lMepeBon C aHrMMNCKOro

OBLLEeCTBO Bpaden-nogmatpoB

[Ipooondicaem npogheccuonanvrnoe obpazosanue

CMNOHCUPYETCA MPaHTOM Ha PasB/TVe 06paszoBaHna KoMnaHmy Brymill UK

Kpnoxupyprua
B NPaKTIKe NoAuaTpuiA

Jl-p I'pom Konsep — koncynromanm-oepmamonoe Koponesckozo cocnumans Yecmepgpuno

Kpuoxupypruss — 3TO LeJCHANPaBICHHOS U KOHTPOJIUPYEMOE
paspylieHHe HE3M0pOBOH TKaHW XonmoaoM. llpemmyinectBa u
HEJIOCTaTKH TIOBPEXKCHUS TKAaHEH X0JI0/10M U3BECTHBI YK€ JITaBHO.
VenemHasi KpHOXHPYPrus TpeOyeT MOHMMaHHsS I1OCICACTBUI
3aMOPKUBAHMSI JKUBOM TKAHU I TOTO, 4YTOOBI YBEIMYUTDH
TepareBTUUECKUI 3¢ pexT. Ecmu HEJI0OIIEHHBATh
Pa3pyLIUTENBHYI0 CHIIy HHM3KOTEMIEpaTypHBIX >KHUAKOCTEH, 3TO
MOXET MPUYMHHUTH [AIUEHTaM BpeJI, TOrAa Kak pa3yMHOE
HCIIOIb30BaHHUE ATOTO METO/Ia TIPUHOCUT 3HAYUTEIbHbIC BBITOJIBL.

KiroueBoii MOMEHT
Hecmompsi na écto npocmomy memood, o4etb 8aliCHO uzbe2ams
HeOOOYEHKU PA3PYUUMENbHOU CULbL KPUOXUPYPULL

Wctopua Kpuoxupyprum

X010 MOHMKACT YyBCTBUTEILHOCTh KOXKH, M 3TOT 3(PPEKT ¢
YCIIEXOM HCIIOIB30BANICS CTONCTHAMH ULl YMEHBLICHUS OOJIH.
Bonee 4000 ner Hazajx ApeBHUE CTUNTSHE 3HAIM, YTO XOJOM
ocnabisier 0OOJb TpH TpaBMax W yMEHBIIAET BOCHAJICHUE.
'unmokpatr peKOMEHAOBal THUIIOTEPMUIO Uil YMCHBILICHUS
omyxoJjieid, KpoBoTeueHu U Oomu. JxeiiMc ApHOTT u3ydan B
JlonnoHe MecTHbIe 00e300JIMBAIONIME CBOMCTBA Xo0JO4a IS
obuierdenust Ooseil mpu mocienHei craguu  paka. OH  cMmor
JnocTudb Temrepatypsl -25°C, ucnosb3ysi cMech Jibia 1 conu. B
KkoHIle 19-ro CTOJeTHs TPOM3BENM OMBIT 10  CKHIKCHHIO
KHCIIOPOJa, @ HEMHOro mo3ke dToro JIuHae mnpUroToBmII
KOMMEPUECKH 3HAYMMYyI0 MapTHIO JKHAKOTO a3oTa. Jlproap
MOJTYYHJT JKUIKHH Bogopoa B 1898 romy u Bckope n3o0pen cocyn
C BaKyyMHOH 3alIUTOIl JJIsl €ro XpaHeHUs] U TPAHCIIOPTUPOBKH.

DTO  HEMEJUICHHO [jal0  BO3MOXKHOCTb — TEPareBTHYECKOTO
HPUMEHEHHUSI HHM3KOTEMIEPATYPHBIX KUIKOCTEH BHE
nabopaTopuit.

X010/ MCIOIB30BAJICS B OCHOBHOM JUISl TIOBPEKICHHS HEPBOB,
4TOOBI OCTa0UTh OOJIb TPH MATONOTHMYECKUX COCTOSHHSAX. Ero
CIOCOOHOCTh Pa3pyILICHUs] OIYXOJICH HCIOJIb3yeTCsl ceiddac BO
MHOTHX MEIUIHHCKHX CIEHHAIBHOCTIX — OT XHPYPrUH IPYAHOM
KJICTKH W TIe4eHH 10 OoNle3Hel yxa, ropjia ¥ HOca, a TakKe B
JepMarosioruu u noguatpuu (cm. Tabmuiy 1).

buonorus

[MoBpexaeHUE KIETOK B PE3yIbTATE 3aMOPAYKUBAHKSI MOKET OBITh
BBI3BaHO 00pa30BaHMEM JIbJa KaK BHYTPH KJICTOK, TAK M CHAPYXKH,
a TalKe pa3pylIeHHEM KJICTOYHBIX MEMOpaH W HapyIICHHEM
oOMeHa BeIlIeCTB B KOXe BO Bpemsi 3amopaxuBanus. Yepes 30
MHHYT MOCJE 3aMOPaXHUBAHMSI KAMULIPHBIC —OHIOTEINATBHBIC
KJIETKH pa30yxarT, U (dopMmupyrorcss MukporpomObl. Ha done

Ta6muma 1. K|

PA3JINYHBIX CIICIAAJIBHOCTIX

CrienuaabHOCTh Hcnonws3zoBanue

Xupyprusi TpyaHOi KIETKH Paspymienne omyxoneit 1€rkux

[Tape3 uyBCTBUTEIBHBIX

boneyronstomas tepanus N
HEPBHBIX OKOHYAHHUH

OdTanpmomnorus V3Biedyenue xpycrainka

[IpoxTonorus Jleuenne remoppos
Tepanus nedexron

Kapaunoxupyprust P nek

IIEKTPONPOBOAUMOCTH

HapyIIeHUss oOMeHa BEIIeCTB pasBuBaeTcs rumnokcus. Camyio
OOJIBIIYIO TpaBMy KJIETKa IIOJy4aeT BO BpeMs OTTAUBAHMS.

Kputnueckue  ycnoBusi, KOTOpbIE  ONpPENEINSIOT  CTENEHb
MOBPEXkK/ICHNS, - 3TO TIIyOMHA 3aMOpaXMBAaHMS, camasl HHU3Kas
JIOCTUTHYTast TeMIIepaTypa, MIPOJIOJKUTENILHOCTh
3aMOpakMBaHUs M oTTauBaHus.  [loBTOpeHne  LHKIOB

3aMOpaKMBAHMA-OTTaUBaHKs IAET OOJIbILICe Pa3pyIICHHE TKAHCH,
4YeM OJHOKpaTHbI [uKI. TemmepaTypbl, HEOOXOAWUMBIC JUIS
pa3pyIIeHHUs KICTOK KOXH, 3aBUCAT OT MOP(OIOTHH KIETOK, HO
OOJIBIIIMHCTBO KIJIETOK MOTHOAaeT Mpu TemIiieparypax oT

-25°C 1o -30°C. Takas TemrepaTypa JOCTUIACTCs YBEPEHHO Ha
riyouHe 10 3-4 MM OT MOBEPXHOCTH KOXH IPU HCIOJIb30BaHUU
TEXHHUKH CIpest )KUAKOrO a30Ta. B CpaBHEHHM C ATUM METOJIOM,

HAHECEHHWE JKHJKOrO  a30Ta BAaTHBIM  TAMIIOHOM  MEHee
3¢ HeKTUBHO.
MenaHouutsl  HauboJee  YyBCTBHTEIBHBI K  XONOAY, H

KJIMHUYECKH 9TO TPOSIBISIETCS B BUJIC TUIONUTMEHTAIUK T10CTIE
KPHOXMPYPTHH, HWHOIJA JaXe I0CIe  OYeHb  KpPaTKoro
3aMopakuBaHusi. OuOPoOIACTHI, B MPOTHBOIMOIOKHOCTh 3TOMY,
XOPOIIO CONPOTHBIISIOTCSI XOJIOAY M MOT'YT MEPEXHUTh TITyOoKoe
3amopakuBanue. KosareH 0Oojee yCTOHYMB M CTPYKTYpHO HE
MOBPEKAACTCS TOCHEe THOENN KJIETOK. JTO OOBSCHSET, MoueMy
Clie/ibl  MOCNIe  KPUOXHPYPIHH OOBIYHO IIIOCKHE, W I[OYEMY
aHATOMUYECKAs CTPYKTypa HE HapyllaeTcst Jaxke IocIie
rIIyOOKOT0 3aMOPaKHUBAHUS, a TAKXKE II0YEMY TUIIEPTPOhHUIECKHe
PyOLBI U KETIOUIbI OCOOEHHO YIIOPHO COTMPOTUBIISIOTCS JICYEHHIO.

XnapoareHTbl

B moamatpuu gaiie BCEro TPUMEHSIOTCSA SKUAKHNA a30T (Kak B
BHUJIE CIIpesi, TAK W C TOMOIIBbIO KOHTAKTHBIX 30HIOB) W OKHChH
a3oTa (C MOMOIIbI0 KOHTAKTHBIX 30H0B). Hy»KHO OTMETHTH, 4TO
OKHCh a30Ta, XOTs MeToJ e€ NpPUMEHEHHUs Takod e, He
MO3BOJISIET JIOCTHYb TaKHWX K€ HHU3KUX Temmneparyp. K apyrum
XJIaJ0areHTaM OTHOCSITCS nepQTopyrieBo10pOIHbIC
a3pO30ITbHBIC CIIPEH.
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Kpuoxupyprua

B nacrosiiiee BpeMst IPaKTHIECKH HET CBEJICHHI, TO3BOJISIONINX
YTBEp)KAATh, YTO JIOCTUTAEMBIE C HX IOMOILIBIO TEMIEpPaTypbl
Taioke G HEKTUBHBI, KaK BO3AEHCTBHE KUAKOTO a30Ta WK OKUCH
asora.

(Dopma 3amopaxuBaemoii obnacru

Korzma crpyst JKHIKOro a3oTa WM 30HI CONPHKACAIOTCS C
MOBEPXHOCTBIO KOXKH, TEMIIEPATypa B SMHIEHTPE MagacT OYCHb
ObicTpo. TEMmIIbI OKpYIKAFOLIMIA BO3AYX YMEHBILIAET 3TOT AP deKT
U CIOCOOCTBYET — PACIIMPEHHIO  KPOBEHOCHBIX  COCYIOB.
TemnepaTypa mamaeT He Tak OBICTPO BIIyOb JEPMBI H IO
TepUMEeTPy MecTa Bo3[eiicTBusA. Ha pucyHKax crpaBa MOKa3aHbI
M30TEPMHUYECKHE JHHUM M (opma JieIsHOro oOpa3oBaHHs B
koxe. ITomoOHbI 3(PEKT MOKHO BOCIPOU3BECTH Ha OIBITE,
€CIM BO3JCHCTBOBATH CTPYEH Ha NPO3pauHyl0 IUIACTHHY W3
nojxosiero Marepuana. CHavanga 3aMopakuBaemas 00J1acTb
umeer ¢Gopmy, OMM3KYI0 K IIAPOBHIHOM, HO KOIJa XOJIOA
pacmpocTpansieTcs IIy0xe, B LGHTpe 3TOi obnacTu oOpasyercs
BoicTym. Takas ¢opma 00nacTH UMEET KPUTHUYECKOE 3HAYCHHUE
IV TUTAaHUPOBAHHUs TEPANEBTHYCCKUX MpoLeayp. bBbuto Obl
IPOIIE IPEACTaBUTh, YTO IOJ MECTOM IpPOLEAyphl 0Opasyercs
3aMOpOXKEHHasi 00JIacTh LMJIMHIPUYECKOH (OopMBI, HO Ha
MpakTHKE 10 KpasM MeCTa MPOLEIYphl BO3ACHCTBHE XOJIOAA
ropaszio MmeHee uHTeHcuBHO (cM. Puc. 1).

Opral-msauuounble acneKTbl KpuoxXupyprum
Heobxonumo — o0ecreunTb  HECKOJBKO  YCIOBMH,  4TOOBI
HCIIOJb30BaHUE KPUOXUPYPIMH B KIMHMKE HE BbI3BIBAJIO
HUKaKuX npobsem. [IpuBoiM CIMCOK TaKuX YCIOBHIA:
o KoMITETEeHTHOCTh 1 HajJIekKalee 00ydeHHE,
o [IpaBuiIbHBII BBIOOp MALIEHTOB,
Bri6op 0bopynoBaHus 1 OCTABIIMKA KHIKOTO a30Ta,
VY 100HBII KAOUHET C KYIIETKOIH,
WHhOopMUPOBAHHOCTD MAIMEHTA,
TmarenbHpiil yuér,
Brimuckn,
AmOynaTopHOE HAOIIOICHHE.

KomneTeHTHOCTDL

Pasubie mpodeccHOHANbHBIE TPYINIbI  YCTAHABIMBAIOT CBOM
COOCTBEHHBIC CTaHAAPTHI YPOBHsI 00pa30BaHMsI M MPAKTHYECKUX
HaBbIKOB. HekoTopele Mozgenud oOydeHHs O CHX  IOp
HCIIOJIB3YIOT METOJI HACTAaBHUYECTBA WIIM CICHHAIIbHBIC yueO-
Hble cemuHapbl. CaMbIM B@XHBIM (DAaKTOPOM B JIFOOOM Cllydae
SIBJSIETCSL TO, YTO caM OOyd4aroluii JIOJDKEH OBbITh CrocoOeH
MPOJIEMOHCTPHPOBATH BIIA/ICHUE TEXHUKOM KPHOACCTPYKIIHH.

KioueBoii MmoMeHT
Kpuoxupypeusi — 5mo cymma npakmuyeckux Hagblkog, KOmopble
HYHCOAIOMCS 6 OCHOBONONALAIOWUX 3HAHUSX U 8 00YYEeHUlU NOO
PYKOBOOCMBOM ONLIMHBIX HACMABHUKOE. DMO QONHCHO OblMb
HeomvemaeMoll 4acmoio 100020 00yueHus

Bbi6op nayueHToB

B3pocibie xoporio rmepeHocsaT kpuotepanuio. Ho st jpereit
miaame 10 Jier oHa MOAXOJUT MEHbIIE, XOTS HEKOTOPbIC JETH
crapiie 5 1eT MOryT BBITEPIETh KpaTkoe 3amopaxkupanue (5 — 10
CeKyHJI) MapbI-TPOKK HOBOOOpa3oBaHui. Ilepen mporemaypoii
MAUEeHTbl JIOJDKHBI ObITh MPOUH(OPMHUPOBAHBI O IMOCIEONEpa-
LHUOHHBIX MOCIEICTBUAX, U HY)KHO TAK)Ke MPHHITH BO BHUMaHUE
HMHIMBU/IyallbHbIe OCOOCHHOCTH, TaK Kak y JIOJeH ¢ TEMHOM
KOJKel MOXKeT 00pa30BaThCsi 3aMETHAS THIIONMTMEHTALIHS.

060pynoBaHue U TEXHUKA

Hy)KHO o0ecIeunTh Hané)chy}o IOCTaBKy JXHUJKOI'O a30Ta WIn
Apyroro KpuoreHa. Moxer 6LITI>, 3TO BO3MOXKHO 6yZ[CT caciaThb
yepe3 KaKyr-TO MECTHYHO OOJIBHHILY WM K€ MyTEM JMYHOTO
KOHTaKTa ¢ MECTHBIM ITOCTaBIIUKOM. CuiibHO oOJieryaer KH3Hb,
ecnu 'y Bac Oyzet cBoil cocyn Jlproapa, KOTOpbIii HyXHO Oyner

Puc. 1. ®opma 3aMOpOKEHHOI 00IaCTH.

(PuCyHOK BOCHIPOM3BOIMTCSA ¢ paspemieHuss asropos II. P.
Jlo6epa, I'. b. Konsepa n A. Jlxxekcona u3 kauru «Kproxupyprust
kokH. IIpyHIMIBI M KIMHWYECKas NpakTHka», JIOHIOH, u31-BO
Maprun Jynn, 1997 1.)

[POCTO HAMOJHATH JBa-TPH pasa B roj y mocrasiuka. Camblii
IOPOCTOH METOA — O5TO HAHECEHHE JKUAKOTO a30Ta BATHBIM
TaMIoHOM. /st 5TOro OOBIYHO HAJIMBAIOT HEMHOI'O JKUJKOTO
a30Ta B HEOOJIBIIYIO METAUINYECCKYIO YAIICUKy, MEHSS €ro Mmocie
KQXI0r0 MalMeHTa. JTO TNPEAyNpeAnuT 3apaKeHUE IKHUIAKOCTH
BUPYCOM TIalIMJUIOMBI YEJIOBEKa, YTO MOXKET CIYYUTHCS MpH
IIOCTOSHHOM OOMAakMBaHUM B He€ TaMmmoHa. TaMIlOH HE J0JKEH
OBITh CIMIIKOM IUIOTHBIM. Ero morpyaiT B JKHIKHHA a30T H
3aTeM IUIOTHO MNPWKUMAIOT K HOBOOOpasoBaHHio. bombiime
HOBOOOpa30BaHMsl HYKHO 00pabarhiBaTh B HECKOJBKO MPHUEMOB.
BarHble TaMIIOHBI OBIBAIOT Pa3HOrO pa3Mepa M IUIOTHOCTH. DTO
pasHoOOpa3ue MPHBOAUT K HETOYHOCTSM M MeHbIIed 3ddek-
THUBHOCTH B padoTe, 3a UCKIIOYEHHEM TOJBKO OYEHb MAJICHBKUX
HOBOOOpa30BaHMi (HaNpuUMep, MalleHbKHX 00poaaBok). Camoii
OOJIBIION JeTanbl0 KPHOACCTPYKTOpA SIBIACTCS OAJUIOHYHMK C
BaKyyMHOW 3amuToil. Ha ero ocHOBHyIO moparomyro TpyOKy
HAKPYYUBAIOTCS CTPYHHbIE HAKOHEYHUKH MJIM KOHTAKTHBIC 30H/IbI
pasHbix pasmepoB (cM. Puc 2). O0BEM 1M0JaBaeMOro KpHOreHa
3aBUCUT OT JMaMeTpa HAaKOHEYHHKAa — JUIsl KPHOJECTPYKTOPOB
Cry-Ac xommannu Brymill sto aneprropsr pasmepos A, B, C, D
(u3 mux B u C Haubosiee 4acTo MCMOJB3YIOTCS B KIMHHYECKOU
npakTrke). KoHel| HaKOHCYHHKA IPH BBIMOJHCHHH MPOLEIYPhI
nepkar Ha paccrosHuE okomo 1 cm or koxku. OOpaboTke
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Kpuoxupyprua

Puc. 2. Kpuozxectpykrop ¢ mnoparomeil TpyOkoil u amep-
TIOPHBIM HAKOHCUHUKOM

HEKOTOPBIX IIOXO JOCTYMHBIX MECT IIOMOTAIOT YIMHUTENHN C
U3ruOOM, TIO3BOJISIFOIIME TOMEHSITh MMOJIOKEHHE HAKOHECYHHUKA.
CTpyro JKHJIKOTO a30Ta MOKHO CKOHIIEHTPHPOBATh Ha CTPOTO
OnpeeHHON TUIOMIAAN, HCIOJb3Ysl HEOIPEHOBBIE KOHYCHI
WK TIPO3PAuHYIO TUIACTHHY ¢ KOHHYECKHMH YIyOICHUSIMU U
OTBEpCTHAMHM pa3Horo jauamerpa (cm. Puc. 3). Bakuo
MIOMHHTB, YTO JAHHBI METOJl YCHJIMBACT pa3pylLINTEIbHOE
BO3JCUCTBHE MPOLEAYPbl, W MOITOMY BpEMS BO3ACHCTBHUS
HY)KHO COKPATHTb.

B konTakTHBIX 30HAaX (CM. Puc. 4) KUIKUH a30T TMPOXOIUT
4yepes roJIOBKY 30H/1a, MPEkK/Ie YeM BBINTH B aTMOchepy depes
IUIACTHKOBBIA OTBOJZ, @ C KOXEH KOHTAKTUPYET TOJIBKO
MOBEPXHOCTh TOJIOBKH. 30H/bI UMEIOT HEMAJI0 CTOPOHHUKOB,
OHM TMO3BOJISIIOT Bpaudy OKa3blBaTh [aBICHHE Ha MECTO
nporeaypsl. D10 co3aaét Gonee riyboKoe 3aMOpaKMBaHUE, U
HEKOTOpPbIE CIENUAIUCTBI CYMTAIOT, YTO 3TO CaMbIii BEPHBII
crnocob neuyeHnsi 00poaaBok. KOHTaKTHBIE 30HIBI OOBIYHO
WCIIOJIB3YIOTCSl ¢ HEKOTOPBIM KOJIMYECTBOM  CHELHUAIbHOTO
renst, 4ToObl 00ecreuuTh OoJiee IIOTHBIM KOHTaKT. DTO HE
TOJBKO JAaéT pPaBHOMEPHOE 3aMOpaXHBAaHME TKAaHH, HO W
IO3BOJISICT HEMHOT'O TIPHUITOTHSITH 3aMOPOKEHHYIO 0071aCTh HAT
Oosee TITyOOKMMH CIIOSIMH KOKH, OTTSITUBAst 30H]] Ha ce0s, Kak
TOJILKO 00pa3oBaiicsi HaJAEKHBIM KOHTAKT. IJTO He Tpedyercs
Ha TOBEPXHOCTU CTOINBI, HO IMOMOTaeT B OOJNACTH CITHHBI,
4T00BI M30EKATh MOBPEKACHHS XOIOA0M CYXOKHIIHIA, HEPBOB
W KPOBEHOCHBIX COCY/IOB.

Puc. 3. TIpospaunas ractiHa (KpHO-TIaTa) ¢ OTBEPCTUSIMU
pasHOro JMamerpa

Puc. 4. Vicnionb30BaHuE KPHOACCTPYKTOPA /TSI IPOLIETYPbI
Ha I10JIOLIBEHHOIT Oopo1aBKe

Bo Bcex onucaHHBIX MeTOZaX /Ul MOJIydeHus: Oosiee CTOHKOro
TEPaneBTUYECKOTO  Pe3ysibTaTa  MOXHO  HCIOJb30BaTh
MOBTOPHBIC  LMKJbI  3aMOP@KUBAHHS  IOCIE  IIOJHOTO
oTTamBaHus mpensiaymero. [locme mepBoil  mporeaypsl
KOJIMYECTBO  JKMAKOCTH  BHYTPM  OTTasBLIeH  oOnacTu
BO3pAcTaeT, M 3TO MO3BOJISIET IPOU3BOIUTH Ooiiee ObICTpOE
3aMOpaKMBaHUE B TOCHeIyomux mpoueaypax. OcobeHHO
3¢ PeKTUBHBI MTOBTOPHBIC 3aMOPaKMBAHHSI npu
3JI0KQUECTBEHHBIX MOPAKEHUSIX, HO HEKOTOPbIE CHELUAIUCTBI
HAXOJIT, YTO OHH IOMOTAlT U IPH JOOPOKAYECTBEHHBIX
HOBOOOpa30BaHMSX.  VICKIIIOUMTENBHO ~ BaXHO,  OJIHAKO,
puoOpeTaTh OIBIT, HCIOJIB3Ys Ooliee KOHCEPBAaTHBHbBIC
METO/bI Tepesl TeM, KakK HCIOJb30BaTh OOJiee arpecCHBHbIC.
Kaxpmast nerans obopynoBaHusi U 0OCTAaHOBKH - Harpumep,
pa3Mep HaKOHEYHHKa, TeMIepaTypa Bo3/yXa U T.I., OKa3bIBaeT
BJIMSIHUE HA KIMHUYECKUI pPe3ysbTaT, a LeNbl0 TOJDKHO ObITh
obecrieyeHne IpeIcka3yeMoro OTBeTa.

KiaroueBbie MOMEHTBI
Bammuvie mamnousi, kpuo-cnpeu u KOHMAKMHbLE 30HObL
ABNAIOMCS 0OOCHOBAHHBIMU MEMOOAMU NPUMEHEHUS. IHCUO-
k020 azoma. Camviil 6aJCHBII ACREKN NPU IMOM: YEEPEHHO
61a0emb KaKou-1ubo mexHuKou, ymoowl NOAY4ams HA0EHCHbIe
u bezonacuvie pezyromamot. [losmopmule yukivl
3AMOPANCUBAHUS NOCLE NOTHO20 OMMAUBAHUSL NPEObIOVIYE2O
MOSYM UCNONb308AMbCA OISl NOLYHeHUs boee 3hPekmusHoco
mepanesmuuecko2o pesyromama. Hckuouumenso 8axcHo
npuobpemams onvim, UCNOL3Ys OoNCe KOHCEPEAMUBHbIE
Memoobl iedeHus neped nepexo0om K boiee azpeccugHbiM

Ka6uner

OO0bIuHast 00CTaHOBKA KaOMHETa IMOJMaTpa BIOJHE IOAXOAUT
JUISL  OCYILECTBICHHS KpUOXupypruu. Ilpum sedeHunm Hor
MAlKEHT JOJDKEH HAXOAUTHCS B YAOOHOM TIOJOKEHUH JIEKA.
OcBelleHne JIOJHDKHO OBITH JIOCTATOYHBIM, B HJCAlE 3TO
MOTOJIOYHBI  CBETHJIBHHUK HAa PEryJHpyeMOM  IOJBECKeE.
Jlydmie, ecnu KaOWHET HE CIMIIKOM MAalCHbKHH W HMeeT
BEHTHJISILIMIO, TaK KAaK BCErIa CYIIECTBYET HEOOJIBINON PHCK
pasiuBa KHUAKOTO a30Ta.
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Kpuoxupyprua

NHdopmupoBaHHOCTL NaLeHTa

CymiecTByeT BceoOlIee COrjgache OTHOCHTEIBHO TOTO, 4TO
MAIMEHThI TOJKHBI OBITh KAK MOYHO JIy4Ilie TPOUH(OPMHPO-
BaHbl 000 BCEX METO/AX JICUCHUs] UX MpoOseMbl, 00 OTHOCH-
TEJIFHBIX MPEHMYIIECTBAX, MOO0UHBIX 3((eKTax W OCIIOKHE-
HUSX BBIOpaHHOrO MeTonxa JeueHus. Ho KoHCeHCyc 1o
BOMPOCY O TOM, HYXHO JIM JOKYMEHTHPOBATh COTJacue
MaryeHTa Ha JICYeHNe, U KaK 3TO JeJaTh, NOKa HE JOCTHIHYT.
Hexoropple  opraHm3anuy  JOBOJBCTBYIOTCS ~ KPaTKUM
MMUCHMEHHBIM TIPOTOKOJIOM OOCYXICHUS, APYTrUe )Ke TpeOyoT,
9TOOBl TOJ JETAIBHBIM JIOKYMEHTOM CTOsUIa  HOAINHUCH
nanuenta. Maér opuaMyeckuii crmop O TOM, MOXET JH
OCO3HAHHOE COTJIacue OBITh MOJYYEHO B TOT JK€ JEHb, KOTJa
JMODKHA  OBITH  MPOBE/IEHA MpOIEAypa, He Tpedyromas
CPOYHOTO BMEIIATEIbCTBA. BBIIBUTAIOTCS apryMEHTBI, YTO
KaX/bI JIOJDKEH HMETh BpeMs M BO3MOXKHOCTH 00/ymMaTh
meranmn obOcyxkaeHHus. TemM He MeHee, CYIIeCTBYeT IOYTH
BceoOlIee coriacue, 9To B CIIydae MpOCTBIX MPOLEAYP — TAKUX
KaK KPHOXUPYPTUsl — BIIOJHE pa3yMHO, €CIIU JIeYCHHe Oyaer
MPOU3BEICHO HEMEUICHHO, M OOBIYHO 3TO XK€ OXKHAACTCS U
CaMUM ITaIHEHTOM.

TwatenbHblii yYeT

Z[OJ'I)KHLI TIPpOU3BOAUTHCS 3allMCU O COIVIaCHU Ha JICUCHHE, O
BI)I6paHHOM METOAC JICUCHUA (cnpeﬁ WiIn 30HAbI, AUaMETp
HAKOHEYHHMKA, BpPEMs BO3IEHCTBHA W YHCIO  IIMKJIOB).
Hennoxoit mnpaktukoil siBisiercst (GukcupoBaHue Oeceibl 00
OCJIOKHCHHUAX, O IIaHCaxX Ha ycnemmﬂﬁ pe3ysibTar U O TOM,
ObLIa JIK JJaHa BBITTHCKA.

Bbinncku

JleTanrbHOE ONHMCaHUE YacTO BCTPEYAIONIMXCS IMOOOYHBIX
3((HEKTOB TOIDKHO COAEPIKATHCS B BBIIUCKE, YTOOBI NAIEHT
3HaJ, YTO cjlefyeT wuMeTh BBHAYy. OHa JOIDKHA TaKke
BKJIFOYaTh PEKOMEHJIAIIMHU O YXOJy 32 MECTOM IpPOLEIyphl U
coJiepKaTh KOHTAKTHBIM TeledoH Ha cilydail BO3HHKHOBEHHs
npo6nem. [Ipumep Beinmucky npusenén Ha Puc. 5.

KiioueBoii MOMEHT
Jokymenmayus 0oaicHa Ompaxncams 00CyicoeHue 60npocos
OCNIOANCHEHULL U WIAHCO8 HA YCNEWHbIL Pe3YIbmam

Am6ynatopHoe HabnoaeHne

31ech OCTATOYHO MPOCTasi CHUTYAIUsl, HO OHA TAKKE 3aBHCHT
OT CorylallieHus, JOCTUTHYTOTO C MAIMEHTOM IIO ITIOBOY ueneﬁ
M KOHCYHOH TOYKHM JICUCHHs. Eciau JedeHue Mo3BOJIsSET
1/136aBI/lTbCfI OT CHUMIITOMOB 3a OJMH BU3HUT, TO CKOPEEC BCEro
HET HEOOXOIMMOCTH BO3BPAIIATHCS K JICYCHHIO, JaXe €CIH
HOB006pa30B3.HI/Ie HUCYC3JI0 HE BIIOJIHC. Brr MOXKETEC, TaKXCE,
JIOTOBOPUTHCS, YTO B CIIydyae, eCciii He OyIeT yIydlIeH s ocIie
TpéX BU3HUTOB, HaﬂLHCﬁmHe TIONBITKH TIPEANPUHUMATBCSA HE
OymyT.

Liuknuyeckasa Tepanua

(i30 — uukn 3amopaxmBaHuUsA-0TTaMBaHNA)

MHorue  NpakTUKYIOI[ME  Bpaud  BO3JCHUCTBYIOT — Ha
HOBOOOpPA30BaHMs BATHBIMH TAMIIOHAMHU WITH CIIPEEM O TEX
I0p, MOKa 3aMOPOKCHHAs! 00JIACTh HE PacrpoCTpaHuTes Ha 1
MM 3a IpaHuily HOBOOOpA30BaHHs, a 3aTeM IOJJICPIKHBAIOT
3aMOpaKHBaHKE elié HECKONIbKO cekyHI. Ecnu y manmenta
OyzseT upesMepHasi peakilus, Wi ke, Hao0opoT, He Oyuer
HUKAKOW, TO Bpay He OyAeT UMETh HAAEKHBIX KPUTEPUEB JUTs
OIpe/ieNieHUs] TajbHEHIINX JecTBuil. [loaToMy Tak Ba)kHO
XOJ[ JieueHus: (DMKCHPOBATH MHCBMEHHO. DTO MOXKHO [ENaTh
HECKOJIBKUMH METOJaMH, OJHMH H3 KOTOPBIX IMOAXOAUT IS
HOBOOOpa3oBaHuii auamerpoM 10 1 cM. CrnpeeM mim 30HIOM
BO3JICHCTBYIOT 110 LICHTPY HOBOOOPA30BaHMS 10 TEX IOp, MOKa
He 00pasyercst HeoOxoauMasi 00J1aCTh 3aMOPAKUBAHHUSL.

Bam 6v110 nposedeno kpuoxupypeuueckoe aeuenie no nogooy
noooweennou bopooasku. bonesvle ougyuenuss 06b14HO
npoxoosm ¢ meuenue 10 munym, no uepes nHeckonbko uacos onu
MO2ym 80300HO6UMbCA, U mo20a Bam ciedyem npunsmeo
napayemamon uny acnupun Ost UX YCHOKOCHUsl. Y MeHbueHuIo
bonu 6ydem cnocobcmeosams, eciu NOOEPIHCAMs HO2Y 6
NPUNOOHAMOM NOJIOICEHUU.

B meuenue neckonvkux OHell mecmo npoyedypsi 6yoem
NPURYXUIUM, U U3 HE20 MOJCEM BbIOCTAMbCS HEMHO20
orcuoxkocmu. Eciu oopasyemces 6010vipb, Bul moswceme npoko-
JI0Mb €20 CMepuIbHOIL U0, HO He OMPbIEAlime e20 O KOJCU.

Ecnu 'y Bac nosssamcs onacenus, umo npoyecc uoém nenpa-
BUTILHO, NOJICATYIICMA, NO36OHUME 6 OhuUC NO Mmenedony:

Puc. 5. UndopmarrionHas BbIMcKa JUis MalMeHTa

3aTeM 5Ty 00JIaCTh IOJJEPKUBAIOT B TEYCHUE OIPEICIEHHOIO
Bpemenn (00braHO 910 5 — 30 CekyHA, B 3aBHCHMOCTH OT
ocobeHHOCTE  HOBOOOpaszoBaHust). OTCYET HYKHO HAYUHATH
TOJILKO ~ TOIJA, KOrJa I[ojydeHa HeoOXoaumas — 00jacTh
3aMOpaXMBaHUA, HO HE ¢ Hayayua npouexypsl. Korma «iensHoit
mapuk» o0pa3oBaiics, eMy HE HYXXHO MO3BOJIATH PAaCTH, TaK Kak
9TO MOXKET BBI3BATh HEXKENATEILHOE TOBPEXKICHUE TPHIICTAIOIINX
TKaHei. Hy)XHO MpocTo MepuoMYecKu BBITYCKATh CTPYIO, YTOOBI
MOJICPIKUBATh  JOCTUTHYTBIH pasMep miapuka. JKenarensHo,
TaKKe, He 3a0bIBaTh, YTO MOXKHO HCIIOIb30BaTh HAKOHEUHHKH U
30HIbI JPYroro JUameTpa, MOXKHO BapbUPOBAThb PACCTOSHHE OT
HaKOHEeYHHKa J10 KOxxH (06b14HO oHO paHO 1,0 — 1,5 cm).

Lukn 3amopaxusanusi-orranBanmst (L[30) — 310 TepMuH, KOTOPBIi
CllelyeT HCIIOJNB30BaTh BO BCEX 3amucsaX Is 00O03HAYEeHHs
LUKIMYHOCTH Tepanuu. Ecin HOBOOOpa3oBaHME 3aMOPOXKEHO 10
HE0oOXOIMMOro pasMepa LIapHka, a 00paboTKa MPOIOIDKAETCs emé
5 CcekyHn, JieueHHE Ha3plBaeTCs  «5-TH-CEKYHJIHBIH  IIUKI
samopakuBanus-ortauBanus (130 5 cexkynn)».  Bpewms
3aMOpaKUBAHUsI JIOJDKHO OBITh 3a()MKCHPOBAHO B 3alHCAX JUIS
MOCJIELYIONINX CCHUIOK.

KuroueBoii MOMEHT
H3yuenue u gpinonnenue niana Yukiuieckol mepanuu npuHOCUm
NONb3Y KIUEHMY U 8600UM CIMAHOAPIHYIO MEPMUHOTIOZUO

Dlo6poKkauecTBeHHble HOBOOGpa3oBaHuA

BoponaBku

OTH HOBOOOpPA30BAHMSI BOZHUKAIOT H3-33 3aPAKCHUSI BHPYCOM
nanwuiombl  yenoBeka  (BITY).  TlogomBeHHble  OOpOAABKH
noKanu3yroTesi Ha nogomse crynHu (cMm. Puc. 6). CymectByer
6omee 50 moxrmmoB BITY, koTopble XapakTepusyroTcs CBOEH
0c000ii aHATOMHUYECKOW JIoKanu3aiueit 1 Mmopdosorueit. pyrumu
CJIOBAMH, HET BEPOSTHOCTH, YTO OAMH M TOT K€ IOATHUII BBI30BET
00pa3oBaHNEe KOHIIIOMBI U MO3an4HOi 60pogaBku. Co CTOPOHBI

Puc. 6.
[TomomBenHas
6opoaBka
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Kpuoxupyprua

Tabmuia 2. Kproxupyprust Jo00poKauecTBEHHBIX
HOBOOOpPa30BaHMUI1 C TOMOIIBIO KPHOAECTPYKT
C HaKOHEYHHKOM (arepTropoit) C

Bpewms o6paboTku Ilupuna
ITaTonorwust mocje 00pa3oBaHusl | 3aKpauHbI
JIEJITHOTO IIaprKa 3aMOpaKUB.
BoponaBka Ha criMHKe
PO 5-10 1 mMm
TTO/TOIIBBI
Mo3zandHasi IoI0IIBEH-
& 5-30 1 MM
Hast Oopo/iaBKa
. Tombko 10 06pa-
KoHTarno3Huslii MOJITIOCK P Her
30BaHMs IIAPHUKA
CeboppeliHblii kepaTos 5-20 1 mm
MukcounHasi KHCTa 30 2 MM
I'panynsiiiMoHHAas TKaHb
PaHy Al 30 1 mm
C BPOCLINM HOTTEM

KO)KH MOXKET OBbIThb  Pa3IM4HbIi OTBET, ONPEICIISFOLIINA
CTENEeHb THIePKepaTo3a W BOCHAIUTEIBHYIO PEAKIHIO.
[Mone3Ho OOBSICHUTH MAIMEHTY, YTO BHPYC OOHTaeT (Kak
MOKa3bIBACT IICMHAS PEAKIHs [OIMMEPasbl) B SMHACPMATbHBIX
KJIeTKax, HaxO[SIIMXCs Ha pacctossHun 10 1 oM ot
HOBOOOpa3oBaHus. DTO OOBSACHSAET, IMOYEMY HHOTJA IOCIEe
TOro, Kak BOCHAICHUE TIPOILIO, MOSBISIETCS HECKOJIBKO
HOBBIX OOpOMaBOK 10 mepudeprur MecTa MPOIETYPHI.
OO6cysKeHHe TOro, 4TO CIEeIyeT PealbHO OXKHIATh, MOXKET
MPOUTH JIOJTHH TyTh, MPEKIE YeM YMEHBLIUT Pa3oyapoBaHue
pe3ylabTaTaMy Hey/IauHOTO JICUCHHSI.

TTocmorpute Tabnuiy 2, copepiKaiiyro HEKOTOPbIC BOIPOCHI
nedenusi. Cpes3aHue THIICPKEPATO3HOTO HOBOOOPa30BaHMS
mepej  JieueHMeM OOBIYHO Bcerga mnomoraer. Ilepen
MPOLEYPO MOXHO TNPUMEHHTh MECTHYIO AHECTe3HI0, M
HEKOTOpbIE BpauM MOJIAraloT, YTO ¢ HEH MOXKHO MCIIOJIb30BATh
Oosice BBICOKYIO 03y OKHAKOrO a3ora, 4veM 0e3 Heé.
[IpuMeHsTh aqpeHanH HeT HEOOXOAMMOCTH.

KonTarnosHblit monnock

OHu OBIBAIOT OJMHOYHBIC I MHO)KECCTBEHHBIC M YaCTO UMEIOT
BJIABJICHHBIN IIGHTP. DTa OCIEHHAas WH(EKIUs He pacroiia-
raercs Ha Horax. Hy»XHO OTMETHTB, YTO 3TH HOBOOOpPa3o-
BaHUsI OCOOCHHO UyBCTBUTEIbHBI K KproTepannu. O6paboTka
MOBEPXHOCTH HOBOOOPA30BaHHUs CIIPEEM JKHIKOTO a30Ta B
TEYCHHEC HECKONBKMX CEKYHJ, KaK MpaBHJIO, BIIOJIHE
JOCTAaTOYHA JIsl 00ECIIeUeHHUS yCrexa.

rpaHyl'lﬂl.WIOHHaﬂ TKaHb

OCHOBHBIM METOJOM OOJICTYECHHs CUMITOMOB IPU BPOCIINX
HOTTSX SIBISICTCS YOajJ€HHEe OTBETCTBEHHON YacTH HOITS
XUPYPrUYECKUM BBIpe3aHHEM. B TO ke BpeMs, IpaHyJIsLHu-
OHHAasl TKaHb UMEET T'YCTYI0 CE€Th KPOBEHOCHBIX COCYJOB, U
MOATOMY XOpoIo moanaércs kpuorepanuu. Kak mpasuio,
o/IHOKpaTHast 00paboTka cripeem B TeueHune 30 cexyHa maér
xoporuuii pesynbrar (cMm. Puc. 7).

MpoTuBonokasaxus

He cymecTByeT aOCONMIOTHBIX IPOTHBOIIOKA3aHMH, HO BCE ke
HEKOTOpPBIC MAIMEHTHl MOTYT MMETh HMOBBIIICHHYIO PEAKIHIO
Ha XOJIOJ] — HallpUMep, TaKKe, y KOTo M3-3a X0JI0/1a CIIydaeTcs
KpanMBHMIA, WIM Te, KTO MMEeT B aHaMHe3e KpHorioly-
nuHAIMH0.  KpHoryioOynmHAMusL — 3TO pPEAKOe COCTOSIHHUE,
XapaKTEePU3YIOIIEecs IPUCYTCTBUEM B KPOBOTOKE HEOOBIUHBIX
TIPOTEHHOB, HNMEHYEMBIX KPHOTTIO0Y TMHAMH. IIpu
BO3/ICHCTBUM X0JI0/1a OHU TEPSIOT PACTBOPUMOCTb U OCEAIOT
B KaNWUIApaX, BBI3BIBAas YXYALIEHHE KPOBOOOpAIICHUS B
OXJaXxAEHHON 00J1aCTH.

MocneonepauoHHbIi yxoa
Pexomenmyercss HOCUTh TOBSI3KY Ha MECTE MPOLEAYPHI, €CIu

Puc. 7a. I'panynsaunoHHast TKaHb C BPOCIIMM HOTTEM

Puc. 76. HemocpeacTBEHHO MOCIIE 3aMOPaKUBAHUS

OHO  TOJBeprajgoch Oojee  JUIMTEIBHOMY  3aMOPaXKUBAHMIO.
HekoTtopoe KommdecTBO 3KccynaTa OydeT BBLICTATHCS B IEPBBIC
HECKOJIBKO ~ JIHEH, M aHTUCENTHYeCKas  MOBA3KA  MOXKET
MpelynpeuTh BTOPUYHOE HHPUIIMPOBAHHUE.

06pa6oTKa paHbl

E€ MOXHO TPOMBIBATh, M TAKKE BAKHO MEPHOANYCCKH YIAIATH
KOPOYKy M OdKccydaT. MoryT ObIThb MNpEIMiCaHbl aHAIBICTHKH.
TManueHToB HYXXHO NpPEXYIPEaNTh, YTO OHH MOTYT HCIIBITHIBATH
60116, AUCKOMGOPT, @ MECTO MPOLEAYPHl MOXET B MEPBOE BpEeMs
omyxarb. IlomomBa CTYHHH MOXKET HCHBITHIBATH 3yd B TCYCHHE
HECKOJIBKUX ~JHel Imocie Mpouexypel €  MHOXXECTBCHHBIMU
00opoIaBKaMu.

0cnoKHeHUA KpuoXmupypruu

Ecmu nponenypa 6buta Gojee JUIMTENBHON, MOTYT IIOSBHTBCS OOIIb,
MPUIYXJIOCTh W BOJIBIPb. Y JIOJEeH C TEMHOM KoOXell Moxer
CIIyYUTBCSl TUIIONUTMEHTALUsI MEecTa INPOLELYyphbl, HO C TEUCHHUEM
BpPEMEHH OHa JoJkHa mpoirth. Ilapecre3us ciyuaercs, HO, Kak
MpaBMIO, KpaTKoBpeMeHHas. [IpoJoipkuTenbHOe — HapylleHHe
YyBCTBUTEILHOCTU BCTpeyaeTcs penko. Kpuoxupyprus B obnactu
HOTTS MOXKET INPUBECTH K AUCTPOGHU HOITS U K IOBPEKACHUIO
CYyXOXKHIMH mnanbua. Muiama — 3TO MajeHbKHE, HAaIOIHEHHbIE
KEPaTUHOM 3IHUJIEPMAJIbHbIE KMCThl, OHU MOTYT HOSIBUThCS I10CHE
omepaluMd M JEpXKaThCAd  MECAIBl, HO  3aTeM  OOBIYHO
CaMOIIPOU3BOJILHO Hcue3atoT. ToHkuil runeprpoduueckuii mpam
TAK)KE MOXKET MOSBUTHCS, HO HUCYE3HET B MOCIEIYIOLUIME MECSIIBL.
ITanuenTsl, NPUHUMAIOIINE AHTUKOATYJITHTBI M KOPTHKOCTEPOUIBI,
Kak IPaBUJIO, JIyYllle IIePEeHOCAT KPUOXUPYPIHIO.

KuiroueBoii MOMeHT
bonw, nosignsowasncs nocie Kpuoxupypauu, moxcen ovims
3HAUUMENbHOU, U € Helb351 HeOOOYEHUBAND.
Tayuenmy nuysicno oamo UHGOPMAYUOHHYIO BLINUCKY, KOMOPAsL
00bACHUM €M) HeKOMOopble B0NPOChL

Yuraiite TaKkxe
Dawber RPR, Colver GB, Jackson A. Kpuoxupyprus KOXH.

IIpyHuunel W KIMHUYEcCKas mpakTuka. M3a-Bo Martin Dunitz,
London, 1997.
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Kpuoxupyprua

[locne yTeHua cTaTbu. ..

KpaTkuin BONpOCHUK

1. KaxoBBI NpUHIUITEI KPUOXUPYPTHH?

2. Kaxkwue TIOCJICACTBUS BbI3bIBACT MOBPEIKACHUC KIICTKU B PE3YJIbTATC eé 3aM0pa)KI/IBaHI/IH?

3. KakoBbl KPUTHUYECKUE 1TOKA3aTEIIN CTCIICHU 3TOI'O HOBpe)KZ[eHI/ISI?

4.  Tlpm xakoii Temreparype norudaet OOJIBIINHCTBO KIETOK?

5. KakoBbl IpOTHBONOKA3aHUsI AJIsI KPUOXUPYPTHUA?

6. KakoBbI IOTEHIUATIBHBIC OCIOKHEHHSI KPHOXUPYPIHU?

7. Tlouemy BasKHBI CXEMBI IUKJINIECKON TEPAITum?

8. Ecnum B ucTopun manuenTa 3amucan «5-cekyHaubiii [{30», kak Bel Bocniponssenére 3to neyeHue?

9. Kaxkue acriektsl ieueHus JOJUKHBI OTPpaXXaTbCsl B UCTOPUU HaHHeHTa?

10. IToueMy HECKOJBKO HOBBIX OOPOIABOK MOTYT BEIPACTH IO IIEPUMETPY YAAIEHHON ITOJOIIBEHHOMH 60pOoIaBKu?

Bpemsa nopa3smbicnnTb

Iocne grenns 9TOH CTAThU MOPA3MBICIHTE HEKOTOPOE BPEMSI O KPUOXUPYPTHH. TeMBbl Ul IpUMepa:

Kax gacTo st Hcronb3y1o KpHOXUPYPTrHIO B cBoeit pakTuke ? Vcrons3yro iu st e€ BooOmie?

[Mpumensto 1 st kKprOXUpypruto Hauboee r3pdexTrBHO? OOecreunBaro 1 HAWTYYIINE yCIOBHS JUIS ITAIINeHTa?

Kak s orieHuBar0 pe3ysnbTaThl CBOCH JICUCOHOU TIPAKTHKH?

W3mMeHuT Ji1 3Ta CTaThs 4TO-TO B MOCH HpaKTPlKe? U eciu Ja, To 4yT10?

OO0u1ecTBO XUPOIMOIOB U MOAUATPOB — cepust «IIpomoimkaem nmpodeccuonansHoe oOpasoBanue», Opomtopa 4. Kpuoxupyprus.
PenakumnoHHasi M JKCIepPTHAS KOJLJIETHsI:
VBan bpucros — YHuepcurer Cayrremnrona; Maiik [Tortep — nexan ¢akynpTeTa moguarpudeckoil Meaununsl, Joxun I'panau — nupektop
cepun, Media-Fx; Dun Crpunrep — nupexrop cepun, Media-Fx; Kiop Pudapac — OG1iecTBo XHPOTIOI0B U MOIHATPOB.
© 2005 Media-Fx Limited
Kpuoxupyprust (SCPod CPD series No4) crioHcHpyeTcst rpaHTOM Ha pasBuTHe 00pa3zoBanus komnanud Brymill UK

JlaHHbIe, MHCHHSI M yTBEPIKIACHHUSI, COJICPIKAIIIECS B JaHHOM CTaThe, IPUHAUICKAT YKasaHHOMY aBTopy (aBropam). M3aTenscrso,
OOIIecTBO XHPOMOI0B U HOAHATPOB, PEIAKIIMOHHAS KOJIIETUs, CHOHCODPBI M MX COTPYIHHUKH, CIy’Kalllie U areHThl He HECYT OTBETCTBEHHOCTH 32
MIOCIIEACTBUS, KOTOPbIE MOTYT BEI3BATh TI00bIC HETOUHBIE MIIN HEBEPHBIC JAHHBIC, MHCHHS WIH yTBEPXKICHUS. MeIUIHCKas HayKa IOCTOSHHO
pasBuBaercs. Kak TobKO nosiBIIseTCs HOBAst HH(POPMALUs, CTAHOBATCS HEOOXOAUMBIMU U3MEHEHHS B JICUCHHH, IIPOLIEypax, 000py 0BaHHH,
HCIIONB30BAHUN J€KapcTB. UNTaTensIM HACTOSTEILHO PEKOMEHIYeTCsl IPOBEPATh HH(POPMAIUIO, 0COOCHHO CBA3aHHYIO C HCIIOIb30BaHUEM
JIEKapCTB, YTO JO/DKHO COOTBETCTBOBATH CAMOMY HOBEHIIIEMY 3aKOHOJATEIbCTBY M CTAHAAPTAM JICUCHHS.
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Cryosurgery In
podiatric practice

Dr Graham Colver — Consultant Dermatologist, Chesterfield Royal Hospital

manner, of diseased tissue by cold. The benefits and
hazards of tissue injury from cold have been recognised
for many vyears. Successful cryosurgery requires an
understanding of the effects of freezing living tissue in order to

Cryosurgery is the deliberate destruction, in a controlled

Table 1. Cryosurgery in various specialities

Speciality Therapeutic use

Thoracic surgery Destruction of lung tumours

optimise the therapeutic benefit. Failure to appreciate the Pain relief Sensory nerve paresis

destructive power of very cold liquids will result in harm to .

patients whereas prudent use of this treatment modality will Ophthalmology Lens extraction

bring significant benefit. Proctology Haemorrhoid therapy
Key Point Cardiac surgery Conduction defect therapy

For all the simplicity of its use it is important not to
underestimate the destructive power of cryosurgery

HISTORY OF CRYOSURGERY

Cold has a numbing effect on the skin and for centuries this fact
has been used beneficially to reduce pain. Over 4000 years ago
the Egyptians were aware that cold minimised the painful effects
of trauma and reduced inflammation. Hippocrates advocated
hypothermia to reduce swelling, haemorrhage and pain. James
Arnott, in London, investigated the local anaesthetic properties
of cold to palliate the pain of cancers in the terminally ill. He
managed to achieve temperatures as low as minus 25°C with a
solution of ice and saline. At the end of the 19" century oxygen
was liquefied experimentally and a little later a small commercial
preparation of liquid nitrogen was made by Linde. Dewar
liquefied hydrogen in 1898 and soon developed the Dewar
vacuum flask for the storage and transport of these fluids. This
had the immediate benefit of allowing therapeutic use of cold
liquids away from the laboratory.

Cold has been used specifically to damage nerves in
malignant conditions for pain relief. The ability to destroy
tumours is now employed across many specialities from
thoracic surgery and liver surgery, to ear nose and throat, as
well as dermatology and podiatry (see Table 1).

BIOLOGY

Cellular injury following freezing may be brought about by both
intra- and extracellular ice formation, disruption of cell
membranes and changes in cutaneous circulation during
freezing. Within 30 minutes of freezing, the capillary endothelial

cells swell and microthrombi form. Hypoxia develops as the
circulation is impaired. Much cellular injury occurs during
thawing. The critical determinants of the extent of this injury are
the rate of freezing, the lowest temperature reached, the duration
of the freeze and the rate of thawing. Repetition of the freeze-
thaw cycle produces greater tissue destruction than a single
freeze-thaw cycle. Temperatures necessary to produce cell death
in skin vary according to cell morphology, but most cells are
killed at —25°C to —30°C. This temperature can be readily
achieved at 3-4 mm depth from the skin surface using
appropriate liquid nitrogen spray techniques. In contrast, the
cotton wool bud method tends to be less effective.

Melanocytes are most sensitive to cold temperatures and
clinically this is seen as hypopigmentation after cryosurgery —
sometimes after very short freezes. Fibroblasts, in contrast, are
resistant to cold and may survive deep freezes. Collagen is itself
even more hardy and remains structurally intact after cellular
death. This explains why cryosurgery scars are usually flat, the
anatomical configuration is undisturbed even after a profound
freeze, and why hypertrophic scars and keloids are remarkably
resistant to treatment.

REFRIGERANTS

Within podiatry, the most commonly used refrigerants are
liquid nitrogen (as a direct spray method or through a probe)
and nitrous oxide (through a probe). It should be remembered
that with the latter, although the techniques of application are
similar to that of a liquid nitrogen probe, the temperatures
attained are not as low. Other refrigerants that are available
include fluorocarbon liquids in aerosol spray preparations.
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Currently, there is little evidence to demonstrate that the
temperatures attained by these are as effective as those from
liquid nitrogen or nitrous oxide.

SHAPE OF CRYOINJURY

When a liquid nitrogen spray or probe is applied to the skin
surface the temperature drops quickly. Warm air temperature
reduces the effect directly and produces vasodilatation. The
temperature drop is less in the deeper tissues and laterally.
Accurate temperature mapping shows the isotherms and the
shape of the iceball. The effect can be visualised in vitro by
freezing a transparent disc of suitable material. Initially the
shape is nearly that of a hemisphere but when the freeze is
more protracted the deeper part of the iceball becomes more
pointed. The importance of these shapes is critical to planning
therapeutic procedures. It is easy to assume that beneath the
surface ice field there is a destructive cylinder of ice but in
fact, under the lateral part of the surface ice there is little effect
at all (see Figure 1).

ORGANISATIONAL ASPECTS OF CRYOSURGERY
There are several components needed to ensure the safe use of
cryosurgery in the clinic. This is a useful checklist:
= Competency — proper training
Patient selection
Equipment purchase and supply of cryogen
Room — comfortable with couch
« Consent
Keep good records
« Use information handouts
Follow-up policy.

COMPETENCY

Different professional bodies set their own standards for
knowledge and practical skills. In some the model of learning
still includes an apprenticeship or training component. The
overriding factor in any case is that the practitioner must be
able to demonstrate competence in this technique.

Key point
Cryosurgery is a practical skill that needs background
knowledge and supervised practice. These should be part of a
learning package

) Ly

PATIENT SELECTION

Cryotherapy is well tolerated in adults. It is not usually suitable
for children under 10 years of age, although some young
children over five years of age may tolerate single freeze times
of 5-10 seconds to a few lesions only. Patients should be
warned, before treatment, about post-operative effects and
individual susceptibilities should be taken into account, eg
anyone with dark skin may develop marked hypopigmentation.

EQUIPMENT AND TECHNIQUE
A supply of liquid nitrogen or other cryogen must be secured.
This may be ad hoc from the local hospital either by agreeing to
delivery or collecting it personally. Ownership of a storage tank
makes life easier and this can be refilled, two or three times per
annum, by an industrial supplier.

The cotton wool bud is the simplest method of application.
Ideally an amount of liquid nitrogen should be decanted into a
metal galipot for each patient. This will prevent contamination
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Figure 1. Shape of the icefield

(Reproduced with permission from Dawber RPR, Colver GB,
Jackson A. Cutaneous Cryosurgery. Principles and Clinical
Practice. London: Martin Dunitz, 1997.)

of the main supply with human papilloma virus, which could
occur if buds are repeatedly dipped into it. A bud, not too
tightly packed, is dipped into the nitrogen and applied firmly
to the lesion. Larger lesions may require several applications.
Cotton wool buds vary in their volume, compactness and the
pressure exerted by them. These variables lead to a lack of
precision and less reproducible results except in very small
lesions, eg warts.

The base unit of the cryospray is a vacuum flask. The
treatment arm will receive either screw-on spray nozzles or
probes of varying dimensions (see Figure 2). The rate of
delivery of cryogen depends on the nozzle size — in the Cry-Ac
unit (Brymill UK®) these range from A to D but B and C are
most used in clinical practice. The tip is held about 1 cm from
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Figure 2. Cryospray base unit with treatment arm and spray nozzle

the skin for treatment. Spray tips bent at right angles can be
very helpful to reach certain sites. The nitrogen can be
concentrated onto a small area by delivery down neoprene
cones or a plastic shield with apertures of different sizes (see
Figure 3). It is important to remember that this method
increases the destructive power of the treatment and shorter
application times will be needed.

Cryoprobes (see Figure 4) allow the nitrogen to circulate
around the treatment tip but it is then vented through a plastic
tube and it is only the metal tip that contacts the skin. Probes
have their advocates and they allow the operator to apply
pressure during the procedure. This gives a deeper freeze and
some authors feel this is the treatment of choice for verrucae.
When used in this way it is common to apply lubricant jelly
first to obtain good contact. Not only does this ensure even
freezing of the tissues but allows the frozen skin to be lifted off
deeper structures by elevating the probe once ice has formed.
This is not necessary on the plantar surface but is helpful on
the dorsal surface to avoid cold injury to tendons, nerves and
blood vessels.

Figure 3. Plastic shield with holes of varying diameter

Cryosurgery

Figure 4. Cryoprobe being used to treat a verruca

For any of the techniques described a second treatment
cycle following complete thawing can be used for a greater
therapeutic effect. The quantity of interstitial fluid increases
following the initial freeze and allows a more rapid iceball
formation on subsequent freezing. Double freezes are more
useful for malignant disease but some specialists find them
helpful for benign lesions. It is absolutely vital to gain
experience using more conservative treatment schedules
before progressing to more aggressive ones. Each piece of
equipment, nozzle size, air temperature, etc, has an impact on
the clinical effect and the goal should be to provide a
predictable response.

Key points
Cotton bud, cryospray and cryoprobe are all reasonable ways
to apply liquid nitrogen
The most important aspect is to become familiar with one or
more techniques to ensure safe practice
A second treatment cycle following complete thawing can be
used for a greater therapeutic effect
It is absolutely vital to gain experience using more
conservative treatment schedules before progressing to more
aggressive ones

THE ROOM

The normal clinical setting for podiatry is well suited to the
practice of cryosurgery. When treating the feet the patient must
be comfortable in a recumbent position. The lighting should be
good, ideally with a ceiling-fixed cold-tip light on a rotating
arm. It is best not to work in a very small room without
ventilation because of the risks, however slight, of a significant
nitrogen spillage.
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CONSENT

There is general agreement that patients must be properly
informed about the treatment options for their condition, the
relative merits of each and the side-effects and complications of
the treatment chosen. There is not a consensus on whether or
how the consent to treatment should be documented. Some
organisations are satisfied with a written summary of the
discussion while others require the patient’s signature at the
end of a detailed document. There is a legal argument that
valid consent cannot be taken on the same day as a non-urgent
procedure — arguing that everyone should have an opportunity
to reflect on the discussion. However there is almost universal
agreement that in the case of simple procedures such as
cryosurgery it is reasonable, and usually expected by the
patient, to proceed immediately with treatment.

RECORDS

There should be notes to record the choice of treatment, the
method used, ie probe or spray, nozzle diameter, application
time and number of cycles. It is good practice to record
discussion about complications, chance of a successful
outcome and whether a handout was given.

HANDOUTS

Details of frequently occurring side-effects should be included
in a handout so that the patient knows what to expect. It
should include details on wound care and offer a contact
number should a problem develop. An example of a handout
is given in Figure 5.

Key point
Documentation should reflect a discussion about complications
and the chance of a successful outcome

FOLLOW-UP POLICY

This is fairly straightforward but depends on reaching
agreement with the patient about the goals and end point of
treatment. If therapy succeeds in alleviating symptoms after
one visit there may be no need to return even if the lesion has
not fully resolved. Equally you may agree that if there has
been no improvement after three visits that nothing further
can be done.

REPRODUCIBLE TREATMENT SCHEDULES

(FTC — FREEZE THAW CYCLE)

Many practitioners simply apply the bud or spray to the
lesion until the ice field extends 1 mm beyond the lateral
margin of the lesion, and maintain it for a few seconds. If the
patient has a huge reaction or conversely there is no benefit,
the operator will have no accurate way of determining how
to proceed at the next visit. It is useful therefore to record
the treatment in the notes. One method of doing this is the
spot freeze method and this is suitable for lesions up to
approximately 1 cm. The spray or probe is applied to the
centre until ice has developed within the desired field. This
field is then maintained for a given number of seconds
(usually 5-30 depending on the pathology of the lesion).
Counting begins only when the desired field has been
achieved, not at the commencement of spraying. When the
ice ball has been established it should not be allowed to
continue growing to an ever-increasing diameter because
this would cause unnecessary damage collaterally. It is best
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Cryosurgery Information Leaflet

You have been treated with cryosurgery for your
warts/verrucae. The initial pain usually settles within 10
minutes. However after a few hours it may begin again and
you may need to take paracetamol or aspirin to relieve it.
Putting your foot up may also reduce the pain.

It is common to get swelling and weeping from the treated
area and this may persist for a few days. If a blister forms you
should only prick it with a sterile pin but do not cut off the
blister roof.

If you do not think that it is progressing as you expected then
please contact the office on this telephone number.

L]

Figure 5. Information leaflet for patients

to then intermittently spray to merely maintain or "top-up”
the ice ball to the chosen size. It is also desirable to have a
constant approach to the other variables. eg spray nozzle or
probe diameter, distance spray is held from the skin (best at
1.0-1.5cm).

The terminology for accurate documentation and
reproducibility of treatment is called the freeze-thaw cycle. If a
lesion is frozen until the ice ball reaches the predetermined
diameter and the spraying then continues for a further 5
seconds the treatment is called a 5 second freeze-thaw cycle or
‘5 sec FTC'. The freeze time used should be recorded in the
notes for future reference.

Key point
Learning a reproducible treatment schedule is beneficial
to the patient and allows a standard nomenclature for the
clinical notes

BENIGN LESIONS

Verrucae and warts

These are synonymous and are lesions produced by infection
with human papilloma virus (HPV). Verruca often refers to
lesions on the sole of the foot or plantar warts (see Figure 6).
There are more than 50 subtypes of HPV and the subtype
usually determines the anatomical distribution and
morphology of the lesion. In other words it would be unlikely
that the same subtype would produce both a filiform wart and
a mosaic verruca. There are varying host responses that

Figure 6. Verruca
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Table 2. Cryosurgery for benign lesions using Cry-Ac®
system (C nozzle)

Disease Spray time (seconds) Lateral freeze
after formation of ice field

Wart, dorsum of foot 5-10 1 mm

Mosaic/plantar wart 5-30 1 mm

Molluscum Ice formation only None
contagiosum

Seborrhoeic 5-20 1 mm
keratoses

Myxoid cyst of digit 30 2mm

Granulation tissue 30 1 mm
with ingrown toenail

determine the degree of hyperkeratosis and inflammatory
response.

It is helpful to explain to the patient that the virus has been
shown (by the polymerase chain reaction) to reside in epidermal
cells up to 1 cm distant from the clinical lesion. This explains
why occasionally, after the inflammation has settled down, there
will be growth of several new warts at the periphery of the
treated area. Discussing realistic expectations will go a long way
to reducing the disappointment of failed treatment.

See Table 2 for treatment details. Paring a hyperkeratotic
lesion before therapy is usually helpful. Local anaesthesia
can be utilised prior to freezing and some practitioners
believe it enables a more effective dose of nitrogen to be
delivered than would be possible without it. Adrenaline is
not necessary.

Molluscum contagiosum

These are single and multiple and often have an umbilicated
centre. This pox virus infection is uncommon on the foot.
However the lesions are particularly responsive to cryotherapy.
Spraying the surface for a few seconds is usually sufficient to
ensure resolution.

Granulation tissue

The mainstay of relieving the symptoms of ingrown toenails
rests with removal of the offending nail spike by conservative
resection or matricectomy. However, granulation tissue is
highly vascular and responds very well to freezing. The spray
method is the easiest to apply and generally a single 30 second
FTC is sufficient (see Figure 7).

CONTRAINDICATIONS

There are no absolute contraindications, but it is best avoided
in patients who may react to cold temperatures, ie those
patients with cold urticaria or a history of cryoglobulinaemia.
Cryoglobulinaemia is a rare condition characterised by the
presence of abnormal proteins called cryoglobulins in the
bloodstream. These become insoluble at reduced temperatures
and precipitate into the microvasculature on exposure to cold
causing restricted blood flow in exposed areas.

POST-OPERATIVE CARE

A dressing is advisable for those lesions treated with longer
freeze times. Some degree of exudation may be expected
during the first few days and an antiseptic dressing such as

Cryosurgery

Figure 7b. Immediately after freezing

Povidone-lodine helps prevent secondary infection. Wounds
can be washed and it is important that crust and exudate is
removed regularly. Adequate analgesics should be prescribed.
Patients should be told to expect some pain, discomfort and
swelling initially. Feet will feel sore for several days after
treatment of multiple viral warts.

COMPLICATIONS OF CRYOSURGERY

Pain, swelling and blistering frequently occur when longer
freeze times are used. Hypopigmentation of the treated area is
seen in people with dark skin, but this may improve in time.
Paraesthesia occurs but is usually temporary. Prolonged
sensory abnormality is rare. Cryosurgery around the nails can
lead to nail dystrophy and to extensor tendon injury.

Milia are small keratin filled epidermal cysts and formation
may be seen months post-operatively but resolve
spontaneously. A thin hypertrophic scar is also possible but
will settle spontaneously in the following months. Patients on
anticoagulants and corticosteroids tend to tolerate cryosurgery
well.

Key point
Pain following cryosurgery can be considerable and should
not be underestimated. An information leaflet is an
additional benefit for the patient to take home

FURTHER READING
Dawber RPR, Colver GB, Jackson A. Cutaneous Cryosurgery.
Principles and Clinical Practice. Martin Dunitz, London 1997.
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Short Answer Questions

1. What are the principles behind cryosurgery?

2. What can bring about the cellular injury following freezing?

3. What are the critical determinants of the extent of this injury?

4. At what temperature are most cells killed?

5. What are the contraindications to use of cryosurgery?

6. What are the potential complications of cryosurgery?

7. Why are reproducible treatment schedules important?

8. If a5 second freeze-thaw cycle was recorded in a patient’s notes, how would you reproduce this treatment?

9. Which aspects of treatment need to be recorded in a patient’s notes?

10.Why can several new warts grow on the periphery of a previously treated verruca?
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Reflection

After reading this CPD article, take a few minutes to reflect on cryosurgery and how it is used. Areas for reflection may include:

< How often do I, or would I, use cryosurgery?

* Am | using cryosurgery effectively and giving the patient the best care possible?

= How do | assess my treatment outcomes?

How does this article change my practice, if at all?

Notes
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