent to exclude the
presence of skip metastases
and imaging of the entire body
(depending on the underlying
disease) to search for distant
metastases. Further more,
other factors such as patient
age, extent of existing soft
tissue after tumor resection,
functional demands and patient
compliance have to be consid-
ered. Megaendoprostheses are
most commonly used in the
reconstruction of large osteo-
articular defects in adolescents
and adults. A modular pros-
thesis design allows variable
reconstruction lengths and
patients have good primary
stability as well as good func-
tional and cosmetic results.
Children undergoing operation
at five years of age or older can
often benefit from implanta-
tion of growing prostheses to
decrease limb length discrep-
ancies developing during the
skeletal growth until maturity.
However, the use of growing
prostheses requires multiple
operations and patients are
hospitalized and impaired

Pvc. 2a-c: 3amelLLeHre NpokcuMansHoro
oTAena 60nbLLe6epL0BOiA KOCTW nocne
NPOBeEeHNst BHYTPUCYCTaBHON PE3EKLMA.

Xupypruyeckas TexHuka

[MockonbKy nokanbHbIi KOHTPOSb
ONyXomnu MOXET 3aBUCETb OT
061bema BbIMOTHEHHOW PE3eKLNK
onyxonu, cornacHo Enneking,
LUMpOKas pe3exkums UMeeT pe-
LUAKOLLEE 3HAYEHNE NPK NIEHEHNM
3/10Ka4YECTBEHHbIX ONYX0Nei KOCTH
W MSIrKUX TKaHen [1].

Kpas pesekumu onyxonu, kak
nNpaBuno, He MOryT BbITb TOUHO
onpeneneHbl B CAHTUMETPAx, U B
3HAUUTENbHOW CTEMEHN 3aBUCAT OT
onbiTa xupypra. B Halem otae-
NEHUM Mbl NIAHUPYEM Pe3eKLmto

C TPEXCAHTUMETPOBbLIM 3aNacom
300P0BO# KOCTW, OTMEYEHHBIM C
NOMOLLbO NepBoHayanbHoi MPT.
Kpait pe3ekummn MArkux TkaHei

He MOXET ObITb U3MEPEH TaK Xe,
KaK Takue TKaHeBble 6apbepbl, Kak
hacumm, NepuHeBpUin Un aiBEHTH-
LMSt: NPY yOANEHUN C OMyXONbio, UX
HECKOMBbKMX MUITIMMETPOB MOXET
ObITb 4OCTATOYHO, YTOBbI BbINOS-
HUTb LUMPOKYHO XMPYPrYECKYHO
pe3eKLMto 0nyXxonu.

Bbibop MeTOAa pasmKanbHO
onepauum 3aBuUCHT OT pasmepa
ONyX0mnu, PacrosoXeHus!, CTENeH!
310KA4ECTBEHHOCTY W CTanM
3abonesanus. MoaTomy 1o 1 nocne
HeoabIOBAHTHON XUMUOTepanuy,
[OJKHA ObITb NPOBEAEHA Npeaone-
paunoHHas BU3yanu3aums onyxonu,
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Fig. 3a, b: Proximal humerus replacement using an inverse proximal humerus megaendoprosthesis

Puc. 3a, b: 3ameHa npoKcuManbHoro 0TAENa neyeBoi KOCTU C UCTONb30BAHUEM MHBEPCHOTO MErasHAOMpoTe3a.
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in their functionality during
elongation periods. Other
causes for revision operations
are material wear and bacterial
infection. Also, soft tissue cov-
erage of the prosthesis must
be sufficient for such a proce-
dure to be performed. Muscle
flaps such as a gastrocnemius
or biceps femoris flap can im-
prove soft tissue coverage and
prevent complications.

Alternatives to
Megaendoprosthetic
Reconstructions

Osteoarticular or intercalary
allografts are an alternate
option in reconstructing large
bone defects. They have good
primary stability but often lead
to problems such as bacterial
infection or fractures as the
bone is not vital and no bony
remodeling takes place.

Literature reports high revision
rates and leg discrepancies will
occur in osteoarticular loca-
tions. Also, it is not available

in all areas depending on local
regulations regarding organ do-
nations and further processing.

Autologous biological recon-

structions - such as a vascular-
ized fibula — are vital and show
high regeneration and remode-
ling potential. They are feasible
options in reconstructing inter-
calary defects and especially

favorable in the upper extrem-
ity for biomechanical reasons.
When growth plates can be
salvaged in diaphyseal defects
leg length discrepancies can be
prevented. Therefore, cosmetic
results are also very satisfac-
tory. Donor site morbidity (such
as peroneal palsy), difficulties
with the anastomosis (throm-
bosis, spasm etc.) and infec-
tion or necrosis are among pos-
sible complications. Another
downside is impaired ingrowth
observed when chemotherapy
is administered leading to
prolonged periods of partial to
no weight bearing. Possible
additional radiation therapy is a
relative contraindication for this
procedure.

In pediatric patients who are

< b years of age at the time of
operation, rotation plasty and
< 3 years of age amputation
need to be considered among
possible options. Functional
results using exprotheses are
satisfactory and are often bet-
ter than those of patients who
underwent reconstruction with
megaendoprostheses and in-
sufficient soft tissue coverage
or multiple revision operations.

Phantom pain, neuroma,
cosmetic limitations, limited ac-
ceptance among patients, psy-
chological problems and loss of
bodily integrity are among the
deficits of these techniques.

BKJTOHAIOLLAS PEHTTEHOrpacmio,
MPT nopakeHHoi KOCTH CO CMEeX-
HbIMM CyCTaBamu C KOHTPAaCcTUpOBa-
HUEM, YTOObI UCKIOUNTb NPUCYT-
CTBME PErOHaNbHbIX METACcTa30B,
a TaKkxXe BU3yanuaaums fpyrux
obnacTeii Tena (B 3aBMCUMOCTY OT
OCHOBHOT0 3a6011eBaHKs), 4TOObI
BbISIBUTb OTAANIEHHbIE METACcTasbl.
Kpome Toro, yunTbIBaroTCs 1
Apyrue hakTopbl, Takme Kak BO3-
pacT nauueHTa, 06beM MArkux
TKaHe# nocne peaexkuinm onyxonu,
(PYHKUMOHANbHBIE TPEBOBAHMA U
CMOCOBHOCTH NaumeHTa cobniofatb
NEYEOHBIN PEXUM.
MeraaHzonpoTesbl Hanbonee 4acTo
MCNONb3YKOTCS MPW PEKOHCTPYKLMK
60MbLUNX KOCTHO-CYCTaBHbIX fie-
(HEKTOB y NOJPOCTKOB U B3POCTIbIX.
MogynbHas KOHCTPYKLMS N03BO-
NSIET BbINONHATb PEKOHCTPYKLMIO
KOCTU Pa3fIMYHON AAMHbI, NALMEH-
Tbl UIMEOT XOPOLLYKO MEPBUYHYIO
CTabUNBHOCTb, @ TAKXXEe XOpOLLne
(PYHKLMOHANBHBIE M KOCMETUYE-
CKMe pesynbTatbl.

[eTu, nogsepraroLumecs onepaumu
B BO3pacTe NATv NeT Unu cTap-

LU MMEIOT NPENUMYLLECTBO Npy
WMMNAHTaLMM TaK Ha3blBaeMbIX
«PaCTYLLUMX» (PA3ABUXKHBIX) MPO-
TE30B 419 YMEHbLUEHNS Pa3HuLbl B
ANVHE KOHEYHOCTEN, KoTopas pas-
BMBAETCH BO BPEMS POCTa CKeneta
10 nepvoga 3penoctu. OgHako
NCNONb30BaHNE TakuUxX NPOTE308
TpebyeT HECKOMNbKMX onepaumii, B
nepuoabl UX yAMHEHUS NaLMEHTOB
FOCMUTANM3NPYHOT W X OBUraTeNb-
Has pyHKUMS HapyLeHa. [pyrumu
NOKa3aHWsMM A5 PEBU3MOHHBIX

onepauui sSBNSOTCA U3HOC NpoTe3a
W 6aKkTepuanbHas MHeKums.
KpoMe Toro, 4T06bl NPOBECTH
Takoe NpoTEe3NPOBaHNE, LOMKHO
ObITb BbIMOHEHO JOCTATOYHOE MO-
KpbITUE NPOTE3a MATKUMM TKAHAMMU.
MbILLEeYHbIE NIOCKYThI, MONyYeHHbIe
W3 UKPOHOXXHOW UNW [1BYT NaBoA
MbILLLbI 6€Apa, MOTYT YAYYLWINTL
MOKPbITUE NPOTE3a MATKUMM TKa-
HSIMW W NPesoTBPATUTL Pa3BUTHE
OCIOXKHEHW.

AnbTepHaTNBHblE METOABI
PEKOHCTPYKLMM

KocTHO-CycTaBHbIe v BCTaBOY-
Hble annorpadTb! - anbTepHa-
TUBHBIA BAPUAHT PEKOHCTPYKLIM
O0MbLUMX KOCTHBIX fepeKToB.

OHW MMEIOT XOPOLLYH) NEPBUYHYIO
CTabUMbHOCTb, O[HAKO 4aCcTo
MPUBOAAT K Takum npobnemam,

KaK 6akTepuanbHas MHAEKLMS uim
nepenoMbl, Tak Kak HeXMBbIE KOCTH
He 06eCreymBatoT peMoaenmpoBa-
HWs KoCTW. B nuTepatype coobuya-
€TCS 0 BbICOKWX NOKA3aTeNsX PeBu-
3MOHHbIX BMELLATENbCTB 1 Pa3HULE
B [JIMHE KOHEYHOCTEN, KOTOPbIE
UMEOT MECTO NPU UCMOMb30BAHUM
KOCTHO - CYCTaBHbIX annorpagtos.
KpoMe Toro, MeTod JOCTYMNEH He

BO BCEX PErMOHax, BCNEACTBUE
0CO6EHHOCTEN MECTHOMO 3aKOHOAA-
TENbCTBA OTHOCUTENBHO JOHOPCTBA
W [ianbHENLLEro NPUMEHEHNS
TKaHewn v 0praHos.

AyTonornyHble 6uonornyeckue
PEKOHCTPYKLMM C UCTONb30BAHUEM
BaCKynsp13npoBaHHON ManobepLo-
BOW >KWBOI KOCTW JEMOHCTPUPYIOT
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Fig. 4a, b: Distal femur replacement
using a MUTARS® BioXpand distal
femur growing megaendoprosthesis
a. during lengthening procedure

b. after consolidation

Postoperative Management

Due to the large prosthetic
surfaces patients receive pro-
phylactic intravenous antibiotic
treatment for three to five days
depending on soft tissue cover-
age, followed by an oral regi-
men until wound healing. Also,
patients are recommended to
undergo prophylactic antibiotic
treatment when bacteremia

is to be expected (i.e. dental
procedures).

After cementless implanta-
tion of a megaendoprosthesis
no to partial weight bearing is
recommended for a period of
six weeks. Afterwards, weight
bearing is gradually increased
in increments of 10kg per
week. After cemented implan-
tation full weight bearing is
possible.

After proximal femur replace-
ment, patients are recom-
mended to avoid flexion of
>60°, forced rotation and
adduction for six weeks after
operation to prevent a disloca-
tion of the hip joint.
Reconstructions around the
knee using a gastrocnemius
flap have to keep their joint in
a neutral position for 4 weeks
before gradually increasing

Puc. 4a, b: MpoTeanposanme AnCTansHoro
oTaena 6eapeHHoi KOCTH € 1CMofb30-
BaHMeM PacTyLLero MerasHaonpoTesa
MUTARS® BioXpand:

a. BO BpeMms npoLieaypb! YAIMHEHUS

b. nocne koHconuaauum

BbICOKMIA NOTEHUWaN pereHepauum
W peMofienMpoBaHus. [aHHblit Me-
TOA ABASETCA HAUNYULLEN ONLMeN
MPW PEKOHCTPYKLMM MHTEPKA-
nspHbIX AeHeKTOB, OCOBEHHO Ha
BEPXHE KOHEYHOCTW BCNEACTBUE
BroMexaHN4eckix haKTopoB..

Ecnu npu gnadmaapHbix gedex-
Tax HKHNX KOHEYHOCTEN MOXKHO
COXPaH1Tb NNACTUHBI POCTa, TO
pasH1La B ANMHE HOM MOXET ObITb
npeaoTBpalLeHa. Takum 06pasom,
KOCMETUYECKME PE3ynbTaThl TaKKe
MOTYT 6bITb YA0BNETBOPUTENbHbI-
MU,

Cpenv BO3MOXXHbIX OCNIOXXHEHWIA B
061aCTV MMNAAHTaLMK - NEPOHe-
anbHbIA Napanuy, NpobneMbl C aHa-
CTOMO30M (TpOM603, CNaam 1 T.4.),
WHEEeKLUMM Uin Hekpo3. Jpyrum
HELOCTATKOM SIBNSAETCS HapyLLEHWE
BpacTaHus, KoTopoe HabnraaeTcs
Mpy NPOBEJEHUM XUMUOTEPANUY,
YTO NPMBOAMT K YANMUHEHWHO
NEPWUOA0B YaCTUYHON U HyNEBON
Harpy3ku Ha KOHE4HOCTb. Bo3-
MOXHas IONONHUTENbHAs NyyeBas
Tepanus SBNSETCS OTHOCUTEbHbIM
NPOTUBONOKA3aHWEM LIS TOM
npoueaypbl.

Y feTel, BO3pACT KOTOPbIX Ha
MOMEHT OnepaLuy cocTasnseT
bonee 5 NneT, cpeaun BapuaHToB
NeYeHns HeO6XOANMO PACCMOTPETb
POTALMOHHYIO NNACTHKY, Y AeTel <3
net — amnyTauno. OyHKUMOHAMb-
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flexion to ensure ingrowth of
muscles and especially the
patella tendon into the attach-
ment tube. Otherwise, pa-
tients can practice an increas-
ing flexion beginning five days
after operation.

After proximal humerus
replacement, the arm is im-
mobilized in a sling for four to
six weeks. The elbow joint and
hand can be used freely. When
the axillary nerve is intact and
an inverse shoulder meg-
aendoprosthesis was used,
passive swinging exercises in
the shoulder joint are practiced
two weeks after operation,
followed by passive movement
four and active movement six
weeks after operation. After
conventional proximal hu-
merus replacement, mobility is
severely restricted, therefore
stability is more important than
flexibility and active and pas-
sive motion are practiced more
cautiously.

Functional Outcome

The MSTS score is often used
in orthopedic oncology to as-
sess the functional outcome
and patient satisfaction after
operation. The best results are

observed after proximal tibia
reconstructions (83%), fol-
lowed by distal femur recon-
structions (80%). Flexion of the
knee joint is often possible up
to 90° and full extension can
be free or slightly impaired,
depending on how much
quadriceps muscle remains.
Proximal femur replacements
lead to a persistent limping gait
because the gluteal muscle is
insufficient after resection from
the great trochanter and rein-
sertion to the attachment tube
(70%). Reliance on walking
aids to cover longer distances
might be necessary in elderly
patients [7].

Functional aptitude of proxi-
mal shoulder replacement

is observed to be poorest
among reconstructions. How-
ever, patients with an inverse
meganedoprosthetic shoulder
replacement (Figure 3) show

a significant improvement of
active shoulder function com-
pared to anatomically shaped
implants. The patients present-
ed a medium MSTS score of
24.6/30. The mean active arm
abduction in the shoulder joint
was 78 and 88° active arm el-
evation for patients with intact
axillary nerve function [8].

Hbl€ Pe3yNbTaTbl UCNONb30BAHNA
9K30MPOTE30B ABMAOTCS YA0BAET-
BOPUTEJIbHBIMU U 3a4aCTYH0 OHK
Jyyule, YeM y naunMeHToB, KOTOPbIe
MOABEPTNINCL PEKOHCTPYKLMK C
MerasHZonpoTe3amu ¢ HefoCTa-
TOYHbIM NOKPbITUEM MATKUX TKaHei
NN HECKOJIbKUMU PEBM3NOHHBIMU
onepaumsmu. Cpean HefocTaTkoB
9K30MPOTE3MPOBAHNS - (DaHTOMHbIE
6011, HEBPOMbI, 3CTETUYECKME U
ncuxonorunyeckue I'Ip06J'IeMbI, CUH-
APOM NOTEpU LENOCTHOCTY Tena,
OorpaHu4eHHoe npu3HaHne MeToaa
Cpean nauneHTOoB.

Mocneonepau1oHHbIi nepuon

3-3a 60NbLUMX NPOTE3HBIX NOBEPX-
HOCTEl NaumMeHTbl NONy4aroT Npo-
(hUnaKTU4eCKoe BHyTPUBEHHOE e-
YeHWe aHTUEMOTUKaMM B TEYEHWE
TPexX-NATN [HEN, B 3aBUCUMOCTH OT
CTENeHu NOKPbITUS MerasHAonpo-
T€3a MSrKMMM TKaHsSIMK, a 3aTeM
NPOLOMKAOT NepopasnbHbIiA Npuem
[0 32XXMBJIeHUs paH. Kpome Toro,
nauueHTaM pekoMeHayeTcs nony-
4aTb NPOCHUNAKTUUECKOE NIEYEHNe
aHTMOMOTMKAMM, KOT4a OXXNMAAETCS
GakTepuemus (HanpuMmep, npu CTo-
MaToNor1yecknx npoueaypax).
Mocne 6ecLieMeHTHON UMnnax-
Tauum MerasHaonpoTe3a pexo-
MEHLYETCS PEXUM OrPaHUYEHHO
Harpy3ku Ha ONEpPUPOBAHHYIo

KOHEYHOCTb B TEYEHME LLECTH
Hegenb. [ocne 3TOro Harpy3ka
MOCTENEHHO YBENMUMBAETCS — MO
10 kr B Hegento. Mocne LeMeHTHOM
MMNIaHTauMu BO3MOXHA NONHas
Harpy3Ka Ha KOHEYHOCTb.

[Mocne npoTe3npoBaHus Npok-
cuManbHoro oTaena 6epeHHoM
KOCTW, NaLMeHTaM PEKOMEHYETCS
usberatb crubanms> 60 °, NpuHy au-
TEMbHOrO BPALLEHNS U NPUBEAEHNS
B TEYEHME LUECTU Hedenb nocne
onepauuy ¢ Liefbio NpognUnakTuku
BblBMXa Ta306€APEHHOrO CycTaBa.
PeKoHCTpyKUMM B 0611aCTH KOMEH-
HOr0 CycTaBa C 1CMoMb30BaH1eM
MKPOHOXKHOTO NMOCKyTa TPEOYHT COo-
XPaHeHMs CycTaBa B HEMTPaNbHOM
MOMOXEHWM B TeYEHNE 4-X Heaerb,
C NoCneaytLLMM NOCTENEHHbIM
yBENM4eHneM crubanus, 4tobbl
06€eCneynTb BpacTaHWe MbILLLl 1
OCOBEHHO CYXOXKMIMIA HALKONEHHM-
Ka B KpenexxHyr Tpyoky. B apyrux
cryyasx, nauneHTbl MoryT npak-
TUKOBATb CrbaHKe ¢ NOCTENEHHO
YBENMUMBAIOLLIECS aMNaUTY 0K,
Ha4MHas C NATOro AHs nocne
onepauum.

[Nocne 3amMeHbl NPOKCUMANBHOO
KOMMOHEHTA NMNeYeBON KOCTH, pyka
[O0MXHa 6bITb MMMOBUNM30BAHA B
CIMHre B TEYEHWE YETbIPEX-LUECT
Hegdenb. JIOKTeBO# cycTas 1 pyka
MOryT UCMONb30BaTLCS 63 OrpaHu-
YeHnin. Ecnm noaMbILLeYHbI HEpB
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Growing Prostheses and
Custom-made
Reconstructions

Growing megaendoprostheses
are limited to special indica-
tions in children undergoing
tumor resections at approxi-
mately five to six years or older
at the time of operation and
when a leg length discrepancy
of >5cm is to be expected.
There are currently two types
of growing prostheses avail-
able: One is equipped with

an electric motor and leads to
elongation of the prosthetic
component, the other works
using callotasis of the remain-
ing bone after osteotomy using
an intramedullary, extendable
nail and therefore generating
new bone (Figure 4).

Both techniques are controlled
externally and have subcutane-
ous receivers, which forward
the signals to the prosthetic
motors. During elongation of
the nail no weight bearing is
possible. Additional operations
are necessary in both cases.
In patients < 3 years, when
parents refuse ablative pro-
cedures, experimental recon-
structions using custom-made

megaendoprosthetic recon-
structions exist. However, no
long-term follow-up exists and
patients have to undergo multi-
ple operations.

Complications

The most severe complication
possible is local recurrence,
accompanied by a very poor
prognosis. Literature reports
recurrence rates ranging from
1-9% [9].

Megaendoprosthetic 5- to
10-year survival is located
between 69 and 90% [9]. The
most common complications
leading to operative revisions
are aseptic loosening, bacte-
rial infection and periprosthetic
fracture.

Minor operations have to

be performed for wear of

Wiebke K. Guder (MD)

Ass.Prof. Dr. Ame Streitbiirger (MD)
Prof. Dr. Jendrik Hardes (MD)

Dr. Markus Nottrott (MD)
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He Obln NOBPEXEH W Bblf UCMONb-
30BaH WHBEPCHbI MErasHAonpoTe3
nneva, yepes ABe Hefenv nocne
onepaLmmn NauneHT BbINOMHAET nac-
CMBHbIE YNPaXKHEHNS (kayaHus) B
nneyeBOM CycTaBe, uYepes 4 Hefle-
M - NaCCMBHbIE ABUXEHMS, Yepes 6
Hedenb - aKTUBHbIE ABMXXEHNS.
Mocne NpoTE3MPOBaHNS NPOKCH-
MasnbHOro OTAENA NNeYeBo KOCTH
MOABVXXHOCTb CUITbHO OrPaHNyeHa,
MOCKOMNbKY CTabMUNbHOCTb BaXKHEE
rMOKOCTH, NO3TOMY NACCUMBHOMO Y
aKTVMBHbIE ABWXXEHNS MPAKTUKYHOT-
cs 6051ee 0CTOPOXKHO.

DyHKUMOHaNbHBIA pe3ynbTaT

LLikana MSTS yacTo ucnonb3ayetcs
B OPTONEAMYECKON OHKOMOr M

ANS! OLEHKM PYHKLMOHANBHOrO
pe3ynbTarta W y[0BNEeTBOPEHHOCTH
nauueHToB nocne onepauuu. Hau-
Nydllmre pesynbTaThl HAabNKAAKTCS
nocne PeKOHCTPYKLMW NpoKcUMarb-

Department of Orthopedics
and Tumor Orthopedics
University Hospital Muenster
Albert-Schweitzer-Campus 1
Building A1

48149 Muenster, Germany
www.klinikum.uni-muenster.de
wiebke.guder@ukmuenster.de

Horo oTAena 6onbLie6epLoBoN
KOCTH (83%), Banee cnepyet auc-
TanbHbIA OTAEN 6eAPEHHOM KOCTH
(80%).

B koneHHOM cycTaBe 3a4acTyto
BO3MOXHO crubanme o 90°,
nofiHoe pasrubaHue MOXeT BbITb
CBOGOLHBIM WM Cerka OrpaHuyeH-
HbIM, B 3aBUCUMOCTM OT TO0, KaKO#
ocTancs 06beM YeTbIPEXTNaBoi
MbILLbl 6efpa.

lMpoTe3npoBaHue MPOKCUMarbHOM
6eapeHHOM KOCTY Bbl3bIBAET Npu-
XpamblBaHue BCNeACTBIMe HEAOCTa-
TOYHOCTM SAFOAMYHON MbILLILbI NOCNE
€ee pesekumm ¢ 60MbLLIOro BepTena
W MPUKPENIEHNS K KPENEXKHOM
Tpy6Ke (70%). MoxunbIM nauu-
€HTaM, 4YT0BbI NOKPbITL 60NbLUNE
paccTosiHUs, MOTYT NOTPe6oBaTLHCS
BCroOMOratenbHble yeTpoiicTea [7].
OyHKUMOHANbHBIN pe3ynbTaT nocne
NpOTE3VPOBaHNS MPOKCUMANBHOTO
OTZena nneveBon KOCTH SBMSIETCS
CaMbIM HeyO0BNETBOPUTENbHbIM.
OnHako, NaumeHTbl ¢ MHBEPCHBIM
MerasHaonpoTe3om nneya (Pucy-
HOK 3) NOKa3bIBAT 3HAYUTENBHOE
YNYULLEHWNE aKTUBHOW (PYHKLMM
neya no CpaBHEHMO C NaumMeHTa-
MM aHaTOMUYECKMMW UMMNaHTaTa-
MU, Y Takux nauneHToB CpeaHuii
6ann no wkane MSTS cocTasnset
24,6 / 30. CpepHee aKTvBHOE
OTBEZEHME B MEYEBOM CycTaBe
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prosthetic materials, such as
polyethylene bushings or im-
plant failure (i.e. stem fracture
or fracture of metal-on-metal
mechanism).
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cocTaBnset 78°, akTMBHOE NOAHS-
TUE PYKW Y NALUMEHTOB C COXPaHHO
(PYHKLMEN NOAMBILIEYHON HepBa
BO3MOXHO, B CpefHeM, Ha 88° [8].

PacTyu.wle W uHauBUAyanbHO
W3roToBJIeHHbIE NPOTE3bl

cnonb30BaHune pacTyLLmMx MerasH-
LONPOTE30B Y AETEN, NEPEHECLLNX
PE3EKLMIO OMYXOSU, OrPaHUYEHO
0C06bIMM MOKA3aHWSMM: BO3PACTOM
OT NATW [0 LUECTU NIET UNK CTapLue
Ha MOMEHT omepaumu 1 0XXKnMaaemon
pa3HuLei B fiMHe HOT > 5 e,

B HacTosiLee Bpems fOCTYMHbI ABa
TMNa PacTyLUMX NPOTE30B: OANH

13 HWX OCHALLEH NEKTPUYECKUM
ABUraTeneM v NpUBOANT K yAu-
HEHWIO MPOTE3HOr0 KOMMOHEHTA,
Apyroi paboTaeT, ncnons3ys pas-
PbIB KOCTHOW MO30/1M, OCTaBLLIMIACS
nocne 0CTEOTOMUM, U C NOMOLLBIO
WHTpaMe Ly nnspHOro, paciumps-
€MOro WTuTa, Takum 06pasom,
(hOpMMPYS HOBYHO KOCTb (PUCYHOK
4).

O6a npoTe3a MMEIOT BHELUHEe
ynpasJieHne C NOMOLLbHO MOAKOX-
HOrO MPUEMHOr0 AATUMKA, KOTOPbIN
nepejaeT CUrHanbl K BUraTento
npoTesa. Bo Bpems yanuHeHus
WTMdTa NONHOCTBH UCKITHOYEHa
Harpyska Ha KoHe4HoCTb. [lonos-
HUTENbHbIE OnepaLim He06X0ANMbI
B 060MX Cryyasx. Y naumeHToB

OHKonornyeckas oproneaus

cTaplue 3-x neT, Korja poanTenm
0TKa3bIBAKOTCA OT abNALMOHHBIX
NpoLeAyp, NPUMEHSIOTCA 3KCre-
PUMEHTabHbBIE PEKOHCTPYKLINM C
NCMONb30BAHNEM MHAMBUAYAbHO
W3rOTOBMEHHbBIX MErasHAONpO-
Te308. OfiHaKo AONrOCPOYHOTO
HabmMoAeHNs He MPOBOANAOCH U
NaLMeHTbI JOMKHbI NEPEHECTH He-
CKOMbKO Onepaumid.

OcnoXxHeHus

Haubonee TsXeNbIM 0CNOXHEHNEM
ABNSETCH MECTHBIA PELMANB, KOTO-
PbliA COYETAETCSA C 04EHb NIOXUM
nporHo3om. B nutepatype coobuia-
€TCs, YTO NoKasaTesib peLmamsa
KonebneTcs B npegenax ot 1-9%,

5 -10- NeTHSS BbIXXMBAEMOCTb
MerasHLoNpOTE30B COCTABNAET

69 -90% [9].

Hanbonee pacnpocTpaHeHHbIMH
OCNOXXHEHUAMU, MPUBOAALLAMM K
PEBU3NOHHBIM BMELLIATENBCTBAM,
ABNSOTCS aCENTUYECKOE pacLuaThl-
BaHwe, 6akTepuanbHas MHGeKUms 1
nepunpoTE3HbI Nepenom. Manbie
onepauuy BbINOMHSIOTCS NPK U3HO-
C€ MPOTE3HbIX MATEPMANOB, TaKuX
KaK NONMaTUIEHOBbIE BKNAAbILIK,
WA MPU HECOCTOSITENBHOCTH
“MnnaHTarta (Hanpumep, nepeno-
M€ CTEPXXHS Ui MeTann-MeTann
LapHupa).
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Combined
Laparoscopic-
Endoscopic
Colorectal
Resections

Background

Flexible endoscopy of the co-
lon was first described in 1968
[1]. While classical transab-
dominal surgery is performed
open since many decades, the
first laparoscopically-assisted

colectomy was reported

by Jacobs et al in 1991 [2].
Meanwhile, large randomized
controlled studies have
repeatedly proven that lapa-
roscopic colorectal resections
are oncological at least equal
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KonopekTtanbHas xupyprus

KoMbuHUpoBaHHbIe

nanapocKonu4ecKu

3HA0CKOMMYecKmne
KoNopeKTasnbHble

pe3eKLun

O0wwe cBepeHus

'MbKas 3HAOCKONUS TONCTOrO Ku-
LeYHuKa bblna Bnepsble onucaHa
B 1968 rogy [1]. B T0 Bpems kak
Knaccuyeckas TpaHcabaoMnHanb-
Has OTKpbITas onepaums npo-
BOAMTCS YK€ B TEYEHWE MHOTUX

[EeCATUNETHi, 0 NepBoii lanapo-
CKOMUYECKOI KON3KTOMUM COOBLLMT
Jacobs ¢ coasT. B 1991 rogy [2].

C Tex nop KpynHble paH[oMU3MPO-
BaHHbIE KOHTPONMPYEMbIE UCCIIE-
[LOBaHWS1 HEOIHOKPATHO IEMOH-
CTPUPOBAsM, YTO OHKOJOrM4ECKME
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and functional even superior to
open surgery [3-5]. However,
small and early lesions are dif-
ficult to locate during laparo-
scopic colon resection and thus
require unnecessary extended
surgery. This limitation can

be overcome by combined
laparoscopic-endoscopic resec-
tions. Standing in between the
transabdominal (laparoscopic
or open) and the transanal (en-
doscopic) approach, combined
resections integrate benefits of
both methods, while warrant-
ing high safety, with the lowest
possible trauma to the patient.

Keywords: colorectal, resec-
tion, laparoscopy, endoscopy,
combination, single incision,
robotic, NOTES

Indications

For some colorectal lesions,
classical endoscopic removal
is estimated unsafe or not
possible due to location, size,
complexity of the lesion, risk
of full-thickness cautery with
late perforation, uncontrol-
lable bleeding, or inadequate
margins [6]. In these cases,
surgical removal has been ad-
vocated for many years. Today,
laparoscopic resections of such
lesions are standard proce-
dures. However, laparoscopic
surgery alone does not allow
the surgeon to palpate and
thus exactly localize the lesion
[6]. Therefore, the endoscopic

application of metal clips or
injection of dye into the wall
of the colon prior to surgery
can been used for labeling of
a lesion [6]. However again,
still intraoperative uncertain-
ties remain by the chrono-
logic separation of the two
procedures, endoscopy and
laparoscopy. This problem has
been overcome by combined
laparoscopic-endoscopic resec-
tions, as continuous intra- and
extraluminal observation during
resection and reconstruction
provides a maximum of safety
[6]. Intraoperative endoscopy
can further help during surgi-
cal resection to choose the
best laparoscopic technique,
while simultaneously verify-
ing a complete excision of

e.g. a polyp, and confirming

a leak-proof suture line [6].
The tip of the scope may be
used for improved exposure
of a polyp for resection, and
the endoscopic view offers

an additional angle of vision,
which might be helpful dur-
ing excision or placement of a
linear-stapling device [6]. Com-
bined laparoscopic-endoscopic
resections are no routinely
established procedure, thus no
clear guidelines exist on when
it should be applied [7]. While
combined interventions are
dispensable in advanced ma-
lignant tumors, they represent
an ideal modality in the surgical
treatment of benign and early

pesynbTaTthbl NOCAE NanapocKonu-
YECKMX KONOPEKTaNbHbIX PE3EKLMIA
He Xy>e, a (PYHKUMOHANbHbIE

- BaXe NydLle pesynbTaTos nocne
OTKPbITbIX onepaunm [3-5]. OgHako
ONyXOMK Ha PaHHUX CTafMSX 1
HOBO0O6PA30BaH!s HEGOMbLLLOTO
pa3mepa TpyaHO JIoKannanupoBaTth
NPV NanapocKONN4YECKON PE3EKLNM
TONCTOMN KWLLIKK, W, CNES0BATENbHO,
TpebyeTcs 6onee NPOLOMKMTENb-
HOE 1 HeXxenaTenbHOe Xupypruye-
CKOE BMeLLaTenbCTBo. JTO orpa-
HUYEHMe MOXET ObITb MPE00NEHO
C NMOMOLLbIO KOMBUHUPOBAHHOM
NanapocKorn14eckm - 3HA0CKONMYe-
CKOM pesexumm.

Haxopnsce Mexay TpaHcabaomu-
HambHbIMM (1aNapOCKONMUYECKUMMU
AN OTKPbITbIMM) U TPAHCAHAMbHbI-
MM (3HAOCKOMUYECKUMM) XUPYP-
rMYeCKUMM BMELLATENbCTBAMM,
KOMOMHMPOBAHHbIE Pe3eKLnm
BKJTOHAOT NpenmyLLecTBa 060-

X METOZOB, ¥ B TOXE BPEMS,
rapaHTMPOBAHHO BbICOKMIA YPOBEHb
6e30MacHOCTM C MUHUMANBHO BO3-
MOXXHOW TPaBMO# AN NaLMeHTa.

KntouyeBble €noBa: konopekTanb-
Hbli, PE3EKLMS, NanapocKonus,
9HA0CKOMMS, KOMBUHMPOBAHHaS,
€[MHCTBEHHbIW pa3pes, poboTnan-
posanHas, NOTES

Moka3saHus

Mpv OTAENbHBIX KOMIOPEKTASIBHbIX
OmnyXonsix KNaccu4eckoe SHA0-
CKOMMYecKoe yaaneHue siBnseTcs
Hebe30nacHbIM K He NpeacTaB-
NAETCS BO3MOXHbIM M3-3a pac-
MONOXXEHWS, pa3Mepa, CIOXXHOCTH

CTPOEHUS OMyXONK, pUCKA NO3AHEN
nepchopaumu Nocne NPYUXXUraHns
BCel TONLWMHbI 06pa30BaHus, He-
KOHTPOJIMPYEMOr0 KPOBOTEUEHMS
WA HEJOCTATOYHbIX PE3EKLMOHHBIX
Kpaes [6].

B Takux cnyyasx B TeUeHUe MHOMX
NET PEKOMEHA0BANOCH XMPYPrut-
4eckoe yaanenue. B HacToswee
BPEMS! N1anapocKornu4eckne pesex-
LMK Takux 06pa3oBaHmii SBASKOTCS
CTaHAapTHbIMM NpoLesypamn. Tem
He MEHee, UCMOJIb30BAHME TONBKO
NanapockonM4eckoro MeToaa He
no3BOASET XMPYpPry nponanbnu-
poBaTh U, TakuM 06pa3oM, TOUHO
NOKaN130BaTh 0Myxosb. [1oaToMy
3HAOCKOMMYECKOE NMPUMEHEHNE
METaNNMYECKNX 32KNMOB UK
WHbEKLMA KPAcUTENS B CTEHKY TON-
CTOM KULLKW [O ONepaumn MOXHO
ObIN0 MCNONb30BATH A5 MAPKMPOB-
Kun onyxonu [6].

OnHako ocTaBancs BOMpOC 0 Xpo-
HOMOrMYECKOM NopsAKe NpoBefe-
HUS [BYX MpOLieayp - 3HAOCKOMUM

1 nanapockonuu. 9ta npobnema
Obina peLueHa ¢ NoMOLLbI KOMBM-
HUPOBaHHbIX 1aNapoCKONMUecKu-
3HAOCKOMMYECKUX PE3EKLNI KaK
HEMPEPbIBHOTO MHTPA - W 3KCTpa-
KULLIEYHOrO KOHTPONS BO BPEMSI
PE3eKLMN N PEKOHCTPYKLMM, YTO
obecneunsaeT Makcumym 6e3onac-
HOCTK [6].

MHTpaonepaunoHHas aHAoCKonus
BO BPEMS XMPYPrinyeckon pesexLnm
MOXET TaKXXe NOMOYb BbIGpaTh
HaUNyuLLYHO NanapocKonMYECKyH
METOANKY 1 OLHOBPEMEHHO MOA-
TBEPAMTb NOHOE UCCEYEHNE, Ha-
npy“Mep, NOAMNa, 1 repMeTUYHOCTb
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Fig. 1: Schematic depiction of
laparoscopically assisted endoscopic
resection (upper panel), endoscopy-
assisted wedge resection (middle
panel), and endoscopy-assisted trans-
luminal resection (lower panel).

(low-risk) malignancies of the
colon. If histological examina-
tion reveals T1 cancer, the
further management depends
on specific histological aspects.
Completely (RO) resected pT1
“low grade"” cancers of the
colorectum (defined as G1-2,
LO) do not require any further
oncological resection, as the
risk of local recurrence or me-
tastasis is only 0-5% [7].

Here, endoscopic controls after
6 and 24 months are estimated
to warrant sufficient local
control [7]. In the case of in-
complete endoscopic removal
of pT1 colorectal cancers, a
further resection is indicated.
This can be performed either
endoscopically, by combination
of laparoscopic and endoscopic
resection, or oncological radi-
cally (open or laparoscopically)
if the exact extension of the
tumor cannot be estimated in
advance. In the case that the
accessibility is limited, e.g.

due to the location close to

the ileocecal valve, combined
laparoscopic-endoscopic resec-
tions may spare the patient
overtreatment by oncological
resection. Finally, albeit not
reliable, putative lymph node

Puc. 1: CxemaTudeckoe n3obpaxkenne
9HAO0CKOMNYECKOI PE3EKLNM C Nanapocko-
NWUYECKOI aCCUCTEHLME (BEPXHUIA pAf),
KIMHOBMAHAS PE3EKLMS C 3HAOCKOMM-
YeCKOW aCCUCTEHLMEN (CPELHUIA pSa) v
TPAHCIOMUHANBHAS PE3EKLMS C 3HAOCKO-
MUYECKOI aCCUTEHLMEN (HVKHUIA PSL).

waa. KOHYMK SHAOCKONA MOXET
ObITb UCMONB30BaH ANS 06HAKEHMS
nonuna npu pe3exkunm, a onoNHu-
TEMbHbI 3HJOCKONMYECKMIA 0630p
06ecrneynBaeT AONONHUTENbHbIN
Yron 3peHus, 4To MOXET BbITb
MNONE3HO BO BPEMS MCCEUEHUS MU
pa3MeLLEeHNs IMHEHOTO CLUMBAtD-
Luero ycTpouncTsa [6].
Kom6uHupoBaHHas nanapockonu-
YECKM - 3HAOCKOMMYECKas pe3ex-
LMs He SBNSETCS CTaHAAPTHOM 1
PYTMHHOW NPOLELYPOK, NO3TOMY
HE CYLLECTBYET HUKAKNX YETKMUX
yKa3aHui 0 TOM, Koraa ee cnefyet
NPUMEHATb [7].

B T0 Bpems kak KOMOUHMPOBAHHbIE
BMELLIATENbCTBA HEe NOKA3aHbl Npu
3anyLLEHHbIX 3110KAYECTBEHHbIX
ONYXONSIX, OHW ABASAKOTCS MAeamb-
HbIM METOLOM MPU XMPYPrUHECKOM
NeYeHnn LO6POKAYECTBEHHbIX

1 3N10KAYECTBEHHbIX OMyXOneil
TONCTOMN KWLLKM HA PaHHKX (C
HWU3KWUM PUCKOM) CTaansx. Ecnu
Mpu TUCTONOMMYECKOM UCCNEaoBa-
HuK BbisBRsieTes T1 cTagms paka,
[anbHeMLLee NeYeHmne 3aBucuT

OT KOHKPETHbIX FMCTONOrnYe-

CKMX acnekToB (XapaKTepucTuK).
MonHocTbio (RO) yaaneHHbIA pT1
HW3KOAMEPEHLMPOBaHHBINA KONO-
peKkTanbHbI pak (onpeaensiemblii
kak G1-2, L 0) He TpebyeT Kakux-
60 AaNbHENLLNX OHKONOMNYECKIX
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metastases or peritoneal seed
can be assessed macroscopi-
cally.

Lesions that cannot be re-
moved by simple endoscopic
forceps or loop may be acces-
sible to endoscopic mucosal
resection (EMR), or endoscopic
submucosal dissection (ESD).
For rectal lesions, transanal en-
doscopic microsurgery (TEM)
offers direct instrumental
access for manipulation in the
very distal part of the colorec-
tum. Typical polyps and adeno-
mas can usually be removed by
forceps or electric snare upon
classical endoscopy.

However, if the accessibility is
hindered or complete resection
appears difficult by endoscopy
alone, combined laparoscopic-
endoscopic resections should
be considered.

Classification of Combined
Laparoscopic-Endoscopic
Resections [8]

Different methods of combined
laparoscopic-endoscopic resec-
tions exist. The leading role
during the intervention can be
executed by both, the ab-
dominal surgeon (laparoscopic,

el
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endoscopic assisted) as well as
the endoscopist (endoscopic,
laparoscopic assisted).

During all times of the pro-
cedure however, situation
dependent adaption according
to in situ findings is possible. A
recently proposed and gener-
ally accepted classification
system by the authors is listed
below [6, 8].

Laparoscopically Assisted
Endoscopic Resection
Pedunculated polyps in loca-
tions difficult to reach endo-
scopically can be exposed
intraluminal and thus made ac-
cessible for endoscopic snare
resection by impressing the
corresponding part of the colon
with laparoscopic instruments
(Figure 1, upper panel). Even in
purely endoscopic resections,
laparoscopy can help to rule
out a putative perforation or
violation of the serosa, which
could result in secondary perfo-
ration. Further, to sew over the
resection site in risky situations
is easily accomplished.

Endoscopy-Assisted Wedge
Resection [6]

Here, after exact endoscopic

localization of the lesion, it is

PE3EKLNIA, TaK KaK pUCK MECTHOO
peunamBa UM MeTacTasmpoBaHms
cocrasnget Bcero 0-5% [71].

B 3TOM Cryyae 3HAOCKONMYECKo-

ro uccrefoBaHmns yepes 6 v 24
MecsLa BNoJHe JOCTATOUHO, YTO6bI
rapaHTMpoBaTh MECTHbI KOHTPOSb
onyxonu [71].

B cnyyae HenonHoro sH4oCKonMue-
CKOro yanenus pT1 konopexTans-
HOro paka nokasaa nocnegytoulas
pesekumst. OHa MOXeT 6bITb
BbINOSIHEHA IMBO 3HAOCKOMNYECKH,
nyTeM COYETaHUS NanapocKonmye-
CKO¥ 1 3HAOCKOMUYECKOH Pe3ex-
LK, UK paanKanbHON pesekLnm
(oTKpbITas UK nanapockonuyeckas
onepaumsi), eCnm TO4HOe pac-
NPOCTPAHEHME ONYXON HE MOXET
ObITb ONpeAenieHo 3apaHee.

B cnyqae, ecnu focTyn K onyxo-

N1 OrpaH1YeH, HanpuMep, npu
6IM3KOM PACMONOXKEHUM OMYXONK K
nneoLekanbHOMy KnanaHy, KoM6u-
HMPOBAHHAS NanapOCKONMYECKY -
9HLOCKOMMYECKAs PE3EKLNS MOXKET
YMEHbLUMTL 06bEM BMeLLATeNbCTBA
1 NO3BOMUT M36€XXaTb OTKPbITOMN
pesekumu. A, HakoHew, X0Ts 3T0

He SBNSETCS HAAEXKHbIM METOLOM,
MOXXHO OnpesennTb MakpocKonuye-
CKM NpeanonaraeMble MeTacTasbl

B IMMATNHECKME Y3Mbl UMK MO-
paxxeHue GPHLLMHBI.

Onyxonu, KOTOPbIE He MOTYT BbITh
yAaneHs! C MOMOLLbO NPOCTbIX 3H-

KonopekTtanbHas xupyprus

[OCKOMUYECKMX LMMLOB UK NETM,
MOTYT 6bITb AOCTYMHbI ANS BbINOA-
HEHWS SHAOCKOMUYECKOW pe3eKLmnm
cnmaucton (EMR), unu angockonu-
4eCKOM NOACAM3NCTON ANCCEKLMN
(ESD). Mpw pexTanbHbIx 0Myxonsx,
TpaHcaHanbHas 3HA0CKONMMYECKON
Mukpoxupyprus (TEM) obecneun-
BaeT NPSIMON MHCTPYMEHTaIbHbIN
[OCTYN K 04€Hb AUCTAmNbHON YacTyh
TONCTON KULLIKM.

TunuyHble NOAMMbI U aBEHOMBI, KaK
nNpaBuno, MOryT ObITh yAaneHsb! C
MOMOLLbIO LUMMLIOB MW 3NEKTPH-
4eCKOW NETNM MPY KIAcCU4ECKON
3Hpockonuu. OfHaKo, ecnu LOCTyN
3aTPYLHEH WA NOJHYHO PE3EKLMIO
TPYAHO OCYLLECTBUTb MPU SHAO-
CKOMWM, CriesyeT paccMoTPETb
NPUMEHEHME NanapoCcKOMMYECKM -
3H0CKOMUYECKOM Pe3eKLmu.

Knaccudukaums KoM6MHMPpOBaH-
HbIX TaNapoOCKONUYECKHM -
3HAO0CKONUYECKUX pe3eKLui [8]
CyLuecTBYIOT pa3nnyHble METOAb!
KOMBVHMPOBAHHbIX NanapocKomnmuye-
CKM - 3H0CKOMNYECKMX PE3EKLIMA.
Bepywas ponb Bo BpeMs Takoro
BMELLATENbCTBA MOXET NpuHaane-
XaTb Kak abA0OMUHANLHOMY X1pYp-
ry (nanapockonuueckue onepaummu
C 9HAOCKOMNYECKOM acCUCTEHLMEN),
TaK 1 SHAOCKOMUCTY (3HJOCKO-
nuyeckue onepaumuy ¢ nanapo-
CKOMMYECKON accucTeHumeir). Ha
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excised tangentially with a
linear stapling device (Figure

1, middle panel). Advancing
the endoscope beyond the
affected segment protects the
respective lumen during resec-
tion. For procedures affecting
the cecal region, the colono-
scope can be passed into the
terminal ileum.

Endoscopy-Assisted
Transluminal Resection [6]
For lesions located near the
mesentery, a small colostomy
is performed after precise
localization of the lesion during
colonoscopy. The lesion is el-
evated and resected by applica-
tion of a linear-stapling device
(Figure 1, lower panel). Closure
of the colostomy is achieved by
utilizing laparoscopic sutures or
a linear stapling device.

Endoscopy-Assisted
Segment Resection [6]

For lesions inaccessible to the
above mentioned procedures,
laparoscopic segmental colon
resection under endoscopic
guidance can be performed. By
precise endoscopic localization
of the lesion, wide surgical mo-
bilization of the colon usually
can be avoided.
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Advantages of Combined
Laparoscopic-Endoscopic
Resections

Post polypectomy perforation
of the colon secondary to ei-
ther manipulation or cautery oc-
curs in 0.1% to 3% after clas-
sical endoscopic polypectomy
[9], with rising rates for difficult
polypectomies. By combined
laparoscopic-endoscopic resec-
tions, the suture can be judged
directly during and after per-
forming the anastomosis with
regards to bleeding, leakage, or
technical defects. As com-
bined laparoscopic-endoscopic
resections are usually used for
intraluminal detectable lesions,
the simultaneous endoscopy
warrants an exact identifica-
tion of the location within the
colorectum, so that even if
segmental resection becomes
necessary, the lowest possible
loss of healthy colon is ensured
(Figure 2). The extent of resec-
tion including safety margins
can clearly be identified. By
the intraoperative assessment
from intraluminal and extra-
luminal, the specific resec-

tion procedure as mentioned
above can be chosen instantly
without any doubt. In the case
of wedge resection, splinting

NPOTSKEHUM NPOLEAYPbI CUTYaLmS
MOXET MEHSTLCS B 3aBUCHMOCTH
OT Haxofok in situ. HepasHo npes-
NOXeHHast aBTopamu 1 B LIENIOM
NPUHSTas cucTema Knaccuukaumm
npuseneHa Huxe [6, 8.

JHpocKonMyeckas pesekums ¢
nanapocKonuyecKoi
accucTeHumei

Monunbl HA HOXKaX, PACMONOXeH-
Hble B MeCTax, KOTOpble TPYAHO
JOCTWYb SHLOCKOMMYECKM, MOTYT
CcTaTb JOCTYMHbIMK A1 3HAOCKO-
NUYECKOW PE3EKLWM NeTnei nocne
BAaBNEHNs COOTBETCTBYHOLLEN
4aCTX TOCTOW KULLKM C NOMOLLbH
NanapocKONUYECKNX MHCTPYMEHTOB
(Pwc 1, BepxHuii psig). Jaxe npu
YMCTO IHOCKOMUHECKMX PE3EKLM-
SIX, NanapoCcKonns MOXET NOMOYb
WUCKIKOUUTb NPEANOoNaraeMyto
nepchopaLmio Unn NOBPEXAEHMe
CEPO3HOM 060NI0UKM, UTO MOXKET
MPMBECTU K BTOPU4HON Nepchopa-
UK. A TaK>Ke HaNoXMTb LIOB B
MECTE Pe3eKLMM B PUCKOBAHHBIX
cUTyaumsx.

KnuHoBuaHas pesekums ¢ a3HAo-
CKOMMYeCKoM accucTeHuuei [6]
[Mocne TOYHOM 3HAOCKOMUYECKOM
NOKanM3aLmmn o4ara nopaxeHus,
€r0 BbIPE3aroT NO KacaTeNbHOM ¢
MPUMEHEHNEM JINHEHOTO CLUNBAO-
Lero yctpouncTaa (Puc 1, cpeaHui

KonopekTtanbHas xupyprus

psn) MpoaBuxeHue sHAocKoNa 3a
MOPaXKEHHbIA CErMeHT 3alumaeT
MPOCBET KULLIEYHWKA BO BPEMS pe-
3exuwu. Mpu npouenype B 06nacTn
CNenoii KULLKW, KOSIOHOCKOM MOXET
ObITb NEPEMELLIEH B KOHEUHYHO
4acTb NOAB3AOLUIHOW KULLKN.

TpaHcnioMuHanbHas peseKums ¢
9HAOCKONUYECKO accucTeHLmei
(6] IMpn 06pasoBaHusx, pacnosno-
XEHHbIX BOMM3N BPbIKENKN, He-
6onbLuas konoctoma popmmupyeTcs
nocine TOYHOW JioKanu3auum obpa-
30BaHMS BO BPEMSt KONOHOCKOMMN.
Onyxonb BbIAENSIOT U Pe3eumpyoT
C NPUMEHEHNEM NIMHENHOTO CLUK-
BaKoLLEro ycTpoiicTea (PucyHok 1,
HWXXHWI psg). 3aKpbITUe KONOCTO-
Mbl BbINOSHAETCS C MOMOLLbIO HaNo-
)KEHWS Nanapockonu4eckux LWBOB
WA UCTOMb30BAHMS IMHEIHOTO
CLUMBAIOLLIETO YCTPOMCTBA.

CermeHTapHas pe3eKuus ¢ 3HA0-
CKOMMYeCKOii accucTeHumei [6]
[Mpn 06pa3oBaHusIX, HELOCTYMHbIX
MpW BbILLEONUCAHHBIX NMpoLieaypax,
MOXET 6bITb BbINOMHEHA ana-
POCKOMMYECKas CermeHTapHas
Pe3eKLMS TONCTON KULLKW NOA
SHAOCKOMMYECKUM KOHTPOMEM.

[Mpn TOYHOM SHAOCKONUYECKON
nokanu3aumn 06pa3oBaHmnsi MOXHO
n36€exxaThb LUMPOKOW XMPYPrinyeCKon
MOBMAN3ALMM KULLKW.
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Fig. 2: Endoscopic view during ap-
proach (upper panel) and preparation
(middle panel) of laparoscopically
assisted endoscopic resection of
polypoid lesions, with the light of the
laparoscope shining through from ex-
traluminal. Laparoscopic view during
preparation of endoscopy-assisted
wedge resection, with the light of
the endoscope shining through from
intraluminal (lower panel; light of the
laparoscope has been turned off for
better preventability).

the colon with the endoscope
protects the respective lumen
during tangential stapling [6],
thus preventing postoperative
stenosis of the resection bear-
ing segment.

Disadvantages of Combined
Laparoscopic-Endoscopic
Resections

If performed by a trained team
consisting of a laparoscopic
surgeon and an endoscopist
in specialized facilities, no
relevant disadvantages result
of combined laparoscopic-
endoscopic resections when
compared to laparoscopy
alone. The risk of endoscopic
bowel perforation is reduced to
a minimum by intraabdominal
surveillance.

Difficult sections like an
elongated sigmoid can even
be passed endoscopically
with laparoscopic help. Opera-
tion times are not elongated
relevantly [6], however, larger
requirements are made to the
physicians’ skills and to the
local and instrumental facili-
ties. In a series of the authors’
institution, the intraoperative
complication rate after com-
bined resections for colorectal
polyps was 1% [6].

Puc. 2: SHpockonuyecknuii BuA npu
OCYLUECTBMEHUN [OCTYNA (BEPXHHIA pPAL)
W NOArOTOBKA (CpeaHUi psan) B Xo4e
9H0CKOMMYECKOI PE3EKLMM C Nanapocko-
MNYECKOW aCCUCTEHLIMEN NONUMONIHBIX
06pa3oBaHuid, Npu AKCTPaTOMUHANBHOM
0CBELLIEHMN NanapocKonoM.
Jlanapockonnyeckuii Bug BO Bpems
MOArOTOBKM KNMHOBUAHOW PE3eKLMM C
9H0CKOMMYECKON aCCUCTEHLMEN MPN MH-
TPaNOMUHANBHOM OCBELLIEHUM 3HO0CKO-
MOM (HVXKHWIA PSA; CBET OT Nanapockona
BbIKIKOYEH).

Mpeumywectsa KOMGUHMPOBaH-
HbIX JTANaPOCKONUYECKHM -
9HAOCKOMUYECKUX pe3eKLmii
Bropuunas nepdopauns Tor-

CTOM KWLLKW NOCe KNacCU4eCKom
3HAOCKOMMYECKOM NOMMMIKTOMMM C
MOMOLLbHO XUPYPrUYECKOn MaHmmy-
NALUMK MAN MPVXKMTaHNS MPOMCXO-
anT B 0,1% -3% cny4aes ¢ pocToM
3TOro nokasaTens nocne CAOXHbIX
NoOAMNaKTOMUA [9].

[Mp1 KOMOUHMPOBAHHBIX NANapo-
CKOMUYECKM - QHAOCKOMMYECKMX
pe3eKuMaX MPUHUMATb PeLLEHE 0
Heo6X04MMOCTM HANOXXEHMS LLBA
MOXXHO HENOCPELACTBEHHO BO BPEMS
W NOCMe HanoXeHns aHacTomo3a
C Y4€TOM NPUCYTCTBMUS KPOBOTE-
UEHWS, YTEUKM UM TEXHUYECKNX
LeeKToB.

lMockosbKy KOMBMHWUPOBaHHbIE
Nanapockonuyecky - 3HAOCKONM-
veckue pesekumn 06bIYHO NpuUMe-
HSIIOTCS NPU MHTPANIOMUHATbHbIX
06pa3oBaHmsix, 0AHOBPEMEHHAS
SHAOCKOMNMUS rapaHTUpyeT TOYHOe
onpefeneHne X MecTornoNoXeHus
B TONICTOM KMLLEYHWKE, NOITOMY
[aXe Mpu CErMeHTapHbIX pesex-
LmMsx 06eCneUnBaeTCs MUHUMAIb-
Has NoTePs 30POBOrO TONCTOrO
KueyHuka (PucyHok 2). O6bem
pe3exumu, BKIYas LMpuHY 6es-
OnacHbIX Kpaes, MOXET BbITb YETKO
onpegeneH. C noMOLLbH TOYHOM
WHTPaNIOMUHANBHOM 1 AKCTPasHo-
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However, combined laparo-
scopic-endoscopic resections
are not suitable for resection

of advanced malignant tumors
because radical lymph node
dissection is not part of the
technique [6]. If invasive cancer
has been proven beforehand or
the intraoperative appearance
of the lesion is suspicious for
malignant disease, laparoscop-
ic or open oncologic resection
should be performed [6], with
only a few exceptions as men-
tioned above. If pathological
examination of the resection
specimen reveals high grade
invasive cancer, reoperation
with oncological resection is
necessary as well [6].

Outlook: Future
Developments in
Colorectal Resection

Single Incision Laparoscopic
Surgery

In single incision laparoscopic
surgery (single port technique),
only one port is introduced into
the abdomen, usually in the
umbilicus or at a site where a
stoma is planned, in order to
reduce trocar related complica-
tions, inflammatory response,
and to improve cosmetic
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results, albeit it causes higher
costs [10]. In 1992, the first
report of appendectomy by
single incision laparoscopy was
published [11], followed by
transumbilical cholecystectomy
[12] and colonic resections
[13]. Current data including
systematic reviews and meta-
analysis conclude that single
incision laparoscopic surgery is
a feasible and safe procedure
for selected patients (low BMI,
preferably location in the right
hemicolon) if applied by trained
physicians, however, not su-
perior to conventional laparos-
copy regarding postoperative
pain, adhesions, and complica-
tions [10, 14, 15].

As all other procedures, single
incision laparoscopic surgery
can be performed together
with combined laparoscopic-
endoscopic resections as well;
however, the experience in this
topic is very limited so that no
clear conclusions can be drawn
today. Due to inherent obsta-
cles and a significant reduction
of the degrees of freedom the
current impact and estimated
future relevance of single inci-
sion laparoscopic surgery is
low.

MWHANBHOM OLIEHKM B X0[€ one-
pauuu He3aMEeANMTENBHO MOXKET
ObITb BbI6paH Camblid NOAXOAALLMIA
13 BbILLIEONMCAHHBIX METOL0B
pesexunm.

B cnyyae KMMHOBMAHOM pe3exuny,
LUMHMPOBAHWE TONCTOW KULLKM
9HOCKOMOM 3aLMLIaeT ee NPOCBET
BO BPEMS$I CLUMBAHMS MO KacaTenb-
HOM, TakuM 06Pa3oM, NPeAoTBPa-
LLast NocneonepaunoHHbIi CTEHO3
CErMeHTa, B KOTOPOM Obinia Mpou3-
BeAeHa pesekums.

HepocTtaTkn KOMOMHMPOBaHHbIX
nanapocKOnUYecku -
3HAOCKONUYECKNX pe3eKLuii
Ecnu BMewaTenscTeO BhINON-
HSIeTCS 06y4EHHOI KOMaH[0M,
BKJIKOYALOLLEI NanapocKonuyeckoro
Xupypra 1 3HLOCKONWCTa, B Creum-
ann3nNpPOBAHHOM YYPEXLEHUH, TO
OTCYTCTBYHOT HEOCTATKM, KOTOPbIE
MOrYT YXYAWNTb PE3yNbTaT KOM-
61HMPOBAHHOM NanapocKoN14ecKy
- BHAOCKOMUYECKMX PE3EKLMIA NO
CPaBHEHWIO C NanapoCKoN14eCKOA
onepaumei.

Puck aHgockonnyeckon nepgo-
pauum KULLEYHMKA CBOANTCS K
MWUHUMYMY 32 CYET BHyTPUOPHOLL-
HOro koHTpons. CnoxHble yyacT-
KU KULLIEYHMKA, KaK, HanpuMep,
YANMHEHHas CUrMOBMAHAS KULLKA
Aaxe MOryT 6bITb NPOAAEHbI SHAO0-
CKOMUYECKM C NTanapoCKOMMYECKON

KonopekTtanbHas xupyprus

accucTeHuueln. Bpems onepauum
OTHOCHMTESBHO HE YBEMYMIIOCH,
0[HaKO, TaKoe BMeLIATeNbCTBO
TpebyeT COOTBETCTBYHOLLEN KBanu-
thvKauum xupypra, MHCTPYMEHTOB W
060pyA0BaHMS.

B LeHTpax, B KOTOpPbIX NPaKTUKy-
tOT aBTOPbI CTAaTby, NOKA3aTEeNb
WHTPAONEePaLMOHHbIX OCNOXXHEHWHA
nocne KOMBMHUPOBAaHHbIX PE3EKLIMiA
KONOPEKTaNbHbIX MOAUMOB COCTaB-
nget 1% [6].

Tem He MeHee, KOMOUMHMPOBAHHbIE
NanapocKon14ecKm - 3HAOCKOMM-
4ecKme pesekummn He NOAXOAAT ANs
Pe3eKLMM 3anyLLEHHbIX 3MI0Kaye-
CTBEHHbIX OMyXOMe#, TaK Kak MeToz
He NO3BONSET BbINOMHUTL paau-
KasnbHYH IMMCDOANCCEKLNIO.

Ecnu nHBasnsHbIii pak 6bi Bbl-
SBMIEH 4O ONepaunn, v BO BPEMS
BMELLATENCTBA 06HAPYKEHO
06pa30BaHme, MOXOXKEE Ha 3M0-
Ka4eCTBEHHYH OMyXOonb, CeAyeT
BbIMOSTHMTb TANAPOCKOMMYECKYHO
WM OTKPBITYHO OHKOJIOTMYECKYHO
PE3EKLMI0, NWLLb 33 HEKOTOPbLIMM
NCKITIOYEHNSIMY, YTTOMSHY TbIMM
Bbilwe. Ecnv npu ructonornyeckom
uccnefoBaHum obpasua yaaneHHomn
ONyX0mnu BbISBASIETCA MHBA3WBHbIiA
pakK C BbICOKOM CTEMNEeHbH0 3M10Kaue-
CTBEHHOCTY , TAKXX€e Heobxoauma
MOBTOPHAs OMepauns ¢ OHKONoru-
4eckoi pesekumeii [6].
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Robotic Laparoscopic
Surgery

In 2002, the first two cases
of robotic colectomies were
published [16]. Although ex-
pensive and time consuming,
by three-dimensional imaging,
automated reduction of the
surgeon’s tremor and a wide
range of motion, more ad-
vanced laparoscopic interven-
tions are possible by robotic
surgery (e.g. da Vinci robotic
surgical system, Intuitive Surgi-
cal, Inc, Sunnyvale, CA) [10].

Further, lymphadenectomy
and intracorporal anastomosis
are easier to conduct by this
system [10]. Today, robotic
colorectal surgery is estimated
safe and feasible, with com-
parable short-term outcomes
compared to conventional
laparoscopic surgery [10].

Especially in rectal diseases,
the access to the narrow pelvic
cavity can be even better than
in conventional open proce-
dures, and the excellent view
supposedly provides large
numbers of harvested lymph
nodes, greater distances of the
resection margin, and nerve
sparing operations [10].
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Natural Orifice Transluminal
Endoscopic Surgery (NOTES)
In “Natural orifice translumi-
nal endoscopic surgery”, the
abdominal cavity is reached
by natural openings like the
mouth (transgastric), the
urethra (transvesical), the
vagina (transvaginal), or the
anus (transcolonic) [10]. The
first pure transanal endorectal
pull through sigmoidectomy
was published in 2009 [17],
although newer approaches
usually include laparoscopic
trocars, but excise the speci-
men transvaginal or transanal
[10].

As a recent modification of
TEM (transanal endoscopic
microsurgery), TAMIS (transa-
nal minimally invasive surgery)
is characterized by a single port
laparoscopic device introduced
transanally to excise rectal
tumors, instead of the rigid and
longer rectoscope of the TEM
[10, 18]. This transanal “natural
orifice transluminal endoscopic
surgery” for rectal cancer of-
fers the possibility to avoid an
extra viscerotomy, compared to
other natural orifice approaches
[10]. Further, the distal edge

of a tumor and its association

Mporxos: 6yaywme ycoBepLueH-
CTBOBaHMWS KONOPEKTaNbHbIX
pesekuuii

Nanapockonuueckas xupyprus
Yyepe3 eAUHCTBEHHbII pa3pes
Mpy nanapockonu4ecKoi Xupyp-
UM Yepe3 eAMHCTBEHHbIN paspes3
(MeToA4 04HOro NOpTa), B NEepesHei
OPIOLLHOM CTEHKe yCTaHaBMBaeTcs
OLMH NOPT, Kak Npasuno, B 0651actv
nynKka uim B MecTe, rae nnaxupy-
€TCS CTOMA, C LIENb0 YMEHbLUEHMS
OCTOXXHEHMIA, CBSI3aHHbIX C BBEAE-
HWEM TPOAKapOB, BOCMANTENbHON
peakLum, a TakxKe ynyyLleHus
KOCMETUYECKUX PE3ynbTaToB,
O[HAKO CTOMMOCTb TakoW onepavmm
6onbLue [10].

B 1992 ropy 6b10 ony6nukosaHo
nepsoe CO0BLLUEHNE O NPOBEAEHUN
anneHasKToMuW nyTem nanapo-
CKOMMYECKOM onepaumun 4epes
€MHCTBEHHbI pa3pes, 3a KOTOPOM
nocnefoBanyu YpecnynoyHas
XONELMCTIKTOMMS M pe3eKums
060404HOM Kuwwkm [11, 12, 13].
MocnefHue AaHHble, BKHOYato-
LuWe cuctemaTnyeckue 0630pbl v
MeTa-aHanum3, no3BoAMIN CAenaTh
BbIBOA, YTO Y OTAEMbHbIX NALMEH-
TOB, HANPUMEP, € H13kM UMT,
Mpw pacnonoXxeHun 06pasosaHns B
NpaBoit NONOBUHE KULLEYHWKA, Na-
NapoCKoNM4ecKas X1pyprus Yepes
€[MHCTBEHHbIV pa3pe3 SBNseTcs

KonopekTtanbHas xupyprus

LienecoobpasHoi 1 6e30nacHoi
MPOLIEAYPOK, ECAN BbINOSHAETCS
CrneumranbHoO NoAroTOBIEHHbIMM
xupypramu. OfHaKo, He npesoc-
X04UT 06bI4YHYH0 NanapocKonuye-
CKYH0 OMepavumio OTHOCUTENBHO
nocneonepaumorHbIi 601u, Cnaek 1
OCMOXHeHWiA [10, 14, 15].

Kak v Bce apyrve npouenypl,
nanapockonuyeckas xupyprus
4epes eAMHCTBEHHBIN Pa3pes
MOXET 6bITb BbINONHEHA BMECTE C
KOMOVHMPOBAHHOW Nanapockonmye-
CKM - 9HLOCKOMNYECKON peseKLmein,
0[1HaKO, OMbIT TaKMX BMeLLATENbCTB
OrpaHnyeH, No3ToMy fienarthb Bbl-
BOAbI NpexXAeBpeMeHHo. Banay
MPUCYLLMX OPraH13My YenoBexa
0COBEHHOCTEN U CyLLECTBEHHOMY
OrpaHNYeHuIo CTeneHn cBo6o-

[ibl MHCTPYMEHTOB B GPIOLLHOIA
NoMOCTH, B HACTOSILLEE BPEMS

W B NPOrHO3WpyeMoMm By ayLiem
3HAYMMOCTb NanapOCKOMUYECKOM
XMPYPritv Yepes eaMHCTBEHHBIN
paspes HeBenuka.

Po6oTusnpoBanHas
nanapocKonuyeckas Xupyprus

B 2002 rozy Bnepsble 6b110 CO-
06LLUEHO O MPOBEAEHNM NEPBbIX
[ByX PO6OTU3NPOBaHHbIX KOMAKTO-
Mui1 [16]. HecMoTps Ha BbICOKYHO
CTOMMOCTb M AIMTENBHOCTL ONepa-
Lmu, po6OTM3MPOBAHHAS XMPYPTUs
sBngeTcsa 6onee yCoBEPLLEHCTBO-
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to the sphincter can be better
visualized than in a classical
transabdominal approach [10].

Conclusion

Endoscopic removal is the
treatment of choice for colo-
rectal polyps. The majority of
colonic polyps found at endos-
copy are suitable for diathermy
share excision via the colono-
scope, but large, sessile, or
awkwardly located polyps hold
the risk of colonic perforation,
bleeding, or inadequate exci-
sion [9]. Because of location or
size, some lesions are deemed
unsafe for classical endoscopic
resection and therefore have
been assigned to extended
surgical resection previously.
Minimally invasive techniques
are still underused today [10],
but combined laparoscopic-
endoscopic resection is a

safe and efficient therapeutic
approach for selected patients
with large polyps or those

that are difficult to access

by conventional snare pol-
ypectomy [6]. Intraoperative
endoscopy provides additional
safety for the laparoscopic
surgeon by precise localization
of the lesion and endoluminal
observation of resection and
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reconstruction [6]. Whenever
needed, the completion of
treatment by means of lapa-
roscopic colonic resection is
possible without problems in
the same procedure [9].

Dr. Dr. Ulrich Nitsche (MD)
Ass.Prof. Dr. Dirk Wilhelm (MD)
Prof. Dr. Hubertus FeuBner (MD)
Univ.-Prof. Dr. Helmut Friess (MD)

BaHHbIM NanapocKon14eckinm
BMELLATENbCTBOM C TPEXMEPHOM
BU3yanu3aumen, aBToMaTM4eCKum
YMEHbLUEHWEM TPEMOPA PYK XMPYP-
ra, LWMPOKNM CMEKTPOM [IBUXEHMUIA
(Hanpumep, xupyprveckas poboTu-
3upoBaHHas cuctema [a Bunum o1
Intuitive Surgical, Inc, CaHruBain,
Kanndophus) [10].

Kpome Toro, ¢ noMOLLbH) 3TOM
CUCTEMbI JIerye BbIMOJHATH
MMCAAEHIKTOMMUIO W HAMOXKEHNE
MHTPaKOPMopansHoro aHacToMo3a.
B HacTosiLLee Bpems poboTM3mnpo-
BaHHas KONOPeKTasbHas XUpyprus
OLieHMBaEeTCA kak 6esonacHas u
LienecoobpasHas, a KpaTkocpoy-
Hble pe3ynbTaTbl CONOCTaBNMbI C
pesynbTaTamu 06bI4HOM nanapo-
CKOMMYECKON Xvpypriv.

OcobeHHo npu 3a6oneBaHNsX
NPSMOIA KULLIKW, JOCTYN K Y3KOM
MoMOCTM Manoro Tada MOXeT BbITb
LAXE NyyLe, YEM NP 00bIYHbIX OT-
KPbITbIX ONepauusix, a MpeKkpacHbli
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KonopekTtanbHas xupyprus

0630p N03BONSET yAanuTh 60MbLIe
nuMcpaTyeckux y3nos, obecne-
unBaeT 6ONbLLYIO LIMPUHY KpaeB
pe3eKLmm, a Takxe HepBocoepe-
ratoLLyt0 METOLMKY ONepUpoBaHms
[101.

HpocKonnyeckas xupyprus
yepes ecTeCTBEHHble OTBEPCTHSA
(NOTES)

[MpK «3HAOCKOMMYECKOW XMPYPritn
uepes eCTECTBEHHbIE 0TBEPCTUS»
[OCTYN B OPIOLLHYHO MOSIOCTb OCY-
LECTBNSETCA YEPES ECTECTBEHHDBIE
OTBEPCTUA: POT (TpaHcracTpasb-
HbliA BOCTYN), ypeTpy (TpaHcse-
3MKasnbHbIA JOCTYN), BNaranmile
(TpaHBarmHanbHbIA JOCTYN), UK
aHyc (TpaHcpeKTanbHbIi JOCTYN)
[101.

CoobLueHre 0 NepBoil TpaHcaHarb-
HO¥ SHAOPEKTANBbHOM CUTMOU-
L3KTOMUM 6b110 0Ny6MKOBAHO

B 2009 rogy [17], 0OAHAKO HOBbIE
METOAMKM, KaK NPaBUAO, BKIKYAKOT
MPUMEHEHNe NanapoCcKONMYECKNX
TpoaKkapos, a akcumans obpasua
TKaHew OMyXxonu BbINONHSETCs
TPaHCBarMHanbHO UMW TPaHCcaHasb-
HO [10].

CoBpeMeHHas Moguchvkaumus TEM
(TpaHcaHanbHOM 3HAOCKOMMYECKOM
Mukpoxupyprum) TAMIS (TpaHc-
aHanbHasi MUHMMarnbHO MHBAa3NBHAs
XMPYPrus) XapakTepuayeTes ue-
NoMb30BaHUEM NanapoCKoNU4YecKo-
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r0 YCTPOWCTBA Yepes OfMH MopT,
KOTOpOE BBOAMTCA TPaHaHasbHO

C LIENbIo 3KCLM3NN PeKTanbHOM
ONyX0mu, BMECTO XECTKOrO U
6onee LIMHHOTO PEKTOCKONA Mpy
TEM [10, 18]. MNpu pexTansHom
paKe NPUMEHEHNE TPaHCaHaNbHO
«3HA0CKONMYECKAs XMPYPriv Yepes
€CTECTBEHHbIE OTBEPCTUS» N0-
3B0NSET U36exaTb [ONONHUTENb-
HOIA BUCLIEPOTOMMM, B OTAIMYME OT
ApYrux nofo6HbIX MeToAoB. Kpome
TOr0, AUCTanbHbIA Kpan OMyxonu u
€ro CBSA3b CO CHUHKTEPOM MOXET
ObITb NyLLE BU3yanu3npoBaHa,
4eM MpU KNaccu4eckom TpaHcabfio-
MWHanbHoOM foctyne [10].

BbiBoAb!

OHIO0CKOMNYECKOE YAaneHue
ABNSETCH METOAOM BbIGOpa Npy Ne-
YeHWUn NonunoB. bonbLIMHCTBO Mo-
NINNOB TONCTON KULLKM, HAWAEHHbIX
MpK 3HAOCKOMMYECKOM UCCNEA0Ba-
HWK, MOXHO YAANUTL NOCPEACTBOM
AMaTePMMM C MOMOLLBH NETN

BO BPEMS KOJIOHOCKOMWMW, OAHAKO
6onbLuKe, Ha LUIMPOKOM OCHOBAHWUM,
WM PaCNONIOXKEHHbIE B TPYAHO-
LOCTYMHbIX MECTAX NOMMMbI HECYT
p1CK nepdopaumm TONCTOM KULLKK,
KPOBOTEUEHMS UM HEJOCTATOYHO-
ro ucceyeHus. Yaanexve Hexo-
TOPbIX 06Pa30BaAHNIA C MOMOLLBIO
KNacCU4eCKO SHAOCKOMMNYECKON
peseKummn 13-3a Mx MecTopacno-

KonopekTtanbHas xupyprus

NOXXEHNS MM pa3Mepa CHMTanoch
Hebe30MacHbIM, NOSTOMY BbINOSHS-
JMCb PACLUMPEHHbIE XMPYPruveckue
pe3exumm.

B HacTosiLee Bpems No-NpexxHeMy
MCMOMb3YHTCH MUHUMANBHO
WHBA3MBHblE METO/bI, 0AHAKO Y
0TA€eMbHbIX NALUMEHTOB C 6ONbLLMMM
nonMnamm uiv 06pasoBaHnsaMM,
KOTOPbIE TPYAHOAOCTYMHbI AN
00bI4YHOW MONMMIKTOMMUM C NMOMO-
LbHO NETM, KOMOMHWPOBAHHbIE
NanapocKon14eckm - SHAOCKOMNYE-
CKMe pesekunm aBnsioTcs 6esonac-
HbIM 1 3(hEKTUBHBIM NEHEOHBIM
METOZOM [6].

VIHTpaonepaumnoHHas 3HEOCKONMs
06€eCneynBaeT JONONHUTENbHYIO
6e30MacHOCTbL NanapoCcKOMUYECKOM
XMPYPryt 3a c4eT TOYHON NoKanu-
3auum 06pa3oBaHns U IHLONOMM-
HaMbHOrO KOHTPONS PE3EKLMN 1
PEKOHCTPYKUMK. B cyyae He-
00X0AMMOCTH, B TEYEHUE OAHOMO
BMELLATENbCTBA MOXXHO NPOBECTY
W NanapoCKOMUYECKYH0 PE3EKLINIO
[9l.



Elbow Arthroplasty

el

Medical »emyiHcion

HOOHAN

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Total Elbow
Arthroplasty -
Indication and
Therapeutic
Approach

Introduction

Total elbow arthroplasty (TEA)
is indicated for advanced
degenerative joint conditions
(i.e. rheumatoid arthritis), post-
traumatic sequelae and primary
fracture treatment [1, 2].

Distal humeral fractures cur-
rently represent only 2% of

all elbow fractures, and 5% of
fractures in individuals older
than 60 years [3, 4].
Consequently orthopaedic sur-
geons in training will encounter
relatively few of those during
their training years and even
when working as a consult-

ant in a specialist upper limb
department it is unlikely to be
called up on to treat these chal-
lenging fractures on a regular
basis [3]. Due to demographic
changes an increasing number
of humeral fractures in the
elderly can be assumed [5].
Hence, the most appropriate
treatment will become the
focus.

For old patients with comor-
bidities and decreased bone
quality who suffered a severe
intraarticular comminuted
fracture of the distal humerus,
primary TEA enables an im-
mediately stable joint situation,

followed by early functional
treatment and rehabilitation
with good to excellent clinical
results [6, 7].

If surgery is contraindicated in
the fracture situation (i.e. due
to severe cardiopulmonary
diseases) the elbow joint can
also be immobilised with a cast
(6 to 12 weeks).

However, the risk for persistent
pain and functional limita-
tions is markedly increased

by conservative treatment.
Nevertheless, secondary TEA
is still possible [8]. Prasad and
Dent [9] observed no signifi-
cant differences concerning
the functional outcome after
secondary TEA.

The patients included in their
study underwent secondary
total elbow replacement at a
mean of 56 weeks following
trauma.

Compared to total knee and
hip arthroplasty the overall

risk for complications is higher
after TEA (24.3% + 5.8%)
[10]. There is an increased risk
for aseptic loosening of TEA
in the post-traumatic seque-
lae (10.2%) — which includes
ankyloses, instability, severe
posttraumatic arthrosis — com-

3HAOMPOTE3MPOBaHME JIOKTS

ToTanbHOe 3HAO-
NpoTe3npoBaHue
NIOKTS: NOKa3a-
HUA U TepaneBTU-
YeCcKUU noaxon

BeegeHue

ToTanbHoe (NofHoe) 3HAONpPOTE-
3uposanue nokTs (TAJ1) nokazaHo
Npw 3anyLLeHHbIX AereHepaTuBHbIX
3a60/1eBaHMsIX NIOKTEBOrO CycTa-
Ba (HanpuMep, PEBMATOMAHOM
apTpuTe), NOCTTPABMATUYECKNX
OCTIOXXHEHUSIX U NeYeHnn NepBuy-
Horo nepenoma [1, 2].
[ucTanbHble nepenoMbl Neyesom
KOCTU B HACTOsILLEE BPEMS COCTaB-
NAOT LWL 2% OT BCEX NEPENOMOB
NOKTEBOro cycTasa 1 5% oT nepe-
nomoB y nuy ctaptue 60 net [3, 4].
CrepnoBatensHo, XUpypru-opTone-
bl HEYACTO CTANKMBAKOTCS C TaKOM
naTonoruei B nepuog 06y4eHus u,
LaXe npn paboTe B KAYECTBE KOH-
Cy/nbTaHTa B CNELManM3MpoOBaHHOM
OTLENeHUM BEPXHEN KOHEYHOCTH,
HeperynspHo Neyar 3T1 CNoXHble
nepenomsl [3]. B cBA3N ¢ n3meHe-
HWEM Aemorpachmyeckon cuTyauum,
MOXXHO MPEAMONOXMUTb YBENMYEHNE
yucna nepesioMoB NeYeBoit KOCTH
y noxunbix ntogei [5]. Cnepo-
BaTenbHoO, ByeT BOCTPe6oBaHO
COOTBETCTBYIOLLEE NEYeHue.

Y naumeHTOB MOXMMOro BO3pacTa ¢
COMyTCTBYOLWMMM 3a60N1EBAHNSAMM
1 CHVXKEHHBIM KQ4€CTBOM KOCTHO
TKaHW, C TAXXENbIM BHYTPUCYCTaB-
HbIM OCKOMbYaTbIM NEPENOMOM
AMCTaNbHOro 0TAENa Nneyesoi
kocTu, nepsiyHoe TIJT obecneyn-
BAEeT HEMEANIEHHYIO CTAbMIN3ALNIO

cycTaBa ¥ NMocneAytoLLyto pPaHHIoH
peabunuTaumio ¢ XOpoLLMMK 1 OT-
JINYHBIMM KITMHUYECKUMM PesynbTa-
Tamu [6, 71.

Ecnu onepauus npu nepenome
NPOTMBOMOKa3aHa, Hanpumep, 13-
3a CepbesHblX CepAeYHO-NEeroYHbIX
3a60NeBaHuiA, IOKTEBOM CycTaB
MOXET ObITb MMMOBUNU30BAH C
MOMOLLBIO F1MCOBOI NOBS3KM B
TeyeHme 6 -12 Hepenb. OaHako
MoCne KOHCEPBATWUBHOMO NEYEHMS
PUCK MOCTOSHHBIX 60MEN W (hyHKLM-
OHanbHbIX OrpaHN4eHiA 3aMETHO
yBENN4MBAETCA.

Tewm He MeHee, nocne 3Toro Bce
eLLe BO3MOXXHO NPOBEAEHNE
BTOpuuHoro TOJ1. Prasad v Dent
[9] coobLmnm, 4To He Habmofanu
HUKAKOrO CYLLECTBEHHOMO OTNYMS
(DYHKUMOHANBHOrO pesynbTara no-
cne sropuyHoro TOJ1. MauneHTam,
Y4aCTBYHOLLMM B X UCCNIELOBAHNM,
nomnHas 3ameHa nokTs 6bina BbINos-
HeHa, B cpefiHeM, vepes 56 Hepenb
nocne TpasMmbl.

Mo cpaBHEHUHO C TOTASbHbIM
9HA0MPOTE3NPOBAHNEM KOJIEHHO-
ro v Ta306€4PEHHOT0 CyCTaBOB,
06LLMIA PUCK OCNOXHEHUA NoCne
TON Bbiwe (24,3% + 5,8%) [10]. B
YaCTHOCTM, CyLECTBYET NOBbILLIEH-
HbliA PUCK aCenTUYeCKoro paciua-
ThiBaHUS NPOTE3a NPy NOCTTPas-
MaTU4ECKMX OCTOXHEHNSX (10,2%),
KOTOPbIE BKAKOYAKT aHKMMO3bI, He-
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Fig. 1: (a) Radiographs of an 83
year-old, female patient with

an intraarticular fracture of the
distal humerus (AO type C1/
Dubberley IA) with concomitant
degenerative changes.

(b) Cemented and semi-con-
strained TEA with a custom-
made nickel-free Coonrad-
Morrey (Fa. Zimmer) prosthe-
sis. Drill holes for transosse-
ous triceps refixation in the
proximal ulna are still visible on
the lateral view.

©Department of Trauma and
Orthopaedic Surgery, University
of Cologne, Germany

pared to patients with rheuma-
toid arthritis (5.3%) or those
with an acute distal humeral
fracture (3.7%). The survival
rate of TEA in patients with
rheumatoid arthritis ata 10 to
15 year follow-up is — on aver-
age —92.4% [11].

However, after secondary TEA
in post-traumatic sequelae the
survival rate at 10 to 15 year
follow-up decreases to a mean
of 65% [12]. Younger pa-

tients (< 65 years) with higher
daily loads have a three-fold
increased risk for “mechanical
complications” such as stem
fractures or polyethylene wear
[12]. Therefore, TEA — especial-
ly in younger patients — should
be carefully considered. For
distal humeral fractures open
reduction and internal fixation
(ORIF) remains the gold stand-
ard — aiming for a reliable and
anatomical joint reconstruc-

CTabWbHOCTb, TSXKENblA NOCTTpaB-
MaTUYecKuii apTpo3, y NauUMeHTOB

C peBMaTonaHbIM apTpuToM (5,3%)
WM C OCTPbIM AUCTaNbHbIM Nepeno-
MOM NneyeBoit Koctv (3,7%).
BbIx1BaemMoCTb MAUMEHTOB Yepes
10 -15 net nocne T3J1 cocTasnser,
B cpeaHeM, 92,4% [11]. OgHako
nocne sTopuyHoro T3JT npu nocT-
TPaBMaTUYECKMX OCTOXHEHNSX
Takas BbKMBAEMOCTb YMEHbLLUA-
€TCS, B CPEOHEM, [0 65% [12]. Y
6onee MONOAbIX NauMeHToB (<65

Puc. 1: (a) PeHTreHorpammbl
83-neTHeii naUMeHTKK ¢ BHYTPUCY-
CTaBHbIM NEPESIOMOM AUCTANbHOTO
0TZAena nnevesoit koctn (AO Tuna
C1/ Dubberley IA) u conyTcTByto-
LMK fiereHepaTnBHbIMN U3MEHE-
Huamu; (b) LiemeHTHoe nonycss-
3aHHoe TOJT ¢ ucnonb3osaHnem
VHAMBUAYANbHO M3rOTOBNEHHOMO
6e3Hukenesoro Coonrad-Moppu
(Fa. Zimmer) npoTesa. OTBEPCTHS
ANs YPECKOCTHOM pedmkcaLmm
TPULIENCOB B MPOKCUMANbHOM
OTAene NOKTEBOW KOCTH BCE eLle
BUAHbI COOKY. ®Department

of Trauma and Orthopaedic
Surgery, University of Cologne,
Germany

NET) C BbICOKUMMU EXXE[HEBHBIMM
Harpyskamu B Tpu pasa yBefnyeH
PUCK «MEXAHUYECKMX>» OCNOXKHE-
HUWIA, TaK1X KaK NepenoMbl HOXKM
UM U3HOC nonuaTuneHa [12].
Taxum o6pa3zom, npumerenune TOJT,
0COBEHHO Y MOMOAbIX NALMEHTOB,
[O/DKHO paccMaTpuBaThCs O4eHb
TWAaTeNbHO.

[pu gucTansHoOM nepenome nine-
4eBO# KOCTW OTKPbITAs PEno3vums
W BHyTpeHHsS oukcaums (OPBD)

0CTaeTCcs 30N10TbIM CTAHAAPTOM
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Fig. 2: (a) ORIF failure
with secondary fragment
dislocation and post-
traumatic degenerative
changes in a 69 year old
female who had suffered
a severe comminuted
distal humeral fracture.
(b) At two year follow

up after secondary TEA
with a cemented, semi-
constrained LatitudeTM
(Fa. Tornier) prosthesis
the patient is pain-free
and has a good function
(E/F 0°-0°-115°, P/S 90°-
0°-90°). ®Department of
Trauma and Orthopaedic
Surgery, University of
Cologne, Germany

Puc. 2: (a) OPBO ¢
BTOPUYHbLIM CMELLEHNEM
(bparmeHTa 1 nocTTpasmaTk-
YECKUMM [iereHepaTUBHbLIMM
N3MeHeHnsaMK y 69-neTHei
XKEHLLWHBI, KOTOPas nepe-
Hecna TSKenblii 0CKOMbYa-
Tblih NEPENOM ANCTANbHOMO
0T/ieNa NNeyeBomn KOCTH;

(b) Yepes aBa roga nocne
BTOPUYHOM TOJT LEMEHTHbIM
nonycss3aHHbIM LatitudeTM
(Fa. Tornier) npoTe3oM y
nauneHTKN HeT 6oneii 1
0TMeyYaeTes xopoLlee yHK-
LmoHvpoBanue cycTasa (E / F
0°-0°-115°, P / S 90°- 0°-90°).
©Department of Trauma
and Orthopaedic Surgery,
University of Cologne,
Germany
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tion, which allows for an early
functional treatment. Although
ORIF is generally the treatment
of choice, complex fracture
patterns of the distal humerus
(AO Type B3 and C3) and/or

a comminuted dorsal fracture
zone (Dubberley Classification
Type B [13]) may make it im-
possible to address the fracture
sufficiently by osteosynthesis.
Therefore, patients with a
severely comminuted fracture
of the distal humerus who are
older than 75 years should be
considered for primary TEA.

However, the decision must be
taken individually. Hence, the
option for TEA should be avail-
able at the time of surgery for
all distal humeral fractures in
this patient population [3].

In low-demand patients or in
patients with reduced func-
tional expectations, TEA can
be performed in patients with
even less than 75 years of age.
An advantage of primary TEA in
old patients with severely com-
minuted fractures is the poten-
tially shorter time of surgery

— compared to ORIF — with a
good functional outcome in

the short-term [14, 15]. If the
elbow joint is already altered
preoperatively by degenerative
changes or rheumatoid arthri-
tis, primary TEA is an option
for simpler fracture patterns as
well [14].
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Diagnostic and Therapeutic
Approach

A detailed patient history
should be recorded preop-
eratively. A thorough physical
examination including skin and
joint status of the injured elbow
and the neurovascular condi-
tions should be performed as
well. The course of the ulnar
nerve (previous operations?)
and a possible tendency to
dislocate from the cubital
tunnel are of particular inter-
est. Furthermore the condition
of triceps and biceps muscle
should be analysed.

A radiological examination

of the total upper extremity

in two standardised views is
necessary. In fracture cases
we recommend an additional
computertomography (CT) of
the elbow with a coronal and
a sagittal 3D-reconstruction

to facilitate the understand-
ing of the fracture pattern. In
complex comminuted distal hu-
meral fractures the decision for
ORIF or primary TEA is often
made intraoperatively. Primary
TEA may be a good alternative
therapeutic approach if the
joint cannot be sufficiently ad-
dressed by an osteosynthesis
or if the patient is older than 75
years [Figure 1 a/b].
Non-union, secondary fracture
dislocations or advanced post-
traumatic osteoarthritis are
possible complications after
ORIF of comminuted fractures

ANs BOCTVXKEHNS HALEXKHOW aHaTo-
MWYECKON PEKOHCTPYKLMK CYCTaBa,
4TO NO3BONSIET NPOBOANTL PAHHIOK
(OYHKLMOHANBHYHO peabunuTaumio.
XoTts OPBO siBnsietcss METOA0M
BbI6OPA, CNOXHAS KOHUrypauns
nepenoma AucTanbHoro oTaena
nneyesoi koctv (AO Tun B3 n C3)
W/ Man OCKONbYATBIA LOP3anb-

HbI nepenoM (Knaccudpmkauns
Dubberley, Tvn B [13]) moryT uc-
KMKOUUTb BOSMOXHOCTb U3N1IEYEHNS
nepenoma MeTo0M 0CTEOCUHTE3A.
Takum 06pasom, npu neyeHun
NaLUNEHTOB C TSKENbIM 0CKOSb-
4aTbIM NEPENOMOM ANUCTANBHOMO
OTAena nne4eBon KOCTH cTapLue
75 net cnegyet paccmarpusaTb
nepsuyHoe TOJ1. OaHako pelueHue
[OSDKHO ObITb MPUHSATO B UHAK-
BMayanbHOM nopsigke. B no6om
cnyyae BapuaHT TIJT BOMKeH ObiTh
[OCTYNeEH BO BPEMS Onepaumm no
noBOJy BCEX NepenoMoB AncTab-
HOrO OTAena Nne4YeBon KOCTu y
9TO¥ NonynALMK NaumenTos [3].

Y NauneHToB C HU3KUMK 3anpocamm
WM CO CHUXEHHbBIMN (hyHKLMO-
HamnbHbIMK 0XnaaHuamu, TJ
MOXET 6bITb BbINOSHEHO B BO3pac-
Te MeHee 75 neT. MpenMyLecTsom
nepsuyuHoro TAJTy noxunbix
NauUNeHTOB C TSKENbIMU OCKOSb-
4aTbIMK NEpeNoMamm SBASeTCS
noTeHUmManbHo 60n1ee KOpoTKoE
BpeEMS onepaumu (Mo CPaBHEHMIO C
OPB®) ¢ xopoLwmM (hyHKLMOHAMb-
HbIM PE3YNbTATOM B KPATKOCPOY-
Hoit nepcnekTuse [14, 15]. Ecnun
NIOKTEBOM CYCTaB Nepe onepauneit
YK€ NOPaXXEH fereHepaTuBHbIMK
N3MEHEHNSMW MY PEBMATOMA-

OHA0NpPOTE3NPOBAHME JIOKTS

HbIM apTPUTOM, NepBuYHbIA TOJ1
ABNAETCS NevebHOM onumeit npu
6onee NpPoCTbIX KOHUrypaLmsx
nepenoma [14].

AuarHocTuyeckuii u neyvebHbI
noaxoa

lMepes onepaunen cnepyeT 3ag0Ky-
MEHTMPOBAaTb NOJPOGHYIO MCTOPHMIO
60ne3HM NaumeHTa. Takxe LOMKHO
ObITb NPOBEAEHO TLLATENbHOE (hu-
3UKanbHOe 06CNEA0BAHME, BKITHO-
yas KOy, COCTOSIHVE MOBPEXAEH-
HOTO NIOKTS ¥ HEMPOBACKYNSIPHbIE
cratyc. COCTOSIHME NOKTEBOrO
HepBa (MpeablayLuue onepaummn?) u
BO3MOXKHAs TEHAEHLMS K CMeLLe-
HUMIO U3 NIOKTEBOTO TYHHENS Npea-
CTaBNAOT 0COBbINA HTEpeC. Kpome
TOr0, AOSKHO ObITb NPOaHANM3N-
POBaHO COCTOSIHME TPEXTNaBoii U
ABYTNaBOW MbILLL.

Heo6x0aMMOo BbIMONHUTL paauo-
NIOrMYeCcKoe UccneaoBaHue BCe
BEPXHEl KOHEYHOCTY B [IBYX CTaH-
[apTHbIX Npoexkumsix. B cnyyasx
NepenoMoB Mbl PEKOMEHYeM
LOMOSHUTENBHYO KOMMBIOTEPHYHO
ToMmorpacmio (KT) nokTeBoro
cycTaBa ¢ (opoHTaNbHOM 1 caruT-
TanbHO 3D-peKOHCTPYKLMeN ¢
LIeNbIO YTOUHEHNS KOHUrypaLmu
NOBPEXAEHMS.

B cnyyae cnoxHbIX 0CKONMbYaTbIX
nepenoMoB ANCTaNbHOro 0TAena
NneYeBOi KOCTM PELLEHNE O Bbl-
nonHerun OPB® unn nepsruyHoOro
T3J1 vacto npuHMaeTCs Bo BpeMs
onepauuu. lMepsuyroe T3 MoxeT
ObITb XOPOLLWM anbTEPHATUBHbBIM
TepaneBTMYECKUM NOAX0J0M, ECIN
CYCTaB He MOXET 6bITb B AOCTATOY-
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Table 1: Indications for TEA and
Hemiarthroplasty in distal humeral
fractures

of the distal humerus. In young
and functionally demanding
patients the attempt to save
the joint is recommended [12]
through the use of different
techniques such as Re-ORIF or
interposition arthroplasty as a
salvage procedure [16]. How-
ever, if severe posttraumatic
bony changes are obvious and/
or a chronic posttraumatic
joint instability is detectable, a
secondary TEA (cemented and
semi-constrained) is an option
to reduce pain and improve
function [Figure 2 a/b]. Pogli-
acomi et al [17] recommend
TEA for non-unions of the distal
humerus as an alternative for
ORIF. The satisfactory results
in their study lead the authors
to consider TEA, preferably
with linked implants, indicated
in selected patients older than
70 years and low functional-
demand.

Regarding postoperative treat-
ment after TEA compliance is
crucial. Weight lifting over 5 kg
or repetitive movements, with
weights of more than 1 kg,
should be avoided. Patients’
compliance is mandatory for
the success of TEA.
Indications and contraindica-
tions for TEA are summarized
in tables 1 and 2.

Prosthetic Designs

Elbow arthroplasties have
undergone a considerable
evolution in the last decades

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Indications for TEA and Hemiarthroplasty in Distal Humeral Fractures

Indication for TEA

» Osteosynthesis not possible (severe comminuted intraarticular
fracture; AO type C3/ Dubberley B)

* Old patients (>75 years) — individual decision (low-demand,

comorbidities etc.)

* Patients with a reduced life expectancy

* Pre-existing degenerative changes

 Complications after ORIF (i.e. post-traumatic arthrosis; non-union;
secondary fracture dislocation)

Possible Indications for Hemiarthroplasty

* Integrity of proximal ulna and radius

* Stable joint conditions

e Complex fractures of the distal humerus (AQ Typ B3/ Dubberley 2B

with intact humeral condyles)

because of better anatomical
and biomechanical knowledge,
continued development of
biomaterials, improvement

of operative techniques and
better definition of the surgical
indications [18]. Total elbow
designs include “constrained/
linked” and “unconstrained/
unlinked” implants. A fully
"“constrained” prosthesis is no
longer commercially produced.
To reduce shear forces and
stresses on the implant-bone-
cement interface modern
implants have a “sloppy-hinge”
mechanism which enables

on average 7° valgus-varus
movements. This modification
decreased the rate of aseptic
loosening and periprosthetic
fractures occurring with the
fixed-hinged implants [19].
Introduction of the anterior hu-
meral flange — which increases
rotatory stability and decreases
posteriorly-directed stresses —
contributes to the increase in
the survival of implants as well

[20]. Consequently, modern

HO Mepe BOCCTAHOBNEH METOAO0M
OCTEOCUHTE3a UMW eCNW NauueHT
crapLe 75 net (PucyHok 1 a /b).
HecpacTtaHnue, BTOPUYHOE CMe-
LLEHME KOCTEN UK TSHKENbIN
MoCTTPaBMaTUYECKNiA OCTE0APTPUT
SBNSIOTCH BO3MOXKHbBIMU OCNIOXKHE-
HuamMu nocne OPB® ockonbyaThIx
MepesioMoB AUCTamNbHOro OTAeNa
MNeYeBoi KOCTH. Y MONOSBIX 1
(byHKUMOHaNLHO TpeboBaTenb-
HbIX NaLMEHTOB PEKOMEHAYETCS
NOMbITATbCH COXPaHUTb CyCTaB
NyTeM UCNONb30BAHUS PA3NINYHbIX
MeToZ0B [12], Takux KaK nosTop-
Hast OPB® 1nu MHTEPNO3nLMOoHHas
apTponnacTuka Kak «npoueaypa
oT4asHus» [16]. OfHako, ecnm
TSKeSble NOCTTpaBMaTU4eckue
U3MEHEHNS KOCTEN O4EBUIHDI U /
UM 06HAPY>KMBAETCS XPOHUYECKAs
nocTTpaBMaTM4eckas HecTabusb-
HOCTb CyCTaBa, BTOpuuHoe TOJ1
(LEeMEHTHOE W NOMyCBSA3aHHOE) 51B-
nseTcs nevebHOM onunen ¢ Lenbo
YMEHbLLEHNS 60NN K YAyULLEHUS
yHKUMM (PycyHok 2 @/ b).
Pogliacomi ¢ coasT. [17] pexo-
MeHgytoT TOJ1 npu HecpacTaHum
nepenoma AucTanbHoro oTAena

NPOTE3UPOBaHME NOKTS

Tabnmua 1: Mokasanus k TOJ1 v remuap-
TponnacTuke Npu AnCTanbHbIX Nepenomax
NneyeBoit KOCTU.

nneva kak anbtepHaTnsy OPBO.
Y0BNeTBOPUTENbHbIE PE3YNbTaTh
uccneaoBaHns NO3BONSKOT aBTopam
npuMensTe TOJ1, npeanoyTUTENb-
HO CO CBSI3aHHbIMK NPOTE3aMMU, Y
OTAEeNbHbIX NaumeHToB cTapLue 70
NET U HN3KNUM (PYHKLIMOHATbHBIMM
3anpocamu.

Kputuuecku BaxkHbIM npu T
ABNAETCS COONoAEHNe Nocneone-
PaLMOHHOrO pexxumMa. B yactHocTH,
cnefyet uaberatb Nogbema rpy3os
6onee 5 Kr nnm NoBTOPSIOLLNXCS
[BVXXEHMIA C BECOM Bonee 1 kr.
Cnoco6HOCTb NauneHTos cobito-
[aTb BCE BpauebHble NpesnmcaHms
ABNSETCS 0693aTENbHLIM YCIIOBUEM
Ans ycnewHoctv TOJ.

[Noka3saHus 1 NPOTMBOMNOKA3aHNst

k T3J1 npefcTasnerbl B Tabnmuax
1n2.

[uzaiiH npoTe3os

3a nocneHve [ecATUNETUS
apTponnacTuka noKTs npeTep-
nena 3HaunTeNbHYI0 9BOSHOLMIO
BCNEACTBWE YNYULLEHUS 3HAHUA 06
aHaTomum 1 6MoMexaHuKe cycTasa,
NPOAOIXAtoLLErocs passuTue 61o-
MaTep1arnoB, yCOBEPLIEHCTBOBAHMS
OnepaTMBHOW TEXHUKM K Bonee
4eTKOr0 ONpefeneHns Xupypruye-
CKMX MoKa3aHui [18].

[lu3anH NpoTe30B NOKTEBOrO CycTa-
Ba MOXET BKMOYaTh «CBS3aHHbIE

| COYNEHEHHbIE «M «HECBSI3aHHbIE

/ HECOUNEHEHHbIE» UMMNAHTATbI.
[MONHOCTBIO «CBA3AHHBIA» NPOTES
6onbLue He npouaBoguTcs. [ns
YMEHbLLEHNS CABUTaOLLMX CUIT U
Harpy3ku B 30He B3aMMOJENCTBMS
WMNNaHTaT-KOCTb-LIEMEHT COBpE-
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“constrained” implants are
more appropriately rather
termed “semiconstrained”.

In younger patients with good
bone quality, stable ligaments
and a preserved radial column
(native radial head or radial
head replacement) an uncon-
strained, cemented TEA can
be used. The implantation of
an unconstrained prosthesis

is generally more sophisti-
cated. Joint stability has to

be checked carefully during
surgery. If the joint is not
stable, the implants must be
converted to a constrained
prosthesis. Plaschke et al. [21]
found in their retrospective
analysis of 167 procedures

no clinically significant differ-
ences after linked or unlinked
TEAs. The authors concluded
that their results could be due
to the implant selected, the
level of elbow destruction or
the indication for surgery. Axial
forces — applied on the hand

in extension — are transferred
with up to 60% at the radial
column [22]. Preservation of ra-
dial head or radial head replace-
ment should be contemplated
to maintain a physiological load
distribution and joint stability.
After radial head replacement a
sufficient humeral and ulnar ar-
ticulation over the entire range
of motion has to be verified
intraoperatively. Otherwise a
radial head replacement is not
recommended.
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If the radial head is not re-
placed/ preserved or the
capsule-ligamentous structures
are not stable or severe bony
lesions are obvious a cement-
ed and “semiconstrained”
prosthesis is the treatment of
choice. Hemiarthroplasty of the
elbow is also an option to treat
severely comminuted fractures
of the distal humerus. An ideal
indication for a hemiarthroplas-
ty is an AO type B3/ Dubberley
2B fracture with preserved con-
dyles. Stable joint conditions
and integrity of the proximal
ulna and radial head must be
checked previously. Although
reliable medium-term results
with functional outcome and
complication rates comparable
with ORIF and TEA are re-
ported for hemiarthroplasty in
comminuted intraarticular distal
humeral fractures [23], long-
term success of hemiarthro-
plasty cannot be foreseen at
the present time. A progress of
degenerative changes — espe-
cially of the proximal ulna — and
protrusions can be observed
due to altered joint kinemat-
ics [24-27]. In our therapeutic
approach hemiarthroplasty is
therefore hardly used.

Surgical Approach

We recommend general
anaesthesia combined with a
regional anaesthetic procedure
(i.e. interscalene catheter) with
the patient in supine position

MEHHbIE UMMNAHTATbl UMEOT «CBO-
60HO - LIAPHUPHbINA» MEXaHU3M,
KOTOPbIiA MO3BONSET, B CPEHEM,
OCYLLECTBNSATL 7 °BanbryCHo-Bapyc-
Hbl€ IBUXKEHUSI.

OTa Moandhvkaums cHU3una no-
KasaTenmacenTuyecKkux pacLiatbl-
BaHWiA 1 NEPUNPOTE3HBIX NEPENO-
MOB, KOTOPbIE YaLLe BO3HMKAKOT B
cnyyae (UKCMPOBAHO - LIAPHUPHbIX
uMmnnanTaros [19]. Hanuune
nepefHero naHua nne4esoro
KOMMOHEHTA, KOTOPbII MOBbI-

LaeT CTabunbHOCTb BPALLEHUS U
YMEHbLUAET HanpaBieHHYH K3aam
HarpyaKy, Takxe crnocodcTByeT
MOBBILLEHIO BbIXXMBAEMOCTH
umnnaxTartos [20]. CnepoBatenb-
HO, COBPEMEHHBIE «CBSA3aHHbIE

» UIMNaHTaThl LenecoobpasHo
Ha3bIBaTb «MONYCBA3AHHbIE».

Y MONOAbIX NALMEHTOB C XOPOLUMM
Ka4ecTBOM KOCTHOM TKaHW, cTa-
OUNbHbIX CBA3KAX W COXPAHEHHOM
Ny4eBOMN KOCTbHO (COBCTBEHHON
rOJI0BKOW Ny4EBOiA KOCTMW Wi
3aMeHEeHHON Ha NPOTE3) MOXeT
ObITb UCMONIb30BAHO HECBSI3AHHOE
LemeHTHoe TOJ1. MMnnaHTauus He-
CBS13aHHOT0 NPOTE3a, Kak NpaBmo,
6onee cnoxHas. CTabunbHOCTb
cycTaBa [O/KHA ObITb TLIATENBHO
MpOBEPeHa BO BPEMS onepavumm.
Ecnv coeanHermne He cTabunbHo,
AM3aiiH NpoTe3a A0MKEH ObITb 3a-
MEHEH Ha CBS3aHHbIN BapuaHT.
Plaschke ¢ coasT [21] npu peTpo-
CMeKTMBHOM aHanuae 167 BmeLua-
TENbCTB 0BHAPYXMUN OTCYTCTBUE
KMMHUYECKM 3HAUUMbIX OTIMYMIA NO-
CNe CBSI3aHHbIX UM HECBSI3AHHbIX
TOJ1. ABTOpbI NpWLLAK K BbIBOAY,

OHA0NpPOTE3NPOBAHME JIOKTS

4TO Takue pesynbTaThl MOTYT ObITh
06YCOBIEHb! BbIGOPOM UMIMNIaH-
TaTa, TSHKECTbIO NOBPEXAEHMS
NIOKTEBOTO CycTaBa Wiu NoKasaHms-
MM K onepauum.

Bonbluas YacTb 0CEBbIX CU - A0
60%, LeNCTBYIOLMX Ha PYKY Mpu
pasrubaHuu, NepeLatoTes, Ha nyye-
BYH0 KOCTb [22]. lMo3Tomy coxpa-
HEHWE roN0BKY JIy4eBOI KOCTM Min
€e 3aMeHa BXHbl 1 AOMKHbI 6bITh
PaccMOTPEHbI AN NOAAEPKAHNS
(h13MONOTMYECKOr0 pacnpefeneHus
HarpysKku v cTabunbHOCTY CycTaBa.
lMocne 3ameHbl rONOBKM fy4eBom
KOCTM BO BpeEMS Onepaumn Heoo-
XOAMMO NPOBEPUTH BECH ANANA30H
ABWXEHMS B CycTase. B NpoTMBHOM
Cny4ae 3ameHa ronoBku Ny4eson
KOCTU He PEKOMEHLyeTCs.

Ecnu ronoska ny4eBoi KOCTU He
Obinia 3aMeHeHa / CoxpaHeHa unm
KancynbHO-CBA304HbINA annapat
HeCTabunbHbIA, U O4EBUIHI
TSKenble NOBPEXAEHUS KOCTEN,
METOZOM Bbl6opa sBAseTcs
LIEMEHTHOE «M0NYCBA3aHHOe» NPo-
TE3MPOBaHMe.

'emmnapTpoONNacTvka OKTS Takxe
SBNSETCS BAPUAHTOM NEYEHMS
0CKOMbYATbIX NEPENOMOB AMC-
TasbHOro OTAENa Nne4eBon KOCTH.
MoeanbHbIM nokasaHvem Ans
remMnapTPONNacTUKM SBASETCS
nepenom AO tun B3 / Dubberley 2B
C COXPaHEHHbIMM MbILLENKAMY.
CTabunbHOCTb CycTasa v LenocT-
HOCTb MPOKCUMANBbHOTO 0TAeNa
NIOKTEBOM KOCTW 1 FONOBKM Ny4EBOA
KOCTU BOMKHbI 6bITh TLLATENBHO
npoBepeHbl. HecMoTps Ha coobLue-

HWA 0 HaAeXXHbIX CPEAHECPOYHbIX
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and a mobile covered arm.
Single shot antibiosis is also
recommended [28].

A dorsal approach which ena-
bles a tension free exposure

to the elbow joint without an
increased risk for iatrogenic
injuries should be used. A
surgical approach other than
olecranon osteotomy, which
would preclude TEA is required
[3]. In our clinic we use the “tri-
ceps split” of Gschwend [29]
in old patients and the “triceps
reflecting” approach of Bryan
Morrey in younger patients. In
fracture cases with “loss” of
the distal humerus the “triceps
on" approach is used. “Full
thickness subcutaneous flaps”
should be dissected to avoid
wound healing problems. The
ulnar nerve must be released
proximally from the arcade

of Struthers and distally from
the arcade of Osborne — ap-
proximately 8 cm in relation to
the medial epicondyle, respec-
tively. The ulnar nerve needs
to be protected in any case
during surgery. We advocate a
routine tension free subcutane-
ous transposition of the nerve
at the end of surgery. The risk
for an iatrogenic nerve injury
and impairment of blood supply
must be taken into account
[10].

The bony cut and the prepara-
tion of the distal humerus and
the ulna depend on the used
implants. Two established
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systems, which are commonly
used in our clinic, are the
Coonrad-Morrey (Nexel™, Zim-
mer® Company, Warsaw, IN,
USA) and the convertible Lati-
tude™ (Fa. Tornier, Saint-Ismier,
France) prosthesis. Detailed
descriptions of implantation
technique for both systems
have already been published by
Miiller et al. [15] and Burkhart
et al. [30].

If osteosynthesis is necessary
due to an additional supracon-
dylar fracture, we would rec-
ommend inserting a trial stem
to preserve a pathway for the
original implant. The humeral
and ulnar bone for both compo-
nents will be prepared by use
of a high speed bone milling
machine, flexible intramedul-
lary drills and implant specific
instruments. This procedure
must be performed carefully to
avoid intraoperative complica-
tions such as bone perfora-
tion. For an optimal retrograde
intramedullary bone cement
application — after thorough
bone cleaning by pulsatile jet-
lavage — we recommend using
a thin nozzle on the cement
injection gun (Cement Nozzle
Small Diameter, Biomet Ger-
many GmbH, Berlin, Germany).
Absorbable intramedullary ce-
ment stoppers are obligatory.
The humeral and ulnar compo-
nent should be implanted suc-
cessively. Finally, component

(PYHKUMOHANbHBIX pesynbTaTax

W nokasaTtensx 0CNOXHEHWN, Co-
namepumbix ¢ OPU® n TOJ1 (23],
OLEHNTb AOArOCPOUHBIA YCMELLHbIN
pesynbTaT nocne reMmuapTponna-
CTWKM MO NMOBOAY OCKOMbYaTbIX
BHYTPUCYCTaBHbIX NEPESIOMOB ANC-
TanbHOro OTAENa NNeYeBon KOCTHU
B HACTOSILLEE BPEMS He NpefCcTas-
NSETCS BO3MOXKHbIM.

BcrencTsne n3MeHeHHOM KuHeMa-
TUKM CycTaBa HacTynaeT Nporpec-
CMpOBaHWe fereHepaTuBHbIX M3Me-
HEHWiA, 0CO6EHHO NPOKCMMANBHOTO
OTZAeNa NOKTEBOW KOCTH, M MOTYT
BO3HWKHYTb NPOTPY3un [24-27].
MMoaToMy Npy Hallem TepaneBTuqe-
CKOM NMOAX0Je reMmapTponnacTuka
NPaKTU4ECKM HE NPUMEHSETCA.

Xupypruyeckuit noaxoa

MbI pekomenayem obLuee 06e360-
NMBaHWE B COYETAHNM C peruo-
HanbHOW aHecTe3nel (HanpuMep, ¢
MOMOLLbO KaTeTepa B IECTHUYHO
MbILLLIE) NPV NONOXEHUM NaUMeHTa
Ha CrIMHE 1 MOBWIbHON MOKPbITOM
pykon. Takxe pekoMeHayeTCs
BBEe/JEHWe aHTUbnoTuka [28].
CnenyeT ucnonb308aTh AOP3ab-
HbliA BOCTYN, KOTOPbI 06ecneynsa-
€T 0BHaXXeHWe NIOKTEBOro CycTasa
6e3 HaTsKEHUS W NOBbILIEHHOrO
pUCKa STPOrEHHbIX MOBPEXAEHUA.
[ns nposeaermns TIJ TpebyeTcs
XMPYPruyecKkuid NOAXOL, OTANYHbINA
OT OCTEOTOMMY JIOKTEBOr0 OTPOCT-
Ka, KOTOPbIiA UCKNOYaeT apTponna-
CTUKy [3].

B Haluei KnuHuKe Mbl UCnosb-
3yeM «pasgeneHne Tpuuenca»

no Gschwend [29] y noxunbix

OHA0NpPOTE3NPOBAHME JIOKTS

NauUWeHTOB W « OTAENEHNe TpuLen-
ca» no Bryan Morrey y Monogbix
nauwenTos. B cnyvasx nepenoma

C «MOTepen» AUCTanbHOro oTaena
Ne4eBO KOCTW UCMONb3YeTCS
NOAXOA «MO Tpuuency». YTobbl n3-
6exxaTb NpobIEM C 3aKMBIIEHNEM
paHbl HE06XOANMO UCCEYb MOJKOX-
HbIA NOCKYT Ha BCHO TOMLLMHY.
JlokTeBoii HEPB [OMKEH BbITh
0CB06OXEH MPOKCUMANIBHO OT
apkagbl CTpasepa u aucTansHo ot
apkabl OcbopHa, NprMepHo Ha
paccTosiHu1 8 cM 0T MeAnanbsHOro
HaaMbILLEenKa. JTOKTEBOM HEPB BO
BpEMS Onepaumu LOMKEH ObiTb

B Nto6oM cnyyae 3awmileH. Mol
peKoMeHayeM 06bl4Hyto, 63 HaTs-
XKEHUS, NMOJKOXHYH TPAHMO3NLMIO
HepBa B KoHLe onepauuu. Cnepyet
YUMTbIBATD PUCK STPOrEHHBIX MO-
BPEXXAEHNS HEPBA U YXYALLEHMS
KpoBocHabxeHus [10].

Pe3sekums 1 NoarotoBka AncTanb-
HOro OTAENa NNe4YeBOM U NOKTEBO
KOCTel 3aBUCST OT UCTOMb3YEMbIX
WMNIAHTATOB. B HaLLeln KNuH1ke
Mbl 06bI4YHO UCMOMb3YEM [iBE
CMCTEMbI NS NPOTE3MPOBaHNS -
Coonrad-Morrey (Nexel™, Zimmer®,
Company, IN, USA) v Latitude™
(Fa. Tornier, Saint-Ismier, France).
[Moppo6HOE OMMCaHNE TEXHWKK
“MNnaHTaumy Ans 06emx cucTem
Miiller ¢ coaBT [15] u Burkhart ¢
CcoaBT. [30] y>xe ony6n1KkoBaHs.
Ecnu n3-3a [ONONHMTENLHOTO
nepenoma HaaMblLenka Heobxo-
AVMM OCTEOCMHTES, Mbl PEKOMEHAY-
€M YCTaHOBUTb NPOBHYIO HOXKY,
4TO6bI COXPAHNUTb MPOCTPAHCTBO
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articulation and stability must
be examined over the entire
range of motion at the end of
surgery.

A thorough reconstruction of
the extensor mechanism is
mandatory (i.e. transosseous
triceps refixation). Furthermore,
a careful wound closure with
sufficient soft tissue coverage
of the prosthesis is essential to
reduce the risk for postopera-
tive complications.

Complications

Insufficiency or dehiscence of
the triceps muscle is one of
the most frequent complica-
tions following TEA. A thor-
ough refixation of the exten-
sor mechanism at the end of
surgery is therefore mandatory.
Due to a relatively thin soft
tissue envelope the elbow is
at increased risk for infection
after TEA which highlights

the importance of a secure
wound closure. Furthermore,
obesity and associated medical
comorbidities place patients at
increased risk for complications
after TEA [31]. Those patients
should be appropriately coun-
selled preoperatively about
their increased risk for compli-
cations [31].

Dissection and protection of
the ulnar nerve is important to
avoid an iatrogenic injury. We
advocate an anterior subcuta-
neous transposition of the ul-
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Table 2: Contraindications for TEA e Tabnmua 2: MpoTusonokasanus ans TOJ1
Contraindications for TEA

Absolute
Open fractures

Infection

Dysfunction of triceps and biceps muscle

Severe functional impairment of the hand

Tendency to keloid formation (CAVE: soft tissue coverage of implants)

Heavy physical work (CAVE: load limit after TEA)

Relative
Neuropathic arthropathies
Poor patient compliance

Neuropsychiatric disorders

nar nerve at the end of surgery
to guarantee its tension free
course.

Good stability of the capsule-
ligamentous structures is
essential for both “uncon-
strained” and “semicon-
strained” implants. A signifi-
cant joint instability increases
the risk for implant dislocation
in “unconstrained” TEA. A
significant instability also
increases the risk of aseptic
loosening in “constrained” TEA
due to higher stresses on the
implant-bone-cement interface.
Despite of the “sloppy-hinge”
mechanism higher loads lead
to more polyethylene wear
debris, which increases the risk
for aseptic loosening respec-
tively. The weight limit of 5 kg
after TEA is mandatory for the
survival of the implants. Most
frequent long-term complica-
tions are implant failures like
stem fractures or dislocation of
constrained implants.

ANst OCHOBHOrO WMnnaxTara. Mne-
YeBas W NOKTEBAs KOCTU ANst 060MX
KOMMOHEHTOB 06pabaTbiBatoTCs

C MOMOLLbIO BbICOKOCKOPOCTHOMO
annaparau rmbkux MHTpamegyn-
NSIPHbIX CBEPN U CieuManbHbIX
WHCTPYMEHTOB. Ta NpoLefypa
LOMXHa 6bITb BbINONHEHA 04EHb
TILATENbHO, YTOOLI U36exaTh
MHTPAoNEePaLMOHHbIX OCMOXXHEHWA,
TaKux Kak nepdpopavmu KocTu.

[ns onTumanbHOro peTporpagHoro
WHTPaMeZynNSPHOrO BBEEHMS
LieMeHTa nocre TLwaTtenbHom
OYMCTKM KOCTEN METOLOM My NbCH-
PYHOLLIEro CTPYHOr0 NPOMbIBaHMS,
Mbl PEKOMEHLYEM MCMOMb30BATb
TOHKYH) HACafKy Ansi LEMEHTHOrO
nuctoneta (Cement Nozzle Small
Diameter, Biomet Germany GmbH,
Berlin, Germany)

lMp1MeHeHNe paccachiBarOLLMXCS
WHTpaMe Ly NNSIPHbIX LIEMEHTHBIX
npo6ok ABnseTcs 0653aTeNbHbIM.
[neyeBble M NOKTEBbIE KOMMOHEH-
Tbl OMKHbI ObITb MMNNAHTUPOBATL
OfVH 3a Apyrum. W, HakoHew, B KOH-
Lie onepaumu LOMKHbI 6bITb MPO-
BEPEHbI BCE KOMMOHEHTbI CyCTaBa 1

NPOTE3UPOBaHME NOKTS

WX CTABUNLHOCTb NPK BbINMONHEHUN
MOJHOTO inana3oHa ABUXeHus.
TwaTenbHas PeKOHCTPYKLNS 1
BOCCTaHOB/EHME (hyHKLWM pasru-
batenen Takxxe aBnseTCs 06s3a-
TENbHOM (HanpuUMep, YPECcKOCTHas
pedpmkcauns Tpuuencos). Kpome
TOr0, TLATeNbHOe 3aKPbITUE PaHbl
C NOMOLLbO MSTKUX TKaHen uMeeT
B&KHOE 3HAYEHWNE NS CHUXKEHNS
pucKa nocneonepaumoHHbIX 0CA0X-
HEHWH.

OcnoxHeHus

HenocTaTo4HOCTb Ui O6HaXKeHue
TPEXrNaBoi MblLLLbI SBNSETCS
OLHUM W3 Hanbonee YacTblx
ocnoxxHeruid nocne TIJ1. MoaTomy
HeobxoauMa TiuaTensHas peduk-
cauwst 1 BOCCTaHOBINEHNE (YHKLMN
pasrubateneii B KOHLE onepauuu.
/3-3a OTHOCUTENBHO TOHKOrO

CNost MSITKKUX TKaHE#, NIOKOTb Noj-
BEpraeTCst MOBbILIEHHOMY PUCKY
nHdmumposanms nocne TJ, uto
MOAYEPKMBAET BAXXHOCTb TLa-
TENbHOTO 3aKPbITUs paHbl. Kpome
TOr0, OKUPEHME 1 CBA3AHHbIE C
HUMW CONYTCTBYtOLLME 3a60/eBa-
HUS! Y NaLMEHTOB MOBBILLAKOT PUCK
pa3BUTHS OCNIOXHEHNI nocne T
[31]. Takune naumeHTbl JOMKHbI
ObITb COOTBETCTBYHOLLMM 06PA3OM
WHCHOPMMPOBAHDI NEpPes onepaumen
06 VX NOBbILIEHHOM PUCKE OCMOX-
HeHui [31].

He MeHee BaXXHO BCKPbITHE 1
3aLumTa NIOKTEBOr0 Hepsa, YTO6b
n36exatb STPOreHHon TpasMbl. Mbl
PEKOMEHAYEM NEPEAHIO NOf-
KOXXHYO TPAHCMO3MLMKO NIOKTEBOMO
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Conclusion

Osteosynthesis remains the
gold standard for fractures of
the distal humerus. In severely
comminuted intraarticular distal
humeral fractures — especially
in patients older than 75 years
—a primary TEA enables a sta-
ble joint reconstruction which
reduces pain and increases
function. If a distal humeral
fracture cannot be treated by
reliable ORIF the treatment of
choice should be a cemented
and “semiconstrained” TEA.
Postoperative complications
can be reduced by careful in-
dication and thorough surgery.
A good patient compliance is
crucial after TEA. Limitation of
weight-bearing (< 5kg) is man-
datory and can reduce the risk
for “mechanical” complications
and early aseptic loosening.
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HepBa B KOHLE onepavymu, YTobb!
06ecneynTb OTCYTCTBUE HATS-
XKEHUS MO X04y HepBa. XopoLuas
CTabWbHOCTb KanCysbHO - CBS-
304HOro annaparta Heobxoanma u
ANS «CBSI3AHHOT0» U [Nt <HECBSH-
3aHHOr0» MMNNaHTaTa. 3Hauu-
TenbHas HeCTabUNbHOCTb NOKTS
YBENMUMBAET PUCK ANCIOKALMM
MMMnaHTaTa B Cyvae «HeCBA3aH-
Horo» TOJ1, a TaK>xe noBbILLAET
PUCK Pa3BUTUsi aCENTUYECKOrO
pacLuaTbiBaHUs NOCAE «CBA3aHHOM»
T3J BeneacTeue 60nee BbICOKNX
Harpy30K B 30HE B3aMMOLENCTBMS
UMNNaHTaT-KOCTb-LIeMEHT. HecMo-
TPS Ha «CBOBOAHO-LLIAPHUPHBIN>
MEeXaHU3M, NMOBbILIEHHbIE Harpy3KK
NPUBOAAT K M3HOCY M paspyLLEHNHO
NONM3TUNEHOBOrO MOKPLITUS, YTO
YBENMYMBAET PUCK aCeNTUYECKOr0
pacluaTbiBaHus.

MpeaenbHblii Bec B 5 kr nocne TIJ
SBNSIeTCS 06513aTeNbHbIM YCNOBUEM
ANS BbDKMBAEMOCTW UMMNAHTaTOB.
Hawmbonee 4acTbiM AONTOCPOYHBIM
OCJIOXXHEHVEM NMPOTE3MPOBAHMM
SBASETCS HECOCTOATENBHOCTb
npoTesa, Hanpumep, Nepenom
HOXKM UMK CMELLIEHNE CBSA3aHHOTO
“MnnaHTaTa.

Department of Trauma and
Orthopaedic Surgery
University of Cologne
Kerpener Strasse 62
50937 Cologne, Germany
christian.ries@uk-koeln.de
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BbiBoAb!

OcTeocuHTE3 OCTaeTCs 30110-

TbIM CTHAAPTOM NPY NEYEHNN
nepenoMoB ANCTaNbHOro 0TAena
nneyeBoi KocTu. Mpu TaxXeNbIx
OCKOJbYATbIX BHYTPMCYCTABHbIX
nepenoMax AuCcTasnbHoro oTAena
nneya, 0CO6EHHO Y NAUMEHTOB
cTapLe 75 net, nepsuyHoe T
06ecneunBaeT CTabuibHYH PEKOH-
CTPyKUMS CycTaBa, YTo yMeHbLLAeT
6onb W ynydiaeT yHkumio. Ecim
AMCTaNbHBIA NEpenoM nieyesoi
KOCTM He MOXET 6bITb BbINeyeH
nocpeacteom OPU®, meTonom
Bbl6Opa ABNSETCS LEMEHTHOE
«nonycesizaHHoe» TOJI.
lMocneonepaumnoHHble 0CNOXXHEHNS
MOTYT 6bITb YMEHBLLEHbI C MOMO-
LbHO TLIATENbHOMO ONPEAeNeHms
noKa3aHuii 1 yCneLHo NpoBeaeH-
HO¥ XMPYPryecKoii onepaumm.
CTporoe BbINONHEHWE NALMEHTOM
BCEX Npeanucanui nocne TAJ1
UMEET peLLaroLLiee 3HaueHne Ans
pesynbTata. OrpaHuyeHne Harpys-
Ku (<5 Kr) sBnsieTCs 0653aTENbHBIM
N MOXXET CHU3UTb PUCK «MeXaHu-
4ECKNX» OCIOXXHEHWI U PaHHEro
acenTM4eckoro pacllatbiBaHus.
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CneKTp nNpaKkTU4ecKoro

Spectrum of Practical
Application of Indocya-

nine Green Fluorescence

Angiography in General
and Thoracic Surgery

Keywords: ICG (indocyanine
green), perfusion, LFA (laser
fluorescence angiography), NIR
(near infrared) imaging, fluores-
cence imaging, angiography,
colorectal surgery, mesente-
rial ischaemia, transplantation,
parathyroidectomy, metasta-
sectomy, sentinel lymph node,
esophageal resection

Introduction

Indocyanine green (ICG)
evolved during World War Il as
a dye for photography and was
first introduced in medicine

at the Mayo clinic in 1957 [1].
Two years later ICG gained
FDA approval and was initially
applied as a diagnostic modal-
ity in liver function tests and
later in cardiology. During the
last years, a major progress
has been made in the field of
artificial imaging to support the
ICG use in surgery. This techni-
cal support has opened new
horizons for fluoroscopy and
has regenerated the interest of
surgeons in the application of
ICG [2-4].

ICG is an amphiphilic, water
soluble fluorophore with an
excellent tissue penetration
and a high binding affinity to
plasma proteins, globulins and

albumin [2, 3]. ICG is adminis-
tered intravenously in a dosage
of 0.1-0.5 mg/kg, has a half-
time of 150-180 seconds and
is metabolized by the liver [4].
The use of ICG for diagnostic
applications is clinically safe

as anaphylactic reactions only
occur in very rare cases.

After intravenous adminis-
tration, ICG binds rapidly to
plasma proteins. The spectral
absorption of ICG in blood is at
about 780 nm and emission at
about 830 nm [2]. The images
can be obtained using a charge
coupled device near-infrared
video camera.

Several imaging systems are
commercially available for
fluorescence angiography,

for example, the SPY Elite
(Novadaq) for open surgery,
the PINPOINT (Novadagq) for
laparoscopic and thoracoscopic
surgery, the NIR/ICG system
(Karl Storz-Endoskope), the
built-in Firefly system (DaVinci)
for robotic surgery and the IC-
VIEW system (Pulsion). These
fluorescence angiography/
videography systems are also
referred to as “laser fluores-
cence (LFA) angiography” or
“near infrared (NIR) imaging”
in the literature.

Axrvorpadums

NPUMEeHeHUs UHAULMAHWH-
3efieHoH (hnyopecLieHTHOM
aHrnorpacuu B obwwe u
TOpaKasibHOU XUpypruv

Kntouesble cnosa: ICG (MHfo-
LiMaHWH 3eneHbli), nepdyans,

LFA (nasepHast pnyopecLieHTHas
aHruorpadwms), Bu3yanusauus B
65IMXKHEM MHC(DPAKPACHOM CrieKTpe
(NIR), hnyopecueHUeHTHas BU3Y-
anuaauus, aHruorpadms, Konopek-
TanbHas xupyprus, 6pbixeeyHas
WLLEMUS, TPAHCTINAHTaUKs, naparu-
PEONAIKTOMMSA, METACTa33KTOMMS,
CTOPOXXEBOM NMMDATUYECKNIA y3€n,
pe3eKUNs MULLEBOAaA.

BeepeHue

WNHaoumanmuH 3enenblii (ICG) ne-
nonb3oBancs Bo Bpems Bropon
MMPOBOW BOWHbI B KAYECTBE Kpacu-
Tens ans chotorpadoum, v BNepsble
6bIN1 NPUMEHEH B MeaULMHE B
KnuHuke Maio B 1957 rogy [11.
[Ba roga cnycts ICG 6bin 0g0-
6per FDA 1 6bin nepBoHavanbHo
MCNONb30BaH B KAYECTBE AUarHo-
CTMYECKOro CpeacTaa B Uccneno-
BaHMsIX (hyHKLMK NEYEHM, a 3aTEM
B kapauonoruu. B nocneanue rogei
bl BOCTUrHYT 3HAYUTESbHBIN
MpOorpecc B 06N1acTV MeAMLIMHCKON
BM3yann3aunm ¢ UCTOMb30BaHUEM
ICG B xvpyprum. 3T TEXHUYECKNE
BO3MOXXHOCTM OTKPbIIN HOBbIE
FOPW30HTbI Anst hyopoCKONUM 1
BO3POAMIIN MHTEPEC XMPYPIOB K
npumenHernto ICG [2-4].

ICG — 310 amthndpnnbHbIii BOAO-
pacTBopuUMblii hnyopodhop ¢

OT/IMYHbIM MPOHUKHOBEHWEM B
TKaHM, CPOACTBOM W CBSA3bIBAHWEM
¢ 6enkamm nnasmol, rnobynmHamm u
ansbymuHamu [2, 3]. ICG BBoAMTCS
BHyTpMBEHHO B f03e 0,1 - 0,5 Mr

/ KT, IMEET Nepuoz nonypacnaga
150-180 cekyHA 1 BbIBOANTCS
yepes neyeHnb [4]. Mcnonb3osaHue
ICG ans aMarHoCTMYECKMX ucene-
[0BaHMIA KNMHKYeCcKW 6e30MacHo,
aHathunakTMyeckue peakumm Bo3-
HUKAIOT KpanHe peaxo.

lMocne BHYTPUBEHHOTO BBEAE-

Hust ICG 6bICTPO CBA3LIBAETCS C
6enkamu nnaambl. CnexkTpansHoe
nornowenue ICG B kpoBK CO-
CTaBngeT okono 780 HM, amuccuu

- 0k0110 830 HMm [2]. M306paxeHus
MOTYT 6bITb NOYYEHbI C MOMOLLBIO
BUAeOKaMepbl 6MXKHEr0 UHpa-
KpacHoro fiuanasoHa Ha npuoope ¢
3apsJ0BOWN CBA3BIO.

B HacTosiLLee Bpems MCnonb3yroTCs
HECKOMBKO CUCTEM BU3yanu3aLmm
NS NpOBEEHNS (PAYOPECLEHTHOM
aHrvorpachuv: Hanpumep, SPY Elite
(Novadag) anst oTKpbITOM Xupypriu,
PINPOINT (Novadag) anst nanapo-
CKOMMYECKON 1 TOPAKOCKOMMYECKO
xupyprum, NIR / ICG (Karl Storz-
Endoskope), BCTpoeHHas B cucTemy
Firefly (DaVinci), ans po60T13npo-
BaHHoM xupyprim u IC-VIEW cucTe-
Ma (Pulsion). MogobHble cucTembl
NS (PNyOPECLEHTHO aHrnorpa-
chun / Bugeorpachun B nuteparype
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Fig. 1: Parathyroid gland after resection using fluorescence

angiography.

ICG tissue angiography can
offer a real-time assessment
of the tissue blood perfusion,
thus providing the surgeon
with helpful information when
critical decisions concerning
the adequacy of the blood per-
fusion have to be made. Here
we report some of the most
prevalent fields of interest con-
cerning the use of ICG tissue
angiography in surgery.

Fluorescence-guided
Parathyreoidectomy
Intraoperative identification of
the pathological parathyroid
glands is often challenging as
they are difficult to detect by
palpation and strongly vary in
size and consistency. Further-
more, the operation must often
be performed in an area, which
has already been operated on
previously, which makes the
intraoperative localization of
the glands extremely difficult.
Concerning the high rates of
hypoparathyoidism after a
thyreoidectomy, the identifica-
tion of the parathyroid glands

is of major significance during
the thyreoidectomy in order to
conserve at minimum one vital
parathyroid gland.

Our group has evaluated the
use of ICG fluorescence angi-
ography for the detection of
parathyroid glands in 5 con-
secutive patients undergoing
parathyreoidectomy (unpub-
lished data). In all 5 cases we
could detect the pathological
parathyroid gland (Fig. 1).

Two studies have evaluated the
use of intraoperative fluores-
cence for the detection of
pathological parathyroid glands.
The first one was performed by
Prosst et al in our department
between 2004 and 2007 [5]. 25
patients suffering from primary
and secondary hyperparathy-
roidism were photosensitized
orally with aminolevulinic acid.
In 92% of the cases, blue

light illumination successfully
supported the intraoperative
localization of the pathological
glands and therefore facilitated
the minimal invasive resection.
In a recently published case

Axrvorpadums

Puc. 1: napaLLlVITOBM}J,HbIe XKenesbl noce pe3ekunmn ¢ UCrnonb3oBaHn-

eM (pnyopecLeHTHON aHrnorpacum.

TaKXKe Ha3blBAKOT «JIA3EPHO
(bnyopecLeHTHO aHrnorpadmei
(LFA)» nnu «Bu3yanusauneii B
6NIMKHEM MH(PaKPaCHOM CrekTpe
(NIR)>.

ICG - aHrmorpadms obecneunsaeT
OLIEHKY KPOBSIHOM Nepay3nm TKaHu
B PEXV1ME PEanbHOr0 BPEMEHM 1
NPEeLOCTaBNSIET XMpPypry nones-
HYH0 MHCPOPMALMIO ANS NPUHATHS
PELLEHWIA, 3aBUCSLUNX OT afieKsaT-
HOW Nepdhy3nm TkaHel u opraHos. B
[aHHOM CTaTbe Mbl NPEACTABIISEM
HeKoTopble 13 Haubonee pacnpo-
CTPaHEHHbIX 0611acTeN NPUMEHEHNS
ICG -aHruorpacum B xvpypruu.

MapaTupeonaakToMus nop
(bnyopecLeHTHbIM KOHTPONEM
WHTpaonepaunoHHas naeHTudu-
Kaums NaTonor1yecknx napawmTo-
BMAHbIX XXENe3 3a4acTyto 6biBaeT
3aTPYAHUTENBHOM, TaK Kak UX He-
nerko 06Hapy XXMTb My nanbnauwm,
11 OHU PABAMYALOTCS MO Pa3Mepy n
KOHcucTeHUMM. Kpome Toro, onepa-
LIS 4acTo BbINONHSAETCA B paHee
OnepupoBaHHOK 06N1acTH, YTO
YCNOXHSET MHTPAONEPALIMOHHYIO
nokanuaaumio xenes. C y4eTom
BbICOKMX NMOKa3aTenen runonapa-

TMPEOMaM3Ma Nocne TMPeouasKTo-
MWW, TOYHOE ONpeSeneHre napatim-
TOBWAHbIX XKENe3 MMEET BO BPEMS
onepawmu 60nbLLOe 3HaueHne Ans
COXPaHEeHMs XOTS Obl O[HON (OyHK-
LIMOHMPYHOLLEH NapaLLMTOBUAHON
Xenesbl.

Hawa rpynna oueHuna nenonb-
3o0BaHue ICG dnyopecueHTHoM
aHruorpacum ans 06HapyxxeHus
NapalLmMTOBMAHBIX Xenes y 5 nauu-
€HTOB, MOLBEPratoLLMXCS NapaTu-
PEOMAAKTOMMM (HEONYONMKOBAHHbIE
[aHHble). Bo Bcex 5 cnyyasx Mbl
CMOT 1 OBHAPY>KWTb NAToONornye-
CKMe napalnMToBMAHbIE XXENesbl
(Puc.1).

B nByx uccnenosanmsx oueHusany
WUCMONb30BaHNE MHTPAOMEPALIMOH-
HOM hNyopecLeHUM Ans BbisiB-
NEHUS NATONOMMYECKMX NapaLuy-
TOBMAHBIX XXenes. [1epBoe 13 Hux
6bino nposefeHo Prosst ¢ coasT.

B HalLeM OTAENeHNM B Nepuos
mexxay 2004 v 2007 rogamu [5]: 25
NauUNEHTOB C NEPBUYHBLIM U BTOPUY-
HbIM runepnapaTMpeo3om bbinn ne-
popasibHO POTOCEHCMOUNM3NPOBa-
Hbl aMMHOMNEBYIMHOBOWN KUCNOTOM.
B 92% cnyyaes 0CBELLEHNE CUHWM
CBETOM NO3BOMIO BbINOMHATL
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report, Chakedis et al. success-
fully used ICG angiography for
the intraoperative detection of
parathyroid glands during redo-
parathyreoidectomy [6].

A recently published project
evaluated the impact of intrao-
preative fluoroscopic imaging
of the parathyroid glands with
ICG in the scenario of postop-
erative hypocalcaemia. In 30
out of 36 patients who under-
went thyroid surgery at least
one parathyroid gland could be
detected by ICG angiography.
All patients had normal calcium
levels on the first postoperative
day and none had to be treated
for hypoparathyroidism [7].

Fluorescence-guided
Esophageal Resection
Anastomotic leakage after
esophagectomy with gastric
pull-up is a severe complica-
tion which is associated with
high morbidity and mortality.
Compromised perfusion of the
anastomotic region has been
defined as one of the main
reasons leading to anastomotic
leakage. Various methods
have been evaluated for the
assessment of the perfusion
of the gastric conduit including
intraoperative angiography and
duplex sonography. However,
none of those techniques have
been established in clinical
practice and surgical experi-
ence remained as the only tool
of assessmentpractically avail-
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able. Zehetner et al. used the
SPY imaging system for the in-
traoperative assessment of the
perfusion of the gastric conduit
in 144 consecutive patients
undergoing esophagectomy
[8]. In this trial, the authors
observed that in case the
anastomosis was performed

in an area of good perfusion

as defined by the SPY system,
the anastomotic leakage rate
was significant lower (2% leak-
age rate) compared to cases

in which the anastomosis was
constructed in an area of less
robust perfusion (45% leakage
rate).

The viability of the tip of the
gastric conduit is often difficult
to evaluate macroscopically but
represents the most important
part for the anastomotic heal-
ing, particularly if the gastric
conduit has to be mobilized
further. ICG angiography can
provide important additional
information concerning blood
perfusion.

Our group used ICG angiogra-
phy for the assessment of the
perfusion of the gastric conduit
in 20 patients with esophageal
cancer undergoing esophagec-
tomy (Fig. 2). The results were
compared with 56 patients
from our esophageal database.
One case of anastomotic
leakage was found in the ICG
group compared with 10 cases
who were operated without
using ICG [9].

WHTPAOoMePAaLMOHHYIO NOKANM3aLUnto
NaToNor1yecknx Xenes u, Cneso-
BaTenbHO, yNPOCTUTb MAHUMANBHO
VHBA3MBHYO PE3EKLMIO.

B HeaBHO ony6nnkoBaHHOM
OMMCaHUM KIMHUYECKOro Clyyas
Chakedis ¢ coaBT. ucnons3osanu
ICG - aHrmorpadmio ans uHTpaone-
PaLMOHHOTO 06HAPY XEHMUS NapaLLm-
TOBMAHbIX XXENe3 BO BpeEMS No-
BTOPHOI NapaT1peonaskTomun [6].
B HeaBsHO ony6nMKOBaHHOM WCCTe-
LOBAaTeNbCKOM NPOEKTe OLEHNBa-
NOCb BUSIHWE MHTPAONEPALMOHO
(hnyopoCKOMMYECKON BU3yanu3a-
LmKn napawmTtoBuaHbix xxenes ¢ ICG
Ha pasBuTHeE NOCNE0NEePaLNOHHON
runokansuvemun. Y 30 n3 36 naum-
€HTOB, NEPEHECLUMX Onepaunmi Ha
LUMTOBMAHON XKenese, No KpanHe
Mepe, OfHY W3 NapaLLMTOBMAHbIX
XKENE3 MOXHO 6bIN0 0BHAPYXNTb

¢ nomowbto ICG - aHrmorpadum.
Bce nauweHTb! MMEeNW HopManbHbIi
YPOBEHb KanbLus B NepBbIii AeHb
nocne onepaunn, 1 HUKTO U3 HIX

He HyXXJasncs B NIeYeHnn no NoBOLY
runopapatupeonamnama [71.

Pe3ekuus nuwesoaa nog
(hnyopecLeHTHbIM KOHTPONEM
YTeuyka n3 aHacToMo3a C HaTsKe-
HWEM XXenyaKa nocne 330¢harakTo-
MU SIBNISIETCA TSXKEMbIM OCNOX-
HEHWEM, CBSI3aHHbIM C BbICOKOM
3a60N1eBaeMOCTbIO 1 CMEPTHOCTbHO.
HapyLeHue nepdy3sim B o6nactv
aHacToM03a ABNSETCS OHON N3
OCHOBHbIX MPWUYMH TaKOW YTEUKM.
Bbinn n3yyeHbl pasnuyHbie METOAbI
OLieHKM Nepdoy3nm B 06nacTy xxeny-
[OYHOr0 TPaHcNnaHTaTa, BK4as

Aurvorpacms

WHTPaoNepaLmMOHHY0 aHruorpauio
W Lynnekc-coHorpagmto. Tem He
MEHee, HU OANH W3 3TUX METOLO0B
He 6bl BHEAPEH B KIIMHUYECKYHO
MPakTVKy W OMbIT XMpypra 0cTaeTcs
€OMHCTBEHHbIM MHCTPYMEHTOM
OLIEHKM.

Zehetner ¢ coaBT. ucnonb3osan
cucTemy Busyanusaunm SPY ans
WHTPaoMepaLnoHHON OLIEHKM
KPOBOCHAOXXEHMS XKeyA04HOr0
TpaHcnnadTara y 144 nauveHTos,
nepeHecLLnX 930aroakTommio [8].
B naHHOM 1ccnenosaHny aBTopsl
Habntoaanu, 4To B cyyae, Koraa
aHaCcTOMO3 ObIfl BbIMOSIHEH B 30HE
C xopoLueii nepdyauen, 4To 6b1no
OnpeneneHo ¢ NOMOLLbH CUCTe-
Mbl SPY, nokasatesb yTeuku u3
aHacTomo3a 6bln 3HAUUTENBHO
MEHbLLUUM (2%) MO CPABHEHMIO CO
CnyyasiMu, KOrjaa aHacTomo3 Obln
ChOPMMPOBAH W3 TKAHEM C Hapy-
LUEeHHOW nepdpy3nent (45%).
KW3HeCnoCOBHOCTb KOHLA Xeny-
[OYHOrO TPaHCMIaHTaTa, KoTopbIil
SBNSETCS Hanbonee BaXKHON Ya-
CTbtO A1 32KMBMEHUS aHACTOMO-
33, 4acTo ObIBAET TPYAHO OLEHUTD
MaKpOCKONM4ecku, 0CO6EHHO

€CIM TPaHCMNaHTaT [OMKEH BbITh
MobunuaosaH. ICG - aHruorpacus
MOXXET NPefoCTaBUTb BaXHYHO
LOMONHUTENbHYH MH(OPMALMIO 0
nepaysanu.

Hawwa rpynna ucnons3osana

ICG - aHrmorpadmio ans OLeHKM
nepay3un xenyao4Horo TpaHe-
nnaqTaray 20 nauMeHToB C pakoMm
MULLEBOAA, Y KOTOPbIX NOBOAMNACH
330charakTomus (Puc. 2). Pesynb-
TaTbl CPABHWBAMM C 56 NaumeHTamu
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Fig. 2: Evaluation of the perfusion of the gastric conduit using SPY (Novadaq).

Fluorescence-guided Liver/
Lung Metastasectomy

The resection of colorectal
metastasis in curative intention
has been associated with a
significant improvement in the
5-year survival rate [10]. How-
ever, the sensitivity of CT and
MRI significantly decreases

for lesions smaller than 5mm,
partially explaining the high
recurrence rates of hepatic
metastatic spread [11, 12]. ICG
angiography has been recently
introduced for the intraopera-
tive detection of colorectal liver
metastases. Van der Vorst et al.
used the Mini-FLARE imaging
system with ICG angiography
for the detection of colorectal
liver metastases during hepatic
metastasectomy in curative
intention. ICG angiography
could identify further subcen-
timeter lesions which were not
identified during the intraopera-
tive ultrasound or preoperative
computed tomography [12].
The detection and thoracoscop-
ic resection of small intrapul-
monary nodules is another
challenging issue in the field
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of surgical oncology. Larger
lesions can often be identi-
fied through thoracoscopic
palpation but lesions which
are located deep in the lung
parenchyma are often very
difficult to be localized. Several
techniques for the detection of
small intrapulmonary nodules
have been evaluated, such as
CT-guided placement of hook-
wires or microcoils, CT-guided
localization using radiolabelled
technetium, methylene blue
staining or ultrasound [13].

Lately, ICG angiography has
been introduced in experimen-
tal trials for the intraoperative
detection of intrapulmonary
nodules. Anayama et al. per-
formed an experimental trial
during which an artificial lesion
was created using ICG and
implanted in a resected porcine
lung. ICG angiography using an
near-infrared thoracoscope suc-
cessfully detected the artificial
nodule [14]. Okusanya et al.
administered 5 mg/kg ICG, 24
hours prior to thoracotomy to
18 patients. Intraoperative ICG

s

Axrvorpadums

Puc. 2: OueHka nepdy3um >enyao4Horo TpaxcnnaxTara ¢ nomowybto SPY (Novadag).

13 Hawwei 6a3bl faHHbIX. OanH
Cry4ail yTeukun u3 aHacToMo3a
6bi51 06Hapy>xeH B ICG rpynne no
cpasHeHuto ¢ 10 cnyyasmu cpeam
nauMHeTOoB, NPOONepUPOBaHHbIX
6e3 ncnonb3osanus ICG [9].

Pe3eKuma MeTacTa3oB B ne4eHu
/ nerkux nop nyopecueHTHbIM
KOHTponem

Pe3sekums KonopeKkTanbHbIX
MeTacTasos C Ne4ebHON Lenbto
accoUMMpYeTCs CO 3HAUNTENbHBIM
ynyyLIeHnem nokasarens 5-net-
Hen BbbxmnaemocT [10]. OgHako
CHWXeHue YyBCTBUTENBHOCTH KT
MPT npu 06pa3osanmsx MeHbLue 5
MM, YaCTUYHO 06BSCHSET BbICOKMiA
nokasatesb PeLMAnBOB NeYeHOuY-
HbIX MeTacTasos [11, 12].

ICG -aHruorpacms 6bina HeaaBHO
BBEZAEHA B NPAKTUKY C LieNbto
WHTPAoNEePaLMOHHOTO BbISBAEHMS
MeTacTa3oB KOJIOPEKTAbHOM0 paka
B neyeHn. Van der Vorst ¢ coasr.
UCMOMb3YET CUCTEMY BU3yanu3aLmm
Mini-FLARE c ICG - aHruorpadvein
ANS BbISIBNEHNS KOMOPEKTaNbHbIX
MeTacTa30B B NeyeHu BO BpeMs pe-
3eKUMN NeYEHOUHbIX MeTacTa3os B
nevebHom uenbto. ICG - aHrvorpa-
st MOXET 06HapY>XnTb 06paso-

BaHWsl MEHEE 0JHOr0 CaHTUMETPA,
KOTOpble He 6bINn BbISIBNEHbI BO
BPEMS MHTPAONEPALMOHHOIO YJib-
TPa3BYKOBOTO MCCAELOBAHMS U
NpesonepaLmoHHON KOMMbIOTEPHON
Tomorpadpmu [12].

O6Hapy>xeHne 1 TopaKocKomnu-
yeckas pesexkums HeboMbLLMX
BHYTPUIIErOYHbIX 06PA30BaHMiA
SBNSETCS €L OfHUM CNOXHBIM BO-
NpoCOM B 0611aCTH XMPYPruyecKoi
OHKOMorW. bonblumne 06pasoBaHms
4acTo MOryT 6bITb 06HAPY>KEHbI

C MOMOLLbH) TOPAKOCKOMUYECKO
nanbnauuu, OfHAKO NMOBPEXAEHMS,
KOTOPbIE PACMONOXeHbI Fy6oKo

B NapeHx1Me NErkux, 4acTo O4eHb
TPYAHO Nnokanusosartb. [ins obHa-
PY>XEHUS HEOOMbLLNX BHYTPUIErOY-
HbIX 06pa30BaHNi ObINN OLIEHEHDI
HECKOMbKO METOA0B, TaKMe Kak
pasMeLLEeHNs KPHOYKOB-MPOBOAOB
WY MAKPOCIIMPANEN, OKaNM3aLms
C UCTONb30BaHNEM TEXHELMS,
MEUYEHHOr0 PafnoakTMBHBIM M30-
TOMOM, METUNIEHOBOTO CUHETO OKpa-
wweaHns noa KT KOHTponeM unm
ynbTpassyka [13].

B nocnepHee spems ICG - aHruo-
rpachus bbina NpUMEHeHa B KCne-
PUMEHTalbHbIX UCCNELOBAHMAX ANS
WHTPAoNepaLMOHHOr0 06HapYXe-
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Fig. 3: Evaluation of the perfusion of the ischemic small bowel using PinPoint

(Novadaq).

fluorescence angiography suc-
cessfully detected 16 out of 18
intrapulmonary lesions [15].

Fluorescence during
Mesenteric Ischemia

Acute mesenteric ischemia is a
life threatening clinical situa-
tion. Many patients are admin-
istered with advanced bowel
necrosis but the surgeon is of-
ten facing the critical problem
of the potential viability of the
damaged bowel segment in
order to determine the resec-
tion margins. Diana et al. suc-
cessfully defined the boundary
between ischemic and well
perfused bowel by the use of
ICG angiography in an experi-
mental porcine model [16].
Our group used ICG angiogra-
phy in 3 cases of acute mesen-
teric ischemia and one case of
ischemia of the distal stomach
due to accidental ligation of the
left gastric artery to evaluate
the resection margins [17]. In
all 3 cases ICG angiography
offered significant information
without which we may have
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had to commit a surgical mis-
evaluation leading to relevant
complications for the patient
and his quality of life. Ishizuka
et al. used ICG fluorescence
angiography to define the
bowel resection margins in
patients with non occlusive
mesenteric ischemia. The au-
thors observed that the length
of the bowel which had to be
resected differed significantly
from the macroscopic estima-
tion [18].

In 15 surgical cases of mesen-
teric ischemia, the bowel malp-
erfusion was retrospectively
evaluated by our group using
the Pinpoint system. In 7 out
of 15 cases, the ICG perfusion
assessment influenced the
surgical decision for or against
a resection/second look opera-
tion (unpublished data).

Fluorescence-guided Sentinel
Lymphnode Detection
Oncologic surgery in case of
urological and gynecological
malignancies requires lymph
node dissections (LND). Radi-

Axrvorpadums

Puc. 3: OueHka nepdpyann niLemnanpoBaHHON TOHKOI KMLLKK ¢ noMoLLbto Pinpoint

(Novadagq).

HUS| BHYTPUIEr0YHbIX 06pa3oBaHni.
Anayama ¢ CoaBT. NpOBES 3KC-
nepUMEHTAaNbHOE UCCNEL0BAHME, B
XOfie KOTOPOr0 B PE3eLMPOBaHHbIX
NErkux cBuHbM ¢ nomoLbto ICG
66110 CO34aH0 UCKYCCTBEHHOE
o6pasosanue. ICG - aHrvorpacms
C MCNONb30BaHWEM TOPAKOCKoNa
6NM>KHEro MHAgpaKpPacHoro crnekTpa
yCneLwHo 06Hapy>xuna AaHHoe
obpazoanue [14]. Okusanya ¢
coasT. BBoAnM ICG 5 Mr / kr 3a

24 yaca fo TopakoTomumn y 18
naumMeHTOB. VIHTpaonepaumnoHHas
ICG chnyopecLeHLeHTHas aHrmo-
rpacus ycneluHo obHapyxunay 16
13 18 nauneHToB BHYTPUNErOYHbIE
nopaxetus [15].

DdnyopecLeHTHbIi KOHTPONb BO
BpeMsi 6pbKeeyHOin uweMun
OcTpas 6pblxeeyHas uemns
SBNAETCS ONACHOW AN XKM3HN
KITMHUYECKOM cuTyaumei. MHorue
nauneHTbl NOCTYNatT C OBLUIMPHBIM
HEKPO30M KWLLEYHWKA, 1 XMpYpr
4acTO CTANKMBAETCS C NPO6IEMOA
onpegenenns NoTeHUManbHou
XU3HECTOCOGHOCTM MOBPEXX AEHHO-
r0 CerMeHTa KULLEYHUKa C Lienblo
YTOUHEHNs 06beMa pe3eKkumi.

Diana ¢ coasT. onpegensin rpaHuubl
MEX LY ULLIEMUYECKUM W Nepdy-
3MOHHBIMW y4acTKaMm KMLLIEYHMKA
nyTem ucnonb3osaxus ICG-
aHrvorpacuu B 3KCNepuMeHTab-
HbIX CBMHbIX MOZENsX [16].

Hawa rpynna ucnons3osana ICG

- aHruorpacmio B 3-x cnyyasx
OCTPOVA BPbIXKEEUHON ULLIEMIN U
O[HOM Crly4ae ULIeMUM AnCTanb-
HOrO OTAeNa XXenyfka BCneacTeue
CAyYaiiHON NepeBs3KM NEBOM Xe-
NyAOYHON apTEPHM C LIENBIO OLIEHKM
Kpaes pesexumu [17].

Bo Bcex 3-x cnyyasx ICG - aHruo-
rpacus npesocTaBuia CyLLECTBEH-
HYt0 MHpOpMaLWIO, 63 KOTOPON
Mbl, BO3MOXHO, anu 6bl HEBEp-
HYHKO XMPYPrUYECKYH OLIEHKY, YTO
NPUBENO bl K COOTBETCTBYHOLLMM
OCNOXHEHUSM U UBMEHEHUIO Er0
Ka4yecTBa XKM3HM Y NaumeHTa.
Ishizuka ¢ coasT. ucnonb3osan ICG
(ONyopECLEHTHYH aHrnorpacguto
ANS ONPEAeNeHuns Kpaes pesek-
LMK KMLLEYHWKA Y NALMEHTOB C
HEOKKJTHO3UOHHO BPbIKEEYHON
nwemmuen. ABTopbl 06HapY XMW,
4TO ANMHA KWLLKK, KOTOPYHO OHU
LOMXHbI ObINN yAANNTb, CyLLE-
CTBEHHO OTNMYanach 0T TakoBOM
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cal LNDs are accompanied by
a high morbidity and have
therefore been replaced by the
concept of sentinel lymph node
(SLN) biopsy. These proce-
dures are highly standardized
and involve the administration
of radioactive tracers like tech-
netium (99mTc) or blue dye.
The application of radioactive
tracers is logistically complex,
involves toxic ionizing radiation
and requires the involvement
of a nuclear physician. The
methylene blue dye method

is expensive and can cause
skin necrosis. Severe allergic
reactions to isosulfan blue dye
occur frequently. The demand
of an alternative method has
been addressed in current
publications. Samorani et al.
published a prospective cohort
trial enrolling 301 patients
examining the feasibility of ICG
guided SLN biopsy in node-
negative in breast cancer [19].
The authors stated that the ICG
method is not inferior to 99mTc
(98% identification rate of
SLN). Ballardini et al. came to
the same conclusion [20]. A re-
cent study published by Pitsinis
et al. showed detection rates
of 100% for the ICG approach
enrolling a series of 50 patients
[21]. Benson questioned the
need of radioisotopes as co-
tracers in SNL biopsy for breast
cancer in an editorial published
in annals of surgical oncology
considering the good results
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for ICG alone [33].

In the field of urology, the

ICG method has successfully
been applied for SNL biopsy in
bladder cancer [22]. A deposit
of a 0.5 ml solution consisting
of albumin and 500 uM ICG
was injected cystoscopically
into the bladder wall for the
intraoperative detection of the
lymphatic drainage pattern

of the bladder. Manny et al.
performed a similar study ap-
plying 1 mg ICG into each lobe
of the prostate percutaneously
for Da Vinci radical robotic
prostatectomy in 50 patients
by use of the Firefly technology
(Novadaq) [23].

In a further trial, 135 patients
undergoing thoracotomy for
early stage non squamous

cell lung carcinoma under-
went an ICG staining the area
around the tumor in order to
detect lymphatic invasion. ICG
fluorescence angiography was
successful in identifying the
sentinel nodes in 113 patients
during the segmentectomy
[24].

Fluorescence-guided Kidney
Transplantation

In kidney transplantation graft
function mainly depends on the
quality of organ perfusion [25].
In quite a few cases hypop-
erfused kidney regions fail

to reveal to “surgeon’s eye”
intraoperatively but become
apparent postoperatively in

nocne MakpoCKOMMYECKOMN OLEHKM
[18]. B 15 xupypruveckux cnyvasx
6PbIXXEEYHO ULLIEMMM KMLLEYHMKA
HalLew rpynnoii 6bina nposefeHa
OLieHKa HapyLUeHus nepdysun ¢
“cnonb3oBaHueM cuctems! Pinpoint.
B 7 u3 15 cnyyaes ICG oueHka
nepchy3un okasana BusiH1e Ha
NPUHSITUE XMPYPrUYECKOTO peLLe-
HUS - 33 1 MPOTMB UM PE3eKLms

/ NOBTOPHOW NNAHOBOM OMepaumu
(Heony6nMKOBaHHbIE AaHHbIE).

OnpepeneHne CTOPOXEBOro
numdarryeckoro y3na nop
(bnyopecLeHTHbIM KOHTPONEM
OHKonoruyeckas xupyprus B
Cry4ae yposornieckux 1 ruHe-
KONOTUYECKNX 3110KAYECTBEHHbIX
onyxonen TpebyeT UcceveHus
numdpatnueckux yanos (UI1Y).
PanvkansHoe UITY conposo-
XAAETCS BbICOKMM NoKasaTenem
3a60/1eBaeMOCTH, MOITOMY TaKO#
NOAXOZ ObIN 3aMEHEH KOHLienumei
6roncun CurHanbHoro (CTopo-
XKEBOro) nMMMcaT4ecKkoro yana
(CIY). 31 npoueaypb! ABNSIOTCS
BbICOKO CTAHAAPTU3MPOBAHHbBIMU 1
BKNKOYALOT B ce65 BBEAEHWE PAANO-
aKTUBHbIX MHANKATOPOB, TaKMX KaK
TexHeuui (99mTc), unn MeTUNEHo-
BbIi CUHWIA KpacuTENb.
[p1MeHeHne pPaanoaKTUBHBIX UH-
[MKaTopoB (TPaccepoB), KOTOPbIE
SBNSOTCA NOTMCTUYECKUM KOM-
MEKCOM, BKITOHAOLLMM TOKCUYE-
CKOE MOHU3MPYIOLLEE M3MyyeHue,
TpebyeT yyacTus Bpaya- pasmono-
ra. MeToa ¢ METUNEHOBbIM CHHUM
KpacuTenem SBAseTcs [OPOrocTo-
SLMM 1 MOXKET BbI3BATb HEKPO3

Aurvorpacms

KOXM. TsdKenble annepruyeckme
peakLumu Ha 130cynbaH B ero
COCTaBe BCTPEYaK0TCS AOBOJIbHO
4acTo. [oaToMy B NOCRESHMX Ny-
6AMKaLmMsX NPOCAEXMUBANCS CNPOC
Ha anbTEePHATUBHbIA METOS.
Samorani ¢ coasT. onybnukosan
pe3ynbTaTthbl NPOCNEKTUBHOMO
KOrOPTHOTO MCCNELOBAHMS C
yyacTuem 301 nauneHToB C Lenbio
n3yyenuns éuoncum CJTY nog ICG
KOHTPOJIEM NP PaKe MOJOYHON
xenesbl [19]. ABTops! yTBEPXAa-
toT, yTo ICG no cBouM KavecTsam
He ycTynaeT 99mTc (nokasatenb
naenTudpmikaumm CJ1Y coctnasmn

- 98%).

Ballardini ¢ coaBT. npuLwen K
Takomy xe BbiBogy [20]. Pesynb-
TaTbl HEABHEr0 UCCre0BaHNs,
ony6nmkoBaHHble Pitsinis 1 coasT.,
npoaemoHcTpupoBan 100% o6Ha-
py>xxeHue CJTY npu ucnonb3oBaHuu
ICG y 50 naumeHToB [21].

Benson noctasun nog COMHeHWe
Heo6X04MMOCTb UCMOMNb30BaHMS
paanon30TONOB B KAYECTBE
co-Tpaccepos npu 6uoncumn CITY
Mp¥ paKe MONOYHOM XeENe3bl B
penakUMOHHOK cTaTbe, ony6mnko-
BaHHOM B aHHanax Xvpypruyeckomn
OHKOJIOr W, Y4nTHIBAS XOPOLLNE
pesynbTathl NPUMEHEHNS OJHOTO
ICG [33].

B o6nactu yponorum, meton ICG
y>Ke 6bl YCNELHO NPUMEHEH ANs
6uoncum CJTY npu pake MOY€EBOro
ny3bips [22]. [Ans uHTpaonepawm-
OHHOr0 0BHapy>KeHus iumcoape-
Ha)KHOM KOHCUTypaLmmn MOYEBOro
ny3bIPs C NOMOLLbO LMCTOCKOMNA B
CTeHKy BBoAMnM 0,5 M1 pacTeopa,
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Fig. 4: Intraoperative ICG fluorescence videography using Spy (Novadaq) in kidney
transplantation. The image shows restricted perfusion in the lower pole of the kidney
transplant after separate anastomosis of a lower pole artery.

Puc. 4: NHTpaonepaumorHas ICG dnyopecuerTHas Buaeorpadms ¢ nomowbto Spy (Novadag) npm
TpaHcnnaHTaumm nouku. Ha n3obpakeHnn BuaHa OrpaHuydeHHas nepdoy3nst B HUKHEM Nostoce
oYKy nocne hopMUpPOBaHMS OTAENBHOMO aHACTOMO3a.

routinely performed duplex
sonography. Besides visually
evaluating the organ surface
some other tools exist to as-
sess the quality of anastomo-
ses and graft perfusion ob-
jectively during the operation,
namely angiography, duplex
sonography and measurement
of renal tissue oxygenation.
However, these techniques are
either time consuming, require
a relevant examiner's experi-
ence or employ nephrotoxic
contrast media and radiation as
in the case of angiography. As
an alternative ICG fluorescence
videography showed to be a
safe and feasible technique

to assess macro- and micro-
vascular perfusion of the graft
intraoperatively [26-27].
Hoffmann et al. employed ICG
fluorescence videography in

a series of 10 cases of renal
transplantations applying
0.3mg ICG/kg bodyweight [27].
The authors could even detect
small perfusion deficits which
remained undetectable to the
surgeon. The results of this
assessment allow repositioning

of the transplanted organ or
surgical revision of the anas-
tomoses in order to improve
blood supply and serve as a
helpful resource of intraop-
erative quality control. In our
center, ICG fluorescence vid-
eography is routinely employed
in kidney transplantation. Fig-
ure 4 shows an example of a
living kidney donation, in which
a lower pole artery had to be
inserted separately into the
anastomosis. ICG fluorescence
videography after reperfusion
of the organ administrating 5
mg ICG systemically showed

a restricted perfusion of the
lower kidney pole, which could
not be detected visually.

Intraoperative |ICG fluores-
cence imaging with SPY Elite
(Novadaq) enables quantitative
measurement of microvascular
perfusion after reperfusion of
the kidney. Figure 5 shows a
homogenously perfused kidney
graft with two minor hypop-
erfused areas. ICG in- and
evasion can be displayed in the
form of a curve.

COCTOSALLEr0 M3 anbbymuHa u 500
MKM ICG. Manny ¢ coasT. nposen
aHanoruyHoe UCCNeaoBaxme C
YPECKOXKHBIM MPUMEHEHUEM TMF
ICG ans Kaxaoit AonM npocTarhl
Npw paarkanbHoi po6oTU3NpoBaH-
Hoit npocTatakTomun [la BuHum y
50 naumeHToB € MCMoNb30BaHNEM
TexHonoruu Firefly (Novadaq) [23].
B npyrom uccnegosaHum y 135
NauneHToB, NEPEHECLUMX TOPAKO-
TOMMIO N0 MOBOJY PaHHel CTaanm
HEMEJIKOKNETOYHOrO paKa Nerkoro,
6b1510 NPOBELEHO OKPALLMBAHNE

¢ nomowbto ICG obnactv BoKpyr
Onyxonu Anst 06Hapy>xeHus numda-
Tudeckoii nueaaun. ICG cnyopec-
LieHTHas aHruorpadus Takxe 6bina
3 heKTUBHOM NPK 06HAPYKEHUK
CTOpOXEBoro numcoyanay 113
NauneHToB BO BPEMS CErMEHTIKTO-
Mun [24].

TpaHcnnaHTauusa novKku noa
(hnyopecLieHTHbIM KOHTPONEM
Mpu nepecanke noyek yHKLUns
TpaHcnnaHTarTa B 0CHOBHOM
3aBUCUT OT Ka4eCcTBa Nepdy3nm
opraHa [25]. B uenom page cnyyaes
y4acTKW NOYKM C NIIOX0oM nepcysu-
e/l «BbINAAAIOT» U3 NMONA 3PEHNS!
XMpypra B0 Bpems ornepauui, Ho

CTaHOBATCS 0YEBMAHBIMM B NOCNE0-
nepau1oHHOM Neproge Npy BbInos-
HEHWUM ByNNEKCHOWM COHorpacmu.
Kpome Bn3yanbHON OLEHKM MOBEPX-
HOCTM OpraHa CyLecTByT Apyrue
WHCTPYMEHTbI, KOTOPbIE MO3BONSOT
MPOKOHTPONIMPOBATH KAYECTBO
aHaCcTOMO308B 1 Nepdy3nto TpaHC-
nnaHTara B0 BpeMs onepauum

- aHruorpadms, nynnekcHoe
yNbTPa3BYKOBOE CKAHUPOBAHME U
N3MEepEHNe OKCUreHaLmmn NoUeYHoN
TKaHu. Tem He MeHee, 3T1 MeTofbl
TPeByHT MBO MHOTO BPEMEHH,
b0 COOTBETCTBYHLLEO OMbITa
XMpypra, Mo UCnoNb30BaHMS
HEPOTOKCUYHBIX KOHTPACTHBIX
npenaparos 1Nu Mppaa1auuoHHOro
BO3AENCTBMS, Kak 1 B CNy4ae aH-
ruorpacpuu. B kavecTse anbTep-
HaTMBbI MOXET ObITb MCMOJb30BAH
6esonacHbiin MeTog ICG cnyo-
PECLEHTHOW Bueorpadmm ans
WHTPAoNepaLMOHHON OLIEHKM MaKpOo
- 1 MUKPOCOCYANCTON Nepcpy3nm
TpaHcnnaHTara [26, 27].

Hoffmann ¢ coaBT. npumensin ICG
hiyopecLeHTHyLO Buaeorpacgmuio B
10 cnyyasx TpaHcnnaHTaumm noyku
¢ ucnonb3osanmeM 0.3mg ICG / kr
Beca Tena nauwenTa [27]. ABTopb!
CMOTIM 06HAPY>XNTb JaXe He3Ha-
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Fig. 5: Microvascular perfusion of the kidney transplant surface following
reperfusion of the organ after systemic application of ICG and detection with
Spy (Novadaq). The arrows in the left image indicate minor areas of hypoper-
fusion. Quantitative assessment is shown in the right image.

Fluorescence-guided
Colorectal Surgery

Adequate healing of the bowel
anastomoses in colorectal sur-
gery is an essential condition
limiting perioperative morbidity.
In particular, coloanal anasto-
moses after low anterior resec-
tions for distal rectal cancer are
considered having a high risk
for anastomotic leakage up to
40%. Sufficient blood supply is
an important factor determin-
ing anastomotic healing. The
surgeon’s clinical judgement
on the perfusion of the anas-
tomosis is usually based on
visual (colour) or tactile (pulses)
impression and has been
proven to have a low predictive
value for anastomotic leakage
in a prospective trial [28]. The
risk of anastomotic leakage is
commonly underestimated by
the surgeon. ICG fluorescence
imaging might be a helpful tool
for the intraoperative real-time
determination of tissue perfu-
sion.

Jafari et al. were able to show
a reduction of the anastomotic
leak rate to 1.4% for left-sided

and anterior resections in an
open prospective multicenter
study enrolling 139 patients
(PILLAR 1) by using ICG
angiography [29]. The Pinpoint
system (Novadaq) was applied
for the intraoperative evalua-
tion of colon perfusion at the
planned resection margins
before and after creation of
the anastomosis using 7.5mg
ICG intravenously. The location
of the resection margin was
changed and the anastomosis
was redone according to perfu-
sion assessment. In this trial
ICG fluorescence angiography
changed surgical plans in 8%
of cases. In all these cases
there were no anastomotic
leakages. Grone et al. per-
formed 18 laparoscopic ante-
rior and lower anterior colorec-
tal resections in a prospective
case series [30]. Perfusion of
the planned transection line

of the descending colon was
evaluated with the Pinpoint
System (Novadaq) after liga-
tion of the inferior mesenteric
artery and systemic adminis-
tration of 16mg ICG. Surgical

Puc. 5: MukposackynspHas nepdy3sus noBepXHOCTW NOYEYHOrO TPAHCMaHTarTa nocne
penepchby3un opraHa nocne seeaerns ICG u ucnons3osanns Spy (Novadaq). Ctpenku
Ha NIeBOM M306pakeHnM YKasblBaKOT HA HE3HAUNTESTbHbIE Y4aCTKM runonepdyauu.
KonnyecTBeHHas oLieHKa nokasaHa Ha pucyHKe crpasa.

YUTENbHbIE HAPYLLIEHUS Nepdy3nm,
KOTOpble OCTaBANMUCh He3aMeT-
HbIMM Ans xupypra. PesynbTatsl
9TO OLIEHKM NO3BONSIOT MPOBECTY
PEMNO3MLMI0 NEPECAXEHHOrO Opra-
Ha UK XUPYPrUYECKYHO PEBU3NIO
aHaCTOMO30B C LIENbIO YMyyLLeHns
KPOBOCHAGKEHWS! U CY>KWUTb NO-
NE3HbIM UHCTPYMEHTOM MHTpaoNe-
PALMOHHOTO KOHTPONS Ka4ecTBa.
B Hawewm ueHTpe ICG dnyopec-
LieHTHas Buaeorpadms perynspHo
NPUMEHAETCS NPK TPAHCNNAHTaLWUM
nouku. Ha pucyHke 4 nokasaxa
MnoYKa 0T XXMBOr0 [OHOPA, apTEepUio
HWXKHEro Nomoca KOTopoii Heobxo-
AMMO COELMHUTD C aHACTOMO30M.
CG chnyopecueHTHas Buaeorpa-
¢hus nocne penepdy3aum opraxa c
BeeseHnem 5ur ICG cuctematu-
YECKM MOKa3biBana OrpaHNYEHHYHo
nepdoysnio HKHEro nontca
MOYKHM, KOTOPAs He MOXET ObITb
BbISIB/IEHA XMPYProM BU3yasnbHo.
WHTpaonepauvonHas ICG diny-
OPECLEHTHas BU3yanusauus ¢
nomowsto SPY Elite (Novadag) no-
3BOASET BbINOMHUTL KONMYECTBEH-
HOE M3MepeHNe MUKPOCOCY ANCTOM
nepdpyauu nocne penepgysmnm
nouku. Ha puc .5 nokasaH noveu-
HbIA TPAHCMNAHTAT C FOMOTeHHOM

nepdpyauei ¢ aBymMst HEBOMbLLMMMU
obnacTamu runonepdy3unm.
Beenenve u Boiseaerue ICG oTo-
OPaXXEHO B BUAE KPUBOIA.

KonopekTanbHasi Xupyprus noa
(hnyopecLieHTHbIM KOHTPONEM
AnexBaTHOE 32XWBEHNE KULLeY-
HOrO aHacTOMO3a B KOJNOPEKTalb-
HOW XWUpYpPrisn SBASIETCS CyLLe-
CTBEHHbIM YCNOBMEM CHUKEHNS
nepuonepaLmoxHsIit 3adonesaemMo-
cTu. B yactHoCTH, KONoaHarnbHble
aHaCcTOMO3bI NPKU HU3KOW NepeaHei
PE3EKLMM NPY AUCTaNbHOM pake
MPAMON KMLLKW OTANYAKOTCS BbICO-
KM PUCKOM YTEYKM aHacToOMO3a

- 10 40%.

[locTaTouHoe kpoBOCHABKEHME
SBNSAETCS BAXHbIM (DaKTOPOM,
ONpeaensoLLMM 3aKMBNIEHNUS
aHacTomo3a. KnuHudeckast oueHka
nepdy3nm aHacToMO3a XMpyprom
06bI4HO OCHOBBIBAETCS Ha BU3Y-
anbHOM (LIBET) MM TaKTUIbHOM
(Mynbcaumsl) BneyaTneHnsx, u
UMEET HU3KYHO MPOrHOCTUYECKYH
LIHHOCTb, YTO BbIIO NPOAEMOH-
CTPUPOBAHO B NPOCNEKTUBHOM
uccnenosaHum [28]. Puck yTeuku
aHacTomMo3a 06bI4HO XMpypramu
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decision making regarding the
line of transection was influ-
enced in 18% of the cases. In
these cases, no leakage was
detected in the postoperative
course. The overall leakage
rate could be reduced to 6%
employing this method. The
maximum added time for this
diagnostic procedure was only
6 minutes [30].

Further Applications of ICG
Fluorescence Angiography
ICG fluorescence angiography
has been additionally applied in
several other fields of oncolog-
ic and non- oncologic surgery.
Kalibori et al performed a
randomized clinical trial using
ICG fluorescence to detect bile
leakage after hepatic resection
[31]. ICG fluorescence cholan-
giography successfully de-
tected insufficiently closed bile
ducts which were not detected
by common bile leakage tests.
Kimmig could successfully
visualize the precise lymphatic
networks in patients with
uterine cancer using ICG angi-
ography during robotic assisted
surgery [32].

Conclusions

ICG fluorescence angiography
is an emerging imaging modal-
ity in surgery. We presented
multiple possible applica-

tions of ICG fluorescence
angiography as an alternative
tool of intraoperative quality
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control potentially influencing
the surgeon’s decisions. This
method has been proven to be
safe, feasible, time-efficient
and easy to learn in several
case series and prospective
trials. We demonstrated that

it is worthwhile considering
the enrolment of ICG fluores-
cence videography for difficult
decisions or even as a routine
procedure.

Further studies are warranted
to establish feasible ICG dose
schemes and standard operat-
ing procedures. Prospective
randomized trials should follow
confirming the superiority of
the application of ICG angiogra-
phy over alternative methods in
short and long term follow-up.
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HepoouenusaeTcs. ICG dnyopec-
LieHTHas BU3yanu3aums MoXxeT
ObITb NONE3HBIM MHCTPYMEHTOM L1
WHTpaoNepaLMOHHOro onpeaene-
HUs nepdhy3un TKaHel B pexxume
peanbHOro BPEMEHH.

Jafari ¢ coaBT. npoAeMOHCTUpY-
POBA/M CHUXXEHWe nokasartens
yTeuku aHactomo3a Ao 1,4% nocne
NEBOCTOPOHHNX W NEPESHNX Pe3ek-
LMiA KMLLIEYHWKA B X0A€ OTKPLITOrO
MPOCMEKTUBHOrO MHOTOLEHTPOBOTO
uccnefoBanus, BrknoyaroLlero 139
nauvenTos (PILLAR I1) ¢ nomoLbto
ICG anruorpacpum [29]. [ing uHTpa-
OnepaumoHHOM OLeHKM nepdysum
TONCTOMN KWLLKM HA 3anfnaHupoBaHx-
HbIX Kpasix pe3ekLnm 2o 1 nocne
CO3/1aH1s aHaCTOMO3a UCMOMb30Ba-
nack cuctema Pinpoint (Novadaq) ¢
BHYTPWBEHHbLIM BBEAEHWEM 7,5 Mr
ICG. Jlokanusaums kpaes pesexumm
Obiia U3MEHEHA N aHAaCTOMO3 nepe-
[enaH B COOTBETCTBUN C OLIEHKON

nepayanu.

B atom uccnegosanum ICG ¢onyo-
pecLeHTHas aHruorpacus 3meHu-
na nnaH xupypra 8 8% cny4aes. Bo
BCEX 9TUX Clyyasx OTCyTCTBOBaNa
yTeuka u3 aHactomosa. Grone ¢ co-
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asT. BbinonHun 18 nanapockonuye-
CKMX NEPESHNX W NEPeSHE - HUXKHNX
KONOPEKTaNbHbIX Pe3eKuui B nep-
CNEeKTUBHOM cepum cnyyaes [30].
MMepdy3anto NnaHMpyemomn NMHUN
pesexumn HuexoasLLein 060404HOM
KULLKW OLIEHMBAIN C NMOMOLLbHO
cuctemsl Pinpoint (Novadaq) nocne
NEPEBA3KN HUXKHEN BPbIXXEEUHO
apTepum 1 BHYTPUBEHHOTO BBE-
penus 15mr MKT. B 18% cnyyaes
pesynbTaTt UCcCnefoBaHus oBAUAN
Ha NPUHATWE PeLLEeHNst OTHOCH-
TENbHO NIMHAK pesekumn. B aTux
Cnyyasix yTeyku u3 aHactomosa B
nocneonepaLvoHHOM nepruoe He
661110 06HAPYXXEHO.

O6Lwas nokasatesb yTeuKkn u3
aHacToOM03a MOXET OblTb CHUXKEH
10 6% C Cnonb30BaHWEM 3TOr0
meTofa. [lo6aBouHOE MakcUMarb-
HOE BPEMS AN NPOBEAEHNS 3TON
AMarHoCTUYecKoi npoLeaypbl co-
cTaBuno Bcero 6 MuHyT [30].

[lanbHeiimne npuMeHeHus ICG
(nyopecueHTHOI aHruorpagum
ICG chnyopecueHLeHTHas aHruo-
rpacus Takxxe 6blna MCNonb3oBaHa
B psie Apyrux obnacTei OHKONO-
MYECKOI M HEOHKONOTNYECKON
xupyprum. Kalibori ¢ coasT. nposen
PaHAOMM3MPOBAHHOE KIIMHUYECKOE
uccnenosanme ¢ npumereHem ICG
chnyopecLeHUMM Ans 06Hapy>KeHNst
YTEUKM XKENUM Nocne peseKkLmn
neyenm [31].

ICG chnyopecLeHLEHTHAs XOnaHru-
orpacus nokasana HeaoCTaTOuHO
3aKPbITbIE XENMYHbBIE MPOTOKM,
KOTOPbIE He Oblnn 0BHapPYXeHb! Npu
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Aurvorpacms

TECTUPOBAHMM OBLLEr0 XXENYHOrO
npoToka. Kimmig cmor y Bu3yanu-
31pOBaTh CETb IMMDATUYECKMX
COCYZOB Yy NAUMEHTOB C PakoM
Matku ¢ nomowbto ICG - aHrmorpa-
¢huu BO Bpemst po60TU3MPOBaHHas
xupypriv [32].

BuiBoap!

ICG chnyopecLeHueHTHas aHruo-
rpachust SBNSIETCS COBPEMEHHbBIM
METO/IOM BU3yanu3aLum 1 npume-
HAEeTCS B XMpyprum. Mbl npeacTa-
BWIM HECKOMBbKO BO3MOXXHOCTE
npumerenus ICG cnyopecLeHummn
KaK anbTepHaTUBHOMO MHCTPYMEHTA
WHTPAONepaLMOHHOr0 KOHTPOMS Ka-
4ecTBa, NOTEHUMANBHO BIMSIOLLIETO
Ha peLLeHns xupypra. B Heckonbkux
CEpMsIX Cry4aeB M NEPCNEKTUBHbIX
uccnenoBanmsx 6bina fokasaHa
6e30MacHOCTb, LenecoobpasHoCTb,
onepaTMBHOCTbL 3TOT0 METOAA, a
TaKkXXe KopoTKoe BpeMs 06y4eHMs..
MbI nokasanu, YTo LenecoobpasHo
ncnonb3osatk ICG dnyopecueH-
LIEHTHY0 BuAaeorpacuio 1 npu
MPUHSITUN TPYAHBIX XMPYPrUYECKUX
PELLEHMIA, UNK B KAYECTBE PYTHH-
HOW Npoueypbl.

OnHako Heob6xoauMbl fanbHeLLIe
uccneaoBanms, YTobbl TOUHO Onpe-
feautb fo3bl ICG npu pasnnyHbix
cXemax npUMeHeHUs! U cTaHaap-
TM3upoBaThb npoueaypsbl. Mpo-
CMEKTUBHbIE PaHAOMMU3UPOBAHHbIE
WUCTIbITAHWUS JOSKHbI NOATBEPAUTH
npenmyLlecTsa npumerenus ICG -
aHrnorpaduv nepes anbTepHaTHB-
HbIMM METOJAMM B KPATKOCPOUHOM
W LONrOCPOYHOM NepcnexkTuBe.
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Anterior Cruciate

Ligament

Reconstruction and
Cartilage Damage -
Current Therapy

Concepts

Anatomical Overview

The Anterior cruciate ligament
(ACL) originates from ante-

rior and medial aspect of the
Tibial plateau and runs poste-
riorly and superiorly towards
its insertion in the medial side
of the lateral femoral condyle.
The ACL has two bundles
anteromedial and posterolat-
eral, these 2 bundles provides
approximately 85% of restrain-
ing force of anterior translation
of the knee, also it prevents
the medial and lateral rotation
of the tibia as well as varus and
valgus stresses. To a little ex-
tent ACL checks the extension
and hyperextension, together
with the posterior cruciate liga-
ment (PCL) they control joint
kinematics through guiding the
instantaneous center of rota-
tion of the Knee (1).

The Knee joint surface is cov-
ered by a special type of carti-
lage called the Hyaline cartilage
that provides a low-friction
gliding surface is known to be
wear-resistant under normal
circumstances. It is avascular

and alymphatic structure. The
cartilage cells (Chondrocytes)
compose only 5% of the hya-
line cartilage structure and they
receive their nutrition by diffu-
sion and they are responsible
for synthesizing and maintain
the structure (2).

The Knee joint is reported to
be the most injured joint during
sports injuries (Majewski et
al.), documented approximately
40% of the sports-related
injuries to be at the knee joint.
Injury to the Knee joint pose

a serious obstacle to one's
daily activity, as the knee is

10 times more at risk during
sports injury than normal life
activities specially the ACL
and cartilage, the rupture of
the anterior cruciate ligament
is one of the most frequently
occurring ligament injuries in
the human body. The ratio of
injuries of the anterior cruci-
ate ligament to the posterior
cruciate ligament is about 10:1
(Strobel et al. 2001). These
damages will increase the risk
of joint degeneration and the
risk of Osteoarthritis (OA) due

CnopTuBHas opToneaus

PeKOHCTPYKUMA ne-
peAHeN KpecToobpas-
HOW CBA3KMU U XpALla
NPU NOBpPeXAEeHUAX -
COBpeMeHHas
KOHLenuus nevyeHus

AHaToMUYecKuii 0630p

MNepenHss KpecToo6pasHas cBs3ka
(NMKC) 6epeT cBoe Hauano ot
nepeHei n MeananbHoOM YacTv
MEXMBILLENKOBOrO BO3BbILLEHUS!
60nbLLUEBEPLOBOI KOCTW M HAanpas-
NAETCS K3a[M U KBEPXY K MECTY
NpVKpenneHns Ha MeAManbHou
MOBEPXHOCTH NaTepanbHOro
MbiLLenka 6eaperHoi koctu. NKC
pas3fenseTcs Ha Ba nydka -
nepeaHeMenanbHbIiA U 3afHenare-
panbHbIiA, KOTOPbIE 06ecneunBatoT
0KOJI0 85% yLoepXXMBatoLLE Cuibl
Mpy CMELLEHNM KONeHa Brepeg,
NpeLoTBPALLAIOT MeananbHoe W na-
TepanbHoe BpatleHue 6onbliebep-
LIOBO¥A KOCTH, @ TaKXX€ BapyCHbIA 1
BaryCHblii CTPECChI.

B He6onbLuoi cTeneru MKC
KOHTPONMPYET pasrubaHue u nepe-
pasrubaHue, COBMECTHO C 3aHen
kpecToobpasHoi cBsizkon (3KC)

— KUHeMaTuKy cycTaBa nyTem ¢hop-
MMPOBaHNS MTHOBEHHOMO LiEHTpa
BpaLLEeHus KoneHHoro cycrasa [1].
CycTaBHast NOBEPXHOCTb KONEHHO-
ro cycTaBa NoKpbITa 0CO6LIM TUMOM
XpSLLA - FManMHOBLIM XPSILLOM,
KOTOpbI 06eCNEYMBAET CKOSb3-
SILLYIO NMOBEPXHOCTb C HA3KMM
KO3(h(OMLIMEHTOM TPEHMS 1 U3HOCO-

CTOWKOCTbHO B OBbIYHBIX YCNOBUSIX.
370 aBackynspHas u anumda-
THyeckast CTpyKTypa. XpsiLlesble
KNeTKM (XOHAPOUMTBI) COCTABNSIOT
BCero 5% TKaH1 rMan1HoBoro
XpsilLa, NofyyaroT NuTaHue 3a c4eT
Anchpy3nn 1 0TBEUAOT 3a CUHTES U
noaaep>KaHue aTon Tkaum [2].
KoneHHbIN cycTaB, COrnacHo ony-
6/IMKOBAHHbIM aHHbIM, SBNSETCS
Hanbonee 4acTo TPaBMUPYEMbIM
cyctaBoM B cnopTe (Majewski ¢
C0aBT.), NpuMepHo 40% BCex 3a-
PerncTPUPOBaHHbIX CNIOPTUBHbIX
TPaBM NPOUCXOAAT B KONEHHOM
cycTase.

[MoBpeXxAeHNe KONEHHOrO cycTaBa
MOXKET 3HAUMTENBHO yXyaLlaTh
NOBCEAHEBHYIO AEATENbHOCTD.
Mockonbky KoneHo B 10 pa3
60rbLLE NOJBEPXKEHO PUCKY NOJTY-
YeHWst TPaBMbl BO BPEMSI 3aHATUA
CMOPTOM, YeM BO BPEMS 00bIYHOM
aKTMBHOCTH, OCOBEHHO NOBPEXX-
feHusm MKC u xpsiLen, paspbis
nepesHeit KpectoobpasHoi CBA3KM
SBNSIETCS 04HOM M3 Hanbonee ya-
CTO BCTPEYAIOLLMXCS TPABM CBA30K
B Y€MOBEYECKOM TENE.
CoO0THOLLEHVE NOBPEXAEHNN
nepesHei KpectoobpasHoi CBS3KM
K MOBPEXAEHUSM 3a[iHel KPecToo-
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Fig. 1: Hamstrings
tendon Harvesting
(Surgical atlas of Sports
orthopedics and sports
traumatology Imhoff
et.al 2015)

to shifting of the normal weight
bearing areas and this can in-
duce cartilage deformation and
damage (3).

The risk factors for ACL and
cartilage injuries include dis-
similarities in Knee geometry,
sex, size of ACL, limb align-
ment and type of Sports (4, 5).
Females who participate in
cutting sports are shown to be
at more risk factors for cutting
native ACL (5).

The ACL deficient Knee has
high risk of instability, future
cartilage injuries and menis-
cal tears (b). Several studies
reported the high proportion
of lateral Knee compartment
cartilage lesions as well lateral
meniscus lesions with the ACL
lesions, this is due to the fact
that the contact in the lateral
compartment is higher after
ACL injuries (6).

Mechanism of ACL Injury

A basic distinction should be
done to address whether the
injury is isolated or combined
with other structures injuries,

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

partial or complete ACL tear as
well as if it's acute or chronic
Knee instability as these are
critical factors in determining
the best treatment method.

Diagnosis of ACL Injuries

A- History taking

Usually the injury if acute is
combination between flexion,
valgus and external rotation
(Football, Basketball) under
weight bearing. In case of
chronic ACL insufficiency the
Patient usually don’t remember
the incident and the knee car-
tilage and meniscal condition
are in a worse condition due to
degenerative changes to the
menisci and overlying Knee
cartilage.

By inspecting the Knee in case
of acute injury, the Knee is usu-
ally markedly swollen shortly
after the injury incident with
limitation of movements and
pain; special Knee tests are
done to clinically diagnose the
ACL rupture as Lachman’s test
in 300 flexion, anterior drawer
test and Pivot shift phenom-

Opas3Hom CBA3KM COCTABNSET OKONO
10:1 (Strobel ¢ coasT. 2001). 31
MOBPEXXAEHMUS YBENNUMBAKOT PUCK
[ereHepauuu cyctasa v ocTeoap-
TpuTa (OA) n3-3a CMeLLeHus y4acT-
KOB, HECYLLIMX HArpyaKy, YT0 MOXET
BbI3BaTb AehopMaLmto 1 MOBPEX-
AeHus xpswa [3]. dakTopsl pucka
pa3suTus nospexxaeHnii MKC u
XpSILLA BKIOYAIOT HECOOTBETCTBUS
B reOMETPWM KOJEHa, MO, pasmep
MKC, BblpaBHMBaAHME KOHEYHOCTEM
v Bug cnopta [4, 5]. YKeHLmHbI,
KOTOPbIE 3aHUMAKOTCS KOHHbIM
CNOPTOM, NOLBEPralTCs 60MbLLEMY
pucky paspbiea [KC [5]. KoneHHblii
cycTaB ¢ n3meHeHHoi MKC nmeeT
BbICOKMIA PUCK Pa3BUTUS HECTa-
OWNbHOCTM, MOBPEXXAEHNIA XpsLLa W
MeHucka [5]. B psife vccnefosaHni
€006LLanoch 0 BbICOKOW YacToTe
MOBPEXXAEHMIA XpAiLLA TaTepanbHbIX
OTZENOB KONEHHOT0 CycTaBa, a
TaKXXe naTepanbHOro MeHucka npu
nospexaerusx MKC, yto obycnos-
NeHo 60Mee NNOTHBIM KOHTAKTOM
NOBEPXHOCTEN CycTasa nocne
nospexaerus MKC [6].

Mexanusm Tpasmbl [KC
Heo6x041Mo pasnuyatb U30ampo-
BaHHoe nospexaeHue MKC nmm

CriopTuBHas opToneaus

Puc. 1: 3abop nog-
KONEHHOIO CYXOXXMaNs.
(Xvpypruyeckuii atnac no
CMOPTVBHOI OpTONEANM 1
CMOPTUBHOI TPABMATONO-
rum Imhoff ¢ coasT. 2015)

y

COYETaHHOE C TPABMOW ApYruX
CTPYKTYP, YaCTUYHBIA UK NOMHbINA
paspbis [1KC, a Takxe ocTpyto unm
XPOHMYECKYO HECTAbUIBHOCTb
KONEHHOro CycTaBa, MOCKOSbKY 3TH
(hakTopbl ONpeaenstoT BbI6Op Hau-
NyYLWMiA METOAA NEYEHMS

[narHocTuka u nevyexune
nospexaeHuit MNKC

A-Cbop aHaMHe3a

O6bI4HO 0CTPas TpaBMa BO3HM-
KaeT npu KOMOUHALWKM Crubanus

W Ba/bIyCHOIO UMM BHELLHEro
BpaLeHus (cpyt6on, 6ackeT6or)
Npw Harpyake Ha konexo. B cnyyae
XPOHUYECKOM HECTABUNBHOCTH
MMKC naumeHT 06bI4HO He MOMHUT
TaKOW MHUNMAEHT, a XPSILL U MEHWUCK
KOJIEHHOrO CyCTaBa HaXOAATCS B
XyOLUEM COCTOSIHWM BCREACTBUE
[ereHepaTvBHbIX U3MEHEHMIA 9TUX
CTPYKTYP.

[p1 oCMOTPE BCKOPE NOCAE OCTPOM
TPaBMbl, KaK NPaBKi0, 0TMEYAETCS
OTEYHOCTb M 60NIE3HEHHOCTb KOTle-
Ha C OrpaH1YeHNEM ABUXXEHMIA; Ans
KIMHUYECKO ANarHOCTUKM paspbl-
Ba [MKC npoBogsTCs cneumanbHble
TecTbl — TecT JlaxmaHa (Lachman)
¢ 30° crubaHnem, TECT «nepeaHero
BbIABWXXHOTO AilLmMKa», pivot- shift
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Fig. 2: Graft preparation (Surgical atlas of Sports orthopedics and sports

traumatology Imhoff et.al 2015)

enon (the latter isn't easily
performed in acute injuries due
to pain and reflex quadriceps
muscular spasm).

In case of chronic injuries

the patient often complain of
instability when walking on
uneven ground and experience
giving-way phenomenon, the
most important test to diag-
nose chronic injuries is the
Pivot shift phenomenon which
reveals the dysfunction of the
rolling and sliding movement of
the knee joint.

B- Radiological Imaging

a. Knee X-ray (AP, Lat., Axial,
Long leg axis): are done to ex-
clude fractures, bony ligamen-
tous avulsions, as well as long
leg axis X-ray if Knee deformi-
ties are inspected or Corrective
osteotomies are planned as a
part of treatment plan.

b. CT: in case of complex
fractures, bony avulsions and
in case of revision of ACL re-
construction (to determine the
drilling canal width if refilling
with bone graft is planned).

c. MRI: Method of choice, it
gives excellent idea about liga-
mentous, meniscal, cartilage
and bony injuries.

Methods of ACL treatment:
The goal of performing an ACL
reconstruction operation is
restoring the Knee instability to
decrease subsequent injuries
to the Knee.

A lot of progress was done in
the last years to improve the
isometric and anatomical place-
ment of the graft, to find the
optimal method for ACL fixa-
tion and to use the best graft
for replacement.

C- Methods of Treatment

I- ACL

a. Conservative Treatment
Indications: Minor mental and
physical trauma elderly inactive
patient

1- Lack of compliance.

2- Low risk pivoting sports, e.g.
Swimming.

3- Advanced arthritis and El-
derly inactive patient with low
demand.

Immediate treatment: Cooling,
leg elevation, NSAID.

Further treatment: Knee Brace
with joint adjustment in Flex-
ion/Extension (F/E): 90°-0°-0°
in the first six weeks then

free ROM. Concentric Muscu-
lar Strengthening exercises.
Functional exercises, cycling

CnopTuBHas opToneaus

Puc. 2: MogroToBka TpaHcnnaHTarta. (Xupyprideckuii atnac no CnopTMBHO opTone-
AW v cnopTuBHON TpaemaTtosnoriv Imhoff ¢ coasT. 2015)

TeCT (MocneaHuiA HeNerko BbINON-
HUTb MPW OCTPbIX TPaBMAax u3-3a
6011 1 pedpnexTopHOro cnasma
YETbIPEXTNABOW MbILLLIbI).

B cnyyae XpoH14ecKoi Tpasmbl
NauMeHTbl YaCTO XanytTecs Ha
HeCTabnbHOCTb KONeHa npy
X04b6€ N0 HEPOBHOW NOBEPXHOCTH
1 (hEHOMEH «NPOBana» KONEHHOro
CYCTaBa; CambIM 3HA4MMbIM TECTOM
NPV AMArHOCTUKM XPOHUYECKNX
noBpeXxaeHuit sBnseTes pivot -shift
TECT, KOTOPbII NOKA3bIBAET ANC-
(hyHKLMIO CycTaBa npu KadatoLLmx U
CKOMb3SALUNX [IBUXKEHUAX KONIEHHOrO
cycTasa.

B-Paguonornuyeckas
BU3yanusauus

a. PenTreHorpadms KoneHHOro
cycTasa (B NpsMoi, 6OKOBOM, KOCOM
NPOEKLMsAX): NPOBOAUTCS ANS UC-
KITOUYEHMS NEPENIOMOB 1 OTPbIBOB
KOCTEW; Npu 0BHAPY>KeHun fedop-
MaLumM KOMEHa v NAaHMPOBaHUM
KOPPEKTMPYHOLLE 0CTEOTOMMM,
BbIMONHSAETCA CHUMOK ANMHHON OCK
KOHEYHOCTM.

b. KT: BbinonHseTcs B cnyyae
CTNOXHBIX NEPEeIOMOB, OTPbIBOB
KOCTEW, ¥ Cyyae PEBU3MOHHOM
pekoHcTpykuum MKC (ans onpe-
AeNenns anameTpa kaHana, ecnu
NNaHPYeTCs UCMONb30BaHNe
KOCTHOTO TpaHcnnaHTara).

c. MPT: sBnsieTCst METOJOM BbI6O-

pa, KOTOpbI NPEKPacHo BU3ya-
NM3NPYET NOBPEXAEHNS CBSA30K,
MEHWCKOB, XPALLEN U KOCTEM.

C-MeToab! NleyeHus
nospexaeHuin NNKC

Llenbto neveHus siBnsieTcs BoccTa-
HOBJEHWE CTABUNBHOCTM KOMEH-
HOrO CyCTaBa C yMeHbLLEHUEM
NOCNEAyHLLEro pucka TpasMbl. B
nocneaHue rodbl Obin 3HAYUTENMb-
HO YCOBEPLLEHCTBOBAHbI METOAb!
peKkoHcTpyKuum MKC ¢ nomoLubio
N30METPUYECKOr0 1 aHaTOMMYe-
CKOr0 pasmeLLeHns MHAMBULYANbHO
noJo6paHHOro TpaHcnnaHTara v
€ro onTUManbHbliA pukcaumu.

a. KoHcepBaTuBHOe neyeHue
[MokasaHnst K NpUMEHeHMto - He-
3HauMTENbHAs TpaBMa y ntofaei
MOXMNOro BO3PacTa, Y10 MOXET
BKNKOYATh CrepytoLume hakTopbl:
1- OTCyTCTBME Y MAUMeHTa BO3-
MOXXHOCTY W XXENaHNs UCTIONHATD
BCe NMpeAn1caHus spada nocne
onepauuv

2- Hn3Kkuin pucK CrnopTUBHOM
TpasMmbl

3- ApTpuT 1 HX3KWE 3anpoChbl y Na-
LIMEHTA OTHOCUTENBHO (HM3UUECKON
aKTUBHOCTH

HeoTnoxxHoe neyexue: xonop, npu-
NOAHATOE NMOMNOXEHMe KOHEYHOCTH,
HECTEPOMAHbIE NPOTUBOBOCNANN-
TenbHble cpeactaa (HIMBC).
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femaral tunned length

Fig. 3: Tightrope system (company Arthrex)

a-The blue passing suture are used to pull the Tightrope system,

b-after flipping the button and being completely seated on the cortex,

c- the graft pulled into the femoral socket by simultaneous pulling the two
white threads (Surgical atlas of Sports orthopedics and sports traumatology

Imhoff et.al 2015)

and swimming are allowed in
cases of full mobility with no
effusion, contact sports are
avoided in the first six months,
regular follow up is recom-
mended.

b. Operative Treatment
Timing

Time after the injury consists of
two phases: The acute phase,
which extends up to 3 days
after the injury, the Knee is
protected in a Brace in F/E 90-
0-0° unless it's associated with
MCL (medial collateral ligament
injury) it's locked in 60-0-0°.
The sub acute phase extend af-
ter the third day till 3-4 weeks
after the initial injury, during
this period the surgical inter-
vention preferred to be avoided

to decrease the risk of postop-
erative stiffness (this waiting

time can be reduced if there is
associated injuries in the knee
as complex ligamentous tear).

Technique

In the last few decades many
techniques had evolved to treat
the ACL injuries which includes
the extra articular stabilization,
refixation of bony avulsed liga-
ment, also different ligaments
supplement had been tried to
replace the torn ligament from
synthetic materials, to cadav-
eric or autologous ligament
(quadriceps, patellar, iliotibial
tract strip, Plantaris tendon and
Hamstring tendons either from
same or contralateral side).
The autologous Hamstrings

Puc. 3: Cuctema Tightrope (komnanus Arthrex)

a. rony6as HUTb UCMOAb3YeTCs Ans npoTaruaHmus Tightrope cucTembl;

b. nocne nepemeLLeHs 1 UKcaLnm «nyrosuLibl» B KOPTUKANLHOM CIOE;

C. TP@HCMNaHTaT NPOTArMBAETCS Yepes 6eAPEeHHbI KaHan nyTeM HaTSXEeHNs [BYX
Genbix HUTen (XMpyprudeckuii atnac no CropTUBHOM OPTONEeann 1 CNOPTUBHON TpaBMa-

Tonoruu Imhoff ¢ coasT. 2015)

[anbHelilee neveHne: HolweHne
KONEHHOr0 0pTEe3a C 3aflaHHOM am-
NAUTY O crubaqns / pasrubanms
(F/E) 90°-0°-0° B TeueHwe nepsbix
6 HeLenb, 3aTeM paspeLlarnTCs
JBWXXEHNS B NOMHOM 06beme. Bbl-
MOMHEHME YNPaXKHEHMIA HA yBENN-
YeHue MbILUEYHOI cumbl. B cryyae
MNOHOM MOBUNBHOCTYW W OTCYTCTBUS
BbINOTA - (DYHKUMOHANbHbIE
ynpa>kHeHus, e34a Ha Benocunese
¥ nnaeaxue. B TeveHune nepsbix
LIECTM MECSLIEB CNEAyeT n3berathb
KOHTaKTHbIX BUAOB cropTa. Mauu-
€HTaM PEKOMEHAYETCS PerynspHoe
Habnoaexue.

b. Xupyprudeckoe neyexue
Cpoku: Bpems nocne TpasMbl pas-
LenstoT Ha fiBe (hasbl. B octpyto
a3y, KoTopas NPoJOKaeTcs Ao
3-X [iHeiA, KOMEHO 3aLMLLAoT C

nomowbto optesa ¢ F / E 90-0-0°,
€CN OTCYTCTBYET NOBPEXAEHNE
MeaunanbHON KonnaTepansHom
cBsisku (MKC), npu koTopom fo-
nyckaeTcs aMnanTyaa ABvxXeHuin F
/ E 60-0-0°.

B nogocTpoii hase, koTopas
HauMHaeTcs Yepes 3 AHA nocne
TPpaBMbl ¥ AnUTCA 10 3-4 HefeNb,
XMPYPr4ecKoro BMELLATENLCTBO
peKoMeHyeTcs u3beratb, 4ToOb
YMEHBLUWTb PUCK NOCNeonepauy-
OHHOW CKOBaHHOCTM B CyCTaBe (310
BPEMS MOXET ObITb YMEHbBLUEHO

B CNyyae paspbia HECKOMbKMX
CBS30K).

Xupyprudeckue meTofb!

3a NnocneHne HeCKONbKO [ECATH-
NETWiA MHOT e METOAbI NEYEHMS
nospexaenui MK , Hanpumep,
BHeCycTaBHas cTabunmaauns,
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Tabnmua 1: Knaccudpukaums Imhoff
Arthroscope

Table 1: Imhoff classification

Possible Bone bruise, Intact Bone
thinning limited change cartilage contusion
of the bone in signal intensity

in T1, Edema in T2

Irrelevant Thickening of the | Soft/ un even| Cartilage
cartilage cartilage softening
Thinning of Low signal intensity | Cartilage is | Demarcation
the bone T1/T2, after i.v. demarcated | without pedmKcauysi CBsi30K K KOCTH

ligaments are more frequently
used due to fewer complica-
tions and less morbidities.
Skin incision 3 ¢cm is done
horizontally on the level of the
Tibial tuberosity (2 cm medial
and inferior), sharp splitting of
the Sartorius fascia, dividing of
adhesions. Harvesting of the
Hamstring tendon (Semitendi-
nosis/ Gracilis or both) with a
blunt tendon stripper. During
this procedure the tendon
should always be kept under
tension and secured with an
additional clamp. The required
tendon is harvested and pre-
pared by the assistant on the
side table and folded into 3, 4
or 5 folds (Fig 1).

Contrastincrease |butintact sclerosis, COBEDLLEHCTBOBANMCh: TAKXKE
T1 signal intensity, intact y P ’

cartilage changes cartilage Pa3BMBANIACL METO/bI 3aMELLeHNS
MOPBaHHOM CBA3KW HA TPaHCNaH-
Thinning of | Same as IIA, but SENEERILSDENEIGEWEE  TaT 13 CUHTETUYECKOr0 MaTepy-

the bone no change in signal with ana, TPYMHbIX UMK ayTONOTMUHbIX

demarcation | intensity after i.v. sclerosis, "
( ; v : : , CBAA30K MM CYXOXKUAMIA (CYXOXMNKS
by sclerosis) | contrast material intact cartilage

injection LleTpreXFJ'IaBOﬁ MbILLLbI, CBA3KHK
HaOKoNeHHUKa, noaB3aoLWHO
IIIA | Partial lose | Low signal intensity | Partial lose | Partial lose, - 60nbLUE6EPLIOBOrO TPaKTA,
Fragment T1/T2, after i.v. Fragment, |vital fragment, MO/AIOLLIBEHHOTO ¥ MOAKONEHHOTO Cy-

Con’Frast |_ncrea_se _cartllage is |cartilage |r_1tact, XOXUIINSE, MOy EHHbIMY Ha Toif ke
T2 signal intensity, |intact no sclerosis

cartilage defects WNK MPOTUBOMONOXHO CTOPOHE
Tena). Hambonee 4acTto ucnonbay-
Partiallose | Same as|llAbut |Partial lose |Partial lose, tOTCS ayTONOTMYHbIE NOLKOMEHHbIE
Fragment, with no increase in | Fragment, | non vital CYXOXKMNS! B CBS3M C MEHBLINM
sclerosis signal intensity cartilage fragment,
zone isn'tintact |cartilage isn't

intact, marked

1A
1B
1A
KONIMYECTBOM OCJTIOXHEHMIA U MEHb-
sclerosis BbinonHseTcs ropu3oHTanbHbIi
IVA
IVB
VA
VB

Len 3a60/1eBaEMOCTbHO.

Graft preparation: The tendons
are cleared from muscle fiber
tissue. Tendon ends are armed
with baseball stitch sutures
(about 20 mm from each end).
Simultaneously a diagnostic
arthroscopy is carried out to
address concomitant lesions
as well as preparation of ACL
insertion points.

Drilling of the femoral and
Tibial tunnels are carried under
arthroscopic view and accord-
ing to the thickness of the
harvested tendon (Fig 2).

dislocation increase signal pa?“'len”eHMe (acum NopTHAX-
intensity afteri.v. HOW MbILLLbI, pa3ﬂeﬂeHMe cnaek.
contrast material 3a60p NOAKONEHHOIO CyXOXMMHS
WL (MoNyCyX0XXUNbHOW /TOHKOW MbILL-

Complete lose] Same as VA but no Non vital Lip! U 06evx) OCyLLeCTBNAETCS

fragment with| increase signal fragment, TYNbIM CYX0XXUIbHbIM pacnato-
or without intensity after i.v. marked pom. Bo Bpems aToit npouenyps!

dislocation contrast material sclerosis CYX0XKUNMe ONMKHO HAXOAMTHCS
injection nofA HaTAXeHWeM ¥ 3aKpennaTbCa

Cystic bony | High signal intensity| Cartilage in- | Cyst without AOMONTHATENbHbIM SXAMOM. 3aTewm

changes, T2 tact or chon- | sclerosis CyX0XuIme 3a61paeT acCUCTEHT

no sclerosis dromalacia 1 MOAroTaBnBaAET ero Ha APYrom
cTone, cknagbiBas B 3, 4 unm 5 pa3
Cystic bony | Low signal intensity | Same as VA | Cyst with (Puc 1).

changes, T1/T2 sclerosis
with sclerosis

I paspes Koxu 3 CM Ha ypoBHe
Complete lose| High subchondral LERIERUENA 6y rprcTocTi 60MbLIE6EPLIOBON
fragment with S|gn_al mtens_lty, no sclerosis KOCTU (2 CM MEAMAnbHEE 1 HIXE),
or without cartilage lesions,

anII'OTOBHEHVIe TpaHcnnaHTara:

Many techniques had been CYXO0XXMINS OUMULLAIOT OT Mbl-

implemented regarding drilling LUEYHbIX BOMOKOH. CyX0XXuUnbHbIe
the tibial and femoral canals; KOHLbl MPOLLMBAOT 6€/CO0MbHBIMM
either double bundle (where 2 LuBaMM (0kono 20 MM € KaXKaoro

canals are drilled to fix 2 AM koHua). OfHOBPEMEHHO NPOBOAST
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Fig. 4: Microfracture of the medial femoral condyle:

a) debridement of defect area, b) opening of the subchon-
dral bone, ¢) completed microfracture, d) outflow of the
blood from the opened bone marrow space after stop-
ping the inflow of arthroscopic fluids. (Surgical atlas of
Sports orthopedics and sports traumatology Imhoff et.al

2015)

and PL bundles) or single bun-
dle guided by arthroscope and
drilling wires.

Many implants had been
evolved to fix the re-implanted
ligament, recently used either
Bio absorbable screws or Tight-
rope system or combination
between them (Fig 3).

The postoperative recovery for
ACL Surgery:

Full range of motion and load-
ing of the joint immediately
after the surgery should be
avoided, during the first 2
weeks the patient can only
load partially (20 kg) and after
that the load bearing can be
increased at a rate of 20 kg

per week till full loading (the
patient should take anticoagu-
lants until full weight bearing).
From the 8th week postop-
eratively the patient can start
swimming (crawl), cycling.
From the 3rd Month postop-
eratively the patient can start
running.

From 9th to 12th Month post-
operatively the patient can start
the contact sports.

During the first six months the
patient should wear a protec-
tive knee brace with no limita-
tion of movement.

The postoperative recovery for
ACL Surgery with lat. meniscus
repair:

CriopTuBHas opToneaus

Puc. 4: MukponepenomM MeananbHoro Mblllenka 6epeHHoi Ko-
CTV: a. Ae6pMAMEHT AedbexTa xpaLa; b. oTKpbITUE CyOXOHAPanb-
HOW KOCTW; C. BbINOMHEHHBIN MUKPONepenoM; d. 0TTOK KpoBK 13
OTKPbITOrO MPOCTPAHCTBA KOCTHOrO MO3ra Mocne 0CTaHOBKM
MpUTOKa apTPOCKOMMYECKOW XXMAKOCTU. (XUpyprivdeckuii atnac
no CnopTMBHOW OPTONEANN 11 CNOPTUBHON TpaBmaTonorim Imhoff

c coasT 2015)

apPTPOCKOMMIO C LIENbIO YCTPaHEHNs
CONYTCTBYOLLWX MOBPEXAEHWH, a
TaKXXe NnoAroToBKM TOUEK Npukpe-
nnexus TpaHcnnaxTara. Ceep-
TNEHE KaHanos B 6eLPEHHOI 1
6onbLebepLOBOIA KOCTW OCYLLECT-
BNSIETCS MOA apTPOCKOMMUECKNM
KOHTPOIEM, COrnacHo TONLMHe 3a-
FOTOBJIEHHOTO CyXOXunus (Puc 2).
[ing hopmmupoBanms KaHanos B
60nbLLEOEPLOBOI M 6eSPEHHON KO-
CTY 6bIN0 pa3paboTaHO HECKOMBKO
METOZ0B: MO0 AN ABYXMY4KOBOA
chuKcaLmm Cyxoxunns (ceepnexmne
ABYX KaHanos ANs nepefHemMem-
anbHOro W 3afHenarepansHoro
My4KoB), MO0 AN OAHOMYHKOBO
chUKCaLMM CYXOXKMINS, C NOMOLLBIO
apTpOoCKONa W HanpaBASoLLEH
CrnLbI.

Takxe 6bin1 yCOBEPLLIEHCTBOBAHI
W UMMNAHTaThI C LEMbIO UX HAfexX-
HO¥ chukcaLmm; B nocnesHee Bpems
ncnonb3yroTes GropaccachiBatoLLy-
ecs BUHTBI unn Tightrope cuctema,
UM UX KoMBuHaums (Puc 3).
lMocneonepaunoHHas peabunura-
Lms nocne xupypruu MKC:

Cpagy nocne onepauum cnegyet
n3beratb NOSHOro AnanasoHa
ABVKEHMI 1 HArpy3KK1 Ha KONEH-
HbIA CyCTaB, B TEYEHUe NePBbIX 2-X
HeAeNb MauMeHT MOXET YacTUYHO
Harpy>xarb Hory (20 kr), nocne 4ero
Harpyska ysenuuusaetcs no 20 kr
B HEAENI0 [0 NOJHOM Harpy3ku (40
3TOr0 MOMEHTA NAUMEHT LOMKEH
MPUHUMATb aHTUKOATYNSHTI).

C 8- Hepenu nocne onepawuu
nauMeHT MOXeT nnasaTb (KPoJib)
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1st 6 weeks ROM F/E 60-0-0°
without loading

7th week 20 kg/ week no load-
ing in more than 90° flexion
12th week postoperatively the
patient can start swimming
(crawl), cycling.

From the 4th Month postop-
eratively the patient can start
running.

From 9th to 12th Months post-
operatively the patient can start
contact sports.

The postoperative recovery

for ACL Surgery with medial
meniscus repair:

First 2 weeks the patient can
only load partially (20 kg) active
F/E 90-0-0°

No loading is allowed in flexion
3-6th Weeks postoperative:
Full loading is started but only
in extension, ROM F/E 90-0-0°
No loading is allowed in flexion
7th week Free ROM

8th week postoperatively the
patient can start swimming
(crawl), cycling.

From the 3rd Month postop-
eratively the patient can start
running.

From 9th to 12th Month post-
operatively the patient can start
the contact sports.

Cartilage Injuries

The cartilage injuries can result
from high loading, repetitive
shearing or torsional injuries
that may affect the superficial
cartilage layer. Arthroscopic

|
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rleneLion)
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visualization suggested that in
about 5% of the knees which
undergone arthroscopy proce-
dures there are isolated focal
cartilage lesions. (7,8).

While there are many tech-
niques for the treatment of
cartilage injuries, not enough
is known about which lesion
needs treatment or about the
proper treatment modality for
each particular lesion.

Diagnosis of Cartilage
Lesions

A-History taking:

Accurate history taking is
crucial to determine the type
of injury, usually the patients
with cartilage lesions complain
of recurrent swelling, locking
or catching as well as painful
movements or painful weight
bearing. In case of acute focal
cartilage lesion, the patient al-
ways report a strong loading in-
jury followed by Knee effusion,
in Chronic cartilage lesion the
complain is usually recurrent
intermittent Knee effusion and
dull aching pain during walking,
ascending or descending the
stairs. By clinical examination
there is always tenderness on
the injured spot, if the lesion

is retropatellar Zohlen sign

is positive as well as Patellar
facet pain.

B-Imaging
a. X-rays AP and lat., Tunnel
views: useful only in detecting

1 e3anTb Ha Benocunege. C 3-ro
MecsLa nocrne onepauvn nauueHT
MoxeT 6eratb. B nepuog ¢ 9-ro

no 12-1 Mecsy nocne onepauum
NauneHT MOXXET BO30OHOBMUTb 3aHs-
TS KOHTAKTHBIMW BUiaMM CNIOPTa.
B TeYeHme nepBbIX LLECTU MECSLIEB
MaLMEHT JOMKEH HOCUTb 3aLLMT-
HbI KONEHHBI 0pTE3 6e3 orpaHu-
YEHMS aMNUTY bl JBUKEHNS.

[MocneonepaunoHHas peabunu-
Tauus nocne xvpyprim MKC u
MeNanbHOr0 MeHUCKa:

MepBble 2 HEAENW MALMEHT MOXKET
Harpy>xaTb KONEHO TOMbKO YacTny-
HO (20 Kr) C aMnNAUTY 0N aKTUBHbIX
asxeHuid F / E 90-0-0°. Mpu cru-
6aHuu Harpyska He onyCKaeTCs.
B TeueHe 3-6 Hepenb nocne
onepauym JonycTima nonHas Ha-
rpy3ka npw pasrubaHuv, amnnnTyaa
ABu>XeHuid - F / E 90-0-0°. Mpw cru-
6aHuM Harpyska He f0NycKaeTCs.
C 7-0i Hepenv paspeLLaeTcs nos-
HbI 0ObEM IBUXXEHMI B KOIEHHOM
cycTase.

C 8-01 Hegenm nocne onepauum
MauMeHT HauMHaeT nnaBaTh (KPOnb)
1 €3AMTb Ha Benocuneae.

C 3-ro mecsiua nocne onepauum
MauMeHT MOXeT beraTb.

C 9-ro no 12-i1 Mecsiy nocne
onepaunmn NauneHT yXKe MOXET
3aHMMATbCS! KOHTAKTHbIMM BUAAMM
cnoprta

MocneonepaunoHHas peabunu-
Taums nocne xupypri MKC v
naTepanbHOro MeHucKa:

C 1-o1 no 6-yto Heaento gonycTu-
Mblit 0OGBEM LIBUXKEHWUIA B KOJIEHHOM

CriopTuBHas opToneaus

cyctase coctasnset F/ E 60-0-0°
6e3 Harpysku.

C 7- Heenm Harpysky Ha4YMHaKOT
yBenuumathb no 20 Kr / Hedento,
O[HAKO Harpyska He fonyctuma
npu crubanuu 6onee 900.

C 12-o1 Hegenw nocne onepaumuu
NauneHT MOXeT Nnnasartb (Kpofb) 1
€3[1Tb Ha Benocunese.

C 4-ro mecsiua nocne onepauum
nauneHT MOXeT beratb.

C 9-ro no 12-i mecsiy nocne
onepauuyi NaumeHT MOXeT HavaTb
3aHSTUS KOHTaKTHbIMW BUAAMM
cnopra.

MoBpexxaeHus xpswa
lMoBpexaeHns xpsLua MoryT BO3-
HUKHYTb B pe3ynbTare 60/1bLUOM
HarpysKku Ha KOMeHHbI CycTas, npu
MOBTOPSHOLLMXCS MONEPEYHBIX UK
TOPCHUOHHBIX ABUXXEHNSX, KOTOPbIE
MOTYT paspyLLaTb NOBEPXHOCTHbIN
cnon xpswa. lMpu apTpockonuye-
CKOVA BU3yanu3aumm KONEHHOro
cycTasa y 5% naumeHToB o6Hapy-
XUBAIOTCS OTAENbHbIE 04Ar0BbIE
nospexaeHus xpswa (7, 8.
HecMOoTps Ha TO, YTO CyLlecTByeT
MHOrO METOJ0B NIEYEHMS MOBPEX-
LEHWUA XpALLa, eLlie NONHOCTbLIO He
BbISICHEHO, KaKNe MMEHHO U3MEHe-
HUS HY>KAAKOTCS B Tepaniy uiu ka-
KO/ UIMEHHO BWJ NEYeHNs NoKasaH
NS KOHKPETHOrO NOBPEXAEHNS.

[lmarHocTuka noBpeXxaeHuit
Xpswa

A- Cbop aHamHe3a

TwarenbHbIA c60p aHamMHesa
MMEET PeLUatoLLee 3Ha4EeHNE AN
onpeaeneHus TMna noBpeXaeHus.
Kak npaBuno, nauueHTbl ¢ NOBPeX-
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Fig. 7: a) OATS system (Osteochon-
dral Autograft Transfer System)

b) OATS MFC

¢) harvesting post femoral condyle
for Mega OATS

d) Press fit mega OATS after inser-
tion (Braun, Imhoff Arthritis and
research therapy 2008)

severe cartilage lesion and has
limited rule in diagnosing early
or focal cartilage lesions.

b. CT arthrography and 3D CT:
to detect any bony involvement
and the development of bony
cysts.

c. MRI: is best done with 3.
Tesla (high magnetic field
strength), Delayed gadolinium-
enhanced MRI (dGEMRYI) for
evaluation of glycosamino-
glycan content, (T2 mapping)
which detects early signs

of structural changes of the
extracellular matrix and moni-
tors these changes over time.
Collagen information
Magnetization transfer (MT) to
get quantitative and qualitative
information on the collagen
status of the damaged carti-
lage and the technigue may be
applied for the routine monitor-
ing of normal and abnormal
articular cartilage.

d. Technetium scintigraphy and
SPECT:
Scintigraphy examination could

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

be used when patients after
trauma do not show any sig-
nificant injury on normal MRI
while they are still in consider-
able pain.

Single photon emission com-
puted tomography (SPECT)
could be used to assess the
physiology and homeostasis of
subchondral bone adjacent to
untreated and treated articular
cartilage defects.

C- Arthroscopy

Remains the gold standard for
evaluation of the cartilage le-
sions and associated lesions.
Descriptive evaluation of the
lesion is done by arthroscopy
(size, site, shape, depth, grade,
single or multiple).

ICRS (International cartilage re-
search society): cartilage clas-
sification system, it consists of
5 grades
G 0 Normal
G| la where cartilage has an
intact surface but fibrilla-
tion and/or slight soften-
ing is present.
Ib superficial lacerations

AEHUEM XPSILLA dKaNyKTCs Ha peuy-
AVMBUPYIOLLMIA OTEK, OrpaHnyeHne
MOABMXXHOCTM UMM «3aKNMHUBA-
HWE», a TaKkxKe 60NE3HEHHOCTb NpK
ABVXKEHWM U HArpy3Ke Ha KONeHO.
B cnyyae 0CcTporo noBpexaeHus
XpsLLa naumeHT Bcerfa coobLyaet
0 TpaBMe, CBA3aHHOM C Harpy3KoMm,
C NOCneAyHLLMM BbINOTOM B 06-
nacTu cyctasa. [pu XpOHUYECKOM
MOPaXXEHWM XpSLLA, KaK MpaBuIo,
nauneHTbI XanyrTCs Ha peLm-
AVMBUPYHOLLMIA BbINOT B KONIEHHOM
cycTaBe W Tyrnoii HotoLLeid 60nn npu
X0fb6e, NOAHATUM 1 CryCKaHWW No
necTHuue. Mo 0CcMoTpe KONEHHOro
cycTasa Bceraa otMevaeTcs 6ones-
HEHHOCTb B 0611ACTV NMOBPEXAEHMS,
NPV NOpaXKeHUn peTponaTennsp-
HbIX OTAENOB - MONOXUTENbHbIA
cumnTom LloneHa (Zohlen), a Takxe
tbaceTouHas 60nb B 0611acTH Hag-
KONEHHWKa.

B- Busyanusupyiowme
uccnenoBaHus

a. PenTreHorpacbms Konexa B
NpsiMOiA, 6GOKOBOW W TaHreHUWab-
HOV MPOEKLMM: NONe3Ha TONbKO ANs
BbISIB/IEHNS TSXKENbIX NOBPEXAE-
HUiA XpALLIA 1 UMEET OTPaHNYEHHOE
NPUMEHeH1e Npu AnarHocTuke

CnopTuBHas opToneaus

Puc. 7: a. metops OATS

b. OATS meananbHOro Mbilenka 6eapex-
HOM KOCTU

C. 3a60p hparmeHTa xpsLia ¢ 3afHen
MOBEPXHOCTM MbiLLENKa 6eAPEHHON KOCTH
ans Mega OATS

d. noAroHka ayToTpaHcnnaxTara nocne
pa3meLLeHnst

(Braun, Imhoff «ApTpUT 1 aKCNEPUMEH-
TanbHas tepanus», 2008)

PaHHX W 04aroBbIX NOPaXKEHWH
xpsiwa.

b. KT aptporpadwms u 3D KT:
06Hapy>x1BaeT Nnto60oe M3MEHEHWE
KOCTHOI TKaHM M pa3BUTME KOCTHbIX
KMCT.

¢. MPT: Han6onee nHdopmaTueHa
NPV BbICOKON HAMPSXKEHHOCTH
MarHuTHoro nons - 3 Tecna, ¢
OTCPOYEHHbIM KOHTPACTMPOBa-
Huem ragonuimem (dGEMRI) ans
OLIEHKM COLEP KaHUS MMKo3amu-
HornukaHoB (T2 KapTupoBaHwe);
06Hapy>kMBaeT paHH1e Npu3Haku
CTPYKTYPHbIX N3MEHEHNI BHEKTTE-
TOYHOTO MaTpMKCa 1 No3BONSET
NPOBOANTL MOHWUTOPUHT 3TUX U3Me-
HEHWiA. MepeHOC HaMarHM4eHHOCTM
(MT) npoBoAnTCA ANS NONYYEHMS
KONMYECTBEHHOM W KAYECTBEHHOM
OLIEHKYW COCTOSHWS KoMnareHa
NOBPEXAEHHOrO XPsALLA, METOA
MOXET ObITb MPUMEHEH NS PYTHH-
HOrO MOHWUTOPWHIA HOPMABHOIO U
W3MEHEHHOr0 CYCTaBHOrO XpsLLa.
d. CumHTUrpadms ¢ TexHeLmem

n OOIKT: npoBoamTCS, KOrAa y
nauveHTa nocne TpaesMbl 0TMEYa-
eTcs 60neBoii CMHAPOM, a npu MPT
N3MEHEHWI XPALLA HE BbISBNEHO.
OBHOOTOHHAS IMUCCUOHHAS KOM-
nbtoTepHas ToMorpadus (OOIKT)
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Fig. 8a: second generation inlay trochlear design (Hemicap Wave, Arthrosur-
face) (Knee Surg Sports Traumatol Arthrosc. Aug. 2015 Imhoff et.al)

Puc. 8a: au3aiH BcTasHoro 610K0BOr0 NpoTesa BTOpPOro nokoneHus (Hemicap Wave,

Arthrosurface)

and fissures are found
G Il Lesions that extend
deeper but involve <50%
of the cartilage thickness
G lll Lesions that extend
through >50% of the carti-
lage thickness, subdivided
into 4 grades
Il a lesion doesn’t reach
deep the calcified layer
Il b lesion reach to the
calcified layer
Il ¢ that extend down
to but not through the
subchondral bone plate
Il d blisters
G IV defects that extend into
the subchondral bone

Osteochondritis dissecans
(OCD) are excluded from this
grading system and have their
own classification system as
follows

ICRS OCD |

Stable lesions with a continu-
ous but softened area covered
by intact cartilage.
ICRSOCDII

Lesions with partial discontinu-
ity and they are stable when
probed.

ICRS OCD Il

Lesions with complete discon-
tinuity that is not yet dislocated
(“dead in situ”)

ICRS OCD IV

Empty defects as well as
defects with a dislocated
fragment or a loose fragment
within the bed.

Treatment of cartilage defects:
Treatment of the cartilage de-
fects depends on the following
factors

1.Patient’s age and activity
level.

2.The degree of pain and dis-
ability that the patients are
experiencing.

3.Location of cartilage lesion,
size and depth of cartilage
lesions.

4. Co-existing joint pathology
such as meniscus lesions,
ligamentous insufficiency,
bone loss and malalignment.

5. Other concomitant diseases

Other factors should be put in
consideration before treatment
plan implementation, which
includes body weight, or body

Fig. 8b: Onlay trochlear design (Journey PFJ, Smith and Nephew)(Knee Surg
Sports Traumatol Arthrosc. Aug. 2015 Imhoff et.al)

Puc. 8b: ausaiH Haknagku - 6noka (Journey PFJ, Smith and Nephew)

MOXET BbITb MCMONb30BaHa AN
OLIEHK (h13NONOrM 1 romeocTasa
Ccy6X0HApanbHO KOCTH, Npunera-
romeﬁ K JIeYeHbIM U HE NneYeHbIM
Ledextam xpsa.

C- ApTpockonus

0CTaeTcs 30/10TbIM CTAHAAPTOM
AN OLEHKN NOBPEXAEHHI XpsilLa
1 CBA3AHHDBIX C HUMU M3MEHEHMIA.

C nOMOLLbIO apTPOCKOMNM MOXKHO
onucatb pasmep, pPacnofNoXeHme,
¢hopMy, rny6uHy 1 CTeneHb no-
BPEXXAEHNS OAHOIO UM HECKOb-
KiX 04aroB AECTPYKLMM XPSLLEBON
Tkanu. ICRS (MexayHaponHoe
06LLeCTBO BOCCTAHOBMNEHMS XpsLLa)
TKaHu paspaboTano knaccugmka-
LIMKO COCTOSIHUA XPsiLLA, KoTopas
BKIKOYaeT 5 cTaguid:

G 0 HopmanbHoe coCTosiHVE
xpsLa

la - XpsiL uMmeeT Henospex-
LEHHYH0 NOBEPXHOCTb, HO MpU-
CYTCTBYET Pa3BOJIOKHEHME 1 /
UM HeBOoNbLUIOE pa3MsIrieHre
Ib - Ha xpsiwe ecTb TpeLWHbI
11 pa3pbIBbl

MoBpexaexue 6onee rny6o-
KUX CNoeB, HO MeHe bonee
<50% OT TONLWMHBI XpALLA

G Il ToBpexaeHne 3aTparnsaeT

Gl

Gl

> 50% TONLWMHBI XpALLA W noj-
pasfensetcs Ha 4 suga
llla: noBpexxaeHue He JOX0-
IMT 10 ry60oKoro KanbLmdm-
LIMPOBAHHOIO COS
llib: noBpex aeHre focturatot
KanbLMULMPOBAHHOr O Cos
lllc: nospexxaexue gocturaet
MOBEPXHOCTH CYOXOHAPANb-
HO KOCTHOW NNacTUHbI
llld: npucyTCTBYIOT yUacTku
NOTEPTOCTU KOCTH

G IV nopaxeHue pacnpocTpaHseT-
Cs1 Ha CyOXOHAPAbHYIO KOCTb

VIameHeHus xpsilua npu pacceka-
toiem octeoxoHapute (OCD) uc-
KITHOUEHbI 13 3TOM Knaccuhukaumm
1 06pasytoT APYryto, OTAENbHYI0
knaccudukaumio - ICRS OCD:
ICRSOCD |

ovary pasmsryeHus 6e3 noBpeXXae-
HWS NOBEPXHOCTM

ICRSOCDII

oyary AECTPYKUMM C YaCTUYHbBIM
pa3pbiBOM XpsLla 6e3 HapyLIeHus
€ro LefoCTHOCTY NpK UCCnefoBa-
HUM 30HAOM

ICRS OCD Il

o4arv JecTpykuun ¢ NoJHbIM pas-
PbIBOM XpsiLLa, KOTOPbIN eLLe He
OTAENUNUCH («MepTBble in Situ»)
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Fig. 9a: Hemicap Wave, Arthrosurface a) a.p view, b) Lat. View, c) Tangential
view (Surgical atlas of Sports orthopedics and sports traumatology Imhoff

et.al 2015)

CnopTuBHas opToneaus

Puc. 9a: Hemicap Wave, Arthrosurface, a. nepegHesaaHmin Bug, b. Bua cooky, c. TaH-
reHunanbHbIi BUA («XMpypruyeckuid atnac no CnopTMBHOM OPTOMeAu 1 CrIOPTHUBHO

Tpasmatonorim» Imhoff ¢ coas. 2015)

Fig. 9b: (Journey PFJ, Smith and Nephew) a) a.p view, b) Lat. View, c) Tan-
gential view (Surgical atlas of Sports orthopedics and sports traumatology

Imhoff et.al 2015)

mass index (BMI), an increased

BMI (greater than 30) may have

an adverse effect on some

cartilage repair procedures,

Smoking, ability to comply with

rehabilitation (9).

Choices of cartilage lesions

treatment (10):

1. If the defect size is less than
2 cm? with well-shouldered,
protected edges:
Debridement or shaving +
any of simple Bone Marrow
Stimulation techniques, Mi-
cro-fracture technique (Fig.4)
or Refixation of cartilage by
Chondral Dart.

2. If defect size is 2-4 cm? con-
sider Mosaicplasty or MACT
(Matrix associated chondro-
cyte transplantation) with or
without Spongioplasty
(Fig. b, 6).

3. If defect size is >4 cm?
consider Osteochondral al-
lografts/MACT.

4. If medium size bony defect
consider bone grafts, Mega-
Oats (Fig. 7).

Patellofemoral Arthroplasty
(PFA)

Indication

Isolated patellofemoral arthri-

Puc. 9b: (Journey, Smith and Nephew) a. nepeaHesagnuii Bug, b. Bug cooky, c. Tax-
reHunanbHbIi BUA («XMpypruyeckuid atnac no cnopTUBHON OPTOMeAu U CrIOPTYUBHOV
Tpasmaronorin» Imhoff ¢ coas. 2015)

ICRS OCD IV

NyCTble o4ary AeCTPyKLMM XpsiLLa,
a TaKkxKe JeheKTbl C BbIBUXHYTHIMMU
WK OTAENMBLIMMUCS DparMeHTamu
Ha fiHe.

JNeyeHue noBpexAaeHwii xpswwa

JleueHne nopaxeHuii xpsiLia 3a-

BMCHT OT CNeayroLwumx ¢hakTopoB:

1. BospacTa v ypoBHs aKTUBHOCTH
nauwexTa.

2. BoipaxxeHHocTu 60neBoro
CMHAPOMA W CTEeneHn MHBannan-
3aumv nauueHTa.

3. Pacnono>xenus ovara LecTpyk-
UMM XpsiLLa, ero pasmepa 1
rNYOUHbI.

4. ConyTCTBYHOLLEHA CYCTaBHOM
naronorum (NoBpexaeHne MeHu-
CKa, HeA0CTaTOYHOCTb CBSA30Y-
HOro annapara, NoTeps KOCTHOM
MacChbl, CMELLEHNE CTPYKTYP).

5. Hanuuns gpyrux conyTcTayto-
WX 3a6oneBaHmii.

Taxxe npu cocTasneHun nnaxa

NEeYEHNst BOMKHbI ObITb YUYTEHbI U

Apyrvie dhakTopbl - Macca Tena unm

nHaekc maccol Tena (MMT), no-

CKOMbKy yBenuueHue VIMT (6onee

30), MOXeT oka3aTb Hebnaronpu-

STHOE BO3[ECTBIE HA HEKOTOPbIE

NpoLeAypb! N0 BOCCTAHOBEHMIO

XpsiLLa, a TakKe KypeHue, BO3MOX-

HOCTb 11 XXeNnaHue naumeHTa cobnto-
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anatomic factors predicting risk of

tis, it's not used if the medial ) TOrs | gr
anterior cruciate ligament injury for

and lateral compartments are

LaTb pexxkum peabunutaumm [9]. UMMNAHTUPYIOT HA OAHOM YPOBHE C

OKPY>KaIOLLMM XPSILLOM NOCAE CO3-

simultaneously affected.

5. Kaeding CC, Pedroza AD, Reinke EK, . ~
PFA has been used for more Huston LJ, Consortium M, Spindler 1. Ecnv paamep fedbekta ¢ npoy- | 6eApEHHOI KOCTH, An3ailH NpoTesa-
o . KP. Risk Fact d Predictors of
than 20 years, it's either inlay Subsoquont ACL Injury in Either HbIMY KDasiMIA COCTABNIET MEHEe  HaKNajky BKIKYAET KOMMOHEHT,
i ; Knee After ACL Reconstruction: 2
or onIaY prosthesis (ng. 8 and Prosnoctive Analyas of 2468 Pii- 2 CM?, MPOBOAST AE6PUAMEHT KOTOpbIE MOJIHOCTBIO 3aMema?T
9). The inlay prosthesis are mary ACL Reconstructions From the unu «6puTbe» (abpasmio) B coYe- | MEpefHue OTAenbl, 6epeHHoM
. MOON Cohort. Am J Sports Med. ~
trochlear components which 2015:43(7):1583-90. . TaHUM C OfIHUM M3 NPOCTbIX METO- | KOCTW Yepe3 nepesHuM JOCTyn, kak
are implanted flush with the 6. SteinV, Lil, Lo G, Guermazi A, Zhang [0B CTUMYNSLMN KOCTHOTO MO3ra | TOTanbHOE 3HA0MPOTE3UPOBaHNe
X . Y, Kent Kwoh C, et al. Pattern of joint
Surround|ng Cart”age after damage in persons with knee osteo- - MVIKpOI'IepeJ'IOMOM (PMC4) N KONEeHHOro CYCTaBa
: e arthritis and concomitant ACL tears. A
crea’uorj of a bone bed within Rheumatol Int, 2012:32(5):1197.208. pedomkcaumein xpswa ¢ nomowsko | Mcnonb3osaune npoTesa BTOPOro
the native trochlea, the Onlay 7. Curl WW, Krome J, Gordon ES, umnnavTata Chondral Dart. TWNA 3HAYUTENBHO YayyLlaeT yHK-
. Rushing J, Smith BP, Poehling GG.
design are trochlear compo- Cartllage mju':?és_: areviow of 31816 | 2. Ecnv pasmep fiechexTa co- LIMOHAbHbIE PE3YNbTATbI M yMEHb-
nents that completely replace ﬁgg‘;ﬁgh;%sggg'es Arthroscopy. CTaBnsieT 2-4 CMZ, BLINOSHSAIOT | LWAeT 6oneBoii cuHapoM. Teope-
the anterior compartment by 8. Hjelle K, Solheim E, Strand T, Muri R, MO3aunyHyt0 nnacTuky unm MACT | TUUeckue NpeumyLLecTBa au3aiHa
- - Brittberg M. Articular cartilage defects
using the same anterior cut as in 1,000 knee arthroscopies. Arthros- (TpaHcnnaHTaumio accoumill— BKJ1AZIKU He NPUBESIO K YyULLEHUO
known from total knee arthro- copy. 2002;18:730-4. POBaHHbIX C KOnnareHoBou KJIMHWYECKUX Pe3yNibTaTos Mo
Mithoefer K, Williams R, Warren R, -
plasty. et al: The microfracture technique MaTpuLen XOHAPOLIMTOB) C MAM | CPABHEHMIO C HaKNaaHbLIM BapuaH-
The use of this type of pros- for the treatment of articular cartiage 6e3 crnoHronnacTvky (Puc.5, 6). | Tom. OfHaKO NPOrpeccupoBaHie
) T - esions in the knee. A prospective
thesis significantly improves cohort study. J Bone Joint Surg 3. Ecnv pasmep fedbektas> 4 cm?, | 6onbLuebepLioBo-6eaperHoro OA
. 87A:1911-1920, 2005
functional outcome scores and | 1g. Treatment options and algorithms nokasaHa TpaHcnnaHTauus 3HAUMTENIbHO peXxXe 0TMe4anoch y

pain. The theoretical advan-
tages of an inlay design did not
result in better clinical outcome
scores compared to an onlay
design. However, progression

males and females. Am J Sports
Med. 2015;43(4):839-47.

in surgery of cartilage lesions in the
knee. Clinical evaluation pre-and post-
operative, Mats Brittberg Cartilage Re-
search Unit University of Gothenburg,
Region Halland Orthopaedics-RHO,
Kungsbacka Hospital, Kungsbacka,
Sweden

. A matched-pair comparison of inlay
and onlay trochlear designs for patel-

Bbi6op MeToa NeyeHns oBpex-
AeHuid xpswa [10]:

OCTEOXOHAPAILHOr0 annoTpasx-
cnnaHTara / MACT.

4. Ecnu ecTb fiedhekT KoCTu
CpeAHero paamepa, UCronb3ayroT
ayTONOTMYHBIA KOCTHBIA TPAHC-

[laH1s KOCTHOr 0 N10>Ka B roJyioBke

NaLMeHTOB C BKNaaHbIM 6110KOBMA-
HbIM KOMMOHEHTOM [11].

BaxxHoe 3ameuanme:
Pucynku ¢ 1 no 6 1 9: Bce n3obpaxkenus us

«XMPYPru4ecKoro ataaca no CnopTvBHOM
OpTOMeAnn 1 CNIOPTMBHOW TPABMATONOMNKN»
Imhoff ¢ coasT.2015, npuHagnexart Springer
Publishing Company. PUCYHOK 7: MCTO4HMK
5,5-neTHen peaynbTat MegaOATS - ayTorno-
TWYHBIX TPAHCMNAHTaUMA MblLLenka 6efpeH-
HOW KOCTW: UCCNEROBAHNE CEPUM Cly4vaeB
Braun, Imhoff «ApTpuT 1 aKCNepuMeHTarb-
Has Tepanusi», 2008. PUCYHOK 8: MCTOUHMK

- NPOCNEKTUBHAS OLIEHKA NOBEPXHOCTHOTO
narennocemMopanbHoro poTe3npoBaHNs ¢
MOMOLLbKO @HATOMUYECKOM BKNAAKN: KNUHM-
yeckue, paavorpacuieckue 1 CopTUBHbIE
pesynbTatbl nocne 24 mecsues, Cotic,
zmhoff), Knee Surg Sports Traumatol Arthrosc
2015).

of tibiofemoral OA was signifi-

cantly less common in patients
with an inlay trochlear compo-

nent (11).

nnantat Mega-OATS (Puc. 7).

lofemoral arthroplasty: no differ-
ences in clinical outcome but less
progression of osteoarthritis with inlay
designs. Matthias J. Feucht Matthias
Cotic, Knut Beitzel - Julia F. Baldini,
Gebhart Meidinger, Philip B. Schéttle,
Andreas B. Imhoff

NarennoceMopanbHoe aHAONPO
TesuposaHue (MOJ)
Moka3aHWeM K MPUMEHEHHIO SBAS-
€TCS U30NMPOBAHHbINA naTtennode-
MOpasbHbIA apTpuT, B Cyyae, ecnm
0[IHOBPEMEHHO He NOBPEX/eHbl
MefnanbHble 1 natepansHble 0T-
genbl. [O3 npuMeHsieTcs Ha npak-
TUKE YK€ Ha NpoTsKeHun 6onee 20
TIET C UCMONb30BAHMEM BKNaAHOTO
WY HaKNaAHoro NpoTesos. (Puc.
81 9). MpoTes-Bknagka BKOYa-

€T KOMMOHEHTbI 6710Ka, KOTOpble

Important Note:

Figures 1 to 6 and 9: All images from
Surgical atlas of Sports orthopedics and
sports traumatology Imhoff et.al 2015, are
owned by Springer publishing company,
Fig. 7 source: The 5.5-year results of
Mega OATS - autologous transfer of the
posterior femoral condyle: a case-series
study Braun, Imhoff Arthritis and research
therapy 2008, Fig. 8 source: Prospective
evaluation of anatomic patellofemoral
inlay resurfacing: clinical, radiographic, and
sports-related results after 24 months,
Cotic, Imhoff, Knee Surg Sports Traumatol
Arthrosc (2015).
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KonuuyecTBeHHOe onpepene-

Quantification of the
Prognostic Impact of
Lymphovascular Space

Involvement (LVSI) in Early

Stage Cervical Cancer:
a Review of Literature
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LVSI, lymphangiosis, prognos-
tic factor

Abstract

Objective

Being the second most
common cancer of women,
carcinoma of the uterine cervix
is a major cause of death in
women. Even patients with
early stage cervical cancer
have a significant risk of
mortality which ranges among
15% after b years. In order to
identify high risk patients de-
spite early stage disease, LVSI
(lymphovascular space involve-
ment) has been proposed as
additional prognostic factor.

Methods

A systematic review of the
available literature concerning
LVSI and cervical cancer was
performed.

Results and Conclusion
Based on the published data,
using LVSI as sole indication for
adjuvant therapy seems ques-
tionable. However, it should be
considered as additional item in
cases with an indistinct indica-
tion for an adjuvant treatment.
In pathological reports, we

strongly suggest to report on
the exact localisation of LVSI or
the presence of satellite-LVSI,
respectively.

Introduction

Worldwide, carcinoma of the
uterine cervix is the second
most common cancer of
women. Although decreased
incidence of advanced cervical
cancer due to early diagno-

sis by the use of PAP-smear
screening (Gustafsson et al.,
1997) and improved thera-
pies in case of locoregionally
advanced disease by radia-
tion or chemoradiation (Green
et al., 2001), cervical cancer
remains a major cause of
death in women. Patients with
early stage disease, even if
the majority of them are cured
with radical surgery or primary
chemoradiation, still have a
significant risk of mortality
which ranges among 15%
after b years (Landoni et al.,
1997). In addition it has to be
pronounced that combined use
of radical surgery and adjuvant
treatment is associated with
an increase of morbidity for
the patients. Therefore, exact
identification of those patients
who really need an adjuvant

Pak wweiiku MaTku

H1e NPOrHOCTHYECKOro 3Haye-
H1A UHBA3UU NUMOBACKYynAp-
Horo npoctpaHcTBa (LVSI) Ha
PaHHUX CTaAUAX paKa LWeUKu
MaTKu: 0630p nuTepaTtypbl

KntoueBble €n10Ba: pak Lueiiku MaT-
ku, LVSI, numcboreHHbIn kaHuepoMa-
T03, NPOrHOCTUYECKUIA (hakTop

Tesucobl

Lienb

PaK Lueiiku MaTKu, SIBNSISCb BTOPbIM
Haunbonee pacnpoCTPaHEHHbIM
BMAOM paKa y >KEHLLMH, OCTaeT-

CSl OHOM 13 OCHOBHbIX MPUYMH
XKEHCKON cMepTHOCTU. [axe
MauneHTbI C paHHeit CTaaneit paxka
LUEVKIM MATKU UMEIOT 3HAYMTENbHbINA
PUCK CMEPTHOCTH, KOTOPbIA Yepe3
5 net cocTaBnsieT 15%. C Lenbto
BbISIBNIEHWS! NALIMEHTOB BbICOKOrO
pucKa, HECMOTPS! Ha paHHKe CTaaum
3a60neBaHms, MHBA3Ms MMMAOBa-
CKynspHoro npocTpaHcTea (LVSI)
Obina npeasioxeHa B Ka4ecTse A0-
MOMHUTENBHOrO MPOrHOCTUYECKOrO
hakTopa.

MeTonbl

MpoBeneH cucTemaTuyeckuin 063op
W aHanM3 MMetoLLencs nuTeparyps
no LVSI u paky Lweiiku matku.

PesynbTaThl ¥ BLIBOADI

Ha ocHoBaHWm 0ny6nmMKkoBaHHbIX
JaHHbIX Ucnonb3osatb LVSI B kaue-
CTBE E[MHCTBEHHOIO NokasaHus Ans
a[bOBAHTHO Tepanuu NpeAcTaBns-
eTcs npobnematnyHbIM. Tem He Me-
Hee , LVSI cnepyeT paccmatpusath
B KQY€CTBE [ONONHUTENbHOMO (hak-

TOpa B Cy4asix ¢ HEYETKUMM NoKa-
3aHNSMM K aZiblOBAHTHON Tepanuu.
Mp¥ NPOBEAEHUN TUCTONOTMHYECKNX
WUCCNEeN0BaHMiA Mbl HACTOSITENBHO
PEKOMEHZYEM CO06LLAaTh O TOYHO
nokanusaumn LVSI n 06Hapy>xeHun
conyTcTaytowent LVSI.

BsepneHve

Bo Bcem Mupe pak Lueiikun MaTky siB-
NSIeTCA BTOPbIM Hanbonee pacnpo-
CTPaHEeHHbIM BUOM PAKa Y XKEHLUH.
HecmoTpst Ha TO, 33601€BaEMOCTb
paKa LLenKI MaTKv CHU3MNACh,
6narofiaps paHHel [MarHoCTuKK

C MOMOLLbHO CKpUHUMHIa — [Man -
Maskos (Gustafsson v coasT., 1997)
1 YCOBEPLLEHCTBOBAHHOW Tepanmu
MpW MECTHO-PETMOHAPHBIX CTAAMSX
3a60MeBaHNs C NOMOLLbKO PaANoTe-
panuy Uk XMM1ONy4eBOI Tepanim
(Green ¢ coasT. 2001), paK LLeiiku
MaTKu OCTAETCS OAHOM U3 OCHOBHbIX
MPUYMH CMEPTHOCTM CPEAM XKEHLLMH.
Y NauMeHTOB € paHHeN CTaaneil
3a60reBanms, Jaxe ecnm 60b-
LUMHCTBO 13 HUX M3NEUNBAIOTCS
nocre paa1kanbHoi onepaumm uim
NEPBUYHOM XMMUOMY4EBOIA TEpanim,
NO-NpeXxxHeMy 0TMEYAETCS 3HAUM-
TENbHbIA PUCK CMEPTHOCTH, KOTOPbIA
nocne 5 neT konebneTcs Mexay
15% (Landoni c coasT., 1997).
CrneposaternsHo, He06X04MMO
TOYHOE ONpejeneHne NaumeHToB,
KOTOpbIE HYXXAAIOTCS B afblOBAHT-
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treatment after surgery is
urgently needed. Ultimately, it
is not a very well known field
which individual patients with
a definitely combination of risk
factos benefit from adjuvant
treatment modalities.
Therefore, efforts have been
undertaken in order to identify
high-risk patients who could
profit by those therapies.
Several prognostic factors for
identification of those patients
have been described, includ-
ing tumor stage, lymph node
metastasis, histological sub-
type (adenocarcinoma versus
squamous cell carcinoma), and
LVSI. However, in the existing
literature, there is controversial
about the prognostic impact of
LVSI.

This article summarizes and ad-
dresses the available literature
on the prognostic role of LVSI
in early stage cervical cancer.
There is no doubt, that some
of the known risk factors are
interrelated. Many studies
describe a strong association
of LVSI and positive nodal sta-
tus, which is a major problem
concerning investigation of
LVSI as independent prognostic
factor. In 12 of 36 studies, LVSI
has been described to be of
prognostic value. However, the
problem with discussing the
results of these studies is, that
there are considerable varia-
tions of study design, definition
and localisation of LVSI, and
statistical analysis. In addition,
prognostic factors have to be
evaluated in context to the
performed surgical procedures
which differ considerably.

Methods

We reviewed the available
literaure investigating LVSI
as prognostic factor for early
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stage cervical cancer which
has been found using the
search criteria “early- cervical-
cancer-LVSI-prognostic-factor”
in a pubmed-based retrieval.
The exclusively retrospective
reviewed literature has been
published from 1985 to 2008
and most patients were stage
IB. LVSI was evaluated using
uni-and multivariate analysis.

Pathological Definition and
Localisation of LVSI
Currently, no generally accept-
ed standards for determination
of LVSI have been described
and its prognostic value may
be hampered by a high degree
of intra- and interobserver
variability. The detection rate of
LVSI ranges from 9% to 43%
(Creasman and Kohler, 2004).
Usually, LVSI is detected using
hematoxylin and eosin staining,
since immunohistochemically
diagnosed LVSI is a common
event and seems to be of no
clinical value (Lim et al., 2008).
Only one study differentiated
between LVSI in proximity

to the tumor-invasion front
(conjoined-LVSI) and tumor
distant LVSI (satellite-LVSI)
(Herr et al., 2009). The authors
of this study considered the
localisation of LVSI and defined
satellite-LVSI as LVSI occurring
distant from the main tumor,
in the parametrical tissue or

in pelvic lymph nodes with a
minimum metrical distance of
1 cm (Herr et al., 2009). From
a biological point of view, it
seems reasonable to assume
an association of satellite-LVSI
and a high risk of recurrence
or metastasis. Therefore, it
has been hypothesized that
the prognosis of patients with
satellite-LVSI differs from
patients with conjoined-LVSI

HOW Tepanuy Nocie XMPYpPruveckoro
BMeLLaTenscTaa. Borpoc o npe-
UMYLLECTBAX NPUMEHEHNS METO/I0B
a[iblOBAHTHOW Tepanum y NauneHToB
C ONPeAeNeHHOI KOMOMHaLME
(haKTopOB prCKa NOMHOCTBHO He
BbIsiCHeH. [1oaTomy 6binu Npeanpu-
HSTbI YCUNUS C LIENbIO BbISIBNIEHNS
NaLMEHTOB C BbICOKIM PUCKOM, KO-
TOPbIE MOrM Bbl NOMYYMTb NOMb3Y C
MOMOLLBIO 3TUX METOLOB JIEUEHMS.
B nmetoLLieiics nuTepatype 6binn
npeacTaBeHbl HECKOMBKO Mpo-
FHOCTUYECKMX (DaKTOpOB Ans
NAEHTU(MKALNN BbILIEOMUCAHHBIX
NauMEHTOB, B TOM YuChe CTaaus
ONyXonu, MeTacTassl B iumdaTi-
YeCKUe Y3bl, TUCTONOMMYECKNIA
NOATVN (aAeHOKapLMHOMa VS MAo-
CKOKINIeTOUHbIA pak) u LVSI. Tem He
MeHee, CYLLEeCTBYIOLas nuTepartypa
MNPOTMBOPEYNBA OTHOCUTENBHO MPO-
THOCTUYECKOrO 3HaueHns LVSI.

B naHHoM cTaThe aHanMaunpyroTes
AaHHble COBPEMEHHOM NUTepaTypbl,
KacaroLLeiicst MPOrHOCTUYECKON
ponu LVSI Ha paHHWX cTagusix paka
LUEI KN MaTKW.

HeT HuKaKux COMHEHMIA B TOM, UTO
HEKOTOPbIE W3 M3BECTHbIX (DaKTOPOB
p1cKa B3anMocBsi3aHbl. MHorune
WCCe0BaHNs OMUCHIBAKOT CUTbHYHO
accoumaumio LVSI ¢ nopaxernem
MMAaTUYECKNX Y3N0B, YTO SBNSET-
Cs1 O[HO¥ 13 OCHOBHbIX NPOGNEM B
OTHOLIEeHUM uccnepoBaHus LVSI kak
HE3aBWUCUMOr0 MPOTHOCTUYECKOTO
thakTopa. B 12 u3 36 nccnenosanmii
66110 onmcano, 4to LVSI umeeT npo-
FHOCTUYECKOE 3HAYEHME.

OpHako npobnema ¢ 06Cy>xaeHnem
PE3yNbTaToB 3TUX UCCNELOBAHMIA
COCTOWT B TOM, YTO CyLLECTBYIOT
3HauMTENbHbIE BApUaLMK anropuT-
Ma UCCNEAOBAHMS, ONPELENEHNs N
nokanuaaumu LVSI u ctatuctiye-
cKoro aHanuaa. Kpowme Toro, nporHo-
CTHYeckue (axkTopbl JOMKHbI BbITh
OLiEHEHbI B KOHTEKCTE NPOBEAEHHbIX
XMPYPrudecKux npouesyp, KoTopble
TaKXX€ 3HAYUTENBHO BAPLUPYHOT.

Pak wweiiku MaTku

MeTopab!

MbI NpoaHanManpoBasv UMEHOLLY-
toCs UTEPaTypy, UCCreayoLLyto
LVSI B ka4ecTBe MPOrHOCTUHECKOrO
(hakTopa Ha paHHWX CTafmsIx paka
LUelKM MaTKu, KoTopas bbina Ham-
[ieHa C 1CMOoNb30BaHNEM KPUTEPUER
MoucKa «PaHHNi PaK LUK MaTKy,
LVSI nporHocTryeckmii haktop»

Ha PubMed B kauecTBe 0CHOBHOIO
NCTOUHMKA.

VCKmioUmMTENbHO PETPOCTEKTUBHBIH
0630p NMTepaTypbl Bbina ony6amKo-
BaH ¢ 1985 no 2008 rog, y 60MbLLMH-
CTBa NaumMeHToB Bbina anarHocTu-
POBaHa paK LUeKM MaTKu Ha CTaguu
IB. LVSI oueHvBanm ¢ nomoLLbto
0HO- M MHOTOChaKTOPHOTO aHanmaa.

FvcTonornyeckoe onpepeneHue n
nokanusauus LVSI

B HacTosLLee Bpems OTCyTCTBY-

€T 06LLENPUHATOE CTaHAAPTHOE
onpepenexus LVSI, v BbisiBneHme ee
MPOrHOCTUYECKOr0 3HAYEHNS MOXET
ObITb 3aTPYAHEHO BCeACTBME
BbICOKOW CTeneHn BapuabenbHOCTH
Pe3ynbTaToB Y OAHOMO U Y PasHbIX
uccnefoBaTenel.

lMoka3atens BbisiBneHus LVSI kone-
6netcs 0T 9% [0 43% (Creasman

u Kohler, 2004). Kak npasurno, LVSI
OnpenensieTcs ¢ MOMOLLbH OKpaLLm-
BaHWs reMaToKCUIMHOM U 303MHOM,
MOCKOMbKY MMMYHOMMCTOXMMMYECKAS
avarHocTuka LVSI sBnseTcs obbly-
HOWA NpOLeAypol, 1, Kak NMpefcTaB-
NSETCH, HE UMEET KIMHMYECKOro
3HaueHws (Lim c coasT., 2008).
Tonbko B OfHOM MCCIeA0BaHMM
MPOBOANTCS Pa3nuymne Mexay
MPOKCMMArnbHOM, PacronOXeHHOMN

B HEMOCPELCTBEHHOM 61IM30CTH OT
onyxomu LVSI (coeauHenHas LVSI)

W BUCTanbHOM, OTAANEHHON OT Ony-
xonm LVSI (conyTctaytowas LVSI)
(Herr ¢ coasr., 2009).

ABTOpbI 3TOrO WCCeA0BaHus
paccmoTpenu nokanusaumo LVSI

W Onpejenuim «ConyTCTBYHOLLYHO
LVSI», kak LVSI, BO3HMKLLYtO Ha
PacCTOsHUM OT OCHOBHOM OMyX0-
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Table 1: Studies that investigated
LVSI and found no prognostic impact

Tabnmua 1: Uccnenosanms, KOTopble He
NOATBEPAMN MPOTHOCTUYECKOE 3HAYEHNE
LVSI

Studies that investigated LVSI and found no prognostic impact

Number LVSlas
of patients prognostic
factor

Authors Year

1998
1999
1991
2000
1993
2000
2006
2005
1999

Frigerio (Frigerio et al., 1998)

Yuan (Yuan et al., 1999)

Hopkins (Hopkins and Morley, 1991)
Gentili (Gentili et al., 2000)

Kamura (Kamura et al., 1993)

Aoki (Aoki et al., 2000)

Suprasert (Suprasert et al., 2006)
Marchiolé (Marchiole et al., 2005)
Snijders (Snijders-Keilholz et al., 1999)

1. Mpo6rnema ¢ nHTeprpeTaumei
3TUX JaHHbIX 3aKJTKOYaETCS B TOM,

or from patients without LVSI
(Herr et al., 2009).

Negative Studies for LVSI as
Prognostic Factor

The available literature with
negative results for LVSI as
prognostic factor is registered
in Table 1. The problem with
interpreting this data is, that
all studies are retrospective
analyses of heterogeneous pa-
tient populations with generally
small numbers of LVSI-positive
cases. In addition, most of the
studies with negative results
did not have the power to
detect significant results due
to the high rates of association
with nodal positive status. Fur-
thermore, none of the reports
distinguished between differ-
ent localizations of LVSI.

Positive Studies for LVSI as
Prognostic Factor

The studies reporting positive
results for LVSI as prognostic
factor are shown in Table 2.
Among the studies with stage
[IB cervical cancer with nega-
tive lymph nodes, LVS| was a
significant prognostic factor

in the study of Commerci et

al (Comerci et al., 1998). In
this study, 275 patients were
treated by radical hysterectomy
and pelvic node dissection.
75% of these patients had
histopathologically confirmed
negative pelvic lymph nodes.
After a median follow-up of 55

Yuan (Yuan et al., 1998)
Samlal (Samlal et al., 1997)
Sartori (Sartori et al., 2007)
Kainz (Kainz et al., 1994)
Gauthier (Gauthier et al., 1985)

Kristensen (Kristensen et al., 1999)

Finan (Finan et al., 1996)

Tsai (Tsai et al., 1999)
Trattner (Trattner et al., 2001)
Kim (Kim et al., 2000)

Hellebrekers (Hellebrekers et al., 1999)

Duk (Duk et al., 1996)

Obermair (Obermair et al., 1998)
Lai (Lai et al., 1999)

Graflund (Graflund et al., 2002)

months, the authors observed
that LVSI is an independent
prognostic factor using uni-
variate as well as multivariate
analysis.

Concerning survival, there are
several studies indicating an
independent prognostic impact
for LVSI by multivariate analy-
sis: Metindir et al. and others
showed significantly decreased
5-year disease free survival
rates in LVSI-positive patients
with stage I-ll disease (Metindir
and Bilir, 2007, Kenter et al.,
1988). In a retrospective study
with 187 patients of Takeda

et al., LVSI was found to be
independently related to poor
survival after a median follow
up of 83 month (Takeda et al.,
2002). For patients who had a
tumor histologically confined

1998
1997
2007
1994
1985
1999
1996
1999
2001
2000
1999
1996
1998
1999
2002

W - B NapaMeTpUX N B Ta30BbIX
NMMcHaTUHECKUX Y3Nax ¢ MUHUMATTb-
HbIM YaneHreM OT NepPBUYHOIO
o6pasosanus Ha 1 ¢M (Herr u op.,
2009). C 61onornyecKoin TouKu
3pEHMS NPELCTaBNAETCS pasyM-
HbIM MPEANONOXMUTL accoLMaLmio
conyTcTytoeid LVSI v Bbicokoro
pucKa peunansa unu MeTacTasos.
MoaTomy, BbI10 BbICKA3aHO MPEAMNo-
TIOXXEHWE, YTO MPOTHO3 Y NaLMEHTOB
¢ conyTcTaytowei LVSI oTnmuaetcs
0T TakOBOr0 y NALMEHTOB C COeau-
HeHHoW LVSI unmn y naumeHToB 6e3
LVSI (Herr u coasr., 2009).

OTpuuaTenbHble UCCneaoBaHus!
ans LVSI kak nporHocTuyeckoro
(akTopa

WmetolLascs nutepartypa ¢ oTpuua-
TeNbHbIMK pesynbTatamu ans LVSI
KaK MporHoCcTM4eCKoro daktopa
3aperucTpupoBaHa B Tabnuue

4TO BCE MCCNEA0BAHNS SIBNSIOTCS
PETPOCMEKTUBHBIM aHANM30M
reTEPOreHHbIX NONyNsAUMA nauneH-
TOB C HebonbLLMM Ymcnom LVSI-
NONOXMTENbHBIX Cyyaes. Kpome
TOro, 60NbLUMHCTBO UCCNENOBAHNI
HEe MOTYT MPOAEMOHCTPMPOBAT
pe3ynbTaThl, CBS3aHHbIE C BbICO-
KMM NOKa3aTesieM accoumaLimm

C MOPaXXeH1eM NMMcaTieckmnx
y31108. Kpome T0ro, CooBLLeH!s He
OT/IMYAKOTCS PA3NIMYHBIMK NIOKamnN-
3aumsmu LVSI.

MonoxwuTtenbHble UccneaoBaHUs
Ans LVSI kak nporHocTuyeckoro
thakTopa

ViccnenoBanusi, LEMOHCTPUPYO-
LUWE NONOXUTENbHbIE PE3YNbTaThI
ans LVSI kak mporHocTm4eckoro
hakTopa, NpUBEAEHbI B Tabnmue

2. Cpev vccnenosaHuii cnyyaes
1B cTagmv paka Lweiiku matkv 6e3
nopaXxeHnst MMM aTuIecknx y3nos
B uccnegosanm Commerci ¢ coasT.,
1998 LVSI siBnsinacb 3Ha4MMbIM
NPOrHOCTUYECKMM (hakTopoM. B
3TOM 1ccnefoBaHum 275 naumeHToB
NIEYMIN C NMOMOLLIO paamKab-

HO TUCTEPIKTOMUM U UCCEYEHNS
Ta30BbIX MMMATUYEKCKNX Y3T0B.
75% 9TWX NaUNEHTOB NMenu
TMCTONOMMYECKOe NOATBEPXKAEHME
OTCYTCTBMWS NOPXXEHNS Ta30BbIX
numcoy3nos. lNocne Habnioge-
HWS B TeYeHMe, B CpeaHeM, 55
MECSLIEB, aBTOPLIOBHAPYXMUM,
“cnonb3yst OFHOAKTOPHbIN, a
TaKkXXe MHOrohakTOpHbIi aHanm3,
yTo LVSI sBnsieTcst He3aBUCUMbIM
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Table 2: Studies that investigated
LVSI and found prognostic impact

to the uterus and had neither
parametrial invasion nor lymph
node metastasis, LVSI was
the most important prognostic
factor.

One of the reasons for the
different results concerning
LVSI in different studies is, that
currently there are no stand-
ards for the exact description
of LVSI. Due to own investiga-
tions, particularly the exact
localization plays a major role.
However, there is only one
study in which this matter was
taken into account (Herr et al.,
2009): in the above mentioned
study of 286 patients with
early stage cervical cancer it
was differentiated between
conjoined-LVSI and satellite-LV-
SI. While no significant effect
of LVSI in general on overall
survival (OAS) or disease free
survival (DFS) was calculated,
the presence of satellite-LVSI
was associated with significant
decreased rates of both, OAS
and DFS. Therefore, satellite-
LVSI was proposed as prospect
factor being possibly helpful in
order to estimate the individual
risk for patients with early-
stage cervical cancer.

Association with Positive
Nodal Status

From a biological point of view,
it seems indeed plausible to
assume positive lymph node
metastasis in patients with
aggressive tumor present-

el
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Studies that investigated LVSI and found prognostic impact

Authors

Takeda (10)
Sakuragi (37) 1999
Comerci (7) 1998
Chittithaworn (38) 2007
Chandacham (11) 2005
Milam (12) 2007
Metindir (8) 2007

2002

Kenter (9)
Burghardt (39)
Atasii (40)

Ho (41)

Herr (6)

1988
1992
2000
2004
2008

ing with LVSI. However, it is
important, that especially for
the nodal-negative tumors ad-
ditional prognostic factors are
desired, since for many authors
the presence of positive lymph
nodes alone is considered as
an effectual indication for an
adjuvant therapy. However,
due to the strong association
of LVSI and a positive nodal
status in the studies with posi-
tive results (Chandacham et
al., 2005, Milam et al., 2007,
Metindir and Bilir, 2007, Herr
et al., 2009), any conclusion
concerning LVSI in nodal-nega-
tive tumors is hardly possible.
Unfortunately, the number

of nodal-negative and LVSI-
positive patients in all studies
was bounded. In their retro-
spective analysis, the above
mentioned authors report of
LVSI as significant prognostic
factor, however due to the
small numbers of patients with
LVSI, the authors are not able
to establish LVSI as significant
independent factor.

Year Stage Number Multivariate LVSl as Associa-
of
patients

analysis significant tion

prognostic with N+
factor

yes

yes

yes
univariate yes

yes

yes

indepent RF

univariate: yes

yes

yes

yes

yes

yes

MPOrHOCTMYECKUM (PaKTOPOM. Bbifio
NPOBESEHO HECKOMBKO UCCRE0Ba-
HUiA OTHOCUTENBHO BbIKMBAEMOCTH,
yKa3bIBaOLLMX Ha He3aBUCHMOe
nporHocTnyeckoe BnusiHue LVSI

C NOMOLLIbHO MHOrO(YaKTOPHOIo
aHanuaa: Metindir ¢ coasT v apyrue
OTMETUM 3HAUUTENBHOE CHUXKEHNE
nokasarens 5-neTHen BbIXX1BAEMO-
CTV 6e3 Npu3HaKkos 3aboneBaHns y
LVSI-nonoxuTensHbIX NaumeHToB ¢
-1l crapvei 3abonesanus (Metindir
u Bilir, 2007, Kenter ¢ coasT., 1988).
B peTpocnexTMBHOM MCCneaoBaHum
187 naunenToB Takeda ¢ coasT.
o6Hapy>xwn, uto LVSI HezaBucuMo
KOpPEenupyeT ¢ yXyaLeHWeM Bbl-
XXMBAEMOCTM NOCHE HABNIOLEHNS
TeUeHue, B CpeaHeM, 83 MecsLieB
(Takeda c coasr., 2002). Y nauu-
€HTOB, KOTOPbIE MMENW TCTONOm K-
YECKM NOATBEPXKAEHHYHO OMyXOflb,
OrpaHNYeHHYH MaTKOM, 1 He UMENK
HU NOPAXXEHNS NaPaMETPMS, HU Me-
TacTasMpoBaHus B IMaTnyeckue
y3nbl, LVSI 6bina caMbiM BaXKHbIM
MPOrHOCTUYECKMM (DaKTOPOM.
OaHo# 13 NpuynH BaprabensHOCTY
pe3ynbTaTos, Kacatowmxes LVSI, B
Pa3NNYHbIX UCCNES0BaHUSX, ABNIS-

Pak wweiiku MaTku

Tabnmua 2: Uccnenosanus, KoTopble
NOATBEPAMIN MPOrHOCTUYECKOE 3HAYEHNE
LVSI

€TCA TO, YTO B HACTOSILLEE BPEMS He
CYLLIECTBYET Kakux-nnbo CTaH#apToB
ans TouHoro onucanus LVSI. Co-
FNacHo Co6CTBEHHbIM MCCREe0BaHN-
M, €€ TOYHas oKanu3auus urpaeT
FMAaBHY0 POnb. TeM He MeHee,

€CTb TONbKO OAHO 1CCNEfoBaHKe,

B KOTOPOM Y4MTbIBANCS AaHHbIA
hakTop (Herr ¢ coasT., 2009): B BblI-
LLIEYNOMSIHYTOM UCCNEfoBaHMN ¥ 286
NaLMEHTOB C paHHEN CTaanei paka
LUEI KW MaTKu, COEMHeHHyHo LVSI
AndpdpepeHLmMpoBasv ¢ conyTcTBy-
toweit LVSI. HecmoTps Ha To, YTO

B LIESIOM HMKAKOTO CYLLECTBEHHOMO
BmsHus LVSI Ha 061wyt BbxmBae-
MocTb (OB) unm BbIXXMBaeMocTb 6€3
npu3Hakos 3abonesanus (BBIM3) He
OKasblBana, NpucyTCcTBXE COMyT-
cBytoLeit LVSI 6bino cBsi3aHo co
3HAUUTENBHBIM CHIKEHWEM NOKa3a-
Tenen OB v BBIN3. Takum o6pa3om,
conytcTaytowas LVSI 6bina npeano-
)KEHA B KA4EeCTBE NPOCMEKTUBHOIO
hakTopa, BOIMOXXHO NOSIE3HOT0 ANst
TOr0, YTOBbI OLEHUT UHAMBMAYaNb-
HbIA PUCK Y NALMEHTOB C PaHHEN
CTaaven paka LWenku MaTky.

Accoumauus ¢ nopaxxeHuem
numcaTUYecKmMX y3N0B

C 610110r4eCcKoi TOUKN 3PEHMS,
NPeACTaBNSETCS ONpaBAaHHbIM
MPeANONOXMTb METacTaTUYECKOE
nopaXkeHne MMMaTHECKUX Y308
y 60MbHbIX C arpeCCMBHON OMyXOMbto
W LVSI. TeM He MeHee, BaXHO npu
pake 6e3 NopaxxeHns Mmcoysnos
UCNONb30BaTb JOMOSHUTENbHbIE
MPOrHOCTMYECKME (haKTOpPbI, Tak
KaK [inst MHOTUX aBTOPOB TOMbKO
HanM4m1e NONOXXUTENbHBIX MUMcba-
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Conclusion

The data for using LVSI as
indication for adjuvant therapy
of the early cervical cancer is
contradictory, which can be
mostly explained by the differ-
ent definitions of LVSI. Neither
the diagnostic procedure of
identifying LVSI nor the exact
localisation (satellite-LVSI vs.
conjoined-LVSI) is standard-
ized. In addition, prospective
studies concerning the value of
LVSI in early cervical cancer are
lacking.

Based on the data of this
review, using LVSI as sole
indication for adjuvant therapy
seems more than question-
able. However, in exceptional
cases, it could be considered
as additional risk factor in
cases where adjuvant treat-
ment is discussed controver-
sial. In pathological reports, we
strongly suggest to report on
the exact localisation of LVSI or
the presence of satellite-LVSI,
respectively.

In terms of clinical decision on
adjuvant therapy, considering
satellite-LVSI as an independ-
ent significant prognostic factor
based on just one study is
questionable. Further data is
needed to confirm this finding.
Therefore, in nodal-negative
patients, the question of a
cut-off for considering adjuvant
therapy remains unanswered.
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TUYECKWX Y3NI0B paccMaTpuBaeTes
KaK rnokasawe Ans afibtoBaHTHOM
Tepanuu.

OnHako, BCneacTBHE BbIPKEHHO
accoumaumm LVSI n nopaxeHns
MMOY3NOB B UCCNEA0BAHMSX C
MNONOXXUTENbHBIMM PE3ybTaTammu
(Chandacham w gp., 2005, Milam

v op., 2007, Metindir 1 Bilir, 2007,
Herr n gp., 2009), nto60¥i BbIBOA O
3HaummocTy LVSI, npu oTeyTCTBIUM
nopaxkeHns MMmMHOy3NoB, BpsS
BO3MOXKEH.

K coxanenuio, umcno LVSI-
NONOXUTENbHbIX NaLWEHTOB 6€3
NOPaXXeHs IMMAATUHECKUX NIUM-
(hoy3n0B BO BCEX MCCNEJ0BAHUAX
ObIN0 OrpaHnyeHo B cBonx peTpo-
CMEKTUBHbIX aHanN3ax BbILLEYNoMS-
HYTblE aBTOPbI NPeAcTaBnstoT LVSI
KaK 3Ha4MMbIi MPOrHOCTUYECKMIA
(haKTop, OFHAKO 13-3a HEOOMBLLOTO
uucna nauneHToB ¢ LVSI, aBTops! He
B COCTOSHWM pekoMeHoBathb LVSI B
KauecTBe He3aBMCUMOro chakTopa.

BuiBogb!

JlaHHble 06 ucnonb3oBaHust LVSI B
Ka4eCTBE NOKa3aHMs K afboBaHT-
HOW TepanuM Ha paHHNX CTamMsIX
paka LUeikn MaTku SBASeTCs
MPOTUBOPEYUMBLIMU, YTO MOXKHO, B
OCHOBHOM, 06BSCHUTb Pa3inyHbIMA
onpegenexusmm LVSI.
[varHocTnyeckas npoueLypa ans
o6Hapy>xeHus LVSI n onpeaeneHns
€e TOYHOW foKanuaaumm (conyTcTBy-
towas LVSI vs. coemHenHoi LVSI)
B HACTOSILLMIA MOMEHT He SBNSETCS
CTaHAapTM3MPOBaHHOM. Kpome Toro,
MPOCMEKTUBHbIE UCCNEA0BAHMS,

Department of Obstetrics and
Gynecology

Wuerzburg University Medical
Center

Josef-Schneider-Str. 4

97080 Wuerzburg, Germany
http://www.frauenklinik.ukw.de/
allgemeines/mitarbeiter/herr-d.html
daherr@gmx.de
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kacaromecs sHaummocTu LVSI Ha
PaHHWUX CTafMAX paKa LUeikn MaTky,
He MPOBOANIMCE.

Ha ocHoBaHWM AaHHbIx 3T0r0 0630-
pa, vcnonb3osath LVSI B kauecTse
€[MHCTBEHHOrO NOKAa3aH!s Ans afb-
tOBAHTHO TEPanuN NpeacTaBnAeTCs
6onee, 4em NPoGnemMaTUYHbIM.

Tem He MeHee, uHorfa LVSI moxet
paccmaTpuBaThCs KaK [OMOMHM-
TeNbHbI HAKTOP prcKa B TEX CTy-
yasix, koraa o6cy>xgaeTcs BONpoc

0 Lenecoo6pasHOCTH MPOBELEHNS
a[ibloBaHTHOW Tepanuu. B ructono-
MYECKMX Pe3ynbTaTax Mbl HACTo-
ATENbHO PEKOMEHLYEM COOOLLATH

0 TOYHOM nokanuaauu LVSI unm
npuCyTCTBUM conyTCTBYtoLLEn LVSI,
COOTBETCTBEHHO.

[Tp1 NPUHATUM KIMHUYECKOrO
peLLeHnst 06 afboBaHTHOM Tepaniu
YUNTbIBATH CONYTCTBYHOLLYHO LVSI

B KQ4eCTBE HE3aBMCUMOr0 3HAUM-
MOTO MPOTHOCTUYECKOr0 (hakTopa,
OCHOBbIBASACb MNLLIb HA pe3ynbTaTax
O[IHOr0 WCCneoBanus, He Npej-
CTaBNSETCS BO3MOXHbIM. Heobxo-
ANMbI AaNbHENLLNE UCCTEAOBAHNS
ANs NOATBEPXKAEHNS 3TOro hakTa.
Takum o6pa3oM, y nauneHTos 6e3
nopakeHnst IMmaTNIecKmMx y3nos,
BOMPOC O LieNnecoobpasHocTy npo-
BELIeHWM a[ibOBAHTHOM Tepanim
ocTaeTcs 6e3 oTBeTA.
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A New Device for
Long-Term Recording of
Wheezing and Cough in
Patients with Asthma and
Other Respiratory Diseases
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Purpose

A mobile device for automated
long-term lung sound moni-
toring and analysis enables
assessment of wheezing and
cough (8). It is assumed that
asthmatic patients, espe-
cially asthmatic children with
decreased performance and
sleepiness during the day
have sleep disturbances and a
poorer sleep quality because of
increased nocturnal asthmatic
symptoms (1-6, 9,10).

Introduction

Asthma is a complex and
chronic inflammatory disorder
which is associated with re-
versible airway obstruction and
bronchial hyperresponsiveness
(7,15). It is one of the most
prevalent chronic diseases in
children and prevalence further
increases worldwide. The
majority of asthma patients
has mild to moderate asthma,
5 to 10% suffer from severe

asthma. Typical symptoms of
asthma are breathlessness,
cough and wheeze (7). Control
of asthma symptoms and a
good quality of life are the main
goals of therapy. Nocturnal
asthma symptoms must be
interpreted as an uncontrolled
state of asthma, which is asso-
ciated with increased mortality
and decreased quality of life
(1,4,9,10).

Nocturnal Asthma

Nocturnal asthma symptoms
like wheezing and coughing
are a marker of asthma sever-
ity (7,12,15). Wheezing is the
acoustic manifestation of lower
airway obstruction limiting
airflow in a collapsible bronchial
system and is most frequently
diagnosed by auscultation.
Wheezes are continuous
adventitious lung sounds with
a musical quality (12). Their
frequency range extends from
100Hz to 2000Hz. Healthy
children do not wheeze, so
the presence of wheezing
during day or night must be
interpreted as a manifestation
of their disease. The presence
of biphasic in- and expiratory
wheezing corresponds with
more severe bronchoconstric-

MeauuuHa cHa

AONrOCPOYHOM perucTpa-
LMK XpUNOB U Kawng y
naLueHToB ¢ aCTMOU U
APYruMu1 pecnupaTopHbIMU
3aboneBaHUsAMM

KntouyeBble cnoBa: actMa, CBy-
CTSILUME XPUMbl, KALLENb, 3annCh
NErOYHbIX LLYMOB, ayCKybTauus,
HOYHOW SNMTENbHBIA MOHUTOPMHT,
pecnupaTopHble 3a60neBaHNs, KOM-
NbOTEPU3NPOBaHHbIA aHanma, LEO
Sound, BbISIBNEHWE CUMMTOMOB

Tesucel

Mo6unbHoe yCTPOHCTBO AN
aBTOMATU3WUPOBAHHOIO MPOJOSKU-
TENbHOrO MOHUTOPUHIA 1 aHaNM3a
NEroYHbIX LLIYMOB NO3BONSIET
PErmcTpUpOBaTh 1 aHaNM3MpoBaTh
CBUCTSILLME XpUMbl 1 KaLuens [8].
MpennonaraeTcs, YTO y NAUMEHTOB
€ 6POHXMANBLHON aCTMOM, 0COBEHHO
y [IETeN CO CHUXXEHHOW aKTUBHO-
CTbH) M COHNMBOCTLIO B TEYEHWE
[HS, €CTb HAPYLLEHUS CHA W CHUXe-
HUWe ero ka4yecTaa 13-3a yeunexns
HOYHbIX aCTMATMYECKUX CUMMTOMOB
[1-6, 9, 101.

BeepeHue

AcTMa - CNOXKHOE XPOHUYECKOe
BocnanuTenbHoe 3abonesaHve,
KOTOPOE CBA3AHO C 06paTUMOi
06CTPYKUMEN LbIXaTENbHbIX MyTei
W rUNeppeakTMBHOCTbIO BPOHX0B
[7, 15]. BT0 04HO U3 Hanbonee
PacnpoCTPaHEHHbIX XPOHUYECKNX
3aboneBaHuin y IeTen, 1 BO BCEM
MWpPE NPOJOMKaEeTCs PocT 3abone-
BaemocTy. Y 60onbLIMHCTBA NaLu-
€HTOB acTMa MPOTeKaeT B NIErkoi

W cpefHeTsenon dopme, 0T 5 o
10% cTpagatoT TSXenon opmMoi
acTMbl. TUMUYHBIMK CUMMITOMAMMU
acTMbl SBASIOTCA OAbILLKA, KaLLenb
v xpunbl [7]. KOHTPOb CMMATOMOB
acTMbl M XOPOLLIEE KAYECTBO XU3HM
SBASKOTCS OCHOBHbIMU LieNsaMM Te-
panuu. HouHble CUMNTOMbI aCTMbl
[OMKHbI 6bITb MHTEPNPETUPOBAHDI
KaK Npu3Hak OTCYTCTBUE afeKksar-
HOrO KOHTPONS 3a60NeBaHNs, YTO
CBSI3@HO C MOBBbILLIEHNEM CMEPTHO-
CTW W CHUXKEHMEM KAYECTBA XKU3HM
(1,4,9,10].

HouyHas acTma

HoYHble CMMTOMbI aCTMbI, TaKNe
KaK CBUCTSILLME Xpubl W KaLlesb
SBNAKTCS MHANKATOPOM CTEMNEHM
TSKeCTH acTmbl [7, 12, 15]. Cau-
CTALLME XPUNbI ABMIAKOTCS akyCTy-
4eCKMM MPOoSIBNIEHUEM 06CTPYKLMK
HVKHUX bIXaTENbHbIX MyTei 1
OrpaHNYeHNs BO3AYLLHOTO NOTOKA
B fepOPMMPOBAHHON BPOHXWasb-
HOW cuUCTEMe, 1 Hanboree 4acTo
AMArHOCTUPYHOTCS C NMOMOLLbHO
ayckynbTtauun. CBucTsLLME XpUMbl
SBNAKOTCS NErOYHBIMM LUYMaMN C
MY3blKanbHbIM OTTEHKOM [12]. Ux
AManasoH 4yacToT konebnetcs oT
100 po 2000 'y. Y 300p0BbIX AeTen
XpWnbl OTCYTCTBYIOT, MO3TOMY
NOSIBNIEHNE XPUMOB B TEYEHWE JHS
WM HOYW CRELYET MHTEPNPETUPO-
BaTb Kak CUMMTOM 3a60MeBaHus.
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Fig. 1a/b: Child with the LEOSound-system. Three highly sensitive bioacous-

tic sensors are attached to the trachea (blue) and on the back of the patient

(red, yellow).

c: LEOSound is a special developed new respiratory diagnostic system. The
system is able to record and analyze cough, wheezing and other breath and
lung sounds over a long period. The device is battery-operated, small and
compact and allows a comfortable ambulatory or stationary recording for

children and adults.

tion. A non-productive cough,
which worsens at night, is a
typical symptom for asthma.

In children, the information
about wheezing and cough-

ing during the night is often
based on the observation of
the parents. The children aren’t
able to make sufficient reports
about their nocturnal respira-
tory symptoms and the parents
thus often underestimate the
situation. Furthermore, parents
differ in their understanding
and interpretation of wheeze,
and reported wheezing often
cannot be confirmed by auscul-
tation.

Sleep Quality of Patients with
Nocturnal Asthma

Disorders of sleep and daily
performance as an effect of
nocturnal asthma received
comparatively little attention.

However, increased daytime
sleepiness because of noc-
turnal awakenings has been
documented in a few studies
with stable asthmatic adults
and children (5,10,14,17). In
the study by Chugh et al. in 38
out of 40 clinical stable asth-
matic children (95%) nocturnal
symptoms of asthma, sleep
disturbances and poorer sleep
quality were evident (1). Sleep
disturbances were reported

in 60% of the asthmatics and
included daytime sleepiness,
difficulty in maintaining sleep,
early morning awakenings and
struggle against sleep during
daytime.

Meijer et al. reported the pres-
ence of nocturnal symptoms
in almost half of 796, Strunk et
al. in a third of 1041 children
with asthma (10,14). Most

Puc. 1a/b: Peberok ¢ LEO Sound-cuctemon. Tpi BbICOKOUYBCTBUTENBHbIX 610aKYCTH-
4eCKuX AaTunka NpUKpenseHbl Hag Tpaxeen (CUHWIA) U Ha CIMHE NaumeHTa (KpacHbIN,

XKenTblii).

c: LEO Sound siBnsieTcst HOBOIA CneumansHO pa3paboTaHHoi AnarHoCTU4eckon
cucTemoit. CucTema MOXET 3anuchiBaTh 1 aHaNM3MPOBAaTh Kallenb, Xpunbl, Apyrie
AbIXaTeSbHbIE U NEroYHbIe LWYyMbl B TEYEHME AMTENbHOTO Nepuoja. YCTponcTeo
paboTaeT OT 6aTapen, ManeHbKWi M KOMNaKTHbIA A13aiiH NO3BONSIET UCMONb30BaTh
€ro B aMbynaTopHbIX MK CTALMOHAPHBIX YCTIOBMSIX Y AETEN M B3POCbIX.

[ByxchasHoe cBUCTSALLEE AbixaHue
W XpWMbl - HA BAOXE U BbIJOXE - CBY-
LETENLCTBYET 0 60nee TAHKENoN
06CTpyKLUmMM 6poHx0B. Henpoayk-
TUBHbII KaLLeNb, KOTOPbIA yCunu-
BaeTCs B HOYHOE BPEMS, SBNSETCA
TUNKUYHBIM CUMMTOMOM acTMbl. Y
LETEN MH(OPMALMS 0 CBUCTALLMX
XpUnax u Kalne B HOYHOE BPeMS
4acTO OCHOBbIBAETCS HA HABNMHO-
AeHun poautenei. Camu fetun

HE B COCTOSIHWAW COOBLLUNTL 06 MX
HOYHbIX PECMMPATOPHbIX CUMMTO-
Max v POANTENH, Takum 06pasoM,
4acTo HeOOLEHMBAKOT CUTYaLMIO.
Kpowme Toro, poanTenu oTamyatoT-
S COBCTBEHHbBIM MOHUMAHWEM W
WHTEpnpeTaumnei Xpunos, NO3TOMY
4acTO ONMCaHHbIE UMW CBUCTSLLIME
XpUMbl He MOTYT BbITb MOATBEPX-
LEHbI MyTEM ayCKynbTaumu.

KayecTBO cHa y nauueHToB €
HOYHOI4 acTMOM
HapyLueHusm cHa 1 AHEBHOW aKTuB-

HOCTM KaK NpOsIBIIEHNIO HOYHO
acTMbl YAENSeTCs CPAaBHUTENbHO
Mano BHuMaHns. OaHaKko ysennye-
HWE COHAIMBOCTY B IHEBHOE BPEMS
W3-32 HOYHBIX NPOGYXKAEHHIA BbIN0
3aperncTpupoBaHo B HECKONb-

KUX UCCNELOBAHMAX C yHaCTHEM
B3POCAbIX M JETEN CO CTAbULHOM
actmoi [5, 10, 14, 17].

B uccneposanmmn Chugh ¢ coasT.

y 38 13 40 feTei ¢ KIMHUYecKH
CTabuUNbHON BPOHXMANBHOM aCTMOM
(95%) HOYHbIE CUMMTOMBI ACTMbI,
HapyLUEHs! CHA W NJI0X0€ Ka4ecTBOo
CHa 6binn 0ueBnaHbI [1]. Hapyuwe-
HWs CHa ObInn 0TMEYeHb! y 60%
acTMaTvKOB 1 BKITKOUANM COHMM-
BOCTb B AHEBHOE BPEMS, TPYA-
HOCTM NOAAEPXKaHUA CHa, paHHKe
YTPEHHWe NpobyxaeHns u 6opsby ¢
COHJIMBOCTbIO B JHEBHOE BPEMS.
Meijer ¢ coasT. coo6LLmMn 0 NPOsB-
NEHUM HOYHBIX CUMMTOMOB Y MOYTH
nonoBuHbI 796 naumeHToB, Strunk
€ coaBT. - y Tpetn 1041 peteii ¢
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Fig. 2: User interface of the LEOSound Analyzer Software. The user inter-
face is divided into two major areas, named as Event Screen and Epochal
View. The Event Screen displays the average loudness level (upper line in
Event Screen), the detected coughing events (green, middle line) and the
wheezing rate (red, lower line) of the associated epoch. The Epochal View
displays each microphone channel (trachea, bronchial right, bronchial left) in
a 30-seconds-window. The user can listen to selected epochs for verifying
the computerized analysis and can add own notes and comments, which

Puc. 2: Monb3osatensckuii nHTepdeiic LEOSound. HTepdeiic nonb3osatens pasae-
NeH Ha iBe OCHOBHbIE 30HbI — BEPXHIOK «Event Screen» n HxHIOK «Epochal View».
B nepBoii 0T06paXxaeTcst ypoBEHb 06bIUHbIiA LLYMOB (BEPXHAS NIMHUS), IPUCTYMbI
KaLns (3eneHas CPeaHss NIMHNS) 1 XPUNOB (KpacHas HUXKHSAS IMHNS) B ONpeaeneHHbIi
nepvoz BpemeHun. Bo BTopoi 0TobpaXkaeTcs kaHanbl o BCEX MMKPOCOHOB (Tpaxes,
npasblit 6pOHX, NeBbIi 6poHX) B 30-CekyHAHOM OKHe. Monb30BaTeNb MOXET Npochy-
LUMBATb LLYMbl BbIOPAHHOTO BPEMEHHOTO Neproa Ans MPOBEPKK KOMMbOTEPHU3NPO-
BaHHOr0 aHanm3a v J06aBneHns COBCTBEHHBIX MOSICHEHMIA 1 KOMMEHTAPHEB, KOTOPbIE

will be finally integrated into the automated report.

findings of the studies rely on
self-reporting by the children or
their parents. Nocturnal asthma
symptoms may disrupt the
continuity of sleep by awaken-
ings or arousals and can lead
to daytime sleepiness, general
lack of energy, reduced school
performance and increased
school absences. Evaluating
sleep quality to achieve good
control of asthma is important
since nocturnal symptoms
may disturb sleep. Poor
asthma control may increase
the risk for sleep problems

and a higher rate of exacerba-
tions. Luyster et al. reported
that poorer sleep quality is an
independent predictor of worse
asthma control and quality of

life in non-severe and severe
asthma patients (9).

A study by Desager et al.
described increased daytime
sleepiness and tiredness in
wheezing school-aged chil-
dren (2). Even with an optimal
antiobstructive and anti-
inflammatory therapy, a large
number of patients continued
to experience nocturnal symp-
toms of asthma. Janson et al.
studied the prevalence of sleep
complaints, and sleep distur-
bances in 98 adult asthmatic
patients by means of ques-
tionnaires and sleep diaries
(5). The most common sleep
disorders were early morning
awakening (561%), difficulty in

MHTErpupyroTcs B aBTOMaTMSMpOBaHHbIﬂ 0oTyYeT.

actmoii [10, 14]. BonbwKHCTBO pe-
3yNbTaTOB MCCNELOBAHNN 6a3MpPO-
Banucb Ha HabMHOAEHMSX AETEN UM
WX poauTeneit. HouHble cMNTOMbI
acTMbl MOTYT HapyLLaTh Henpe-
PbIBHOCTb CHA NPOBYXXAEHNAMM U
MPWBECTY K COHMMBOCTY B AHEBHOE
BpEMS, ynaaKy Cul, CHUKEHMIO
yYCNEeBAeMOCTM B LLKOME W NPOMyCKy
LIKOMbHbIX 3aHSITUA.

OueHka kayecTBa CHa BaxkHa Ans
LOCTVKEHMS! XOPOLLEr0 KOHTPOMS
Haj aCTMOM, NMOCKOJbKY HOYHbIE
CUMNTOMbI 3a601€BaHNS NPOSBIS-
tOTCS PaccTPONCTBaMM NnpoLiecca
cHa. T1noxon KOHTPONb acTMbl
MOXET YBENINYNTb PUCK BOZHUKHO-
BEHMS Npo6rieM CO CHOM U 4acToTy
peunanBoB 3a60neBaHus.

Luyster ¢ coasT. coobLumn, uTo
MnoXoe Ka4ecTBO CHa ABNSIETCS

HE3aBMCUMbIM MPOrHOCTUHECKUM
(haKTOpOM HELOCTATOYHOTO
KOHTPONS aCTMbI M Ka4ecTBa
XW3HW Y NALMEHTOB C YMEPEHHOM U
TSKENo hopMamn 6pOHXMaNbHOM
actmsbl [9].

Wccnenosanue Desager ¢ coasr.
NPOLEMOHCTPUPOBANO YBENMYe-
HWE COHAIMBOCTY W YCTANoCTy B
[IHEBHOE BPeMSst Y ieTEN LLKONBHOrO
BO3pacTa C CBUCTALLMMM Xpuna-

Mu [2]. [axe npu onTumansHoi
aHTMOBCTPYKTMBHON W NPOTUBOBOC-
nanuTeNsLHON TEpanin, y 60bLIOr0
4nCcna NAUMEHTOB COXPAHAMNCH
HOYHbIE CUMNTOMbI aCTMbI.

Janson ¢ coasT. u3yyanu pacnpo-
CTPAHEHHOCTb XKanob Ha HapyLue-
HWe CHa, y 98 B3pOCTIbIX NALMEHTOB
€ BPOHXMANLHON aCTMOMN C MOMO-
LLib0 OMPOCHMKOB M AHEBHUKOB CHa
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maintaining sleep (44 %) and
daytime sleepiness (44%). The
prevalence of sleep distur-
bances in the asthmatic group
was about twice as high than
in the healthy control group.
Sleep quality, daytime activity
and academic performance
improves when children with
nocturnal asthma and disturbed
daytime psychological function
are successfully treated.

Meltzer et al. demonstrated
that out of 298 adolescents
(age 12-17 years; 48% with
asthma) almost 40% of ado-
lescents with severe asthma
reported clinically significant
insomnia (11). Daytime sleepi-
ness was also found to be
greater in adolescents with
severe asthma compared

to patients with mild or no
asthma. Asthma severity and
insomnia severity were predic-
tors for daytime sleepiness.
Sleep fragmentation and poor
sleep quality are likely associ-
ated with asthma control and
quality of life.

Why Do we Need Objective
Long-Term Monitoring of
Asthma Symptoms during
Sleep?

Many patients do not report
nocturnal symptoms to their
doctor or the doctor does not
ask for these symptoms. Lack
of awareness of nocturnal
asthma symptoms can lead to
a worse asthma control and
impaired daytime activity. Up
to now, we cannot be sure
that clinically stable asthmatic
patients during daytime are
also stable during sleep. It is
obvious that asthmatic children
who suffer from tiredness
during daytime have no stable
asthma during sleeping hours.
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Mechanisms of Nocturnal
Asthma and Comorbidities
Asthma is influenced by sleep
and chronobiological rhythms
(15,16). Lung function is usu-
ally highest at 4 pm and lowest
at 4am. In the early morning
hours, asthma symptoms are
more prevalent. A heightened
parasympathetic tone and neu-
rogenic inflammation lead to
bronchoconstriction, vasodilata-
tion and mucus hypersecretion.
The association of asthma with
a variety of comorbidities like
rhinosinusitis, obesity, obstruc-
tive sleep apnea and gas-
trooesophageal reflux disease
(GERD) are under discussion.
Chronic rhinosinusitis and
asthma are chronic inflamma-
tory processes in which airway
epithelium damage plays a key
role. Both can lead to coughing
and wheezing. Daytime and
nocturnal asthma symptoms
improve when sinuses are
cleared. The same is evident
for patients with GERD, in
which the reflux of acid can
trigger vagal receptors in the
lower oesophagus or can lead
to microaspiration. The physi-
ological pathways, which can
explain the association be-
tween asthma and OSA are not
known, epithelium damage by
snoring and OSA could play the
main role. Obstructive sleep
apnea and the intrathoracic
pressure swings may also lead
to gastrooesophageal reflux,
aggravated by supine position
during sleep.

Self and Parental Question-
naires to Assess Nocturnal
Asthma Symptoms are of
Only Small Value!

Asthma is diagnosed and
categorized by lung function
testing and symptoms during

[5]. Hanbonee pacnpocTpaHeHHbIMM
HapyLUEHUsIMK CHa ObIn paHHWe
yTpeHHue npobyxaexus (51%),
TPYAHOCTY B MOAAEPXaHUN CHA
(44%) v COHNMBOCTb B IHEBHOE
Bpems (44%).

PacnpocTpaHeHHOCTb HapyLUEHWiA
CHa B acTMaTW4eCKoi rpynne 6bina
NpubnM3nTeNbHO B ABA pasa Bbllue,
4eM B 3[40POBOI KOHTPOMbHON
rpynne. KauecTso CHa, fHEBHAs
aKTMBHOCTb W YCMEBAEMOCTb
y/yuLIaeTCs, KOrfa fEeTH C HOUHOM
aCTMOM W HaPYLLEHWUSMW IHEBHON
aKTMBHOCTU 3(PEKTUBHO Nevartcs.
Meltzer ¢ coasT. coo6LUMAM, YTO U3
298 nozpocTkos B Bo3pacTe 12-17
neT (48% -c acTMoi) noutn 40%
MOJPOCTKOB € TSAXKENOW acTMOM
CTpajani KIMHUYECKN 3HAUUMO
6eccoHnuuen [11]. [lHeBHas COH-
TMBOCTb TaKXX€ 0Ka3anach Bbllle

y NOAPOCTKOB C TSXXENON aCTMOM,
MO CPABHEHMIO C NaLMEHTamu C
nerkoi dhopmon 3abonesaqus 1
6e3 acTMbl. CTENEHb TSXKECTH
6pOHXMaNbHON aCTMbl M 6ECCOHHM-
Libl SBASNICb NPOrHOCTUYECKUMM
(bakTopamu COHNMBOCTM B IHEB-
Hoe Bpems. DparMeHTaums cHa v
N0X0e Ka4eCTBO CHA, BEPOSITHO,
ObINn CBSI3aHO C KOHTPONEM acTMbl
W KQYECTBOM XKU3HMU.

C KaKoi Lienbio HYXeH
06bEKTUBHbIIA NPOAOIKNUTEND-
Hblii MOHUTOPUHI CUMNTOMOB
acTMbl BO BpeMms cHa?

MHorve naumeHTbl He coobLatT
CBOEMY Bpayy 0 HOYHbIX CUMMTO-
Max 1nv BpaY He paccrpalumBaeT
0 HuX. HegocTaTouHas MHGopMu-
POBAHHOCTb O HOYHbIX CHMMTOMAX
dCTMbl MOXXET NPMBECTU K XyALIEMY
KOHTPOJHO aCTMbl U HAPYLLEHMIO
LHEBHOW akTuBHOCTY. [lo cux nop
Mbl HE MOXXEM ObITb YBEPEHbI, YTO
KIMHWYECKM CTabUMbHbIE Nauy-
€HTbI C aCTMOIA B IHEBHOE BpEMst
Takxe cTabunbHbI U BO BpeMs CHa.
OueBnaHO, 4TO AETEN-aCTMATHUKOB,

MeauuuHa cHa

KOTOpbI€ CTPpaAakT OT yCTanoCTn B
[HEBHOE BPEMS, BO BPEMA CHA Mpo-
ABNATCA CUMNTOMbI aCTMbl.

MexaHWU3Mbl HOYHO acTMbI 1
COMyTCTBYHOLWMX 3a60neBaHuNi
Ha TeyeHMe acTMbl BANSET COH U
XpOHOBMONOrMYeckne puTMbl [15,
16]. OYyHKUMS Nerkux, Kak npasuno,
ABNSETCS MaKCUMAIbHOM B 4 Yaca
[HS 1 MUHUMANbHON B 4 Yaca yTpa.
B paHHme yTpeHHue Yackl CumnTo-
Mbl aCTMbI 60/1€€ BbIPaXXEHHBIE.
[MOBbILLIEHHbI! TOHYC Napacum-
NaTU4ECKON HEPBHOW CUCTEMBI Y
HepOreHHoE BOCNasneHne NpuBo-
AST K 6poHX0Ccnasmy, Basoauna-
Taunm 1 rnepcekpeLmn Cruau.
Accoumaums acTMbl C PasnnyHbIMM
CONYTCTBYHOLMMI 3a60EBAHNAMM,
TakKMMM KaK PUHOCHUHYCHT, OXXUpe-
HWe, 06CTPYKTMBHOE anHO3 CHa 1
racTpoasodaransHas pednokcHas
6onesHb (FOPB) HaxoasTes Ha
CTaANM M3y4eHmns. XPOHNUECKUN
PUHOCHHYCUT W acTMa SBASKOTCS
XPOHUYECKMMI BOCMANUTESNbHBIMM
npoLieccamu, B KOTOPbIX MOBPEX-
LEHUS ANUTENNS bIXaTeNbHbIX
nyTei UrpaeT KK4eByto ponb. Oba
MOTYT BbI3blBaTb KaLLEMb W XpUMbl.
[IHEBHbIE 1 HOYHbIE CUMMTOMbI
acTMbl YMEHbLUAKTCS NOCNe caHa-
Lmu nasyx. To >xe camoe 04EBMAHO
W ons naumeHTos ¢ FOPB, npu
KOTOPOI PEOIHOKC KUCIOTbI MOXET
BbI3bIBATb PA3fpaKeHne BaryCHbIX
PELENTOPOB B HXKHEN YacTy MuLLe-
BOAA UM NPUBECTU K MUKPOACT-
pauun. Ou3nonorndeckue nyTu,
KOTOpbIE MOrYT 06BACHUTb CBA3b
MEXZy acTMOM 1 06CTPYKTHUBHbIM
anHoe CHa, TOYHO HEM3BECTHI,
0[HAKO MOBPEXAEHME dNUTENUS
BCNEACTBYE Xpana v anHoe MoXeT
urpatb rnasHyto posb. O6CTPyKTHMB-
HOE arnHoe CHa W BHYTPUrpyLHblE
nepenagbl AaBNEHUS MOTYT TaKXKe
MPUBECTM K Pa3BUTUIO XKENYAOUHO-
NULLEBOAHOTO pedhtoKca, KOTOPbIN
YCWUIMBAET MOMOXEHWE Ha CMIMHE BO
BpeEMs! CHa.
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daytime and sleep. However,
data about lung function or
respiratory symptoms during
sleep are missing. Previous
studies evaluated nocturnal
respiratory status by waking up
the patient in order to obtain
data by lung function or peak-
flow. However, interrupt the
patients sleep seems not a rep-
resentative respiratory situation
for this time. Therefore, further
diagnostic tools are necessary
to monitor symptoms during
sleep objectively. Question-
naire-based studies or diary
cards are of only small value,
because parents often differ in
their understanding of wheeze.
Furthermore, the reports of
parents or children do not
reflect the real occurrence of
wheezes and cough episodes
throughout the night. Usually
wheeze episodes are only de-
tected by auscultation with the
stethoscope. If wheezing can
be heard without stethoscope,
it is only a small, noticeable
part of a problem, and does
not necessarily reflect the total
occurrence of wheezing.

Computerized Wheeze and
Cough Monitoring
Computerized cough and
wheeze monitoring is a practi-
cal and non-invasive method
for assessing asthma activity
in children and adults. Comput-
erized lung sound analysis is
expected to be a more objec-
tive, reliable and standardizable
method (8). To date only a few
studies have used computer-
ized methods to detect wheez-
es and/or cough. Lung function
testing during the day repre-
sents quite a short moment of
respiratory function and is not
representative for the 24h time
circle. Children up to the age of

6 years are not able to perform
a correct lung function test-
ing. Thus nocturnal cough and
wheeze monitoring provides a
simple tool for assessment of
asthma and response to medi-
cal treatment.

Computerized lung sound
monitoring and analysis, es-
pecially detection of wheeze
and cough, have been reported
to be a much more objec-

tive method than diary cards.
Lung sound monitoring can be
performed continuously over

a longer period. The data can
also be stored for later assess-
ment. A trend plot of noctur-
nal cough and wheeze can

be helpful for identifying the
timing and the distribution of
wheeze and cough activity dur-
ing sleep. Lung sound analysis
provides additional information
that can help the doctor moni-
toring children’s asthma and
the response to drug therapy.
Documentation of nocturnal
asthma attacks or symptoms
gives objective information on
the changes in airway obstruc-
tion. Peak flow measurements
during the night are only possi-
ble when the patient is awake.
Furthermore, the accuracy of
peak flow meter usage also
depends on correct technique
and effort.

The LEOSound System
LEOSound is a commercial
available, automated lung
sound monitor, that records
lung sounds continuously by
three small bio-acoustical sen-
sors attached to the trachea
and to the back of the patient
(8) (Figure 1a/1b/1c). Beside
this, an ambient microphone
is integrated. Thus, it is pos-
sible to differentiating lung

OnpocHUKM Ansa peTen u ans
poauTteneii Ana OLeHKU HOYHbIX
CUMNTOMOB aCTMbl UMEIOT NIULIb
HebonbLUOe 3Ha4eHUe!

AcTma gnarHocTMpyeTes 1 knac-
CnhULMPYETCS C YHETOM (DyHKLMK
NErkMx U CAMNTOMOB B AHEBHOE
Bpems 1 B0 Bpems cHa. OfHako
AaHHbIE O CDYHKLMM NETKUX UK
APYTUX PECTNPATOPHbIX CUMNTOMOB
BO BPeMSi CHa OTCyTCTBYHOT. [1pe-
OblAyLUMe MCCNELOBAHMS OLEHMBA-
71 COCTOSIHME OPraHoOB AbIXaHus B
HOYHOE BpeMs nyTem NPoby>xaeHus
nauueHTa Ans Toro, 4To6bl NOMy-
YUTb AAHHbIE O (DYHKLINM NErKKX,
Hanpumep, NMKOBOI CKOPOCTH
Bblgoxa. OaHaKo npepbiBaH1e cHa
NauNeHTOB He NO3BONSET OLEHUTH
COCTOSIHME OPraHoOB [bIXaHus HeMo-
CPeLCTBEHHO B MPOLIECCE CHA.
Mo3TOMy HEO6XOANMbI IMarHOCTH-
YECKME MHCTPYMEHTBI Ans 06b-
€KTMBHOrO KOHTPOMS CMMMTOMOB B
HOYHOE BpeMmsi. ViccnenosaHus Ha
OCHOBE OMPOCHMKA UMW JHEBHMKA
NMEtOT HeBOMbLLOE 3HAYEHME,
MOCKOJbKY POAUTENN OTNNYAKOTCA
CBOMM NOHMMAHNEM CBUCTSALLMX
xpunos. Kpome T0ro, 0T4eThI
POANTENEN NN AETEN HETOUHO OT-
PaXKatoT dMM30bl XPUMOB M KaLLfs
B TEYEHWE BCEW HOUM.

O6bI4YHO 3NM304b! XPUNOB 06Ha-
PY>KMBAKOTCS TONBKO METOAOM ay-
CKyNbTaLyn G MOMOLLbIO CTETOCKO-
na. Ecnv Xpunbl MOXHO yCnbilwaTth
6e3 cTeTOCKONa, 3TO NMLLb KX
HebonbLLas, 3aMeTHas 4acTb, YTO,
Kak npaBuo, He OTPaXaeT BCen
KapTWHbI XPUOB.

KoMmnbloTepu3npoBaHHblii
MOHUTOPWHT Kaluns 1 XpUnos
KomnbtoTepuanpoBaHHbIi MOHM-
TOPUHI KaLLs 1 XPUNOB ABNSETCA
NPaKTU4HBIM 1 HEMHBA3MBHBIM
METOZAOM [15 OLIEHKI aKTUBHO-

CTW aCTMbl y IETEN W B3POCTIbIX.
KomnbtoTepu3npoBaHHbIi aHanua
TNIErOYHbIX LLYMOB CHUTAETCS 06beEK-

TWUBHbIM, HAJEXHbIM U CTaHAAPTY-
31poBaHHbIM MeTofoM [8]. OaHako
Ha CErofHALLHMIA ieHb N1LWb B
HEMHOrMX UccnefoBaHusX Ucnonb-
30BaNCb KOMMLIOTEPU3NPOBAHHbIE
METOZbI 1151 BbISIBIIEHUS XPUMOB 1 /
UM Kawuns.

VccnenoBaHue dyHKLMM Nerkux

B TEYEHME [HS HE OTPaXaeT Bech
24-4aCcoBOM LMK DYHKLMOHMPO-
BaHua nerkux. letv no 6-netHero
BO3pacTa He B COCTOSHUM Camo-
CTOSTENbHO MPaBUILHO MPOBECTY
uccnesoBaHne NeroYHon yHKUMK.
Takum 06pa3oM, HOYHOW MOHUTO-
PWHT XPUMNOB W KaLLNs ABASAETCS
MPOCTbIM MHCTPYMEHTOM L1 OLIEH-
Ki aCTMbl M OTBETA HA NIEYEHME.
KomnbroTepr3npoBaHHbIi MOHUTO-
PUHT LIYMOB MX aHanua, 0C06eHHO
BbISIBIIEHWE XPUMOB U KaLLns, KaK
c006LLanoch, SBNSETCS ropasao
6onee 06bEKTUBHBIM METOLOM, YEM
BeAeHWe [HeBHMKA. KOHTPONb Luy-
MOB B IErKMX MOXET BbIMOHATLCS
HenpepbIBHO B TeueHue 6onee
ANMTENbHOrO Nnepuoga. [laHHble Mo-
ryYT ObITb COXpaHEHbI Ans NOCNEeLy-
tOLLIEr0 aHanuaa.

[narpaMma HO4HOro KaLns 1
XPUNOB MOXET ObITb NONE3HOI AN
onpeaeneHns BDEMEHN N UHTEHCHB-
HOCTY XPWMOB 1 KaLLNs BO BPEMS
CcHa. AHanu3 LyMoB Nerkux obecne-
4MBaET AONOJHUTENLHYHO MHCPOP-
MaLimio, KOTopast MOXET NOMOYb
Bpauy OCYLUECTBMSITb MOHUTOPUHT
CMMNTOMbI aCTMbl Y I€TEN U OTBET
Ha NeKapCTBEHHYIO Tepanui.
PerucTpaums HouHbIX MPUCTYNOB
acTMbl UM CUMNTOMOB AaeT 06b-
EKTWUBHYH0 MHChOPMALMIO O CTENEHU
06CTPYKLMM AibIXaTenbHbIX NyTei.
OpnHako, u3mepeHne NuKoOBOA
CKOPOCTU BbI0Xa B HOUHOE BPEMS
BO3MOXKHO TONBKO TOrfia, Korfia
naumeHT 6oapcTayeT. bonee Toro,
TOYHOCTb NOKA3aTens 3aBUCHT
KOPPEKTHOCTY MCMOMb30BaHMS
nukdnoymeTpa.
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Fig. 3a: Typical example of cough in epochal view. The analyzer-software
marks the detected cough events by green lines.

Puc. 3a: TunnyHbii npumep Kawwns B 3oHe «epochal view». Mporpamma oTobpaxaet
06HaPY>KEHHbIN Kallemb ¢ NOMOLLbHO 3eN1EHON IMHNN.

Spectrum (Hz)
Trachea

| Spectrum (Hz) -

Fig. 3b:Characteristic example of non-productive cough in a male infant —
the non-productive series of cough is marked green on the trachea channel.
The coughing event's length is a measure to differentiate between produc-
tive and non-productive coughing. Non-productive coughing events are

shorter than productive events.

sounds from speech, and other
ambient sounds. The validated
system works like a ‘long-
term stethoscope’ and allows
objective 24 hours lung-sound
auscultation at patients home
or at the hospital. The 24 hours
interval is especially useful to
determine the frequency and
diurnal variation of coughs in
patients with asthma or with
persistent cough of unknown
cause. The LEOSound analyzer
software automatically evalu-
ates the data for the presence
of lung sounds like cough and
nocturnal wheezing and stores
the results and the raw data

in a database. The records as
well as the automatic ratings
are shown on a graphic il-

lustrated user interface (Figure
2). Additionally, the user can
listen on all three channels,

for verifying the automated
analysis. LEOSound is so far
the only lung sound monitoring
system, which analyses both,
wheezing, as well as cough
events automatically. The lung
sound monitoring system can
be very beneficial for asth-
matic patients, and has great
potential in both clinical and
research settings. The relation-
ships between chronic cough
and disease entities such as
gastroesophageal reflux dis-
ease (GERD), obstructive sleep
apnea and upper airway cough
syndrome are further uses for
the LEOSound system.

Puc. 3b: XapakTepHblil MpuMep HEMPOAYKTUBHONO KaLLAs Y MAAAEHLA MyXXCKOro nona
— MPUCTYMbI KaLLNsi 0TOGPaXXeHbl 3eMEHbIM LBETOM Ha KaHane «Tpaxest». [Tpofomku-
TeNbHOCTb NPUCTYNA KALLNS SBASETCS KPUTEPUEM PA3TINUMS MEXAY NPOAYKTUBHbIM
W HEMPOZYKTUBHBIM KalunieM. [pUCTyn HEMPOLYKTUBHOTO KaLLS KOPOYe, HeM Mpo-

LYKTUBHOrO.

Cuctema LEO Sound

LEO Sound sBnseTcs aBToMaTmam-
POBAHHbLIM 3BYKO3amN1CbIBAOLLMM
9MNEKTPOHHbBIM NPUBOPOM AN He-
MPEPbIBHON PETMCTPALMM NIErOYHbIX
LUYMOB C MOMOLLbK) TPEX HEBONb-
LUMX BMOAKYCTUYECKMX JATUNKOB,
KOTOpbIE MOTYT NPUKPENATLCS
Haf Tpaxeei n 6pOHXaMu, K CriuHe
nauvenTa [8] (puc 1a/ 1b/ 1c).
Kpome atoro, B npubop UHTErpu-
POBaHO ABA BHELLHMX MUKPOMOHA,
4TO NO3BONSET ANPepeHLmMpo-
BaTb 3BYKM pPeyn, a Takxe Apyrve
BHENeroyHble 3Byku. [laHHas
cucTema paboTaeT Kak «Kpyrnocy-
TOYHbII CTETOCKOM» W NO3BONSET
NPOBOAMUTb 24 - 4aCOBYHO AYCKYb-
TaUMIO NErkux y nauueHToB goma
nnm B 601bHULE. Takol BpeMeHHON
WHTEpBaN 0CO6EHHO NONE3eH Ans

onpeneneHus 4acToTbl U NPOJOST-
XXUTENbHOCTM NPUCTYNOB KaLLnst

Yy NAuUMEeHTOB C aCTMOW UM € No-
CTOSIHHBIM KaLLNIEM HEV3BECTHOM
atonorwu. lMporpaMmmHoe obecne-
yeHne LEOSound aBToMaTnyeckm
aHannaMpyeT NoJly4eHHbIE AaHHbIE
Ha NPUCYTCTBME TaKWX LLIYMOB, KaK
HOYHble KalleNb 1 XpuMbl, 1 coXpa-
HAET Pe3ynbTaThl B 6ase LaHHbIX.
3anucy, a Takxke aBToMaTnyeckas
CneKTpanbHas Wwkana otobpaxa-
tOTCS C MOMOLLbIO rpachuyeckoro
uHTepdeiica (PucyHok 2). Kpome
TOro, NoNb30BaTESNb MOXET NPO-
CRyWwarb 3anucu ¢ TPeX KaHanos
ANs MPOBEPKW aBTOMATU3MPOBAH-
HOro aHanuaa.

LEO Sound B HacTOSAWMIA MOMEHT
SBNSETCS €AMHCTBEHHOW CUCTEMOM,
KOTOpas aBTOMAaTUYECKN aHanm-
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Fig. 4a: Example of Wheezing in the Epochal View. Blue rectangle indicating
three wheezing events in the bronchial (right) channel. The acoustic lead-
ing symptom of airway obstruction in bronchial asthma is high frequency
wheezing. The presence of wheezing in infants is also used as a parameter
to evaluate the predisposition to asthma.

Puc. 4a: Mpumep cauctawmx xpunos B Epochal View. Cunuii npsamoyronsHuK 0To-
GpaxkaeT TPy aN130a XpUMoB Ha KaHane «npasblii» 6pOHX. BefyLunm akycTudeckum
CMMNTOMOM OBCTPYKLMI fibIXaTeNbHbIX NyTelt npi 6pOHXMUaNbHON acTMe SBRseTCs
BbICOKOYACTOTHbIE XpHribl. [TpUCYTCTBIE XPUMOB Y ieTel paHHEero Bo3pacTa Uerob3y-
€TCS B KAYECTBE KPUTEPUS MPK OLIEHKE MPeApacnonoXeHHOCTH K acTMe.

Spectum (Hz)
Bronchisl sght

Spectrum (Hz) -

Fig. 4b: Wheezing - typical picture in the spectrogram. Wheezing show
continuous horizontal lines, representing the time interval of the main
frequency. The presence of other horizontal lines representing the frequency
spectra that compose the wheeze. The analyzer-software marks the de-

tected wheezing events by red lines.

In studies it has been demon-
strated that cough frequency
monitoring is a reliable primary
end-point in clinical trials. For
the first time, there is the op-
portunity, to detect and analyze
cough events over 24 hours
and nocturnal wheezing objec-
tively. As part of a validation
study of LEOSound in children,
we compared software-based
analysis with medical expert’s
assessment. The nocturnal
results show high sensitivity
of 93%, and specificity of 99%
for the detection of cough.
Figure 3a/3b show a typical

cough event in epochal view
(3a) and an enlarged view to
single events (3b), exemplarily
demonstrating the sensitivity
of the algorithms (green lines).
Wheezing can be identified by
its typical frequency band in
the spectrogram, as it is shown
in figure 4a/4b. Sensitivity and
specificity for wheezing detec-
tion is 98% and 96%, respec-
tively (18).

Of further interest, not only in
clinical trails, is the quality of
cough, namely the computer-
ized discrimination between
non-productive and productive

Puc. 4b: CaucTALmME XpUnbl: TUNMYHAS KapTUHA B CniekTporpamme. Xpunbl 0Tobpa-
XKaKTCS KaK HEMpepbIBHAs FOPU30HTaNbHAS JIMHUS, COOTBETCTBYHOLLAS BPEMEHHOMY
WHTEpBaNY OCHOBHOW YacTOTbI. [pyrie rOpU30HTaNbHbIE IMHAM 0TOBPAXAKOT CNEKTP
4acToT XpunoB. [porpamma-aHanu3aTop 0To6paxaeT aMn30Abl XPUMOB € MOMOLLbHO

KpaCHbIX JIMHUIA.

3MPYET KaK Xpwnbl, Tak 1 KaLlefb.
Cuctema MOHUTOPUHIA NETO4HbIX
LUYMOB MOXET BbITb 04€Hb NONes-
HOM Ans 60NbHbIX ¢ GPOHXWAMNBHO
acTMOM, U UMEeET 6ONbLUON NOTEH-
uman Ans KIMHUYECKNX 1 HayuHbIX
uccnenoBaHwin. B panbHenwem
cuctema LEOSound 6ynet ncnonb-
30BaTbCA NPV U3YHEHWM KaLLNs Npu
"3PB, 06CTPYKTMBHOM arHo3 cHa

W KaLLIEBOM CUHOPOME BEPXHUX
AbIXaTeNbHbIX MyTEN.

B KnuHWYeCKux nccnenoBaHmnsx
0b1510 NPOJIEMOHCTPUPOBAHO, YTO
LONTOCPOYHbIA MOHUTOPHHI KaLUAs
ABASETCS LenecoobpasHoii nepsuy-
HO KOHEYHOW TOUKOM. Brepable

nosBUNACh BO3MOXHOCTb BbISBUTH
1 06bEKTVBHO MpOaHanManpoBaTh
3MN30[bI KALLMS W XPUMOB B Teue-
HWe 24 yacos.

B pamkax BanuaaLmoHHOro uc-
cnegfosanus LEO Sound y peteid,
Mbl CPaBHWUAN aHANM3 XpUMOB C
MOMOLLBI0 KOMMBIOTEPHON NPOrpaM-
Mbl C UX OLIEHKOW MEANLIMHCKIM
3KCNEePTOM. HouHble peaynbTarthl
noka3sanm BbICOKYH YyBCTBUTENb-
HOCTb (93%) W CNEUMPUUHOCTb
(99%) ans 06Hapy>XeHUs KaLwns.
PucyHok 3a / 3b gemoHcTpupyeT
TUMWNYHYIO KAPTUHY Kawuns (3a)

W yBENMYEHHOE N306paXKeHre
€AMHNYHOrO 3nmu3oja (3b), uTo
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Woman connecting LEOSound
KeHwwmHa ¢ LEO Sound

Woman sleeping while lung sound is monitoring.
MOHWTOPWHI NEroYHbIX LLYMOB Y CRSILLEN XEHLLMHbI

cough. The software extracts
specific patterns from the
cough sound signals, to distin-

procedure for acoustic long-term moni-
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