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FOREWORD

The use of cryopreserved cells and tissues for clinical transplantation has expanded
as never before in many branches of modern medicine. Together with the benefit that this
method has brought for thousands of people, some mishaps have also appeared. Some of
these failures, that resuited even to fatal outcomes were caused by the lack of legal
regulation of cell and tissue transplantations as well as by technical and methodological
failures. Moreover, dissemination of information overestimating the capabilities of existing
cryopreservation technologies in the media and the practice of neglecting the ethical and
legal aspects of cell and tissue transplantation dented the confidence of the public in the
existing system of cell and tissue harvest and transplantation. This work sumarizes the
author’s long-term effort to contribute to increasing the safeguarding of cell and tissue
cryopreservation at his workplace (The Tissue Bank of the University Hospital, Hradec
Krilove), as well as contributing to an improvement of the tissue banking and
transplantation system of the Czech Republic.

The safety aspects of cell and tissue banking are dealt with in three separate chapters.
In Chapter 1, the influence of the cryobiological theory on the current practice of tissue
banks is reviewed.

In Chapter 2, the ethical and legal aspects of safety in tissue transplantation are
analysed in detail.

In Chapter 3, the technical aspects of mainatining the safety assurance level as
required by the current legisltation are dealt with and the practical solution of the issue is
demonstrated.

As the topics of individual chapters differ substantially, the conclusions and
references are attached to each one. The text of this thesis was made on the basis of the
following publications, lectures and poster presentations. The full texts of selected
publications are included in the Appendix.
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SUMMARY

Aim of the study: The aim of the study was to analyse and to meet in practice current requirements on the safety and
quality assurance in collection, processing and cryopreservation of cells and tissues. The new high requirements were set by
recent changes in the national legislation of the Czech Republic (Act No.285/2002 ) and especially by coming into force of
the new legislation of the European Union (Directive 2004/23/EC ). It is required, now that a system of safety and quality
assurance known from pharmaceutical industry be established in the tissue banks and that the tissue banks be licensed or
accredited by a national authority. The study was limited to safety assurance in manufacturing cryopreserved, ie viable cell
and tissues grafts that cannot be terminaly sterilized.

Methods: The cryopreservation methodology used in the Tissue Bank of the University Hospital Hradec Kralové was
elaborated by the author and his co-workers in the 80s and 90s and regularly upgraded. The controlled-rate freezing in
presence of a mixture of penetrating and non-penetrating cryoprotectants is followed by storage at liquid nitrogen
temperatures or in mechanical freezers operating af temperature of ~85°C.The Transplantation Act (Act No.285/2002)
regulates cell, tissue and organ transplantations and defines the duties of tissue banks. The safety aspects covered by this act
are oriented only to defining the contraindications of the cell, tissue and organ donation and assuring the traceability . For this
reason the issue of the possibility of infection transmission by transplanted tissue was divided into 2 major groups of tasks.
The first one deals with the donor suitability including the serological testing of the donor and long-term archijvation of the
donor serum as well as with decontamination of the collected tissue. There have been already many publications dealing with
this issue and criteria of the suitability of the donor were settled by the Decree of the Ministry of Health of the Czech
Republic No 437/2002 Sb.The references dealing with the second issue, the safety asurance in tissue processing preservation
and storage, are sparse. As there was not any specific national regulation of these issues the author used the principles of
Good Manufacturing Practice of sterile drugs published by the State Institute of Drug Control in Prague in 1998 to elaborate
specitications of cell and tissue grafts, to establish or change existing standard operation procedures for processing and
cryopreservation,storage and releasing the grafts for clinical application as well as to select appropriate control methods. A
special attention was paid to elaboration special rules for storage at liquid nitrogen temperatures as the cases of cross
contamination by hepatitis B virus were described by Tedder in storage of red blood cells in the liquid phase of nitrogen in
1995,

Results:Examples of specifications of collected tissues and manufactured cryopreserved cell and solid tissue grafis are
included in the appendix of this thesis. Examples of standard operating procedures for donation ,processing and preservation
of cells and tissues collected both in living and deceased donors are included as well. The appendix includes also template
forms of labels designed by author and used for traceability assurance . These labels are used exclusively for labeling grafts
released for clinical application that are stored separately from grafts that did not undergo the output control. The labels
contain a unique graft identification number consisting of the code of the producer, the type of tissue preserved, the tissue
split number, the donor identification number and the year of manufacturing.

The system of prevention of secondary contamination is based on using clean- room technology for processing of
viable cells and tissues before cryopreservation. Processing of cell concentrates or solid tissue samples is perfornted in the
environment of the grade A with the backgroud B, regularly validated by an authorized company.The system of cross
contamination prevention during long-term storage of cells is based on meticulous evaluation of the results of serological
testing of the donor and/or patient and decision on the optimat storage conditions according to the results of this evaluation,
The cell or tissue samples originating from donors or patients free of any markers of active infection can be stored in the
liquid phase of liquid nitrogen, the samples originating from donors or patients with markers of active severe infection, such
as hepatitis, are stored in the mechanical freezers exclusively. The rest of samples is stored in the vapour phase of liquid
nitrogen, The analysis of stability of physical parameters during storage confirmed that temperature stability is achieved best
in storage in the liquid phase of the liquid nitrogen. With regard to the possibility of cross contamination prevention
described above this way of long-term storage can be used in more than 50% of stored concentrates in the investigated
group of persons. In solid tissue grafts with regular findings of bacterial contamination,such as skin, storage in mechanical
freezer is preferred.

Discussion and conclusions: The Transplantation Act that was approved by the Parliament and Senate of the Czech
Republic afier a long-time lasting disscussions in 2002 implements into the national legislation high standards of protection
of the autonomy of the cell, tissue or organ donor set by the The European Convention on Human Rights and Biomedicine,
The author contributed to covering both tissue and organ transplantation by a single act by his publications, active
participation in committees of experts in the field of cell and tissue banking and transplantation as well as during preparation
of drafts of the Act. The Act contains an important safety requirement, traceability of the way from the donor to the host of
the transplanted tissue and back together with strict keeping of anonymity of the donor. The labeling system used by author
since 1998 meets this requirement. The safety aspects of cell and tissue banking in general arc expected to be a subject of the
future special national legal norm. Application of methads of prevention of secondary and cross contamination was possible
because of acceptance of the author” s proposal to design and to build anew cell and tissue establishment as a combination
of cryogenic and clean-room technology. The proposal was submitted in 1998 and the facility was built in the years 2000-
2002 with the financial support of the Ministry of Health of the Czech Republic and University Hospital Hradec Kralové. The
aim of the study was achieved and the results were published; full texts of publications are attached. The practical result was
receiving a licence of the Ministry of Health of Czech Republic to operate a multifunctional cell and tissue establishment in
the University Hospital Hradec Kralové .



CHAPTER 1

THE IMPORTANCE OF UNDERSTANDING THE MECHANISMS OF FREEZING
INJURY AND CRYOPROTECTION IN RUNNING CELL AND TISSUE BANKS

1. INTRODUCTION

Understanding the fundamental processes which cause injury during freezing and
thawing is important both for cryosurgeons, who try to destroy cells by the application of
cold, and for cryobiologists who try to preserve living cells at low temperatures.

In the latter case, prevention of freezing and thawing injury, and/or understanding the
mechanisms of cryoprotection, are of major importance. Cell and tissue cryobanks exist
worldwide and are being established with varying purposes. Many banks, including the
Tissue Bank of the University Hospital, Hradec Kralové, (Klen, 1952, 1982, Méticka, 1999,
2000, 2002a,b) store human cells and tissues suitable for therapeutic tissue transplantation
or for experimental purposes (Kreuz ct al., 1951, Sell et al., 1962, Joyce, 2000, Strong,
2000). The storage of genctic material from domestic animals has been widely used for
breeding- purposes (Smith, 1961). The human gametes, or early embryos, are frequently
stored in the banks of centres for assisted reproduction (Gunasena and Critser, 1997). The
most advanced tissue banks develop methods for the preservation and storage of cell- and
tissue- engineered products (Harringer et al. 1997, Sato et al., 1998). Many banks build
collections of animal- and plant-cells or micro-organisms for use in experiments and
diagnostic tests. Establishing a network of low-temperature genome-resource banks is very
important for maintaining biodiversity on earth (Wildt, 1997,Curry and Watson 1998,
Harnal et al., 2002).

Freezing is the solidification of a liquid. We can highlight two cases:

I/ Molecules or atoms are formed in regular structures.

2/ Solidification is not accompanied by the formation of regular structures.

The former process is called crystallisation and is accompanied by the release of the
latent heat of solidification. Under normal atmospheric pressure, ice crystals are formed in a
hexagonal lattice. Cubical ice is formed in temperatures of below -130°C (Meryman, 1966).
Other crystallographic forms of ice occur under increased pressure and are mentioned by de
Quervain (1975). The latter process is called amorphisation or vitrification. Vitrification
during cooling, however, does not exclude crystallisation during warming. During this
process, called devitrification, the latent heat of solidification is released. Reviews on
vitrification were published by Simatos and Turc (1975), MacFarlane et al. (1992) and Mehl
(1996).

Before the discovery of the cryoprotective effect of glycerol by Polge, Smith and
Parkes (1949), it was believed that achieving vitrification using rapid cooling was the
correct way of assuring survival of cells and tissues. This way was, however, not successful
(Luyet and Gehenio, 1940).

Later, Mazur (1961, 1963, 1966a, 1966b) precisely explained the mechanism of
avoidance of infracellular freezing in single-celled organisms that led to a good rate of
survival after thawing. Slow cooling, enabling the cells to dehydrate and shrink and thus
escape from an intracellular ice formation, has been widely used in the preservation of cell
suspensions both in the absence (in single-celled organisms) and presence of cryoprotective
agents (e.g. in isolated mammalian cells). What was possible in cell-suspensions was not



successful, however, in complex multicellular systems where the formation of extracellular
crystals was not innocuous. Also, the role of intracellular ice formation may be different in
organised tissues, as explained recently by Acker and McGann (2000). The situation is even
more complicated in organs, where freezing protocols based on the use of conventional
cryoprotectants completely failed. This was the reason for intensive research analysing the
physical and biological properties of different vitrification- solutions in prominent
cryobiology centres around the world (Fahy et al. 1984, Fahy 1987, Rich and Armitage,
1991, Mac Farlane et al., 1992, Boutron, 1993, Mehl, 1993). Now, it is well-proven that
vitrification of both intracellular and extracellular liquid is the most-promising approach to
freezing multicellular systems such as human tissues, and may open the way to freezing
whole vascularised organs (Fahy et al., 1991, 1994, Fahy and Ali 1997, Wusteman et al.,
2002). In the following text, we will briefly mention some particular issues:

1. Crystallisation and mechanisms of natural frost resistance.
2. Freezing of electrolyte solutions.

3. Freezing of cell suspensions

4. TFreezing of muiticellular systems

5. Principles of cryoprotection.

2. Crystallisation and mechanisms of natural frost resistance
The process of crystallisation can be divided into nucleation and crystal growth.

2.1. Nucleation

The freezing of a sample of water starts from a nucleus with an ice-like structure.
The water-molecules organise on the surface of the nucleus to form an ice- crystal lattice.
There are two types of nucleation: homogeneous, where the nuclei are formed by
spontaneous aggregation of water-molecules; and heterogeneous, where the water molecules
aggregate on foreign particles dispersed in water. The critical size of the natural aggregates
of water molecules is temperature dependent. There are about 45,000 water molecules at -
5°C and only 70 molecules at -40°C (Burke and Lindow 1990, Vali, 1995). Homogeneous
nucleation is generally expected to take place at temperatures of about -40°C; nevertheless,
in larger samples, it may occur at even considerably higher temperatures (-20°C) (Bigg,
1953). Zachariassen and Christiansen (2000) expressed the idea that this type of nucleation
may even take place in living organisms. Other authors (Wilson et al., 2003) reject this idea
and point out that in living organisms only heterogenous nucleation may occur.

Different inorganic and organic substances can serve as heterogeneous nucleating
agents. Above a temperature of -10°C, not very many inorganic substances are effective,
e.g. CuS, Pbly, Agl. The concentration of freezing nuclei in natural water is 10%cm’ (de
Quervain, 1975). Surprisingly high threshold-temperatures are found in organic substances
such as isoleucin D (-1°C), tryptophan D (-2°C) and cholesterol (-1°C) (de Quervain, 1975).

Biological ice-nucleating agents are mostly proteins or lipoproteins. These natural
nucleators are encountered in freeze-tolerant beetles, in the Afro-alphine plant Lobelia
telekii and in the extra-cellular fluid of other plants: fir (Abies concolor), Juniperus
chinensis, Prunus, winter rye (Secale cereale), Citrus fruit and lichens (Zachariassen and
Christiansen, 2000). They are also present on the surface of certain bacteria, e.g.



Pscudomonas syringae. Worland and Block (1999) isolated the ice- nucleating bacteria
active above -2°C and living in the gut of freeze-tolerant sub-antarctic beetles. On the other
hand, natural antifreeze- proteins found in both freeze-tolerant animals and plants can
selectively bind the nucleators and thus inhibit heterogenous nucleation (see below). This
phenomenon led to the idea of using this mechanism in enhancing vitrification during the
cryopreservation of multicellular systems. Synthetic ice-blockers revealing the same
mechanism of binding the nucleators were intensively investigated by a group under
Gregory Fahy (Wowk, 2000). It was found that the addition of polyvinyl alcohol in very low
concenirations  strongly inhibited devitrification in  cryoprotectant-solutions  of
polyethyleneglycol, dimethylsulphoxide and glycerol.

2,2 Crystal growth :

It is well known that the crystal size is dependent on the freezing-rate: at low
freezing -rates, small numbers of large crystals are formed; at high freezing rates, a big
number of small erystals is formed (Luyet and Gehenio, 1940). Luyet (1966) described
classic types of ice-crystals formed in aqueous solutions. In slow cooling, regular hexagonal
dendrites can be grown. With increasing cooling-velocity, the regularity is lost and irregular
dendrites are formed. Plain spherulites and evanescent spherulites are formed in high
cooling velocities. At extremely high freezing-rates, amorphisation takes place (Meryman,
1966). There are again natural substances that inhibit or modify nucleation or crystal growth.
These agents are called antifreeze-proteins and are encountered in fish (Knight et al., 1984),
insects, lower terrestrial vertebrates and littoral (intertidal) animals (Zachariassen and
Christiansen, 2000). These proteins make it possible to supercool the body-fluids of these
animals or plants to temperatures low enough to avoid lethal freezing. This depression of the
non-equilibrium freezing-point is based on a non-coligative mechanism.

The difference between the freezing-and melting-point has been termed “thermal-
hysteresis” and, for this reason, antifreeze-proteins are also called thermal-hysteresis
proteins. Proteins isolated from terrestrial animals are reported to be more efficient than
those isolated from polar-fish species. It is likely that these proteins inhibit the growth of
crystals formed on natural nucleators present in the body-fluids of these organisms (see
above). It is also proven that antifreeze-glycoproteins protect cellular membranes during
lipid-phase transition (Hays et al., 1997).

2.3 Recrystallisation

At high freezing-rates, the crystallisation process is not completed and the resulting
structure is unstable. During warming, there is a tendency to form a more stable structure
and recrystallisation occurs. In constant subzero temperatures, grain growth, (i.e. enlarging
of big crystals and the disappearance of small crystals) takes place (Meryman, 1966, Mazur,
1966b). It is well documented that antifreeze proteins of differing biochemical structure
inhibit the recrystallisation process (Doucet et al., 2000). The use of synthetic-ice blocking-
agents that supress devitrification is a promising path to the future.

The recrystallisation and/or devitrification phenomena are extremely important for
finding the optimal temperature for storage of a particular cell or tissue sample in a cell- or
tissue-bank. In any case, temperature fluctuations during storage are to be minimised (see
Chapter 3).



2.4 Crystallisation in cell suspensions

The mechanisms of freezing-injury and protection in suspensions of single-celled
organisms were described by Mazur (Figure 1) in the 1960s (Mazur, 1961, 1963, 1966a,b,
1970). In cell-suspensions, the crystals are formed in the extracellular water first. The
intracellular water supercools, and a pressure- gradient between the higher water-vapour
pressure (above the supercooled water) inside the cell and the lower pressure (above the ice)
outside the cell is formed. This leads to an outflow of water from the cell and to a crystal
formation outside the cell. Dehydration and shrinkage of cells is the result of this process.
The ability of the cell to shrink and to escape from intracellular freezing is dependent on the
cell size and/or its initial volume and the permeability of the cell membrane to water. This
process was mathematically described by Mazur (1963, 1966a,b).Thus, intracellular ice-
formation is more likely to take place in large cells with a thick membrane than in small
cells with a highly-permeable membrane. This is the reason why it is easier to achieve good
cell-recovery by freezing cells of standard initial volume than by freezing a mixture of cells
of different initial volumes. Sufficient dehydration and/or shrinkage of cells can occur only
at low freezing-rates. At high freezing rates, intracellular ice is formed and the cells do not
shrink,

The intracellular ice tends to recrystallise during warming which causes cell-death.
The mechanisms of intracellular crystallisation are still being discussed (Pitt, 1992). It starts
at considerably lower temperatures than extracellular freezing, e.g. intracellular ice in
isolated keratinocytes does not form until a temperature of ~7°C is achieved (Zieger et al.,
1997). In general, when the external medium is frozen, intracellular ice occurs at between —
5°C and —13°C; when the external medium contains no ice, freezing can occur at lower
temperatures (Acker and McGann, 2000). The same authors (2000) identified 50 % of
intraceltular ice formed in cells in suspension at -9.4°C % 0.3 and -8°C + 0.3 for individual,
attached cells. Mazur (1966b) suggested the idea of seeding the supercooled intraceltular
water with extracellular ice through the natural cell-membrane pores. Later Toner (1993)
described two mechanisms:

1. Volume-catalysed nucleation, where nucleation is induced by foreign particles
inside cells.

2. Surface-catalysed nucleation, where nucleation is induced by the activity of the
internal surface of cells.

Alternatively, Muldrew and McGann (1990) expressed the idea that intracellular
freezing is initiated by the seeding caused by extracellular ice growing into ruptures of the
cell-membrane previously damaged by the rapid outflow of water from cells during osmotic
stress.

3. FREEZING OF ELECTROLYTE SOLUTIONS

Biological fluids can be regarded as electrolyte solutions. In electrolyte solutions,
crystalisation leads to considerable osmotic effects that can be observed on the binary
system water/sodium chloride. The freezing-process starts with supercooling (Figure 2), i.e.
the metastable state of the liquid below its freezing- and/or melting-point. Some authors
(Zachariassen and Christiansen, 2000, Wilson et al., 2003) suggest defining the supercooling
point of particular systems. The supercooling point can be considerably lower (e.g. because
of presence of thermal hysteresis proteins) than the freezing- and/or melting- point, the



primary crystallisation (i.e. crystallisation of water) starts, the freezing-plateau is formed
(Figure 1,1a).

The osmolar concentration of the residual liquid increases rapidly until secondary
crystallisation of the solute is started at the eutectic point (-21.8 °C) (Figure 1,1a).

Figure 1: Freezing and thawing curves of a 10% sodium chloride solution (left).
Supercooling prior to primary and secondary crystallisation is well detectable during rapid
freezing. Eutectic (E.b) and melting points (bt) were detected during rapid warming. In a
0.9% sodium-chloride solution, these points were detectable during slow warming — Figure
la (Méficka, 1982).
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Figure 1 a: Thawing curve of a 0.9 % sodium- chloride solution during slow thawing
(Mgficka, 1982)

The salt-concentration within the cryoconcentration-zone is dependent only on
temperature and independent of the initial salt-concentration, while the volume of the
unfrozen fraction at a given subzero temperature is dependent on the initial osmolar
concentration of sodium chloride. With decreasing temperature, the concentration of the
solute increases rapidly and causes the solution effect — see below.

As supercooling of the eutectic can take place during freezing (Figure 1) and
natural body fluids do not represent a simple binary system and/or contain different sohutes, it
is advisable to determine the temperature of complete solidification in the system. This can be
assessed, for example, by electric resistivity measurement as the electric resistivity increases
rapidly, when the freezing process is completed, and/or the unfrozen fraction disappears
(Meryman,1966).

The high osmolar concentration during freezing is responsible for the solution-effect
in freezing cell-suspensions. This effect is caused by an increasing concentration of substrates
and enzymes, increasing the rate of biochemical reactions, pH changes and dehydration of
membrane-systems (Meryman, 1966). A solution-effect leads to extreme dehydration of cells
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dehydration of cells (below a minimal volume), to denaturation of proteins and irreversible
disturbances of the cell-membrane permeability. Muldrew and McGann (1990) pointed out
that excessive and rapid cell-dehydration may cause ruptures of the cell-membrane.

Besides the intracellular crystallisation encountered in rapid freezing, the solution-
effect is the second lethal mechanism that is encountered at slow freezing- rates and can
cause cell-death in the absence of intracellular freezing. The terms slow and rapid freezing
are valid only for a particular system and are dependent on initial cell-volume, permeability
of the plasma-membrane, type of cryoprotectant and its concentration. The freezing rate of -
IK/min may be too slow for freezing red blood cells and too rapid in freezing early
embryos).

The freezing-regimens used in practice are the result of previous empirical and
experimental work by individual cryobiological groups. The empirical approach is now
being replaced by computer-simulation of cryobiological processes. Computer programmes
may be based on, for example, Kedem Katchalsky equations (Kedem and Katchalsky,
1958), which describe the transport of water and salts across the plasma- membrane, and on
data on solute concentrations in freezing ternary systems of NaCl/Glycerol/water and
NaCl/DMSO/water published by Pegg (1983, 1986). The methodology approaches to
calculating optimal freezing-rates were reviewed by Kleinhaus in 1998 (Kieinhaus, 1998).
Besides programmes based on the Kedem Katchalsky equation, a new user-friendly
approach is being developed by Katkov (Katkov, 2000 ).

It is obvious from the above text that in freezing suspensions, the cells can be
damaged both by intracellular ice-formation and the solution-effect due to their reliance on
the freezing- and thawing- rates. The third mechanism of freezing- injury is the cell-packing
effect that occurs in highly concentrated cell- suspensions (Pegg and Diaper, 1983, Mazur
and Cole, 1985,). The most likely explanation is that densely-packed cells are damaged by
mechanical stresses when the channels containing residual liquid change shape as a result of
the recrystallisation of ice- crystals at their boundaries. The cell-cell contact is responsible
for this phenomenon (Acker and Mc Gann, 2000).

In practice, small volumes of cell-suspensions are frozen in ampoules of cylindrical
shape, and large volumes (tens or hundreds of millilitres) in plastic bags enclosed in metal
cassettes or plates to avoid the differences in freezing- and thawing-rates between the
periphery and the centre of the sample (Meryman, 1966). The desired freezing-rate is
assured by using controlled freezing in programmable freezers (Figure 2,2 a). In many
instances, it is possible to use uncontrolled freezing by placing the sample, usually covered
by an external insulation, in a mechanical freezer or liquid-nitrogen vapour. Current
cryopreservation technologies make possible to achieve freeze/thaw cell- recoveries between
60-90 %. Recoveries of near 100 % are not exceptional.
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Figure 2: Controlled-rate freezing of plastic disposable bags with suspensions of
blood progenitor-cells in a programmable freezer. The thermocouple is placed in a control
bag. The temperature of the freczing-chamber, as well as of the conirol bag, are recorded

(Figure 3a). Control ampoules with cell- suspensions are frozen simultaneously and used for
viability control tests.

PROGRET Now ©

LOCATIONS

SEMEPLEFPPATLENT S G LACTVE

Figure 2 a: Temperature-chart of controlled- rate freezing.
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4. FREEZING OF MULTICELLULAR SYSTEMS

In these systems (tissues and organs), damage is also caused by extracellular ice-
formation as the ice causes disintegration of tissues. Large crystals can be detected by
scanning clectron microscopy of soft connective tissues being submitted to slow freezing
followed by freeze-drying as shown in figures 3,3a (Mg&ficka et al., 1989).

Figure 3: Structure of freeze-dried dura mater graft. Pores of different sizes are formed in
the tissue apparently by the sublimation of water from ice-crystals formed during freezing of
the tissue to-50°C. The porous structure did not form when the tissue was dehydrated in an

ethanol-chlorophorme solution before freezing, as shown in Figure 3a. (Courtesy Prof, I.
Spadek).
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Figure 3 a: Structure of freeze-dried dura mater dehydrated before freezing. (Courtesy Prof.
J Spagek).

Electron-microscopy of frozen skin or cornea reveals damage to mtercelIular junctions
(Zieger, 1997, Acker and McGann, 2000).

Alternatively, the presence of intracellular ice due to rapid freezing may not result in
the loss of selective permeability of cells which form the tissue or the cell-monolayer
(Acker and McGann, 2000). The tissue of some organs, such as the parathyroid gland or
ovary, can be successfully frozen in the form of slices or cubes, Langerhans islets can he
frozen in suspension after separation from the exocrine pancreatic tissue.

In vascularized organs, water crystallises in vessels which causes their expansion
and rupture. Thus, any resultant haemorrhage can destroy the thawed organ after restoration
of the blood circulation (e.g. in kidney transplantation). In organs with cylindrical or
spherical shape, differences between freezing-rates occurring at the surface and in the centre
of the organ take place during both freezing and thawing. This causes injury by the solution-
effect, as well as by volume-expansion at the centre of the organ at the moment of
liquid/solid transition. This expansion may lead to organ-rupture as the ice formed at the
organ- periphery breaks at the moment of solidification of the liquid in the centre. The
introduction and removal of a conventional cryoprotectant, and the resulting osmotic
swelling of cells, may lead to compression of the vessels of the organ which causes an
ischaemia leading to organ-necrosis after transplantation. For afore-mentioned reasons, the
cryopreservation techniques based on classic equilibrium-freezing, and using conventional
cryoprotectants, can assure safe preservation and storage of cell-suspensions and tissue-
samples which have a flat geometry (e.g. skin). The problem in cryopreservation of organs
or complex tissues (such as corneas) obliges a methodological approach based on using
cryoprotective solutions, which enhance vitrification (vitrification solutions) (Fahy and Ali,
1997, Brockbank et al., 2000, Meltendorf, 2002) (see below).
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Figure 4:In the current practice, most organs are stored in hypothermic conditions after initial
perfusion. Shown is the temperature-chart of a container filled with melting ice (red curve),
used for the storage of human kidneys. Temperatures were recorded at Sminute intervals
using the “Digiterm”system (Regucon Ltd., Prague)

5. PRINCIPLES OF CRYOPROTECTION

Cryoprotection can be based either on avoidance of intracellular ice-formation and
solution-effect, or on extracellular and intracellular vitrification. The former can be achieved
in an ideal situation by the simple manipulation of freezing-rates, as described in yeasts by
Mazur (1963, 1966a,b). In most cases, such as the freezing of mammalian cells, the addition
of cryoprotectants is necessary. The cryoprotectants can be divided into intracellular or
penetrating cryoprotectants (e.g. glycerol or dimethylsulphoxide) and extracellular or non-
penetrating cryoprotectants (e.g. sucrose, dextran, polyvinylpyrolidon (PVP) or
hydroxyethylstarch). The presence of intracellular cryoprotectants modifies the freezing-
process both outside and inside cells. They are used in high osmolar concentrations, which
leads to considerable freezing-point depression based on the colligative properties of a
cryoprotectant. The introduction of cryoprotectant to the cells before freezing can result in
considerable osmotic stress (Katkov, 2000).
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Figure 5: Cryoprotectant-solution for clinical application is mixed under strictly aseptic
conditions. 20% Dimethylsulphoxide-solution (Me,SO) is made from 6% dextran in a
physiological solution (40 ml) and 10 ml of Me,SO of pharmaceutic grade (Figure 6a).

Mixing is carried out in a calibrated 50 ml syringe.

Figure 5 a: Mixing a dextran solution with pure Me,SO.
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Figure 6: A concentrate of progenitor-cells collected from peripheral blood (150ml), is
transferred from the collection-bag (left) into 3 freezing-bags (each of 50ml). Mixing with an
equal volume of pre-cooled cryoprotectant-solution (Figure 5,5a) foliows.

Using a cryoprotectant, the unfrozen liquid-fraction below freezing- point is expanded, which
prevenis excessive and rapid celi-dehydration (Cocks and Brower, 1974). Modification of
secondary crystallisation using Me,SO is also shown on the comparison-chart of thawing
curves of a 10% NaCl solution with hydroxyethylstarch and dimethylsulphoxide (Méncka et
al., 1983) (¥igure 7).

The mechanism of extraceltular cryoprotection is not precisely known. Extracellular
cryoprotectants are used in low osmolar concentrations, where the depression of the freezing
point is only minute. Possible mechanisms are: avoidance of nucleation, inhibition of crystal
growth and the binding of water, which prevents extreme cell-dehydration.

In general, the extracellular cryoprotectants are less effective than intracellular ones
if used alone. The exception is the successful cryopreservation of red blood-cells with
hydroxyethylstarch (Sputtek 1990, 1993). Extracellular cryoprotectants are frequently used,
however, in combination with dimethylsulphoxide, in freezing white blood cells, bone-
marrow, peripheral blood progenitor-cells and platelets (Figures 5,6).

Another possible mechanism of cryoprotection is vitrification. It can take place even
when using classic intracellular cryoprotectants such as glycerol or Me,SO. Vitrification in
these solutions can be further enhanced by using synthetic ice-binders (Wowk et al., 2000)
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(see above). Boutron regularly induced vitrification using 1,2 propane-diol or 2,3 butane-diol
(Boutron, 1991, 1993). These compounds can be used, with good results, for the freezing of
red blood cells. Mehl (1996) pointed out the value of using acetamide, the best glass-former
among alpha-alkanamides, since -NH, groups suppress nucleation better than -OH groups.

It was proven that cocktails of compounds which enhance vitrification, known as
vitrification solutions (Fahy, 1991, Mehl, 1996, Wusteman 2002, 2003), can be used with
success in the cryopreservation of complex tissues such as the cornea, vessels or skin, and
probably also for the cryopreservation of vascularised organs. In 1997, a group led by Fahy
successfully demonstrated the immediate function of a rabbit kidney after the introduction
and removal of a vitrifiable 7.5 molar solution (Fahy and Ali, 1997). The solution, called VS
4, contained dextrose, Me,SO, dimethylformamide and 1,2 propane-diol. Vitrification is also
used with success in the cryopreservation of plant-cells and -tissues (Steponkus, 1992), as
well as for the cryopreservation of embryos (Rall and Fahy, 1985).

Figure 7: Thawing-curves of a 10% sodium-chloride-solution contaming 7% and 14%
hydroxyethylstarch (HES) and 5% and 10% Me,SO. In using Me,SO, the thawing-plateau of

W W

the sodium-chleride eutectic-point is absent (Méficka et al. 1984)

5.1 Immediate injury and storage-injury

Cells can be damaged both by freezing- and thawing-processes or by storage under
inadequate conditions. The immediate freezing- and thawing-injury can be minimised by the
combination of slow freezing and rapid thawing and the application of cryoprotectants.
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It is the role of cell- and tissue-banks to limit storage-injury to a minimum so that
storage for years, or even decades, can be achieved without significant loss of viability.
Storage-injury is avoided if complete solidification of the liquid is achieved, and
recrystallisation and devitrification-processes are minimised or avoided. Optimal storage
conditions are assured in vapour or liquid phases of nitrogen (Meryman, 1966). At these
temperatures, cells can be stored for years. Hunt and Pegg (1996) suggested safeguarding
temperature of the vapour-phase of liquid nitrogen below -160°C using a copper heat-
shunt.

At the temperature of dry ice (-80°C),which can be achieved in commercially-
available mechanical freezers, the recrystallisation processes can take place, and the
possibility of the existence of a minute fraction of a liquid, unfrozen phase, can not be
excluded. The mechanical freezers can be used for safe storage for months, however
(Makino et al., 1991). Storage of viable cells and tissues at higher temperatures cannot be
recommended if classic cryoprotectants are used.

5.2 Thawing and removal of the cryoprotectant

While in freezing cell-suspensions the use of a slow cooling-rate is desirable, rapid
thawing should be used to minimise cell-injury. A rapid thawing-rate prevents
recrystallisation of the ice formed during freezing and minimises the solution-effect. In
normal practice, thawing is carried out in a water- bath of 37-40°C. Rapid thawing can be
achieved only in small cylindrical containers or containers with a flat geometry such as
plastic bags filled with white blood-cell concentrate. Contrarily, some complex tissues, such
as vessels, require slow cooling to prevent microfractures. A problem in the removal of the
cryoprotectant is encountered when using intracellular cryoprotectants. Extracellular
cryoprotectants do not need to be removed. There are two reasons for the removal of the
cryoprotectant before further processing or clinical application of the cryopreserved cells or
tissues:

t. Cryoprotectant is toxic and can disturb the growth of cells in a tissue-culture. A typical
example of this is dimethylsulphoxide.
2. The plasma-membrane permeability for cryoprotectant is much lower than that for water.

Glyeerol is a typical example. It drains slowly from the cell after thawing, which can
lead to cell-swelling caused by an influx of water into the cell. The swelling may cause cell-
death especially if the cells are placed into an isotonic medium rapidly. Excessive influx of
water into cells can be prevented by a gradual dilution of the thawed cell-concentrate with
isotonic media, as also with dilution media containing substances that bind water outside
cells such as sucrose serum or albumin.

6. CONCLUSIONS

Substantial progress has been made in understanding the mechanisms of freezing-
injury and -protection during the last 15 years.The classic cryoprotection models, based on
avoidance of intracellular crystallisation by slow cooling and using conventional
cryoprotectants, are still the most frequently used in cell- and tissue-cryobanks. New
approaches based on vitrification are being introduced now, mainly in the freezing of
complex tissues. This change may open the way to greater success in freezing vascularised
organs. Enhancement of vitrification by synthetic ice-blocking-agents may be a new
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contribution to solving this problem. Bringing organ-cryopreservation techniques into
current medical practice will need, however, a lot of time and effort. In applying classic
freezing-protocols, computer simulation of cryobiological processes contributes to the
optimisation of regimens used in the freezing of cells.
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CHAPTER 2

CURRENT NATIONAL TISSUE-TRANSPLANT LEGISLATION IN THE CZECH
REPUBLIC AND THE REQUIREMENTS OF THE DIRECTIVE OF THE
EUROPEAN PARLIAMENT AND COUNCIL

1. INTRODUCTION

The history of efforts to establish legal regulation of tissue-banking in the former
Czechoslovakia has been closely connected to the establishment of the first multi-tissue bank
in the University Hospital, Hradec Kralové, by Professor Rudolf Klen in 1952 (Klen, 1952,
1954, Plagilova 2001). The first proposal for a Tissue Bank Act was presented at the 1™
Conference on Tissue Transplantation held in Hradec Kralové, in 1953, by Dr. Dostél, the
judge of the Regional Court, Hradec Kralové and published one year later (Dostal, 1954).
Dostal proposed that specialized institutions be licensed by the Minister of Health of the
Czechoslovak Republic to harvest tissues from dead donors for medical and research
purposes. It was proposed that donation of tissues for experimental and clinical use be based
on an opting-out principle and that any financial compensation paid to the donor be excluded.

Unfortunately, regulation of this ethically delicate issue at the level of a special Act
was not accepted, and the legal regulation of tissue-banking was included only in more
general decrees of the Ministry of Health dealing with funeral- procedures (Ministry of
Health of the Czechoslovak Republic, 1955, Ministry of Health of the Czechoslovak Socialist
Republic, 1966). These decrees permitted the harvesting of tissues from dead donors for
experimental and clinical purposes in departments of pathology, forensic medicine and tissue
banks on the condition that the minimum time-lag between death and tissue-harvest was 2
hours.

With the start of organ-transplantation in the middle of the 1960s, it was permitted,
under defined circumstances, to perform an extraordinary harvest before 2 hours after death
{(Ministry of Health of the Czechoslovak Socialist Republic, 1968). In the 1970’s, special
decrees defined the conditions of extraordinary harvest in brain-death donors with preserved
blood circulation (heart beating donors) (Ministry of Health of the Czech Socialist Republic,
1977). The opting-out principle was preserved in all stated norms both for experimental and
clinical use. Only the written refusal of the donor was accepted.

The first review dealing with legal aspects of tissue-banking had been published by
Klen in 1957 (Klen, 1957). Eleven years later, the issue of organ-harvest for transplantation
was examined by Stépan (Stépan, 1968). The legal aspects of tissue- and organ-
transplantation were included in a treatise “Law and Modern Medicine” published by a
brother of the above-mentioned author (Stépan, 1989). Hanu$ contributed information on the
issue by adding a special chapter to a textbook “Selected Chapters of Medical Psychology,”
published by Charles University in 1994 (Hanus et al., 1994). This chapter was also separately
published (Hanu$ and M¢ficka, 1994). The paper on the ethical and legal aspects of tissue
banking was presented by the author of this chapter at the European Conference on Tissue
Banking held in Berlin in 1991. A short review, aimed at informing the public of ideas
presented at the conference, appeared in the local hospital- and university- journal “Scan” in
the same year (Méficka, 1991). In this paper, we reviewed our attitude to tissue-donation and-
banking regarding such issues as protection of the autonomy of the donor, exclusion of any
financial compensation paid to the donor, reimbursement of expenses to the tissue bank by
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health insurance companies on a non-profit basis, etc. We pointed out that transplantation law
should protect the donor's right to decide what should be done with his/her body after death.

The legal situation, before the passing of a special transplantation act, was analysed by
Martinek (Martinek, 2002) in a chapter included in the textbook “Transplantology for Medical
Students” published by Charles University in Prague (TfeSka et al., 2002). Martinek
summarized the weaknesses of the legislation existing at that time such as the lack of
specification of the duties of medical staff in checking the possible pre-stated dissent of a
potential,but than deceased organ- and tissue- donor, lack of definition in the rights of the
next-of- kin of the deceased donor, absence of rules for the allocation of collected tissues and
organs as well as of criteria for the control of quality, and availability, of transplantation care.
Some specific remarks dealing with tissue- transplant legislation were mentioned in a chapter
“Introduction to tissue —transplantation” included into this textbook (M&#ic¢ka, 2002). Dutkova
published a thorough review of the principle features of the “Transplantation Act of the
Federal Republic of Germany” (Dufkova, 2000), and Bouska and Klir explained the reasons
for considering alternative practical approaches in the Czech Republic, different from those in
the FRG. (Bouska and Klir, 2000).

The expected negative effect of the new legislation on the availability of human cells
and tissues for experimental use was analysed by Cervinka and M&ficka (Cervinka and
Méfigka, 2001) in a paper presented at the 4™ Interdisciplinary Conference; “Transplantation
Medicine — Current Status and Perspectives”, organized by the Institute for Bioethics, in
Brno, in 2001.

2. ANALYSIS OF THE REGULATORY SITUATION

2.1Contribution of health insurance companies to regulations on tissue-banking
activities

The fact that organ- and tissue-transplantations in the Czech Republic were not
regulated through a special Act has been strongly criticised both by politicians and the public
during the great political changes in the country from 1989. A special Act preserving the
opting-out principle in harvesting from deceased donors has been in outline since the
establishment of the Czech Republic in 1993,

The basis for real regulation of tissue-banking activities was provided, however, by
the Czech General Health Insurance Company, which started to reimburse tissue grafts on a
non-profit and tax-free principle in 1993. Grafts produced by individual banks were given
identification-codes and the banks were given the identification-codes of manufacturers. The
grafts were classified as individually-prepared drugs similar to blood-bank products (General
Health Insurance Company, 1993). In 1997, the classification was changed to that of medical
devices (General Health Insurance Company, 1997).

Lists of products of individual tissue-banks were published by the insurance company
in standard lists of reimbursed drugs and medical devices which were at the disposal of any
physician in the country (General Health Insurance Company, 1993, 1998). The lists also
mcluded the maximal reimbursement calculated by individual producers (tissue-banks) and
approved by the health insurance company. This reimbursement included material costs,
salaries and insurance of the staff, costs of using the equipment including its validation, costs
of necessary services, tissue bank and hospital overheads. It was possible to alter the
reimbursement only if the stated parameters changed. The reimbursement has been always
totally independent of actual demand for particular tissue grafts. The approach of the General
Health Insurance Company to reimbursement for products of tissue-banks was followed by
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other health insurance companies which accepted the maximal reimbursement laid-down by
that company.

In 2003, the General Insurance Company increased its standards of safety and quality
of work of individual tissue-banks. It stopped, or limited, reimbursement for products of
banks that were not able to meet the necessary hygiene-standards, or did not have the
necessary equipment at their disposal.

Since September 2004, the insurance company has reimbursed only for grafts of banks
licensed by the Ministry of Health (see below).

2.2, Tissue-harvesting and -banking and the drafting of the National Transplantation
Act -Contribution of Tissue-Harvest and Transplantion-Committees to the legislative
process

Before approval of the transplantation act, the Ministry of Health made two attempts
to license an institution for coordinating organ-and tissue-transplantation inside the country,
and to cooperate with international organisations. The first institution that received this
licence was Czech Transplant, which started work in 1994 (Martinek, 1997). After the
dissolution of Czech Transplant by the Ministry of Health in 1997, authorisation to coordinate
organ- and tissue-transplants was given back to the Institute for Clinical and Experimental
Medicine in Prague which had been responsible for the coordination of organ-transplants for a
long time before. Both institutions formed special committees of experts in tissue-banking and
transplantation as advisory bodies (M¢ticka, 1997, 2000).

The first committee was established as the result of the first survey on tissue- banking
activities carried out by the author of this paper in cooperation with Czech Transplant, in
1995, and presented to the 4™ International Conference of the European Association of Tissue
Banks held in Leuven, Belgium, in the same year (Mé&ficka, 1995). In this presentation, it was
stated that in the absence of national legislation dealing with the safety issues of tissue
banking, the Czech tissue-bankers had tried to implement in their practices the standards of
peer international organisations of tissue-bankers, such as the American Red Cross Tissue
Service (Eastlund and Campagnari 1992), the European Association of Tissue Banks (EATB)
(EATB 1995), the European Association for Musculoskeletal Transplantation (EAMST) and
the International Association of Eye Banks (IFEB). The issue of consent was discussed as
well. The practice of the tissue-bank in Hradec Kralové was, at that time, to accept the dissent
of the donor's family expressed in any form including dissent to the autopsy that would have
followed the tissue-harvest in any case.

The committee summarized the tissue-banking activities and the demand for tissue-
grafts in different medical branches, and issued a report for the year 1996 (Czech Transplant,
1996). It supported proposals to register the tissue-donors and receivers, and to establish a
national tissue-bank network. It also supported cooperation among organ- and tissue- harvest
teams (M¢&ficka, 1997), and monitored and criticised the export of tissues for commercial
purposes.

The second committee was attached to the Department of Organ-Transplantation
Coordination of the Transplant Centre at the Institute for Clinical and Experimental Medicine
in Prague (M¢ficka, 2000). It followed the guidelines of the first one, and issued a report
covering 1998 (Institute for Clinical and Experimental Medicine, 1999). It proposed accepting
the tissue-safety criteria recommended by the European Council and supported the idea of
preparing a special national transplantation Act regulating both organ- and tissue- transplants.

The reports prepared by the committees (Czech Transplant,1996,Institute for Clinical

and Experimental Medicine, 1999) were used by the Ministry of Health in the drafting of the
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Transplantation Act, and the members of the committees served as individual experts to
whom the drafis of the Act were sent for comment.

Some data on the number of tissue-harvests and number of prepared grafts in the
relevant years are quoted in Tables 1 and 2. The data summarized only grafts delivered by the
official tissue-banks and reimbursed by health insurance companies , and did not include data
from small hospital-banks attached to the orthopaedic departments of many hospitals which
collected, predominantly, femoral heads from living donors.

Table 1: Number of living donors

Collected Tissue 1996 1998
Bone 159 216
Skin 0 0

Table 2: Number of deceased donors

Collected Tissue 1996 1998
Bone, fascia, cartilage 173 151
Heart valves 93 66
Skin 5 2
Cornea 913 312

The third committee was formed in Spring, 2004, as an advisory body to the Minister
of Health. It consisted of representatives of the government and State control institutions
(Ministry of Health, State Instifute for Drug Control), representatives of tissue-banks
(producers of grafts), representatives of medical societies (users of grafts) and representatives
of health-insurance companies who are responsible for the funding of the tissue-banking and
transplantation activities. One of the prime duties of the committee was to develop the
concept of a national policy in the field of cell- and tissue-transplantation and to prepare a
system of collecting data on tissue-banking and transplantation activities. Regular annual
collection of these data, according to the requirements of the European Commission, is a duty
of this committee as well.

2.3. Relevant international norms influencing the terms of the National Transplantation
Act and the impact of the joining the European Union

The drafts of the Transplantation Act, as well as its final text, were strongly influenced
by the need to include the terms of the Convention on Biomedicine (European Treaty Series
(signed by the Czech Republic in 1998 and ratified in 2001 (European Treaty Series 1997) in
the national legislation. For the first time, the Convention defined the legal status of surgical
residues. An additional protocol to the Convention (Council of Europe 2002) has not been
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ratified yet by the Czech Republic; nevertheless, some of its recommendations have been
accepted, e.g. prohibition of financial gain.

The text was also influenced by drafts of the European Council document “Guide on
Safety and Quality Assurance for Organs, Tissues and Cells™ sent for comment to the EC
member states in 2001, and printed in the final version in 2002 (European Council, 2002).
This document recommended to the member-states the establishment of national networks of
accredited tissue-banks. It also recommended to apply the Spanish model of tissue-donor
management (Manyalich et al. 1995). Particular attention was paid to traceability assurance, a
principle that had been neglected by some commercial tissue-establishments at that time.

The obligation of the European Union member-states to pay attention to the safety of
products of biological origin was already included in the Maastricht Treaty of 78 February
1992. Proposals to protect the European Union States from importing tissues harvested from
donors without ensuring donor-suitability were constantly re-iterated by the representatives of
Eurotfransplant. The idea of preparing a special directive on the issue of the establishment of
common standards in the harvesting and processing of tissues, and the assurance of equal
access to tissues by all EU member-States, was presented to the Congress of the
Transplantation Society in Rome, in 2000. Before issuing the first working-papers of the
Directive, the European Commission C — Health and Consumer Protection Directorate -
General sent a detailed questionnaire to all member- and candidate-countries (European
Commission, 2002) asking them to analyse their national legislation dealing with the safety of
cell- tissue- and organ-transplantation. This questionnaire, which should have been returned
by May, 2002, helped the candidate-states, including the Czech Republic, to identify any gaps
in existing, and also in proposed, legislation. It did not, however, have an immediate and
direct influence on the final text of the National Transplantation Act which was already
undergoing its final passage through the parliamentary process.

The directive, the draft of which was sent to the member- and candidate-States in
2002, required that each member-State register all tissue-banks, and license or accredit them
in compliance with the requirements of the directive (European Parliament and Council,
2004).

Regular publication of reports on the activities of tissue-banks in each country is also
one of the principle obligations of member-States prescribed by the directive. They should
strongly support non-profit tissue-banks, and were given two years to harmonize their national
legislation with the directive.

The directive does not regulate the manufacture of medical devices of human origin,
The tissue-donation, donor-screening and testing must be performed, however, in compliance
with the directive even in this case. It does not regulate the manufacture of cell-and tissue-
engineered products. The pertinent directive dealing with this issue is at the stage of
preparation of a working-paper. It neither regulates the harvesting nor preservation of organs.

2.4. Events with negative impact on organ- and tissue-transplantation

There were several events which had a negative impact on public and parliamentary
discussion during the drafting of the Transplantation Act. One example which dented public
confidence in the existing system of organ-harvesting and transplants, was the so-called
“Ostrava case”, in which the transplant-surgeons of the local, very active Transplantation
Centre were accused of malpractice in organ- harvests and -transplantations. The case was
investigated at different levels; nevertheless no evidence was presented against them (Vitko
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1999, Vitko 2001, Julinek, 2002). The case led, however, to a considerable decrease in organ-
donations in the country (Table 3).

Table 3: Kidney harvesting- activity in the Czech Republic in the years 1997-2003

1997 1998 1999 | 2000 200 2002 2003

Czech Republic 239 198 164 175 172 146 191

A similar effect on the attitude of the public towards tissue-harvests and transplants
was produced by further news in the media describing and criticising the persistent export of
tissues collected through pathology- and forensic-medicine departments. The history of these
exports started before 1989. The exporter was the Institute of Sera and Vaccines in Prague
(USOL), a State enterprise. After 1989, private tissue broker-companies continued this
practice (Czech Transplant, 1996, Institute of Clinical and Experimental Medicine, 1998,
Steiner and Spagek, 2002, Skotdopole, 2003).

The tissues were probably used for manufacturing various bio-implants in for-profit
companies (Steiner and Spacek, 2002). In the late 1980s and beginning of the 1990s, dura
mater was collected for the manufacture of freeze-dried or chemically-treated grafts for dura-
mater reconstruction or replacement of other connective tissue-structures. After the risk of
transmission of the Creutzfeldt-Jacob disease (CJD) by dura mater was discovered (Pritchard,
1987, Diringer and Braig, 1989), the interest of private companies turned to pericardia (an
alternative material for dura-mater replacement) and bone (Institute for Clinical and
Experimental Medicine, 1999, Steiner and Spadek, 2002). Czech TV repeatedly reported on
complaints by relatives seeking the purpose of a radical bone- and joint-harvest performed on
their deceased next-of-kin at the Dept. of Pathology in Dé¢in. As a result of this, prominent
Czech pathologists (Steiner and Spadek, 2002) as well as the Board of the Society of
Pathologists, Scientific Council of the Czech Ministry of Health (Sevéik and Fakan, 2002)
and representatives of the Czech Transplantation Society (Vitko, 2002) criticised the practice
of harvesting tissues for commercial purposes. There was a suspicion, however, that these
practices continued even after the new Transplantation Act came into force (Skocdopole,
2003). Discussion in the media during preparation of the Transplantation Act was open, often
contradictory, and focused on protection of the rights of the donor. This is documented in the
recording of our Czech radio-broadcast (in English) of December 2001 (Klement 2001). As a
result of these events, and the broad attention paid to them in the media, the Transplantation
Act received only a narrow majority in Parliament (Boskova, 2002, Julinek, 2002).
Moreover, some changes in the draft submitted by the Ministry of Health consequently
included a parliamentary initiative which has made tissue-harvest and preservation-activities
much more difficult than expected (see below).

2.5, Principal features of the National Transplantation Act

Act No. 285/2002 On Donation, Collection and Transplantation of Tissues and
Organs and changes in other Acts (Transplantation Act) (Ministry of Health, Czech Republic,
2002) regulate both tissue- and organ-transplants. The term “tissue” is also valid for cells.

Gametes, embryonic and foetal-fissues, placenta, hairs, nails and body-metabolism
products are excluded from the Act. Harvesting for experimental purposes is excluded as well.
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Tissue banksroles are defined as follows: “The Tissue-Bank is designed to ensure collection,
onward processing, testing, preservation, storage and distribution of tissue- grafts for
transplantation® and can be established only with the approval of the Ministry of Health as an
entity in a hospital which provides specialised or super-specialised medical care. In
organizing tissue-collections, tissue- banks are obliged to cooperate with departments of
pathology, forensic-medicine and obstetrics as well as with establishments providing tissue-
harvests and transplants. They are obliged to use information provided by the National
Register of Persons Rejecting Post-mortem Tissue- and Organ-Donation and the National
Register of Tissue- and Organ-donors. They are also obliged to keep records on collected and
accepted tissues, tests performed, manufactured transplantable-grafts kept in stock and grafis
delivered for clinical application. They can also use information from the National Register of
Performed Transplants in the evaluation of results of tissue-transplants.

The centre licensed to coordinate organ- and tissue-transplantation must be
independent of individual organ-transplantation centres and tissue-banks.

Any tissue- or organ-harvest from a living donor, including the collection of surgical
residues, can be made only with the explicit consent of the donor. Presumed consent of a
deceased donor is allowed; the dissent can be expressed by registration in the Register of
Persons Rejecting Post-mortem Donation or by other means described below. The Act
includes strong safeguards for minors and protected adults. Harvesting from these persons is
either excluded (prisoners) or can be made only with the explicit consent of the donor's
parents or legal guardians.

The Act orders the creation of the following registers:

National Register of Tissue and Organ Donors (not yet established)

National Register of Tissue and Organ Transplantations (not vet established)

National Register of Persons Waiting for an Organ Transplantation (this waiting-list existed
before approval of the Act). The Act does not create a register of persons waiting for tissue-
transplants.

National Register of Persons Rejecting Post-mortem Organ or Tissue Donation (in operation
since 2004, Ministry of Health, 2004).

It is possible to register a general refusal of organ- or tissue-donation or refusal of
donation of a particular organ or tissue. The necessary forms are available on the internet. The
register accepts mailed forms with a signature verified by a solicitor. It is also possible to
register during hospitalisation. The organ and tissue-harvest teams are obliged to check
whether the deceased person is registered before starting an organ or tissue-harvest.

Entry in this register is not, however, the only way to express refusal of post-mortem
tissue-donation. The donor can leave a written refusal or express an oral refusal in the
presence of a witness. For this reason, it is highly advisable to check the donor's attitude by
contacting the donor’s family.

Safety aspects of tissue-donation were included in Decree No. 437/2002 on the
“Health-Suitability of Tissue- and Organ-Donos for Transplantation Purposes” (Ministry of
Health of the Czech Republic, 2002). The decree defines criteria for donor-screening, the
spectrum of serological and other laboratory tests to be performed, and instructions for
performing repeated serological testing of living donors after the 6-month quarantine. It also
defines the general contra-indications of organ- and tissue-collection and retains the rule that
an autopsy must be performed on each deceased donor. The possible issue of a special decree
on safety assurance in banking-procedures was discussed during the drafting of the
Transplantation Act. Unfortunately, this proposal was not accepted at that time since the
safety aspects of tissue- banking were not considered as urgent as protection of the rights of
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the donor. This gap remains to be filled during the harmonization period, i.e. within the next
two years. The safety-aspects of cell- and tissue-banking were included, however, in the
requirements laid down for licensed tissue-banks by the Ministry of Health in 2004 (see
below).

Simultaneous with the passing of the Transplantation Act, several changes in other Acts were
made:

1. The Penal Act: This Act includes a new criminal-action clause dealing with the
unauthorized handling of tissues and organs.

2. The Public Health Insurance Act: The insurance companies are obliged to pay all
expenses connected with tissue- and organ-harvesting, preservation and
transplantation. Reimbursement is settled on a non-profit and tax-free basis.

3. The Offences Act: Advertising with the aim of stimulating demand of tissues and
payment of incentives to stimulate donation are regarded as offences. Disclosure of
identity of the donor and the host is also regarded as an offence..

4. Change in the “Public Health Care Act™  Includes special regulations for
manufacturing bio-implants.

This change in the Public Health Care Act was made as the result of a parliamentary initiative
without reference to the representatives of tissue-bankers. The aim of this initiative was to
restrict the opportunity for tissue-trafficking and/or for exporting tissues for commercial
purposes. The major change was to abandon the principle of presumed consent and turn to the
opting-in principle. The tissue used for manufacturing bio-implants can be harvested now
only with the explicit consent of the donor, or of his/her next-of- kin.

Bio-implants were defined for the purpose of the Act as tissue-grafts depleted of living
cells. Tissues preserved by simple deep-freezing were not regarded as bio-implants. The
parliamentary decision to create a special rule for manufacturing bio-implants came from the
assumption that bio-implants can only be produced by foreign companies and outside the
territory of the Czech Republic. It did not take into account that many products of Czech
tissue-banks included in the list of tissue-grafts for reimbursement by Czech insurance
companies also , belonged in this category (Table 4).
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Figure 1: Minimally-manipulated deep-frozen, or cryopreserved, tissue-grafts are stored in a
standard position in cardboard-boxes which hold grafis sealed in sterile, disposable peel-
packs (Figure la). The boxes are labelled using standard abbreviations and insurance-
company codes (in brackets).
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Figure 1 a: Deep-frozen fascia lata graft ready for clinical application. The graft is finally
labelled with a standard label including all data necessary for identification of the graft, the
donor {in anonymous form) and the manufacturer - Tissue Bank, University Hospital, Hradec
Kralové (the insurance-company code of the manufacturer is 230).

Figure 2: Freeze-dried, demineralised bone-grafts were included in the category of bio-
implants. The inner-bag is a standard bag used for gas-sterilisation. The outer-packaging and
labelling is tdentical, as shown above.

Table 4: Classification of codes given by the insurance company to the allogeneic tissue-
grafts manufactured in the Tissue Bank, University Hospital Hradec Kralové (1997-2002)

Transplants Bioimplants Total
Number of codes Number of codes Number of codes

Bone grafts 4 5 9
Soft connective tissue- 4 3 7
grafts

Biological skin-covers 2 2 4
Ocular tissues 2 2 4
Total 12 12 24
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The change in the Public Health Care Act caused a confusing situation in which there
were two parallel Acts regulating tissue-harvesting and banking; one based on opting-in, the
other on opting-out. Unfortunately, even more information that appeared in the press
immediately after approval of the Act was either misleading or interpreted incorrectly, e.g.
that tissues, in general, can be collected only with the explicit consent of the donor (BoSkova,
2002). 1t is probable that this anomaly will disappear during the process of harmonization of
national legislation that comes with the EU Directive.

Tissues collected for experimental or education purposes can be harvested only with the
explicit consent of the donor or of the next-of-kin

2.7. Practical consequences of the EU Directive and the process of licensing tissue-banks
in the Czech Republic

Directive 2004/23/EC of the European Parliament and Council "On Setting Standards
of Quality and Safety for Donation, Procurement, Testing, Processing, Preservation, Storage
and Distribution of Human Tissues and Cells" (European Parliament and Council, 2004) came
into force on March 31, 2004. In the Czech Republic, it came into force on the date of
accession, i.e. I* May 2004. It led to the biggest changes in the practice of tissue-banks
within the last 10 years. The Directive has a unifying power, which is different from
recommendations of the European Council. All member-states are obliged to harmonize their
national legislation with the Directive within 2 years. The Directive regulates both autologous
and allogeneic cells and tissues, including gametes, foetal and embryonic ones (different from
the Czech Transplantation Act). The Directive does not include organs (different from
recommendations of the EC). The Directive emphasises the need of establishing the safety
and quality assurance programmes in processing cells and tissues of human origin.

The differences between the National Transplantation Act, the EC guide and the EU
Directive are summarized in Table 5.

Table 5:
National Transplantation Act | EC Guide to Safety | EU Directive

Organs Included Included Excluded
Autologous cells and Included Excluded Included
tissues

Allogeneic cells and Included Included Included
tissues

Gametes Excluded Excluded Included
Fostal and embryonic Excluded Excluded Included

cells

The Ministry of Health started the process of licensing tissue-banks in Spring, 2004,
All hospitals that applied to license existing tissue-banks, or new tissue-banks, were obliged
to submit answers to detailed questions, published on the internet-pages of the Ministry,
concerning:




36

lists of tissues collected and processed, and their specifications,

description of premises of the tissue- bank, system (methods) of sanitization, methods of
cross- contamination prevention, system of environmental control,

description of the technical equipment of the tissue bank, results of the validation of the
equipment,

organization of the bank, qualification of the staff, the names of persons authorized to relcase
grafts for clinical application,

description of the documentation,

system of monitoring adverse reactions,

the tissue bank quality-management policy.

The applications were evaluated by independent experts. The list of the licensed banks
was published on the internet-pages of the Ministry of Health. The licensed banks were
divided into the following categories:

1. multi-function banks; fully-licensed banks for the harvesting of cells and tissues from
living and dead donors, preservation by different methods including cryopreservation
and freeze-drying, use of tissue-culture and cell- and tissue-engineering methods,

2. cell tissue-banks; licensed to collect and process living cells for transplantation and

cellular-therapy,

eye-tissue banks; licensed to preserve corneas and other ocular cells and tissues,

specialized tissue-banks, e.g. heart-valve bank,

5. bone-tissue banks.

nali

In each licence, it was precisely defined whether a bank was approved to collect
tissues only from living donors, as with some bone-tissue banks, or whether it was licensed to
also collect tissues from dead donors. Banks that had a licence to collect tissues from dead
donors were given authorisation to search in the National Register of Persons Rejecting Post-
mortem Tissue Donation, which also started to operate on the 1% September, 2004 (Decree
No. 434/2004: Details of the range and content of data obligatorily stored in the National
Register of Persons Rejecting Post-mortem Tissue and Organ Donation, Ministry of Health
of the Czech Republic, 2004).

3JMETHODS OF MEETING THE REQUIREMENTS OF THE CZECH AND
EUROPEAN LEGISLATION-OWN APPROACH

The author’s approach to ways of matching the new quality- and safety-criteria
prescribed by national legislation and the EU Directive was based on the similarity of the
cell- and tissue- banking methods and manufacturing of sterile drugs.The general
requirements of pharmaceutical control-institutions described in the rules of the Good
Manufacturing Practice (GMP) and issued by the State Institute for Drug Control (State
Institute for Drug Control, 1998) were used as a methodological guide.

As a result of this similarity, it was necessary to change a lot of the standard operating-
procedures used before; to describe specifications of the collected material and final products;
to establish a system of traceability- reliability and cross-contamination prevention, and to
specify the storage-conditions, One of the necessary measures was the introduction of clean-
room technology and environmental control to ensure an aseptic way of processing cells and
tissue- products that did not tolerate terminal sterilisation.
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In this paper, which is an expanded version of the paper presented to the International
Conference of the European Association of Tissue Banks held in Prague in October, 2004,
(Meticka et al., 2004), examples of specifications of cryopreserved cell- and tissue-grafts,
standard operating-procedures for cell- and tissue-donation, banking and bacteriological
control of grafts and the traceability reliability system are shown.

Chapter 3 describes the system of ensuring requisite storage-conditions, a system of
cross-contamination prevention and the results of monitoring the clean rooms used for the
processing of cells and tissues before cryopreservation.

4. RESULTS
4.1 Specifications for the collected material and final products

Specifications for the collected tissues as well as for the final products were written
using the general criteria for specifications published in the Bulletin of the State Institute for
Drug Control (SUKL, 1998). Specific requirements of the Transplantation Act and of the
decrees of the Ministry of Health were taken also into account. Examples of specifications for
collected cell-suspensions (bone marrow) and solid tissues (skin, bone-tendon-bone
allografts) are presented in appendix 1a.

Examples of specifications for cryopreserved cell-grafts (unseparated bone-marrow)
and solid-tissue-grafts (dermoepidermal and bone-tendon-bone grafts) are demonstrated in
appendix 1b.

4.2 Standard operating procedures for cell and tissue donation and collection

Standard operating procedures(SOP’s) for cell- and tissue-donation and -collection
from a living and deceased donors including examples of informed consent, are attached.
The major change is to include information on the possibility of tissue-harvesting to the
family of the deceased donor — Appendix 2. Examples of informed consent for donation of
cells or tissues for experimental purposes are also shown.

4.3 Standard operating procedures for cell- and tissue-cryopreservation

The general SOPs used for the cryopreservation of cells and tissues ciover two
categories — one for grafts that are to be implanted (bone-tendon-bone allograft),and one for
cryopreserved biological skin-covers. The SOPs were written using the reguirements of GMP
(Appendix 3).
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4.4 Standard operating procedures for bacteriological control of tissue- grafts

Control is carried out by the Department of Clinical Microbiology of the University
Hospital. The standard operating procedures for culturing bacteriological swabs as well for
sterility-testing are included in Appendix 4.

4.5, Traceability-reliability in eryopreserved cell-and tissue-grafts

Traceability is guaranteed by using specific labels for collected,as well as for released, final
products (Méiicka et al., 2002). The labels include:

identification of the producer using the identification code of the insurance company and of
the Ministry of Health,

anonymous identification of the donor using his/her identification number;in autologous
grafts the name and birth code of the donor/receiver is quoted,

identification of the date of collection or year of manufacture,

identification of the tissue using the tissue identification number.

Examples of labels used for traceability-reliability in cryopreserved products are shown in
Appendix 5. After using the grafts, the labels are to be included in the patient's
documentation.

4.6 Results of the licensing process

On the 1% September, 2004, 15 institutions received a licence to establish tissue-banks,
Only two institutions received a licence to establish multi-tissue banks. The tissue-bank of the
University Hospital, Hradec Kralové, received a multi-function licence, i.e. the broadest type
of licence. It was given the registration code MTB 006. The data summarizing the results of
the licensing-process, including reimbursement for grafts by the insurance companies, are
shown in Table 6. Only 7 banks have been able to submit all the necessary data required by
the insurance company for acceptance of reimbursement for their products since the 1%
January, 2005,

Table 6: Tissue-banks added to the list of producers

Year Monobanks Multifunction banks Total
1993 4 2 6
2004 6 3 9
2005 5 2 7
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5. DISCUSSION

The effort to quickly integrate the requirements of the EU Directive into the practice
of Czech tissue-banks led to an improvement in the level of safety and quality assurance in
tissue-transplants in the country. The major achievement was the establishment of a national
network of licensed tissue-banks of different types. This network also includes small banks in
surgical departments that do not distribute their products outside their hospitals, and which
had been exempt from any supervision in the past. All tissue-banks received the status of
“final producer,” responsible for the whole technological chain starting with tissue-collection
and ending with the distribution of the final product. This status also includes responsibility
for the selection and interpretation of all mandatory contro-tests. This legislative change
happened very quickly and allowed very little time for adaptation. For this reason, even some
tissue-banks with a long-term tradition disappeared from the list of those approved to
distribute their products (Table 6). Two monobanks and one multi-function bank were
removed from the list, and of the new establishments that received a licence last year, only
one monobank was included in the list. This situation confirmed the validity of the long-term
approach towards quality- assurance which aims at the gradual implementation of the rules of
Good Manufacturing Practice (Méficka et al., 2002).

The decision to regulate the quality and safety of tissue-banking to an European norm
was not a surprise. This was a reaction to the failure of a system of voluntary accreditation
within organisations of tissue-banks as practiced in the U.S.A. at the beginning of the 1990s.
This system was not able to eliminate non-accredited tissue-banks or the use of tissues
imported from countries where collection was performed without proper
supervision.(Warwick and Kearney 2002) This situation was strongly criticised by peer
American tissue-bankers and representatives of the FDA. This practice, together with the
practice of pooling tissues collected from several donors in one processing batch, led to an
increased danger of infection-transmission (von Versen, 1995 ). In 1993, the FDA decided to
issue special rules assuring the basic level of safety and quality in the process of tissue-
donation and -harvesting (Food and Drug Administration 1993, Sandler,1994, Fragale, 1997).
Later, specific instructions for the application of GMP rules into tissue-banking, called Good
Tissue Practice, were prepared by the FDA (Department of Health and Human Services,
2001).

In the BEuropean Union, there was a strong lobby in the middle of the 1990s to regulate
tissue-banking through a Medical Device Directive (Roscam Abbing, 1995, Dupont, 1997).
This approach was not accepted, however, as it would have been extremely difficult to
guarantee compliance with the Convention on Biomedicine and its Additional Protocol.
Nevertheless, it probably influenced the Czech General Health Insurance Company into a
decision to include tissue-grafts on the list of medical devices (General Health Insurance
Company, 1997).

As in the U.S.A., specific rules for tissue-banking were also issued in Europe, firstly
by the British Department of Health (Department of Health, 2001).

In the Czech Republic, the General Health Insurance Company was, for a long time,
the only institution having a controlling role. Its policies were aimed, however, mainly at
financial control. Safety and quality criteria were considered only during the last two years.
The process of tissue-bank licensing, in 2004, was initiated and controlled by the Ministry of
Health, with only temporary 2-year licences being issued. After the expiration of this period,
it is expected that licences,or accreditation, will be granted by a specialised, independent
institution.
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For this reason, it was very important to modify the safety- and quality-management in
the University Hospital Tissue-Bank in compliance with the GMP rules recommended by the
State Institute for Drug Control (State Institute for Drug Control, 1998).

The detailing of specifications for collected tissues and end-roducts became a new
feature of its practice, which had been not included in previous operational manuals. Defining
the properties of grafts, including the control-methods used in the specifications, makes it
possible to inform clients on the properties of the grafts, or to make corrective actions in case
of any deviation. It is also possible to measure the probability of meeting the requirements of
the specifications through a validation process.

The major change in the SOPs for tissue-donation and -collection was the inclusion of
information on possible tissue-harvesting from a deceased donor to the donor's family. In
addition to the ethical value of such a decision, contact with the family may help in
completing the medical history of the deceased donor, especially in cases where verbal
contact with the donor was impossible.

Collection of cells and tissues for experimental purposes was limited to living donors.
In the illustration below an experiment carried out in 19987 is shown. The experiment ,which
enjoed financial support from the Internal Grant Agency of the Ministry of Health (Strakova,
1995, Méficka et al., 2000),reveals the keratinocytes taken from one deceased donor grown
on the de-epidermised dermis of another deceased donor. Nowadays, this experiment could be
repeated only with explicit consent as defined in the Public Health Care Act.

Figure 3: Human epidermal keratinocytes taken from a deceased donor forming a new
epidermis after being seeded to a de-epidermised, acellular dermis prepared from a split skin-
graft taken from another deceased donor (Courtesy Ass. Prof Subrtova). Financial support of
IGA MZCR, Grant No 3696-3 (M#ficka et al, 2000).
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In addition, the author stopped collection of cadaveric split-skin for experimental
purposes. This skin had been used over a long time in drug- penetration studies carried out in
the Faculty of Pharmacy, Hradec Kralové (Dolezal et al., 1993, Vavrova et al., 2002). Human
skin was replaced with pigskin taken from the ear by a standard procedure developed for
pigskin-grafts being manufactured for clinical use (Mé&ficka et al., 2002).

The SOPs for the processing and control of cell- and tissue-grafts were submitted for
audit to an authorized company in 1999. The control-procedures were strictly separated from
the manufacturing itself and were carried out by individual departments of the University
Hospital, or by licensed independent institutions. Bacteriological monitoring of cryopreserved
cell- and tissue-grafts is performed by the Department of Microbiology. Swabs taken from
processed tissues are cultured in aerobic and anaerobic conditions (Méficka et al., 2002). The
methodology of the Paul Ehrlich Institute (FRG) is applied to the sterility tests (see Appendix
4).

The traceability-assurance system is an efficient tool for the control of infection-
transmission in cell- and tissue-transplantation, and was traditionally included at all levels in
voluntary tissue-banking organizations. In the tissue-bank of the University Hospital, Hradec
Kralové, it has been applied since its opening in the 1950s. The new approach to traceability
—accuracy, using specific labels containing anonymous data on the donor together with the
identification-codes of the producer, was introduced by the author in 1999, and the results
were published in 2002 (Mé&#icka et al., 2002). The traceability-system will be implemented
nationally after the establishment of registers for tissue-donors and -receivers as ordered by
the Transplantation Act.

Implementation of the new norms will, without doubt, increase the safety and quality of
the work of tissue-banks. On the other hand, availability of tissue-grafts for chinical
application may be jeopardized. In table 1, we demonstrated the influence of the
dissemination of negative information on the work of organ-transplantation teams. It is the
lack of current transparent rules for international co-operation that may lead to the publication
of negative information now. It is expected that rules on this issue will be approved during the
harmonization process. Regular annual reports on the activities of tissue-banks, required by
the EU Directive and issued by the Ministry of Health or Centre for Transplantation
Coordination, should be made publicly accessible. They represent an efficient tool for the
strengthening of public confidence in the existing system of cell- and tissue-collection,-
banking and -transplantation.

Alternative ways of achieving greater availability of transplantable tissues are to
increase the use of tissues collected from living donors and/or to use xenogeneic tissues,
where possible.

6. CONCLUSIONS

The existing national legislation regulating tissue-harvesting and transplantation in the
Czech Republic is not in contravention of the Directive of the European Parliament and
Council.
The gaps in existing legislation are to be eliminated with the help of a newly-formed
committee of experts.
Publicly-accessible, regular, annual reports on the activities of tissue-banks are regarded as an
efficient tool in strengthening the confidence of the public in the fransparency of the system of
tissue-collection,-banking and -transplantation.
The procedures for tissue-bank licensing led to the establishment of a national tissue-bank
network, and rapidly increased standards of quality and safety of tissue-transplants in the
country.
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Availability of tissue-grafts may be jeopardised by the implementation of the requirements of
the national Transplantation Act. The increasing use of tissues collected from living donors,
or the use of xenogeneic tissues, where possible, may help to resolve this issue.
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CHAPTER3

THE CELL AND TISSUE BANK AS A COMBINATION OF
CRYOGENIC AND CLEAN-ROOM TECHNOLOGY

1. INFRODUCTION

The history of establishing large cryobanks is bound together with the large-scale use
of cryopreservation techniques in the breeding sciences as well as with the establishment of
national and international cell-culture collections. In medicine, it is connected closely to the
application of cryopreservation in haematology, transfusion-medicine and burns- and
disaster-medicine (Smith, 1961, Meryman, 1966, Dobry,1971, Sumida,1974, Puskar and
Belous, 1975, Kobylka 1989, Konigova, 1990, Moserova and Houskova, 1989, Smit Sibinga
et al., 1990, Areman et al.,1990, Mé&ficka et. al., 1990,1992,1993, 1995, Gris¢enko and
Belous 1994, Klein 1997, Klein and Méticka, 2000, Méficka et al., 2002, Mé&iicka and
Hogek, 2002). The project of creating a cell-culture collection as a part of the Tissue Bank of
the University Hospital, Hradec Kralové, already existed in the early 1970s (Heger et al.,
1971), and led to the introduction of the cryopreservation of living cells (Hroch and Srb,
1971, Srb and Hroch, 1971). The project aimed at creating a bone-marrow bank in the
University Hospital, Hradec Kralové, as a part of the tissue-bank was introduced by Prof.
Klen at a meeting of experts from the International Atomic Energy Agency in Moscow, in
1968; and at a symposium on tissue-banking in Washington, D.C. in 1975 (Klen, 1968,1976).
A review of availabibity of technological support necessary for establishing a bone-marrow
bank in the former Czechoslovakia was published by the author of this paper in 1983
(Meficka, 1983). The programme of clinical application of cryopreserved blood progenitor-
cells in the University Hospital, originated in its Department of Intensive Haematological
Care, 2nd Dept. of Medicine, in the years 1988-1989 (Blaha et al., 1990). It used metal
containers manufactured by the Research Institute of Food and Refrigeration Technology,
Hradec Kralové (now Ateko, Ltd. Hradec Kralove) (Méficka et al., 1990,1991), controlled-
rate freezing, and a mechanical freezer (-80°C) for storage. Storage in liquid nitrogen was
introduced in 1991 (Méticka et al., 1995,1999).

Before starting the cryopreservation of large volumes of cell-suspensions for clinical
application solving specific problems was necessary, such as finding a plastic material
resistant to liquid- nitrogen temperatures suitable for manufacturing freezing-bags and for the
storage of cells; finding optimal freezing-rates which assured standard freeze/thaw recovery-~
rates. In freezing haematopoietic progenitor-cells, it was also necessary to resolve the issue of
the toxicity of the cryoprotectants that were to be infused intravenously together with the
thawed suspensions, and to find optimal stimulation-protocols (Blaha et al., 2001). The
majority of the above-mentioned issues seemed to have been resolved in the work of the
haematopietic cell- banks in the early 1990s (Areman et al.,1990, Warkentin et al.,1993,
M¢ficka et al.,1995, ). The issue of the quality of plastic, disposable freezing bags returned,
however, after the publication of Tedder’s paper describing cross-contamination by the
hepatitis B virus in red blood-cell concentrates which had been stored in bags immersed in
liquid nitrogen (Tedder et al., 1995, Hawkins et al. 1996).
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Increasing requirements for the safety and quality of cryopreserved tissues and cells
used for therapeutic purposes, as well as the rapid development of methods of cell- and
tissue-engineering in the last decade (Lanza et al. 1997, Polak et al.2002), led to the necessity
of allying cryobanks closely with laboratories able to process the cells and tissues prior to
cryopreservation, After thawing (e.g. using cell expansion method), the process was to be
carried out under conditions which meet the criteria required by current legislation (see
chapter 2). As living cells and tissues do not withstand terminal sterilisation, it was obvious,
even in the middle of the 1990s, that the process should be performed under those conditions
used for manufacturing sterile pharmaceutical products, i.e. using clean-room technology.
Evaluation of these trends led to a proposal for the creation of a new cell- and tissue-
establishment, based on a combination of these technologies, at the University Hospital..

After critical evaluation of this proposal by the University Hospital Administration,
the bank was designed in 1998/1999 by Atelier H-1 Hajek, Hradec Kralové, and the Chironax
Project, Prague, using the guide-lines for the design of pharmaceutical facilities laid down by
International Society for Pharmaceutical Engineering (ISPE Headquaters, ISPE European
Branch Office, 1999) and the recommendations of the State Institute for Drug Control,
Pragne (Véstnik SUKL, 1998). The whole project for the bank was reviewed by G.M.
PROJECT, Opava, a company with international experience in planning and building
facilities for the pharmaceutical industry and registered with the European Commission (Reg.
No. CZE-19216). After receiving a positive go-ahead from the State Institute for Drug
Control, the project was given financial support by the Ministry of Health, and the bank was
built between 2000-2002 by Stako (Hradec Kralové). The heating, ventilation and air-
conditioning systems (HVAC) for the clean-room facility was manufactured by Pulsklima,
Liberec. In this paper, the two-year experience in operating the new cell- and tissue-bank,
built with a combination of cryogenic and clean-room technology is reviewed.. The aim of
the paper is to determine and analyse the most critical parameters bearing the safety of the
working staff and of the product.

2. DESCRIPTION OF THE BANK

The bank consists of a cryogenic facility used for the controlled-rate freezing of cells and
tissues and storage at either temperatures of —85°C (mechanical freezers) or at liquid-
nitrogen temperatures, and a clean-room facility. The outer-view of the bank is shown in
figure 1. The bank is supplied with liquid nitrogen from the outer-vessel which is connected
by an insulated tubing to the cryostorage-facility as well as to a laboratory for the controlied-
rate freezing (Figure 1 ).
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Figure 1: The outer view of the Tissue Bank, University Hospital, Hradec Kralové. The
outer tank can contain, maximally, 4,000 kg of liquid nitrogen. Critical parameters, i.e. the
liquid-nitrogen weight and the pressure inside the container, are continuously monitored and
recorded. The container is connected by an insulated tubing to the cryostorage rooms and
cryopreservation laboratory (front right). The clean-room facility, with the critical
processing-areas, is situated in a building seen at front — left. The high building behind the
bank is the Department of Gynaecology and Obstetrics.



50

Figure 2: Internal view of the bank. The large containers for the storage of
haematopoietic progenitor-cells are filled automatically from a back-up, low-pressure liquid-
nitrogen container (volume 230 1). A container of the same size is used as a back-up, safety-
cooling system for two mechanical freezers operating at a temperature of —85°C (right).

Liquid nitrogen in the outer tank (Figure 1), as well as in the back-up liquid-nitrogen
vessels placed inside the bank (Figure 2), is stored at low pressure to minimize liquid-
nitrogen loss through evaporation. The tubing connects the outer tank to the cryobank itself

(Figure 3).
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Figure 3: The insulated tubing connects the outer liquid-nitrogen container to the
cryobank. The metal construction around the tubing lowers the possibility of mechanical
damage.

The tubing is filled with liquid nitrogen only at times of transfer of the liquid into the
vessels placed inside the bank. The critical pressure for opening the tubing relief-valves is
adjusted to 0.3 MPa. This operation is carried out once or twice a week, and lasts
approximately one hour. For the rest of the time, the tubing is left without pressure in order to
avoid any leakage of liquid nitrogen in the case of mechanical damage to the tubing.
Automatic filling of the large biological containers with liquid nitrogen is effected from the
back-up, low-pressure containers placed inside the bank (Figures. 2,4). The same type of low
pressure container is used for supplying the programmable freezer (Figure 4).
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Figure 4: The programmable freezer is supplied with the liquid nitrogen from a low-
pressure, 230 1 container. The back-up vessel is connected to the external vessel by the
tubing.

The following issues are dealt with in this paper:
A. Cryogenic facility:

1. evaluation of the oxygen-deficiency hazard.

2. setting the normal operational- and alarm-limits in the cooling equipment used for storage
of cells and tissues by operational qualification.

3. system of cross-contamination prevention; this issue is dealt with separately in the
published papers (M&Ficka et al., 2002, Blaha et al., 2003, M¢ificka et al., 2003). Full texts of
these papers are included in the appendix.

B. Clean- room facility:

1. application of general guide-lines for aseptic pharmaceutical production in the tissue-
bank.

2. results of the microbiological validation of clean-rooms at the beginning of operational use
and after one year of operation.
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3. METHODS AND RESULTS
3.1 Cryogenic facility
3.1.1 Evaluation of the oxygen-defficiency danger

The level of atmospheric oxygen, a critical factor in safety of the staff, was analysed in
the paper “The Importance of Oxygen-level Monitoring in the Cryostorage Facilities”
presented at the conference “Cryogenics 2004” in Prague, and published in the Conference

W W

Proceedings (M¢ficka et al., 2004). Full text of the paper is vincluded in the appendix.

3.1.2 Setting of normal operational- and alarm-limits for the storage of biological
material

The critical factor for maintaining the quality of the product (cell or tissue graft) is the
temperature inside the cooling-equipment used in the storage of these biological materials.
This temperature is continuously monitored and recorded, and is required to remain exactly
within the process- limits. ‘

When continuous monitoring or recording is necessary, the ISPE Guide (ISPE 1999)
recommends adjustment as follows:

1. An alert to register that the temperature has deviated from the normal operating- range.
2. An alarm to indicate that the temperature has deviated from the process-limits.

The standard way of setting the normal operational range and process-limits is to
observe the operational qualification of the equipment set by an authorised company (Figure
3).

3.1.2.1 Methods of operational qualification of the cooling equipment
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Figure 5: Validation-reports are stored in the department for future reference

The operational qualification of the two large liquid-nitrogen containers, the two mechanical
freezers (Figures 2,5) and the iwo pharmaceutical refrigerators was set by the company G.M.
PROJECT Opava, registered with the European Commission. The validation-team consisted
of representatives of the user (tissue-bank staff, the hospital administration) and a
representative of the authorised company. Validation was performed during normal operation
of tested equipment as well as during simulation of alarm situations using standardized
power-off and door-opening tests.The acceptability-criteria were established by the
representatives of the tissue-bank on the basis of the following assumptions:

A: Liquid nitrogen vapour-phase storage:

1. The normal operational temperature-range is affected by temperature-fluctuations
during regular, automatic filling of the containers (Figure 6 ) .

2. The upper process-limit is achieved at the temperature of cubic hexagonal
transformation of ice (-130°C); the lower process-limit, by the liquid-mitrogen
temperature.

B: Liquid-nitrogen liquid-phase storage:

1. The normal operational temperature-range is affected through temperature-
fluctuations during automatic filling of the container (Figure 7 ).

2. The upper process- limits are achieved at a temperature of —150°C; the lower process-
limit at a temperature of —199°C, as adjusted by the manufacturer.
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Figure 6: Adjusting the liquid-itrogen levels in a container used for storage in the vapour-

phase. Temperature-drops occur during automatic filling from the back-up vessel.
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Figure 7: Adjusting liquid-nitrogen levels in the container used for storage in the liquid-
phase. Temperature-drops occur during automatic filling of the container.

Automatic filling with liquid nitrogen is regulated by adjusting the upper and lower level
of liquid nitrogen inside the tank. The upper/lower-level difference in both cases is adjusted
to 50 mm, the frequency of filling is clear from Figures 6 and 7.

C: Mechanical freezing (-85°C):

1. the normal operational-range is accompanied by temperature-fluctuations during
mechanical cooling (Figure 8 ).

2. the upper process-limit is reached at the temperature of ~70°C, at which point the
back-up, liquid- nitrogen cooling system starts to operate.

3. the lower process-limit is reached at a temperature of —90°C, which indicates a
breakdown in the regulation of the cooling- system.
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Figure 8: Graph of temperature-fluctuation during mechanical cooling. The regular
temperature-fluctuations are caused by switching on/off the compressor; the temperature-
peaks are caused by opening the door of the low-temperature cabinet.
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1. normal operational range is characterised by temperature-fluctuations during

mechanical cooling.
2. upper process- limit is + 8°C, as recommended by the Ministry of Health.
3. lower process limit 1s 0°C.

3.1.2.2 Tested cooling-equipment and methods of temperature measurement

A summary of types of checked cooling-equipment, displayed values and performances, and
a list of alarm-functions is shown in Tables 1-3. The acceptability-criteria for calibrated
probes are summarised in Table 4.

Table 1: Types and number of items of cooling-equipment tested

Volume No. of items Manufacturer Yea? of
) testing
Cryogenic box 1,200 2 Chart USA 2002
Upright
mechanical 486 2 REVCO USA 2004
freezer
Upright
pharmaceutical 2 Electrolux 2004
. 280
refrigerator

Table 2: Displayed values and functions

Adjusted | Warm Cold Power Function of | LN,
T/LN> control | control | Actual T ON/OEF back- up usage
level set point | set point system /day
Cryogenic yes yes yes yes yes yes yes
boxes
Freezer
_855C yes yes yes yes yes yes no
Refrigerator o es os os no no
+5°C Y 4 Y Y back-up back-up
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Table 3: Alarm functions

Warm T High/low Power- Back-up
alarm Cold T alarm LN,. failure alarm | supply alarm
levelalarm PPLY
gclgzz;gemc yes yes yes yes yes
Freezers
8550, yes yes no yes yes
Refrigerator
1500 yes yes no yes no back-up
Table 4: Conditions for calibration of probes and acceptability-riteria
Crvogenic boxes Mechanical freezer Pharmaceutical
yog —85°C refrigerator +5°C

Precalibration -197°C -197°C -20°C
temperatures 0 °C,-25°C 0°C,-30°C +20°C,10°C
f;fg:}fgj:s‘m 25°C -30°C -10°C
Acceptable deviation 2°C 0.3°C 0.3°C
Acceptable stability 0.2°C for 2 min (0.2°C for 2 min 0.2°C for 2 min

Storage at liquid nitrogen temperatures - used liquid nitrogen containers:

Type of container: Cryogenic-box XLC 1200 with an internal inventory-system for the
storage of biological material in racks with bags, or boxes with ampoules. The inventory-
system and racks are made of stainless steel. The box is used for the storage of bags with
human blood progenitor-cells enclosed in metal (aluminium) cassettes ST 100 (Consarctic,
Schéllkrippen, FRG) on two levels. The internal diameter of the box is 780 mm; the depth
850 mm (Figure 9). The distance from the top of the inventory -system to the upper-lid of
the box is 300 mm; the distance of the top of cassettes stored on the upper layer from the
upper-lid is 350 mm.

Figure 9: Internal view of a cryogenic-box. The space is divided into 16 individual
compartments by an inventory-system. The cassettes with bags containing cryopreserved
suspension are stored in racks placed on two levels.
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Temperature-measurement inside the liquid-nitrogen containers was performed by an
Intelligent RTD Temperature Probe Modul M 2801 (Kaye Instr. Inc. USA) using multiple
probes placed at different positions inside the container. The data were processed by a
portable validator modul X 1310 (Kaye Instr. Inc., USA).The temperature was recorded in 1-
2 minute intervals. Printed records were included in the validation reports .

3.1.2.3 Results of the operational qualification of the cooling equipment
A .Storage in liquid-nitrogen containers — vapour-phase

The lower limit of the liquid-nitrogen level was adjusted to 150 mm; the upper limit, to 200
min: the low-level alarm-limit to 99 mm; the upper-level alarm-limit to 250mm. The position
of the probes, and the temperatures, at the start and end of the validation-process are
summarised in Table 5:



Table 5: Temperature-conditions in the vapour-phase of liquid-nitrogen

Probe-distance from

the LN, level Tempera(tgtére at start Temper(aité;e at end
(mm) )
355 -188.1 -174.1
297 -182.1 -169.3
10 -188.7 -195.1
50 -184.2 ~189.7
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The data on temperature-differences during a 7-day recording of temperatures on two levels
(at 30-minute intervals) in each container, as well as temperature-differences encountered in

bags, during the operational qualification are summarised in the Table 6:

Table 6: Temperature conditions in the vapour-and liquid- phase of liquid-nitrogen and inside

the stored bags containing 100 ml of 10% dimethylsuphoxide solution

Maximum Minimum Maximal difference
temperature (°C) temperature (°C) (°C)
Vapour- phase -170.2 -187.3 17.1
storage upper-level
Vapour- phase
storage -189.6 -193.8 4.2
Lower-level
Maximal difference
- - 23.6
vapour-phase storage
Liquid- phase storage 1826 1946 12.0
upper-level
Liquid phase storage 1974 1977 03
lower-level
Maximal difference,
. - - 15.1
liquid-phase storage
Temperature in bags
- vapour-phase -171.6 -185.1 13.5
storage
Temperature in bags
— liquid- phase -1974 -197.5 0.1

storage
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B.Storage in liquid-nitrogen containers — liquid-phase storage

The lower limit of the liquid-nitrogen level was adjusted to 350 mm; the upper limit,
to 400 mm. The low-level alarm- limit was adjusted to 300 mm; the upper-level alarm-limit,
to 500 mm. The position of the probes from the upper-lid of the container and the
temperatures at the start and end of the validation process are summarised in Table 7:

Table 7: Temperature-conditions in the liquid-phase of liquid nitrogen

Probe-position Maximal
below the LN, T min (°C) ; Tmax (°C) | T mean (°C) . o
difference (°C)
level (mm)
30 -196.3 -195.2 -195.6 1,1
330 -196.5 -195.3 -195.7 1,2

C. Storage in mechanical freezers - used equipment

Type of freezer: Upright, air-cooled, mechanical freezers without forced air-circulation, and
divided into 5 equal compartments by stainless- steel shelves. Each compartment is sealed
by plastic doors.




62

Figure 10. Operational qualification of the two mechanical freczers with a liquid-nitrogen,
back-up cooling-system. Temperatures in different areas of the equipment are recorded by
multiple probes and registered in a validator.

The results of the operational qualification are quoted in Tables 8 and 9:

Table 8: Temperature-conditions in the unloaded and loaded mechanical freezers - mean
values. Temperature was recorded at 1to 2 minute intervals

Adjusted T | Duration | Number of | Distribution | Mean T SD
(°C) (hours) values of values (°C) (°C)

Freezer 1-
unloaded -85 26 37 548 normal -83.45 2.29
Freezer ] - -85 25 33132 normal -83.85 2.22
foaded
Freezer 2 -85 24 36144 normal -83.55 1.67
unloaded
Froezer 2 -85 24 103692 normal -84.04 1.97
loaded

Table 9: Temperature-conditions in the unloaded and loaded mechanical freezers —
temperature-range, differences of mean temperatures and maximum temperature-differences

Range (°C) Deviation from | Max. difference Maximum T
g adjusted T (°C) | of mean T (°C) | difference (°C)

Froezer 1, -76.3 t0—86.9 1.55 6.3 10.6
unioaded

Freezer 1, -74.6 t0 ~87.8 1.15 7.1 13.2
loaded

Freezer 2, -78.0 to —87.0 1.45 42 9.0
unloaded

Freezer 2, -77.8 to -88.2 0.96 6.6 10.4
loaded

D. Storage at temperatures above zero- used equipment

Storage at these temperatures is used in the bank only for short-time storage of material
before cryopreservation (the refrigerator placed in the cryolab — Figure 4), or for storage of
sterile solutions, or material in the materials corridor, before processing.
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Type of refrigerator: Upright, mechanical, pharmaceutical refrigerator with forced air-

circulation and transparent door; divided into 5 comp

situated at the bottom of the cabinet.

Results of operational qualification:

artments by glass-shelves. The fan is

Table 10: Temperature-conditions in the unloaded and loaded pharmaceutical refrigerators -
mean values. The temperature was recorded at 1 to 2 minute intervals

Adjusted T | Duration | Number of | Distribution | Mean T SD

(°C) (hours) values of values (°C) (°C)

Reﬁigerator 1 ) +5.0 12 16995 normal +5.1 1.54
unloaded

Refrigerator +5.0 24 20985 normal +5.1 1.62
1, loaded

Refrigerator 452 12 8676 normal +5.1 1.71

2, unloaded

Refrigerator +5.0 24 19530 normal +5.7 1.68

2, loaded

Table 11: Temperature-conditions in the unloaded and loaded mechanical refrigerator —
temperature-range, differences of mean temperatures and maximum temperature-ditferences

Range (°C) Deviation from the Maximum T
g adjusted temperature difference (°C)

Refrigeratorl, 0.5 to+8.4 0.1 7.9
unloaded

Refrigerator 1, +0.4 t0 +8.58 0.1 8.18
loaded

Refrigerator , 0.5 to +8.3 -0.1 7.8
unloaded

Refrigerator 2, +0.5 t0 49.0 0.1 8.5
loaded
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The results of tested, standard alarm-situations — opening-of- the-door test or power-off test
in all types of cooling equipment are summarised in Tables 12 and 13.In these instances, the
temperature was recorded at 10s intervals

Table 12: Power-off test

Type of cooling Duration of the power T1°C T2 °C Temperature
equipment breakdown (min.) difference (°C)
quuIFi-mtro gen not done

container

Mechanical freezer 1 61 -85 =72 +13
Mechanical freezer 2 61 -84 ~74 +10
Refrigerator 1 60 +5.2 +12.4 +7.2
Refrigerator 2 60 +5.4 +12.4 +7.0
Table 13: Opening-the-door test

Type of cooling Duration of T1°C Taec Temperature
equipment opening (min.) difference (°C)
Liquid-nitrogen 4 1729 165.1 7.8
vapour- phase

Liquid-nitrogen 4 1195.7 1195.6 +0.1
liquid- phase

Freezer 1 62 -84 -66 +22,
Freezer 2 not done

Refrigerator 1 1.5 5.6 5.8 +0.2
Refrigerator 2 1.5 5.8 6.2 +0.4

Function of the back-up cooling-system

Function of the back-up cooling-system was verified by a long-term power-off test. The
temperature rose above the process-limit (alarm temperature —70°C) after 90 minutes.
Spraying liquid nitrogen into the cabinet enabled maintenance of the temperature at between
—58.5 and —75°C for 45 hours until the battery was empty. In the second freezer, the battery
was empty after only 8 hours.
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3.1.2.5 The final setting of the process limits —new acceptability criteria

The expected operational-range and process-limits are presented in Table 14; the revised
limits, in Table 15. The revised operational-range was determined as the difference between
maximal and minimal temperatures within the observed period, but expanded by the
uncertainity of the temperature- measurement determined during calibration (Table 14).

Table 14: Anticipated operational- and process- limits

Operational range (°C) Process-limits (°C)
Liquid-nitrogen vapour- —183 to - 161 -1951t0-130
phase
Liquid-nitrogen liquid-phase —-195 to -177 —199 to —150°C
Mechanical freezer —86 to —80°C —00 to —70°C
Mechanical refrigerator +3.2to +7.2 +2.2t0 +8.2

Table 15: Revised operation- and process- limits

Operational range

Process- limits

Liquid nitrogen-vapour-

-195.8 to —-167.3 -195 to ~130
phase
Liquid-nitrogen liquid-phase -197.7 t0 -186.7 -199 to —150
Freezer —85°C -88.5 to —74.3 -90 to —70
Refrigerator +5°C +0.2to+9.2 0.1t0 9.5

3.1.2.6 Current monitoring of and registration of critical parameters

A list of continuously-monitored critical parameters, and data on the relevant
supervisory systems, is summarised in Table 16.
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Table 16: List of continuously-monitored critical parameters

Recording- . .
Type of Parameter interval Supervisory | Duration of Record
parameter (min) system memory
Environmental Air oxyﬁgen- 5 Comet 3 months Electronic
level (%)
Relative .
humidity (%) 5 Comet 3 months Electronic
Tem(lzcg;l ture 5 Comet 3 months Flectronic
Coqllng- Freezers 5 Digiterm 3 days Electronic
equipment
Cryogenic 30 Tec 2000 7 days Electronic
boxes
Qutside
liquid- Pressure .
nitrogen (MPa) 5 Comet 3 months Electronic
supply
Weight (1) 5 Comet 3 months Electronic

3.2 The Clean-Room Facility
3.2.1 The general features of the clean-room design

The design of the clean-room facility is based on the classic, nested organization of
the manufacturing zones arround the critical processing-area, as described in the ISPE Guide
(ISPE Headquaters, 1999). The critical processing-area is designated Grade A (class 100)
with a background of Grade B (class 10 000). Maintaining the designated grade is contingent
on the use of high-efficiency particulate-filters (HEPA), unidirectional air-flow and the
differential pressure-stepped cascade away from the critical area.
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3.2.2 Application of general guide-lines to aseptic pharmaceutical production in a
tissue-bank

The ISPE guide recommends monitoring the following parameters considered critical in
clean-production areas (ISPE, 1999):

1. temperature

2. percentage of relative humidity

3. differential pressure

4. particle count

5. airborne microbiological levels

6. air-velocity for Class 100 areas (Grade A).

The method of monitoring temperature- and relative humidity-levels is described
above (Table 16). The differential-pressure is continuously displayed by manometers placed
at entrances to the processing rooms (Figure 11). Values outside process-limits are indicated
by acoustic- and light-alarms. The pressure-differential between rooms with different grades
is documented once a-day.

Figure 11: Differential-pressure manometers are placed at entrances to personal corridors.
Here, a clean-room operator, wearing a suit used for Grade C areas, enters the corridor into a
Grade B area. Each entry is registered.

Parameters 4-6 are measured once a-year during operational qualification and /or
requalification carried out by an authorised company {Labox, Prague, Lid, G.M. PROJECT,
Opava).

The results were evaluated using criteria established by the State Institute for Drug
Control, Prague ( SUKL 1997) (Table 17) and EU rules: (The Rules Governing Medicinal
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Products in the European Community, Volume IV: Good Manufacturing Practice for
Medicinal Products, 1992, Annexes 1, Manufacture of Sterile Medicinal Products). Regular
operational qualification (2001, 2002, 2004) showed that the criteria established in European
and national recommendations were met.

Table 17: The maximum number of particles at rest

Grade Maximum numlg er of Maximum numt;er of
particles/m particles /m

Particle size (um) 0.5 um 5 pm

A 3,500 0

B 3,500 0

C 350,000 2,000

D 3.500,000 20,000

Other important rules for clean-rooms include:

1. Special clothing for the staff — anti-emission overalls.

2. Periodical training of personnel.

3. Cleaning and sanitising of rooms using certified materials (non-emitting particles).

4. A special requirement in processing cells and tissues 1s the use of non-powdered, sterile
gloves;non-emitting, disposable towels and other materials.

Clothing for the staff

The anti-emission overalls (Cleantex, Prost&jov) differ for the grade B (Figure 12)
and grade C (Figures 4,11) areas. The clothes are washed separately from common surgical
garments. The garments for use in the grade C room are not sterilised; the clothes used for the
grade B room are steam-sterilised and kept in transparent packaging material. Both types of
clothes are tailored and labelled individually for all staff-members (Figures 4,11,12,13).

Cleaning and sanitization

Cleaning and sanitization are carried out according to local SOPs and instructions
(Strakova et al. 2005). The working-surfaces in the critical production-area are cleaned with
sterile water for injection only, and disinfected with ST - tissue-towels
(Bode,Chemie,Hamburg, FRG) after each cell- or tissue-processing run.
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Figure 12: The clean-room operator working in the grade B area. She wears a sterilised anti-
emission overall, tailored individually, with labelled sections. The operator is cleaning the
surfaces of stainless-steel tables with special towels soaked in a disinfectant.

Figure 13: A clean-room operator cleaning the floor of the Grade B area. Sterilised towels are
used for this procedure. The cleaning-instruments and towels are made from non-particle-
emitting materials.

Sanitization of grade B rooms is carried out using filtered water,which meets the
pharmacopoeial standards for Aqua purificata (CL,Ph.B 97,1997). Sterilised towels made
from non-particle-emitting material are used for cleaning and sanitization (Figure 13).

Training of the staff

Staff- training was carried out by an authorized company (G.M. PROJECT, Opava)
before the start of clean-room operations. All staff-members received printed instructions
(G.M. PROJECT, 2003). Repeated training is provided once-year by a pharmacist specialised
in pharmaceutical technology and the manufacture of drugs of biological origin.

Daily operation of the rooms

The clean-rooms can be operated maximally twice a-day. In the moming, the critical
production-area is usually used for the manufacture of solid tissue-grafts; in the afternoon,
after cleaning and sanitization, the room is used for the processing of haematopoietic
progenitor-cells before cryopreservation. The operating-regimen 1s supervised by a qualified
pharmacist. A normal procedure lasts between 1.5 and 2.5 hours and requires the presence of
two persons inside the grade B area, and one person in the material corridor. The subsequent
cleaning and sanitization lasts from 1 to 1.5 hours, and is done by one clean-room operator
(Figures 12,13).
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Figure 18: Reports on an operational qualification of the clean rooms (left) and
requalification (right).

3.3 Methods and results

In this paper, detailed mention is made only of the results of the microbiological
validation performed by ITEST Plus, L.td., Hradec Kralove, the company accredited by the
State Institute for Drug Control, Prague. Validation was carried out firstly before starting
work, and then again after 1 year of operating the critical processing-area. Validation was
performed at rest in both cases.

The measurement was performed using the Biotest HYCON RCS plus Air Sampler,
FRG device, calibrated by Merck Service Centre, CR.

For each measurement,a volume of 500 1 of air was sampled (rate of 50 1 of air/min)
for10 minutes. During air-sampling,the device was placed on the floor or on a table in an
upright position. At time of measurement, 2 to 4 persons were present in the clean-room
areas. Strips of the type TC were used to trap bacteria and fungi. The strips were cultured for
2 days at temperatures of between 30 and 35°C, and for 3 additional days at temperatures of
between 20-25°C. The CFU were counted, the microbial strains identified, and the count per
1 m® was determined.

The results of the count of number of CFU/m’ are shown in Table 17. A list of strains
found is given in Table 18.
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Table 17: Results of the microbiological validation

Grade A B
Acceptability-criteria CFU /m’ 1 10
First validation 2003 CFU/m’ 0 4
Second validation 2004 CFU/m’ 0 2

Table 18: Microbiological strains found during validation

Strains
First validation 2003 Micrococcus sp.
Bacillus sp.
Second validation 2004 Bacillus sp.

4. DISCUSSION

An evaluation of a two-year experience of operating the new tissue-bank contributed
to identification of the critical parameters for both cryogenic and clean-room facilities of the
bank, and to an assessment of the normal operational- and process-limits of selected
parameters. In the cryogenic facility, the temperature inside the liquid-nitrogen containers,
mechanical freezers and refrigerators, and the atmospheric oxygen-level, were analysed in
detail. Other parameters, such as the pressure inside the liquid-nitrogen tanks and the liquid-
nitrogen evaporation-rate remain for future detailed analysis. Some of the above-mentioned
parameters, such as the temperature inside the cooling-equipment, are important for assuring
the quality of the product; the other ones, such as the level of atmospheric-oxygen, are
essential for the safety of the staff. Monitoring of the liquid- nitrogen pressure and the weight
of the stored liquid nitrogen is necessary for calculating the liquid-nitrogen losses due to
evaporation. This parameter is important for the economy of the bank.

Evaluation of the athmospheric oxygen-level showed that the lower limit of the
normal operational-range lies below the critical level approved by national legislation for
female personnel. For this reason, women were excluded from performing some procedures
in the bank (Mé&ficka et al., 2004).

Evaluation of the temperature inside the cryogenic-boxes, freezers and refrigerators
was made within a 3-year period by the same authorized company. The results are well
comparable since the measuring and processing of data was carried out using the same
equipment. The accuracy of the measurement improved with time; whereas in 2002, probes
with an uncertainity of 2 °C were used, in 2004, the uncertainity dropped to 0.3 °C (Table 4).
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The results of the temperature-measurement inside the mechanical freezers (-85°C)
showed that the temperature-range inside the cabinet was wider than expected (Table 8, 9).
The expectation was based on knowledge of temperature-fluctuations measured from one
probe position (Figure 8, Table 14). The differences are wide regardless of the fact that
control of the temperature was very finely adjusted (to 1°C). Table 15 shows the corrected,
normal operational-range. The process-limits remained unchanged (Table 15). Thus, the
difference between the normal operational-range and process-limits became very narrow. A
similar situation is encountered in the evaluation of temperatures inside the pharmaceutical
refrigerators (Table 10, 11). In this case, meeting the criterion for safe storage at temperatures
of +3 to +8°C, as recommended by the Czech Ministry of Health, was not possible and the
lower operational-limit remained very close to the freezing-point temperature. This result is
not surprising as a recent European study determined that a substantial proportion of
refrigerators produced in EU countries did not meet the criteria established by national
legislation (Ben Amara et al., 2003).

While a methodology of qualification of mechanical freezers is well-established in
authorized companies, qualification of cryogenic equipment represented a new field even for
well-known instifutions. When using a standard measurement-duration of 24 hours, it is not
possible to register more than one filling-cycle, which is insufficient for the assessment of
normal, operational temperature-range (Table 5,7). For this reason the data obtained during
the qualification process were supplemented by data from routine monitoring of the
temperature inside the cryogenic-oxes (Table 6). During the planned requalification of the
equipment, it will be necessary to make some modifications to the methodology, and to pay
more attention to the analysis of temperature-changes during the automatic filling-process
when the highest temperature-differences are expected to be encountered.

The vapour-phase storage operational temperature-range is more suitable than
expected (Table 14, 15); however, not so good as described by Hunt and Pegg while using a
copper heat- shunt compatible with the inventory-system (Hunt and Pegg, 1996).

Tests of extraordinary situations (Tables 12 and 13 ) showed that the proces-limits
were exceeded in 2 cases: during a power-off test of refrigerators (duration 60 minutes,the
temperature rose to +12°C; and, in a door-opening test on a freezer, the temperature reached
~66°C after 60 minutes of remaining open.

During simulation of a long-term power-breakdown or breakdown of the mechanical
cooling-system {compresssor-breakdown, leakage of the coolant), the back-up cooling
system was able to maintatin the temperature above the process limits by spraying liquid
nitrogen into the low-temperature cabinet, and at still relatively safe level. In both cases, the
spray control was stopped by discharge of the battery (after 8 or 45 hours), and not by
exhausting the whole liquid-nitrogen back-up supply. This fact emphasises the need for
including an emergency back-up power-supply which kicks-in shortly after a power-
breakdown occurs. This requirement is met in the University Hospital Bank. In any case, a
regular, personal check of all systems cannot be excluded, especially during week-ends.

The results of the assessment of the critical parameter-range inside the cooling-
equipment proved without, any doubt, the advantages of storage by immersion in liquid
nitrogen with stable temperature, minimal temperature-fluctuations, and minimal influence
from unforseen events (Table 12, 13). The advantages of storage by immersion in liquid
nitrogen had already been stressed by A. Smith (Smith, 1961) and H.T. Meryman (Meryman,
1966). Also, efforts to achieve airproofing while constructing metal containers (Mé&ficka et
al., 1991) and to choose plastic bags with high reliability (Mé&ficka et al., 1993) came from
the assumption that the material should be stored by immersion in liquid nitrogen. The
current approach to the safe storage of biological material requires, however, avoiding
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and/or minimizing the possibility of cross-contamination that may lead to the transmission of
severe infection, as described by Tedder (Tedder, 1995). Tedder’s paper dealt with
cryopreserved red blood-cells; however, the issue can be even more urgent in the
cryopreservation of blood progenitor-cells, since in autologous setting, the cells are collected
from non-healthy persons (Méti¢ka et al., 2002, 2003, Blaha et al., 2003) and then re-infused
into patients conditioned by aapplication of immunosuppressive drugs or total body-
irradiation. An analysis of group of patients and donors included in this study showed that the
most likely source of cross-contamination stems from an active infection present in the donor
or patient (Méficka et al., 2003, Blaha et al., 2003), while the possibility of transmission of
bacterial infection is negligible. Surprisingly low bacteria- contamination rates were found,
even in the group of cord- blood collections (Méficka et al., 2005).

The quality of disposable-bags is a factor that critically influences the likelihood of
cross-contamination. The quality of bags was regarded as standard for many years
{(Warkentin 1993, M&ficka et al., 2002, 2003). In 2002, however, Khuu described, a high
cracking-rate in some batches of bags manufactured in 2000 and 2001 and used for the
storage of peripheral blood progenitor- cells (Khuu et al., 2002). Cracking occurred in nearly
7% of thawed bags. In our group of patients the cases of cracking bags occurred very rarely;
no bags were used, however from any batches with the shown high cracking-rate.

For the above-mentioned reasons, storage in the vapour-phase of liquid nitrogen is
now preferred.  Analysis of the obsereved groups of patients and donors showed that in
approximately one third of cases, positivity in markers of active infection occur, and
collected and cryopreserved material should not be stored in the liquid. In positive cases of
severe infection, such as hepatitis,the bags are not stored at liquid-nitrogen temperatures at
all, but in mechanical freezers (Mé&ficka et al., 2002, 2003, Blaha et al., 2003).

Deep-frozen or cryopreserved solid-tissue grafts were described repeatedly to be more
likely to transmit viral- or bacterial- disease than transfusion medicine products (Veen 1994,
Eastlund and Strong, 2003, Martinez et al., 2003). A higher rate of bacterial contamination in
solid-tissue grafts than in cryopreserved progenitor-cell concentrates was confirmed also in
our experience; not only in skin grafts, where contamination by normal skin flora is
acceptable (Mgeficka et al., 2002) but also in bone-tendon-bone grafts harvested during
combined organ /tissue collection from brain-death donors (Méficka et al., 2004). This is one
of reasons why storage in mechanical freezers for solid tissue grafts is preferred as a means
of prevention of cross-contamination by bacteria. Further investigations aimed at
standardisation of temperature- conditions in the liquid-nitrogen vapour-phase at the lowest
possible temperature- level are, however, fully justified since long—term storage (for years or
decades) is required in such instances as cord-blood banking for clinical transplantation
(Barker et al 2003) and prophylactic cryopreservation of progenitor-cells in patients (e.g. in
chronic myeloid leukemia treated by Glivec) (Voglova et al., 2005) or in healthy persons
with a high risk of damage of haematopoiesis (Klen, 1968, Méricka,1983).

The operation qualification of the clean processing-areas before starting operations
was through a check of the correct performance of the HVAC system only. Requalification
after 1 year examined also adherence to the standard regimen for clean-room areas, i.c.
correct procedures by of personnel, efficiency of cleaning- and sanitization- practices as well
as the proper use of disposable non-particle-emitting materials. The microbiological
validation also tested the efficiency of the preventive system in the processing of
contaminated, biological material. The operation qualification was carried out, however, only
at rest. The EU Directive requires the testing of grade A areas in operation, using the criteria
listed in table 19. Methods for checking these the critical processing- areas during operation
are to be introduced in the nearest future, and will include the use of particle- counters as well
as standardised, microbiological tests.
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Table 19: Maximum numbers of particles during operation

Grade Maximum numlger of Maximum numg)er of
particles/m particles/m

Particle- size (um) 0.5 pm Spm

A 3,500 0

B 35,000 2,000

C 3500,000 20,000

D not defined not defined

The reported experience was, without any doubt, the first attempt at operating a bank
based on a combination of cryogenic and clean-room technology in Central Europe. At the
EATB meeting in Prague, in October 2004, a paper was presented from Austria describing
the use of a clean room in a tissue-bank. It was limited, however, to the processing of bone
for preservation by freeze-drying (Beranek and Winkler, 2004).

It is probable that similar banks will be built in the near future to support
haematology-transplantation centres and for the purpose of cell- and tissue-engineering. This
type of tissue-establishment, called cell-factory, is starting to operate in several locations in
Europe (Giordano et al., 2004). In the University Hospital, Hradec Krélové, the availability
of a clean-room cell-processing laboratory makes it possible to introduce the different types
of cell-manipulations necessary in the application of cell therapy (e.g. the use of stem- cells
in the treatment of a myocardial infarction) (Pudil et al., 2005).

5. CONCLUSIONS

The two year experience of operating a cell and tissue bank based on a combination of
cryogenic and clean-room technology proved that it was possible to achieve internationally-
accepted standards of aseptic work.

In the cryogenic- facility,an analysis of critical parameters showed:

1. The level of atmospheric oxygen can be lowered to below the acceptable national
norm for female staff. The potentially dangerous level of 18% is not reached in
normal ventilation conditions.

2. The availability of portable and personal oxygen-monitors is critical for
distinguishing between the occurance of an oxygen monitor breakdown and an actual
drop in the atmospheric oxygen-level.
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3. Detailed analysis of temperature-conditions inside different types of the cooling-
equipment led to the accurate gauging of a normal, operational temperature- range.

4. From the purely physical point of view, storage by immersion in liquid nitrogen is
still the most reliable way. The possibility of cross-contamination led to a preference
for vapour- phase storage, however.

5. The most likely source of cross-contamination in the observed group of haematology
patients or donors is the positivity of active virus infection in a patient or donor. Own
system of cross contamination prevention is based on meticulous selection of the
storage method . This storage method depends on the results of the serology tests.
This approach ensures the advantageous availability of liquid- nitrogen storage for
the majority of cryopreserved cell- concentrates.

6. Recent reports describing high cracking rates in plastic disposable bags used for
storage of haematopoietic progenitor cells were not confirmed in the practice of our
cenire,

In the clean—room facility, it was found that:

1. the results of repeated validation vindicated meeting prescribed acceptability-
criteria before the start of operation and after one-year’s operation of the bank.

2. all measurements were performed at rest, however and are to be re-inforced
by the checking of critical areas during operation in the nearest future.
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BRIEF INTRODUCTION TO APPLICATION OF LOW
TEMPERATURES IN BIOLOGY AND MEDICINE

Pavel Méricka
Tissue Bank, University Hospital, Hradec Krdlové, Czech Republic

ABSTRACT

In this survey we deal only with cases in those the tissue undergoes freezing. Freezing is used in
biology and medicine for three major purposes. 1. To destroy viable cells or tissues by
formation of intracellular ice crystals during rapid cooling in cryosurgery. 2, Ta preserve viable
cells and tissues or biological muaterial not containing cells for diagnostic, therapeutic or
experimental purposes. 3. To preserve morphological shape of cells in histology. For a long
time cryopreservation has been applied to maintain collections of microorganism and cell
culture cells in national and international levels. Use of cryopreserved sperm for assisted
reproduction in breeding service has beea expanding since the fifties and fater the same methads
were applied in man. The current giobal problem to be solved is establishing of genetic
resource banks (GRB) of endangered species. The LR is one of the international organisations
ready to contribute to manage this issue.

INTRODUCTION

In this survey we will deal only with cases in those the sohidification of the liquid in tissue
occurs and not with many applications of cold in biology and medicine, where cooling is applied
locally for therapeutic purposes, e.g. in balneology, surgery, etc. Low subzero temperatures are
used 1n biology and medicine for three muajor purposes: 1. To destroy viable cells or tissues by
formation of intracellufar ice crystals during rapid cooling. This method is used in cryosurgery
as an alternative to surgical removal of the tssue affected with pathological changes. The
cryosurgical application of cold will be explained in the following papers. 2. To preserve viable
cells and (issues or biological material not containing cells for diagnostic, therapeutic or
experimental purposes. 3.To preserve original morphological shape of cells in histology. In this
case formation of small intraceliular crystals inside cells and/or preserving of their original
volume is desiruble and enables the histologist to use this method as alternative of chemical
fixation. The cell does not survive freezing, its morphology is however well preserved as well as
its chemical composition, what is scarcely achievable with using classic chemicat fixatives. This
result is very important if use of histochemical or immunchistochemical methods is necessary to
make diagnosis in a patient or to perform experimental investigations. In this paper
cryopreservation of cells and tissues will be dealt with in detail. If preservation of viable ceils is
required, formation of intracellufar ice crystals must be prevented by finding optimal freezing
rates Mazur (1960 ), application of special chemical compounds. so-called cryoprotectants or
combination of both approaches. Glycerol and dimethylsulphoxide (Me,SO) are examples of
cryoprotectants penetrating into cells, that prevent formation of highly concentrated solutiong of
electrolyte during freezing, This so-called “solution effect” may be as detrimental for cells and
tissues as intracellular ice formation. Dextran or hydroxyethyistarch are macromolecular
compounds serving as examples of extracellular cryoprotectants that prevent the solution effect
by binding a significant amount of extracellular water. Adjusting of desived cooling rate of
straws, vials or bugs placed into a freezing chamber of the programmable freczer is achieved by
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spraying with liguid nitrogen. An alternative approach is based on finding an optimal geametry
of a sample that 1s placed to a freezer with stable subzero temperature. Shelf life of frozen
materials 15 dependent on the fact, how the temperature used for storage elinninates the residual
liquid fraction inside and outside cells and/or prevents recrystalization phenomena during
storage. As vitofication often occurs in freezing complete mixtures of cryoprotectants and
colloids that are formed after introduction of a cryoprotectant to the cell suspension or solid
tissue, devitrification during storage should be prevented as well. It is commonly accepted that
safe storage of viable cells and tissues can be achieved if temperatures below —80°C are used. 1f
storage for years is required, it is better, however, to use vapour or liquid phase of nitrogen.
Hunt and Pegg (1996) described the system maintaining the lemperature in the vapour phase of
a cryostorage fank below -160°C, even if the tank was opened during manipulation with stored
samples. Temperature fluctuations inside the vapour phase of liquid nitrogen shouid be
minimised and the saume requirement is vatid also if the material is stored in mechunical freezers.

METHODS AND RESULTS

The methods used for preservation of biological material not containing viable cells as well as
material containing viable cells are demonstrated on example of the Tissue Bank of University
Hospital Hradee KrdlovE. established in 1952 (Klen, 1952).

1. PRESERVATION OF MATERIAL NOT CONTAINING LIVING CELLS

Storage of sera or plasma collected in patients mcluded in research projects or clinical trials of
new drugs is a very common example of long-term slorage of material not containing living
cells. Peripheral blood 1s collected into a vial not containing anticoagulant (serum) or containing
anticoagulant (plasma). The collection undergoes centriflugation and the supernatant 1s divided
into cryotubes of different size (the most common volume being 2 mi). The cryotubes are put
into the cardboard boxes and placed into the freezer with the temperature -80°C (REVCO,
U.S.A). If very sensitive components of the plasma are to be analysed cooling with liguid
nitrogen with subsequent storage in hiquid nitrogen 1s used.

2. PRESERVATION OF VIABLE CELLS AND TISSUES

Preservation of viable cells includes in our practice preservation of sperm used in assisted
reproduction in man, blood progenitor cells (bone marrow, peripheral stem cells, cord blood)
used in autologous and allogencic transplantation in hacmatology and oncology, suspensions of
human epidermal keratinocytes™ used for reconstruction of skin after excessive skin loss
{Strakovd et al, 1995, Klein et al., 1997), suspension of human chondrocytes used for
reconstruction of articular cartilage™ and tissue culture cells used for experimental puproses. in
cryopreservation of sperm we use 10% glyeerol as a cryoprotectant, in cryopreservation of
bioad progenitor cells combination of 10% Me,SO with 6% dextran and human serum albumin
s used (Méticka et al., 1999). In cryopreservation of keratinocytes and chondrocytes we use
10% Me.S0O in combination with fetal calf serum. Sperm. suspensions of keratnocytes and
chondroeytes are frozen in vials, blood progenitor cells in plastic bags closed in mietal casseftes.
Controlied rate freezing in a programmable freezer (Pluner-Biomed, England) is performed and
storage in liguid nitrogen is preferred. In preservation of blood progenitor cells storage in
mechanical freezer at —80°C (REVCO. U.S AL} was found fully sufficient 1if the time berween
cotlecti d clinjeal application of the graft dicd o
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surgery, neurosurgery. stomatosurgery and ophthalmology. For these tissues we use similar
conditions as for material not containing living cells, i.e. after rapid freezing of tissue sealed into
disposable plastic bags storuge at temperature -30°C follows. If preservation of viable cells 1s
necessary, prevention of freezing injury by application of cryoprotectants must be made.
Allogeneic and xenogeneic skin used especially in burn treatment, vessels and articular cartilage
are examples of such tissues. In xenogeneic skin we use 10% glycerol combined with 6%
dextran, in allogeneic skin we use 10% Me;SO combined with 6% dextran (Méficka et al.,
2002). The same combination is used for vessel cryopreservation. In our practice
cryopreservation with Me;SO s also applied for storage of ligamentum pateliae used for
reconstruction of the crucial ligament of the knee and amnion used for treatment of cornea
ulcerations. Skin, amnia and ligaments are stored at —80°C, in vessels we prefer vapour phase of

liquid nitrogen.
3. STORAGE CONDITIONS

Storage conditions are submitted to continuous monitoring of temperatures inside and outside
mechanical freezers and cryostorage tanks. The author has 2-year experience with monitoring of
temperature in mechanical freezers with the liquid nitrogen back-up cooling system using the
system Digiterm with the programmes Netcom and Read 95, Regucon Prague, Lid, that is
adjusted to record data in 5 minute intervals. The temperature inside the freezers is not
influenced by changes of ambient temperature in an unairconditioned room. For monitoring
temperature inside liquid nitrogen storage tanks XLC 1200 (Chart, U.S.A., Planer Biomed,
U.K.) the system Tec2000 with records in 30-minute intervals is used. The tanks are filled
automatically from the Cryocyl 230 LP (Chart, U.S.A., Planer Biomed, U.K.) container,
connected with the tubing with an external liquid nitrogen container {Aga Cryo, AB Sweden)
containing 6,000 litres of liquid nitrogen.

# The programme of keratinocyle culture was supported by the grant No. 1184-2 and 3696-3 of (he
internal Grant Agency of the Minisery of Health of Czech Republic and by the grant Keratinocyte,
Minisiry of Defense of the Czech Republic, the programme of chondrocyte culture is being supported by
the grant No. ND/6042-3/00 Internal Grant Agency of the Minstry of Health.

The containers are placed in an air-conditioned room assuring stable ambient temperatare during the year.
The temperature in the vapour phase of nitrogen at the upper level of stored samples does not ise above -
150°C.

DISCUSSION

The safe storage of serum or plasma is based on combination of rapid freezing with storage at
adequate temperature. In small volumes as described above simple placing of vials into freezer
with temperature —80°C or cooling by liquid nitrogen vapour is sufficient. If large volumes of
plasma are to be stored like in transfusion medicine freezing in bags in special devices called
shock freezers is necessary. Viable cells and tissues preserved in our practice are used clinically
within months or vears, The only exception Is storage of cord blood in the frame of the Cord
Blood Bank of the Czech Republic where the interval between collection and chinical use may
be extended to decades. Stable temperature conditions inside freezers are essential for
preventing recrystalization during storage. Continuous monitoring of temperatures inside and
outside mechanicai freezers and cryostorage tanks make early identification of technical
breakdowns possible and the resulting damage of stored material can be thus prevented. If
storage in liquid nitrogen is used, stable ambient temperature conditions lead to standard liquid
nitrogen evaporation rate and /or filting the containers in regular intervals. This approach can be
used also in other possible application of long-term storage of viable cells in biology such as
collections of microorganism and cell culture cells that have been in operation for many years
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both in national and internatioral levels {Stacey and Doyle, 1998). Successtul development of
assisted reproduction techniques in breeding service and later in man led to the idea to organise
lorrg-term storage of germplasm necessary for conservation of btodivessity world-wide (Halt,
1998). Genelic resource banks (GRB) that store germplasm specifically spermatozoa. oocytes
and embryos are now being organised in many countries and should serve for storage of genetic
material from endangered and threatened species. The IIR is one of the international
organisations ready to help in managing this issue in the global extent. The Jjoined effort is
necessary as there are still many issues to be solved. We are able now to preserve sperm or
embryos of many species, cryopreservation of cocytes is, however, unsuccessful. Storage
conditions used by us in preservation of solid tissues such as bones and fascia fully corresponds
with the requirements of internationally accepted standards that declare the highest acceptabte
temperature —40G°C. As alternative 1o deep freezing we perform also freeze-drying with
subsequent sterilisation by ethylene oxide gas Achieving of such high level of biological safety,
that 1s equal to the safety of medical devices is, however. possible only in tissue grafts not
requiring the presence of viable celts. The efficient way how to improve biological safety in
processing viable cells and tissues is strict application of the rules of aseptic work during
collection and processing including the use of clean rooms with validated grade. In the new part
of the tissue bank, that has been completing now we will be able to meet this requirement.
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BRIEF INTRODUCTION TO MECHANISMS OF FREEZING INJURY AND
CRYOPROTECTION

PAVEL MERICKA
Tissue Bank, Charles University Hospital
Hradec Kréalové, Czech Republic

ABSTRACT

Understanding the fundamental processes causing injury during freezing and thawing is very
important for cryobiologists, who preserve living cells in cryobanks. In freezing we can distinguish
two cases. In crystallization molecules or atoms are arranged in regular structures. In vitrification
solidification is not accompanied with formation of regular structures. Before the discovery of the
cryoprotective effect of glyceral it was believed, that achieving vitrification using rapid cooling was
the correct way to assure survival of cells and tissues. This way was, however, not successful. In the
60's Mazur explained the mechanism of avoidance of intracellular freezing in single celled organisms.
Since that time slow cooling has been used in preservation of cell suspensions both in absence and
presence of cryoprotectants, The attempts to freeze vascularised organs failed, however. The recent
intensive research of properties of different vitrification solutions shows that vitrification is the
promising approach to freezing of multicellular systems.

INTRODUCTION

Understanding the fundamental processes causing injury during freezing and thawing is important
both for cryosurgeons, who try to destroy cells by application of cold and for cryobiologists, who
try to preserve living cells at low temperatures. In the latter case prevention of the freezing and
thawing injury and/or understanding the mechanisms of cryoprotection are of major importance.
Cell and tissue cryobanks exist worldwide and are being established with various purposes. Many
banks including the Tissue Bank of the University Hospital Hradec Kralové (Kien, 1952, 1982,
Strakova et al,, 1995, M&Fitka, 1999, 2000, 2002) store human cells and tissues suitable for
therapeutic tissue transplantation or for experimental purposes (Kreuz, 1951, Sell, 1962, Joyce,
2000, Strong, 2000) (Fig. 1). Storage of genetic material of domestic animals has been widely used
in breeding service since the 50°s of the 20™ century (Smith, 1962). The human gametes or early
embryos are frequently stored in banks of centres of assisted reproduction (Gunasena and Critser,
1997). The most advanced tissue banks elaborate methods for preservation and storage of cell and
tissue engineered products (Harringer et al. 1997, Sato et al., 1998). Many banks make collections of
animal and plant cells or microorganisms used for diagnostic or experimental purposes. Establishing
of a network of low temperature genome resource banks is very important for maintaining
biodiversity on the earth (Wildt, 1997, Harnal et al., 2002).



Figure 1: Advanced tissue banks preparing cryopreserved tissue grafts for clinical application use the
clean room technology. The picture from the Tissue Bank of the University Hospital Hradec Kralové
shows taking the sample for sterility testing. The stainless steel table is placed below the laminar flow
ceiling assurring the environment of the grade A, the background environment is of the grade B.

Freezing is the solidification of the liquid. We can distinguish two cases: I/ Molecules or atoms are
arranged in regular structures. 2/ Solidification is not accompanied with formation of regular
structures. The former process is called crystallization and is accompanied with release of the latent
heat of solidification. Under normal atmospheric pressure ice crystals are arranged in the hexagonal
lattice. Cubic ice is formed under temperatures below -130°C (Meryman, 1966). Other
crystallographic forms of ice occur under elevated pressure and are mentioned by de Quervain
(1975). The latter process is called amorphisation or vitrification. Vitrification during . cooling,
however, does not exclude crystallization during warming. During this process called devitrification
latent heat of solidification is released. Reviews on vitrification were published e.g. by Simatos and
Turc (1975), MacFarlane et al. (1992) and Mehl (1996). Before the discovery of the cryoprotective
effect of glycerol by Polge, Smith and Parkes (1949) it was believed, that achieving vitrification
using rapid cooling was the correct way to assure survival of cells and tissues. This way was,
however, not successful (Luyet and Gehenio, 1940). Later Mazur (1961, 1963, 1966a, 1966b)
explained precisely the mechanism of avoidance of intracellular freezing in single celled organisms
that led to good survival after thawing. Slow cooling enabling the cells to dehydrate and shrink and
thus escape from intracellular ice formation has been used widely in preservation of cell suspensions
both in absence (in single celled organisms) or presence of cryoprotective agents (e.g. in isolated
mammalian cells). What was possible in cell suspensions was not successful, however, in complex
multicellular systems, where formation of extracellular ice crystals is not innocuous. Also the role of
intracellular ice formation may be different in organized tissues as explained recently by Acker and
McGann (2000). The situation is even more complicated in organs, where freezing protocols based
on using conventional cryoprotectants completely failed. This was the reason for intensive research
of the physical and biological properties of different vitrification solutions in prominent cryobiology



centres in the world (Fahy et al. 1984, Fahy 1987, Rich and Armitage, 1991, Mac Farlane, 1992,
Boutron, 1993, Mehl, 1993). Now it is well proved that vitrification of both intracellular and
extracellular liquid is the promising approach to freezing of multicellular systems such as human
tissues and may open the way to freezing whole vascularized organs (Fahy et al,, 1991, 1994, Fahy
and Ali 1997, Wusteman et al., 2002), In the following text we will mention briefly some particular
issues.

1 CRYSTALLIZATION IN CELL SUSPENSIONS

The mechanisms of freezing injury and protection in suspensions of single celled organisms were
described by Mazur in the sixties (Mazur, 1961, 1963, 1966a,b, 1970). In cell suspensions the
crystals are formed first in the extracellular water. The intracellular water supercooles and the
pressure gradient between higher water vapour tension above supercooled water inside the cell and
lower tension above the ice crystallizing outside the cell is formed. This leads to outflow of water
from the cell and to the crystal growth outside cells. Dehydration and shrinkage of cells is the result
of this process. The ability of the cell to shrink and to escape from intracellular freezing is dependent
on the cell size and/or initial volume and on the permeability of the cell membrane for water. This
process was mathematically described by Mazur (1963, 1966a,b). Intracellular ice formation is thus
more likely in large cells with thick membrane than in small cells with highly permeable membrane.
This is the cause why it is easier to achieve good cell recovery in freezing cells of standard initial
volume than in freezing of a mixture of cells of different initial volumes. Sufficient dehydration
and/or shrinkage of cells can occur only in low freezing rates. In high freezing rates intraceliular ice
is formed and the cells do not shrink. The intraceflular ice tends to recrystallization during warming
which causes the cell death. The mechanisms of intracellular crystallization are still being discussed
(Pitt, 1992). It starts at considerable lower temperatures than extracellular freezing, e.g. intracellular
ice in isolated keratinocytes does not form until the temperature of —7°C is achieved (Zieger et al,,
1997). In general, when external medium is frozen intracellular ice occurs between —5°C and —~13°C,
when external medium contains no ice freezing can occur at lower temperatures (Acker and
McGann, 2000). The same authors (2000) identified 50% of intracellular ice formed for cells in
suspensions at -9.4°C + 0.3 and -8°C # 0.3 for individual attached cells. Mazur {1966b) suggested
the idea of seeding of the supercooled intracellular water by extraceflular ice through natural cell
membrane pores. Later Toner (1993) described two mechanisms of intracellular freezing: 1. Volume
catalysed nucleation, where the nucleation is induced by foreign particles inside cells. 2. Surface
catalyzed nucleation, where the nucleation is induced by the activity of internal surface of cells. In
the contrary Muldrew and McGann (1990) expressed the idea that intracellular freezing is caused by
seeding from extracellular ice through ruptures of cell membrane due to very rapid outflow of water
from cells during the osmotic stress.



Figure 2: Preparing of the cell suspension for cryopreservation — transferring of the peripheral blood
progenitor cell suspension from the collection bag into freezing bags made from plastic withstanding
the liquid nitrogen temperature. Mixing with the cryoprotectant solution to final concentration of 10
% (v/v) of dimethylsulphoxide follows.

2 FREEZING OF MULTICELLULAR SYSTEMS

In these systems (tissues and organs) the damage is caused also by extracellular ice formation, as the
ice causes disintegration of the tissues, e.g. large crystals can be detected by scanning electron
microscopy in soft connective tissues submitted to slow freezing followed by freeze-drying (Méficka
et al., 1989). Electron microscopy of frozen skin or cornea proofs damage of intercellular junctions
(Zieger, 1997, Acker and McGann, 2000). In the contrary the presence of intracellular ice due to
rapid freezing may not be associated with the loss of selective permeability of cells forming the tissue
or the cell monolayer (Acker and McGann, 2000). In vascularized organs the water crystallizes in
vessels, which causes the expansion of vessels and their ruptures, thus the haemorrhage can destroy
the thawed organ after restoring the blood circulation (e.g. in kidney transplantation). In organs with
cylindrical or spherical shape big differences between freezing rates occuring at the surface and in the
centre of the organ are formed both in freezing and thawing. This causes injury by the solution effect
as well as by volume expansion of the centre of the organ at the moment of the liquid-solid
transition. This expansion may lead to organ rupture as the ice formed at the organ periphery breaks
at the moment of solidification of the liquid in the centre (Karow et al, 1974). Introduction and
removal of conventional cryoprotectant and resulting osmotic swelling of cells may lead to
compression of the vessels of the organ and ischaemia leading to organ necrosis after transplantation.
For the mentioned reasons the cryopreservation techniques based on ¢lassic equilibrium freezing and
using conventional cryoprotectants can assure safe preservation and storage of cell suspensions and
tissue samples having the flat geometry (e.g. skin). Successful cryopreservation of organs or complex
tissues (such as corneas) probably needs to introduce the methodological approach based on using
cryoprotective solutions enhancing vitrification, so-called vitrification solutions (Fahy and Ali, 1997,
Brockbank et al., 2000, Meltendorf, 2002, Wustemann et al., 2002).
3 PRINCIPLES OF CRYOPROTECTION



Cryoprotection can be based either on avoidance of intracellular ice formation and solution effect or
on extracellular and intracellular vitrification. The former situation can be achieved in the ideal case
by simple manipulation of freezing rates, as described in yeasts by Mazur (1963, 1966a,b). In most
cases, such as freezing of mammalian cells addition of cryoprotectants is necessary. The
cryoprotectants can be divided to intracellular or penetrating cryoprotectants, e.g. glycerol or
dimethylsulphoxide and extracellular or non-penetrating cryoprotectants, e.g. sucrose, dextran,
polyvinylpyrolidon (PVP) or hydroxyethylstarch. The presence of intracellular cryoprotectants
modifies the freezing process outside and inside of cells. They are used in high osmolar
concentrations, which leads to considerable freezing point depression based on coligative properties
of a cryoprotectant (Fig. 2). The introduction of a cryoprotectant into the cells before freezing is
connected with considerable osmotic stress (Katkov, 2000). The presence of a cryoprotectant during
freezing expands the unfrozen liquid fraction below the freezing point, which prevents excessive and
rapid cell dehydration (Cocks and Brower, 1974). The mechanism of extracellular cryoprotection is
not known precisely. Extracellular cryoprotectants are used in low osmolar concentrations, i.e. the
depression of the freezing point is only minute. The possible mechanisms are: avoidance of
nucleation, inhibition of crystal growth and binding of water which prevents extreme cell
dehydration. In general the extracellular cryoprotectants are less effective than intracellular ones if
used alone. The exception is e.g. successful cryopreservation of red blood cells with
hydroxyethylstarch (Sputtek 1990, 1993). Extracellular cryoprotectants are frequently used,
however, in combination with dimethylsulphoxide in freezing white blood cells and platelets.
Another possible mechanism of cryoprotection is vitrification. It can take place even in using classic
intracellular cryoprotectants, such as glycerol or dimethylsulphoxide. Vitrification in these solutions
can be further enhanced by using synthetic ice binders (Wowk et al., 2000). Vitrification is regularly
induced in presence of 1,2 propane-diol or 2,3 butane-diol (Boutron, 1991, 1993). These compounds'
can be used with good results, e.g. for freezing of red blood cells. It was proved that cocktails of
compounds enhancing vitrification, so called vitrification solutions (Fahy, 1991, Mehl, 1996,
Wusteman 2002, 2003), can be used with success in cryopreservation of complex tissues such as
cornea, vessels or skin and probably also for cryopreservation of vascularized organs. In 1997 the
group of G. Fahy successfully demonstrated immediate function of rabbit kidney after introduction
and removal of vitrifiable 7.5 molar solution (Fahy and Ali, 1997). The solution called VS 4
contained dextrose, dimethylsulphoxide, dimethylformamide and 1,2 propane-diol. Vitrification is
used with success also in cryopreservation of plant cells and tissues {Steponkus, 1992), as well as
for cryopreservation of embryos (Rall and Fahy, 1983).

4 IMMEDIATE INJURY AND STORAGE INJURY

The cells can be injured both by the freezing and thawing process itself or by storage under
inadequate conditions. The immediate freezing and thawing injury can be minimized by combination
of slow freezing and rapid thawing and application of cryoprotectants. It is the role of cell and tissue
banks to decrease the storage injury to minimum, so that storage for years or decades without
significant loss of viability could be achieved if necessary. The storage injury is avoided if complete
solidification of the liquid is achieved and recrystallization and devitrification processes are
minimized or avoided. The optimal storage conditions are assured at temperatures below -130°C,
i.e. in vapour or liquid phase of nitrogen. At these temperatures the cells can be stored for years.
Hunt and Pegg (1996) suggested to lower the safe temperature of the vapour phase of liquid
nitrogen to —160°C using a copper heat shunt. At temperature of dry ice (-80°C) that can be
achieved in commercially available mechanical freezers the recrystallization processes can take place
and the possibility of existence of minute fraction of liquid can not be excluded as well. Safe storage
for months is possible, however (Makino et al.,, 1991) (Fig. 3). Storage of viable cells and tissues at



higher temperatures cannot be recommended. The most detrimental are the temperatures near to the
eutectic point for sodium chloride.

Figure 3: The temperature working and alarm limits in the mechanical freezer used for storage of
cryopreserved cells and tissues at —80°C are set up during the validation process made by an
independent authorized company. Multiple sensors are placed into the low-temperature cabinets
during the validation process. The liquid nitrogen back-up cooling is set into operation if the alarm
limits are crossed.

CONCLUSIONS

A substantial progress has been made in understanding the mechanisms of freezing injury and
protection during the last 15 years. Although the classic cryoprotection models based on avoidance
of intracelular crystallization by slow cooling and using conventional cryoprotectants are still the
most frequent in practice of cell and tissue cryobanks the new approaches based on vitrification are
used especially in freezing of complex tissues. This approach may open the way to freezing
vascularized organs. Enhancement of vitrification by synthetic ice blocking agents may be the new
contribution to solving of this problem. Establishing of freezing protocols applicable in current
medical practice will still need, however, a lot of time and effort. In using classic freezing protocols
computer simulation of cryobiological processes contributes to optimization of regimens used in
freezing of cells.
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alopecie, potransplantalni lymfom. kozni a nekozni malignomy. Lécha téchto komplikaci se
uskutediiuje v ramei interdisciplindrni spoluprace.

2.8.6 Ambulantni péCe

Pacienti po transplantaci plic jsou po ukoncent hospitalizace ambulantné sledovéani v trans-
nlantadnim centru. Smyslem téchto kontrol je v&as rozpoznat a lécit:

« plicni komplikace - rejekee a infekce
« mimoplicni komplikace, keeré jsou nejéastéji spojeny s chronickou imunosupresivni Jé€bou

K ambulantnim kontrolédm, které se uskute¢iiuji kazdych 4 - 8 tydnd, patfi tato vySeifent:
vydetfeni plicnich funkei a krevnich plynil, kompletni laboratorni screening, rtg plic, diagnostika
CMYV, vySetfeni sputa, stanoveni hfadiny cyklosporinu A nebo tacrotimu. V pravidelnych odstu-
pech jsou provedena clearance kreatininu, kostni denzitometrie a CT hrudniku.

7 hlediska dlouhodobého sledovini predstavuje spirometrie nejdileZit€)si vySetieni.

2.8.7 Vysledky a zéver

Transplantace plic pfedstavuje dnes etablovanou metodu 16¢by u pacienttl v terminainim
stadiu plicniho onemocnéni a navraci ztracenou kvalitu Zivota, V poslednim desetileti dosio
k rychlému rozvoji plicnich transplantaci, ale nedostatek vhodpych darcit miZe brzo omezit
odekavany rozvoj. Stfednédobé vysledky jsou dobré, ale chronicka rejekce omezuje dlouho-
dobé preziti. Od pokroku v imunosupresivii terapii lze ocekavat zlepieni celkovych vysled-
kii. Perspektivni je problematika xenotransplantaci.

Zajimava je i cena transplantace. ¥ USA vlastni vykon i pée o nemocncho v prvnim roce
po transplantaci stoji 150 000 USD a kazdy dalii rok 20 000 USD. V Rakousku je potfeba
pro viastni vykon a pooperacni péci slozit 1000 000 ATS. V CR nemocnice udtuje pojistov-
nam za vykon a pooperacni pééi 450-600 000 K¢.

2.9 Uvod do transplantace tkani
Pavel Méficka

Rozvoj klinickych transplantaci orgént, jeho? jsme byli svédky od poloviny 20. stoleti, by
neby} moZny bez piedchozich experimentalnich a kiinickych zkudenosti s alotransplantace-
mi a xenotransplantacemi tkéni. V této kapitole se budeme zabyvat piedeviim spolenou pro-
blematikou spojujici transplantace jednotlivych tkini, tj. darcovstvim tkani, kontraindikace-
mi odbéru tkani, metodami odbéru a konzervace tkni a jejich dlouhodobého uchovavini, véetné
metod umoZiujicich modifikovat osud $tépu v téle pfijemece. ZviaSmi pozornost budeme
vénovat prevenci pfenosu infekénich chorob pit transplantaci.

2.9.1 Mistorie a sougasna praxe transplantaci tkani

[ kdy# zpravy o pouZill alogennich i xenogennich tkini lze vystopovat a7 do staroveéku,
dokumentované pfipady pochizeji z 19. stoleti. V¥jimku tvofi zprava z roku 1682 0 nahradé

defeltn lebedni kosti voidka, zpisobeného poranénim Savli, psi kosti. V 19, stoleti byla pro-
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vedena fada experimentdinich studii s transplantacemi tkani a byly ziskidny i prvni klinické
‘/.k_u?;eu(.)sti. Hiavnimi xdrgii tkdni pro prvni klinické wansplantace byly tkang adstranéng pfi
clm'vurgzck}‘fch zakrocich _am)’fmr nemocnym. Tak napi. v rece 1877 popsal von Hippel prvni
uspéinou lachleil.‘ni keratoplastiku, vroce 1884 Lucas popisuje pouziti kiize pfedko?ky novo-
FOZENCE Pro kl.mlck()u 11‘11|15p1;111la§z. Vroce 1907 Zirm z Olomouce publikuje prvni zprivu
o Uspe¥né perforativni keratoplastice, v roce 1911 Tuffier referuje o pouZiti konzervevanyeh
kosti a chrupavek pro kiinickou transplantaci.

Naproti tomu zpravy o pouZiti tkini zemfelych darct jsou velmi vzicné, napi. v roce 1881
Girdner uvedl, e poufii jako prvni kadaverdzni ki pro klinickou transplantaci. Skutecény
klinicky program transplantace kadaverozni tkin€ viak zahdjil teprve Filatov ve 30. fetech
20. stoletf v byvalém SSSR. Pryvni transplantovanou tkani byla rehovka, pozdéji Filatov tento
program roz&ifit i na daisi tkiné.

VEdecky zéaklad metoddm konzervace tkani dal jiZ Alexis Carrel ve své pfedniSee The
Preservation of Tissues and Its Application in Surgery (Konzervace tkini a jejich pouZiti v chi-
rurgii), kterou pfednesl| pied Americkou 1¢katskou asociaci v roce 1912, Carrelovy price tak
umoznily vznik tkdfiovych bank. Zprvu to byly banky specializované na jednotlive tkané: ofni,
kostni, kozni. Teprve po druhé svétové vilce vznikla idea univerzdinich tkafovych bank
(v anglosaské literatufe oznadovanych jako multitissue bank). Je viecbecné uznivano, Ze tato
idea vznikla v USA, kde hyla v roce 1951 zaloZena Tkdriova banka Amerického vojenského
namotnictva (US Navy Tissue Bank, Bethesda, Maryland), kterd se orientovala na odbéry tkani
od zemielych ddrch. Prakticky soucasné v byvalém Ceskosjovensku byla totoZnd idea zfor-
movana Dr. R. Klenem, ktery v roce 1932 zaloZil tkdfioveu banku ve Fakultni nemocnict v Hrad-
ci Krilové. V témie roce byla zalo¥ena i kostni banka v Brné a v roce 1 953 koZnibanka v Praze.
V Hradci Kralové se v roce 1953 uskuteEniia i prvni vEdecka konference o transplantacich
tkdni.

Podobn{ rozvoj klinickych transplantaci alogennich t xenogennich tkdni probihal v 50. a 60.
letech i v zahranidi, i kdy? jesté nebyly plné dofeseny teoretické otdzky spojené s imunolo-
gickou problematikou, resp. otizkou rejekce nebo piestavby §tépu v téle pifjemce. O t&chio
mechanismech ve spojeni s transplantacemi tkdni se nyni struéné zminime.

2.9.2 Transplantace kiize

S Klasickou rejekei transplantdtu se setkdvdme pri transplantaci kitze, resp. dermoepider-
malniho ¥tépu, ktery se pouzivi piedeviim pii lécbeé popatengch, Stép se po pfiloZeni na nekrek-
tomovanou plochu nejprve rychle vaskularizuje a ptihoji, tak¥e dojde k doCasnému uzavieni
riny. Po 14-21 dnech viak dojde ke spontanni rejekei epidermis. Proto je nutné epidermis,
event, cely §tép ped touto dobou chirurgicky odstranit a nahradit antelognim §tépem. Te-l
popélenina hlubok a rozséhlé, takZe neni mozné pro nedostatek odbérovych ploch zakryt pio-
chu autotransplantaty, je vyhodné alogenni dermaini struktury ponechat a epidermalni vrst--
vu nahradit nap&stovanymi autolognimi keratinocyty. Na tomto priacipu je zaloZena metoda
transplantace podle Cuona, vypracovand v 80. letech v USA (Obr. ¢ 36). Alternativou je pou-
7iti velmi tenkého autologniho Stépu.
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Obr. & 36: Metoda transplantace ke podle Caona

2.9.3 Transplaniace pojivovych tkani

RovnéZ kestni tkan je vysoce antigenni, rejekce je v8ak zaméfena pouze proti kostnim
buiikdm, které po transplantaci rychle odumiraji, resp. u spongidzni kosti proti buiikam kost-
ni dfené. Viastni kostni hmota §t¥pu se nejprve adbouriva Einnosti osteoklastl a na tuto fazi
navazuje postupnd prestavba kosti, tzv. creeping substitution. Na jeji rychlost ma vhiv tzv. oste-
oinduktivni viastnost $tépu, kterd zivisi na obsahu kostniho morfogenetického proteinu (Bone
Morphegenetic Protein, BMP) v kostni matrix. Samotna rejekéni reakce proti kostnim bufi-
kam, kterd vede k fibroprodukei v mist® pfestavby, viak miZe pfestavbu kostniho 5t€pu
vyrazné zpomalit aZ zastavit. Transplantace kosti je v soucasné dob€ ve svété nejéast&jsi trans-
plantaci tkdni, pouZiva se nejen v ortopedii a traumatologii, ale i v fadé dal3ich obori jako je
neurochirurgie nebo stomatologie, veetné parodontelogie a dentdlni implantologie.

Podobné jako kostni hmota se pfestaviji 1 vazivové struktury, jsou-li transplantoviny do
mist, kterd umoZni vriistant cév, jak jsme se zminili vy3e u transplantace kiiZze. K nahradé€ der-
mis u klubokych popilenin se pouZivd deepidermizovany koZni-8t€p, ktery je napf. v USA
k dispozici pod nizvem Alloderm. Kombinuje se s tenkym autolognim dermoepidermdlnim
§tépem. Vazivoveé struktury jako fascie, tvrda plena mozkovd nebo skléra, jsou &asto pouZi-
viny 1 heterctopicky, napf. v neurochirurgii se fascie pouZivaji pro plastiky tvrdé pleny moz-
kové nebo v oftaimologii pro zavésné operace pii vrozené nebo ziskané ptéze vicek.

2.9 4 Transplantace rohovky

P¥i wansplantaci rohovky dojde k ndhrad@ pfednihe epitelu dérce epitelem pfijemce, ktery
se vytvofi z kmenovyich bunék v limbu rohovky. Zadni epitel, resp. endote] rohovky ddrce napro-
ti tomu musi zistat po transplantaci zachovén, nebot jeho spravnd funkee je podminkou zacho-
vini transparence $tépu. To je v 1dedlnim piipadé zaruéenc skuteénosti, Ze se nachazi v pred-
ni oéni komore, ktera patfi k imunologicky privilegovanym mistim v téle pifjemce. V praxi
viak v ¥adé piipadi k rejekei endotelu a ndsledng k zakalent stromatu rohovky mitZe dojit. Jed-
nou z moinosti prevence je snaha o budovani systémi vymény HLA typizovanych rohovek,
které jsou transplantoviny HLA typizovanym pfjemcim, tedy podobnému systému jako je
b&Zny u trunsplantace orgdnt. Takové systémy existuji napf. ve Velké Britinil nebe 1 v konti-
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nentélai zdpadni Evropd. Na druhé stran€ stoji Skola americkd, kterd preferuje vyménu HLA
netypizovanych rohovek a problém rejekee feli vyhradng pouZitim imunosupresiv.

2.9.5 Ostatni transpiantace tkani

Zajimavym piispévkem k fedeni defektl kiZe nebo 1 rohovky je transplantace amnia. Amni-
on v 1&¢be popalenych i chronickych koznich defektl sloudi pfedeviim ke stimulaci epitelizace ze
7byvajicich koZnich adnex. Pfi 1€¢bé defekit rohovky se poufivd jako ndhrada struktur baralni
membrény piedniho epitelu, naniZ pak probihd spontanni epitelizace migraci bunék 7 oblasti limbu.

Transplantace nervii se v klinice prakticky nepouZiva, L kdyZ metodika je experimental-
né jiz dlouho vypracovana. Transplantovane nervy, tzv. Interpondly, se pouZivaji k pfemostg-
ni defeked a slouzi pouze jako vodié pro proristani axoni z centralniho do periferniho pahy-
lu. Sougasné viak vznika rejek&ni reakce v okoli nervového $tépu, kterd miZe interpondt znicit
diive, nc stadi axony $tépem prorast.

2.9.6 Xenotransplantace tkani

Na rozdil od transplantace orgdnit se pii transplantaci tkdni béZné uZivaji | tkdné xenogenni.
V CR je nejéastéjii pouziti praseci kiiZe jako docasnd nahrada koZniho krytu, ktery se oviem,
na rozdil od alogenniho dermoepidermalniho §tépu, nikdy nenechédva piihojit a slouZ] tak jen jako
biologicky obvaz, ktery se pravidelng vyméfiuje, dokud nedojde pod krytem ke spontdnni epite-
litizaci rany nebo neni provedena autotransplantace kize. Y zahraniéi se pro stejny el pouZiva
i kitZe ov&i nebo psi a v Brazilii dokonce kiZe tropickych Zab. Kostni tki lze nahradit i spe-
cidlné upravenou bovinni kosti. Xenogenni kostni tkan viak nema osteoinduktivni vlastnosti,
tak7e prestavba mitze byt vyrazné horsineZ v ptipadé alogenni dermis. Specidlné upravené tele-
of perikardy se pouzivaji v CR 1 v zahranici (pod nazvem Dura—Guard) pfedeviim pro plastiky
tvrdé pleny mozkové, K ndhradg vazivovych struktur se pouZiva i upravend praseci dermis.

Sou&asny rozvoj transplantaci tkani v CR lze dokumentovat na faktu, e v roce 1998 jen
tkafiové banky, jejichZ prepardty hradi pojiStovny, zaslaly pro klinické pouziti v riznych
lékaiskych oborech vice nez 1 700 alogennich tkafiovych §t&pi. Z xenogennich §t&pa byle
pro klinickou potiebu vydano 180 telecich perikardi a téméi 180 m2 prasedich dermoepi-
dermalnich &&pi. Tkané byly transplantovany na vice nez 100 pracovistich. Rada dal3ich pra-
coviit, predeviim ortopedickych, si tkdfiove $tépy pro transpliantace piipravovala sama.,

Celkovy tspéch transplantace tkang vak neni jen vysledkem operacni techniky a poope-
racni péde, ale celého procesu, ktery zatind odbérem tkdnd a kon&i piedanim pouZitelného
$t€pu na chirurgické pracovisté. Na rozdil od transplantace organil, kdy interval mezi odbé-
rem a transplantaci poéitdme v hodinich, miZe mezi odb&rem a transplantaci tkdné ub&hnout
ndkolik mésicit i let. O jednotlivych krocich se v dalSim textu ziminime.

2.9.7 Etické a pravni otazky darcovstvi tkani od Zivych a zemrelych darch

2.9.7.1 Odbéry tkani od Zivych darcd
U #ivych ddrcd rozlisujeme 2 pfipady ddrcovstvi:

1. Operacni vykon je proveden vyhradné za ielem ziskdni tkané k transplantaci, napf. kiZe,
kosti nebo dnes nejiastéji kostni diend. Takovy odbér miZe byt proveden, podobné jako
v piipadé odbru organu, pouze se souhlasem dérce.
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2. Pfi operacnim vykonu provadéném za [é¢ebnym fi¢elem je odebrina tkaf, kterou lze po-
uZit k transplantaci, napf. hlavice ky&elniho kloubu pfi plastice ky&elniho kloubu, véna
saphena pit operaci varixQ, kdZe pii plasticko-chirurgickych nebo esteticko- chirurgickych
vykonech. Padobné pfi porodu 1ze edejmout tkang pouZitelné k transplantaci, konkrétng
amnion a chorion, pupeénikové cévy a pupelnikovou krev.

i v tomto druhém pfipad€ je vhodné, aby 1ékaf dirce poZidal o souhlas, i kdv¥ to soucas-
né zakony CR piimo neuklddaji. O souhlas Ize poZadat pred vykonem, napf, pied porodem nebo
po skonlené operaci, pfi niZ se ukdZe, Ze odebrana tkdit je skutednd pouzitelni k transplanta-
ct. Soucasné se Zidosti 0 souhlas k pouziti tkané k transplantaci je nutné Zidat darce i o sou-
hlas s opakovanym sérologickym vySetfenim na vylouceni pozitivity HIV a dalgich infekci.

Te nutno zd@raznit, e mnoZstvi solidnich tkdni ziskané k transplantaci druhym zpiisobem,
zdaleka pfevySuje mnoZstvi téchto tkdni ziskané prvnim zpiisebem. V zemich, ve kterych je
silndl opozice proti odbéru tkdni ze zem¥elych ddrcl, napt. Turecku, je pak tento postup domi-
nantnim zpdsobem ziskavani tkdni k transplantacim.

2.9.7.2 Odbéry tkani od zemielych darcd

P’ro odbér tkani od zemfelych dérct plati stejnd pravidla jako pro odbér organd, tzn. pfed-
pokladd se souhlas s posmrtnym odbérem, pokud zemfeld osoba neprojevila béhem svého Zivo-
ta zdkonem piedepsanou formou sviij nesouhlas. V soutasné dobé plati v CR jako predepsa-
na forma pisemné prohlaen darce, v praxi je viak obvyklé respektovat jakoukoliv opozici
projevenou prott odb&ru. Navrh transplantainiho zdkona pfedpoklddd zachovini pisemné
formy nesouhlasu a sou€asnég zifizeni pocitadového registru osob nesonhlasicich s odb&rem,
v némnZ makaZdé pracovisté provadéjici odbér povinnost hledat kazdého potencidlniho darce.

Na tomto misté je tfeba se zminit o viivu, ktery ma na posteje ddrcir a na pouiti alogen-
nich 1 xenogennich tkani, tradice a nAboZenstvi. Lze konstatovat, 7e kiestanska naboZenstvi
v soudasné debé darcovstvi tkdni padporuji, s vyjimkou mormenil. Pesto lze vypozorovat roz-
dil mezi piistupem katolikil a protestantt. Zatimco protestanté kladou diiraz na darcovstvi jake
mdividudlni védomy akt altruismu, katolici se poditzuji stanovisku cirkevnich autorit, které,
vCetné papeZe, dircovstvi od zemielych podporuji. U fady jinych ndboZenstvi se snaha o pro-
vedeni odbéru tkdng miliZze dostat do konfliktu s naboZenskymi predpisy tykajicimi se mani-
pulace s télem zemfelého nebo poZadavku na co nejrychlejsi pohieb. Napf. japonské ndboZenstvi
- Sintoismus zakazuje jakékoliv dkony na téle zemfelého. Judaistické naboZenstvi zdirazhu-
Jerychiost pohibu, v prax: je viak mozné najit mezi t¥mito direktivami a praxi tkafiovych bank,
resp. odbérovych tymil, pro obé strany pfijatelny kompromis. Budhistické naboZenstvi vyraz-
né darcovstvi tkani podporuje. U islamu se setkdvame se §irokym spektrem posto]h cirkevnich
autorit, které se li&i podle jednotlivych naboZenskych $kol. Lze se tak setkat s pomémé vyraz-
nou podporou, ale 1 s viraznym odmitinim darcovstvi tkani od zemfelych. Proti transplanta-
ci tkand odebrané od zemielych darcii neislaimského ndboZenstvi nema islam Zadné namitky.

Podobné je tieba brat v iivahu naboZenské zikazy tykajici se pouZiti xenogennich tkani.
Napf. v arabskych zemich se misto prasecich dermoepidermdlnich ¥pd pouZivali pii 16¢be&
popdlenych dermoepidermaélni tépy ovei, nebo se divé pfednost amniu. Ture&ti autofi popi-
suji velmi dobré vysledky s pouZitim amnia impregnovaného dusidnanem stifbrnym. Ani nibo-
Fensk€ ziakazy viak neplati absoluing, pokud jde o Zivot zachrafiujici vykony, jak svedZi napi
price Ben Hurcvy o dspéiném pouZiti prasedich dermeepidermdlnich §tépt u popalenvch 1zra-
elskych vojakid pfy arabsko-1zraelské vilee.
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2.9.8 Praktické provadéni odbérd tkéni a jejich kontraindikace

Odbér tkand od Fivého ddrce se provad! inkoe normalni operadni vykon. Podobné jsou i v,
chirargickd residua ziskdvina pii operaénich vykonech nebo porodu. U zemiclyeh dirod |

viskavat (kAng tremi zplisoby!

| Béhem tzv. mnchotného odbéru tkani a orgdnd odb&rovymi tymy transplantadnich center
u déarcil s prokdzanou smrti mozku.

2. Zorganizovanim aseptického odbéru pied pitvou.

3, Provedenim necaseptického odbéru béhem pitvy.

Prvni zplisob se opét nelidi od odbéru organt popsanych v pfedchozich kapitolach. Je vak
nutno zdaraznit, e mnostvi tkani ziskanych od dérci s prokdzanou smrt mozku je jen zlom-
kem cefkového mno¥stvi tkan ziskaného ad zemfelych dircd. Ostatni odbery thani se provi-
d&ji od darci zemfelych na srdeni zdstavu. OdbBrové tymy chirurgickych pracoviit nebo tki-
fovych bank provadé)i aseptické odbéry u téchto ddrcl bud ve zvIast k takovému adelu
vybavenych salech nebo v improvizovanych podminkach, vét§inou na patologicko-apatomic-
kych nebo soudré-1ékafskych oddélenich. Takovy odbér 1ze zahdjit, podobné jako pitvu, nej-
dfive za 2 hodiny po smurti. Samoziejmosti je, Ze lékat odpovédny za odbér podrobné prosiu-
duje klinickou dokumentaci nemocného a vyloudi eventudlni kontraindikace odbéru tkanc.
Na tomto misté se zminime pouze o hlavnich kontraindikacich, které plati pro zemfelé 1 71vé
darce. V anamnéze a klinické dokumentaci ddrce patrdme po pozitivité sérologického vydet-
feni na HIV, HBsAg, HCV nebo syfilis 1 anamnéze hepatitidy, dale po projevech rizikového
chovani. Mezi né patfi pfedeviim homosexualita, promiskuita, intravendzni aplikace drog, dlou-
hodobé pobyty v zemich s vysokou incidenci HIV infekce, dile patrdme po riziku prionovych
infekei, jako je anamnéza neurologickych a psychiatrickych onemocnéni, pfedchozi terapie pii-
rozenym ristovym hormonem nebo pfedchozi ransplantace tkani, u nichy je pfenos téchto infek-
ci popséan. Samozfejmon kontraindikaci jsou pak projevy akatniho pfenosného onemocnéni
nrebo sepse &1 pyemie. Kontraindikaci odbéru tkani jsou i maligni nddory s vyjimkou chirur-
gicky vyléZeného basoceluldrniho karcinomu kiiZe a primarnich novotvard centrdlni nervové
soustavy. Vyjimkou jsou odbéry rohovek, u kterych standardy nékterych organizaci oZnich bank
piipoudtéji odbériu nemocnych s karcinomy. Kontraindikaci je rovnéZ onemocnéni tking, kterd
md byt odebrana i vysoky vék ddrce, napt. u tach nebo meniski se doporuduje limit 53 fet.

Odbér se provadi vysterilizovanymi chirurgickymi ndstroji po fadném oholent, omyti,
dezinfekci a zarouSkovani pfisluiného odbérového pole (Obr. & 37).

Tkafi se uklada do vysterilizovanych sklenénych nebo plastikovych obali. Po odbéru je
tieba vzhled darce dokonale rekonstruovat. Soudisti odbéru tkdné je i odbér krve, obvykle
z vena saphena, vena femmoralis nebo vena subclavia. Krev je nutno odebrat v dostateéném
ronoZstvi, aby mohly byt provedeny piedepsané sérologické testy véetné konfirmacnich. Na
rozdil od praxe pfi odbéru organtl, kdy se krev odebiré pii je§té zachovalém krevnim ob&hy,
se pit provadéni sérologickych testl u darci zemfelych na srdedni zdstavu, tedy u véSiny darcd
tkani, setkavame Zastdji s fale§n& pozitivnimi reakcemi (v dasledku postmortalni hemolyzy)
a testy je proto &asto nutno konfirmovat. Nemoznost ziskat dostateéné muoZstvi krve pro séro-
logické testy je samoziejmé indikaci k vyfazeni tkang z klinického pouZiti. Sérum darce, které
se nespotiebuje pii provadéni testd, se archivuje pro eventudlni pozdéjii retestovini. Zaklad-
ni panel predstavuji testy na priikaz HIV, HBsAg, HCV a syfilis. Pozitivita v jakémkoli uve-
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Obr. €. 37: Asepticky odbér dermoepidermiiniho 5tépu u zemielého diirce dermatomem na stla-
Ceny vzduch

deném tests je kontraindikaci pouZiti tkdng. Z dal3ich testd se doporu€uji testy na CMV, kde
e priikaz aktivni infekee relativni kontraindikaci. (U Zivych darch tkdni se ponechdvaji tkdng
v karanténé a testy se opakuji pe 6 mésicich.).

Odbér tkané se provadi co nejdfive po smrti, jakmile je k dispozici odbérovy tym, nejde
viak o tak urgentni situaci jako pfi odbéro orgéni. Jako horni Easovy limit pro odbér se obvy-
kle uvadi 12 hodin, pokud télo zemfelého je uchovano pii teploté zevniho prostfedi nebo do
24 hodin, pokud télo bylo uloZeno pfi teplot€ 4°C.

V iad& zemi se uZivé i neasepticky odbér tkani b&hem pitvy a veSkeré tkan€ se finalné ste-
rilizuji. Odbéry tkdni mimo zdravotnicka zafizeni, tj. napf. v prostordch pohfebrich dstavi,
které jsou praktikovany i v nékterych vyspélych zemich, se v CR neprovadgji.

2.9.9 Zpracovani tkani

Zpracovanim tkani rozumime nejrizndjii upravy odebrané tkiné provedené jesté pfed vlast-
ni konzervaci §tpu. Patii sem napi. mechanické odstranéni zbytkil fukové tkané odebrané
spolu s vazivovymi strukturami, odstranni periostu nebo perichondria. Je-li tkif ziskdna z tzv.
chirurgickych residui, je nutno odstranit i patologickou tkéii, napf. nekrotické &dsti hlavice kosti
ky&elni. Do metod tipravy palii i snizovani celularity $tépu a tim i jeho imunogenicity, napf.
u spongidznich kostnich §t€pd se vymyvaji zbytky buné&nych elementl kostni diené nebo se
extranuje ik, je-li dieh wkove pfeménéna. Pokud si chirurg piipravuie tkdh k transplantaci
sém, obvykle se omezuje na prostou mechanickou preparaci a dpravu St€pu na konetny tvar
vhodny pro plinovany operadni vykon. SloZit€j3 metody dpravy jsou vyhrazeny tkdftovym ban-
kam. K t&mto metodam paiii i demineralizace kostnich $t€pi, kterd demaskuje mezibunél-
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nou hmatu obsahujici kostni morfogeneticky protein. Tento protein, objeveny a izolovany
Uristem, psobi osteoinduktivié na buiiky pfijemee a urychluje tak prestavbu kosti. Pokud je
soudasné s demineralizaci provedena deplece kostnich bunék nékolikadenni inkubaci tkané
piit teplowd 37°C, vznikne izv. AAAKost {Allogencic Autelysed Autodigested Bone), kterd ma
navic k vy&e popsanym viastnostem i vyrazné nizsi imunogenicitu ne? neupravend kost. Pfi
jeji prestavbd tudiz nedochdzi k rejekei kostnich bungk a tim k zanddivym pochodim vedou-
cim v konedné fazi k fibroprodukel, krerd ohrozuje zddarny prabéh prestavby kosti.

Jak jsme uvedli, miZeme vhodnou metodou tpravy tking dosdhnout podstarné modifika-
ce osudu 3wpu v téle piijemce ve smyslu urychleni jehe pfestavby. Lze viak dosihnoul
i opacného efektuy, {j. zpomaleni aZ dpiného zastaveni pfestavby tkané v t€le pfijemce. Tak je
tomu napf, pfi tzv. stabilizaci tkané glutaraldehydem, kiery vytvoli plicné vazby v kola-
genu. Tato metoda se pouZivé pro piipravu xenogennich biojogickych protéz srdeCnich chlop-
ni nebo telecich perikardd pouZivanych k plastikim tvidé pleny mozkové.

2.9.10 Konzervace tkani

Pii konzesvaci tkini dominuji metody nizkoteplotni konzervace. Pomérné roz&iiend je v tkéni
i konzervace nonmotermni, 1. pouZiti tkafiové, resp. orgdnové kultury.

Metody nizkoteplotni konzervace

Tkané miZeme uchovéavat jak v nadnulovych, tak podnulovych teplotach, resp. nad nebo
pod bodem tuhnuti pouZitého media. Konzervaci v oblasti nad bodem tuhnuti nazyvame kon-
zervaci hypotermni. Nejéastgji pouZivana teplota je teplota +4°C.

Tkéné& v hypotermii uchovavime bud v tzv. vihké komirce nebo v riznych médiich. Vihkd
komiirka je jakakoliv sterilni nidobka, na jejiz dno nalijeme malé mnoZstvi fyziologického
roztoku nebo jiného vhodného média, vioZime do ni tkan, nadobku uzavieme a uloZime pri

Obr. & 38: Prasedi dermoepidermalni §tépy konzervované ve vlhké komtirce — Petriho miskach
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eploté +4°C. Tim vytvoiime podminky brdnici vysychdni tkdn€ a souCasn€ zpomalujici
metaboiické pochody. Metoda se dosud pouZiva pro konzervaci alogennich 1 xenogennich der-
moepidermainich §tépl (Obr; & 38), ale i ofnich buibl, resp. neexcidované rohovky. Zatim-
co u dermoepidermainich §t8pd zarutuje metoda pouZitelnost do 10-14 dnfi, u neexcidova-
né rohovky pounze do 48 hodin. Po této dobé rychle dochdzi k zakaleni stromatu rohovky.

Dirahym zpisobem hypotermni konzervace je konzervace v riziych médiich. Jsou to pie-
deviim média odvozend od médii tkdRovych kultur nebo roztokd na promyvdni bunék, ale
lze pouZit i rozroky pro konzervaci organd, napf. UW roztok, BEurocollins nebo Custodiol. Velky
pokrok pii konzervaci rohovky byl dosaZen pouZitim médii MK (McCarrey a Kaufman)
a pozdéji Optisolu pro konzervaci excidované rohovky. PouZitelnost se tak podafilo pro-
dlouZit na 4 dny u MK média, resp. na 14 aZ 21 dnit u média Optisol. Konzervace v t&chto
mediich je nejvice roz8ifena v USA a v sitich ofnich bank koordinovanych americkymi
odborniky. Na sit IFEB (International Federation of Eye Banks) se sidlem v Baltimore je napo-
iena i Mezinarodni o&ni banka v Praze, kterd tuto metodu zavedla v CR na po&itku 90. Jet.

Hypotermni konzervaci davame pfednost tam, kde potfebujeme pro vysledny efekt trans-
plantace zachovat thafi Zivou, . u rohovek, u dermoepiderialnich 5t&ph nebo pii rekonstrukei
ktoubniho povrchu alogennim chrupavkovym $tépem. Yak u rohovek, tak u chrupavky tato
metoda stile pfeddi svim vysledkem kryokonzervaci. U dermoepidermalnich §t€pa jsou
hypotermni konzervace a kryokonzervace prakticky rovnocenné.

V podnulovych teplotdch miZeme konzervovat tkan dvéma zpisoby:

1. Prostym zmrazenim na teplotu niZsi nez -40°C, bexz kryoprotektiv, tj. tatek zabrafujicich
letdlnimu adinke procesu zmrazeni-rozmrazeni na buiiky a tkané. PouZitf tohoto zpisobu,
tzv. hlubokého zmrazeni (deep freezing) je samoziejmé omezeno jen na tkang, u nichZ zacho-
vani vitality bungk neni podminkou fspéiné transplantace, tzn. na pojivové tkané. Tking,
vloZené do vhodného sterilizovaného obalu se vloZi do zmrazovaciho zafizeni dosahujici-
ho vy$e uvedené nebo nizii teploty & pil téZe teploté se pak skiaduje aZ do pouZiti. Je béiné
uznavino, 7e za uvedenych podminek 1ze skladovat tkané do 5 let.

2. Kryvokonzervaci, 1. postupem, kdy pouZitim kryoprotektiva a definovaného reZimu zmra-
zeni dosdhneme zachovini vitality bunék $t8pt. Tento zplsob se pouZivd pfedevsim pro
dermoeptdermalni 3tépy a bunééné suspenze (napf. buitky kostni dfené nebo pupetnike-
vou krev), ale i pro srdeéni chlopné a cévy. Méné dspésny je u rohovek a chrupavek s vyjim-
kou suspenze kultivovanych chondrocyti. Jako kryoprotektiva se pouZivaji pfedeviim gly-
cerol v koncentraci 10-15% nebo dimetylsuifoxid v koncentract 5-10%. Usp&ina
kryokonzervace je stile moZnd jen u tkdni, u nichZ je moZno provést zmrazeni v tenke vrst-
vé {nékolika mm) a tak dosdhnout uniformniho teplotniho reZimu zmrazent, resp. rozmra-
zeni v celém chjemu konzervované tkané. Kryokonzervace orgdnd zatim tspéind neni.

Alternativou hlubokého zmrazeni je Ivofilizace, 3. postup, pfi kterém tkah nejprve zmra-
zime a poté » ni sublimaci odstranime vodu, takZe zbytkovou vihkost sniZime pod 5%. Lyo-
filizované tkiang jsou uchoviviny ve sklengnych nebo plastikovych obalech a jsou destupné
7 Fady tkanovych bank v USA i v zdpadni Evropg. V byvalém Ceskoslovensku byla zavede-
na iz v G4, letech. Vyhedou je moZnost skladovat $tépy pii pokojové teploté, takie chirurg
si mize uréitou zasobu 3t8ph vytvofit na svém odd&leni. RovnéZ ransport lyofilizovanych Stépt
ie velmi jednoduchy. Lyofilizované tkané je nutno pfed pouZitim rehydratovat.
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Kryokonzervované buitky a thing dlouhodobé uchovavame pfi teplotich nizsich neZ
-80° C v mecharickych zmrazovacich zaFizenich, v parach (-1530° C) nebo pfimo v ka :
i dusiku (-196° C). Podle zkuSenosti autora Ize pit tepleté -80° C bezpedné skladova
Bufiky thidng minimalné po dobu 1 roku. pfi wploté kapalného dusiku se vieobecng &

tuje moznoest Casove nelimitovaného skladevini.

Normotermni konzervace

Tento druh konzervace, ktery se technicky nelisi od praxe tkdfovych kuitur, tzn. than je
vloZena do kultivagni nddobky s vhodnym médiem a uchovéavina pfi teplot€ 37° C v atmo-
sféfe s 5 % oxidu uhhéitého, je vhodnoeu alternativou hypotermni kenzervace rohovek. Meto-
da e roziifena zejména v zapadni Evrop€. Uvadi se, Ze rohovka je pouZitelna do 3-4 1ydni.

Ve vyétu pouiivanych konzervaénich metod nesmime zapomenout na konzervact kitZe v kon-
centrovaném glyceroli. Alogenni glycerolizovany 8tép je v zdpadni Evropé dominujicim ko?-
nim krytem na rozdil od CR, kde pievazuje pouZiti xenotransplantétd, které zaved] tym praz-
ského popaleninového centra a kozni banky v 70. letech. Mezi dalsi pouZivané metody pati
1 konzervace v koncentrovaném etanolu.

2.9.11 Opatreni pro snizeni rizika pfenosu infekce transplantovanou tkani

Transplantace tkdni s sebou vZdy nese urcité riziko pfenosu bakterialni nebo virové infek-
ce. Pokud jde 0 moinost pfenosu bakteridlni infekee, je nutno si uvédomit, Ze ani asepticky
odbér nevylutuje bakteriilni kontaminaci odebranych tkani. Je proto zcela opravnéné zafa-
zovat do postupill zpracovini tkani dekontaminadni postupy s pouZitim jédovych preparata,
alkoholu nebo roztoki antibiotik. Nasiedné se provadi bakteriologicka vystupni kontrola, U viech
Stépa, které jsou uréeny k implantaci, vylucuje jakykoliv pozitivni mikrobiclogicky nélez kii-
nické pouZiti tkang, u dermoepidermalnich Stépii se pfipousti nalez Staphylococcus epider-
midis. Pfi zachovani lege artis postupl ze riziko bakteridlni infekce sniZit na minimum,

V literatufe existuje fada tidajil o pfenosu virové infekce transplantovancu tkani. Pozor-
nost je pfedeviim vérovdna popsanym piipadim pfenosu HIV a hepatitidy B a C. V posled-
ni dobé se do popfedi dostdva i problematika Creutzfeld-Takobovy choroby, jejiz pienos byl
popsin po transplantacich tvrdé pleny mozkové, rohovky 1 skléry. Vzhledem k znamé resi-
stenci piivodce této choroby na dekentaminadai postupy e tieba zdOraznit vyznam vyloude-
ni osob s nevyjasnénou neurologickou symptomatologii 7 darcovstvi a vyznam pitvy dirce
spojeng s histologickym vySetfenim mozku zaméfenym na prikaz tétc choroby.

V posledni dobé je zvy3end pozornost vénovana i moZnosti prenosu infekce pfi xeno-
transplantaci. Ta byla v minulych letech povaiovina paradoxné za bezpeénéj¥i ne? alo-
transplantace, u niZ bylo zdaraziiovino riziko HIV infekee. Riziko rovnéZ zahrnuje bakte-
ridint i virové infekce. Z plvodel klasickyeh antropozoondz se napf. autor této staté setkal
s ndlezem Listerie pfi odbéru prasedich dermoepidermdlnich §t&ph. Z divodd nileza kla-
sickych patogeni nebo podminénych patogeni s¢ na pracovidts autora vyfazuje na zikladé
vystupni bakteriologické kontroly v primnéru 10 % zhotovenych prase€ich Stépi.

V soucasné dobé se povazuje za nejvetdi potencialni riziko pouiiti prasedich organt pra-
seci endogenni retrovirus, oznaovany zkratkou PERV (porcine endogenous retrovitus). Podle
soucasnych poznatkd by se viak mohl uplatnit pouze pfi dlouhodobém kontakta xenogennt
tkdné s tkani pfijemce a pfi imunosupresi, co? je piipad klasické orgénové transplantace, niko-
liv b&Zné pouZivanych transplantaci tkdni.
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PFi pouZiti bovinni tkané je samozfejmé nutno vzit v Gvahu v soucasné dobé diskutova-
nou mo¥nost pfenosu bovinni spongiformni encefalopatie (BSE). Toto riziko je viak mini-
malizovano ji7 samotaym faktem, 7e tkan& pro transplantacni ucely jsou odebirdny od telat.

Na tomto mist& je tieba se struéné zminit i o dalii moZnosti jak sniZit rizika prenosu bak-
terialni i virové infekee, a to o sterilizaci tkané. Ta je samoziejmé moZnd jen u tkini, u nichZ
neni vitalita nutna pro spéch transplantace, je vhodnd proto pfedev§im pro tkdn€ pojivove.
Lze ji v8ak pouZit i pro koZni §tépy nebo amnion.

Sterilizatni metody, které umoivii sterilizact v celém objemu tkéng, json bud ozdfeni gama
paprsky nebo sterilizace etylénoxidem. K. povrchevé sterilizaci 1ze pouZit ¢ tzv. plazmu, t).
peroxid vodiku.

Sterilizaci gama zafenim lze provadét u zmrazenych i lyofilizovanych §t€pi a je rozsire-
na pfedeviim v USA, ale i v zdpadni a stfedni Evropé. V CR se pouZiva od sedmdesatych
let. Nevyhodou je, 7e zhor§uje mechanické viastnosti tkani, pfedevdim jsou-li ozafeny v lyo-
filizovaném stavu. S ohledem na inaktivaci viri se v souéasné dobg doporu€uji davky kolem
35 kGy, misto dfive pouZivanych davek 25 kGy.

PHi sterilizaci etylénoxidem riziko zhorSeni mechanickych vlastnosti nehrozi, nevyhodou
je viak jeho kancerogenita a z toho vyplyvajici nutnost stanoven{ residui etylénoxidu a jeho
reaknich produktii ve sterilizované tkani pred jejim uvolnénim pro klinické pouZiti. Meto-
da je rutinné pouZivina jak v USA, tak v zdpadni Evrop€i v CR.

Ani jedna z metod viak neni rovnocenné sterilizaci nasycenou vodni parou pod tlakem,
kterou lze pro tkdng uZit skute€né jen ve vyjimecnych pfipadech.

Z uvedeného vyplyva, Ze jak pii alotransplantaci, tak pii xenotransplantaci tkani urCité rizi-
ko penosu infekee vidy existuje a Ze toto riziko lze spravnou praxi sniZit na minimum, niko-
liv viak zcela eliminovat. Riziko pouZiti alogenni nebo xenogenai tkiné k transplantaci neni
moZné podceniovat, ale ani pfecetiovat. Vidy je nutno je porovnavat s piedpokladanym pii-
nosem pro operovaného 1 s moZnymi riziky alternativnich postupi.
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CHAPTER 2 - APPENDIX 1
la SPECIFICATIONS OF COLLECTED CELLS AND TISSUES
Tkanova tstredna Fakultni nemocnice v Hradei Kralové

Nazev pracovi§té: Banka progenitorovych hematopoetickych bungk
Specifikace ¢. 1/2004

Vypracoval: MUDr. Pavel Méficka

Plati od: 1.1.2004

Datum planované revize: 1.1.2005

Lidska autologni kostni dieit neseparovana kryokenzervovana

Specifikace vstupniho produktu - kostni dief filtrovana

Kostni dfen asepticky odebrand odbérovym tymem (2 odebirajici l€kaii, 2 sestry, 1 lékar
nebo VS pro manipulaci s odebranou dfeni) opakovanymi punkcemi z panevnich kosti od
pacienta do vaku z odbérové soupravy fy Baxter (1 000 ml, z toho 200 ml roztoku ACD) na
aseptickém sale. Nasledné je provedena filtrace dfené odbérovou soupravou fy Baxter na
salech ortopedické kliniky — provadi tym Tkanové astfedny, oznaeni odbérového vaku daty
pacienta (jmeéno, pfijmeni, rodné &islo), zkratkou KD, datem odbéru.

VloZeni odbérového vaku do zevniho obalu, jeho preneseni do matenalové propusti
kryokonzervadni €asti nového pracovisté tkanoveé ustfedny, doCasné uchovani do doby
zpracovani pii teploté +4°C.

Predepsany zptisob odbéru vzorku a jejich zkouseni:

Odbé&r vzorku periferni krve nemocného na sérologické vysetieni — provadi OKH FN (anti-
HIV 1,2, HIV -1 Ag, anti- HTLV, EBV, HSV, VZV  HBsAg, anti-HCV, CMV, RRR,
TPHA, Toxo), vySetieni provadi UKM a UKIA FN. Tabulka s vysledky testl se zadle
Tkatové ustredne.

Pribé&zny odbér vzorkl odebrané dfend na hematologické (OKH FN), kultivaéni (CFU-GM}
(TU FN) a imunologické vy$etieni (CD 34) (UKIA FN) — provadi tym Tkafové ustfedny.

Oznaceni :

Tkanova ustiedna FN HK Aut Otransp lant.

C 2089-03 01 €S O RhD) pon

Darce/Ptijemce Obsahuje 210 mi ACD-A roztoku
Skladovat pii teploté +4°C

r¢: Pouzitelnost do 13.11 14 60

Podminky skiadovani:
Teplota + 4°C, meze 1-10°C

Doba pouZitelnosti produktu: 24 hodin




Nizev biologického materialu: Alogenni vazivovy Stép typu kost-$lacha-
kost

Popis materiau:

Tkafn odebrana asepticky na operanim sale nebo odbérovém sale Tkatové ustfedny
vysterilizovanymi nastroji po omyti, desinfekci a zarouskovani téla zemielého darce
odbérovym tymem (lékar a.sestra nebo laborant ¢i jiny VS specialista).

Obalovy materidl: sadek Steriking sterilizovany radiaéné-dvojity nebo  dvojity
polyetylénovy salek v plastovém kelimku - vie radiaéne sterilizovano.

Obal oznaden islem darce, nazvem odebrané tkané a datem odbéru - vzor Stitku prilozen:

Tkanova ustfedna FN HK
Odbérove centrum

D 10/04, Dg.: S06.2
odbér dne 23.6. 07:51
tkan: LIG 2x

Piedepsany zptisob odbéru vzorki: 5
Odbéry: krev darce na serologické vyseteni podle vyhlasky MZ CR €. 437/2002.
Bakteriologicky stér z odebrané tkané.

Kvalitativni a kvantitativni pozadavky véetné jejich limita:
Negativita v serologickych testech predepsanych vyhlaskou. Absence kontraindikaci odbéru
predepsanych vyhlaskou v klinické i anatomické diagnoze.

Podminky skladovani:
U stépt urCenych ke kryokonzervaci + 4°C do doby findlniho zpracovani (max. 24 hodin).

Pozadavky na asepsi:

Rousky, operacni plasté, operacni nastroje - sterilizace vodni parou pod tlakem (centralni
sterilizace FN).

Obalové materialy: radiaéni sterilizace, Bioster Veverska Bityska

Desinfekéni roztoky: Betadine, Egis Pharmaceuticals, Mad'arsko




Tkanova ustiedna Fakultni nemocnice Hradec Kralové
Nazev pracovité: Odbérove centrum

Specifikace ¢5./2004

Vypracoval MUDr Pavel Méficka

Plati od 1.7 2004

Datum predpokladané revize:1.1. 2005

Nizev biologického materialu: Alogenni dermoepidermalni Stép

Popis materialu:

Tkan odebrani asepticky na operacnim sdle nebo odbérovém sile Tkanové ustiedny
vysterilizovanymi nastroji, po omyti, desinfekci a zarouSkovani tela zemfelé¢ho darce
odbérovym tymem (lékat a sestra nebo laborant & jiny VS specialista).

Obalovy material: dvojity polyetylénovy sacek v plastovém kelimku - vie radiatné
sterilizovano nebo sterilizovany sklenény obal.

Obal oznaden &islem darce, nazvem odebrané tkané a datem odbéru - vzor §titku pfiloZen:

Tkarfiova ustfedna FN HK
Qdbéroveé centrum

D 10/04, Dg.: S 06.2
odbér dne 23.6. 07:51
tkan: Ka 2x

Piedepsany zptsob odbéru vzorkh:

Qdbéry: krev darce na serologické vySetieni podle vyhlasky MZ CR ¢&. 437/2002.
Bakteriologicky stér z odebrané tkané.

Kvalitativni a kvantitativni poZadavky v&etné jejich limith:

Negativita v serologickych testech predepsanych vyhlaskou. Absence kontraindikaci odbéru
piedepsanych vyhlaskou v klinické 1 anatomické diagnoze.

Podminky skladovani:
Uchovéni pfi teploté + 4°C do doby finalniho zpracovani (max. 24 hodin).

Pozadavky na asepsi:

Rousky, operaéni plasté, operalni nastroje - sterilizace vodni parou pod tlakem (centralni
sterilizace FIN).

Obalové materialy: radiaéni sterilizace, Bioster Veverska BitySka

Desinfekéni roztoky: Betadine, Egis Pharmaceuticals, Mad'arsko




1b  SPECIFICATIONS OF FINAL PRODUCTS

Tkatova dstiedna Fakultri nemocnice v Hradei Kralové

Nazev pracovité: Banka progenitorovych hematopoetickych bunék
Specifikace & 2/2004

Vypracoval: MUDr. Pavel Méficka

Plati od: 1.1.2004
Datum planované revize: 1.1.2005

Lidska autologni kostni di'eii neseparovana kryokoenzervovana

Specifikace koneéngho produkiu

Kostni dieit odebrana asepticky odbérovym tymem a nasledné filtrovana — viz specifikace
vychoziho produktu: kostni dfefi filtrovana.

Vychozi produkt je prepustén do kryokonzervaénich vakil Cryocyte TM (Baxter) (zpravidla
15-20 vakl s 50 ml koncentratu), nasleduje smiseni koncentratu s 50 mi pfedchlazeného
(+4°C) roztoku 20% DMSO v 6 % roztoku dextranu s piidanim 5 ml 20% lidského
albuminu do kazdého vaku za stalého tfepani vaky na tfepacce. K pfipravé smi byt pouzit
pouze DMSQO s atestem SUKL. Vaky oznadeny daty pacienta (jméno, piijmeni, rodné &islo),
zkratkou KD, datem odbé&ru a poiadim vaku (A,B,C, atd.):

Tkanova ustfedna FN HK
C 2089-03 OH Autotransplant.
BM Odbér: 12.11.2003 IfOSOO Fh(D) poz.

, e m
Darce/Prijemee Kryokonzervace: 12.11.2003
& Skladovat pii teploté <-80°C

Nasleduje vioZeni vakt do zevnich kovovych kazet s okénkem, kterym lze vidét Stitek na
vaku a fizené zmrazovani —-1K/min do —90°C, -5K/min do —150°C. Pii ukladani do
nizkoteplotni sk¥iné REVCO je moZno program ukoncit po dosazeni teploty —100°C
v kontrolnim vaku.

Predepsany zplisob odbéru vzorky ajejich zkouseni:

Odebréani vzorki na hematologické vySetieni a vySetfeni sterility (UKM FN — metoda
Ustavu Paula Ehrlicha, SRN) z kazdého vaku a odebrani vzorkd do 2 kryoampuli (1,6 ml)
z kazdého vaku pro hematologické (OKH FN) a kultiva&ni vySetieni CFU-GM (TU FN) po
rozmrazeni.



Kvantitativni a kvalitativni poradavky véetné limitl:

Zhodnoceni vysledk viech vySetieni, rozhodnuti o vhodnosti preparatu k aplikaci nebo o
nutnosti kombinovat odbér se separaci perifernich kmenovych bunék. Za optimalni hodnotu
se povazuje 2.10° CFU-GM/kg hmotnosti pacienta pii stanoveni zrozmrazenych
kontrolnich vzorkd. Za minimalni hodnotu se povazuje 1.10%kg pii stejném zpiisobu
stanoveni. Produkt ma vyhovovat zkousce na sterilitu. V pfipad€ pozitivniho
mikrobiologického nalezu se provede identifikace mikrobl a vySetfeni na citlivost a o
pouziti se rozhodne na transplantacnim seminafi OKH.

V pfipadé amrti pacienta se kryokonzervovany material i kontrolni vzorky vyfadi na
zakladé pisemného potvrzeni vystaveného odetiujicim lékafem. Toto potvrzeni se archivuje.

Podminky skladovani:

Kazety s vaky se ukladaji do kontejneru s kapainym dusikem do par dusiku nebo do zafizeni
stejného typu do kapalné faze dusiku nebo nizkoteplotni skiin€é REVCO (-80°C)
s havarijnim dochlazovanim kapalnym dusikem pfi vzestupu teploty nad -70 °C, uloZeni
kontrolnich vzorki ve stejnych teplotnich podminkach jako kazety.

Skladovani kazet s vaky a kontrolnich vzorkd ve vySe uvedenych teplotach, pravidelné
automatické nebo manualni dopliiovani dusiku, monitorovani teplot v mechanickém
zafizeni REVCO pomoci software Netcom a Read 95 (ReguCon, s.r.0., Praha), zajistujicich
trvaly zapis formou tabulky i grafu. Akusticky signal alarmu je nastaven na téchto
hodnotach: horni mez —60°C, dolni mez ~100°C.

Doba pouZitelnosti produktu;

Skladovani pfi teploté ~80°C 1 rok bez dodateéného prezkouseni viability vzorkd.
Skladovani v parich dusiku 2 roky bez dodateéného prezkouseni viability vzorkd.
Skladovani v kapalné fazi dusiku 3 roky bez dodateéného piezkouSeni viability vzorkd.



Tkafiova tfistFedna Fakulini nemocnice Hradec Krialové
Nazev pracovisté: Tkanova banka

Specifikace €. 07/2004

Vypracoval: MUDr. Pavel Méficka

Plati od: 1.1.2004

Datum pfedpokladané revize: 1.1.2005

Ndzev produktu: Alogenni dermoepidermilni St€p kryokonzervovany

Kod VZP: 43106

SloZeni produktu;

Dermoepidermalni §tép o tloust'ce cca 0,3 mm odebrany z dolnich konéetin nebo dorsalni

strany trupu po piedchozim oholeni. Zplsob odbéru asepticky - viz specifikace vychoziho
produktu,

Popis §té€pu a obalu:

Tkati odebrana od zemfelého darce, splijiciho kritéria zptsobilosti podle vyhlasky MZ CR
&. 437/2002, mechanicky zpracovana na §tépy o ruznych rozmérech, dekontaminovana 5%
Betadinem v prostorach tiidy d&istoty A. Jako kryoprotektivni roztok pouzit 10%
dimetylsulfoxid v 6% roztoku dextranu s piidanim 5% dvacetiprocentniho lidského
albuminu. Jeden obal obsahuje jeden nebo vice §tépu s definovanymi rozméry. Jako
transparentni obalovy material pouZit dvojity sacek Sterking, Wipak Medical, Finsko
sterilizovany gama zafenim (Bioster Veverska Bityska) - vzor protokolu o obdrzené davece a
vysledcich kontrolnich testii pfiloZen. Po obdrzeni vysledki vSech testd, na jejichz zakladé
je provedeno propudténi produktu, pfiloZen transparentni tfeti obal téhoz vyrobce a
definitivni oznaCeni produktu Stitkem:

Tkaftova Ustredna Fakultni nemocnice v Hradci Kralové

Clen Evropské asociace thitiovych bank, Sokelska 534, 500 05 Hradcec Krilové
sgeo. | Alogenni dermoepidermalni

): kryokonzervovany $tép

e | 23003 KU 00107 435 cm’

kod VZP: 43106

Darce vyhovuje v predepsanych testech

DIAGNOZA darce S 06.2

DERONTAMINOVANO 5% betadinem

KONZERVOVANO 10% DMSO

SKLADOVAT pii teploté ~80°C a nizsi

SPOTREBOVAT do 5.8.2004

Bakteriologicky nalez: ST. EPIDERMIDIS

Upozornéni: 7ZEVNI OBAL NENI STERILIZOVAN. ASEPTICKY
MANIPULUJTE POUZE $ OBSAHEM VNITRNIHO
ZATAVENEHO SACKU




Piedepsany zpusob odbéry vzorkd a jejich zkouSeni:

4 bakteriologické a T mykologicky stér z tkané pred dekontaminaci.

4 bakteriologické a 1 mykologicky stér z tkané po dekontaminaci a oplachu fyziologickym
roztokem.

V obou pripadech provedeno aerobni a anaerobni bakteriologické a mykologické vySetfeni
podie pfiloZzeného schématu — provadi UKM FN.

Odbér 10 ml oplachového fyziologického roztoku do sterilni zkumavky - bakteriologické a
mykologické vySetfeni.

Kvalitativni a kvantitativni pozadavky vEetng limitd:

Udaj o rozmérech $tépu.

Bakteriologicky nalez po dekontaminaci pFipousti vyskyt Staphylococcus epidermidis nebo
nepatogennich sporulujicich mikrobi, negativni mykologicky nalez.

U obalu - sterilita zajidténa radiaéni sterilizaci, naméatkové provadéna kontrola
predsterilizalni zatéZe v akreditované laboratofi — kopie certifikdtu o akreditaci a vzor
nalezu piilozen.

Podminky skladovani:
Teplota -~80°C v mechanickém zmrazovacim zafizeni s jisténim kapalnym dustkem,

Doba pouzitelnosti produktu:
2 roky.




Tkanova ustfedna Fakultni nemocnice Hradec Krialové
Nazev pracovisté: Tkailova banka

Specifikace ¢. 11/2004

Vypracoval: MUDr, Pavel Méficka

Plati od: 1.1.2004

Datum piedpokladané revize: 1.1.2005

Nazev produktu: Alogenni $tép typu kost-Slacha-kost kryekonzervovany
Kéd VZP: 43110

SloZeni produktu:

Vazivovy §tép plipraveny z ligamentum patellae s pfilehlymi kostnimi bloky. Zpisob
odbéru asepticky - viz specifikace vychoziho produktu. Z jednoho ligamenta se pfipravi 2 az
3 Stépy.

Popis §t€pu a obalu:

Tkéii odebrana od zemfelého darce, spliiujiciho kritéria zplisobilosti podle vyhlasky MZ CR
¢, 437/2002, mechanicky zpracovana, dekontaminovand 5% Betadinem a zabalend
v prostorach tfidy Cistoty A. Jako kryoprotektivni roztok pouzit 10% dimetylsulfoxid v 6%
roztoku dextranu s pfidanim 5 % dvacetiprocentniho lidského albuminu. Jeden obal
obsahuje vzdy 1 §t&p s definovanou délkou slachy. Jako transparentni obalovy material
pouZit dvojity siéek Sterking, Wipak Medical, Finsko sterilizovany gama zafenim (Bioster
Veverska Bityska) - vzor protokolu o obdrzené davee a vysledcich kontrolnich testu
pitloZzen. Po obdrzeni vysledkd viech testll, na jejichz zakladé je provedeno propusténi
produktu, pfiloZen transparentni tfeti obal téhoZz vyrobce a definitivni oznaceni produktu
Stitkem:

Tkatiova Ustfedna Fakultni nemocnice Hradec Krélové

Cien Evropskeé asociace thafiovich bank, Sekolska 534, 500 45 Hradec Kralové
Alogenni vazivovy $tép
zmrazeny (ligamentum patellae)
230 04 Lig 033 09 4,5 cm

Darce tkané vyvhovuje v pedepsanych testech

Kod VZP: 43110 DIAGNOZA DARCE: 1 63.0

DEKONTAMINOVANO 5% BETADINEM

KRYOKONZERVOVANO 10% DIMETYLSUFOXIDEM

BAKTERIOLOGICKY NALEZ: negativni

SKLADOVAT pfi teploté -80°C a nizsi

SPOTREBOVAT do 5.6.2005

Upozornéni: ZEVNI OBAL NENI STERILIZOVAN, ASEPTICKY
MANIPULUITE POUZE § OBSAHEM VNITRNIHO
ZATAVENEHO SACKU




Predepsany zpiisob odb&ru vzork ajejich zkouseni:

4 bakteriologické a 1 mykologicky stér z tkané pied dekontaminaci.

4 bakteriologické a 1 mykologicky stér z tkané po dekontaminaci a oplachu fyziologickym
roztokem.

V obou pfipadech provedeno aerobni a anaerobni bakteriologické a mykologické vySetfeni
podle pfilozeného schématu — provadi UKM FN,

Odbér 10 ml oplachového fyziologického roztoku do sterilni zkumavky, vySetfeni sterility
metodou Ustavu Paula Ehrlicha, SRN — provadi UKM FN - schéma priloZeno.

Kvalitativni a kvantitativni poZzadavky v&etné limita:

Udaj o rozmérech §tépu.

Negativni bakteriologicky nalez, negativni mykologicky nalez, vyhovuje ve vySetfeni na
sterilitu.

U obalu - sterilita zajisténa radiaéni sterilizaci, namatkov€ provadéna kontrola
piedsterilizadni zat&%e v akreditované laboratofi — kopie certifikdtu o akreditaci a vzor
nalezu priloZen.

Podminky skladovani:
Teplota —80°C v mechanickém zmrazovacim zafizeni s ji§ténim kapalnym dusikem.

Doba pouZitelnosti produkiu:
2 roky.




CHAPTER 2 - APPENDIX 2

STANDARD OPERATING PROCEDURES FOR TISSUE DONATION

2a Living donors

Tkanova astfedna Fakultni nemocnice Hradec Kralové
Nazev pracovisté: Odbérové centrum

Informovany souhlas darce &. 1/2004

Vypracovali: MUDr. M. Lutensky, Ph.D., MUDrx. P. Méficka
Plati od 1.1.2004

Datum piedpokiadané revize: 1.1,.2005

Ortopedicka klinika Fakultni nemocnice Hradec Kralové

Informovany souhlas darce

Potvrzuji, Ze jsem byl ofetiyjicim 1ékafem informovéan, Ze hlavici kosti stehenni, ktera mi
bude pit operact nahrazena endoprotézou, je mozno pouzit pro 1é€bu jinych nemocnych.
RovnéZ jsem byl seznamen se skuteCnosti, ze k tomu, aby pfenos tkané byl pro pfijemce co
nejbezpecnéjsi nebo bylo mozno ji dlouhodobé uchovavat v klinicky pouZitelném stavu, je v
nékterych piipadech zapotiebi ji rdznymi zpisoby upravit, eventuilné vysterilizovat a
pouZit ve formé tzv. bioimplantatu. Na zékladé téchto informaci davam sviij souhlas k
takovému pouziti tkané, kterd mi bude odstranéna. RovnéZz davam souhlas k opakovanému
odbéru krve na serologické vySetieni.

Jméno a podpis dArce. .. ...



Tkanova astiredna Fakulini nemocnice Hradec Kralové
Nazev pracoviité: Odbérové centrum

Informovany souhlas darce ¢. 2/2004

Vypracovali: MUDr. M. Lutonsky, Ph.D., MUDr. P, Mé&ficka
Plati od 1,1.2004

Datum piedpokladané revize: 1.1.2005

Ortopedické oddéleni Nemocnice s poliklinikou........ccvue.. rrerrrererensaenres

Informovany souhlas dirce

Potvrzuji, Ze jsem byl oSetfujicim {ékafem informovan, ze hlavici kosti stehenni, ktera mi
bude pf1 operaci nahrazena endoprotézou, je moZno pouzit pro 1é€bu jinych nemocnych.
Rovnéz jsem byl seznamen se skutecnosti, Ze k tomu, aby pfenos tkané byl pro piijemce co
nejbezpetndjsi je zapotiebi provést serologické vysetieni z odebraného vzorku krve v dobé
operace a za 6 mésicl po ni. Na zaklad€ téchto informaci davam sviij souhlas k pouZiti
tkéané, kterd mi bude odstranéna, k transplantaci. Rovnéz davam souhlas k opakovanému
odbéru krve na serologické vySetieni.

Jméno apodpiS dArce. .. ... .. ..



Tkanovi Gstfedna Fakultni nemoenice Hradee Kralové
Nazev pracovisté: Odbérové centrum

Informovany souhlas darce &. 3/2004

Vypracovali: MUDr. P. Kopecky, Ph.D., MUDr. P. Méficka
Plati od 1.1.2004

Datum piedpokladané revize: 1.1.2005

Porodnicka a gynekologicka klinika Fakultni nemocnice Hradec Kralové

Informovany souhlas darce

Potvrzuji, Ze jsem byla oSetiujicim lékafem informovana, ze soucasti plodového Hizka,
plodovych obaldl, pupednikové cévy a pupednikova krev mohou byt pouzity pro 1€¢bu jinych
nemocnych. Rovnéz jsem byla seznamena se skutecnosti, Ze k tomu, aby pfenos bunék nebo
tkang, ziskané pii porodu mého ditéte, byl pro piijemce co nejbezpelndjsi, je zapotiebi
provést serologické vySetieni z odebraného vzorku krve v dob& porodu a za 6 mésicll po
ném. Na zaklads t&chto informaci davam svij souhlas k pouziti bunék nebo tkani, ktere byly
ziskany pfi porodu mého ditéte, k transplantaci. Rovnéz davam souhlas k opakovanému
odbéru krve na serologické vysetfeni,

Tméno a podpis darkyn€. ... ...



Tkanova Gstiedna Fakultni nemocnice Hradec Kralové
Nazev pracovisté: Odbérové centrum

Informovany souhlas darce ¢ 4/2004

Vypracovali: MUDr. Z. Talabova, CSc., MUDr. P. Mé&ficka
Plati od 1.1.2004

Datum piedpokladané revize: 1.1.2005

Oddgéleni plastické chirurgie a popalenin, Chirargicka klinika, Fakultni nemocnice
Hradec Kralové

Informovany souhlas dirce s pouzitim tkAné pro experimentalni icel

Potvrzuji, 7e jsem byl ofetfujicim lékafem informovén, ze kiZi, ktera mi bude odstranéna
pfi esteticko-chirurgickém vykonu, je moZno pouzit pro 1écbu jinych nemocnych nebo pro
vyzkum, ktery pfispiva k rozvoji novych léCebnych a diagnostickych metod. Na zakladé
téchto informaci davam sviij souhlas k takovému pouZiti tkan€, kterd mi bude odstranéna.
Rovnéz davam souhlas k opakovanému odbéru krve na serologické vySetieni.

Jméno a podpis darce... ... ..o



Tlafiovi Gstiedny Fakultni nemocnice Hradee Krilové

Nazev pracovisté: Odbérove centrum

Informovany souhlas déarce & 5/2004

Vypracovali: MUDr. 1. Pavlata, Ph.D., MUDr. P Méficka
Plati od 1.1.2004

Datum piedpokladané revize: 1.1.2005

Ortopedicka klinika Fakultni nemocnice, 500 05 Hradec Krilové
Informovany souhlas s pouZitim tliné pro experimentilni ucel

Vazeny pane/pani  .......... e ,

bshem Vasi operace Vam bude nahrazen kycelni kloub protézou. Hlavice kosti kyCelni,
kterou Vam odejmeme, by byla za normalnich okolnosti znehodnocena. Moderni lékarské
metody viak umoziiuji, abychom &ast Vasi kosti a Casti chrupavky, které nejsou postizeny
chorobnymi zménami, uchovali a pouzili po patfiéné apravé pro lécbu nemocnych, ktefi trpi
podobnym onemocnénim jako Vy. U kostni tkané jsou pfislusné metody jiz vypracovany a
v lékafstvi bézn& pouzivany, u chrupavky je tieba pouzit slozitych metod, pii nichz jsou
bufiky chrupavky rozmno¥eny ve zkumavce. Vypracovanim takové metody se zabyvame na
nasi klinice. Prosime Vas proto o souhlas s bezplatnym darovanim VaSich odfatych tkéani
pro lécebné a vyzkumné Ugely. Dale Vas prosime o souhlas s odbérem krve pro virologické
vyietieni, které je nutné k tomu, aby Vase tkaii mohla byt pouZita pro jiného nemocncho.
Toto vyietfeni bude provedeno pied operaci a poté za 180 dni po Vasi operaci. Pokud
s témito podminkami darcovstvi a vySetfeni souhlasite, potvrd'te souhlas svym podpisem.

S diky za spolupraci

Doc. MUDr. K. Urban, CSc.
Ortopedicka klinika FN Hradec Kralové
Jméno, piijmeni: ... S SRR

Rodnééislo:

bydlisté:

telefon:

datum ... pOdPIS



2b Deceased donors

Tkartova ustifedna Fakultni nemocnice Hradec Kralové
Nazev pracovi§té: Odbérové centrum

Informace rodiné zemielého darce ¢ 1/2004

Vypracovali: MUDr. P. Mé&ficka, JUDr. L. Roznovska
Plati od 1.1.2004

Datum predpokiadané revize: 1.1.2005

Fakultni nemocnice Hradec Krilové

VaZena pani,
VaZzeny pane,

jednou z modernich metod 1é¢by fady onemocnéni, kterd se provadi ve Fakultni
nemocnici Hradec Kréalové, ale i v ostatnich velkych nemocnicich v CR, je transplantace
tkani. Transplantaci rohovky je moZné navratit zrak, transplantaci kiZe zachranit Zivot téZce
popalenému, transplantaci kosti, §lach & jinych vazivovych struktur 1éCit nasledky Grazi
spojenych se ztratami tkani.

K transplantaci lze v nékterych pfipadech pouzit tkané odebrané od Zivého darce, ve
vét§ing piipadl je viak zapotiebi odebrat tkan¢ zemfelému darci. Tyto odbéry se v naSi
fakultni nemocnici rovnéz provadéji.

V souladu se zakonem o darovani, odbérech a transplantacich tkani a organi &.
285/2002 Sb. dle ustanoveni § 15 jste byli zastupcem kliniky, kde je Vas§ blizky pfibuzny,
ustné informovani o eventualnim odbéru tkani.

Dovolujeme si Vés jestd touto cestou pozadat o podepsani tohoto dokumentu o
podané informaci. Pokud je Vam znama informace, ze Va$ blizky pfibuzny nesouhlasil
s darcovstvim tkani, prosime Vas o laskavé sdéleni této skute¢nosti oSetfujicimu lékafi
Vadeho blizkého.

Dékujeme Vam, Ze jste v této, pro Vés jisté nelehké chvili, vénovali pozornost této
informaci.

Piednosta piislusné kliniky



CHAPTER 2 - APPENDIX 3

STANDARD OPERATING PROCEDURE FOR PROCESSING OF
CRYOPRESERVED TISSUE GRAFT

Tkanova dstiedna Fakultni nemocnice Hradec Kralové
Nazev pracovisté: Tkanova banka

Obecny standardni operacni postup €. 3

Vypracoval; MUDr. P. Méricka

Plati od 1.1.2004
Datum planované revize: 1.1.2005

Obecny standardni operalni postup piipravy kryokonzervovaného tkaiiového Stépu —
varianta pro §tépy urfené k implantaci

Informace rodingé zemfelého darce o moZném odbéru nebo informovany souhlas zivého
darce — oSetfujici lékar piislusné kliniky

Asepticky odbér na odb&rovém sale Tkaftové istfedny nebo na operalnim sale
Sérologické vydetieni darce podle Vyhlaska MZ CR &. 437/2002 (UKM a UKIA FN)
Vstupni mikrobiologicka kontrola (UKM FN)

UloZeni do sterilni sklendné nadoby nebo sterilniho sacku- skladovani pf1  teploté +4°C

Dekontaminace 5 % Betadinem v prostfedi s prokazanou tfidou Cistoty A s pozadim B
(validace 1 x ro€né)

Oplach fyziologickym roztokem
Inkubace se sterilnim kryoprotektivnim roztokem (10% dimetylsulfoxid v roztoku dextranu)

Vystupni mikrobiologicka kontrola (UKM FN), 4 bakteriologické stéry a 1 mykologicky
stér z kazdého §tépu, vySetfeni na sterilitu (u $tépd urlenych k implantaci)

VlioZeni do radia¢né sterilizovaného obalu Steriking Cover Bag

Zataveni, oznaleni

Zmrazeni na teplotu —80°C do doby ziskani vysledkid vech testli — karanténa
Propusténi a definitivni oznaceni

Skladovani pii teploté —80°C do doby vydeje

Platnost pro specifikace ¢. 11/2004



Tkanova astiredna Fakultni nentocnice Hradec Kralové
Nazev pracovisté: Tkanova banka

Obecny standardni opera&ni postup ¢. 4

Vypracoval: MUDr. P. Méficka

Plati od 1.1.2004

Datum planované revize: 1.1.2005

Obecny standardni operacni postup piipravy kryokonzervovaného tkinového Stépu —
varianta pro kozni Stépy

Informace rodiné zemfelého darce o mozném odbéru nebo informovany souhlas zivého
darce -- oSetfujici 1ékarf pfislusné klintky

Asepticky odbér na odbérovém sale Tkatfiové Gstfedny nebo na operatnim sale
Sérologické vysetieni darce podle Vyhlaska MZ CR ¢&. 437/2002 (UKM a UKIA FN)
Vstupni mikrobiologicka kontrola (UKM FN)

UloZeni do sterilni sklen&né nadoby nebo sterilniho sacku - skladovani pi1 teploté +4°C

Dekontaminace 5 % Betadinem po dobu 20 minut u alogennich Stéph a nasledna
dekontaminace v roztoku antibiotik u xenogennich dermoepidermalnich Stéph

Oplach fyziologickym roztokem

Inkubace se sterilnim kryoprotektivaim roztokem (10% dimetylsulfoxid v roztoku dextranu
u alogennich, 15% glycerol v roztoku dextranu u xenogennich dermoepidermalnich §tépd)

Vystupni mikrobiologicka kontrola (UKM FN), 4 bakteriologické stéry a 1 mykologicky
stér z kazdého Stépu

VloZeni do radiatné sterilizovaného obalu Steriking Cover Bag

Zataveni, oznaleni

Zmrazeni na teplotu —80°C do doby ziskani vysledki viech testl — karanténa
Propusténi a definitivni oznaceni

Skladovani pii teploté —80°C do doby vydeje

Platnost pro specifikace ¢. 07/2004, 08/2004



CHAPTER?2 - APPENDIX 4

STANDARD OPERATING PROCEDURES FOR BACTERIOLOGICAL CONTROL

Standardni operaéni postup pro mikrobiologickou kontrolu tkafiovych Stépdl - provadi UKM
FN Hradec Kralové

Pomnozeni v kapalnych pidich

2 bakteriologické stéry
thioglykolatova piida +36°C: | stér aerobni podminky 24 hodin
1 stér anaerobni podminky 48 hodin

2 bakteriologické stéry

thioglykolatova ptada +21°C: 1 stér aerobni podminky 24 hodin
1 st&r anaerobni podminky 48 hodin

1 mykologicky stér

kapalna Sabouraudova plida - aerobni podminky 24 hodin

Vvofkovani na pevné pudy

Bakteriologickée kultury

krevni agar aerobni podminky +36°C 24 hodin
anaerobni podminky +36°C 48 hodin

Mykologicka kultura
Sabouraud(v agar, aerobni podminky +36°C 48 hodin



Standard operating procedure for sterility testing.
Schéma 2

Standardni operadni postup pro testy sterility — metodika Ustavu Paula
Ehrlicha, SRN — verze pro solidni tkafiové §tépy - provadi UKM FN Hradec Kralové

- odbé&r 10 ml kryokonzervaéniho roztoku z vaku se §tépem do sterilni zkumavky

- vzorky o objemu 5 ml jsou vloZeny do automatického systému pro hemokultury s
pouZitim certifikovanych kultivacnich pid.

- 1 vzorek za aerobnich podminek 37°C 7 dnu.

- 1 vzorek za anaerobnich podmineck 37°C 7 dn.

- jakykoliv riist je povazovan za pozitivni vysledek testu



CHAPTER 2 - APPENDIX 5

TRACEABILITY ASSURANCE

a) LABELS USED FOR SOLID TISSUE GRAFTS

Tkafiova (stfedna Fakultni nemocnice v Hradci Krélové

Clen Evropské asociace tkiitovych bank, Sokolska 534, 500 05 Hradec Krilové
Allogenni dermoepidermalni

Stép kryokonzervovany
23099 KU 00802 18 x5 cm

kod VZP: 43024

Darce tkané vyhovuje v predepsanych testech

DIAGNOSA DARCE: 1 71.2

DEKONTAMINOVANO 5% betadinem

KONZERVOVANO 10% roztokem dimetylsulfoxidu v mediu  MEM a 6% roztoku

dextranu

SKLADOVAT pii teploté —80°C a miZsi

SPOTREBOVAT do 1.1.2002

Bakteriologicky nalez: NEGATIVNI

Upozoméni:  ZEVNI OBAL NENI STERILIZOVAN. ASEPTICKY
MANIPULUITE POUZE S OBSAHEM VNITRNIHO
ZATAVENEHO SACKU




B) LABELS USED FOR HAEMATOPOIETIC CELL GRAFTS
AUTOLOGOUS BONE MARROW TRANSPLANTATION

Tissue Bank Faculty Hospital Hradec Kralové
C 2089-01 0A - 0Q

BM Collection date: 10/7/2001
Donor/Recipient

Novak Josef

520705/050

AUTOTRANSPLANT
BG B Rh(D) pos
100 ml
Cryopreservation date: 10/7/2001
Store at temperature -80°C or below

AUTOLOGOUS PERIPHERAL BLOOD PROGENITOR CELL-
TRANSPLANTATION

Tissue Bank Faculty Hospital Hradec Kralové
C 2090-01 0A - 0C

PBPC Collection date: 10/7/2001
Donor/Recipient

Novak Jaroslav

530705/050

AUTOTRANSPLANT

BG A Rh(D) pos

100 ml

Cryopreservation date: 10/7/2001
Store at temperature -80°C or below



ALLOGENEIC PERIPHERAL BLOOD PROGENITOR CELL-
TRANSPLANTATION

Tissue Bank Faculty Hospital Hradec Kralove
C 2095-01 0A - 0C

PBPC Collection date: 12/7/2001

Donor: Novékova Anna

555701/2254

Recipient:Novakova Jaroslava

555224/250

ALLOTRANSPLANT

BG Donor: A Rh(D) pos

BG Recipient: B Rh(D) pos

100 ml

Cryopreservation date: 12/7/2001
Store at temperature -80°C or below

CORD BLOGD

CZCB-HK-00052

Cord blood

Bag A, vol. 100 ml

Collection date: 9/5/2002
Cryopreservation date: 9/5/2002
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A daily in-depth fook at current events in the Czech Republic.
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Czechs exporting body parts?

To hear the following story in Real Audio, click here:

2/ Streaming RA / RA Download

The field of medical research has developed substantially since
the fall of Communism, but in some areas, it seems, the law
hasn't been able to keep up. Claims were recently made in the
press that several Czech hospitals were exploiting a legal
loophole that allows them to harvest human fissue without the
patient’s consent - which is legal - but then sell it abroad - for
profit - which is not illegal, but not very ethical either. Radio
Prague's Nicole Klement has more.

For the last decade the Czech
Republic has been struggling to
update and amend laws dealing
with scientific research. A new
law on transplants is still being
discussed in parliament, and the
papers claimed this week that i
several Czech hospitals and a private export firm have
been using a legal loophole to create a market where
human body tissue is harvested and sold abroad for
profit. By law hospitals are allowed to remove tissue
from dead patients without the patient's or their
relatives' consent. But the current law doesn't
explicitly ban or regulate the sale of human tissue.

Pavel Meriska is the head of the tissue bank at Charles
University's affiliated hospital in the town of Hradec

file://A \parse.htm 24.2 2008
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Kralove.

"There are two systems in the world concerning
transplant legislation. First is the so called opting-in
system where the donor must say yes | would like to be
a donor after my death and this is expressed by a
donor card. The other system is called opting-out and
it is typical for Austria and Belgium and it is based on
the fact that someone can say that they would not like
fo become a donor after death. With this system the
person would have to put themselves on a
computerised list of people rejecting donation. This is
the system that is prepared in the new transplantation
law in the Czech Republic.”

But the new law has not yet passed through the Upper
House. So hospitals are left to work with the old one,
which is not exact enough to cover all aspects of donor
rights.

"We have a very old guidelines that says that the
patient is a potential donor unless they write a letter
that says otherwise. But in my 20 years of practice [
have never seen such a letter. So, in my practice I
accept any opposition to autopsy or harvesting that is
expressed by the family.”

Human tissue from the Czech Republic is quite sought
after, because testing of body parts is above
international standards, and post mortems are
performed on 80% of bodies. The figure is far lower
abroad - across the border in Austria, autopsies are
performed in only one death n ten.

Many doctors say selling body parts for profit is
simply unethical. The deceased patient has not usually
given their consent, and - of course - there is money
involved. It remains to be seen what will remain of this
unusual trade once the new transplant law has been
passed.

Related links:

file://A\parse him 2422005
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NEW SAFETY ASSURANCE FOR BIOLOGICAL
SKIN COVERS

M&kicka P!, Strakova H.2, Cermak P.2, Stépdnové V.", Hradecky 7.8, Drahosova M.

Tissue Bank,
®Department of Clinical Microbiology,
3Department of Clinical Immunology and Allergology,
Faculty Hospital Hradec Kralové, Czech Republic

SUMMARY

The described system of safely assurance of cryopreserved allogeneic and xenogeneic dermoepidermal trans-
plants comprises serclogical examination of deceased tissue donors, long-term storage of sera of all donors, mi-
crobiclogical control of prepared allogeneic and xenogeneic dermoepidermal grafts, labelling of released tissue
grafts and monitoring of temperatures inside the mechanical freezer (-80 "C). From a total number of 76 donors
from whom tissues were coliected for transplantation during 1999-2001, tissues were discarded in two instances.
One because of a positive HBsAg test, the others second one because of presence of anti-HTLY antibodies. In
xenogeneic dermoepidermal grafts, out of a total number of 1,203 grafts prepared during the same period, 84
(6,9 %) were discarded because of the presence of pathogensic or potentially pathogeneic microbes. The system
of labelling released grafts makes unequivocal identification of the pathway from recipient to doncr possible, while
at the same time respecting the anonymous character of the donor’s data. In xenogeneic grafts it ensures the
identification of the appropriate batch. Storage of cryopreserved biological skin covers at a temperature of -80 G
in fow temperature cabinets with ermergency back-up cocling with liquid nitrogen and a supplementary source of
electric power, proved very useful. The system responds to the gradual implementation of the principles of Quality
Management System 1SO 9000 and Good Manufacturing Practice into the activities of tissue banks. Further tight-
ening of the demands for the safety of allo- and xeno- transplantation: is foreseen in cenjunction with the occur-
rence of transmissible spongiform encephalopathy and porcing retroviruses.

ZUSAMMENFASSUNG

Neues System der Sicherung von Hautdeckungen.

Méficka P., Strakova H., Cermék P., Stépdnovd V., Hradecky Z., DrahoSovd M.

Das beschriehene System der Sicherung von kryckonservierten allogenen und xenogenen cermoepidermalen
Transplantate umfasst die serologische Untersuchung der verstorbenen Gewebespender, langfristige Aufbe-
warung von Spenderseren, die mikrobiclogische Untersuchung der allogenen und xenogenen dermoepidermalen
Transplamate, Markierung von freigegebenen Gewebekonserven und Monitoriiberwachung der Temperatur inner-
halb des mechanischen Gefriergerdtes (-80 °C). In den Jahren 1989-2001 wurden Gewebe zum Transplantation-
szweck insgesamt von 76 Spendern abgenommen. Aus dieser Gesamtzahl wurden die Gewebe von zwei
Spender ausgaschlossen, im ersten Fall aufgrund eines positiven HBsAg Tests, im zweiien Fall wegen des Befun-
des der HTLV Antikdrper. Von den 1203 xenogenen dermoepidermalen Transplantaten wurden wegen des Befun-
des der pathogenen, oder potentiell pathogenen Mikroben 84, d. h. 8,98 % der Konserven ausgeschlossen. Das
System der Markierung von freigegebenen Gewebekonserven ermdglicht eindeutige ldentifizierung des Weges
vom Spender bis zum Empfinger, bei gleichzeitiger Anonymitithaltung der Spenderangaben. Bei xenogenen
Transplantaten erméglicht es die identifizierung entsprechender Charge, Die Aufbewahrung von kryokonservierten
Hautdeckungen bei einer Temperatur -80 °C im Gerét mit einer Unfalinachkihlung mittels fllissiges Stickstoffes
und einer alternativen Stromauelle hat sich vollstastandig bewahrt. Unseres System reflektiert das stufenweise
Finfithren von 1SO 9000 Normen und sachgerechten Herstellungsverfahren in die Gewebebanken. Wir sehen da-
her sine nachfolgende Verscharfung der Sicherungsforderungen im Zusammenhang mit dem Vorkommen der
{ihertragharen spongiférmigen Enzephalopathie und der schweinischen Retroviren voraus.

Key words: biological skin covers, treatment of burns, cryopreservation, safety of tissue transplantations,
serological control of tissue donors

The problem of safety assurance for cell and
tissue transplantations in the Czech Republic as
well as abroad is very urgent. At present, recom-
mendations are elaborated on this issue are being
made at a pan-European level as well as in indi-

vidual countries. At the beginning of 2001, all
member countries of the Council of Europe (EC)
received extensive documentation called "Safety
and Quality Assurance for Organs, Tissues and
Cells” with request for comments. This material
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was produced by a group of EC specialists {Group
EC specialists, 2001). Further to a review of the
comments, it is expected that this document will
become the general recommendation for EC mem-
ber countries. At the XXIIIrd Congress of the
Transplantation Society held in Rome in 2000,
a request was also made to draw up European
Union regulations governing this problem. To
demonstrate an example of a conceptual solution
within the framework of one country, we may use
the guidelines of the British Ministry of Health’s
guidelines - A Code of Practice for Tissue Banks
Providing Tissues of Human Origin for Therapeu-
tic Purposes™ which is based on the principles of
Quality Management System ISQ 9000 and Good
Manufacturing  Practice (GMP) (Ministry of
Health, United Kingdom, 2001). The principles of
quality management according to ISO 9000 stan-
dards can be found in Fiala’s publication (Fiala et
al., 2000). The principles of Good Manufacturing
and Distribution Practice were published in the
SUKL Newsletter (Pospi&ilova, 1998). In the
Czech Republic (CR), the draft of the Transplan-
tation Act (Ministry of Health CR, 2001} has al-
ready passed through its first reading in Parlia-
ment. In addition, individual decrees of the Min-
istry of Health (MofH} that should include the
problem of tissue transplantation safety.

The problem of safety assurance for tissue
transplantations is very broad and includes sev-
eral specific issues such as setting the criteria for
donor screening and testing, examination of the
collected and processed tissues, producing stan-
dard operating. procedures (SOP), establishing
a system for tracking the tissue from doner to re-
cipient, developing a system for monitoring physi-
cal parameters during low temperature preserva-
tion, quality control of solutions, medical devices
and chemicals used, continuous training of the
staff and regular testing of quality of the environ-
ment (Pospidilova, 1998). In the submitted paper,
attention will be focused only on particular is-
sues;

- serological examination of tissue donors

- microbiclegical control of prepared allogeneic
and xenogeneic grafts

- ensuring traceability of the tissue from donor
to recipient

- monitoring physical parameters during stor-
age at subzero temperatures.

METHODS AND RESULTS

Serclogical examination of donors.

As a basic panel for donor testing that was
introduced in the eighties, the authors considered
tests for anti-HIV 1 and 2, HBsAg and syphilis
(Méfidka et al, 1990, Métricka et al., 1991).
Gradually the panel’s terms of reference was ex-
tended to include anti-HCV tests (Meéricka et al.,
1996-97) and from 2000 by HIV 1 Ag (Méavicka
and Klein, 2000), anti-HTLV I and II, and anti-
CMV IgG and IgM. During the last three vears

the authors have used third generation tests, i.e.
Elisa (Murex Diagnostics ABBOTT Ax Sym,
EIA). For detection of the HIV antigen, they use
a fourth generation test (bio-Rad Laboratories).
For the diagnosis of syphilis they use the TPHA
reaction (Welcosyph, Welcome, Great Britain)
and RRR (Immutrep, RPR, Omega Diagnostics,
Great Britain). Indications for exclusion of poten-
tial donors and/or the discarding of collected tis-
sues ‘are positive tests for anti-HIV, HTLV and
HCV antibodies, evidence of HBsAg, as well as
positive results for syphilis. A positive result for
anti-CMV IgM antibodies is indicated on the
cover of the graft by a biohazard label (Fig. 1).

o
Biohazard
CMYV IgM positive

Fig. 1. Biohazard label used in case of positive
tests for CMV

In living donors the tests are made at the
time of collection and after a 6-month quarantine
period. The tests are arranged by the attending
physician for the patient. In dead donors with
confirmed cerebral death, the blood sample is ob-
tained during the interval between confirmation
of brain death of the donor using angiography
and discontinuation of the circulation during or-
gan collection. The blood collection and tests are
arranged by the transplantation co-ordinater in
the Regional Transplantation Centre at the De-
partment of Urology of the Faculty Hospital
Hradec Kralové. In tissue donors who died from
cardiac arrest, blood is collected during the tis-
sue harvest by means of a catheter inserted into
the vena cava inferior via the dissected vena
saphena magna or vena femoralis. Contrary to
the practice in the eighties, all blood sera are
frozen and stored for an unspecified period of
time. Criteria for the exclusion of donors during
the past three years are given in Table 1.

Table 1. Causes of discard of tissues collected from donors
in 1999-2001

year total no, of | positive test no. of donors whose
donors tissues were discarded

1999 28 ¢

2000 26 HBsAg HTLV 2

2001 22 0

total 76 HBsAg, HTLV 2

Bacteriological control of prepared grafis.
Bactericlogical examination of collected and
processad tissues also underwent some technical
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Fig. 2a. Preparation of bacteriological smears from a xeno-
geneic dermoepidermal graft

s i

Fig. 2b. Packing the same graft into a plastic cover sterilised
by irradiation. Both operations are performed in a laminar
flow equipment.

changes. When selecting the method, we always
used as a basis the pharmacopeial requirement of
cultivation under aerobic and anaercbic condi-
tions at two different temperatures (C5L 4, 1987,
CL 97,1997). Since 1998 the authors have used
a standard procedure that is illustrated in dia-
gram. From each graft four smears are made for
bacteriolegical examination (Transsystem Amies,
Copan, Brescia, Italy) and one smear for myco-
logical examination (Fungiquick-abouraud me-
dium, Copan, Breseia, Italy) (Fig. 2a, h). Contrary
to the common practice of some 10 years ago
(Méricka et al., 1990, Méficka et al.,, 1991), the
period of propagation in liguid media under an-
aerobic conditions has been extended from 24 to
48 hours. The indication for graft discard is the
finding of any bacteriological contamination ex-
cept Staphylococcus epidermidis. The results of
the output bacteriological control in dermoepider-
mal grafts are presented in Tables 2 and 3.

Table 2. Results of bacteriological control in alloegeneic der-
moepidermal grafts

year no. of grafts negative | with St. epidermidis
1958 i 4 3
1999 2 0 2
2000 4 4 G
total 13 3 bl

Table 3. Results of bacteriological control of xenegeneic
dermoepidermal grafts

year no. of grafts | no. of grafts % of
discarded climinated
1899 455 24 5
2000 433 15 4
before Aug. 12001 315 44 14
total 1203 84 6.98

DIAGRAM - STANDARD OPERATING
PROCEDURE OF BACTERIOLOGICAL
CONTROL

1) Propagation in liquid media
a) 2 bacteriological smears
thioglycolate medium +36 °C
- 1 smear aerobic conditions 24 h,
- 1 smear anaerobic conditions 48 h
b) 2 bacteriological smears
thioglycolate medium +21 °C
- 1 smear aerobic conditions 24 h
- 1 smear anaerobic conditions 48 h
¢) 1mycological smear
liquid Sabouraud’s medium - aerohic conditions 24 h
2) Ineculation on solid media
a) bacteriological culiures
blood agar aerobic conditions +36 °C 24 h.
anaerobic conditions +36 “C 48 h.
b} mycological culture
Sabouraud’s agar, aercbic conditions +36 "C 48 h

Traceability assurance

The demand for traceability of the pathway of
the tissue from donor to recipient while respect-
ing the confidential character of the donor’s data
is another issue that must be resolved by collabo-
ration between the tissue bank and the clinical
department. The authors use a system that was
developed as a result of a modification of the la-
belling standard of released transfusion prepara-
tions (MofH CR, 1997). Each graft is labelled by
an identification mark, which starts with the code
230 allotted to the authors department by the

Tissue Bank Faculty Hospital Hradec Kralové

Member of the Evropean Association of Tissue Banks, Sokoiska 534,
500 05 Hradee Kralové

Allogeneic dermoepidermal cryepreserved graft
230 99 Kt 008 (2 18x5 cm
VEIP code: 43024
Tissue donor meets prescribed tests
Donor's diagnosis: I 71.2
Decontaminated with 5 % betadine

Preserved with 10 % selution of dimethylsulphoxide in
medium MEM and 6 % dextran solution

Store at temperature -80 °C or below
Use before Jan. 1, 2002
Bacteriological finding: negative

Attention: The oater cover is not sterilised. Handle
aseptically only contents of the inner sealed bag

Fig. 3. Label used for allogeneic dermoepidermal grafts,
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Tissue Bank Faculty Hospital Hradec Kralové

Member of the Eurepean Association of Tissue Banks, Sokolskd 534,
700 05 Hradee Kralove

Xenogeneic dermoepidermat
cryopreserved graft
230 0} KUE 283 15 50x7 em

VZP code: 43027

Decontaminated with § % hetadine and selution
containig chloramphenicol, streptomycin and furantoin

Preserved with 15 % glycerol solution in 6 % dextran
Store &t -80 "C or below

Use before: Aug. 2, 2002

Bacteriological finding: Staphylococcus epidermidis

Attention: The external cover is not sterilised. Handle
aseptically only contents of the inner sealed bag

Fig. 4. Label used for xenogeneic dermoepidermal grafts,

General Health Insurance Co. (VZP, 1998), and
the year of graft preparation. This mark alse in-
cludes a description of the graft and the identifi-
cation number of the donor during the particular
yvear (Fig. 3). The label also eontains the interna-
tional eode of the donor’s diagnosis, a statement
on the negative results of serological examina-
tions of the donor and the result of the bacterio-
logical examination of the graft. There are also
data on the method of preservation and /or decon-
tamination of the tissue used, and instructions
for handling the graft before use.

In xenogeneic grafts, instead of the number of
the donor there is the number of the batch (Fig.
4) in the particular year.

The labels are added to the allogeneic or xeno-
geneic graft in the protective, i.e. third outer
cover, only after completing the output eontrol

Fig. 5. Xenogeneic derme- epidermal grafts prepared to be re-
leased for elinical use

(Fig. 5). The authors recommend to clinical col-
leagues that these labels be stuck into the recipi-
ent’s clinical documentation.

Follow-up of physical parameters during tis-
sue storage.

In similar fashion to the practice carried out
by the Skin Bank of the Department of Burn
Medicine at the Faculty Hospital, Kralovské Vi-
nohrady, Prague, the authors also prepare cryo-
preserved covers (Praus et al., 1980, Bohm and
Dvotak, 1981, Moserovd and Houskovd, 1989,
Kénigova, 1990, Meficka et al., 1995, Mé&ficka et
al., 1998). In xenogeneic grafts they use glycerol
as the cryoprotective agent, while in allogeneic
grafts dimethylsulphoxide is used. Contrary to
the practice employed by the Prague department,
the authors prefer storage in mechanical freezers.
Initially, they used equipment that reached
a temperature of -7¢ ° to -75 *C (Métidka et al.,,
1987, Klein et al., 1988), and later used equip-
ment that reached a temperature of -80 °C con-
nected with an emergency back-up cooling with
liguid nitrogen (Mé&¥ifka et al., 1995, Méricka et
al., 1998). The equipment has an acoustic alarm.
Dealing with possible emergencies and moving
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FFig. Ba. Temperature record of four low temperature freezers
used for storage of biological material. The temperature in-
side the squipment used for the storage of tisswe grafts is re-
corded in yellow - souipment in Fig. 6b on the right.




the material to other equipment is up 1= the staff
on daty.

The temperature record made by the monitor-
ing system Digiterm using the programmes Net-
com and Read 95 (ReguCon, Ltd, Prague), with
temperature recording at 5-minute intervals, in-
dicates that the temperature inside the equip-
ment is below -80 °C; the monitering system is
able to record the rise of temperature every time
the door is opened (Fig. 6). In addition to the
temperature inside the equipment, the external
temperature and relative humidity of the air is
also continually recorded.

DISCUSSION AND CONCLUSIONS

From the presenied data it may be concluded
that the described elements of our system of
safety assurance meet the demands stipulated by
international standards. The spectrum of sero-
logical tests made in donors is even wider than
described in the FDA guidelines (FDA, 19587). The
small number of donors from whom tissues are
discarded because of positive serological finding
not detected during hospitalization is ascribed by
the authors to the exclusion investigation of the
clinical documentation before tissue collection
and the exelusion of all potential donors with sus-
pected contact with infectious diseases (case-his-
tory of hepatitis, dialysis treatment). Clinically
unsuspected HBsAg positivity in a deceased do-
nor is no surprise. This was already encountered
in the past (Mé&ficka et al., 1990). Similarly as the
finding of anti-HCV antibodies (M&ficka et al,,
1991, Méricka et al., 1996-97). The finding of
positive anti-HTLV antibodies very shortly after
the introduction of this test into our practice was
a surprise. No haematological disease was not
found either in the case-history of the donor nor
in his necropsy, although a positive test result in
the presence of the disease is described in the
literature (Yamamoto and Hinuma, 1999). To
date, the authors have not encountered positive
tests for syphilis as a cause for discarding tis-
sues. With regard to safety assurance of trans-
plants, and also to rule out suspicion that an in-
fections disease developed in the recipient was
caused by tissue transplantation, the authors feel
that it is important to store the sera for an unlim-
ited period. These stored sera can also be retested
in the event that the testing method undergoes
marked changes and some grafts from a given do-
nor have not yet been released for clinical use.

No allogeneic dermoepidermal graft was dis-
carded as a result of the final bacteriological out-
put control. However, the group is too small for
general conclusions. The discard percentage in
xenogeneic dermoepidermal grafts is still consid-
ered acceptable and it is within the limits defined
during validation of the method in 1998 (mean
discard rate 10.13 % with a confidence limit for P
0.95 of 3.45 to 16.8 %).

The authors ascribe great importance to the
new way of labelling, which unequivocally identi-
fies the route from tissue donor to its recipient,
so-called traceability. This labelling system is
used for all tissue grafts provided by our depart-
ment to different clinical branches. Furthermaore,
it is useful from the practical aspect that the final
external cover with the inserted label is attached
to the graft only after the completing the output
control. The cover of grafts for clinical use is thus
unequivocally different from the cover of grafts
kept in quarantine up to the time that the final
result of all bacteriological tests is known, i.e. cca
14-21 days after tissue coliection.

Our experience with femperature monitoring
inside and outside mechanical mechanical freez-
ers revealed that the freezing equipment is able
to keep the set temperature regardless of the
marked fluctuation in external temperature in
the course of a year. The temperatare in the non-
airconditioned room where the freezers are situ-
ated, occasionally ranged above +30 "C (Mé&ficka
et al., 2000). The temperature of -80 “C used
nowadays for storage for dermoepidermal grafts
is successfully used in our country and worldwide
for the storage of vital cells for clinical transplan-
tations, e.g. concentrates of haematopoietic cells
(Blaha et al.,, Makino et al., 1991, Wats et al.,
1998, MéFicka et al. 2000). Standards of the
American Red Cross Tissue Service (Campagnari
and O Malley, 1994) report that it is possible to
store cryopreserved dermoepidermal grafis at
a temperature of -60 to -100 °C for a period of 2
years, a period not usual in common practice. The
monitoring of the temperature with electronic re-
cording has fully replaced the former system used
in our department in the seventies and eighties
which was based on mechanically registering the
temperature.

In the near future we will also have to accept
further requirements associated with the safety
of tissue grafts and tissue transplantations. In
allogeneic tissues, this is above all a question of
preventing the transmission of spongiform
encephalopathy, either as classical Creutzfeldt-
Jakob disease (CJD) or its new variant described
in conjunction with bovine spongiform
encephalopathy (BSE) (Prichard, 1987, Starke
and Mohring, 1987, Hogan et al., 1999, FDA,
1999). So far, no serological test is known for de-
tecting this disease in man, and ii is recom-
mended that histological examination of the brain
of dead denors is used for detection (FDA, 1999).
This examination has been performed for the
authors since the beginning of 2001 by Finger-
land’s Institute of Pathology of the University
Hospital Hradec Kralové.

More intense supervision of the sources of
xenogeneic tissue is also associated with the BSE
epidemic. Although this disease has not been
demeonstrated in pigs, possible transmission to
pigs cannot be ruled out completely. As to other
possible infectious agents potentially transmissi-
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ble from pigs to man, retroviruses have been dis-
cussed recently using the abbreviation PERV
{porcine endogenous retroviruses) (Cunningham
et al., 2001, Herring et al.,, 2001, Tacke et al,
2001). Possible transmission is assumed to be
a risk, however, it is more likely to occur in cases
of classical transplantation where the circulation
of the graft is connected to that of the recipient
and not in the case of skin covers where vascu-
larization should not oceur. In any case, however,
these facts will increase the demands on veteri-
nary controls of slaughtered animals. Ancther re-
quirement in our time will most probably be the
storage of serum or tissue specimens of every ani-
mal for possible later testing,
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THE IMPORTANCE OF STORED SUPPLIES OF BIOLOGICAL
SKIN COVERS IN TERRITORIAL MANAGEMENT OF MASS

BURN CASUALTIES

Méricka P! Hosek F.2

ITissue Centre, Medical School Hospital Hradec Kralové, 2Department of War Surgery,
Military Medical Academy J. E. P., Hradec Krdlové, Czech Republic

SUMMARY

This study provides supportive evidence of a possible role played by planning supplies of biological covers
needed in fire disaster, based on the experience of the authars. The major steps to be taken are these: 1. Provid-
ing a technically and technologically adequate base for callection and long-term storage of cells and tissues ready
for use in case of catastrophe. 2. Developing a method for estimating the amount of reserved tissue grafis. 3.
Solution of logistical problems associated with providing supplies for operating theatres treating disaster casual-
ties. 4. Organisation of national and international network of graft exchange capabla of supperting local skin
hanks in times of need. In contrast to the situation in the 1970s and 1980s, nowadays the Czech Republic can de-
liver any required amount of biological cavers without having to face technolegical difficulties. The idea of collabo-
rating in the management of a fire disaster emerged from experience gained by the authors during the Bashkir
disaster in 1989, relating particularly to an inadequate reserve stock of skin grafts and the impossibility of increas-
ing their production. Intensified demands for the safety of grafts and recent experience from the US emphasise
the need for an immediate conceptuat sciution concerning production of reserves of biologicat covers that should
be ready for transportation to wherever needed. Another urgent necessity is the establishment of conditions ena-
hling effective internaticnal collaboration at a disaster event.

ZUSAMMENFASSUNG

Ist die Reservebildung der biologischen Hautdeckungen wichtig fiir Sicherstellung der
Verbranntenbetreuung im Falle unerwarteter Umsténde?

Meficka P., HoSek F.

Die Autore rekapitulieren eigene Erfahrungen mit der Planung der Verwendung ven biologischen Hautdeckungen
im Falle massenhaftes Aufkommen von Verbrannten. Die Hauptsaufgaben solcher Planung sind: 1. Die Bildung
einer adéiguaten technischen und technologischen Grundiage flr die Abnahme und langfristige Bewahrung der
Zellen und Gewebe, die im Falle einer Katastrophe benutzt werden kénnen. 2. Entwicklung einer Methode zur
Abschitzung der Reserven von Gewebepropfen. 3. Die Lésung logistischer Probleme, vornehmiich der Versor-
gung von chirurgischen Arbeitsstétte, die an der Folgenbeseitigung einer Katastrophe teilhaben. 4. Organisierung
eines nationalen und internationalen Austauschnetzes der Propfen, die die lokale Gewebebanke im Falle einer
Katastrophe unterstiitzen kénnen. Die Sicherstellung der zureichenden Reserven der biolegischen Hautdeckungen
stellt in der Tschechischen Republik zur Zeit kein technologisches Problem dar, Eine Idee von Eingliederung
eigener Arbeitsstitte in die Lésung einer katastrophenartigen Situation: ging von Erfahrungen der Autore wahrend
der Katastrophe in Bashkir im 1998 aus. In Hinsicht auf héhere Forderungen nach der Sicherheit der Hautdeckun-
gen und gleichzeltige Erkenntnisse aus der USA, ein Konzept fir Bildung der Reserven von Hautdeckungen ist
von groBer Bedeutung. Andere wichtige Aufgabe ist eine effektive internationale Kooperation in den Katas-
troephentélie.

Key words: fire disaster, reserves of biological skin covers, allotransplantation of skin, xenotransplantation
of skin, skin bank

The availability of an adequate store of tem-
porary skin covers to meet the needs of a mass
burn disaster is of utmost importance (Gunn,
1992, Masellis et Gunn, 1995), Moreover, the
store should contain a good supply of both allo-
genic and xenogenic biological covers (Masellis et
Gunn, 1995, Klein, 2000). For example, Tosinska-
Okroj et al. (1994-1995) described the use of

glycerolized allogenic dermo-epidermal grafts
from the FEuroskin Bank at Beverwijk (Helland)
{van Barrel994) in treating mass bum casualties
injured at a concert in the area of the Gdansk
shipyard (320 casualties).

Recentiy, similar grafts have been used in
treating victims of the terrorist attack on the
World Trade Center in New York on September
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11, 2001. These grafts (hypothermal or deep
freeze conservation) were obtained from the
American Association of Tissue Banks (AATB,
2001).

We witnessed the use of both lyophilized
xenotransplants (preparation Suiderm, Bioveta,
Terezin, Czech Republic) and chemically pre-
served, radiation-sterilised xenotransplants pre-
pared by a local skin bank (Laboratory for a pro-
duction of transplants, Alloplast, Ufa, SS5R)
(Maticka et al.,1990, 1995) during the Bashkir
train gas-pipeline disaster (gas explosion with
700 victims) (Herndon, 1990, Kulyapin et al,
1990). Despite considering the use of either allo-
genic dermo-epidermal grafts or cultured kerati-
nocytes, neither were used at this occasion.

All these facts justify contemporary pro-
grammes emphasising the necessity of setting up
stores of tissue grafts — which in fact existed in
the past in the Czech Republic. Within the frame-
work of these programmes financed by the former
Federal Ministry of National Defense, numerous
methods were developed, e.g. cryo-conservation of
allogenic dermoepidermal grafts (Béhm et
Dvoiak, 1981), xenogenic dermo-epidermal grafts
(Praus, Bohm, Dvoiik, 1980, Moserova et Housk-
ovd, 1989), lyophilisation of xenogenic dermo-epi-
dermal grafts (preparation Suiderm produced by
Bioveta, Terezin), lyophilisation of allogenic and
chorioamniotic grafts (Klen et Skalskd, 1976). Af-
ter the break-up of the Czechoslovak Federation,
financing of these programmes by the army was
stopped completely, and at present all services of
tissue banks are paid for by health insurance
companies. This system is not interested in sup-
porting the idea of storing biological material; on
the contrary, it restricts it.

According to the available literature, a simi-
lar situation seems to occur all over the world
except in Israel, where skin banks store supplies
of deep-frozen allotransplants with an expiration
time of 5 years (assumed duration of graft viabil-
ity). At the end of this time grafts are given to the
clinic for use, and stocks are replenished regu-
larly.

OUR APPROACH TO A SOLUTION
_OF THE PROBLEM

Since the late 1980s systematic attention has
been given to the role of tissue banks in a fire
disaster. Our ideas and experience have repeat-
edly been discussed at various occasions {Con-
gress of European Burn Association, Prague
1989, Second International Conference: The Man-
agement of Burns and Fire Disasters: Perspec-
tives 2000, Palermo, 1992) and also published
(Mevidka et al. {1990), Méiicka et al. (1995)).

A textbook for military physicians called
,Preparation and Use of Biological Covers in the
Treatment of Burns in War Surgery and Disaster
Medicine® was published by Klein, Méficka et al.
(2000) at the Military Medical Academy of Jan

Evangelista Purkyné in Hradec Krdlové. Our ob-
jectives were to familiarise the wider, profes-
sional public with these specific problems. The
texthook deals only with classical biological cov-
ers and not with cultured skin substitutes (kerat-
inocytes).

In the early 1990s we formulated 4 conditions
as guidelines for tissue banks in the event of fire
disaster (Mé&iigka et al., 1995):

1) establishing an adequate technical and
technological base for collection and long-term
storage of cells and tissues to be ready for use in
case of disaster

2) designing methods capable of assessing vol-
ume of stored grafts

3) solving logistic problems associated with
supplies for operating theatres in disaster areas

4) organising exchange of grafts on a national
and international scale in support of local skin
banks exposed to disastrous conditions

METHODS OF COLLECTING
AND PROCESSING SKIN GRAFTS

In contrast to technelogies used in the 1970s
in processing xenogenic and allogenic dermo-epi-
dermal grafts (storage in liquid phase or nitrogen
vapours) (Praus et al., 1980, Bohm et Dvotak,
1981), our present practice includes sampling
with a dermateme, deposition in plastic covers
and dry-freeze storage at a maximum tempera-
ture of -80 °C (M&¥icka et al, 1995, 2001, 2002).

Using a dermatome enables standardisation
of samples, the use of a uniform lyophilisation
technology for both xeno- and allogenic dexmo-
epidermal grafts and subsequent sterilisation
with gamma radiation {Mé&Ficka et al., 2000,
2001). Recently sterilisation with gamma radia-
tion has been replaced by sterilisation with ethyl-
ene oxide or the so-called plasma (hydrogen per-
oxide).

The method of sampling with a Humby knife
(blade) is justified under field conditions. We used
it in preparing xenogenic dermo-epidermal grafts
at the Ufa laboratory after the disaster in 1989,
using an emergency set of sterilised tools which
we always carry with us during a disastrous situ-
ation (M&ficka et al.,1995) (Figs. 1,1a). Grafts
were processed aseptically in a laminar box and
preserved in Petri dishes at +4° C. They served to
complete the amount of grafts produced by the
Ufa laboratory on a Czech-made machine identi-
cal to that used in producing Suiderm. Chemical
conservation and sterilisation wag followed by
gamma radiation. These grafts were used mainly
at the burn casualty centre, Ufa. Total production
of biological cover material was 30 m’ We
learned from this catastrophe that providing
there is an effective organisation of work, produc-
tion of grafts may be increased to meet demands
for temporary covers of necrotomies even under
exceptional conditions,
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Fig. 1a. Map of road to Ufa, with dates

Fig. 1. Collection of a xencgenic dermo-epidermal graft per-
formed by the author in the laboratory for production of trans-
plants, Ufa, June 1989. Further processing of grafis in
laminate box (left corner) for use in the Republican Children
Hospital, Ufa

METHOD OF CALCULATING
THE VOLUME OF RESERVES

In assessing anticipated amount of stored
grafts and necessary quantity of stored material
there are two issues to be resolved:

1. identifying average consumption of covers
per casualty depending on degree of injury and
pertinent confidential intervals. Our own values
(Méticka, Klein et al, 1995, Méficka et al. 2000)
indicated that we needed approximately between
6 and 11 m® of xenotransplants for 10 seriously
injured adult patients.

2. identifying the current and security re-
serves of a tissue bank. Here we may well use our
method designed for identifying pharmacy stocks
(Méticka, Klein et al., 1995, Méticka et al. 2000).
We distinguished between current stock, chang-
ing at regular intervals (e.g., by one graft collec-
tion of pig butt a week), and reserve stock, con-
sisting of grafts deposited permanently in the
bank and issued only in case of emergency or
close to expiration time (see e.g. Israel tissue
banks). The volume of reserve stock can be calcu-

lated with equation S; = K.s whereby S = stan-
dard deviation of demands, K differs in agree-
ment with chosen deficit of probability e.g.,, X = 3
stands for probability deficit 0.001. Eguation 2
may be used in calculating current stock: Co=C . t: T
whereby C = number of days within supply cycle,
t = turn-over within period under consideration T
= number of days covered by pertinent period.

Establishment of reserves may clearly be in-
fluenced by individual technoelogies. In contrast to
the situation in the 1990s, when grafts were con-
served in Petri dishes and stored in mechanical
freezing equipment, and the volume of emergency
stores was 2.5 m® at maximum, our present tech-
nologies (using space-saving plastic bags for stor-
age in deep-freezer) have almost doubled the vol-
ume of stored material {4 m®).

Collaboration between Skin Banks on both
National and International Level

Consideration should be given to the estab-
lishment of a national or international network of
skin banks for graft exchange capable of support-
ing local skin banks or burn casualty centres un-
der conditions of fire disaster.

Table 1. Size of biological skin covers issued in 1998 by skin
banks in the Czech Republic as compared with size of skin
covers issued by the Euroskin Bank (Beverwijl, Holland).

Area covered by issued grafts in em?
Tissue bank Xenogenic Allegenic Culture
dermoepider- | dermoepider- | kerati-
mal graft mal gratt nocyte
Prague — 1972 200 G 6 450
Vinohrady
Brno ~ Bohunice 0 0 10 455
Hradec Kralové 121 526 745 770
CZ total 2093 726 745 17675
Euroskin Bank 1 500 0G0

Data from report of committee for collection and transplanta-
tion of tissue, Cesky transplant and yearbook of Bioimplant
Service, Leiden, Holland 1997.

Tahle 1 presents information about the size of
biological covers issued for clinical use in the
Czech Republic in 1996 (Czech transplant 1996,
Mearicka and Klein, 2000). Data is missing from
the Ostrava centre, which did not have an inde-
pendent skin bank at that time and is focussing
its activities on preparing allogenic dermao-epider-
mal grafts, using for conservation a method de-
signed by the FEuroskin Bank (conservation in
concentrated glycerol at +4 "C). The size of issued
grafts compares well with Euroskin Bank produc-
tion in Beverwijk, Holland (Bicimplant, Service
1997). The table shows the number of skin covers
delivered to clinics. It does not present informa-

92

Acta chinurgiae plasticae



tion about the reaction of individual teams to de-
mands for increased production of skin covers un-
der exceptional circumstances.

Table 2. Possibility of increasing delivery of xenogenic
dermo-epidermal grafts from skin tissue centre, Medical
School Haospital Hradec Kralové under exceptional conditions.

Number of Issue from Required no. of | No. of weekly
heavy burn rcserve_)stock standard collections
casualties (m™) collections {calendar week)

5 4 1 1

10 4 4 2or4

15 4 8 4

20 4 £2 6

Table 2 presents information about both the
number of burn casualties supplied with skin cov-
ers from our own reserves and an increase in pro-
duction. As can be seen coping with up to 10
heavy burn casualties is not difficult. We were
able to prepare simultaneously grafts for 5 heavy
casualties. On the other hand, coping simultane-
ously with 20 heavy cases may just be beyond our
capacity.

TRANSPORTATION OF BIOLOGICAL
SKIN COVERS

Exceptional situations may require collabora-
tion with all Czech tissue banks in preparing skin
covers for transportation to individual burns cen-
tres. Hypothermally-preserved grafts may be
transported in polystyrene or other boxes used for
transporting blood, using simple ice or ice in plas-
tic boxes as a cooling medium. Hypothermal con-
ditions are suitable for transporting both allo-
genic and xenogenic dermo-epidermal grafts.
Transportation of deep frozen grafts is more de-
manding, because the temperature inside the
transport box should not rise much above -80 “C.
This requires perfect heat-insulating cover with
either solid carbon dioxide or liquid nitrogen as
a cooling medium. Fig 2 (2, 2a) shows the type of
box suitable for transporting dermo-epidermal
grafts on dry ice. We use either cars or the serv-
ices of Czech Railways for transportation.

If we were to request international help in
case of a catastrophe, we should be prepared to
return it. This invelves securing long distance
transportation of grafts. For civil transportation
abroad, we employ authorized removal companies
which are also licensed for air transport by IATA.
We should make sure that the company has a H-
cense for carrying dry ice to the country of desti-
nation. Generally, very few companies possess
such a license to countries outside the EU. In this
case, a classic cooling medium such as frozen sa-

HUMAN
TISSUE

TRAHSPLANT

Fig. 2a. Fig. 2h,

Figs 2a, 2b. Polystyrene box with dry ice for air transport of
allogenic denno-epidermal graits to Berlin. Cooling medium
-6 kg dry ice

line solution would have to be used — which is
what we did last year to transport tissue grafts to
the Ukraine (Figs 3, 3a). A great disadvantage of
this cooling medium is its considerable weight.
Another aspect to be remembered is the system of
transportation. DHL places different consign-
ments in the same transport, while World Cou-
rier guarantees individual transport. In both
cases, the routes are generally far from direct, i.e.
from door to door. For instance, DHL transports
a consignment from Hradec Krédlové to Bratisiava
by way of Prague, Brussels and Cologne. Some
companies take full responsibility for tempera-
ture conditions inside the consignment by using
data loggers. Table 3 surveys transportation
times. It may be advisable to complete each graft
with serum from its donor, owing to rules ob-
served by several countries which require re-
peated serclogical tests at their own laboratories.
Frozen sera may be transported in cryovials.

Fluid nitrogen has to be transported by air in
,dry shippers®, which are Dewar vessels filled
with porous material that soaks up liquid nitro-
gen. Owing to their bottle-necked shape, this type
of vessel is suitable for transporting smaller,
cylindrically shaped samples.

The easiest material for transportation are
lyophilised grafts at room temperature. There-
fore, they ought to be made part of the equipment
carried by a rescue team.

DISCUSSION AND CONCLUSIONS

OQur description of using biolagical covers in
case of disaster demonstrates differences between
various countries. While allotransplants con-
served either hypothermically or by deep-freeze
are in common use in the States (Hansbrough,
1992), western European countries conserve allo-
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Table 3. Examples of air transport of frozen tissue grafts from Tissue Centre, Medical Schocl Hospital,
Hradec Kyalové to other countries.

Destination Transporter Cooling medium Transport Time Tissue type
Bratislava DHIL Dry ice 24 hrs Allogenic fascial graft
Berlin DHL Dryice 24 hrs Allogenic dermoepidermal gralt
Ivanofrankovsk DHL Frozen saline sol. 96 hrs Autologous bone graft

HUMAN
TISSUE

ron
_ IRANSPLANT

Fig. 3a. Fig. 8b.

Tigs 3a, 3b. Large polystyrene box (80 x 40 x 50 em) plastic

bricks filled with concentrated saline solution pre-cooled to -
80 degree C, used for transporting autologous hone graft for
replantation (reconstruction of calva after neuro-surgery in

Hradec Krdlové) Ulrainian patient. Weight of consignment
more than 20 kg, size of inside wrapping of graft 20x32x3em.

transplants in concentrated glycerol (van Baare,
1994), and the Czech Republic uses either heat-
or crycconserved xenotransplants (Moserova et
Hougkovd, 1989, Konigova, 1989, Klein, 1989,
1995). Although a small quantity of allotrans-
plants is stored in skin banks of Ostrava, Brno,
HOradec Kralové, this amount would hardly be
enough to cover the requirements of a fire disas-
ter, and therefore production would have to be
increased considerably. Experience from the
Bashkir disaster also indicates the possibility of
using chemically conserved and lyophilized
xenotransplants. When comparing the amount of
xenotransplants issued in the Czech Republic
with that of allotransplants prepared by the
BEuroskin Bank (Table 1), it has to be remem-
bered that in contrast to allotransplants,
xenotransplants generally require repeated appli-
cation. The amount of allotransplants prepared
by the Furoskin Bank is substantially lower than
that prepared in the US and Canada over an ap-
proximately identical period. Kagan (1998) re-
ports that production of 44 skin banks existing in
these countries in 1995, issued 8 732 880 em” of
hypothermically or cryo-conserved allogenic
dermo-epidermal grafts. However, just 20 of these

skin banks were accredited at that time to the
American Association of Skin Banks.

Calenlation of consumption of biological cov-
ers per 10 patients depends rnaturally on methods
and procedures employed in practice (these may
he either radical or conservative). Under circum-
stances of an extensive catastrophe, conservative
procedures will evidently be preferred although
this means a potential increase in demands for
biological covers.

All published data including those concerning
the attack on September 1! (Tosinska Okroj,
1994-1995, Méridka et al, 1990, 1995, AATB,
2001) indicate that efforts to produce reserves or
increase production of skin grafts in skin banks
are focused on types of covers that are currently
used in practice.

Our idea about participating in the manage-
ment of an exceptional situation was based on the
Tact that we possessed a small reserve of cryo-
conserved xenotransplants and were ready to in-
crease production of biological covers whenever
needed (Mé&fitka et al., 1995, Mé&ficka et Klein,
2000). We are not certain that our approach is
still justified and whether it would not be more
appropriate to try to increase reserves of biologi-
cal materials by involving in their production sev-
eral institutions of the Czech Republic, so as to be
ready for increased demand in the event of a fire
disaster. An increase in transplant production at
the time of an outbreak of disaster may be im-
peded by the availability of auxiliary services at,
for instance, sterilisation plants or control labora-
tories — which are available solely to clinical insti-
tutions in case of an extensive disaster. Another
argument would favour stricter safety measures
and subsequently a protraction of the technologi-
cal cycle of graft production (Mé&Fiéka et al., 2002).
In addition, we cannot be certain that all grafts
produced will answer to the criteria of microbio-
logical control.

Apart from increasing reserve stocks for
which technical conditions are available, an ex-
ceptional situation requires ahsolutely perfect col-
laboration among tissue banks. A good example is
the reaction of American tissue banks to the Sep-
tember disaster (AATB, 2001). Following the at-
tack, the AATB immediately set up a special
service calling upon all accredited banks to an-
nounce the amount of grafts they had available
for dispatch. The first call was answered immedi-
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Fig. 4a.

Figs 4a, 4b. Lyophilised xenogenic dermo-epidermal graits sterilised with gamma radiation.
Prototype of Suiderm, Bioveta, Terezin, Czech Republic {Fig. 4a). Graft prepared in 1998 by
Tissue Centre, Medical School Hospital, Hradec Krdlové (Fig. 4b).

ately by 20 banks offering a total of 1,600 square
feet of allotransplants (approx. 1,383,546 em?,
roughly equalling the annual production of the
Euroskin Bank in 1997) (Table 1). The New York
Center received biological covers from skin banks
in geographically remote areas (Ohio, Virginia,
Texas) indicating a considerable mobility in dis-
patching reserve stocks. It is this mobility that
should be given utmost attention in designing
plans for coping with disastrous situations. In our
opinion, air transpert of grafts on dry ice is an
easier alternative than in vapours of liquid nitro-
gen (dry shippers).

The least suitable alternative appears to be
transportation in pre-cooled bricks filled with
concentrated saline solution. However, if there
was no other alternative and the distance to be
covered is great, temperature conditions inside
the bricks should always be validated in advance
in order to avoid an increase in temperature
above the permitted limit.

When considering setting up a reserve stock
of skin covers, we should not forget to include
lyophilised grafts as a possibility worth consider-
ing. Although production of Suiderm was stopped
some time ago, we are familiar with the know-
how involved (Figs. 4, 4a). Their transportation is
very easy, but the clinic has certain reservations,
such as inadequate adherence to excised skin,
a worse barrier function than that of vital grafts.
In addition, they are ineffective in preventing mi-
crobial growth (Pruitt et Levine, 1984, Kagan,
1998).

Recent experience in the States has shown
that safety rules of transplants are strictly ob-
served even under the most exceptional condi-
tions. This was demonstrated by the fact that
only accredited skin banks were asked for help
(these offered more skin covers than requested-
AATB, 2001). This example underlines the im-
portance of a uniform system of accreditation un-
der exceptional conditions. The situation in
Europe is quite different. Transportation of bio-

logical covers from one
country to another is im-
peded by differences in
legislation betwen indi-
vidual countries or even
an absence of individual
rules ensuring safety of
tissue transplants.
A change may be brought
about by introducing and
accepting uniform EU di-
rectives concerned with
high-quality standards
and safety measures to
be observed in collecting,
testing, preparing, stor-
ing and distributing hu-
man cells and tissues for
clinical transplantation.
Negotiations are under way, and among various
suggestions is one for the establishment of a net-
work of skin banks accredited throughout
Europe.

aogeani dermoepilormilnl
p Iyofizovany sterilizovant
0 O% KUE 63698 16 x 7 an

Tig. 4b.
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PREVENTION OF INFECTICK TRANSMISSION
IN LOW-TEMPERATURE PRESERVATION AND STORAGE
OF BIOLOGICAL MATERIALS BELOW -3806°C

P Mesicka, V. Stépanova', M. Bidha’, L. Vavra, 7. Cermakova'. M. Drahofovd’.
K. Tougovski®

Tissue Bank, ' Dept. of Clinical Microbiology, * Dept. of Clinical Haematology, 2™ Dept. of
Medicine, - Dept. of Clinical Immunology and Alergoiogy * Dept. of Paediatrics, Universily

od T

Hospital Hradece Krilové

ABSTRACT

The potential risk of infection transmission during storage was evaiuated in 40 patients and 3
donors undergoing collection of haemopoietic progenitor cells for transplantation. Serological
tests included proofs of retroviruses, hepatitis viruses, herpesviruses, syphilis and
toxoplasmosis, Acute infection requiring treatment was found in 2 patients. Laboratory signs of
active infection with CMV were delected in 6, with VZV in 2, with H5V in 2 and with
toxoplasmosis in | patient. Although contamination during storage in liquid nitrogen described
by Tedder and Hawkins was apparently caused by technical failures, our results showed that the
infection rate in patients undergoing collections was relatively high. As the prophytactic
measure we established quarantining of all cryopreserved concentrates in the vapour phase of
liuid nitrogen until the results of all tests were completed. Only bags {rom patients without any
signs of acute infection can be stored in the tiquid phase of nitrogen.

INTRODUCTION

We demonstrate use of different temperatures for storage of hagmatopoietic progenitor cells for
clinical transplantation with regard to potential risk of infection transmission. Makino ef al.
(1991) described, that the hematopoietic recovery after transplantation remained almost
unchanged if the concentrates were stored for 5-18 months at the temperature of —80°C in
mechanical freezers. We use storage at this temperature in many cases of autologous or
allogeneic transplantations as the interval between collection of progenitor cell concentrates
and transplantation does not usually exceed one year in our practice (Méricka er al., 1999,
Mafitka er al., 2000). Some authors described even 5 year successful storage of progenitor
cells at -80°C (Katayama et al., 1997), however a common practice 15 to c¢hoose vapour or
liquid phase of nitrogen if storage for years is needed. The liquid phase of nitrogen can be
recommended especially if storage for decades is required. This can happen if the patient’s own
progenitor cells are used as so called back-up, ready for use in cases of graft failure in
allogeneic progenitor cell tansplantations or in storage of cord blood for unrelated
transplantation in paediatric haematology (Gluckmann ef ai., 1993, Kobylka, 1997, Mé&#itka et
al., 1999). Storage of biological materials in the liquid phase of nitrogen is, however, considered
hazardous due to the possibility of contamination among damaged bags with the stored
material. The liguid serves as a medium for dissemination of infectious agent released from
damaged bags in this case. Hepatitis B transmission by this mechjanism was exactly proven by
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Tedder ef al. (1995) and Hawkins et al. (1990). The possibility of contamination can be lowered
both by technical measures, e.g. elimination of use of low quality piastic bags (Tedder ef al.,
1995), as well as by meticulous testing of patients and donors undergoing progenitor cell
collections for signs of acute infection diseases (Serke and Johnsen, 2001}). Secondary
contamination with bacteria can be prevented by using laminar flow equipment for processing of
concentrates before cryopreservation. In this paper we deal only with prevention of
contamination caused by infection of donor detectable by serological tests. To evaluate the
potential risk of infection transmission the groups of 40 patients and 5 donors treated at the
Dept. of Haematology and Paediatric Haematology of the University Hospital Hradec Krilové
were screened according to common standards of the European Group for Blood and Marrow
Transplantation (EBMT) and the International Society for Hemotherapy and Graft Engingering -
Europe (ISHAGE-Europe).

1. METHODS

Blood samples were taken in donors and patients in the first day of collection. In most cases the
peripheral blood progenitor cell concentrate was obtained by single or repeated haemaphereses
by the separator Cobe Spectra in the Haemapheresis Unit of the Department of Clinical
Haematology (Bidha ef al., 2001, MEéficka er «l., 1999). Bone marrow was obtained under
zeneral anaesthesia by aspiration from iliac bone at the Department of Orthopaedic Surgery
usinng a bone marrow collection kit (Baxter Healthcare Corporation, Fenwal Divisien, U.5.A.)

(Meéricka et al.1999).

1.1. The panel of serological tests used

Serological tests were performed at the Department of Clinical Microbiology and Department of
Clinical Immunology and Alergology of the University Hospital, Hradec Krdlové. The panel of
tests included the proof of following infections: retroviruses (HIV, HTLV), hepantis {A.B.C}
and herpesviruses: Epstein-Baar virus, cytomegalovirus (CMV), varicella-zoster virus (VZV),
herpes simplex virus (HSV). Tests for syphilis und toxoplasmosis were performed as well. The
resuits of tests indicating severe infections (HIV, HBsAg, HCV) were available at the day of
collection. the results of other tests within one week.

1.2. Processing and cryopreservation conditions

Processing of collected concentrates was made in the laminar flow eguipment (Herasafe,
Heraeus, FRG) with the validated air quality grade A. Collected concentrates were mixed with
an equal volume of 20% dimethyisutphoxide (B.Braun,Medical,France)diluted in 6% dextran
precooled to +4°C. Human serum albumin was added 1o the final concetration of 1%. The
suspension was frozen in 100 ml plastic disposable bags (Cryocyte TM, Baxter, Fenwal Div.,
.S .A), that were heat sealed and closed in metal casseties. The cassettes were frozen in the
Kryo-10 programmable freezer (Planer Biomed, Sunbury on Thames, England). Treezing rate
was adjusted to —1K/min tilf —=90°C, -3°C/min till —150°C. Storage in —80°C in the mechanical
freezer with emergency back-up cooling system (REVCO, V.8 A)) or in vapour or liquid phase
of nitrogen (container BK 200 A, Ferox Dé&Cin, Czech Republic) followed (M&ficka et al
1969, MéFicka et al 2000). All bags were stored closed in metal cassettes until thawing at the
patient's bedside.

2. RESULTS

Acuie infection at the time of collection, thar reguired reativers ut the Department of Infection

Disenses was praved in 2 ¢ases (1 varicela, | toxoplasmosis). 1 case of varicelia in 1 l-vear
old boy the frozen concentrate was discarded at the time of the new successful collection
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OUR SYSTEM OF CROSS-CONTAMINATION PREVENTION DURING
STORAGE OF HAEMATOPOIETIC PROGENITOR CELLS

Pavel MERICKA*, Milan BLAHA**, Lubomir VAVRA*, Vlasta STEPANQV A #*%
*Tissue Banlk, University Hospital, Hradec Kralové, Czech Republic,
Phone number +4204%5513748, fax number +420495512346, e-mail: mericka@fhhk.cz
3 P Dept. of Internal Medicine, University Hospital, Hradec Kralové, Czech Republic
*¥¥ Dept. of Microbiology, University Hospital, Hradec Kralové, Czech Republic

ABSTRACT

The possibility of cross-contamination among damaged plastic bags stored in the liquid phase of nitrogen and
containing cells for clinical application represents an wgent issue after publication of Tedder’s paper describing
transmoission of hepatitis B via this mechanism. The preventive measure applied by us include: 1) Meticulous testing
of all patients and denors. 2) Bacleriological testing of collected concentrates. 3) Deciston on safe method of
storage (Eiquid or vapour phase of nitrogen or mechanical freezer) on basis of the result of the serological tests. 4)
Use of high-quality plastic disposable bags and external metal cover preventing mechanical damnage during storage
Our study performed in 93 patients and donors showed that the potential source of cross contamination is a
relatively high active virus mfection, herpesviruses being the most common finding. Bacterial contamination
occurred only in 0.42% of 479 bags tested for sterility and represents a negligible risk in our centre.

INTRODUCTION

Safety of cell and tissue transplantation inchuding transplantation of haematopoietlic progenitor cells of different
origin (bone marrow, peripheral bload, cord blood) has become an urgent issuc due to large scale application of the
method in the medern medicine. Many govenunental and non-governmental organisations have been involved in
preparing standards or guidelines that should increase safety of this medical procedure. The Council of Europe (EC)
issued last year an extensive materal called "Safety and Quality Assurance for Organs, Tissues and Cells* that
should become the general recommendation for the EC member countries. As an example of a conceptual solution
within the framework of one country, we may use the guidelines of the British Ministry of Health: A Code of
Practice for Tissue Banks Providing Tissues of Human Origin for Therapeutic Purposes, based on the principles of
Quality Management System 1SO 9000 and good manufacturing practice. The haematopoietic tissue banks in the
Czech Republic including ours are using now the common standards of EBMT and ISHAGE Europe as basis for
elaboration their own quality assurance programmes. The transplantation centre of the Department of Haematology
of the 2nd Department of Internal Medicine of the University Hospital Hradec Krilové and co-operating tissue bank
have more than 15-year experience in cryopreservation of haematopoietic progenitor cells {Blaha et al.1990,
Mericka et al., 1991). Our experimental, [aboratory and clinical experience was presented in the IR congresses in
the Hague (Mericka et ak, 1995) and Sydney (Mericka et al, 1999), in the IIR conference Cryogenics in Prague
(Mericka,. et al 2000} as well as atthe C 1- Commission meeting in Hradec Krilové, Czech Republicin 2002 . For
storage of cryopreserved cell concentrates we have been used plastic disposable bags since 1991, when they
replaced stainfess steel containers of own design used since 1986 (Blaha ef al., 1990, Mericka et al,, 1991, Mericka
et al,, 1995). The possibility of cross-contamination among damaged plastic bags stored i the liquid phase of
nitrogen and containing ceils for clinical application has become an urgent issue after publication of Tedder’s paper
(Tedder et al. 1995),describing transmission of hepatitis B via this mechanism. This issue was described in
cryopreservation of donor red blood cells, nevertheless in cryopreservation of haematopoietic progenitor cells the
issue is likely to be more wrgent as the cells are often collected in nonhealthy persons. Cur tissue cenire was
elaborating system of prophylactic measures for several years and this system has been introduced now inte current
practice. The system described in this paper includes: 1) Meticulous serological testing of all patients and donors. 2}
Microbiological testing of collected concentrates for presence of bacteria and fungi. 3) Decision on safe method of
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storage (liguid or vapour phase of nitrogen or mechanical freezer) on hasis of the result of the serological fests. 4)
Use of high-quality plastic disposable bags and external metal cover preventing mechanical damage during storage.

I METHODS

The study evaluating the potential risk of infection transmission was performed on the group of 7! patients and 22
donors undergoing autologous or allogencic transplantations. The panel of serological tests recommended by
standards of EBMT and ISHAGE-Europe was used.

1.1 Collection of haematopoietic progenitor cells

In most cases the peripheral blood progenitor cell concentrate was obtained by single or repeated lraemaphereses by
the scparator Cobe Spectra in the Hacmapheresis Unit of the Department of Clinical Haematology (Blaha et al.,
2001, Mericka et al.,, 1999), Bone imarrow was obtained under general anaesthesia by aspiration from iliac bone at
the Department of Orthopaedic Surgery using a bone marrow collection kit (Baxter Healthcare Corporation, Fenwal
Division, U.S.A.) (Mericka et al., 1999). The blood sample collections for serofogical testing were performed in the
date of bone marrow harvest or in the first day of peripheral progenitor cell harvesi. The donors were all clinically
lealthy persons (Table 1). The patients suffered from different haematology conditions {Tabie 2).

Table 1: Haematepoietic progenitor cell collections in doners

Number
Related donors 20
Unrelated donors 2
Bone marrow harvest 1
Peripheral progenitor cell harvest 21
Cryopreservation performed 20
Preservation at room temperature 2
Total number of donors 22

Table 2: Group of patients

Number
Non-Hodgkin lymphoma 20
Hodgkin [ymphoma 8
Multiple myetoma 30
Acute myeloid leukaemia 10
Other conditions 3
Total number of patients 71

In cases of unrelated transplantations, where collections were performed abroad, the tests were repeated at
reinfusions.

1.2 The panel of serological tests used

Serological tests were performed at the Department of Clinical Microbiology and Department of Clinical
Immumology and Alergology of the University Hospital, Hradec Kralové. The panel of tests included the proof of
following infections; retrovimses (HIV, HTLV), hepatitis (AB,C) and hempes viruses: EpsteinrBarr virus,
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eviomegalovirus (CMV), varicellazoster virus (VZV ), herpes simplex viras (HSV). The tests and methods used for
virus detection are listed in the Table 3.

Table 3: Test and methods used for virus detection

Group of viruses Tests - serology markers Method
Retroviruses
5 anti-HIV 1,2
HIV 1,2 IV { Ag EIA
HTLV LII anti-HTLV LI EIA
Hepatitis viruses
HAV anti-HAV, anti-HAV [eM EIA
HBsAg EIA
7 =]
HBY anti-HBe, anti- HBc IgM EIA
HCV anti-lHCV EIA
Herpes viruses
VZV anti-VZV IgG, IeM EIA
HSV 1,2 anti-HSV 1.2 IeG, [sM EIA
CMV anti-CMV IgG, [geM EIA
EBV anti-VCA TgG, JeM EIA

Tests for syphilis and toxoplasmosis were performed as well {Table 4). The results of tests indicating severe
infections (HIV, HBsAg, HCV) were available at the day of collection, the results of other tests within one week.

Table 4: Tests and methods used for detection of toxoplasmosis and syphilis

Tests Method
N TPHA Welcosyph
Syphilis RRR TPHA RRR Immuirep, RPR
- i P EIA Toxoplasma IgG
Toxoplasmosis anti-toxo IeG, IeM FIA Toxoplasma IoM

1.3 Processing and cryopreservation conditions

Collecied concentrates were mixed with an equal volume of 20% dimethylsulphoxide (B.Braun Medical, France)
diluted n 6% dextran precooled to +4°C. Human serum atbumin was added to the final concentration of 1%. The
suspension was frozen in 00-ml plastic disposable bags (Cryocyte TM, Baxter, Fenwal Div., U.S.A), that were
heat scaled and closed in metal casseties with a window for viewing the label of the bag. This label assures the
fraceability through all processing steps as well as clear identification during storage and it is put into the patient's
documentation after reinfusion of the concentrate. Fach collection is given a specific mumber. Our labe] template
used for bone marrow is demonstrated:
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AUTOLOGOUS BONE MARROW
TRANSPLANTATION

Tissue Bank Faculty Hospital Hradec Kralové
C 2089-010A - 0Q

BM Collection date: 10/7/2001
Donor/Recipient

Novak Josel

The cassettes were frozen in the Kiyo-10 programmable freczer (Planer Biomed, Sunbury on Thames, England).
Freezing rate is adjusted to —1K/min till-90°C, 3°C/min till-150°C. Storage conditions are described below.

1.4 Sterility testing of progenitor cell concentrates

Processing of the concentrate was performed in the laminar flow equipment (Ilerasafe, Heraues, FRG) with the
validated grade A placed in the enviromment with undefined grade. Sealing of the bag is performed inside this
equipment using a sealing machine Hematron (Baxler, U.S.A.). The samples for microbiological control, performed
at the Dept. of Microbiology, are collected from the collection bag and all cryopreservation bags before fieexing
(after mixitg with the eryoprotectant solution} and at the bedside of the patient from each thawed bag. The sterility
testing methed according to the Ehrlich Institute (FRG) is used. Standard operating procedure for testing sterility of
cryoprescrvation media is the following: Any growth is regarded as positive result of the test and particular bag is
discarded.

Paul Ehrlich Institute, FRG

2 ml of the collected sample of the cryopreservation mediwm are placed to the sterile jar and supplemented with
sterile physiological saline solution to the volume of 10 ml.

5-ml samples are taken, for culturing in automatic hemoculture system using certified cwlture media

1 in aerobic conditions, 37°C, 7 days

1 in anaerabic conditions, 37°C, 7 days

1.5 Storage conditions

The frozen concenirates are stored in mechanical freezers, vapour phase or liquid phase of nifrogen under well-
defined and continuously monitered temperature conditions. Monitoring of temperature inside mechanical freezers
(Reveo UHtima B, U.S.A) adjusted to 85°C is assured by the system Digiterm with programines Netcom and Read
93, (ReguCon Prague Lid.), that records data in 3-minute intervals. The uncertainty of temperature measurement is
0.3°C . For monitoting temperature inside liquid nitrogen storage tanks XLC 1200 (Chart, U.S.A., Planer Biomed,
U.K) the system Tee2000 with records in 30 -minute intervals is used, The tanks are filled automatically from the
Cryocyl 230 LP (Chart, U.S.A., Planer Biomed, U.K.) container, connected with the tubing with an external liquid
nitrogen container (Aga Cryo, AB Sweden) containing 6,000 lifres of liquid nitrogen. One of the containers is used
for storage in vapour phase exclusively, the other one is used for long-tenm storage of material immersed info the
liquid nitrogen. The precise adjusting of working liquid nitrogen levels and alarm conditions was made by ReguCon
Prague (Ltd) and vatidation by (GM Preject, Opava, Czech Republic). Temperature data measured at two levels in
the container used for storage in liguid nitrogen vapours are shown in the figure | . The working and alarm limits for
storage in mechanical freezer and liquid nifrogen summarised in the Table 5.

Table 5: Storage conditions

Working limits (°C) Atlarm limits (°C)
Mechanical freezer -80 to-86 -51 to-100
Vapour phase of liguid nitrogen -161 to-183 -130t0-195
Liquid phase of nifrogen -177 to-195 -150to-199
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Figure | Temperature conditions in the vapour phase of liquid nitrogen and liquid nitrogen level fluctuations

2.1 Serology of donors and patients

No laboratory signs of active infection were found in 15 donors (13 related, 2 unrelated), ie. in 68.2 % and in 55
patients (77.5 %). The cases of positivity of active virus infection in donors and patients are summarised in the
Table 6, the cases of positivity of other infection are summarised in the Table 7.

Table 6: Positivity of serological markers of active virus infection in donors and patients

Virus/positivity of the test Deners Patients

HIV

HTLV

HAV

HBV/IBsAg

HCV
VZVianti-VZV 1gM
HSV IgM

CMV oM
EBV/anti-VCA IgM

T NWIOI— oS O

D [ =W D[O|S|IC O

I~
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Tabic 7: Positivity of scrological markers of other active infection in donors and patients

Positivity of the test Donors Patients
Toxo leM 0 2
TPHA, RRR 0 0

It can be summarised that in both groups active infection with herpes viruses was the most commeon (in patients 3,
in donors 7). Hepatitis B was found in onc case only. The CMV TgG test was the most common marker of previous
infection, it was found in 4 donors and 55 patients.

2.2 Microbiological controf of cell concentrates after collection and during reinfusion

In the period from 1 April 2001 till | February 2002 the total of 479 bags with bone marrow or peripheral blood
stem cell concentrates were tested before fivezing as well as 28 bags with cord blood. In 2 cases of peripheral blood
stem cells the bactertal growth was identified. These two bags were discarded. In cord blood the bacterial growth
was found in 1 case. This collection was not yet included in the donor register. The sterility testing is repeated from
each bag during reinfusion at the patient's bedside. In any case the bacterial growth was found during the observed
period.

2.3 Decision on optimal storage conditions

The decision on optimal storage method is made as follows: The bags originating from patients with no signs of
active infection can be immersed into the liquid nitrogen Bags originating from patients with signs of active
infection can be stored in the vapowr phase of ntrogen only. The bags criginating from patients with markers of
lhepatitis infection must be the vapour phase of nitrogen only. The bags originaling from patients with markers of
hepatilis infection must be stored scparately in a mechanical freezer £80°C). In September 2002 we store
haematopoietic progenitor cells from 30 patients and donors. The proportion among different ways of storage is the
following: Storage in the liquid nitrogen 18 persons (60 %), storage in the vapour phase 10 persons (33 %),
scparate storage in a mechanical freezer 2 persons (7 %).

3 DISCUSSION

Successful cryopreservation of haematopoietic progenitor cell concentrates leads also to good preservation of
pathogenic viruses, bacteria or even protozoa if collection is performed in an infected donor or patient. The
described cases of contamination during storage in liquid phase of nitrogen were limited to hepatitis B virus

(Tedder ct al., 19953}, nevertheless even viruses that are very commen in population such as CMV or VZV can cause
severe complications after transplantation that can result in patient’s death. The percentage of persons with no signs
of active infection was lower in the group of patients, the control group of donors is, however, still small. The results
of serological screening are also of high importance for the patient himself as two cases of clinically unsuspected
acute infection were discovered and prophylactic measures preventing possible complications afler transplantation
could have been performed, Acute infection at the time of collection, that required treatment at the Departient of
Infection Diseases was proved in 2 cases (1 varicella, I toxoplasmosis). In the case of varicella in 11 -year old boy
the frozen concenirate was discarded and the new successful collection was performed afer completing the
treatment of the acute disease, In the second patient with manifested toxoplasmosis the concentrate was reinfused
under prophylactic administration of Daraprim, after completing the treatment of the acute phase of the disease. The
positive finding of active toxoplasma infection was a surprise and the case was thoroughly discussed among our
group of haematology transplant specialists as survival of toxoplasma gondii in presence of DMSO is well described
(Lin, DB, et ak., 1993). For this reason the prevention of contamination during storage of haematopoietic progenitor
cells is of high importance. The cases of contamination described by Tedder (Tedder et al., 1995) and Hawkins
(Hawkins ¢t al., 1996) were apparently caused by technical failures in particular by using Hemofieeze bags that
were noted to fracture sometimes i thawing. This factor was avoided in our practice as we have been using
Cryocyte bags since 1993, We can confinm extremely low cracking rate of these bags that was described already by
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Warkentin in 1993 (Warkentin et al, [993). This is a contrast to practice of some centres, Cur Standard Operating
Procedure also includes testing of airtightness of the sealing of each bag before closing inte the cssette. No
manipulation with the bag afler freezing or during storage is performed ard the bags are removed rom: the casselles
during thawing at the patient's bedside. This is a conlrast to practice of some centres that remove the bags from
casseties after completing controlied rate freezing and store them in paper envelopes. Qur new system seerns to be
more safe than using stainless steel containers in ihe past as there was always problem with assuring airtighiness of
the openings (Mericka et al, 1991). Although the mentioned measures lower the possibility of infection (ransmission
duaring storage the demonstrated results of serological screening showed that the rate of positive [indings in coliected
progenitor cells concentrates is refatively high. and approximately one third of cur group of patients and doners
requires storage in the vapour phase of liquid nitrogen. In contrast the potential risk of infection transmission due to
secondary contamination of concentrates during collection and processing is extremely low in our group. The danger
of secondary contamination during processing s now lowered also by using clean room techiology (laminar
equipment of the grade A in the environment (grade B) that is just being introduced to our daily practice.

CONCLUSIONS

The most probable source of cross-contamination in our conditions is active infection in a patient or donor that was
identified in approximately one third of our donors and patients.

This infection is not limited to hepatitis B, in our group herpesvirus infection prevailed

Active infection by toxoplasmosis may be a source of cross contamination,

Cross contamination caused by secondary bacterial contamination of collected concentrates daring processing is
much less fkely in our condition and accwred onty in 0.42% of tested bags.
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LE SYSTEME DE LA PREVENTION DE CONTAMINATION PENDANT LE STOCKAGE DES CELLULES
SOUCHES HEMATOPOIETIQUES.

RESUME: La probabilité de la contamination entre des poches plastiques endomagées pendant le stockage dans |
azote liquide et contenants des ceblules pour | aplication clinique a efe devenue une probléme urgent aprés
publication de Tedder qui a decrit la transmission de | hepatite B par cette mechanisme. Notres mesures de
prevention contients: 1. Applications de tests serologigues chez tous les  malades et donoeurs. 2.1 examination
bacteriologique des concetrates cellulaires . 3. decision optimaleoncermant le stockage ( congélateur mechanique, la
phase vapoureuse ou liguide de 1 azote liquide) sur |z base des resultates des test serologiques.4. L application des
poches plastiques de la qualité superiuere fermés dans les caseles metatiques Notre étude effectuée sur 93 malades et
doneurs a montrée que ia source potentielle de la contamination Ja plus imporfante est representée par infection
active viral, La contamination bacteriel qui a été decouverte chez 0.42% de 479 poches examinées a representée le
risk negligible dans notre centre.
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ABSTRACT

Experience with two-year operation of the cryostorage facility of a cell and tissue bank of the
University Hospital Hradec Kralové is demonstrated. The total of 52.4 1 of liquid nitrogen is
transformed daily to the gas phase in the room with forced ventilation. Wall mounted oxygen
monitors are used for continuous monitoring of atmospheric oxygen. The data are recorded in 5-
minute intervals. Two alarm levels identified by acoustic signals are adjusted. The first level of 20%
is valid for women according to the Czech legislation, the second level of 18% is the
recommendation of the manufacturer. During operation of the system the oxygen level may sink
below 20% in case of automatic filling of high capacity containers or during filling of back-up
vessels. The oxygen level below 18% does not occur if the forced ventilation works well. The
ventilation breakdown can lead to lowering the oxygen level below 18%.

INTRODUCTION

Although the possibility of lowering the atmospheric oxygen level in cryostorage facilities due to
excessive evaporation of liquified gases is well known, this problem is sometimes neglected both by
working staff of tissue banks and companies involved in designing or building such facilities. Fatal
cases can be caused by ignorance of properties of liquified gases or underestimation of the danger in
the oxygen deficiency hazard areas. The lack of continuous oxygen monitoring, breakdown or
absence of sufficient ventilation as well as breakdown of the monitoring system itself can lead to
dangerous situations. Theilacker (Theilacker, 2003} described recently also the possibility of
indicating false high oxygen levels in presence of gases with lower molecular weight than nitrogen,
such as helium or argon. In this paper we describe own two-year experience with continuous

oxygen level monitoring in the cryostorage facility of a cell and tissue bank of the University
Hospital Hradec Kralové.

1 DESCRIPTION OF THE SYSTEM

The cryostorage department of this bank (Fig. 1) is equipped with two liquid nitrogen containers
XLC 1200 (Chart, Europe, Planer Biomed, UK) filled automatically from the Cryocyl 230LP
(Chart, USA, Planer Biomed, UK) vessel. The containers are used for storage of bags with
haematopoietic progenitor cell concentrates (M&fitka et al., 1999, Blaha et al., 2003, Méficka et al,,
2003). One smaller container XLC 230 is used for storage of control ampoules serving for
assessment of freeze-thaw recovery of colony forming progenitor cells, the second one for storage
of samples of tumour tissue for special diagnostic and research purposes. These containers are filled
manually (Fig. 2). One container (Cryosystem 2000) is used for storage of ampoules with gametes
of oncology patients, two additional containers (KL 32, Cryometal Ri¢any, Czech Republic) (Fig.

3} for storage of liquid nitrogen itself. One container Eurocyl 230 LP serves as back-up cooling of



two mechanical freezers used for storage of deep-frozen solid human tissues for transplantation
(Méficka et al, 2002). The whole system is connected with an external vessel with the pure
capacity of 4,690 kg of liquid nitrogen (VT 6 Ferox Dé&&in, Czech Republic).

Figure 1. General view of the cryostorage facility of the cell and tissue bank of the University
Hospital Hradec Kréalové. The fixed monitor with display and acoustic alarm is mounted on the
right wall in the height of 35 cm.

Figure 2: Containers used for storage of ampoules



Figure 3: The container used for storage of gametes of oncology patients (right). Containers used
for storage of liquid nitrogen. An opened box with a breathing apparatus .

Forced ventilation is controlled by the Honeywell unit that is operated continuously during day and
night. Breakdowns are reffered automatically to the central management of the hospital air
conditioning system. The air is introduced in the vertical stream from the ceiling (Figure 1 on top)
and exhausted from the bottom of the room (behind the large XLC 1200 vessels ). The mean daily
consumption of liquid nitrogen in the XLC 1200 containers is calculated automatically and
indicated on the display as difference of liquid levels in mm. This value is about 27-30 mm per day.
The difference of levels in XL.C 230 containers is measured manually by an approved measuring
stick (Chart Europe). The data on evaporation of other vessels were taken from data declared by the
manufacturer. The total of 52.4 | of liquid nitrogen is transformed daily to the gas phase in the
cryostorage room. Wall mounted oxygen monitors with displays calibrated annually with the
calibration gas are used for continuous monitoring of atmospheric oxygen in two rooms, where sink
of oxygen level can be encountered. The data are recorded in 5-minute intervals and can be stored
in the memory box for maximum of 3 months. Downloading of data into the personal computer is
performed weekly. Two alarm levels which are identified by acoustic signals are adjusted. The first
level of 20% is valid for women according to the Czech legislation (Ministry of Health of the Czech
Republi¢, 1998), the second level of 18% is the recommendation of the manufacturer of oxygen
monitors. Personal and portable monitors are in the disposal of the staff for case of the breakdown
of wall mounted monitors. The entries into the oxygen defficiency hazard area are equipped with
light signals: green - oxygen level above 20 %, orange - oxygen level between 18.1 till 20 %, red -

oxygen level 18.0 % or below. If the red light is switched on, entry without breathing apparatus is
not allowed.

2 RESULTS

Operation of the system under normal ventilation conditions is demonstrated on the Figure 4. The
oxygen level is maintained between 21.0 and 21.1%. In case of automatic filling the XLC 1200
containers the oxygen level sinks, the values below 20% do not occur, however. In case of filling
the back-up vessels Cryocyl or Eurocyl or manual filling of smaller containers deep sinks below the



level of 20% are encountered, the alarm level of 18% is not achieved, however. Operation of the
system under suboptimal ventilation conditions (exhausting of the air from the top of the room
only) is demonstrated on the Figure 5. Automatic filling of the XL.C 1200 vessels leads to sinking
of the oxygen level below 20%. The sinks below 18% are encountered in cases of filling the back-
up vessels. The lowest recorded level was 17.5 %.
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Figure 4: Results of oxygen monitoring under normal ventilation conditions
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Figure 5: Results of oxygen monitoring under suboptimal ventilation conditions



ATEKD.  CWiragrim Fss COME T BZSADATA OV 20 100 et

oo GLIPBUIK wHBT§N] (2088

M (0S4 DGEOC UoMpdo  OGLO0O OOONOD 0ODNGD  ONOODG  OSGO0. OOMaG  fOWISE  OEOfC. SUOOS0  cod0  bonood  Gotond mmw woom
AU PO LEAG CRIRH AN TaZd GO TR 20000 2MT) AN WITET  GUISR MRLR  mOre AN 13a)42  Jeoie

Figure 6: Record of oxygen level at the end of the service life of the monitor

The oxygen level recorded at the end of the service life of the oxygen monitor is demonstrated on
the Figure 6. The considerable fluctuations of the levels (in the wide range between 10 and 21%
(left part of the record) are followed by continuous and irreversible decrease to the level of 4%
(right part of the record).

3 DISCUSSION

The two-year operation of our system showed that the forced ventilation with exhausting the air
from the bottom of the room assures acceptable conditions for safety of the personel of the cell and
tissue bank. At normal ventilation conditions the oxygen level only rarely sinks below 20% with the
exception of manual filling of vessels. The system assures safety conditions for work activities of
women even under very strict criteria given by the Decree of the Czech Ministry of Health No.
185/1998. The most difficult situation can occur at the end of the service life of the wall mounted
monitor, that can indicate false low oxygen levels. The use of portable monitor checked at normat
oxygen level conditions (open air) before entering the potentially dangerous area is necessary for
distinguishing such situations from the real ventilation breakdown. The breathing apparatus is at the
disposal of the staff for managing such situations as well as the cases of real ventilation breakdown
or excessive evaporation of the liquified gas.

CONCLUSIONS

Our experience shows that in routine operation of the system the oxygen level may exceptionally
sink below 20% in case of automatic filling of high capacity containers and regularly during filling
of back-up vessels (Cryocy!l or Eurocyl 230). Sinking of the oxygen level below 18% does not
oceur if the forced ventilation works well. The ventilation breakdown can lead to lowering the
oxygen level below 18%. Portable monitors are necessary to identify false low oxygen levels that
can be indicated at the time of the end of the service life of the monitor,
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