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Pedrepat: Y crtarTi npoaHanisaoBaHO BaxNMBY POSfib Cy4acHMX KpPiOGaHKIB y PO3BUTKY KPIOTEXHOSOrN 0O MoYaTKy MpOBeAEeHHS
nporpamM KniHiYHOI TpaHcnnaHTauil KMiTMH Ta TKaHWH, a TakoX Y PYTMHHIN NiATPMMUi LMX nporpaMm y pamkax 3akoHogasyoi 6asu,
BM3Ha4eHoi aupektuBamu €Bponencbkoro Coto3ly. B skocTi npuknagy npeactaBneHi ABi KNiHIYHI nporpamu: nporpama TpaHcnnaHTa-
Lii ayTonoriYyHux Ta anoreHHMX reMornoeTUYHUX KNiTUH-NonepeaHuUKiB Ta Yecbka HauioHanbHa nporpamMa TpaHcnnaHTauii KpiokoHcep-
BOBAHOI anoreHHoi CyAVMHHOI TKaHWHK, WO NiATPUMYETbCSt KpiobaHkoM YHiBepcuTeTchKoi nikapHi M. Mpageub-Kpanose, sikuil BxoguTtb
no cknagy baHkiB TkaHuH €Bponencbkoro Cotody Ta 3apeecTtpoBaHui nig kogamu CZ000425, CZ000426 i CZ000427. lMNMpeactas-
NeHo orns A03BiNMbHUX AOKYMEHTIB, siki HEOBXiAHO OTpUMaTK nepen NovaTkoM NPOBEAEHHS! KMiHIYHMX Nporpam, nNpogeMOHCTPOBaHO
BMCOKY sIKICTb TEXHOSOTI KPIOKOHCEPBYBaAHHSI Ta BUCOKWUI piBeHb Ge3rnekn nepcoHany kpiobaHky, a Takox MigKpecrieHo BUpiLLanbHy
ponb kpiobaHKy B nporpamax KniHiYHUX TpaHcnnaHTawin cToBOYpOBUX KMITUH Ta CYOUHHOT TKAHUHMU.

Knro4yoBi cnoBa: kpiobaHK, KpiOKOHCEPBYBaHHS, TpaHCMMaHTaLid, reMonoeTUYHi KNiTUHW-NonepeaHvLli, CyaAuHHI TpaHcnnaHTatu,
36epiraHHs B piagkoMy asoTi, AediuunT KUCcHIo, bakTepianbHe 3abpyaHEHHS, OLiHKa PUSUKY.

Abstract: The authors review the essential role of modern cryobanks in the development of cryotechnology before the start
of the clinical cell and tissue transplantation programme and in the routine support of these programmes within the legislative frame-
work settled by the European Union directives. Two clinical programmes are presented as examples: the autologous and allo-
geneic haematopoietic progenitor cell (HPC) transplantation programme and the Czech national cryopreserved allogeneic vascular
tissue (VT) transplantation programme supported by the cryobank of the University Hospital Hradec Kralové, which is a part of the
European Union Tissue Establishment registered under the codes CZ000425, CZ000426 and CZ000427. An overview of necessary
approvals to be obtained before the start of clinical programmes is presented, the high quality of cryopreservation technology and
high level of cryobank staff safety is demonstrated, and the crucial role of the cryobank in clinical HPC and VT transplantation prog-

rammes is highlighted.
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Kpiobank — ycraHoBa, B SIKili KJIITHHU Ta TKa-
HUHU 30epiraroTbCsl I JOCHITHHUIBKUX, CLIbCh-
KOTOCTIONIAPChKUX a00 KIHIYHMX IIeH MpH Kpio-
TeHHUX TeMIleparypax, Tooto Mk —150°C Ta
abcomotHuM HyJeM [16]. Kpiobanku MoXyTh OyTH
YaCTHHOI 0100aHKIB, B SAKHX 30HpalTh Ta 30e-
piraloTh 3pa3Kd KIITHH a00 TKaHWH IS JOCIii-
KEHb Ta SIKI 31eOUIBIIOro (iHAHCYIOTHCS 3a paxy-
HOK JOCIHITHUIIBKHUX TpaHTiB [3, 12, 22]. Kpiobanku
JIO3BOJISIFOTh HAKOIMMYYBAaTH TEHETUYHUI Marepial
TBAPUHHOTO 200 POCIMHHOTO MOXOMKEHHS 3 METOIO
30epekeHHS T€HETHYHOro Oiopi3HOMaHITTa [64]
a00 moTouHOI cenekuifHoi podoTn [92]. Kpiobanku,
B SIKUX OOpOOJSIOTH 1 30epiraloTh KIITUHHU Ta TKa-
HUHU JIJIS KJIIHIYHOTO BUKOPUCTAHHS, YACTO € YACTH-
HOO OaHKIB KJIITHH ab0 TkaHuH [58, 76, 105].

Kpiobanku criouyatky po3BuBanmcs Ha 0a3i ekc-
MIepUMEHTATBPHUX KpiolabopaTopiii mpu YHIBEpCH-
TETChKUX Kadeapax HU3BKOTeMIIepaTypHoi 6iomorii
Ta ¢i3uku ad0 MPOAOBKYBAIM IiSUIbHICTH BiAIiICHb
ciyxOu TIepenMBaHHs KpoBi. PaHHINA eTam po3BUTKY
KpioOaHKiHT'Y 100Ope ONMUCaHWi y KIACHYHHX MO-
Horpadisix, aBropamu sikux € B. Luyet i M. Ge-
henio [67], A. Smith [99], H. Meryman [71],
M. Ilymkap ta A. binoyc [93], A. binoyc ta B. [pu-
menko [10]. Ha mpomy ertami s 3a0e3redeHHs
notped eKCIepHUMEHTAIBHUX KpioOiOJIOTiYHUX pO-
0iT OyJ0 HOCTAaTHHO HEBEIMKUX MOCynuH Jlproapa
(puc. 1). €nuHUM pU3UKOM JJIS1 30POB’S TIEPCOHA-
7y, TIOB’SI3aHMM 3 BUKOPHUCTAHHSM PIAKOTO a30Ty
B CKCIICPUMEHTAILHUX Kpioaboparopisx, siki Oyiau
pO3TaIoBaHi B MiI3eMHUX NPUMIMICHHAX 0e3 Ha-
JIC)KHOT BEHTWIIALIT a00 BiAMOBIAHUX IHAMKATOPIB
piBHS KHCHIO B aTMoc(epi, Oy10 0OMOPOKEHHSI.

PeanpHOrO pU3MKYy BUHWKHEHHS KHUCHEBOI He-
JIOCTaTHOCTI HE iICHYBaJIO, OCKUIBKH TiJI Yac eKCIe-
PUMEHTIB BHKOPHCTOBYBAJIM JIMIIEC HEBEJIUKi 00’€-
MU KpioreHHuX pinuH (puc. 2). [Ipobnema pusuky
KHCHEBOI HEJIOCTATHOCTI BUHUKJIA TOJI, KOJIH y KITi-
HIYHIA TIPaKTUIN I 3aMOPOXYBaHHSI Ta 30epi-
TaHHS BEIMKUX 00’€MIB KIITHH Ta TKAaHWH, HAIPH-
KJIaJl, TeMOMIOCTHYHUX KiTiTuH-Tionepeaankis (I'KII),
MOTPIOHO OYyJI0 BHKOPHUCTOBYBATH BEJIHUKY KiJIBKICTh
KpioTeHHHX piguH. OJHUM 3 MOXKIWBHX pIIICHB
CTall0 PO3MIIIEHHS] BEIHKHX PE3EPBHUX IOCYIUH
Hproapa 3a MeXaMd MPUMIIIEHHS KpioOaHKy. Y
UBOMY BUNAIKy KOHTEHHepu ans 30epiranHs Oio-
JIOTIYHUX MaTepiaiiB, M0 MICTHIM KIITHHH IS
KIIIHIYHOTO 3aCTOCYBaHHS, 3a3BHYail 3aKpiIuTIOBaIH
JIAHITIOTaMU 3 HEPXKaBilOUol CTami 3 3aMKaMH, iHOJI
X 3aXMIaIN MIKIPSHAMYU YOXJIAMU, BUTOTOBJICHUMH
3a IHOWBIMyaJIbHAM 3aMOBJICHHSM. B SKOCTI aib-
TEPHATUBU KOHTEHHEpU I 30epiraHHs Oi0Jorid-
HUX MarepiajiB BHKOPHCTOBYBAIHM PE3CPBHI IOCY-
nuHA JIptoapa 3 pigKUM a30TOM, SIKi PO3MIITYBak
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Puc. 1. Mani nocyamnn [btoapa (STS Ri¢any, Yexocno-
Ba44unHa).

Fig. 1. Small Dewar vessels (STS Ri¢any, Czechoslovakia).

A cryobank is a facility that stores cells and
tissues for research, agricultural or clinical purposes
at cryogenic temperatures, i. e., between —150°C
and absolute zero [16]. Cryobanks can be part of
biobanks that collect and store cell or tissue samples

Puc. 2. MNpocTnuin npucTpin, SKMN BUKOPUCTOBYETLCA AN
€KCNepyMEeHTanbHOro  KOHTPOMbOBAHOTO  3aMOPOXY-
BaHHS B MapoBin dasi pigkoro asoTy, CKOHCTPYMOBaHWUN
ap. M. Xerepom, BaHk TkaHUH YHiBepcUTETChKOI nikapHi
M. Mpageub-Kpanose.

Fig. 2. The simple device for experimental controlled
freezing in the vapour phase of liquid nitrogen, designed
by Dr. J. Heger, Tissue Bank of the University Hospital,
Hradec Kralové.
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B THMYacOBHX NPUMIIIEHHSX MOOIM3y KpioOaHKY
(puc. 3). IIpu upoMy Ha paHHBOMY €Tarli AOCIiTHUKH
94acTO 3aCTOCOBYBAJIM TEXHIYHUN PIAKHHA a30T.
[HIIMM aNbTepHAaTUBHUAM CIIOCOOOM YHUKHYTH Ta/
a00 3HM3WTH PHW3UK KHUCHEBOI HEIOCTAaTHOCTI Oyio
BUKODUCTaHHA MEXaHIYHUX MOPO3WIBHUX KaMmep
3 pobouor0 TeMieparypor Bix —8 no —150°C Ta aBa-

Puc. 3. Benuvkuii GionoriyHun koHTenHep BK 200 A (Ferox
Décin, YexocnoBayumHa), gons 36epiraHHa KpiOKOHCEp-
BoBaHux KT (1) Ta HeBenuki pesepBHi nocyanHu [btoapa
(STS Ricany) (2).

Fig. 3. Large biological container BK 200 A (Ferox
Décin, Czechoslovakia) used for storage of cryopre-
served HPCs (1) and the small back-up Dewar vessels
(STS Rigany) (2).

pIHMM PE3EPBHUM OXOJIOLKEHHSM Ha ocHOBI CO,
abo pigkoro azory (puc. 4). Lle#t crmocid OyB morry-
JISIPHUM Y MUHYJIOMY, HaBiTh IS 30epiraHHs Kpio-
koHcepBoBanux ['KII [13, 68, 103] nomoku W. Rowe
Ta A. Sputtek He BHABMIM HOro 3HaYHI OOMEXKEH-
Hs [97]. Januit cnoci0 ¥ 10Ci MHUPOKO BUKOPHCTO-
BY€ThCS SIK B 0i00aHKax, Tak i B baHkax TKaHWH,
SKIIO BIACYTHA HEOOXIAHICTh y 30€peKEeHHi KUT-
TE€3JJATHOCTI KITITHH.

CrinbHOIO pucoro baHKIB TKaHWH Ta 0i00aHKIB
€ BUKOPHCTAHHS KPIOTCHHHX DPiIWH. X04a B MHHY-
JIOMY BEJIUCS NHUCKYCii PO MOXKIIUBICTH 30epiraHHs
KUTTE3NATHAX KIITHH Ta TKAHWH y PIOKOMY Temil
(mpu —268,93°C), XOAHMX NPAKTHYHUX IepeBar
IIEOTO METOMYy IMOPIBHSIHO 31 30€piraHHAM IPH TEM-
neparypi piIkoro asoTy NpOJEMOHCTPOBAaHO He
Oyno. 30epiraHHg mpH TeMIlepaTypi PiAKOro azoTry
MOXE TIOBHICTIO 3a0€3MeYnTH KIIHIYHO NPUHHAT-
HY XHUTTe3naTHICTh Ta BigHoBiIeHHs ['KII mpotsarom
19 pokis [38, 100].

BioGanku Ta baHkM TKaHWH TOBHHHI JOTPH-
MyBaTUCh €THUYHUX MPHUHILMIIB, BUKIAJACHUX Yy €B-
pomeichKiii KoHBeHINT 3 Oioetnkm [25] Tta [domar-
KoBOMY TipoTokoiri 1o Hei [26]. Ilpu meomy banku
TKaHUH 3000B’s3aHi JOTPUMYBATHCh CICI[iaIbHOTO
3aKOHY, IO Peryilioe ixHIO0 AisuTbHICTE. [lomiOHi 3a-
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for research and are mostly funded by research
grants [3, 12, 22]. Many cryobanks store genetic
material of animal or plant origin for biodiversity
conservation purposes [64] or for routine breeding
services [92]. The cryobanks that process and store
cells and tissues for clinical use are often parts
of cell or tissue banks [58, 76, 105].

Originally, cryobanks developed from experi-
mental cryolaboratories of university departments
of low-temperature biology and physics, or as an
extension of activities of transfusion service depart-
ments. This early stage of cryobanking is well
described in classic cryobiology monographs written
by B. Luyet and M. Gehenio [67], A. Smith [99], H.
Meryman [71], N. Pushkar and A. Belous [93] and
A.Belous and V.Grischenko [10]. In this stage, small
Dewar vessels (Fig. 1) were sufficient to cover the
needs of experimental cryobiological work, and frost-
bites were regarded as the only risk connected with
the use of liquid nitrogen in experimental cryolabora-
tories, which were frequently located in underground
premises without adequate ventilation or appropriate
indications of atmospheric oxygen levels.

A real oxygen deficiency risk did not exist if
only small quantities of cryogenic fluids were used
during experiments (Fig. 2). The problem of oxygen
deficiency risks emerged if the transfer of the

Puc. 4. MoposunbHa kamepa «Revco ULT» («Rheem
Scientificy, CLLUA) 3 pe3epBHOK CUCTEMOK OXONOOXKEHHS
PioKUM a30TOM.

Fig. 4. Revco ULT freezer, (Rheem Scientific, USA) with
emergency liquid nitrogen back up cooling system.
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koHU Oyno po3pobiieno B CIIA Ta €Bponeiicbkomy
Coro3i (€C) mpoTAroM OCTaHHIX JBOX JECATHIITh.
Y miif crarri JeTambHO PO3MIAAAETHCSA 3aCTOCY-
BaHHS BKazaHoro 3akoHy. 3 2004 p., xoiau HaOyna
guHHOCTI JlupekTuBa €Bporeticbkoro Ilapmamenty
ta Pagu €Bpornn 2004/23/€C [36], banku TKaHHH
y KpaiHax-uneHKuHAX €C MaioTh Ha3By TKaHHH-
Hux ycranoB (TY) [88]. Lis aqupexTrBa 30008’ s13a5ma
Kpainu-wieHkuHI €C TpU3HAYUTH HaIliOHATHHUN
YIOBHOBO)XCHUIN OpraH, SKHA TIOBUHEH BiJIOBI-
JaT 3a aKpeIHTAIlilo/NIIEH3yBaHHS Ta MOCTIHHMN
Hargg 3a TY.

HupexruBa No2004/23/€C Tta nBi JupekTuBu
€Bponeiicekoi Komicii (€K), sxi HaOyau 4MHHOCTI
JIBOMa POKaMU Ti3Hille, OKpecaInin BUMora 10 TY.
Hupextua €K Ne2006/17/€C [30] cmpsimoBaHa
Ha 3a0e3IeUeHHs 3aXHUCTy IMpaB JOHOPIB Ha OCHOBI
MIPUHITUIY TOOPOBUTHHOCTI Ta OE30IUIATHOCTI JIO-
HOPCTBa, a TaKOX Ha BCTAHOBJICHHS BUCOKUX CTaH-
JapTiB A0 KPHUTEPIiB BIZOOPY MOHOPIB, SKi IEepEeBips-
IOTBbCSI TIUIIXOM CKPHUHIHTY Ha HAsSBHICTh PH3UKY
1H(EKIIHHUX 3aXBOPIOBAHb TA CEPOIOTIYHOTO TECTY-
BaHHS.

Hupexrusa Ne2006/86/€C [31] BcraHOBWIIA BH-
COKi cCTaHAapTH 10 OOpOOKHM KIIITHH Ta TKAHWUH
32 TEXHOJOTIEI «UUCTHX TPUMIIICHE» 3 METOI0
3ano0iraHHss BTOPUHHOMY 3a0pyIHEHHIO Ta 3a0e3-
IEYEHHS >KUTTE3NATHOCTI W HOTEHIN] KIINTAH IIig
yac 30epiranHsa. Cucrema NOKyMEHTamii Ta Map-
KyBaHHA IIOBMHHa 3a0€3MCYNUTH MOXKIWBICTH BiJl-
CTEXYBaTH BECh NIIAX BiJ IOHOpA IO PEIUITIEHTA,
HE TOPYIIYIOUYd AaHOHIMHOCTI moHOpa. TkaHWHHI
YCTaHOBHU 3000B’s13aHi BU3HAYATH MapaMETPH SIKOCTI
CBOET MpOAyKUii B creuudikamisx Ha MPOLYKLiO
Ta BUKOPHUCTOBYBATH MUCHMOBO 3aTBEPIKCHI CTaH-
JNapTHI oOmepauiiiHi MpouenypH, SKi PEerylsipHO
MEPETISAA0TECSA | TAPAHTYIOTh BIAMOBIAHICTH KOXK-
HOTO TPOAYKTY KpuTepisim cnenmdikanii. Ha mia-
CTaBl pe3yNnbTaTiB MEPEeBIpKU 1€l BiAMOBIAHOCTI
yIOBHOBa)KeHA ocoba B TY 3miiicHIoe BHmady mpe-
mapariB i KIIHIYHOTO 3acTOCyBaHHA. TKaHWHHI
YCTaHOBH 3000B’si3aHi MyOJIiKyBaTH IOPIYHI 3BITH,
SKI CKIIQJIAl0ThCS 3 y3arallbHeHUX JaHuX, IO JIOKY-
MEHTYIOTh iXHIO JisUTBHICTH 3 JIOHOPCTBA, 0OpOOKH,
30epiraHHs Ta A0CTaBKH KIIITHH Ta TKAHUH.

I BigmoBigHOcTi mpaBwiaMm €C  mOTpiOHO
OyJlio MO€AHATH KPIOTEXHONOTIi Uil 3aMOpPOXKYyBaH-
Hs Ta 30epiraHHs KIITHH 3 TEXHOJOTIEH0 «YUCTHX
MPUMIIIEHBY», HEOOXiTHOW It OOpOOKM KIITHH
ta TkanuH [80, 110, 111], mo Oyn0 60 HEMOXIHBO
0e3 pEeKOHCTpPYKIlii HasBHUX ab0 OymiBHHIITBA HO-
BHX IOTYXXHOCTEH. B eKOHOMIYHOMY IOCIIIKEHHI,
omyoimikoBaHomy B 2016 p. [32], moBimomisuiocs,
0 PEIHKUHIPUHT 3aCTOCOBAHUX TEXHOJOTIH BH-
Mara€ iHBECTHIIIH B CEpPEIHBOMY MIIBHOH €BpPO

N

e
%

cryobiological research to clinical practice required
the usage of large quantities of cryogenic fluids
for freezing and storage of large volumes of cells
and tissues, e. g., haematopoietic progenitor cells
(HPCs). One possible solution was to place large
Dewar vessels outside the building. In this case,
containers for biological storage, containing clinically
applicable cells were usually secured by stainless steel
chains with locks and were sometimes protected by
individually tailored leather covers. Alternatively, the
biological storage containers and liquid nitrogen back-
up Dewar vessels were endorsed within provisional
garage-like spaces in the vicinity of the tissue bank
(Fig. 3). Many cryobiologists used technical-grade
liquid nitrogen obtained from the nearest oxygen
factory.

Another alternative way to avoid and/or to lower
the oxygen deficiency risk was to use mechanical
freezers operating at temperatures between —80°C
and —150°C with emergency back-up cooling based
on the use of CO, or liquid nitrogen (Fig. 4). This
method was popular in the past, even for the sto-
rage of cryopreserved HPCs [13, 68, 103], until
considerable limitations were identified by W. Rowe
and A. Sputtek [97]. It is still widely used in both
biobanks and tissue banks if preservation of cell
viability is not required.

A common feature of tissue banks and biobanks
is the use of cryogenic fluids. Although discussions
about the possibility of storage of viable cells and
tissues in liquid helium (at —268.93°C) were held
in the past, no practical advantages of this method
were demonstrated in comparison to storage at liquid
nitrogen temperatures. Storage under these conditions
can fully assure clinically acceptable HPC viability
and recovery for up to 19 years [38, 100].

Both biobanks and tissue banks must follow the
ethical principles outlined by the European Bioethics
Convention [25] and its Additional Protocol [26].
However, the considerable difference is in the obli-
gation of tissue banks to follow a specific law regu-
lating cell and tissue banking that was formed in
the USA and the European Union (EU) in the last
two decades and is specified in detail in the following
text. In EU member states, tissue banks have been called
tissue establishments (TEs) [88] since 2004, when
the European Parliament and Council Directive
2004/23/EC [36] came into force. This directive
bound the EU member states to nominate the na-
tional competent authority responsible for accredita-
tion or licensing and permanent supervision of TEs.

Directive No.2004/23/EC and the two European
Commission (EC) directives that came into force two
years later outlined strict rules to be followed by the
TEs. The EC Directive No. 2006/17/EC [30] was aimed
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Ha onHy TVY. AHanoriuHuii piBeHb iHBeCTHLIH OyB
NOTPiOHMIA IS PEeKOHCTPYKUil mpuMimieHs baHky
TKaHUH YHIBepCUTETCHbKOI JikapHi M. [pageus-Kpa-
JIOBE, BUKOHAHOI BIIIOBITHO 1O CTaHAApTiB Mix-
HapOJHOT0 TOBApUCTBA (hapMaICBTUYHOI 1HXKCHEpIl
[115]. Jlimen3oBani TY cTanwm Ba)KIMBOIO YaCTUHOIO
HaIliOHAJTBHOI CHCTEMH OXOpOHH 370poB’s [88].
Bonu ¢inaHCyIOTECS 3 Iep’KaBHOTO OrOmkeTy abo
MEIUYHUMH CTPAaXOBUMHU KOMITaHISIMH, SIKi BiIIITKO-
JIOBYIOTh BapTicTh KpioOaHKIHTY ab0 MOKPHBAIOTH
BUTpPaTH OIIOCEPEIKOBAHO YEpe3 CHUCTEMY OIUIaTH
JIarHOCTHYHO TOB’si3aHUX TpyI [32].

3 2017 p. nyig MOJNETIICHHS BiJICTE)KECHHS Ta 3a-
moOiraHHs HECAHKI[IOHOBAHOMY PO3IOBCIOKCHHIO
KIITHH Ta TKaHWH JUIS TPAHCIUTAHTAIlil TKaHWHHI
YCTAaHOBH PEECTPYIOTHCS B E€BPOMNEHCHKOMY KOM-
meHaiymi TY. Biaromi kokeH NpOAYKT TOBHHEH
MapKyBaTHCsI €TUHUM €BponeichkuM KogoM (SEK),
10 CKJIQAETHCA 3 YHIKAIBHOI 1eHTU(IKAMIIHOT MO~
CJIITIOBHOCTI JIOHOpA Ta KOIY KJIITHMHHOrO abo TKa-
HUHHOTO TIpomykTy [19, 98]. Ilepenik ycix TV, 3a-
peectpoBanux B €C, 3 IXHIMH KOZaMHU Ta CTyIIEHEM
aBTOpH3allii, a TAKOXK MEPENIK KIITHHHUX Ta TKAHUH-
HUX TPOAYKTIB AocTynHi Ha [lmardopmi kxomyBaH-
Hs kmituH Ta TKanuH [33]. ¥V CHIA moziOHi cyBopi
MpaBUIIa 3alpoBaLKEH] penepanbHuM 3akoHOM [39],
a 0aHKM TKaHWUH 3HAXONATHCS Wil HADIAAOM YII-
paBIIiHHSA 3 MTPOJOBOILCTBA Ta MeaukaMeHTiB (FDA).

Jlinmen3zoBaHnii KpiobaHK Moxe OyTH YaCTHHOIO
JIIIEH30BaHOT/aKPEIUTOBAHOT Jep KaBHOI/TIPUBATHOT
TV abo icHyBaTH OKpPEeMO SIK LIEHTpaJIi30BaHa CIIyX-
0a B JIikapHi Ta/a00 sSK OKpeMa JeprKaBHa/IpHUBaTHA
ycTraHoBa. BiH Moxe cmemiami3yBartucs Ha 30epi-
TaHHI OJHOTO THIy KJIITUH/TKaHUH a0o OyTH MyIib-
TUTKAaHUHHUM OaHkoM [54, 76]. ®opma HisTBHOCTI
KpioOaHKy 3aJIeKHUTh Bil 00CATY MPOTrpaMu KIiHIYHOT
TpaHCIUIaHTALi].

VY BuUmagKy KpiOKOHCEPBYBAaHHS DPiJKO BUKOpPU-
CTOBYBaHHX TpaHCIUIAHTATiB (CyOUH a00 cepueBUX
KJIalaHiB) I 3a0e3MeueHHsT BCiX CIeIiali30BaHUX
IIEHTPIB KpaiHu MOXKe OyTH TOCTaTHhO IICHTPAIIi-
3oBaHoi moxmem [41, 54, 111], Tomi Ak B iHIHX
BUTIAJIKAX, 30KpeMa JiIsl MPOrpaMH I'eMaToJOTIHOT
TpaHciuiadTarii [18,47], onTuMaidbHOIO € MOAETH
no0pe o0aamHAHOrO KpioOaHKy, 110 00CIYrOBY€E KO-
KEH ICHTpP. 3pOocTaroyi BUMOTH 0 3aXHCTy JaHUX
nanieHTiB (3araJbHUN periaMeHT PO 3aXUCT JaHUX;
GDPR) Takox cBigyare Ha KOPHUCTh KpiOOaHKIHTY
BCEPEAMHI JIiKapHi, OCKUIBKKA BCSI KOMYHIKallisi MiX
KIIHIYHAM BUIUICHHSM Ta KpPiOOAHKOM MOXE Bij-
OyBaTHCsl yepe3 JIKapHSIHY iHQOpMaLiiiHy CHUCTEMY,
0 BUKJIFOYA€ HEOOXIIHICTh MepenaBaTH KOHGIICH-
IiiHI TaH1 TPETIH CTOPOH.

KpioOank moBuHEH OyTH OOJIagHAHHUN JOCTaT-
HBOIO KUIBKICTIO CYXMX KOHTCHHEpIB IJIs IepeMi-
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to ensure the protection of donor rights based on the
principle of voluntary and unpaid donations and on
setting a high standard of donor eligibility criteria
verified by donor screening for the risk of transmis-
sible disease and by donor serological testing.

Directive No. 2006/86/EC [31] set a high standard
for cell and tissue processing, requiring the use
of clean-room technology to prevent secondary
contamination and to ensure cell viability and po-
tency during storage. The system of documentation
and labelling must have assured the traceability of
the way from the donor to the host without breaking
the donor’s anonymity. The TEs were obliged to
define the quality parameters of their products in the
product specifications and to use written validated
and regularly revised standard operating procedures
that guaranteed compliance of each product with
the specification criteria. Based on verification of
this compliance, the products for clinical appli-
cation were released by the person responsible
for the TE. Tissue Establishments were obliged to
publish annual reports consisting of summarised
data documenting their cell and tissue donation,
processing, storage, and delivery activities.

To adhere to the EU rules, it was necessary to
combine the cryotechnology used for freezing and
storing cells with the clean-room technology ne-
cessary for cell and tissue processing [80, 110,
111], which was not possible without reconstructing
existing facilities or building new ones. An eco-
nomic study published in 2016 [32] reported that the
re-engineering of applied technologies required an
investment of one million euros per TE on average.
A similar level of investment was necessary to re-
construct the premises of the Tissue Bank of the
University Hospital Hradec Kralové, performed
according to the standards of the International Society
for Pharmaceutical Engineering [115]. Licensed
TEs became an important part of the national health
care system [88]. They are funded either from the
governmental budget or by health insurance com-
panies that reimburse cryobanking procedures or
cover costs indirectly via the diagnosis-related group
payment system [32].

To facilitate traceability assurance and to pre-
vent the unauthorised distribution of cells and tis-
sues for transplantation, TEs have been registered
in the European TE Compendium since 2017. Since
then, each product must be labelled using a Single
European code (SEC) consisting of a unique donation
identification sequence and the cell or tissue product
code [19, 98]. The list of registered EU TEs with
their codes, the extent of their authorisation and the
cell and tissue product list, including product codes,
is available on the Cell and Tissue Coding Platform
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LICHHS KPIOKOHCEPBOBAHUX MPOAYKTIB BCEpPEIUHI
MEIUYHOTO 3aKiany Ta/abo IJjisl TPaHCIOPTYBaHHS
KpPIOKOHCEPBOBaHUX TMPOAYKTIB 32 MEXi 3aKiamy.
CraHgapTHUM pIMIEHHSAM I TPAHCIIOPTYBAHHS Ha
BEIIUKI BIJICTaHI € YKJIQJCHHS IOTOBOPY 3 JIIIEH30-
BaHOI JHUCTPHUO’IOTOPCHKOIO (KYp €PCHKOIO) KOM-
MIaHIETO.

VY nmaHiif cTaTrTi MH JEMOHCTPYEMO BaXKIIHUBY POJIb
Kpi0OaHKIB y PO3BUTKY Ta MOTOYHOMY (DYHKIIIOHY-
BaHHI JIBOX THIIIB MPOTpaM 3 TpaHCIUIaHTaLii KIIiTHH
Ta TKaHUH:

- Iporpama TpaHCIUIaHTAalli{ ayTOJIOTTYHHX Ta aJIo-
rennux ['KII;

- Tporpama TpaHCIUIaHTALi]l aJOTeHHOI CYIUHHOL
tkaauau (CT).

VY nopaibiioMy Oyae PO3MISHYTO BIUIMB KJIiHIY-
HUX MOTped Ha CTPYKTYpy Ta TEXHIUHY 0a3y Kpio-
OaHKy.

PO3BUTOK KPIOTEXHOJIOT'TH SIK HE-
OBXIJHA IEPEJAYMOBA [JIs1 3AIIOYAT-
KYBAHHS IMPOI'PAM KJIIHIYHOI TPAHC-
IJIAHTALI KJIITUH TA TKAHUH

Ilpoepamu mpancnnanmayivi. aymonoziunux ma
AN02EHHUX 2eMONOeMUYHUX KIIMUH-NONePeOHUKIE

KpiokoHcepByBaHHsS Bifi caMoro moyarky OyIio
noB’sizane 3 TpanciutanTaniero I'KIT [11, 116, 125].
JlokmamHui OISl YWHHUX TIPOTOKOJIB, IO BH-
KOPHCTOBYIOThCSI Ha JaHUM dYac, OyB HEIOAABHO
omyOimikoBauuit J. Acker Ta cmiBaBT. [1]. V panHIX
[IPOTOKOJIaX KPIOKOHCEPBYBAHHS BHKOPHCTOBYBAJIH
rinepud 15%, 30epiraHHs MpH TeMmIeparypi Cy-
xoro seomy (—79°C) [89] Ta mBHIKE PO3MOPOKY-
BaHHS 3 TOAAJBINION AerTinepunizariecto [89]. Komun
TeMIeparypa cyxoro JiboAy Oylia BH3HaHA HENpH-
JaTHOIO Uil TpuBanoro 30epiranns [91], Oymo 3a-
MPOBaHKEHO KPiOTeHHE 30epiraHHs B PiAKOMY a30Ti.
[lotpebu B nerminepuHizamii MoxHa OylnO0 YHUK-
HYTH, BUKOPHCTOBYIOUM OiNbII e(EeKTUBHUM, aje
TOKCHYHHUH  KPIOMPOTEKTOp  AUMETHICYIb(OKCHA
(AMCO), Bigkputuii y 1959 p. J. Lovelock Ta M. Bi-
shop [66]. Uepe3 nemoctymnnicte JIMCO dapma-
IIEBTUYHOI SKOCTI TPOTATOM TpPHBAIOTO dYacy [79]
HOro BOPOBAJKCHHS B KIIHIYHY IPAKTUKY OYJI0
noBimbHUM. Jlocmimkenns E. Areman [4] moka3za-
JI0, IO HAaBiTh Ha mouyarky 90-X pokiB y Oararbox
unentpax CLLIA nisi KpiOKOHCEpBYBaHHs KiCTKOBOTO
MO3KYy BCE IlI¢ BHKOPUCTOBYBadW DiiuepuH. Ha-
TOMICTh AESKI aBTOPW IMOBIAOMIISUTM TMPO YCIHIIIHE
36epiranas I'KII mpu —80°C, kpiokoHCEpBOBaHHX
3 BuKopuctaHHaM kombOiHamii JIMCO Ta rigpo-
kcuetwnkpoxmanio (I'EK), HaBiTh miciis HEKOHTPO-
JIOBAHOTO 3aMopoXKyBaHH: [68, 103].

36epiranas ['KII mpu Temneparypi —80°C B mo-
pO3WIBHIN Kamepi (puc. 4) TakoX BHKOPHCTOBY-

[33]. In the USA, similarly strict rules are enforced
by federal law [39] and tissue banks are supervised
by the Food and Drug Administration (FDA).

A licensed cryobank may be part of a licensed
or accredited public or private TE or may exist se-
parately as a centralised service inside a hospital
and/or as a separate public or private institution. It
may be specialised for the storage of one type of cell
or tissue or serve as a multi-tissue bank [54, 76].
The best option depends on the size of the clinical
transplantation programme.

In the case of cryopreservation of seldom used
grafts, such as cryopreserved vessels or heart valves,
a centralised model may be suitable for supplying
all specialised centres in the country [41, 54, 111],
while in other cases, such as in the haematolo-
gical transplantation programme [18, 47], a model of
one well-equipped cryobank supporting each centre
seems to be optimal. The increasing requirements
of patients’ data protection (General Data Protection
Regulation, GDPR) is also in favour of cryoban-
king inside the hospital, as all communication bet-
ween the clinical department and the cryobank can
occur through the hospital information system and
there is no need to refer sensitive data to a third party.

A cryobank must be equipped with enough dry
shippers for the transport of cryopreserved products
inside the healthcare facility and/or for the distribution
of cryopreserved products outside the facility. The
standard solution for long-distance distribution is
an agreement with a licensed distribution (courier)
company.

In this paper we demonstrate the essential role
of cryobanks in the development and current opera-
tions of two types of cell and tissue transplantation
programmes:

- the autologous and allogeneic HPC transplan-
tation programme;

- the programme of allogeneic vascular tissue
(VT) transplantation.

Finaly, we deal with the impact of clinical needs on
the design and technical background of the cryobank.

DEVELOPMENT OF CRYOTECHNOLOGY
AS AN ESSENTIAL PREREQUISITE FOR THE
START OF CLINICAL CELL AND TISSUE
TRANSPLANTATION PROGRAMMES

Autologous and allogeneic  haematopoietic
progenitor cells transplantation programmes.

Cryopreservation has been connected with
HPC transplantation from the outset [11,116,125].
An extensive review of currently used protocols
was recently published by J. Acker ef al. [1]. Early
cryopreservation protocols used 15% glycerol, sto-
rage at dry ice temperature (—79°C) [89] and rapid
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Bajiocsi B YHIBepCcUTETChKiNd JikapHi M. ['pamers-
Kpanose no 1992 p., konu po3noyanack mporpama
PETYISpHUX TpaHCIUIAHTAIi. Y TOH uac meprimii
aBTOp i€l CTATTi OYONIOBAB JOCIIJIHUIBKY TPYILY,
sIKa PO3pO0MIIa CTaHAAPTHHUNA MPOTOKOII, 3aCHOBAHUN
Ha KpIOKOHCEPBYBaHHI KOHIICHTPATIB KIITHH-IIOIIE-
pennukiB nepudepuyanoi kposi (KIIIIK) B 15%-my
DJIIIEpHHi, PO3BeIeHOMY B MOIH(iIKOBaHOMY pO3-
yuHi [[OJIITIK. 3amMopoxxyBaHHSI 3 KOHTPOJIEOBAHOIO
LIBUIKICTIO IPOBOJMIIM B KOHTEHHEpax 3 HepKaBilo-
4oi CTayi BIAcHO! KOHCTPYKIi (puc. 5) [72] 3 mo-
JAJIBIIAM HETPUBAIUM 30epiraHasaM (KijbKa MiCALiB)
3a temreparypu —80°C. Ilicis mBUAKOTO PO3MOPO-
JKyBaHHS Ta JETTiIepHuHizallii (puc. 6) KOHICHTpaTH
KIIIK (puc. 7) y rinoTepMidHAX yMOBax MepeHOCH-

Puc. 5. KoHTellHep 3 HepxaBito4oi cTani, po3pobneHuii
y cniBnpaudi 3 HaykoBO-4OCMiAHUM iHCTUTYTOM Xap4oBOi
Ta xonogunbHoi TexHikn B M. pageub-Kpanose, 3anos-
HeHun koHueHTpatoM KIMNK Ta 3amopoxeHun pasom
3 KOHTPOSIbHMMM 3paskamMu B MOPO3WUIbHIA kamepi npor-
pamoBaHoro mopo3sunbHuka «Kryo-10» (Planer Biomed,
Benuka BputaHis). Temneparypy BUMiptoBanu B KOHTPOSb-
HOMY KOHTEWHepi, o MicTuB 15% rniuepuHy, po3BegeHoro
B po34mHi LIONIMNK.

Fig. 5. Stainless steel container designed in cooperation
with the Research Institute of Food and Refrigeration
Engineering in Hradec Kralové filled with PBPC con-
centrate and frozen together with the control samples in
the freezing chamber of the programmable freezer Kryo-
10, (Planer Biomed, UK). Temperature was measured
in the control container containing 15% glycerol diluted
in the TsOLIPK solution.

JIM B KJTIHIYHE BiJUIIJICHHS Ta YCHIITHO 3aCTOCOBYBAIIN
JUTSI TIAITIEHTIB, SIKi CTPaXKJaJId Ha 3J105KiCHI JIiM(oMH
[13]. [TouaTrkoBi pe3yabTaTH MUX MOCIIIKEHL OyiH
MpeACTaBlIeHI Ha MDKHAPOIHUX KPi0Oi0JIOTIYHHUX Ha-
panax, mo npoxonuiu B M. ['pageun-Kpanose B 1989
Ta 1992 pp. (puc. 8, 9).

Jlo moyaTKy HporpaMu peryisipHHX TpaHCIUIaH-
Taliil TOCHiIHUIBKA TPyla BXe BCTHUIVIA 3aMIHUTH
rminepuH Ha 10% JIMCO, po3Benenuii B po3dmHi
HOJIIIIK, meraneBi KOHTEWHEPU Ha CTEPHIIBHI OJI-
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Pwuc. 6. erniuepuHisauis poamopoxeHoi cycneHsii KIMrK.
Fig. 6. Deglycerolization of the thawed PBPC suspension.

thawing followed by deglycerolisation [89]. When
dry ice temperature was recognised as unsuitable
for long-term storage [91], cryogenic storage in
liquid nitrogen was soon introduced. The need for
deglycerolisation could be avoided by using the
more efficient but toxic cryoprotectant dimethylsul-
phoxide (DMSO) discovered in 1959 by J. Love-
lock and M. Bishop [66]. As pharmaceutical grade
DMSO was not available for a long time [79], it
was introduced slowly to clinical practice. A survey
by E. Areman [4] showed that even at the beginning
of the 90s, glycerol was still used for bone marrow
cryopreservation in many centres in the USA. On
the contrary successful storage of HPCs at —80°C,
cryopreserved by a combination of DMSO and hydro-

Puc. 7. JerniuepuHizoBaHa cycneHsis KIIK, ska rotoea
00 iHDyail.

Fig. 7. Deglycerolized PBPC suspension
infusion.

ready for



HOpPAa30Bi IMOJIETUICHOB] MaKeTH, PO3MIIICHI B Me-
TajeBux kacerax (puc. 10), a Takox 3ampoBagUTH
30epiranHs B piakomy a3oti (nuB. puc. 3 Ta 11, A).
BripoBakeHHsT 3aHypeHOro 30epiraHHs BHMara-
JI0 3aMiHU OPHTIHAJIBHUX MONIETHICHOBUX IAKETiB
(muB. puc. 10, A) na maketn «Cryocyte» (Baxter,
CIIA) (puc. 11, B), ski Oymu OuIbII CTIHKUMH

Puc. 8. 3niBa npod. C.J. Green (YHiBEpCUTETCbKUIA KO-
nepx, m. llongoH, Benuka Bputanis), npod. b.M. Canpgo-
mupcbkun (INKIK HAH Ykpainun, M. Xapkis), cnpasa npod.
H.M. Cy66oTa (IMNKiK HAH Ykpainn) Ha koHdepeHLii «Teo-
PETUYHi OCHOBW KpiOKOHCepBYBaHHA» (1992 p.).

Fig. 8. On the left Prof. C.J. Green (University College,
London, UK), Prof. B.P. Sandomirskyi (Institute for
Problems of Cryobiology and Cryomedicine NAS of
Ukraine, Kharkiv), on the right Prof. N.P. Subbota, (Institute
for Problems of Cryobiology and Cryomedicine NAS
of Ukraine) during the conference ‘Theoretical Basis
of Cryopreservation’ (1992).

Puc. 9. 3niBa HanpaBo: akag. B.l. [puweHko, anpektop
INKiK HAH Ykpainu;. J1. BaBpa, baHk TkaHuH YHiBepcu-
TeTcbKol NnikapHi M. Mpageub-Kpanose; M. [1Bopxak, Micb-
kun ronosa M. pageup-Kpanose ta npod. 1. Mepxivka,
KepiBHMK BaHKy TKaHWH YHiBepcuTeTCcbKOi nikapHi M. [pa-
Oeub-Kpanose.

Fig. 9. From the left: academian V.I. Grischenko, Director
of the Institute for Problems of Cryobiology and
Cryomedicine NAS of Ukraine, Kharkiv; ing. L. Vavra,
Tissue Bank of the University Hospital, Hradec Kralové,
ing. M. Dvorak, the Mayor of the town Hradec Kralové
and P. Méficka, M.D., Head of the Tissue Bank of the
University Hospital.
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Puc. 10. €wvHoCTi Ans 3amMopoXyBaHHA Ta 36epiraHHA
3paskiB y pigkoMy as3oTi: MonieTMneHoBMrn OOHOPa30BUMA
koHTenHep «RCM-93» (Stericon, Inc., CLUA), akuii Buko-
pWUCTOBYBanu Ha no4aTKy nporpamu TpaHcnnauTauii (A);
metanesa kaceta ST 100 (Cryoson, HimeuuuHa) (B).

Fig. 10. Containers for freezing and storing samples
in liquid nitrogen: Plastic disposable bag RCM-93 (Ste-
ricon, Inc., USA) used at the beginning of the transplan-
tation programme (A); metal cassete ST 100, (Cryoson,
Germany) (B).

A

Puc. 11. O6nagHaHHs anst 36epiraHHs KpiokoHCcepBOBa-
HMX 3pas3KiB y piOKOMY asoTi: KaceTa 3 KpionakeTtoMm, sika
BMAMAETbCA 3 pigkoro asoTy (A); ogvHapHWIA KpionakeT
«Cryocyte» (Baxter, CLLA) (B).

Fig. 11. Equipment for storage of cryopreserved samples in
liquid nitrogen: Removal of the casette with cryobag from
the storage container (A), single cryobag Cryocyte (Baxter,
USA) (B).
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70 TeMIleparyp pigkoro asory. Kacetn nepeHo-
CWIH B KJIIHIYHE BIAIIEHHS 3a IOIIOMOIOKO 130/1b0-
BaHOI TOJICTUPONBHOI KOpPOOKM 3 CITKOIO Ha [Hi
B mapoBiii da3i pimkoro azory. IlIBumke po3Mopo-
JKYBaHHS IPOBOIAMJIM HAa BOMAHIA OaHI IpU TeM-
meparypi 37°C Ours nibkka mamienta. Y 1993 p.
KIiHIYHe Bigautenas TpaHciuranrtamii I'KIT YriBep-
CUTETCHKOI JIKapHI NpUETHANIOCS 10 ECBpPONCHCH-
KOl Tpyn® 3 TpaHCIUTAHTAIii KPOBi Ta KiCTKOBOTO
Mo3ky (EBMT) ta orpumano ineHTudikamiitanii kox
LEHTPY.

[ligTpuMka kpioOaHKy Oyna qy)e Ba)XJTMBOIO Ha
MOYaTKy nporpamu TpancmadTtanii anorenaux ['KII,
OCKINIbKM ~ KpiokoHcepByBaHHS AoHOpcbkux ['KII
gacto OyJ0 HEOOXiAHUM Jjsl BHUPIIICHHS NHTaHb,
TIOB’SI3aHMUX 13 Y3TOHKCHHSIM TepMiHiB 3a0opy ['KII
y JOHOpa Ta MiATOTOBKOIO DPEIMITIEHTA IO TpPaHC-
mianTarii [1, 65]. [lepma ycmimHa pomWHHA ao-
reada TtpancioianTamiss [KII B YHiBepcuTeTCh-
kit mikapui M. ['pamens-Kpamore (1997 p.) Oyna
Tako)X BUKOHAHA TICIsI KPIOKOHCEPBYBAHHS J0-
Hopcbkux ['KII. Ilicnst mowyarky MIMPOKOTO MiXHa-
pPOAHOTO OOMiHY HECHOPIIHEHHMH AJIOTpaHCILIaH-
taramu KIIIIK, skuii mocTymoBo 3aMiHMB OOMiH
HECTIOPITHEHUMH aJIOTPAHCIIAHTATaMU KiCTKOBOTO
MO03Ky, M. Lioznov Ta cmiBaBT. [65] BUSBHIN pH-
3MK MOPYLIeHHS BigHOBIEHHs Ta noteHmiany KIITIK
B aJIOTpaHCIUIAaHTaTaX, KPIOKOHCEPBOBAHMX ITICIIS
TPUBAJIOTO TPAHCIIOPTYBAHHS; B MONAIBIIOMY Kpio-
koHcepByBanHsa anoreHHnx KIIIIK oOmexyBanoch
OKpPEMHMH BHIAIKaMU a00 HAJA3BUYAHHUMHU CHUTya-
ISIMH.

CyTTeBI 3MIHM B TEXHOJOTil KpPIOTE€HHOTO 30e-
piranas BigOynucst micns Toro, sik R. Tedder Ta
A. Hawkins BusBMIM HMOBIpHICTH mepenadi iH-
¢exuii remarury B mig dac 30epiraHHS KpiOKOH-
CepBOBaHOi KpoBi B pinkomy a3oTti [46, 113]. 3 Toro
gacy Oyso po3poOJeHO Kilbka pEeKOMEHAAIIN 00
3ano0iraHHs mepexpecHoMy 3a0pyJHEHHIO, 30Kpe-
Ma, oKpeme 30epiraHss 3pa3kiB, OTPUMAHHUX BiJl JI0-
HOpPIiB 3 TIO3UTUBHUMH CEPOJIOTIYHUMHU pEe3yIIbTa-
TaMH, Ta BHUKOPUCTaHHS i1 30epiraHHs BUK-
JIIOYHO mapoBoi (asu pimkoro azotry [14, 15, 34].
Jitst miHiMizamii pi3HHIN TeMIleparyp y IapoBiit
¢a3zi pimkoro azory D. Pegg Ta #oro mocmimHUIIEKA
rpyma po3poOnin BOOCKOHAJIEHUH KOHTEHHEp 3 MiJ-
HUM TEIUIOBUM IIyHTOM [49], micist 4oro HOBe
MOKOJIIHHS KOHTEWHEpiB, 3aCHOBAaHUX Ha LBOMY
MPUHIMII, CTAT0 KOMEPUIHHO JOCTYITHUM.

Pusuk mepexpecHoro 3a0pyAHEHHA TMiJ dac
30epiraHHsl TakoX 3MEHIIMBCS 3aBASKH BHOC-
KOHQJICHHIO METOIB mMakyBaHHs mpoaykriB ['KII.
Y 1990-x pokax BHKOPHCTOBYBAJIM OTUHAPHI MAKETH
0e3 criemianbHOTO MicIis 1t MapKyBaHHS (puc. 11, B),
aje 3apa3 JOCTYHHI TOABIHHI MAaKeTH 3 KHIICHEIO
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xyethyl starch (HES), was reported by several
authors, even after uncontrolled freezing [68,103].

HPC storage at —80°C (Fig. 4) was also used
in the University Hospital Hradec Kralové before
1992, when the regular transplantation prog-
ramme was started. At that time, the first author of
this paper led the research group that developed the
standard protocol based on cryopreservation of pe-
ripheral blood progenitor cell (PBPC) concentrates
in 15% glycerol diluted in the modified TsOLIPK
solution. Controlled rate freezing was performed in
stainless steel containers of their own design (Fig. 5)
[72], followed by short storage (several months)
at —80°C. After rapid thawing and deglycerolisation
(Fig. 6), the PBPC concentrates (Fig. 7) were trans-
ferred to the clinical department under hypo-
thermic conditions and successfully used in patients
suffering from malignant lymphoma [13]. The initial
results of this research were presented at inter-
national cryobiological meetings held in Hradec
Kralové in 1989 and 1992 (Fig. 8 and 9).

Before the start of the regular transplantation
programme, the research group had already been
able to replace glycerol with 10% DMSO diluted
in TSOLIPK solution, metal containers with sterile
disposable plastic bags housed in metal cassettes
(Fig. 10), and to introduce liquid nitrogen storage
(Fig. 3 and 11A). The introduction of submerged
storage required the replacement of the original
plastic bags (see Fig. 10A) with Cryocyte bags
(Baxter, USA) (Fig. 11B), which were more re-
sistant to liquid nitrogen temperatures. The cassettes
were transferred to the clinical unit in the vapour
phase of liquid nitrogen using an insulated po-
lystyrene box with a grid at the bottom. Rapid
thawing in a 37°C water bath was performed at the
patient’s bedside. The University Hospital clinical
HPC transplantation unit joined the European Group
for Blood and Marrow Transplantation (EBMT)
and received the Centre Identification Code in 1993.

The support of the cryobank was essential at
the start of the allogeneic HPC transplantation pro-
gramme, as cryopreservation of donor HPCs was
frequently required to overcome difficulties with
the harmonisation of the timing of HPC collection
from the donor and the preparation of the recipient
for transplantation [1, 65]. The first successful rela-
ted allogeneic HPC transplantation at University
Hospital Hradec Kralové in 1997 was also perfor-
med after cryopreservation of the donor’s HPCs.
After the start of extensive international exchange
of unrelated PBPC allografts that gradually re-
placed the exchange of unrelated bone marrow
allografts, the risk of impaired PBPC recovery and
potency in allografts cryopreserved after a long




JUIS BCTaBKM €TUKETKU 3 1JeHTHU(]IKAIIIHOIO
iH(OpMaIIi€r0 PO MPOAYKT BiMOBIIHO 0 CTaH-
naprie ISBT 128 [27, 51, 102] (puc. 12, A).
30BHIIHIA 3aXUCT KPIOMAKETIB METaJICBUMHU
kaceramu (muB. puc. 10, B), mo 3akpuBaroth
BCIO TIOBEPXHIO, OKPIM HEBEIMKOTO BiKOHIISI
UL OISy eTukeTkH (puc. 12, B), Takox mae
Ba)XKJIMBE 3HAYCHHS JUIA 30€PEIKEHHS MPOIYKTY
BiJI TIONIKO/DKEHHS IIiJ{ 9ac MaHIMYJSIiA Bce-
penvHi KoHTeiHepa.

3arpoBa/pkeHHST TPOrpaMH TEpartii XuMep-
HUMU aHTUTEHHUMH pelenTopamMu T-KIIiTHH
(CAR-T), mo pmoBerma CBOIO €(EKTUBHICTD
y JIiKyBaHHI 3MOSKICHHX JIM(QOM Ta JEIKHX
BHJIiB JICWKEMIi, CTAJI0 HOBUM HANPSIMKOM, SIKUH
moTpeOyBaB IMMIATPUMKHA JOOpEe OCHAIICHOTO
KpioOaHKy. 3apa3 I Iporpama poO3IITHPIOETH-
Cs, BKITIOYAIOUH JIIKYBaHHS MHOXKHHHOI MI€JIO-
mu (xmiHIgHI gocmimkerass CARTITUDE), ta
BB2)XKA€ThCS TIEPCIICKTHUBHOIO JUIS  JIIKYBaHHSI
comimaux myxauH. IIporpamy CAR-T-tepa-
mii MOXKHA pO3MOYaTd Ha OCHOBI IOMEpeN-
Heoi akpenurtanii JACIE/EBMT abo micns
3aBepIICHHsI TMpolecy cepTUudikamii, oprai-
30BaHOrO BHUpOOHWKOM [42, 53, 62, 126].
VY UYecekiii Peciyomini (UP) HeoOXinHa mineH-
3i1 Ha eKcrmopT 3i0paHoro abo KpiokoHcep-
BOBAHOIO BHUXIgHOro Mmarepiany. Ilpu 30epi-
TaHHI KIHIEBUX MOCTIAHHUIIBKAX TPOTYKTIB
CAR-T-tepamii cmig JOTPUMYBAaTHUCh CYBO-
pUX TMpaBHI MIOAO0 MAHIMYJSMIA 3 TEHETUYHO MO-
mudikoBanumMu opranizmamu (IMO), a Takox He00-
XiJHO OTpUMAaTH J03BLT Bif MiHICTEpCTBA OXOPOHHU
HABKOJIMIITHLOTO CEPEOBHUIIIA.

Ilpoepama mpancnianmayii KpiokoHcep8o8aHoi

An02eHHOI CYOUHHOI MKAHUHU

Imes xniHiYHOT  anmoTpaHCIIaHTANii  CyIWH-
HUX TpaHCIUIAHTATIiB Oyja 3acHOBaHa Ha EKCIIe-
puMeHTansHI poboti A. Carrel [20]. Aprepians-
Hi aJOTpaHCIUIAHTaTH, [0 30epirajnch B XOJOi,
NIHPOKO BHKOPHCTOBYBAIHCS JUII a0pPTO-KIyOOBHX
PEKOHCTPYKITIH TpoTsAroM 50-X pPOKIB MHUHYJIOTO
cromitrs [28, 43, 106]. OnmHak iXHE BUKOPHCTAH-
Hs OyJI0 IPUIIMHEHO Ha moyarky 60-X pokiB uepes
YacTe BIJATOPTHEHHS TPAaHCIUIAHTATIB, CHPUYHMHECHE
BiJCYTHIiCTIO iMmyHOCYympecii [107, 108].

Y 1980-x pokax E. Kieffer [57] BitHOBUB BUKO-
PUCTaHHSA apTepiaibHUX aJOTPaHCIUIAHTATIB, IO
30epiranucs B XOJOMI, Ui JiKyBaHHS iH(EKIin
aoprajbpHuX mpotesiB. KiiHiuHe 3acTocyBaHHS ano-
TPaHCIUIAHTATIB PO3MHUPIOETHCS 3 1990-X pokiB, KOITH
Yy TAIliEHTIB 3 KPUTUYHOIO IIIEMIE€I0 KiHIIBOK OYIT0
NOCSITHYTO TPOXiAHICTE cymuH Ha piBHI 50-60%
T 9ac JIBOPIYHOTO criocTepekeHHs. [Ipu Tpupid-
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Puc. 12. MapkyBaHHsi Ta 30epiraHHsi KpiokOHCepBOBa-
HUX 3paskiB: noasiviHuM kpionakeT «CryoMACS» (Myltényi,
HimeuyunHa) 3 cycneHsieto AOHOpPCbkUX nimcouuTiB, Map-
KoBaHwW BignosigHo o ctaHgapty ISBT 128 (A); metanesa
kaceta 3 BikoHuem ST 100 (Consarctic, HivewunHa) ans
3aXMCTY KpioKOHTenHepiB (B).

Fig. 12. Labeling and storage of cryopreserved samples:
double cryobag CryoMACS (Myltényi, Germany) containg
a suspension of donor lymphocytes and labeled according
to the ISBT 128 standard (A); the metal cassete with a window
ST 100 (Consarctic, Germany) used for protection of the
cryobags (B).

history of transport was identified by M. Lioznov
et al. [65] and subsequently, the cryopreservation
of allogeneic HPCs was limited to individual cases
or emergency situations.

A substantial change in cryogenic storage techno-
logy was triggered by R. Tedder and A. Hawkins
finding that hepatitis B infection transmission was
possible via the liquid nitrogen-submerged storage
of cryopreserved blood products [46, 113]. Since
that time, several recommendations have been made
to prevent cross-contamination, such as separate
storage of samples originating from donors with
positive serological findings and exclusive use of the
liquid nitrogen vapour phase for storage [14, 15, 34].
To minimise temperature differences in the liquid
nitrogen vapour phase, the improved container with
a copper heat shunt was designed by the research
group of David Pegg [49], and a new generation
of containers based on this principle became com-
mercially available.

The risk of cross-contamination during sto-
rage was also reduced by improvements in the
packaging of HPC products. In the 1990s, single
bags with no special space for labelling were used
(Fig. 11B), but now, double bagging with a pocket
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HOMY CIIOCTEPEKEHHI dacToTa 30epeKeHHs KiH-
IiBKKM Oyna 3Ha4HO BUINOIO (Onmu3bko 75%), He3Ba-
XKaro4ud Ha TpoM003 peKoHCTpyKLii [96, 104].

IToka3HMK TIPOXIMHOCTI apTepiaJbHUX TpaHC-
IJIAHTATiB, SKIi BUKOPWUCTOBYBAIH I 3aMIIICHHS
B a0pTO-KIyOOBiH AUIMHIN, OyB BHITAM. Y BHITAIIKY
TaKuX PEKOHCTPYKITIH HEOOXiMHO OyJI0 BpaxOBYBAaTH
PO3BHTOK BIJOMHX JIETCHEPAIiil TpaHCIUIAHTATa TIPU
XPOHIYHOMY BiAITOPTHEHHI 3 9aCOM (TMIIaTallis, TICeB-
JOAHEBPU3Ma, AaHEBPH3Ma), HEOOXiTHICTH peTelb-
HOTO CIIOCTEPEIKCHHS 3a IMAaIliEHTAaMH Ta BiIIMOBiM-
HE XipypriuHe JIKyBaHHS IHX ycKianHeHb. JloOpe
BimoMo, o TpaHcmanTaiis CT iHaykye iXHeE Bif-
TopraeHHs [112]. Xoua niKyBaHHS IMyHOCYNpPECHB-
HUMU TIperapaTaMi HE € 3aralIbHONPUHHITHM, iXHE
3aCTOCYBaHHS MOXKE TIOKpaIIyBaTH KIiHIYHI pe-
3yABTATH 32 PaxXyHOK 3HM)KEHHS YacCTOTH CEpeIHBO-
Ta JOBTOCTPOKOBHX YCKIIQAHEHb.

VY 1990-x pokax D. Pegg Ta #oro mOCiTHHUITH-
Ka rpyna 3MOIJIM BHU3HAUYUTH MEXaHI3MH MOIIKOA-
JKEHHS apTepiaibHOI CTIHKH TIPH  3aMOPOXKYBaH-
Hi [50, 90], mo copusno po3polIli MOKPAIMECHUX
MPOTOKOJIIB 3aMOpPOXYBaHHA Ta BiATaBaHHA, fAKi
oynmu nepersiayTi E. Miiller-Schweinitzer y 2009 p.
[85]. 3romom cBixkOBUAiTIEHI a0 KpPiOKOHCEpBOBaHi
TPAHCIUIAHTATH 3HOBY II0Yajl BUKOPUCTOBYBaTH
B Oararbox WeHTpax CcyauHHOi Xipyprii [45, 114,
117, 120, 121]. 3pocratoda KiIiHIYHA TIOTpeda CIIo-
Hykana 1o crtBopeHHs OankiB CT, wacto mmis-
XOM PO3IIUPEHHS MisUTBHOCTI JiI0YMX OaHKIB cep-
1eBux Kinamnasis [41, 54, 118].

IlpoBimHi Xipyprd VYHIBEpCHUTETCHKOI JIKapHi
M. ['pagenp-KpamoBe mikaBuIucs TpaHCIUTAHTAITIEIO
CT 3 mouarky ii po3BUTKY [8], a €KCIIepUMEHTH,
CIpsSIMOBaHI Ha 3HWKEHHS IMyHOT€HHOCTI CYIUHHO-
ro TpaHCIUIAaHTaTa [UISIXOM TyOJIeHHS B (hopMaltbie-
rini, mpoBoguB R. Klen, 3acHoBHUK BaHKy TkaHuH
VuiBepcureTcbkoi JikapHi [58, 59]. Iicna 1990 p.
JOCHiKEHHsT OylM  BiJHOBJIEHI 3 TPOBEACHHIM
eKCIIepUMEHTIB Ha cobakax. Ilicims Toro, sk Oymo
MIPOJIEMOHCTPOBAHO, IO TiMOTEepMiUHE 30epiraH-
HA CYOIWHHUX TpPAHCIUIAHTATiB y (i3i0J0TIqHOMY
pO3UMHI TPU3BOAWUTH OO IIBUAKOI BTpaTd €HJO-
Temito Ta HaOpsKy cynuHHOI cTinku [37, 87], po3po-
OWIM TIepII TMPOTOKOIHM KPIOKOHCEPBYBAaHHS IS
KIIHIYHOTO 3aCTOCyBaHHA. baHK TKaHWH, SKHUU
MPOMIIOB KOMIUIEKCHY PEKOHCTPYKIIIO Ha IOYar-
Ky Tucstuomitts, B 2004 Ta 2011 pp. orpumaB HeoO-
ximHi mo3Bomu (Tabn. 1) Ta OyB mMiATOTOBJICHUUH
Juis 3a0e3ledeHHsT HOBHX KIiHIYHMX moTped. lle
BiIOYJIOCST TICIIsSL 3alpOBa/KCHHS TPYIOI TIpa3b-
KUX TOCITIIHUKIB €(PEKTUBHOTO MPOTOKOJIY IMYyHO-
cympecii [69, 70]. Ilpore CBIKOBUANICHI TpaHC-
TUTAHTAaTU Oy €JJMHUM BapiaHTOM, moku y [Ipyro-
My BIIIUICHHI Xipyprii 3araiabHOi YHIBEPCHUTETCh-
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for inserting a label with product identification
information according to ISBT 128 standards [27,
51 102] is available (Fig. 12A). External protection
of cryobags with metal cassettes (see Fig. 10B)
covering the whole surface apart from the small
window for inspection of the label (Fig. 12B) is
also crucial for preventing damage to the product
during manipulations inside the container.

The new field requiring the support of the
well-equipped cryobank was the beginning of the
chimeric antigen receptor T-cell (CAR-T) therapy
programme that proved to be efficient in the treat-
ment of malignant lymphomas and certain types of
leukaemia [2, 24, 86, 62]. It is now expanding to
include the treatment of multiple myeloma (clinical
studies CARTITUDE) and seems to be promising
for the treatment of solid tumours in the future. The
CAR-T therapy programme can be started based
on previous JACIE/EBMT accreditation or after
completion of the certification process organised
by the manufacturer [42, 53, 62, 126]. In the Czech
Republic, an export licence is required for collected
or cryopreserved starting material. In the storage
of final investigational CAR-T therapy products,
strict rules for manipulation of genetically modified
organisms (GMOs) are followed, and approval
must be obtained from the Ministry of the Environ-
ment.

Cryopreserved  allogeneic  vascular  tissue
transplantation programme.

The idea of the clinical allotransplantation of
vascular grafts was based on the experimental work
of A. Carrel [20]. Cold-stored arterial allografts were
used extensively for aorto-iliac reconstructions du-
ring the 50s of the last century [28, 43, 106]. Their
use was terminated in the early 60s, however,
due to frequent graft rejection caused by the
unavailability of immunosuppression [107, 108].

In the 1980s, E. Kieffer [57] reintroduced the
use of cold-stored arterial allografts for the mana-
gement of aortic prosthetic graft infections. The
clinical use of allografts has been expanding since
the 1990s, with 50-60% two-year patency rates
achieved in patients with critical limb ischaemia.
At the same time, the rate of limb preservation was
considerably higher, reaching about 75%, despite
thrombosis of the reconstruction at the three-year
follow-up [96, 104].

The patency rate for arterial grafts used for
replacement in the aorto-iliac region was higher. In
the case of these reconstructions, it was necessary
to deal with the development of known degenera-
tion of the graft during chronic rejection (dila-
tation, pseudoaneurysm, aneurysm) over time, with
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Tabnuus 1. MNMepenik 4o3BoniB, oTpuMaHNx BaHkoMm TkaHUH YHiBepcuTeTCbKOi nikapHi M. Mpageub-Kpanose
Table 1. Overview of authorization types obtained by the Tissue Bank of the University Hospital Hradec Kralové

Pik Twn poseony HapaHo 3apeecTpoBaHo B PeecTpauiitHuit koa
Year Type of authorization Granted by Registered at Registration code
Haulol:zl;llt(x:sml;:l:r;lgaﬁl;ﬂy Gara- MinicTepcTBo oxopoHu 3gopos’a YP | MiHicTepcTBo oxopoHu 3popos’a YP
2004 National Multitissue Ministry of Health Ministry of Health MTB 06
. of the Czech Republic of the Czech Republic
Bank licence
INiueHsia HauioHanbHOT [epaBHa cnyxb6a 3 KOHTPOIO MiHICTEpCTBO OXOPOHM 310pOB’A YP
a of ycTaHo 3a HapKOTUKa .
2011 THaRVARO! ycTanosn HaproTakamm Ministry of Health MTB 06
National Tissue State Institute .
Establishment licence for Drug Control (SUKL) of the Czech Republic
Niuensia HauioHanbHoT [epxasHa cnyx6a 3 KOHTPONIO €700425
2017 TKAHWHHOI yCTaHoBN 3a HapKOTUKamMu €BponelicbKka KOMiciA C208426
National Tissue State Institute European Commission C700427
Establishment licence for Drug Control (SUKL)
JNiueHsii Ha eKcnopT BUXiAHMX Miwi ‘A Yp . ,
matepianis anA CAR-T Tepanii IHICTepCTf30l OXOPOHM 3A0POB’A MIHICTepCTBF) 0XO0poHM 3a0pos’A YP
2021-2023 CAR-T th carti Ministry of Health Ministry of Health -
- therapy starting of the Czech Republic of the Czech Republic
material export licences
MiHicTepcTBO HaBKONMULLHBOTO MiHicTepcTBO HaBKONULLHBOTO
2022 [o3sin Ha maHinynauii 3 MO cepegosua 4P cepegosua 4P
GMO manipulation approval Ministry of Environment Ministry of Environment
of the Czech Republic of the Czech Republic

koi mikapHi B M. Ilpara He Oyma mpoBencHa
TepIna TPAaHCIDIAHTAIlS apTepialbHOTO aJIOTPaHC-
IUTaHTara, KPIOKOHCEPBOBAHOTO B baHKy TKaHUH
VYHiBepcuTeTchKO1 JikapHi M. I[pagemnb-Kpamose.
Bixe uepe3 pik posmodanacss 3arajabHOHAITIOHATHHA
mporpama cyauHHoi TpaHciadTarii [110, 111].

o3eonu, HeoOXIOHT Ot nOYAMKY NPO2pPam KiiHiy-
HOI mpancnaanmayii

OpHi€ero 3 mepenyMoB U MOYaTKy NPOBEICH-
HSl TIpOrpaM KJIHIYHOI TpaHCIUIaHTalli € OTpHUMaH-
Hs HeoOximuux mo3BouiB [80]. ¥V Tabn. 1 HaBemeHO
y3araJpHEeHUH TIepesIiK THIIB JO3BOJIB Ta peecTpa-
MAHENX KomiB Il BaHKIB TKAaHWMH Ta TKAHUHHUX
YCTaHOB, HaJIaHUX HAIlIOHAJILHUMHU Ta MiKHApPOIHU-
MH KOMITETEHTHUMHU OpTaHaMH, SKi Oyau HEeoOXimHi
JUTSI TIPOBEIEHHS TIPOTPaM KITIHIYHO1 TpaHCIDIaHTAIll,
o miaTpuMytoThes TY YHIBEpPCUTETCHKOI JIIKapHi B
M. I'panens-Kpanose.

Hapa3i TkaHWHHa yCTaHOBA € BJIACHUKOM
TPBOX peecTpalifHux koxiB €Bponeiickkoro Corosy:
CZ000425 nns penponykTuBHuX TkaHuH, CZ000426
JUIS KPOBOTBOPHUX TKaHWH, JIOHOPCHKUX JiMQo-
LUTIB Ta BUXIIHOTO MaTepiany i BHPOOHMITBA
nponykTiB CAR-T tepamii i CZ000427 mist TBepAnx
TKaHWH, TaKUX K apTepii Ta BeHwm. Ilepemik mo3-
BUIbHUX JOKYMEHTIB pETryJIIpHO OHOBIIOETHCS
HaIliOHAJHHUM YIIOBHOBRXCHUM OpraHOM, YHHHI
Bepcii mocTymHi Ha BeO-caiTi €BpONEHCHLKOTO KOM-
neHaiymy TV.

a need for precise follow-up of patients and appro-
priate surgical management of these complications.
It is well known that vascular graft transplantation
induces rejection [112]. Although treatment with
immunosuppressive drugs is not widely accepted,
their use results in improved clinical outcomes in
terms of reduced mid- and long-term complication
rates.

In the 1990s, the research group of D Pegg
explained the mechanisms of freezing damage to
the arterial wall [50, 90], which led to the design
of improved freezing and thawing protocols
reviewed by E. Mueller-Schweinitzer in 2009 [85].
Subsequently, fresh or cryopreserved grafts began
to be used once again in many vascular surgery
centres [45, 114, 117, 120, 121]. Increasing clinical
need prompted the creation of VT banks, often
by expanding the activities of existing heart valve
banks [41, 54, 118].

The leading surgeons at the University Hospi-
tal Hradec Kralové have been interested in VG
transplantation since its beginning [8], and experi-
ments aimed at lowering the vascular graft immu-
nogenicity through formaldehyde-tanning were car-
ried out by Rudolf Klen, the founder of the Tissue
bank [58, 59]. The research was restarted with
an experimental study on dogs after 1990. When it
was demonstrated that hypothermic storage of
vascular grafts in physiological saline led to rapid
endothelium loss and oedema of the vascular wall
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Kpim no3BoiniB, HaJjaHUX KOMIIETEHTHUMH OpTa-
HamH, KpioOaHK OyB cepTh(iKOBaHMH KOMITaHI€O
«Novartis European Ltd» — panst kpiokoHCepBY-
BaHHS BHXITHOTO Marepialy Ta 3apeecTPOBaHOTO
npenapary «Kymriah» mms CAR-T Teparmii, xom-
maniero «Kite-Pharma EUBV» — mna  36epi-
TaHHA 3apeecTPOBAHMX TpenapariB «Yescartay Ta
«Tecartus», a Takox kommaniero «Janssen Cilag Int
NV» — nana 30epiranHs AOCTIIHKYBaHHX IIpema-
pariB, BUIIPOOYBaHUX Yy paMKaxX KITiHIYHHAX JOCIi[-
xenp CARTITUDE-5 i CARTITUDE-6. (Ha-
pa3i TKaHMHHA YCTaHOBA, Y TOMY YHCIi KpioOaHK,
3apeprmina mporec akpeauranii  JACIE/EBMT
y 2024 p.)

CYYACHA POJIb KPIOBAHKY B IIIJ-
TPUMIII ITPOT' PAM TPAHCILJTAHTAIIIT

Ilpoepamu mpauncnaianmayii aymonociunux ma
ANI02EHHUX 2eMONOEMUUHUX KAIMUH-NONEPeOHUKI8

IIporpamu TpancmianTaiii ayromorigaux ['KII
TPYHTYIOTBCSI Ha Oe3mepebiifHiil cIiBmIpami Mix
yctanoBamu 360py Ta 06poOku I'KII, y Tomy umci
KpioOaHKM, Ta BiAJUICHHSIMH KIiHIYHOI TpaHC-
mnanTanii. [Iponykr neiikadepesy — KOHLIEHTpaT
MOOLTI30BaHUX KJIITUH-TIONIEPEIHNKIB TeprQepry-
HO1 KPOBI 3 KOHIIEHTPAL€IO JICHKOIMTIB, IO HE Mepe-
Buiye 400 x 10° KIiTHH/I, BIATPABIISIOTH 10 LIEHTPY
00poOKM B TIMOTEPMIYHMX yMOBaX ISl KPiOKOH-
cepByBaHHA mpoTsroM 24 rtomuH. Ha nanmit wac
aytonoriuda TpaHcruiantamiss [KII  Bukopwucro-
BYETBCS TIEPEBAKHO IS TAINIEHTIB, SKI CTpakma-
IOTb Ha MHOXHUHHY Miesomy [1, 7, 94] ta 310sKicHI
aimbomu [1, 5, 56, 122], B Toit Yac K MOKa3aHHS,
IO iCHYBaJM paHille, Taki K JeiikeMis abo comigHi
MyXJIMHA (HANpHUKIaA, KapuuHOMa MOJIOYHOI 3aio-
31), 3rogoM Oyam ckacoBaHi. MiCTKicTh KpioOaHKY
MoOXe OyTH OOMEXyBaJIbHHM (akTopoMm st oOcs-
Iy TporpaM ayTOJIOTi4HOI TpaHCIUIaHTamii B KOHK-
PETHOMY BiJJiJI€HHI, OCOONHMBO SKIIO MOTPiOHE
OararopiuHe 30epiranus [18, 61].

Amorenna Tpancmmantamisi ['KII  Buxopwmcro-
BYETBCS A JIIKYBaHHA PI3HUX THITIB JICHKO3IB,
HEJOCTATHOCTI KICTKOBOTO MO3KYy Ta Me(eKTiB KiIi-
THHHOTO IMYHITETY, TEpPEBaXHO BpPOMKEHUX. Bin-
TICHHS TPAaHCIUIAHTAIlli  CIBIPAIIOIOTh  depe3
HallloHaJbHI 200 MIDKHApPOAHI PEECTpH AOHOPIB i3
3aJydeHHSIM 3aKiIafgiB 3i 300py HOHOPCBKHX Ma-
TepiajiB, ski MOxyTh gocraBnsita HLA-cymichi
TPaHCIUIAHTATH 1 y OUIBIIOCTI BUMAJKIB 3HAYHO
BimaieHi omuH Big omHoro. Ilpomyktu neiikade-
pe3y TPaHCHOPTYKOTHCS B TINOTESPMIYHHX YMO-
Bax YIMOBHOBWKEHUMH Kyp €pPCHKHMHU KOMITaHISIMHA
Ta MalwTh OyTH BHUKOPHUCTaHI MPOTATOM 48 TOIWH.
PexomeHmoBaHa KOHIIGHTpAIlis JICHKOITUTIB CTa-
moButh 200 x 10° kmitua/n. IIporpamu amoreHHOT
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[37, 87], the first clinically applicable cryopreser-
vation protocols were designed. The tissue bank,
which underwent complex reconstruction at the
beginning of the millennium, received the necessary
authorisations in 2004 and 2011 (Table 1) and was
prepared to cover emerging clinical needs. This
occurred after a group of Prague authors introduced
an efficient immunosuppression protocol [69, 70].
Nevertheless, fresh grafts were the only option
until the first transplantation of an arterial allo-
graft cryopreserved at the tissue bank of the
University Hospital Hradec Kralové was performed
at the Second Department of Surgery General
University Hospital in Prague. One year later, the
national programme of vascular transplantation
began [110, 111].

Authorisations necessary for the start of clinical
transplantation programmes

Another prerequisite for beginning a clinical
transplantation programme is obtaining the necessary
authorisation [80]. A summary of authorisation ty-
pes and tissue bank/TE registration codes granted
by national and international competent authorities
that were necessary for beginning the clinical
transplantation programmes supported by the TE
University Hospital Hradec Kralové, is presented
in Table 1.

Currently, the TE is a holder of three European
Union TE registration codes: CZ000425 for repro-
ductive tissues, CZ000426 for haematopoietic tis-
sues, donor lymphocytes and starting material for
CAR-T therapy product manufacture, and CZ000427
for solid tissues such as arteries and veins. The extent
of authorisation required is regularly updated by
the national competent authority, and valid versions
are accessible on the European TE Compendium
website.

Besides authorisations granted by the competent
authorities, the cryobank was certified by Novartis
European Ltd. for cryopreservation of starting ma-
terial and of final registered CAR-T therapy pro-
duct Kymriah, by Kite-Pharma EUBV for storage of
final registered products Yescarta and Tecartus, and
by Janssen Cilag Int. NV for storage of investiga-
tional products tested in the framework of clinical
trials CARTITUDE-5 and CARTITUDE-6. The
TE including the cryobank is now completed the
JACIE /EBMT accreditation process in 2024.

CURRENT ROLE OF THE CRYOBANK
IN THE SUPPORT OF TRANSPLANTATION
PROGRAMMES

Autologous and allogeneic haematopoietic pro-
genitor cells transplantation programme
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tpancmantanii [KII Buma-
rarTh CIIBIpami 3 ICHTPOM
00poOku Ta/abo KpioGaHKOM
Y HACTYTIHUX BHIIAJKaX.

1. 'V nHaa3BuuailiHuX cH-
TyallisIx, KOJIM HEMOXKIIBA KOOp-
IUHAINSL  300py JOHOPCHKHX
I'KII Ta miaroroBka penuITi€H-
Ta mporsarom 48 romuH. Taki
cUTyalii BHHMKadd B TEpion
mangemii COVID-19 [1, 29,
83]. Tepminu 30epiraHus 3a3-
BUYall OOMEXYBaJIUCS KiJIbKO-
Ma JHSAMH, TOTPIOHUMHU IS
TECTyBaHHS MOTCHLIHHOTO pe-
LUIIEATa Ha HETaTUBHUHA pe-
symeTar Tecty Ha COVID-19,
Ta OTPUMAHHSAM DE3YJbTATIB
T1ab0OpaTOPHUX JTOCTIKECHD, He-
0OX1THUX JJISI BUITYCKY TpaHC-
IUTaHTaTa [0 KIIHIYHOTO 3a-
CTOCYBaHHA. 3 Wi€l NPUYUHU
HE BUHHUKAJIO MOTpedu y 3011b-
IIEHHI TOTY)XHOCTEH KpioOaHKy. Y Takiii HaI3BH-
JaiHil cHTyamii TeXHOJOTIYHUHN piBEeHb KpioOaHKY
Ta THYYKICTh WOTO YyTPAaBIiHHA Majd BUpIIaIbHE
3HAYEHHS I 3a0e3MeueHHsT CTajJoCTi IMporpaMu
QJIOTeHHOI TPaHCIUIAHTALlil.

2. Y pa3i 3amnaHOBAaHOTO 3acTOCYBaHHS JIO-
HOopchkux JiMdorwmtie (JI) mim wac moctrpaHc-
IUTAaHTAUiHHOTO JIIKYBaHHS Ui CTHUMYIALIl edek-
Ty «TpaHCIIaHTaT npoTH jeikemii» [77]. Kpio-
koHcepByBaHHs JlJI BHCyBae m0OaTkoBi BUMOTH
JI0 MICTKOCTI KpioOaHKY, SKIIIO BOHO IPOBOIUTHCS
PEry/IsipHO, HAIPHKIIAJ, MPH 30epiraHHi TPhOX abo
OiNIbIIIEe MAKETIB 3 KOKHOTO 300py. €IUHUM BHHST-
KOM € QJIOTPAaHCIUIAHTAIli ITyTIOBHHHOI KPOBI, SKa
3aBKIM BUMAarae CIIBIpari 3 OaHKOM ITYITOBUHHOI
KpOBI.

Ha puc. 13 moxazana miopiyHa KiJIbKiCTb ayTo-
JIOTIYHUX Ta aJIOTCHHUX TPAHCIUIAHTAIH, BHKO-
HaHUX 3a OCTAHHE JECATWIITTS B YHIBEpCHUTET-
ceKill mikapHi M. I'panmens-Kpanose, a Ha puc. 14
Ta 15 — KiABKICTh MepelaHuX IS KIIIHIYHOTO 3aCTO-
CyBaHHS ayTOJIOTIYHMX Ta aJIOTCHHUX OJUHUIlh
I'KIT Ta JJI, HeoOXimHWUX [UIS MIATPUMKH ITi€l
MporpamMu.

I'moGansHOMYy 00MiHy HLA-cymicHuMHu —ajio-
Tpadcmiantaramu ['KII chnpuse mnpouec akpenu-
tauii JACIE/EBMT, mio 0a3yerbcs Ha IepeBipili
BIAMIOBITHOCTI  3arajJbHUM CTaHIApTaM IUIaHIB
VOpaBIiHHS ~ AKICTIO, BHYTpILIHIX JOKYMEHTIB,
NpakTUK 300py Ta OOpOOKHM, KIIHIYHOI MpPaKTH-
KM, 3a JIOTIOMOTOI0 TPOBEACHHS MDKHAPOTHOTO
ayauty Ha wicui. Ilpmitaarrs crannmaprie JACIE

KinbkicTb
Number

ayTtonoriyHi KT,

autologous HPC,
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Puc. 13. LopiyHa KinbKiCTb ayTOMOrYHMX Ta anoreHHUX TpaHCnnaHTauin. m —
— anoreHHi KM, O — cyma.

Fig. 13. Annual number of autologous and allogeneic transplantations. m —
— alogeneic HPC, O — total.

Autologous HPC transplantation programmes are
based on seamless cooperation between HPC Col-
lection Facilities, Processing Facilities including
cryobanks, and Clinical Transplantation Units. The
leukapheresis product, the concentrate of mobi-
lised peripheral blood progenitor cells with white
blood cell (WBC) concentrations not exceeding
400 x 10° cells/L, is sent to the Processing Fa-
cility at hypothermic conditions to be cryopreser-
ved within 24 hours. At present, autologous HPC
transplantation is used predominantly for patients
suffering from multiple myeloma [1, 7, 94] and
malignant lymphoma [1, 5, 56, 122], while indica-
tions existing in the past, such as leukaemia or solid
tumours (e. g., breast carcinoma), were subsequently
abandoned. The capacity of the cryobank may be
a limiting factor for the extent of autologous trans-
plantation programmes within a particular unit,
especially if storage for years is required [18, 61].

Allogeneic HPC transplantation is used for
treatment of different types of leukaemia, bone mar-
row failure and cellular immunity defects, mostly
inborn. Transplantation units cooperate via national
or international donor registers with frequently
distant Collection Facilities that can deliver HLA-
compatible grafts. Leukapheresis products are trans-
ported under hypothermic conditions by authorised
courier companies and must be used within 48 hours.
The recommended WBC concentration is 200 X
10° cells/L. Allogeneic HPC transplantation prog-
rammes require cooperation with the Processing
Facility and/or the cryobank in two cases.
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MMOBUHHO TIPUBECTH JI0 3MCH-
IICHHS KIJTbKOCTI 3aCTOCOBAHUX
MetoiB. OnmHAK HEIIOAaBHO
Y €BPONECHCHKOMY JOCIIKEHH1
OyJ0 BUSABJICHO 3HAa4HE PO3-
MaiTTS TIPOTOKOJIB OOpPOOKH
[47].

Y cydacHMX MPOTOKOJIaX
KpiOKOHCEpPBYBaHHS ayTOJIOTIY-
Hux anorennux ['KIT ta JJI
BUKOPUCTOBYIOTh  TIEPEBAXHO
JIMCO y kiHIEBifl KOHIICHT-
pauii 5-10% 3 pi3HUMH FOMILI-
KaM{, HalJacTillie 3 CUpOBAT-
KOBUM aJIbOYMIHOM  JTFOIUHHU
(HSA). Po3BeneHHsT BHKOHY-
I0Th 3 TaKUMH KPUCTAJIOITHH-
MU pPO3YrHAMH, K (i3iojoriu-
HUH pPO3YMH abo0 IIa3MOJIT
a00 poO3YMHAMH, IO MICTATH
nomcaxapuad (JeKkcTpaH abo
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Puc. 14. lLopivHa KinbkicTb oguHMLbL kpiokoHcepBoBaHux Kl i AoHOPCbKUX niM-
douunTiB, NPUAHATUX Ha 36epiraHHs. @ — ayTonoriyHi KM, m — anorenHi MKIM,
B — JoHopCcbki nimdountn, O — cyma.
Fig. 14. Annual number of cryopreserved HPC units and donor lymphocyte
units admitted for storage. m — autologous HPC, = — alogeneic HPC, m — donor
lymphocytes, O — total.

I'EK), sixi Bimomi SIK TO3aKIIi-

TUHHI Kpiompotekropu [1, 11,

103]. KonTponnoBaHe 3aMOpPOKYBaHHS ITPOBOIWIIH
y momBiiHMX makerax [102], mMapkoBaHWX BiIIO-
BimHO mo ctrammapty ISBT 128 [27, 51], 36epiramu
y ¢a3i mapiB pigkoro azoTy IMpH TeMIeparypi
Hmxye —140°C BiAMmoBimHO 1O pekoMeHaamid €B-
POIEHCHKOTO TUPEKTOpaTy 3 SIKOCTI JIIKapChKHUX
3aco0iB Ta oxoponm 3mopoB’s (EDQM) [35].
OnmHOYacCHO 3aMOpPOXKYIOTh JOCTATHIO KiJIBKICTh
KOHTPOJBHHUX 3pa3KiB JIsl 3a0e3MeueHHS HaJICKHOI
xurtezgaraocti [KII ta moBTOpHOTO TEeCTyBaHHS
AKTUBHOCTI IIICJSI TPUBAJIOTO
30epiraHHsl.

JoBroctpokoBe 30epiranHs
3a3BUYail MoTpiOHE MpH MHO-
JKAHHIH ~ MI€JIOMi, OCKIIbKH
30UpaeThcs 03a KITHH, JO-
CTaTHA Ui OLIBII HIK OIHIET
TpaHCIUIAHTAIll, a PemTy K-
THUH 30epiraroTh s BUKOPHC-
TaHHS B JpyTidl (TaHIEMHIN)
abo0  TpeTiii  3arTaHOBaHIN
TpaHCIUIaHTaIii abo s 1mpo-
BEICHHS PATIBHOI Tepamii Ha
BHIIAJI0K PEIUAMBY TIiciist Oara-
TBOX POKiB pemicii [61]. VY
2017 p. Hame JOCITiIKESHHS
156 mamientiB [73] mokaszao,

Kinbkictb.
Number

1. In extraordinary situations when coordination
of the donor HPC collection and preparation of
the recipient within 48 hours is not possible. Such
situations occurred during the COVID-19 pandemic
period [1, 29, 83]. The storage times were usually
limited to several days, necessary for testing the
potential recipient for COVID-19 negativity and
for obtaining the results of laboratory tests needed
for a release of the graft for clinical application. For
this reason, enlarging the cryobank capacity was

Pik
Year

mo MmeHme HixX y 50% sumaa-
KiB KpIOKOHCEPBOBaHI KJIiTH-
HU 30epirayimcst 10 5 pOKiB, a
y 90% BumagkiB — g0 15 po-
kiB (Tabiu. 2). Curyaris 3i 30e-
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Puc. 15. LLopivHa KinbkicTb ognHMLL KpiokoHcepBoBaHuX MKl i AOHOPCLKUX NiM-
douunTiB, NnepegaHnx Ansa KniHiYHOro 3actocyBaHHs. B — ayTonoriyHi MK, = —
anoreHHi MK, m — goHopcbki nimdounTtn, O — cyma.

Fig. 15. Annual number of cryopreserved HPC units and donor lymphocyte units
delivered for clinical application. m — autologous HPC, — alogeneic HPC,
m — donor lymphocytes, O — total.




piranasim  ommHmus JJI, sKki BUKOpHCTOBYBa-
mn ans 80 peuumieHTiB, Oyna iHIIOIO: Maibke y
90% peuumieHTiB BOHM 30epirasucst OO0 5 pPOKiB
(Tabm. 3).

Bucoka gactka onuHUII, 0 30epiraroThes mpo-
TATOM TPHBAJIOTO0 4Yacy, TAKOX OIMUCAHA IHIIUMH
aBTOpaM{ Pa3oM 3 PEKOMEHAAIISMHU IIOAO0 YTHIIi-
3amii HempuaatHux omuHuie [18, 61]. barato 3

not necessary. In this emergency, the technological
level of the cryobank and the flexibility of its staff
to manage it were critical for the sustainability
of the allogeneic transplantation programme.

2. If application of donor lymphocytes (DL) is
planned during post-transplantation care to stimu-
late the graft versus leukaemia effect [77]. The DL
cryopreservation puts additional requirements on the

Tabnuusa 2. TepMiHy 36epiraHHS ayTONOrYHNX reMONOETUYHUX KNITUH-NONepeaHnLb
Table 2. Storage times of autologous haematopoietic progenitor cells

TepwmiH 36epiraHHA, micAdi
Time of storage, months
KinbkicTb
Frequency
1-12 13-60 61-120 121-180 > 180
KinbkicTb nauieHTis
Frequency of patients 25 65 28 25 13
BigHocHa KinbkicTb nauieHTis, % 16,0 41,7 17.9 16,0 8.3
Relative frequency of patients, % ! ! ! ! !
CyKynHa BifHOCHa KinbKicTb
nauienTiB, % Cumulative relative 16,0 57,7 75,6 91,6 100
frequency of patients, %

BKa3aHUX MPHUYUH € AOCUTH piaxicaumu [18], Ha-
MpUKJIal, BTpaTa LUTICHOCTI KpioOaHKy, BTpara €TH-
KEeTOK a00 HEMOXIIMBICTh MPOYUTATH MapKyBaHHS
Ha €TUKETKAaX, 3a0pyIHEHHS KPIOKOHCEPBOBAHOI CyC-
meH3ii ab0 HHU3bKAa JKUTTE3NATHICTh KIITHH MiCIS
po3MopoxxyBaHHs. OCHOBHUM TOKa3aHHSAM /ISl YTH-
mizamii ayromoriuaux omuHUIL ['KII € cMmepTs ma-
mienra [18]. Ile mATBEpIKYEThCS TPUINHAMH,
3 SIKUMH MM 3ITKHYJIUCS B Hamomy 3akiani y 2022 p.
(Tabm. 4). He3pakaroun Ha BiJHOCHO BHCOKY IIO-
piuHy KUIBKICTh YTWIII30BaHUX OAMHUIIb, 3arab-
Ha KUIBKICTh OJMHUIIL, IO 30€piratoThCcs, 3pOCTae

cryobank capacity if it is practiced routinely, e. g.,
if three or more bags are stored from each col-
lection. The only exception is cord blood allotrans-
plantation, which always requires cooperation with
the cord blood bank.

The number of autologous and allogeneic
transplantations performed in the last decade at the
University Hospital Hradec Kralové is presented in
Figure 13, and the number of processed and delive-
red autologous and allogeneic HPC and DL units
necessary to support this programme are shown in
Figures 14 and 15.

Tabnuusa 3. TepMmiH 30epiraHHa JOHOPCLKMX NiMOLMTIB
Table 3. Donor lymphocytes storage times

TepmiH 36epiraHHA, micAui
KinbKicTb Time of storage, months
Frequency
1-12 13-60 61-120 121-180
KinbkicTb nauieHTis
Frequency of patients 25 46 8 L
BigHocHa KinbkicTb nauieHTis, % 31.3 575 10 13
Relative frequency of patients, % ! ! !
CyKynHa BiQHOCHa KiNbKiCTb nauieHTis, %
Cumulative relative frequency of patients, % 31.3 88,8 98,8 100
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Tabnuus 4. MpuurHKW yTUnisauii TpaHcnnaHTaTiB reMONOETUYHNX KINITUH-NoNepeaHULb
Ta JoHopcbkMx nimdgouunTis y 2022 p.

Table 4. Reasons for haematopoietic progenitor cells and donor lymphocytes graft disposal in 2022

MpuumnHa ytunisauii KinbkicTb oanHuub ayTtonoriunux KMMK | Kinbkicte oanHnub OJ1 | 3aranbHa KinbKicTb 0AWHWULBL
Reason for disposal Number of autologous PBPC units Number of DL units Total number of units
CmepTb nauieHTa
Death of the patient 53 32 85
HusbKka »uTTE3aaTHICTb NicnA BigirpiBaHHA nicnAa
TpuBanoro 36epiraHHA 7% 0 7%
Low post-thaw viability after long term storage
BtpaTa uinicHocTi kpionakeTa a6o Hepo3bip-
NNBICTb ETUKETKN 0 0 0
Loss of cryobag integrity or label illegibility
3MmiHa nnaHy nikyBaHHA
v niyBan 0 10 10
Change of the therapeutic plan
Bcboro
bor 60 42 102
Total

MpumiTtka: * — y aBox nauieHTiB nicns 11 T1a 20 pokis 36epiraHHsS.

Note: * — In two patients after 11 and 20 years of storage .

(puc. 16), Ta yac Bix yacy BUHHKa€ OTpeda y 301716-
MIEHH] MICTKOCT1 KpioOaHKYy.

3Ha4Hi PO30IKHOCTI ICHYIOTh 1 B IaHE KOHT-
POTBHUX TECTIB, IO MPOBOASITHCS Tepes BUILYCKOM
kpiokoHcepBoBannx ['KII i KITiHIYHOTO 3acTo-
CYBaHHS, 1 y TeCTax, 110 BUKOHYIOThCS HpHU 1HQY3IT
I'KII. Jlesiki ieHTpH OIiHIOWOTH juire BMicT CD347-
KIIITHH Tpu Jedkadepe3i Ta HE HOBTOPIOIOTH HOro
micNsi  KpiOKOHCEpBYBaHHS. BoOHM mMOKIaaaloThes
Ha pesynpTati H. Yang, sxuil ommcaB cuibHY KO-
pemarito Mk BMictom CD347-
KIITHH Ta BMICTOM MI€EJIOMO-
nobmacris  (CFU-GM) [127],
Ta Ha IOMEPEIHIO BAaJIiAAIi0
nponeayp iXHbOro KpioKoHCep-
ByBaHHA. B mux nenrpax, WMmo-
BipHO, HE BpaxoOBYIOTb 3ac-
TepexeHass M. Watts [123] Ta
D. Morgenstern [84], o B Ok-
pEMUX BHIIAIKaX MPU 3aTPUMIIL
TIPYOKUBIICHHST TAKOi KOPEJIAIIii
MOXKE He iCHyBaTH. MOXJIHBUM
MOSICHEHHSIM I[LOTO MOXE OyTH
Te, IO KPIOKOHCEpPBYBaHHS iH-
IOyKy€ BiZICTpOUEHY 3aruoenb
KIIiTHH, onrcany J.M. Baust [9],
SIKY HE BU3HABAJIM B MUHYJIOMY.

Hama cucrema TtectyBaHHS
xurtezgaraocti KIIK 6azyers-
Csi Ha TO€AHAHHI TECTiB Ha
IUTICHICTE MEMOpaH SIpPOBMicC-

KinbkicTb.
Number
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The global exchange of HLA-matched HPC allo-
grafts is facilitated by the JACIE/EBMT accredita-
tion process based on the verification of compliance
of quality management plans, internal documents,
collection and processing practices, and clinical prac-
tice with common standards by on-site international
audit. Accepting JACIE standards should lead to de-
creased diversity of applied methods; nevertheless,
considerable diversity in processing protocols was
recently identified in a European study [47].

Pik
Year

Puc. 16. 3aranbHa KinbkicTb KpiokoHcepBoBaHUX ofanHuLb Kl Ta AOHOPCLKNX
nimcoumTiB, LLO 3aNMLININCS Y CXOBULLI Ha KiHELIb POKY.

Fig. 16. Total number of cryopreserved HPC and donor lymphocytes units
remaining in the stock at the end of the year.
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Hux (SK) i mononykneapuux kiituH (MHK) 3a
JONIOMOTOI0 MTPOTOYHOT LIUTOMETPii Ta HA KIITHHHY
aktuBHICTh 3a 3matHicTio CFU-GM 1o kojoHi€yT-
BopeHHs [1]. Ilepmi TecTwm Ha KUTTE3MATHICTH Ta
aKTHBHICTh TPOBOJATH HAa 3pa3Kax 3 Takera Jyis
300py, a Opyri — Ha PO3MOPOKEHUX KOHTPOIHHUX
3paskax 3 KOXKHOTO TMakera, o0 MPOAeMOHCTpPY-
BaTH BIAMOBIMHICTE KPIOKOHCEPBOBAHOTO MPOTYK-
1ty T'KII kpurepism #oro crerudikariii Ta OIiHATH
HeoOxinHy no3y mia tpancmmantanii IKII. Tperiit
TECT Ha KUTTE3NATHICTh Ta aKTUBHICTh BHKOHYIOTh
mig yac iHQys3ii mpenapary, a pe3yabTaTd SKOMOTa
LIBHIIE TIEPEAArOTh Y BIIIUICHHS KITiHIYHOI TpaHC-
IUTaHTOJNOT 1. Y pa3i BBEJCHHS HEONTUMAJBHOI 103U
I'KIT MoxyTb OyTH BXKHTI KOPUTYBaJbHI 3aXOIH.
UeTBepTuid TECT MPOBOIATH Yy pa3i TEPEBHINCHHS
TepMiHy NPHUIATHOCTI Tpemapary. Taka mIpakTHKa
yCyBae pu3uK iHQY3il TpaHCIUIAHTaTa 3 MOPYIICHOIO
JKUTTE3NATHICTIO a00 aKTHBHICTIO KIITHH (Ta0i. 5),
OCKUTBKH MOXKHA 3pobutn HOBHHA 3a0ip ['KII, skmmo
JOLIIBHO.

Current cryopreservation protocols for auto-
logous allogeneic HPCs and DL use mostly DMSO
in a final concentration of 5-10% with different
additives, most often human serum albumin (HSA).
Dilution is performed with crystalloid solutions
such as physiological saline or PlasmalLyte, or with
solutions containing polysaccharides, such as dextran
or HES, which are known as extracellular cryopro-
tectants [1, 11, 103]. Controlled freezing in double
bags [102] labelled according to the ISBT 128
standard [27, 51] and storage in the liquid nitrogen
vapour phase at temperatures below —140°C as
recommended by the European Directorate for the
Quality of Medicines and Healthcare (EDQM)
guidelines [35]. Enough control samples are frozen
simultaneously to ensure proper HPC viability and
potency retesting after long-term storage.

Long-term storage is usually required in mul-
tiple myeloma, as a cell dose sufficient for more
than a single transplantation is collected, and the
remaining cells are stored for use in the second

Tabnuusa 5. MegiaHHi 3Ha4YeHHS! XXUTTE34ATHOCTI Ta BifHOBINEHHSI ayTONOMNYHNUX Ta HECMOPIOHEHUX
anoreHHUX reMonoeTUYHKX KIiTUH-NonepeaHnLb Nicnsa BigirpiBaHHA

Table 5. Median values of autologous and unrelated allogeneic haematopoietic progenitor cells
post-thaw viability and recovery

MuTTespatHicTb
MHK, %
MNC viability, %

BigHoBnEHHA
AK, %
NC recovery, %

MuTtTespatHicTb
AK, %
NC viability, %

pyna KnituH
Cells group

BiaHoBneHHA
CD34 *-knituH, %
CD34*-cell
recovery, %

BigHoBneHHa CFU-GM, %
CFU-GM recovery, %

BigHoBneHHa MHK, %
MNC recovery, %

AyTonoriyHa

85,0 72,2 97,0 93,08 95,5 71,90
Autologous
AnorenHa 90,0 80,70 98,0 100,06 97,43 60,26
Allogeneic

VY 1abn. 5 ta Ha puc. 17-19 mokazaHO BHCOKY
JKUTTE3MATHICTh KITHH TICIAS  PO3MOPOKYBaHHS,
mo mnepeumnye 50%-y mexy EBMT, momyctumy
st K [21], a TakoX BHCOKE BiITHOBJICHHS >KHT-
T€3MATHUX KIITHH ITCJIS PO3MOPOXKYBAHHS Ta iXHIO
aKTUBHICTh SK B ayTOJIOT1UHIM, TaKk 1 B HECHOpIn-
HEHi ajoreHHi rpymi. BigHOBneHHS >kKuTTe3nar-
HocTi CFU-GM B anorenHil rpymi nokasaio Oiibi
piske 3HIWKeHHA (Memiana 60,26%) KIITHHHOTO
noteHmiany (tabmn. 5, puc. 19), mo MoxHa MOSCHH-
T 3aTPUMKOI0 OOpOOKHM (3a3BM4Yaii OUNBIN HiIX Ha
24 ronuHM) yepe3 HEOOXiAHICTH TPAaHCIOPTYBAHHS
I'KTI, 3i0paHux y BiagajleHUX IIYHKTax 3a00py.

Crangapta JACIE/EBMT [40] BUMaraioTh TpaHc-
MOPTYBaHHS KPIOKOHCEPBOBAaHWX OJMHUIL B CY-
XOMy KOHTeiHepi. 3 camMoro Io4YaTKy IporpaMu
TPaHCIUIAHTAIlll  PO3MOPOXKYBAaHHS  TPOBOIUIIOCH
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(tandem) or the third planned transplantation or
for salvage therapy in case relapse occurs after
many years of remission [61]. Our study of 156
patients in 2017 [73] showed that less than 50%
had cryopreserved units stored for up to 5 years and
90% for up to 15 years (Table 2). The situation
in storage of DL units performed in 80 recipients
was different, where nearly 90% of recipients had
units stored for up to 5 years (Table 3).

A high proportion of long-term stored units
has also been described by other authors, together
with recommendations justifying the disposal of
unusable units [18, 61]. As many of the recom-
mended reasons are rare [18], such as loss of cryo-
bag integrity, loss illegibility of labels, contami-
nation of cryopreserved suspension or poor post-
thaw cell viability, the most common indication
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Puc. 17. XXutteaagaThictb aytonoriyHux AK (A) ta MHK (B)
00 3amopoxyBaHHsa (1) Ta nicnsa BigirpiBaHHa (2); rpyna
3 30 nauieHTiB.

Fig. 17. Viability of autologous NC (A) and MNC (B): 1 —
pre-freeze, 2 — post-thaw; group of 30 patients.

MEPCOHAIOM LEHTPY OOpOOKH Oins JiKKa MarfieHTa,
o Oylo peKOMEHIOBAaHO MPOTATOM 0araTbOX POKiB
[101]. AnpTepHaTUBHO PO3MOPOXKYBaHHS MOXKE BH-
KOHYBaTHCh B IIGHTpi 0OpoOKku, a mani mpemnapar
TPaHCHOPTY€ETHCA B TIIOTEPMIYHHAX yMOBax. Mu oou-
paeMo 1eil BapiaHT y piAKICHUX BUMAgKax AJs 3HHU-
skeHHs KoHTeHTpamii JIMCO B TpaHCIIaHTaTi Micis
PO3MOPOXKYBaHHS JJIsS TAITIEHTIB 3 BHUCOKHUM PH3H-
KOM, HaIlpUKJIaJl, IPU IEPBUHHOMY a00 BTOPUHHOMY
aminoimosi [52].

Ha puc. 20 moka3zaHO KOJIMBAaHHS TEMIICpPaTypH
ITiJT 9ac TPaHCHOPTYBaHHSA YOTHPHOX makeTiB 3 I'KII
Ta iX KOPOTKOYACHOTO 30epiraHHs y BiITiICHHSIX.
[Ipu BuTyueHHI KOXKHOTO TTaKeTa 3 CyXOro KOHTeiHe-
pa TeMIieparypa HiABUIIYETHCS, IPOTE BOHA MOCTIiH-
HO 3aJnmIaeTscs HUxk4oro 3a —150°C. Mexxa EBMT
JUISL 3aCTOCOBAHUX XKUATTe3AaTHNX 103 CD34"-kimiTuH
cTaHOBUTh 2 X 10° KIITHH/KI TpH ayTOJOTI4HIi
TpaHcmiaHTamii Ta 4 X 10% KIITHH/KT MacH MalieHTa
TIPH AJIOTCHHIN TpaHcIuTanTamii [21].

SKmo 1 TocArHEeHHs 3a3HadeHux o3 CD347-
KIITUH HEOOXIZHO BBECTH O00’€M, IO MICTHTh
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for the disposal of autologous HPC units is the
patient’s death [18]. The overview of reasons
encountered in our facility in 2022 (Table 4) ref-
lects this. Despite the relatively high annual
number of disposed units, the total number of
stored units is increasing (Fig. 16) and enlarging the
cryobank storage capacity is necessary from time to
time.
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Puc. 18. XutTtespatHicTb anoreHHnx AK (A) Ta MHK (B)
00 3amopoxyBaHHsa (1) Ta nicnsa BigirpiBaHHa (2); rpyna
3 14 nauieHTiB.

Fig. 18. Viability of allogeneic NC (A) and MNC (B): 1 —
pre-freeze, 2 — post-thaw; group of 14 patients.

Considerable diversity also exists in the panel
of control tests performed before the release
of cryopreserved HPC products for clinical appli-
cation and in tests performed at HPC infusion.
Some centres still perform only an assessment
of CD34"-cell content at leukaphereses and
do not repeat them after cryopreservation.
They rely on results published by Yang, who
described a strong correlation between CD34*-
cell content and CFU-GM content [127], and
on previous validation of their cryopreser-
vation procedures. They apparently do not consider
the warnings published by M. Watts [123], and
D. Morgenstern [84] that in individual cases,
resulting in delayed engraftments, such a corre-
lation may not exist. A possible explanation
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AKuttespgaTHictb
Viability

XKutTespaTHicTb
Viability

Puc. 19. BigHoBneHHs xuttesgaTHocTi aytonoriyHux (A) Ta anoreHHux (B) KM nicns BigirpiaHHa: 1 — AK, 2 — MHK,

3 —CD34*, 4 — CFU-GM.

Fig. 19. Post thaw autologous (A) and unrelated allogeneic (B) viable HPC recovery: 1 — NC, 2 — MNC, 3 — CD34*, 4 —

CFU-GM.

monax 1 r JMCO mHa 1 kr Macu Tijla maii€H-
Ta, TPAHCIUTAHTAINIO CIIJ PO3AUIMTH Ha ABI abo
oiureme mi6 [35, 48, 81]. Taka cwuryamis dYacTi-
e BUHUKAE TPU aJOTCHHUX TPaHCIUIAHTAIisX,
TONI SK TIPHU OUTBIIOCTI AyTOJOTIYHUX TPaHCIUIAH-
Tamii  gobosa moza JMCO wnabarato HmK4Ya 3a
mexy EDQM [35]. V cucremi JACIE icHye mpa-
BUJIO IIOCTIHHOTO MOHITOPUHTY  3aCTOCOBaHHX
no3 I'KII Ta pocarHyToro dvacy NpHKUBJICHHS
HedTpodimiB ¥ TpomOoruTie [82], a Takox
IIOKBAPTAIBHOI ~ OIIHKKA  IXHBOI  BIiATOBITHOCTI
pexomennanism EBMT [21]. 3Bit npo kmiHiuHI pe-
3yasTaTd Hajcuiaerbes A0 odicy EBMT omun pas
Ha piK.

Temnepartypa, °C
Temperature,”C

Yac
Time

Puc. 20. TemneparypHi KONMBaHHA Mig Yac TPaHCMOPTYBaHHS KPIOKOHCEPBOBAHUX

'K go kniHiYHOro BigAineHHs.

Fig. 20. Temperature fluctuations during transportation of cryopreserved HCPs to

the clinical department.

i
%

may be that cryopreservation induced the delayed
onset cell death described by J.M. Baust [9],
which was not recognised in the past.

Our system of viability testing of HPCs is based
on a combination of nucleated (NC) and mono-
nuclear cell (MNC) membrane integrity tests using
flow cytometry and cell potency tests using CFU-
GM colony-forming assays [1]. The first viability
and potency tests are performed from the collection
bag and the second from thawed control samples
from each bag to demonstrate the compliance of the
cryopreserved HPC product with its specification
criteria and to estimate the necessary HPC trans-
plantation dose. The third viability and potency
tests are performed at in-
fusion of the product, and
the results are referred to
the Clinical Transplanta-
tion Unit as soon as pos-
sible. Corrective action can
be taken in the case of
infusion of a suboptimal
HPC dose. The fourth tests
are performed if the pro-
duct’s shelf life is exceeded.
This practice eliminates the
risk of infusion of the graft
with impaired cell viabi-
lity or potency (Table 5), as
the new HPC collection can
be made, if feasible.

Table 5 and Figures 17,
18 and 19 show high post-
thaw cell viability above
the EBMT limit of 50%
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Ilpoepama mpancnianmayii
KPIOKOHCEPBOBAHUX ~AJI02EHHUX
CYOUHHUX MPAHCHAAHMAMIG

B ycromy cBiTi KpioKoHCEp-
BOBaHI CYIWHHI TpaHCIUIAHTATH
MOXKHA OTPUMAaTH B KpPIOTEXHO-
JOTIYHUX KOMTIaHisiX abo He-
KOMEpIiHHNX baHkax TKaHWH,
TakuX sIK €BpoONeHCHKHI OaHK
rOMOTpaHCIIaHTaTiB 'y bproc-
cem [41, 54]. B sikocTi anmbrep-
HaTUBU BUKOPUCTOBYIOTHCS Jie-
LETIOJIIPU30BaHi CYIWHHI ayo-
TpaHCIUIaHTaTh 200 KCEHOTCHHI
npotesu [23].

Yecpbka mporpaMa TpaHC-
IJIaHTAIll KPiOKOHCEPBOBAHUX
anorenuux CT Oyma posrio-
gara B 2014 p. miciasd Hako-
MUYEHHS JOCTaTHBOTO 3amacy pi3HUX THIIIB CY-
OVUHHUX  TPaHCIUIAHTaTiB  (BEJIMKI  MigIIKipHi
BeHH, Oidypkamii aopTH, KiIyOOBO-CTErHOBi apre-
plajbHi TpaHCIUIaHTaTH). BoHm Oyiau 3i0paHi Bix
TIOMEPJINX TOHOPIB 3 PI3HUMHU TpyllaMHu KpOBI IIic-
JI TIEPEBIPKH BIJACYTHOCTI IOTCHIIITHOTO TOHOpa
B HamionansHOMY peectpi 0cCiO, sIKi BiIMOBHIIHCS
BiI TTOCMEPTHOTO JOHOPCTBAa OpPraHiB Ta TKaHHUH,
Ta micas iHpopMyBaHHSA ciM’i JoHOpa (THYYKHN
BapiaHT mependauyBaHoi 3romu). Ha pumc. 21
MOKa3aHo MaciuTabu TporpaMd TpaHCIUIaHTAMii
B UYechkill pecmyOnimi, 30KkpeMa KiJbKICTb TpaHC-
IUTaHTalid CBDKOBUAIJICHUX Ta KPiOKOHCEPBOBA-
HuX TpaHcmadtatie 'y 2010-2020 pp. I[Ipotsrom
LOTO Tepiogy ychoro Oyno BukoHano 501 ao-
TpaHcmadTamiio. OCHOBHUMH TIOKAa3aHHAMH €
KpUTHYHA IMeMis HUXKHIX KIHIIIBOK Y TIAIIEHTIB 3
BIICYTHICTIO ayTOJOTIYHMX KaHaJliB, TOTaHUM Bil-
TOKOM KpOBI Ta INIEMIYHOIO TaHTPEHOIO, a TaKOXK
iHpikyBaHHSI cymuHHOTO TIpoTe3a [60]. Po3momin
TPaHCIUIAHTATIB 3MIMCHIOETHCS BIAMOBITHO 0 KpPH-
TepiiB TepmiHOBOCTI y JIMCTi OWiKyBaHHSI Ha TpaHC-
IUTaHTAaLil0 CYTUHHOTO aJIOTPAHCIUIAHTAaTa.

1) YpreutHuii — npoueaypa 3 NOPATYHKY KUTTS:

- KpOBOTEYa 3 CYIUHHOTO aHACTOMO3Y (iH(eKis,
BUKJIMKAaHA BIPYICHTHAM 30yITHUKOM);

- neekT M’IKUX TKaHWH HaJ CYIMHHUM aHaCTO-
MO30M/BUIUMHUM CYIMHHUN TPAHCILIAHTAT;

- iH(EKIS CyITUHHOIO TpaHCIIaHTaTa — MAIli€HT
3 MiABUIICHUMH Mapkepamu iHbekiii Ha (OHI aH-
THOIOTHKOTEPAITii.

2) YpreHTHUH — mporieaypa 3 MOPSITYHKY KIHITiB-
KH:

- KpUTHYHA i1IeMist KiHiBku (0116 y CHOKO1);

- KpUTUYHA iIeMis KiHIIBKY (Ae(eKT M’ SIKKX TKa-
HUH).

KinbkicTb
Number
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Pik
Year

Puc. 21. WopiyHa KinbkicTb CyanHHUX anoTpaHcnnaHTauin y Yecbkin Pecnyoniui
3a nepiog 2010—2020 pp. m — CBIKOBUAINEHI TpaHCcnNaHTaTn, M — KPiOKOHCEp-
BOBaHi TpaHcnnaHTatu, O — cyma.

Fig. 21. Annual number of vascular allotransplantations in the Czech Republic
2010-2020. m — fresh grafts, m — cryopreserved grafts, O — grafts total.

valid for nucleated cells (NC) [21] as well as high
post-thaw viable cell recovery and potency in both
autologous and unrelated allogeneic groups. In the
allogeneic group, the CFU-GM recovery showed
a steeper decline (median 60.26%) in cell potency
(Table 5, Fig. 19), which can be explained by de-
layed processing (usually after more than 24 hours)
due to the transport of HPCs collected at remote
Collection Facilities.

The JACIE/EBMT standards [40] require that
cryopreserved units be transported in a dry shipper.
Thawing at the patient’s bedside, performed by
the processing facility staff, has been recommended
for many years [101] and has been practiced by
us since the beginning of the transplantation pro-
gramme. Alternatively, thawing can be performed at
the Processing Facility and the product may be
transported under hypothermic conditions. We se-
lect this option in rare cases of post-thaw DMSO
reduction in high-risk patients, e. g., in cases of
primary or secondary amyloidosis [52].

Figure 20 shows the temperature records of
the transport of four HPC bags and of short-term
storage in the wards. The temperature increases
at the removal of each bag from the dry shipper;
nevertheless, it remains continuously below —150°C.
The EBMT limit for applied viable CD34-cell
doses is 2 x 10° cells/kg in autologous transplan-
tation and 4 x 10° cells/kg of the patient’s weight
in allogeneic transplantation [21].

If the volume containing more than 1 g DMSO
per kg of the patient’s body weight should be
infused to achieve these CD34*"-cell doses, the trans-
plantation must be divided over two or more days [35,
48, 81]. Such a situation is more likely to occur in
allogeneic transplantations, while in most autologous




3) HeyprenTHuii:

- iH(eKLis CyIMHHOTO TPaHCIJIAHTaTa, CIPUYKHE-
Ha 30yTHUKaMH 3 HU3bKOIO BIPYJIEHTHICTIO;

- XpOHIYHE iMIeMiYHE ypakeHHS M SKUX TKaHUH
(3axBOpIOBaHHS NEpUPEPUUHUX apTEPii);

- IMIUTaHTAIliS CYTUHHOTO JIOCTYIY.

3a0ip cymuH 3AIHCHIOIOTH CYIUHHI XIpypTd y
MYJIBTHOPTaHHHUX JIOHOPIB, NEPEBAXXHO 3 MEPTBHM
MO3KOM, B OIEpalifHUX 3aJaxX YIIOBHOBAXEHHX LIE€H-
TpiB TpaHCIIAaHTALil OpraHiB Ta CyIHH, IOTIM TpaHC-
TUIAaHTaTH TepeBo3sATh A0 TY MammHaMu IIBUAKOT
JOTIOMOTH 3 TIOJANbIIMM 3aHYPEHHSIM Yy pPO3YUH
JUIL KOHCEPBYBaHHS OpraHiB 3 JONaBaHHSIM TI'CH-
taminuHy. OOpoOka B UYMCTUX NOpUMIILEHHAX TY
MOYMHAETHCS 3 Je3iHgekuii 3a MmetonoM J. van Kats
[118] mporsirom 24 ToamH micist 3ab6opy. Hama cu-
cTeMa 3a00py TPAHCIUIAHTATIB BIIPI3HSETHCS BiJ po-
TIOBCIO/DKCHOI TPAKTUKM, KOJIM CYAWHU 3a0UpaioTh B
MPUMIIIEHHSX JUIT PO3THHY TICISI TPUBAJIOI XOJOJO-
BOi imemii [54], Ta JEMOHCTpPYe HU3BKUI PiBEHb BiJl-
OpaxoByBaHHs TpaHciuianrtaris (13% y 2023 p.). ¥V
2023 p. mid KIHIYHOTO 3aCTOCYBaHHS uepe3 Oak-
TepiabHe 3a0pyAHEHHS He OyJI0 BUIaHO 5 TpaHCILIAH-
TariB i3 39 310paHUX Ta KPiOKOHCEPBOBAaHUX (Ta0II. 6).

Y cyd4acHHUX MPOTOKOJIaX KpiOKOHCEPBYBaHHS
BUKOPUCTOBYIOTh nepeBakHo JIMCO, posBeaeHuit
y CEpelOBHINI s KYJIBTHBYBAaHHS TKaHHH, JaK-
tari Pinrepa, ¢izionoriunomy po3umHi abo Tas-
Maimiti. Mu HamaemMo mepeBary KomOiHamii 3 mo-
3aKIITHHHUM KpionporektopoM (puc. 22, A) Ta
BukopuctoByemo 10%-ii pozuus JJMCO, po3BeneHuii
y 10%-my pozumni I'EK 3 nomaBannsm HSA [110].
BuxopuctoByerscsi okpemuii konTeiHep «Kryo-CE
10K» (Taylor-Wharton, Himeuunna), pospaxoBa-
HUH g 30epiranHs 88 MmakeTiB 3 KPiOKOHCEPBOBA-
HUMH CyJMHaMH BHKIIOUYHO Yy a3l mapiB pigkoro
aszory (puc. 22, B). TpaHcIIaHTaTH BiJITyCKatOTHCS
JUTSL KITIHIYHOTO 3aCTOCYBaHHS BiJIIIOBIIaIHHOIO OCO-
6oto TY micnsa mepeBipku ictopii xBOpoOu mo-
HOpa, OIIHKK Pe3yJbTaTiB CepOIOTIYHUX, MIKPOOio-
JIOTIYHUX TECTIB JO 1 Micisi OOpOOKH, a TaKoX
IPOTOKOJIy PO3THHY. BiamymieHni TpaHCIUIaHTaTH
0CTaTOYHO MapKyroThcs 3a jgonomoror SEC, ixHi
napamMeTpy B aHOHIMHIH (opmi BHOCATH y TabIu-
II0, CHUTBHY JJIsl BCIX IEHTPIB, M0 OEpyTh y4acTh
y mpoekti. OgHOYacHO BCi JaHi MPO JTOHOPCTBO,
3a0ip, OOpOOKYy Ta pO3MOAT TKAaHWH TIEPENar0Th
no Bigpiny wmoniTopunry TtkaHumH KoopanHamii-
HOTO IIEHTPY TpPaHCIUIAHTAIll 3a JIOMOMOTOI0 MpO-
rpamuoro 3abe3neuens TISSIS.

TpaHCIUTaHTaTH MOXYTH JOCTAaBISITHUCS TUIBKH
B YIOBHOB&XEHI KIHIYHI TICHTPH TpaHCIUIAHTA-
mii Juis iMIUIaHTanii mamieHTaM, sKi paHime Oyiu
BHeceHi Jio Jlucta odikyBaHHS Ha CYJUHHY TpaHC-
ranTamnito. TpaHCTOpTYBaHHS 3IHCHIOETBCS B CY-
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Puc. 22. TexHonoriyHa onepauia 3i 30epiraHHs KpiOKOH-

CepBOBaHMX TPaHCMMaHTaTiB: Benvka MigwkipHa BeHa
B KPIOKOHCEPBYIOUOMY pO34MHi, 3anasiHa B MOABINHWUA
nonieTUrneHoBMN nNakeT Ans  3amopoxyBaHHA «EVA»
(Maco Biotech, ®paHuisi) (A); pobota 3 meTanesumu Ka-
ceTaMu [Ofsl 3aXUCTy MakeTiB 3 TpaHCnnaHTatamu, siKi
3bepiraloteC B Manomy KoHTerHepi «KryoCE10K»
(Taylor-Wharton, Himeuyuunna) (B).

Fig. 22. Technological operation for storage of cryopre-
served transplants: a large subcutaneous vein in
cryopreservative solution, sealed in a double polyethylene
bag for freezing «EVA» (Maco Biotech, France) (A);
the work with metal cassettes for protecting packages
with transplants stored in a small KryoCE10K container
(Taylor-Wharton, Germany) (B).

transplantations, the daily DMSO dose is far
below the EDQM limit [35]. It is a rule in the JACIE
system that the applied HPC doses and achieved
engraftment times in neutrophiles and platelets are
continuously monitored [82] and that their comp-
liance with EBMT recommendations [21] is eva-
luated quarterly. Once a year, a summary of clinical
results is reported to the EBMT office.

Cryopreserved allogeneic vascular grafis vascular
tissue transplantation programme

Cryopreserved vascular grafts are available
worldwide from cryotechnology companies or from
non-profit tissue banks, such as the European Ho-
mograft Bank in Brussels [41, 54]. Alternatively,
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XOMY KOHTEHHEp1 MallIMHOIO IIBUIKOT JOTIOMOTH KOM-
nauii, mo Mae minensito TY. TloBiteHE po3Mopo-
KYyBaHHA 3a 3arajJbHONPHUHHATUM HPOTOKOJIOM
(mBi TOAMHYM B XOJOMWIBHHUKY JUIS YHUKHEHHS PO3-
TPICKYBaHHSA CyOWH) 3aiiicHIoe mepcoHan llenTpy
TpaHciuiadTarii. Iliciost po3MopokyBaHHS —oOmepa-
IiifHa MeAcecTpa BHWMMAae TpPAaHCIUIAHTAT 3 Kpio-
nakera Ta MOMilIae Horo B TOMEPEIHBO OXOJOJI-
JKEHOMY pO3YHMHI JUIsi KOHCEPBYBAaHHS OpTaHiB 10
MOMEHTY iMIUTaHTamii. PeuumieHT oTpumye imy-
HOCYIIPECII0 BIAMOBIAHO JO 3arajbHOIPHIHSATO-
r0 MPOTOKONY HH3BKOJO30BOi 1MYHOCYNPECHBHOL
Tepamii 13 3acToCyBaHHS Ipemapary TaKpoJIi-
myc («IIporpad»/«Ansarpad» (Astellas Pharma,
SAnoHisn)).

1. JIms TpaHCIUTAaHTATIB, IMIUIAHTOBAaHUX 3 IIPH-
BOIY KPUTHUYHOI 1MIeMii HIKHIX KiHIIIBOK, IMyHOCY-
MIPECI0 MPU3HAYAIOTH 3 TIEPIIIOT TOOH ITiCIIs OTIepartii.
[TamienTam 3 iHGEKIIE, SIKI OTPUMYIOTH aHTH-
OloTHKOTEpamito, IMyHOCYNPECiI0 MPHU3HAYAOTh Ha
ChOMY H00Y ITICTIS OTIepartii.

2. MoHoTeparis mpenaparoM TaKpoIiMyc 3 HiJIbO-
BOIO KOHIICHTPAIIEI0 Y TUIa3Mi KpoBi 4—7 HI/MIIL.

3. IlpoTarom mnepumwioro pokKy JiKyBaHHS piBHi
iMyHocympecii Ta QyHKIil HIPOK JOCTIKYIOTBCS 3
iHTEepBaIoM 3 MicCsLi, Y TOAANBLUIOMY 3 1IHTEPBAJIOM
6 MiCSAIB.

4. 3a BIICYTHOCTI KIIIHIYHHUX O3HAaK BiITOPTHEH-
HS TpaHCIUTaHTara ado 3a TaHWUMH KOMII FOTEPHOI TO-
Morpadii mo3y 3HmKy0Th 10 0,5 Mr Ha KOOy Yepe3
24 wicami (mpu MiHIMaJIBPHUX KOHIICHTpAIlAX ¥
1a3Mi KpoBi).

5. Jlmst martieHTiB, SKi HE B 3MO31 KOHTPOJIOBATH
piBerp mnpenapary «lIporpad», aasTepHaTUBOIO €
«Cangimyn» (uuknocnopu A) ¢ipmu «Novartis»
(IIBetinapis) y 1031 2 x 25 ML,

6. IlamienTam 3 TPOrpecyrOYMMH 3aXBOPIOBAH-
HSIMH HUPOK IMYHOCYIIPECil0 NMpU3HAYaroTh iHIUBI-
JyaJbHO.

Ha puc. 23 mokaszana mopidHa KiTbKICTh Kpio-
KOHCEPBOBAHMUX TPAHCIUIAHTATIB Ta KiJIbKICTh TPAHC-
IJIAHTATiB, JOCTaBICHUX MJIA KIIIHIYHOTO 3aCTOCY-
BanHa y 2013-2022 pp., HA puc. 24 — KUIBKICTh
TpPaHCIUIAHTATIB, IO 3aJWIIWIACS y CXOBHUII. Bo-
geBuah, mo y 2021 Ta 2022 pp. HaA IIi TTOKA3HUKH
BumHyna naggemiss COVID-19. ¥V tabn. 6 nasene-
Ho AaHi 3a 2023 p., sKi CBiAYaTh NpO MOBEPHEHHS 10
JIOTIaHAEMIYHOTO PiBHSL.

PyTunHe TecTyBaHHS JKMTTE€3JATHOCTI KIITHH
CYOMHHOI CTiHKM KPIOKOHCEPBOBAaHUX TPAaHCIUIAH-
TaTiB TMichs BiOirpiBaHHA HE MNPOBOAWIN. 3 Me-
TOI0 Bamimamii OyJ0 TPOBEACHO TECTYBAaHHS IIIe-
CTH KpPIOKOHCEPBOBAaHMX BEIMKHUX MIAMKIPHUX BEH
MoaudikoBanuM MetomoMm S. Johnson i P. Rabino-
vich [55], skuii Oa3yeTbcs Ha 3a0apBiCHHI in Situ
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YXutTtesnaTtHicTb
Viability
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Pik
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Puc. 23. LLopiyHe BMKOPUCTAHHA KPIOKOHCEPBOBaHUX Cy-
OVHHUX TpaHcnnaHTaTie. @ — CT npuiHATI Ha 36epiraHHs,
O — signyweHi CT.

Fig. 23. Annual number of cryopreserved VT units used.
m — VT admitted for storage, o — VT delivered.

decellularised vascular allografts or xenogeneic
prostheses are used [23].

The Czech programme of transplantation of
cryopreserved allogeneic VT was started in 2014
after the accumulation of a sufficient stock of dif-
ferent types of vascular grafts (great saphenous
veins, aortic bifurcations, iliofemoral arterial grafts).
They were collected from deceased donors with
different blood groups after checking that the po-
tential donor was not included in the National Re-
gister of Persons Rejecting Postmortem Organ and
Tissue Donation and providing information to the
donor’s family (a soft variant of presumed consent).
The size of the transplantation programme is shown
in Figure 21, along with the number of the propor-

YXutTtesnaTHicTb
Viability

Pik
Year

Puc. 24. llopiyHe BuKOopUCTaHHSA KkpiokoHcepsoBaHux CT,
LLIO 3aMMLLNINCS Y CXOBULLI Ha KiHELb POKY.

Fig. 24. Annual number of cryopreserved VT units remaining
in the stock at the end of the year.




Tabnuusa 6. Tvnu cyguHHUX TPaHCNNaHTAaTIB, Ski Oyny KpiOKOHCepBOBaHI i BUAaHi Ans KniHiYHOro 3actocyBaHHA B 2023 p.
Table 6. Types of vascular grafts cryopreserved and delivered for clinical application in 2023

Tun TpaHcnnaHTaTa KpiokoHcepBOBaHi TpaHcnnaHTaTu BupaHi TpaHcnnaHTaTtn
Type of graft Cryopreserved grafts Delivered grafts
Bidhypkauia aoptun 8 3
Aortic bifurcation
pyAaHwiA Bipgin aopTtn
B 1 0
Thoracic aorta
TpaHcnnaHTaTt KNy60oBO-CcTerHoBoi apTepii 6 2
lliofemoral arterial graft
HukHA NopoxHUCTa BeHa
. ; 1 0
Vena cava inferior
TpaHcnnaHTaT KNy60BO-CTErHOBOT BEHM 0 1
lliofemoral venous graft
Benuka nigwkipHa BeHa
; 23 16
Great saphenous vein
Bcboro
Total 39 22

(IyopecleHTHIMH BiTAIBHUMHU OapBHUKaMH Ta
3acToCyBaHHI KOH(OKanpHOI Mikpockomii [78]. 3a
pesynpraTaMy I SITUPIYHOTO  JOCTIIKEHHS Kpio-
CTIMKOCTI CynWH, SIKi BigirpiBaju MOBUIBHO (Y XO-
JIOAWIBHUKY MPOTATOM JIBOX TOIWH) Ta IIBUAKO (Ha
BonsHiA Oani mpu 37°C), Oyno mokazaHo 30epe-
JKEHHICTh BHCOKO{ JKHTTE3ATHOCTI KITHH (Tabm. 7,
puc. 25), MO Ja€ BIEBHECHICTh Y TPaBIILHOCTI
CTaHIAPTHOIO IPOTOKONIY IOBUIBHOIO PO3MOPOXKY-
BaHHA. JKHTTE3MATHICTD OIIHIOBAIN HA TIOMICPEUHUX
3pi3aX PO3MOPOKEHMX BEHO3HUX aJOTpaHCILIaH-
TariB [78].

[licns BuUNMCKM mMAali€eHTa 3 JIKapHi 3BiTH HPO
KIIHIYHI pe3ynbTaTi HaacuiaoTh Hazan 1o TY. Jlos-
TOCTPOKOBI KJiHIYHI e€()eKTH OLiHIOE pobdoda rpymna
Yecbkoro TOBapHCTBAa CEPLEBO-CYAMHHOI Xipyprii
3 mutanb 3aMiHd CT, sgKa TakoK 3I1MCHIOE HaIVIsI
3a BCIM IIPOEKTOM.

tions of transplanted fresh and cryopreserved
grafts in 2010-2020. A total of 501 allotransplan-
tations were performed during this period. The main
indications are critical low limb ischaemia in patients
who lack autologous conduits, poor outflow tract and
ischaemic gangrene, and presenting with infection
of the vascular prosthesis [60]. The allocation of the
grafts is managed according to urgency criteria on
the Waiting list for vascular allograft transplantation.

1) Urgent — life saving procedure:

- Bleeding from vascular anastomosis (infection
caused by virulent pathogen);

- Soft tissue defect above vascular anastomosis/
visible vascular graft;

- Vascular graft infection — patient with elevated
infection markers on antibiotic therapy.

2) Urgent — limb saving procedure:

- Critical limb ischemia (rest pain);

Tabnuusa 7. XKuttesgaTtHiCTb KMiTUH CTiHKM CyaQuH Nicns BigirpiBaHHs
Table 7. Post-thaw viability of cells of the vessel wall

MokasHukn
Indicators

HuTTesnaTHICTb KNITUH 3a YMOB MOBINbLHOIO
BiflirpiBaHHA, %
Cell viability (slow thawing), %

MuTTespaTHICTb KNiITUH 3a YMOB LUBMAKOrO
BiflirpiBaHHA, %
Cell viability (rapid thawing), %

CepefiHe 3Ha4yeHHA

Mean 87,70 85,50
CraHpapTHe BigXWneHHA 11.30 16.7
SD ! ’
MepiaHa
Median 91,03 94,0
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Puc. 25. XutTesgaTHIiCTb KMiTUH CTIHKA CyOuvHM Micns
BigirpiBaHHs Yepe3 5 pokiB 36epiraHHs. 1 — LwBKUake Biair-
piBaHHSA, 2 — noBinbHe BigirpiBaHHs.

Fig. 25. Post-thaw viability of cells of the vessel wall after
5 years of storage. 1 — rapid thawing, 2 — slow thawing.

BIIV/IMB KJITHIYHUX NOTPEB HA CTPYK-
TYPY TA TEXHIYHY BA3Y KPIOBAHKY

Posmip 1 croenugiuHi BHMOIM [0 MpOrpam
KJIIHIYHAX TPaHCIUIAHTAIIH € KPUTHYHAMHU I1apa-
MeTpaMH ISl TIPOEKTYBAHHS TIPUMIIIEHHS KpioOaH-
Ky, BHOOpY BIiJIOBIIHOrO OONagHAHHS Ta PO3IIO-
TUTPHUKIB pigkoro aszory. CTpykTypa KpioOaHKY
MMOBUHHA TapaHTyBaTH O€3IeKy IIepPCOHAIy Kpio-
0aHKy Ta CTaOUIBHICT MapaMeTpiB HaBKOJIMIIHBOTO
cepefoBHIia. MU OEMOHCTPYEMO BHUPILICHHS LUX
MUTaHb Ha MPHUKIAAI KpioOaHKYy YHIBEpCHTETCHKOI
mikapHi M. ['panens-Kpanose.

Cmpykmypa kpiobanxy ma uozo 3abe3neuenms
SAKICHUM PIOKUM A30MOM

IIpumimennss kpiobanky [74] po3TamioBaHe Ha
TIepIIOMY ITOBEPCi, BOHO BiIOKpeMJICHE Bia KITiHiY-
HUX BIJJIUICHb Ta ITOCTYITHE Yepe3 IepCOHaTbHUI
KOpHIIOp 1 TexHIUYHWUH BXim (puc. 26), sSKAH MoOXKe
BUKOPHUCTOBYBAaTHCS JJISi 3aBaHTaXEHHS Ta PO3-
BaHTAXXCHHS BEJIIMKOTA0APUTHOTO 1 BaXKKOTO TEX-
HiyHOTO OOmanHaHHs. Lleit BXim Takok Moxe OyTd
BUKOPUCTAHHM JIJIS aBapiiHOT BEHTHIIAIIT y BUNAJIKY
MAacCUBHOTO BUTOKY PIJIKOTO a30Ty BCEpEIUHI Kpio-
OaHKy.

Po3ramoBanuii mopyu BepTUKaIbHHUH pe3epByap
VT 11 (Chart Ferox, UP) BHKOpHCTOBY€THCSA IS
30epirands 10 T pigKoro a3oTy Ta 3’€IHAHMIA 3 Kpio-
0aHKOM i30ThOBaHMM TpyOompoBomoMm (puc. 27).
TememeTpuyHM HADISAM 3a HUM 3IIHCHIOE ITOCTa-
YaJIbHUK, KU Mae ceprudikaT Ha BHPOOHHUIITBO
MEIMYHUX Ta3iB. TpyOOIpOBiJ 3alOBHIOETHCS Pif-
KUM a30TOM JIMIIE TOJi, KOJIM 3IiHCHIOEThCA HOTo
nepekadyyBaHHs, 3a3BUYail OBi4i HA THXKAEHb. MiHi-
MajJbHa Maca 3aJUIIKy PIJKOTO a30Ty BCTAHOBJICHA
Ha piBHI | T, a J03ampaBKa 3a3BUYail BUKOHYETHCS 3
iHTEepBaJOM B OOWH Micsub. [locTiliHe 30ibIICHHS
CTIO’KMBaHHS P1KOTO a30Ty MOKa3aHO Ha puc. 28.
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Puc. 26. TexHiyHWI BXig A0 KpiobaHKy.
Fig. 26. The technical entrance of the cryobank.

- Critical limb ischemia (soft tissue defect).

3) Normal:

- Vascular graft infection caused by pathogens
with low virulence;

- Chronic ischemic defect of soft tissues (PAD);

- Vascular access implantation.

The vessels are collected by vascular surgeons
from multi-organ, mostly brain-dead donors in the
operating rooms of authorised Organ or Vascular
Transplantation Centres and transferred to the TE by
ambulance, immersed in organ preservation solution
with the addition of gentamycin. Processing in the
clean rooms of the TE begins with decontamina-
tion according to the J. van Kats method [118]
within 24 hours of the harvest. Our system of graft
collection differs from the practice of many
authors, who collect vessels in autopsy rooms after
a long cold ischaemia time [54] and shows a low
graft discard rate (13% in 2023). In 2023, of the

Puc. 27. 3’eaHaHHsA kpiobaHKy 3 pe3epByapoM Ansi 36epi-
raHHsi pigKoro asoTy 3a [JOMOMOrOK i30NbOBaHOrO Tpy-
Gonposoay.

Fig. 27. Connection of the cryobank with the liquid nitro-
gen storage tank by the insulated pipeline.
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39 collected and cryopreser-
ved grafts, only 5 were not
released for clinical application
due to bacterial contamination
(Table 6). Current cryopre-
servation protocols use mostly
DMSO diluted in tissue culture
media, Ringer’s lactate, phy-
siological saline solution or
PlasmaLyte. We prefer a com-
bination with extracellular
cryoprotectant (Fig. 22A) and
use 10% DMSO solution di-

Yo luted in 10% HES solution
Puc. 28. LllopiuHe CMOXMBAHHS PIOKOro a3oTy: M — KifbKCTb, NiTpU, O — with the addition of HSA [110].

BapTiCTb, EBPO.

Fig. 28. Annual liquid nitrogen consumption: m — quantity of liquid nitrogen,

litres, o — cost of liquid nitrogen, euro.

[Ipoctip camoro kpiobanky (puc. 29) 3Haxo-
TUTBLCS MM TOCTIHHUM BiI€OCIIOCTEPEIKEHHAM. [H-
dopmarriss mMpo BHYTPINTHIO TEMIIEPaTypy, piBEHb
pIOKOTO a30Ty Ta MIOJACHHE BHUKOPHCTAHHS PiIKO-
TO a3oTy, IO BimOOpakaroThCSA HA AWCIUICT, 3aIlh-
CYIOTbCS BpY4YHY OJMH pa3 Ha 100y B KypHaIH
JAaHUX, PO3MIIICHI Y BEpXHiM YaCTHHI KOXKHOTO KOH-
teiinepa. [lpumimeHHs KpioOaHKy BiZOKpeMIeHe
BiJl CyMDKHMX NpUMIIlEHb IBEpUMa 3 KOHTPOJIEM
JOCTYIy 3a JIOTIOMOTOI0 TEPCOHAIBHHUX EJIEKTPOH-

A separate Kryo-CE 10K con-
tainer (Taylor-Wharton, Ger-
many) designed for storage of
88 bags with cryopreserved
vessels in the liquid nitrogen
vapour phase is used exclusively (Fig. 22B). The
grafts are released for clinical application by the
responsible person of the TE after checking the
donor’s clinical history and evaluating the results
of serological tests and microbiological tests before
and after processing, as well as of the autopsy pro-
tocol. The released grafts are finally labelled using
the SEC, and their parameters in anonymised
form are included in the table shared by all centres
participating in the project. Simultaneously, all

Puc. 29. lMNpumilleHHsa kpiobaHKy 3 KOHTerHepamu Ansi 30epiraHHst pigkoro asoTy Ta Pe3epBHUMMM EMHOCTAMWU AN
piakoro asoty (A) Ta BENWKi KOHTeNHepn 3 MigHUM Tennosum wyHTom MVE 1400 series («Chart MVE», CLUA), wo Buko-

pucToBytoTbCsa Ans 36epiraHHsa KM (B).

Fig. 29. Cryobank with liquid nitrogen storage containers and liquid nitrogen backup containers (A) and large MVE
1400 series containers (Chart MVE, USA) with copper thermal shunt used for HPC storage (B).

i
%
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Puc. 30. [IBepi kpiobGaHKy 3 iHCTPYKLisIMM OO0 BXo4y Ta
nonepegxysaneHnuMmn etuketkamn (1). MNopyy 3 aBepvMa
3apsaaKeHUN Cyxui KoOHTenHep (2).

Fig. 30. The cryobank door with entry instructions and
warning labels (1). Next to the doors is a charged dry
container (2).

HUX KapTok. Ilopyu 3aBkau 3HAXOmUThCS 3apsii-
XKEHUH CyXUH KOHTEHHep, KU BUKOPUCTOBYETHCS
JUIS TICPEMIlICHHS KJITHH Ta TKaHWH BCEpEAUHI
mikapHi (puc. 30). B okpemoMy npuMilieHHi 31ii-
CHIOETHCSI MOHITOPHHT TEMIIEpaTypd Ta PiBHS pil-
KOTO a30Ty BCEPEAMHI Oi0JIOTIYHMX KOHTEWHEPIB Ta
napameTpiB HaBKOJWIIHBOTO CEPEAOBHINA B Kpio-
Oanky (puc. 31).

IIpumimenHs kpiobaHKy 00IaTHaHE PUMYCOBOIO
BeHTWIAIIE€!0. OCKUTEKY TTapH PITKOTO a30Ty BaXKdi
3a TIOBITPS, BOHU BiIBOIATHCS 3 HIDKHBOI YACTHHHU
MIPUMIIIICHHS KPi00aHKy, a CBI)KE TIOBITPSI TTOJAETHCS
31 cTeni y BepTUKaIbHOMY Hampsmky [75]. Hactin-
Hi kucHeBi MoHiTopu «Polytron» (Draeger, Himeu-
YMHA) PO3MILIYIOThCS Ha BHUCOTI mpHOmu3HO 1 M
HaJ MiAJIorol0 OaHKy, BMICT KUCHIO B armocdepi
BUMIPIOETBCSA Ta PEECTPYETHCS 3 I’ SITUXBUIMHHUMH
IHTEepBaJaMH.

VY pasi BiACYTHOCTI CIiBpOOITHHUKIB y KpioOaHKy
TPUBOXKHI CHUTHAJIM IEPENalOThCcs UYEproBoMy IIep-
COHaJly, IUCTAHIIIHE CIIOCTEPEKEHHS 3a KOHTPO-
JIbOBAaHUMU IapaMeTpaMH 3H1MCHIOETHCS LIEHTPalb-
HOIO TEXHIYHOIO CITy)kK0010 JTiKapHi. Takok BeAeThCS
TUCTAHITIHHE BIJICOCIIOCTEPEKCHHS 32 TIPUMIIICH-
HAM KpioOaHky. Kopumopn oOmamHaHi AWXaaTbHUMH
armapartamy JAJisl IepCoHaly Ta 3abe3nedeHi IHCTPYK-
LisIMH 3 KpioreHHOi Oe3neku. Y caMux KpioCXOBH-
IIax TaKoXK € 3aXHCHI MacKH, pyKaBUUKH Ta Qap-
Tyx# (auB. puc. 22, B).
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Puc. 31. Bigyanisauis 3Ha4yeHb TeMnepaTypu Ta piBHs pia-
KOro asoTy BCepeauHi KOHTEeNHepiB 3 GionoriyHMMu peyo-
BHamu. [MonepemxyBanbHi 3HaYeHHA BUAIMEHI >XOBTUM
KOMbOpPOM, aBapiiHi — YepBOHUM.

Fig. 31. Visualisation of temperature values and liquid
nitrogen levels inside the containers with biological
substances. Alert values are labelled yellow, alarm levels
are labelled red.

data on tissue donation, harvest, processing, and
distribution are referred to the Tissue Monitoring
Unit of the Transplantation Coordination Centre via
TISSIS software.

Puc. 32. PesepByapu «Eurocyl 230 LP» (Chart-Ferox,
Yecbka Pecnybnika), po3milleHi BcepeauHi KpiobaHky Ta
3’eAHaHi 3 TpyboONpoBOAOM piaKOro asoTy 3a AOMOMOroK
i30MbOBAHOIO LUNAHTry.

Fig. 32. Eurocyl 230 LP vessels (Chart-Ferox, Czech

Republic) placed inside the cryobank are connected with
the liquid nitrogen pipeline by an insulated hose.




Tabnuusa 8. Manifestation of oxygen deficiency risk description at atmospheric pressure
Table 8. NposBK KNCHEBOI HEAOCTATHOCTI NPU aTMOCHEPHOMY TUCKY

BmicT kucHio B atmocdcepi, 06. % MpoABK KNCHEBOT HepocTaTHOCTI
Atmospheric oxygen content, vol % Effect and symptoms
11-14 3HWKEHHA (i3nyHOI Ta iHTeneKTyanbHOl NpauesngaTHocTi 6e3 yCBifOMIIEHHA NIOANHOK
Diminution of physical and intellectual performance without the person’s knowledge
8-11 MonuBicTb BTpaTh CBIAOMOCTI YEPE3 KOPOTKUIA MPOMIXKOK Yacy 6€3 nonepearyBanbHUX CUMNTOMIB
Possibility of fainting after a short period without warning
6-8 HenpuToMHicTb Yepes KinbKka XBUIWH; MOXIIMBA peaHiMalif, AKLO AiATU HeranHo
Fainting within a few minutes; resuscitation possible if carried out immediately
0-6 Maitke MUTTEBA HEMPUTOMHICTb NPU3BOAUTL A0 CMEPTI MO3KY HaBiTb Y pasi peaHimauil
Fainting almost immediate, causes brain death even if resuscitated

30HM 3 pUBHKOM Ae(iUUTYy KUCHIO (caM Kpio-
0aHK, IEHTpajbHAa KiMHaTa MOHITOPHHTY Ta IpH-
nerna Kpiomabopatopisa kimacy C) 4iTko mo3HaueHi
Ta oONagHaHi HACTIHHUMH KHCHEBHUMH MOHITOpA-
mu. CBiTIIOBa CHTHaTI3allisl PO3MIIICHA Ha BX1ITHHUX
IBEpSX Ta 3’€IHAHA 31 3BYKOBUMH CHTHAJaMHU TPH-
Boru. bimst mBepedl po3milieHa TaOIWIA 3 y3arajb-
HEHOK iH(OpMaILi€l0 NMPO PU3MKH AeDILUTY KHC-
HIO (Tab6m. 8) [124], a Ha ABEPSIX PO3MIIIEHI KOPOTKI
MOTIEpePKeHHS Ta IHCTPYKLIi Moo Oe3MeKnu BXOay
y npumitienHs (aus. puc. 30).

Pigkuii a3or momaeThcst 3 130JILOBAHOTO TPY-
OonpoBony 1o HeBenukux (230 1) pe3epByapiB HU3b-
koro THcky «Eurocyl 230 LP» (Chart Ferox, Yecbka
PecryOmika), sxi posMimieni BcepenuHi (puc. 32).
KonreitHepn s 30epiraHHs KpiOKOHCEPBOBaHHUX
KJIITHH Ta TKaHWUH (TUB. pUC. 29) 3alI0BHIOIOTHCS aB-
TOMATHYHO 3 ITUX MaJUX PEe3ePByapiB Iy 30epiraHHs
pimkoro azory. lIpencrasieHe pimieHHS € aJbTEpHA-
THUBOIO TIMPOKO PO3MOBCIOKEHOMY TMPSMOMY TIiJI-
KJIFOYEHHIO TPyOOIIpOBOAY A0 KOHTEHHEpPIB a1 30e-
piranHs Giomarepiany Ta Mae psij MepeBar, a caMe:

- YCYHEHHS PU3UKY HAJMIPHOTO BHUTOKY PiJKOTO
a30Ty B pasi MOLIKOMHKEHHsI TPyOOIpoBOAY 330BHI
abo BcepenuHi OaHKY;

- 3HIDKCHHS] pU3UKY HaJIMipHOTO BHUTOKY DiJJKOTO
a30Ty BCepenuHi KpioOaHKY, CIPUYMHEHOTO BTPATOIO
BaKyyMy, OCKUTBKH OIHOYACHE TOITKOIKCHHS OLTHITT
HIXK OTHOTO pe3epByapa «Eurocyly» € MasoiMoBipHIM;

- MOOUIBHICTE pe3epByapiB «Eurocyl» — ix
MO)KHA BiJl’€THATH BiJ KOHTEWHepa s 30epiraHHs
OlOJIOTIYHUX MaTrepiaiB Ta BUKOPHCTOBYBAaTH 5K
JIBTePHATHBHE JKEPENIO TIOCTAYaHHS PiJIKOTO a30Ty
B pa3i MOIIKO[KEHHsSI 30BHIIIHLOTO pe3epByapa, a
TaKoX 1X MOKHA MEPEHECTH Pa3oM 3 Ol0NOriYHUMHU
KOHTEHHEpaMU JI0 1HIIIOTO KPioOaHKY.

The grafts can be delivered only to authorised
Clinical Transplantation Centres for implantation in
patients who were previously included on the vas-
cular transplantation waiting list. Transport is
performed in a dry shipper by the ambulance of
the company with the TE licence. Slow thawing
according to common protocol (two hours in the
refrigerator, which avoids vessel cracking) is per-
formed by the staff at the Transplantation Centre.
After thawing, the operating nurse removes the
graft from the cryobag and keeps it in the precooled
organ preservation solution until implantation. The
recipient receives immunosuppression as prescribed
by the common low-dose immunosuppressive pro-
tocol with tacrolimus (Prograf/Advagraf (Astellas
Pharma, Japan)).

1. For grafts implanted for critical limb ischemia
(CLI), immunosuppression is given from the 1% post-
operative day. In patients with infection on anti-
biotic treatment, it is given on the 7" post-operative
day.

2. Monotherapy of tacrolimus is used with target
levels of 4-7 ng/ml.

3. The levels of immunosuppression and renal
functions are examined in three-month intervals in
the first year, then in six-month intervals afterwards.

4. If there are no clinical or CT signs of graft
rejection, the dose is reduced to 0.5 mg a day after
24 months (at minimum plasma concentrations).

5. For patients who are not able to control the levels
of Prograf, Sandimmun 2 x 25 mg (Cyclosporin A)
by Novartis (Switzerland) is an alternative.

6. Patients with advanced renal disease are immu-
nosuppressed individually.

The annual number of cryopreserved grafts and
the number of grafts delivered for clinical appli-
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Baoicnugicms  cmeopenns cmabinvuux napame-
MPi8 HABKOMUWHBbO2O CEPeO0BUUIA BCEPEOUHI KPio-
bawnxy

[ligTpumaHHs TemmepaTypyd i BiZHOCHOI BOJIO-
TOCTiI B MEXKax eKCIUTyaTaIlifHUX HOPM IS KOHTCH-
HEpIiB 3 PIAKAM a30TOM, BH3HAYCHHUX BHPOOHHKOM,
BuUMarae e¢(GeKTUBHOTO KOHIHUITIOHYBAaHHS IOBITPS,
HaBiTh y KpaiHax 3 M’sAkuM KiiMaroMm. EdekruBHa
MIPUMYCOBa BEHTHJIAIIST HE0OX1THA IS T ATPAMAaHHS
Oe3reyHoro piBHSA KHCHIO B atMocdepi. ITiarpumka
HaJIKHOTO (YHKIIOHYBAaHHA CHCTEM BEHTHJISMLI]
Ta KOHAWI[IOHYBaHHS TMOBITPsS BUMarae MOCTiHHOTO
MOHITOPHHTY Ta peecTpauii TemmepaTrypu, BiJHOC-
HOi BOJIOTOCTI Ta piBHA arMOc(epHOro KHCHIO
(muB. puc. 31). PiBeHp KHCHIO cHliJ peecTpyBaTH
yepe3 AyKe KOPOTKI TMPOMIDKKH dYacy, OCKUIbKA
BXE Yepe3 KiIbKa XBUJIMH KHCHEBOTO TOJIOyBaHHS
MO30K JTIIOMUHU MOXKE OyTH CepiHO3HO IMOTKOKEHUH.

BBaxaerbcsi HEOOOB’SI3KOBUM BH3HA4YaTH CTY-
MMHb YUCTOTH CEpeloBHUINA KpioOaHKy, OAHAK MH
PEKOMEHIIyEMO TIPOBOIWTH NpPWHAWMHI ii Bajima-
IO MIIAXOM TiAPaxyHKy YaCTHHOK Ta aepOCKOITi 3
METOI0 OIIIHKA pU3WKy Ta/abo 3amoliraHHs Oak-
TEpiaIbHOTO 3a0pyIHEHHS TOBITPSIHO-KPAIEITbHUM
LUISIXOM KOHTEHHEpIB [is 30epiraHHs.

Oyinka ma YnpasninHa pusuxom oeghiyumy
Kucnio 6 ammocgepi. Bei iHCTpykmii 3 Oe3mexu
Uil Hane)kHoi Ta OesmeyHoi poOoTH KpioOaHKY
1 TpaHCTIOPTYBAaHHS KPiOKOHCEPBOBAHHUX KJIITHHHUX
Ta TKAHWHHHUX TIpernapaTiB A0 KIiHIYHUX BiIIUICHb
MMOBHWHHI OyTH BUKIANeHI B 3arajhbHOMY IUTaHI 3
Oe3reKu Mmpu PoOOTI 3 PIAKMM a30TOM, CKIIaJICHO-
My BignoinHo 10 crangaptis JACIE/EBMT. Haii-
BaXIMBIMIOID 0COONIMBICTIO HEOE3MeKn KHCHEBOI
HEJOCTaTHOCTI € Te, Mo ac(ikcis HAacTae MIBHIKO,
0e3 BHUHUKHCHHS HETaWHUX TMOMEPEKYBaTIbHIX
CHUMIITOMIB y TOTeHUilHO1 >xepTBu [17, 124] (nuB.
Tabn. 8). Yecbke 3aKOHOJABCTBO BCTAHOBIIIOE TPHIA-
HSITHI IOKa3HUKW KUCHIO Ha piBHI 19,9% s Barit-
HUX JKIHOK 1 mited Ta 18% Ui pemTd HaceleHHS
[75]. Ocranns Bepcis pexomenpariii EDQM [35]
BCTAHOBITIOE HAWHIKYHNA TPUHHATHUAN piBeHb Y 19%.

HapantaskeHHS MPOCTOPY KpioOaHKy Tra3oromio-
HUM a30TOM, III0 BUMAPOBYETHCS, MOKHA PO3paxy-
BaTH Ha OCHOBI BiIOOpakK€HUX Ta 3apeECTPOBAHUX
naHux (auB. puc. 29) 1000BOro BUKOPUCTAHHS Pij-
KOTO a30Ty:

V(G)=|:(7Z'X}’2)><hL:|X683,

ne V(G) — 06’ eM ra3onoaioHoro a3oTy ,M*; 7 — Jmc-
1o Jrononbda; » — BHYTpiLHIN pagiyc KoHTelHepa
ISt 30epirans, M; h, — n000Be BUKOPUCTAHHS PiJl-
KOTO a30Ty, M; 683 — ra3zoBuii (pakTOp IS PiAKOTO

a30Ty.
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cation in 2013-2022 are shown in Fig. 23, and the
number of grafts remaining in stock in Fig. 24.
It is evident that in 2021 and 2022, these numbers
were influenced by the COVID-19 pandemic. Table
6 shows data from 2023 that indicates the return
to pre-pandemic levels.

Routine post-thaw viability testing of the cells
of the vascular wall of cryopreserved grafts is not
performed. For validation purposes in six cryo-
preserved great saphenous veins chosen for audit,
we used the modified method of S. Johnson and
P. Rabinovich [55] based on in sifu staining with
fluorescent vital dyes and the use of confocal
microscopy [78]. The results of this five-year cryo-
stability study of vessels thawed slowly (in a refri-
gerator for two hours) and rapidly (in a 37°C water
bath) demonstrated good preservation of cell viability
(Table 7, Fig. 25) and provides confidence in the
routine slow thawing protocol. Viability was assessed
at perpendicular cuts (cross-sections of the thawed
venous allografts) [78].

Reports on the clinical outcomes are sent back
to the TE after discharging the patient from hos-
pital. Long-term clinical effects are evaluated by
the working group for VT replacement of the Czech
Society for Cardiovascular Surgery, which also
supervises the entire project.

IMPACT OF CLINICAL NEEDS ON THE
DESIGN AND TECHNICAL BACKGROUND
OF THE CRYOBANK

The size and specific requirements of clinical
transplantation programmes are critical parameters
for designing the cryobank premises and selecting
suitable equipment and liquid nitrogen distributors.
The cryobank design must guarantee the safety of
the cryobank staff and stable environmental para-
meters. We demonstrate solutions to these issues
with the example of the cryobank at the University
Hospital Hradec Kréalové.

Cryobank design and its supply by high-quality
liquid nitrogen

The cryobank [74] is located on the ground
floor, separated from clinical departments and
accessible through a personal corridor and the
technical entrance (Fig. 26), which can be used for
loading and unloading large and heavy technical
equipment. This entrance is also usable for emer-
gency ventilation in the event of a massive liquid
nitrogen leak inside the cryobank.

An upright tank VT 11 (Chart Ferox, Czech
Republic) located nearby is used for storage of
10 tons of liquid nitrogen and is connected to the
cryobank via an insulated pipeline (Fig. 27). It
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Puc. 33. TemnepaTypHuil pexum B MpuUMilLeHHi kpiobaHKy B Tennuii i xonoaHui nepiogn 2023 p. 1 — T niotni,
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Fig. 33. The temperature regime inside the cryobank in the warm and cold periods of 2023. 1 -T __ Feb,2-T . Feb,

3-T, Jul,4-T_ Jul.

Jns omiHKM BIAMIHHOCTI y PH3UKY aediru-
Ty KHCHIO B TCIUIMA Ta XOJOMHHHA TEPIOAH POKY
CIiJT TOPIBHATH HAaBaHTAXXCHHS a30Ty, OCKLIBKHU
pisHuug Ttemmeparyp (puc. 33) Moxe BIUTUBATH
Ha [UBWJAKICTh BHUIIAPOBYBAaHHA pIIKOTO  a30Ty,
0coONMMBO B THX BHIAAKaX, KOJH TeMIIEpaTypa BH-
XOIOHUTh 3a MeXi po0OoYoro aiama3oHy KOHTEHHEpiB
«Chart MVE 1400» (18-27°C). Ongnak Ha puc. 34 Ta

BunapoByBaHHSs1, MM
Consumption, mm
—

N

Puc. 34. 3aranbHe 0oboBe BUNApoBYBaHHSA PigKoro aso-
Ty 3 4-x KOHTelHepiB «Chart MVE 1400». 1 — y ntoToMmy,
2 — y NUMH.

Fig. 34. Total daily liquid nitrogen consumption of 4 liquid
nitrogen containers «Chart MVE 1400». 1 — February,
2 — July.

35 mokasaHl JHIIE HE3HayHl BIAMIHHOCTI B KUIb-
KOCTI TIa30Moai0OHOro a3oTy, IO BHUIIAPOBYETHCH,
a Ha puc. 36 3adikCOBaHO MIATPUMAHHSA PIBHS ar-
MOC(EpPHOT0 KHCHIO BHINE TPaHUYHOTO 3HAYCHHSI
EDQM — 19%.

is telemetrically supervised by a supplier that is
certified to manufacture medicinal gases. The pi-
peline is filled with liquid nitrogen only when
liquid nitrogen transfers are performed, usually
twice a week. The minimum weight of the remaining
LN2 is adjusted to 1 t, and refilling is usually
performed in onemonth intervals. Continuously
increasing liquid nitrogen consumption is shown
in Figure 28.

[JoGoBuit 06’em, M3
Daily volume, m3

Puc. 35. 3aranbHuii pobosBuint o6’em BUMaApOBYBaHHS
rasonofibHoro asoty 3 4-x KoHTeWHepiB «Chart MVE
1400». 1 — y ntoTomy, 2 — Yy JINMHI.

Fig. 35. Total daily volume of nitrogen gas evaporated
from 4 liquid nitrogen containers «Chart MVE 1400».
1 — February, 2 — July.

The cryobank (Fig. 29) is under continuous video
monitoring. The information on internal tempe-
rature, liquid nitrogen level and daily liquid nit-
rogen usage shown on the display is manually
recorded once a day in data logs located on top of
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Puc. 36. BmicT kucHio B aTmMocdbepi B Tennui i xonogHui nepioam 2023 p. 1 — 13 nunns, 2 —14 noToro.
Fig. 36. TAtmospheric oxygen level record in the warm and cold periods of 2023. 1 — 13" July , 2 — 14" February.

Pecymosanns sionocnoi éonococmi ma 3ano6i-
2anHs 3a0pyoHenHio nosimps. Bimomo, Mo BHCOKa
BIIHOCHA BOJIOTICTh TPHU3BOAWTH IO HAMEp3aHHS
JHOITY Ha KPUIITKAaX KOHTEHHEPIB, SKUH CITI pEeTyIsIp-
HO BHIAJATH, 2 TAKOXK JI0 YTBOPEHHS TyMaHy TiCIs
BIIKPHUTTS KOHTEHHepiB. /{7 CKOpOYeHHS dacy Ha
MaHimyssiii mig yac 3aBaHTaXKeHHs abo pO3BaHTa-
KEHHS MarepianiB, 1o 30epiraioTeCs, HEOOXiJTHO
BUKOPHCTOBYBaTH aBTOMAaTW4Hi ab0 PydHi CHCTEMH
po3MopoxyBaHHs. [IOpiBHAHHS AaHUX 3a JIIOTUH Ta
munenb 2023 p. (puc. 37) HAOYHO JEMOHCTPYE, IO
PHU3HK TMEPEBUILECHHS PiBHS BiAHOCHOI BOJIOTOCTI 3a
MeXero ekcruryararii obmamHanas y 50% e BummM
y mitHiiH mepion. Ilim wac TpuBamoro 30epiraHHS
KOHJIEHCOBaHa aTMoc(epHa BOJIOTA YTBOPIOE IIap
JIbOJY Ha IHI KOHTeiHepa. SIkmio armocdepa Bce-
penwHi KpioOaHKy HEIOCTaTHBO YHCTa, KOHICHCO-
BaHa BOJIOTa MOXKE MPU3BOAUTH 1O OAKTEPiaIbHOTO
3a0pyIHEHHS KOHTECHHEpa, ke MO)XXHA BUSBUTH B
BiTaJIOMY JILOAY IpPH PO3MOPOXKyBaHHI (Tabd. 9).

BigHocHa Bonorictb, %
Relative humidity, %

Pwuc. 37. BigHocHa BonoricTe NoBiTpsa (%) BCcepeanHi kpiobaHky B Tennuit i xonoaHwit nepioan 2023 p. 1 —rH

2—rH . notun, 3—rH _ nvnedb, 4 —rH . nvnes.

Fig. 37. Relative humidity level (%) inside the cryobank in the warm and cold periods of 2023. 1 —rH _

Feb,3—-rH __ Jul,4—rH __ Jul.
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each container. The cryobank room is separated
from adjacent rooms by a door with access control
using personal electronic cards. There is always
a charged dry container near the door, which is
used to move cells and tissues around the hospital
(Fig. 30). In a separate room, temperature and
liquid nitrogen levels inside the biological containers
and environmental parameters inside the cryo-
bank are monitored (Fig. 31).

The cryobank space is equipped with forced
ventilation. As liquid nitrogen vapour is heavier
than the air, it is exhausted from the bottom of
the cryobank space and fresh air is pumped from
the ceiling in a vertical direction [75]. Wall-mounted
oxygen monitors Polytron (Draeger, Germany) are
placed at a height of approximately 1 m above the
floor of the bank and the atmospheric oxygen con-
tent is measured and recorded at five-minute intervals.

In the absence of the cryobank staff, alarm
situations are referred to the staff members on duty
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Tabnuusa 9. Litamu, BUABNEHI Npw KinbKiCHOMY GakTepionoriyHoOMy KOHTPOSi 6GionoriyHMX KOHTENHEpPIB
npu po3MOpPOXYBaHHi

Table 9. Strains found at quantitative bacteriological control of biologic containers at defrosting

Homep 3paska
Sample No.

Homep KoHTelHepa
Container No.

Kinbkictb, KYO/Mn
Quantity, CFU/mL

BuasneHi wramun
Strains found

HeraTusHuii
Negative

11

HeratusHuii 1
Negative

13

HeraTusHuii 1
Negative

HeratusHuii 1
Negative

Acinetobacter pittii
Aerococcus viridans
Pseudomonas koreensis

AN O

18

Acinetobacter pittii 21
Pseudomonas koreensis 17
Pseudomonas oryzihabitans 2
Staphylococcus aureus 3

VY IBOX 3 TPhOX PO3MOPOXKEHUX KOHTEHHepiB OyIio
3aikCOBaHO 3a0PYTHCHHS HUKYE MEXKi BUSBICHHS
1 KYO/ma y Binrajgomy JIboay, y TPETbOMY — JIHIIIEC
BY3bKHIl CIIEKTp HEMATOTeHHOi a00 TMOTEHIIIHHO Ta-
TOTEHHO1 (IIopH poAiB Acinetobacter, Aerococcusma,
Pseudomonas [63, 95, 119, 128] y HU3bKUX KOHIICH-
Tparisx Hmwk4de 25 KYO/Mn. €1MHAM THIIOBMM Ia-
ToreHoM OyB BUSBICHMH Staphylococcus aureus y
ny>ke HU3bKiH koHueHTpanii — 3 KYO/mi. Leii pe-
3yJBTaT He y3TOMKyeThes 3 BUCHOBKamu F. Bajerski
[6], axuii onucaB BUILi piBHI 3a0pynHeHHs. OgHaK
Hallli pe3yJIbTaTH € MONEPEAHIMHU Ta MalOTh OyTH ITiJI-
TBEPPKEHI B OAAJBLIOMY.

Oyinka wucmomu cepedoguwya Kpiobaunky ma
3abpyonentss nogimps. MOXIHUBICT OakTepiaib-
HOTO 3apaXeHHS piAKoro azory Oyma ommcana B.
Grout y 2007 p. [44]. IammM ¥WMOBIpHHM JDKe-
penoM OakTepiaabHOTO 3apakeHHSI MOXe OyTH
TIOBITPSI, SIKE IUPKYJIOE y BEIMKUX 00’€Max depe3
MPUMYCOBY BEHTWIISINIO, SIKIIO HEMAa€e HaJICKHOI
¢inpTpanii moBiTpsA. ng OWIHKM UBOTO PHU3UKY
PEKOMEH/IOBAaHO IPOBOJUTH MiAPAXyHOK YACTHHOK
abo aepockomiro. Hami pesyneraté migpaxyHKy
YaCTHHOK TPOJAEMOHCTPYBAIN BUCOKHIA PiBEHb €KO-
soriyHoi yuctotu (Tabn. 10), mo BiAMOBiAae Kiacy
C, milicHOMy IJIsi YMOB €KCIDIyaTarlii 3a €Bporeii-
cekuM ctanmaprom GMP (tabm. 11) Ta xmacy B,
TIACHOMY UII YMOB €KCIUTyartamii y pa3i BHKOpH-
ctauHs aepockomii (Tabn. 12 i1 13). B skocti edek-
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and remote surveillance of monitored parameters is
performed by the central hospital technical service.
Remote video monitoring of the cryobank space is
also performed. The personnel corridors are equipped
with cryogenic safety instructions and a breathing
apparatus. Protective face shields, gloves, and aprons
(Fig. 22B) are available inside the cryostorage area.

Areas with oxygen deficiency risk (the cryo-
bank itself, the central monitoring room, and the
adjacent grade C cryolaboratory) are clearly iden-
tified with signage and equipped with wall-
mounted oxygen monitors. Light alarm signa-
lisations are placed at entry doors and connected
with audible alarm signals. A table summarising
oxygen deficiency risks (Table 8) [124] is placed
near the door, and the door itself is labelled with
a short warning and entry instructions (see Fig. 30).

The liquid nitrogen is transferred from the in-
sulated pipeline to the small (230 L) low-pressure
liquid nitrogen storage tanks Eurocyl 230 LP (Chart
Ferox, Czech Republic) placed inside (Fig. 32). The
containers used for the storage of cryopreserved cells
and tissues (see Fig. 29) are filled automatically from
the small liquid nitrogen storage tanks. The presented
solution is an alternative to the widely used direct
connection of the pipeline to biological storage
containers and has several advantages:

- it eliminates the risk of excessive liquid nitro-
gen leaks in the event of damage to the pipeline
outside or inside the bank;
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Ta6nuusa 10. Pe3ynsratv KOHTPOSO MNOBITPSt METOAOM MigpaxyHKY YaCcTUHOK

Table 10. Results of air control by particle counting

Po3mip 4acTUHOK, MKM

CepefHA KinbKiCTb, YacTUHOK/M®

CraHpapTHe BigXWNeHHA

Min; Max

Particle size, um Mean, particles/m® SD
0,5 3036567 70367 2934964; 3142128
5,0 4135 3226 1400; 11549

TUBHOTO 3aco0y Ui TOMEpPEIKECHHS IOBITPSHOTO
3a0pyIHEHHS KOHTEiHHepiB ajsi 30epiraHHs peKo-
MEHJIOBAaHO TIIPOBENEHHSA PETYISPHUX TEPEeBIPOK
YUCTOTH CepemoBHIIa KpioOanky. Hwusbki piBHI
3a0pymnHeHHS (quB. Tab1. 9), HMOBIpHO, OYIIM HACITI -

Tabnuusa 11. Kputepii gonycTuMmx Mex Ans Knacis YncTo-
TV NOBITPA 3@ METOAOM MiAPaXyHKY YaCTUHOK

Table 11. Criteria of acceptability limits for air purity
classes by the method of particle counting

Knac uuctotun
Class of purity

Lonyctumi nimitn anAa
yacTuHok 0,5 MKM
Acceptability limit for
particles 0.5 yum

HonycTtumi nimitn anAa
yacTuHOK 5,0 MKM
Acceptability limit for
particles 5.0 yum

C B cTaHi cnokoto

C at rest 351,000 2,900
C fiin viac pogotu 3520,000 29,000
at operation
D Tinbku B cTaHi
CMOKOto 3520,000 29,000

D rest only

KoM KoMOiHamii Takux (pakTopiB, SIK BUKOPUCTAHHS
BHCOKOSIKICHOTO PIiZIKOTO a30Ty, 30epiranfs o0po-
onmenux Ta 3amopokeHux ['KII y gucTux mpumimnieH-
HAX, IXHIH 3aXHCT y CTEPWILHUX KOHTEHHEpax Ta
CTepUITI30BaHMX METAJIEBUX KaceTax, HHU3bKe 3a0-

Tabnuusa 12. [lonyctumi nimMiT metoay aepockonii
Table 12. Aeroscopy acceptability limits

Knac unctotun
Class of purity

Honyctumi nimitn KYO/m?®
Acceptability limit (CFU/m?)

B nig yac po6otun

B at operation 10
C nig vac po6otu
C at operation 100
D TinbKku B cTaHi cnokoto 200

D at rest only
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- it lowers the risk of excessive liquid nitrogen leaks
inside the cryobank caused by vacuum loss, as the
simultaneous damage of more than one Eurocyl filled
with 230 L of liquid nitrogen is highly improbable;

- the Eurocyl vessels are movable, can be
disconnected from the biological storage container
and can be used as an alternative liquid nitrogen
supply in the event of damage to the outer tank;
they can also be transferred together with biological
containers to another cryobank.

Importance of creating stable environmental
parameters inside the cryobank

Maintaining the temperature and relative hu-
midity values within the operational limit for liquid
nitrogen containers determined by their manu-
facturer requires efficient air conditioning, even
in countries with a mild climate. Efficient forced
ventilation is essential for preserving safe atmo-
spheric oxygen levels. Verification of the proper
function of ventilation and air conditioning systems
requires continuous monitoring and recording of
temperature, relative humidity and atmospheric oxy-
gen levels (see Fig. 31). The oxygen level should
be recorded in very short intervals as the human
brain can be severely damaged after only a few
minutes of oxygen depletion.

There is no obligation to define the purity grade
of a cryobank environment; however, we recommend
performing at least process validation by particle
counting and aeroscopy to assess the risk and/or
prevent airborne bacterial contamination of storage
containers.

Atmospheric oxygen deficiency risk assessment
and management

All safety instructions for the proper and safe
operation of the cryobank and for the transport of
cryopreserved cell and tissue products to clinical
departments should be summarised in the General
Liquid Nitrogen Safety Plan, written according to
the JACIE/EBMT standards. The most important




Tabnuusa 13. Pe3ynsratv KOHTPOSO NoBITPS
LLUNSIXOM aepockonii

Table 13. Results of air control by aeroscopy

Homep Kinbkicte KYO/m®
No Number of CFU/m?®
M1 3
M 2 1
M 3 3
M 4 6

pPyZIHEHHS] HaBKOJMIIHBOTO CEPEIOBHINA Ta CYBOPHU
KOHTPOJIb TOCTYILY.

MAWBYTHI BUKJINKH

Y cyuacHiii MeAWIMHI KpioOaHK $K 4YacCTHHA
TY, € KpPUTHYHO BaXKIMBOI IHPPACTPYKTYPOIO,
HE3JIEKHOIO0 BiJ KIIHIYHUX BiAAUIEHb. TeXHOJIOrIY-
Ha 0a3a, TapaHTisl SKOCTi, CHCTEMa YHpaBIiHHI Ta
3aXUCTy JIJAHUX TIAII€HTIB, a TAKOXK MaKeT HEOOXij-
HUX JI03BOJIIB Kpi0OaHKY BiJirparoTh KIFOUOBY POJb Y
3a0e3MeUYeHHI HaJIEeXKHOI SKOCTI Ta 00CATYy KIIiHIY-
HUX TporpaM 3 TpaHCIDIAHTAIlii KIITHH Ta TKa-
HUH.

OCHOBHHMM THTAHHSM, 10 BUHUKAE, € MaiOyT-
Hi 3MIHH y PENIAMEHTI THUIY KIITHH 1 TKAHWH BiJ
mupekTuB €C, IMIUIEMCHTOBAaHUX Vy HaIllOHAJIbHE
3aKOHO/IaBCTBO, JO peryiaoBaHHs Ha piBHI €C.
HoBuii pernament €C momo peuyoBUH JIOACHKO-
ro moxomkeHHs (SOHO) Bumarae migTBepIKeHHs
BinnoBimHOCTI HactaHoBam EDQM [34] Ta pexomeH-
JarisM €BpONeHCchKOT0 MEHTPY KOHTPOIIO 3aXBOPIO-
BaHb (ECDC), mo 0a3yroTbcs Ha MigXofdi 0 OIliH-
ki pusnkiB. CriemiaabHi THCTPYMEHTH IS OIIHKH
MIKpOOIOJIOTIYHOTO PH3MKY IIiJ] 4Yac 30upaHHsA 1
00pOoOKY KITITHH Ta TKaHWH a00 IS OI[IHKA HOBU3HH
BXKe moctymHi mis TV, siKi MIaHyIOTh ITOJaTH 3asB-
Ky Ha HOBHH THII aBTOPH3AIlii BiIMOBITHO IO Mak-
OyTHBOTO PETIIAMCHTY.

BuxopucranHs iHCTPYMEHTY OIlIHKM HOBU3HU
TakoX Oyzme OOOB’S3KOBMM Y pa3i 3MiHM YWHHHX
CTaHIApPTHUX TMPOIENYyp Ta BIPOBAKCHHS HOBUX
TEXHOJOTIH y KIiHIYHy mpakTtuky. Llsg curyamis
CTBOPIOE HOBE HIATPYHTS IUIA CHIBIpami MiX Kpio-
0aHKaMHM Ta HAyKOBUMH YCTaHOBaMH, HEOOXiIHE
JUTSI OIIHKK PHU3WKY HOBM3HM. HaperTi, odikyBaHe
posmmpenns nporpam Teparii CAR-T Bumararume
TEXHOJIOTIYHOI CYMICHOCTI KpioOaHKIB Ta iX CHC-
TeM YIIPaBIiHHS SKICTIO 3 BUMOTAMH BEJIMKHUX (ap-
MAaIeBTHYHUX KOMITaHiH.

feature of oxygen deficiency danger is that asphyxia
occurs rapidly, with no warning to the potential
victim [17, 124] (Table 8). Czech legislation sets
acceptable levels at 19.9% for pregnant women
and children and 18% for the rest of the population
[75]. The latest version of the EDQM guide [35]
set the lowest acceptable level to 19%.

The load of the cryobank space by evaporated
nitrogen gas can be calculated from displayed and
recorded data (Fig. 29) of daily usage of liquid
nitrogen according to Equation:

V(G):[(;rxrz)th]x683,

where V(G) is the volume of nitrogen gas in m’;
7 is the Ludolphine number; r is the internal radius
of the storage container in m; h, represents the
displayed daily liquid nitrogen usage in m and 683
is the gas factor for liquid nitrogen.

To assess differences in oxygen deficiency risk
in the warm and cold periods of the year, a com-
parison of the nitrogen gas load should be per-
formed, as temperature differences (Fig. 33) might
influence the liquid nitrogen evaporation rate, espe-
cially in cases when temperature occurs outside the
storage container Chart MVE 1400 operation limit
(18-27°C). The Figure 34 and 35 show however
only minute differences of the evaporated nitriogen
gas and the Figure 36 documents maintaining of atmo-
spheric oxygen levels above the EDQM limit of 19%.

Relative humidity management and prevention
of airborne contamination

High relative humidity is known to cause ice
accretion on the container lids, which must be regu-
larly removed, and produce fog after the containers
are opened. Automatic or manual defogging sys-
tems must be used to reduce manipulation times
during the loading or unloading of stored material.
A comparison of the data from February and July
2023 (Fig. 37) clearly shows that the risk of relative
humidity levels outside the equipment operation
limit of 50% is higher in the summer period. During
long-term storage, condensed atmospheric moisture
forms an ice layer at the bottom of the container.
If the atmosphere inside the cryobank is not
sufficiently clean, condensed moisture can cont-
ribute to bacterial contamination of the container
that can be identified at defrosting from thawed ice,
as shown in Table 9. In two of the three defrosted
containers, contamination below the detection limit
of 1 CFU/mL was found in the thawed ice. In the
third one, only a narrow spectrum of non-patho-
genic or potentially pathogenic flora of genera
Acinetobacter, Aerococcus and Pseudomonas [63,
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Aemopu sucnogniorome noosaxky Yuisepcumemcwvkii nikap-
ui m. Ipadeyv-Kpanose i Kapnosomy ymisepcumemy 3a ¢inan-
cogy niompumxy — epanm MH CZ-DRO (UHHK, 00179906)
ma epaunm Kaprosoco yuieepcumemy SVV  260543/2020.
Aemopu  Oakyromv  3azanvHiil  YHI6epCUMEMCHbKIU  JiKApHI
6 M. Ilpaea 3a niompumxy (npoekm MHCZ-DRO-VFN. I'llI-
20-J1.03-723).

Aemopu eucrosnowoms noosky Llenmpy memoodie eizyani-
sayii 6 BIOCEV, ycmanosi, axa niompumyemoca MEYSCR
(LM2023050 Czech-Biolmaging) 3a oonomozcy 6 mecmygamHi
JHCUMMEZOAMHOCTNE KNIMUH.
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95, 119, 128] were identified, in low concentrations
of below 25 CFU/mL. The only typical pathogen
found was Staphylococcus aureus at a very low
concentration of 3 CFU/mL. This result does not
correspond with the findings of Bajerski [6], who
described higher levels of contamination. Our
results are, however, only preliminary and should be
confirmed in the future.

Assessment of cryobank environment purity and
airborne contamination. The possibility of bacterial
contamination of liquid nitrogen was described
by Grout in 2007 [44]. Another possible source
of bacterial contamination may be the air that is
exchanged in large quantities due to forced ventilation
if proper air filtration is not in place. To assess
this risk, particle counting or aeroscopy is recom-
mended. Our results of particle counting demonstra-
ted a high level of environmental purity (Table 10),
compliant with grade C valid for operational condi-
tions according to EU GMP standarts (Table 11) and
grade B for operation conditions if aeroscopy was
used (Tables 12, 13). Regular checks of cryobank
environment purity are recommended as an effective
tool for preventing airborne contamination of sto-
rage containers. The low levels of contamination
presented in Table 11 were probably due to a combi-
nation of several factors, such as the use of high-
quality liquid nitrogen, the storage of HPCs processed
and frozen in the clean rooms, their protection in sterile
bags and sterilized metal cassettes, low contamination
of the environment and strict access control.

FUTURE CHALLENGES

In modern medicine, the cryobank, as a part
of the TE, represents a critical infrastructure
independent of clinical departments. Its technological
background, quality assurance, patient data mana-
gement and protection system and the extent of
necessary authorisation play key roles in ensuring
the quality and size of clinical cell and tissue
transplantation programmes.

The major emerging issue is the impact of
forthcoming changes in the type of cell and tissue
regulation from EU directives implemented into
national law to regulation at the EU level. This
new EU substance of human origin (SOHO)
regulation will require proof of compliance with
the EDQM guide [34], and European Centre for
Disease Control (ECDC) recommendations based
on the risk assessment approach. The specific tools
for microbiology risk assessment during cell and
tissue harvest and processing or for novelty as-
sessment have already been available for TEs that
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