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KEY MESSAGE
Cryopreservation and storage of gametes, embryos and tissues is an essential part of the technologies of IVF laboratories.
This manuscript summarizes good laboratory practices, but also focuses on the risks and the needs for a cryopreservation
and storage programme, besides future perspectives regarding the management of safe cryopreservation in assisted
reproductive technology.

ABSTRACT
Among the wide range of procedures performed by clinical embryologists, the cryopreservation of reproductive cells and tissues
represents a fundamental task in the daily routine. Indeed, cryopreservation procedures can be considered a subspecialty of
medically assisted reproductive technology (ART), having the same relevance as sperm injection or embryo biopsy for
preimplantation genetic testing. However, although a great deal of care has been devoted to optimizing cryopreservation
protocols, the same energy has only recently been spent on developing and implementing strategies for the safe and reliable
storage and transport of reproductive specimens. Herein, we have summarized the content of the available guidelines, the risks,
the needs and the future perspectives regarding the management of cryopreservation biorepositories used in ART.
KEYWORDS
Cryobanking
Cryomanagement
Cryopreservation
Cryostorage
IVF

ce, LIVET, Turin, Italy
ce, Clinica Valle Giulia, Rome, Italy
iences, University of Urbino ‘Carlo Bo’, Urbino, Italy
ew York, NY, USA
Athens, Greece

mark.

Ltd. Published by Elsevier Ltd. All rights reserved.
ddress: Martine.Nijs@coopersurgical.com (M. Nijs). https://doi.org/10.1016/j.
2023 Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved.
no financial or commercial conflicts of interest.

 Medica Hospital México (bibliomexico@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en 
 uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
GUIDELINES FOR THE SAFE AND
RELIABLE CRYOSTORAGE OF
REPRODUCTIVE CELLS AND
TISSUES
A ccording to European
directives and
recommendations, working in
compliance with a quality

management system is mandatory to
ensure safety during the manipulation of
human tissues and cells (European
Directorate for the Quality of Medicines &
HealthCare of the Council of Europe,
2022;M�e�ri�cka et al., 2012; Pirnay et al.,
2013). Revised guidelines for good practice
in IVF laboratories have been developed by
the most prominent scientific societies to:
(i) provide a wide coverage of key aspects
regarding andrology and embryology
laboratories; (ii) give continuous support to
laboratory specialists; and (iii)
consequently contribute to improving IVF
patient care (Go, 2019). Schiewe and
coworkers have developed an excellent
template for a total quality management
programme for the maintenance of a
cryogenic inventory (Schiewe et al., 2019).
As constantly outlined, the frequent
revision of such procedures improves
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appropriate quality and risk management
issues, aiming to heighten emergency
responses and contingency planning to
avoid serious accidents or at least limit
their consequences (Alikani, 2018; Alteri et
al., 2021a; Tomlinson and Morroll, 2008).

Cryopreservation of reproductive cells and
tissues can be considered as a subspecialty
of ART, and good laboratory practices
during cryopreservation and cryostorage
are therefore mandatory. A reliable system
of cryogenic storage optimizes patient
safety while at the same time minimizing
the risk of laboratory liability. Managing
cryopreserved reproductive cells and
tissues in an embryology laboratory
requires skilled personnel and specialized
equipment. The American Society for
Reproductive Medicine (ASRM)
committee’s opinion on the cryostorage of
reproductive tissues can be used as a
valuable guide for developing clinic-specific
management policies and procedures
(ASRM/SRBT/SART Practice Committees,
2020a). Additionally, laboratory guidelines
have been developed that outline
minimum standards regarding cryostorage
management (College of American
Pathologists; Szeptycki and Varghese,
2018).

Finally, independent IVF centres have
demonstrated the benefits of handling
human gametes and culturing embryos in a
setting with improved heating, ventilation
and air-conditioning systems, to optimize
clinical outcomes (Mortimer et al., 2018).
While a cleanroom environment will
ensure a low level of contamination from
environmental pollutants such as dust
particles, airborne microbes, aerosol
particles and chemical vapours, few
specific protocols for operational
standards and maintenance exist in the
cryo-room (Nijs and Verheyen, 2016).

An emerging new problem is the growing
inventory of frozen specimens and the
concomitant limitation of cryostorage
space. The new standard of care is to
cryopreserve a single oocyte or embryo
per device, resulting in the cannisters
within the dewars exceeding capacity more
rapidly. Also, vitrification storage devices
take more space in the storage tanks
compared with the straws used in slow
freezing; more storage tanks are therefore
needed to store the same number of
samples, diminishing the limited floor
space available within most clinics to store
the vessels. Depending on local legislation,
the cryostorage of samples may become
Descargado para Biblioteca Medica Hospital México
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permanent and infinite in duration. These
samples will accumulate in the storage
tanks, and available cryostorage space will
reduce quickly. A redesign and/or rebuild
of the cryostorage area, involving extra
costs, will be a necessity. Alternatively,
external long-term storage options may be
required to accommodate new storage.
CRYOPRESERVATION AS A
CRITICAL PROCEDURE IN
DEFINING HIGH-QUALITY
STANDARDS IN IVF
LABORATORIES

Safety of short- and long-term
cryostorage
The incidence of hazards relating to the
handling of cryopreserved samples is
difficult to determine. The main risk is
represented by premature thawing, which
could derive from either an inadequate
nitrogen supply during freezing-thawing
procedures, equipment failure or
improper handling. The latter could occur
suddenly and abruptly, as is experienced
when searching for specimens in the
storage vessels and moving them from the
tanks to the bench. Time delays in reading
labels may cause devitrification when the
specimens are exposed to temperatures of
�121°C or higher, making it crucial to
reduce either the time length or the
number of witness steps. The latter can be
accomplished by using automated
procedures, as discussed later (Sansinena
et al., 2014,2018). There are further
unexpected risks that involve personnel
safety. For example, embryologists might
experience the explosion of plastic or glass
cryo-devices, which emphasizes the need
to not underestimate the importance of
training (Schiewe et al., 2016) and
adherence to strict laboratory protocols
(Tomlinson and Morroll, 2008).

A prolonged storage of human gametes,
embryos and ovarian or testicular tissue is
currently adopted for both medical and
non-medical indications, including fertility
preservation in patients facing gonadotoxic
treatments, women delaying childbirth for
personal reasons and IVF treatments
performed using donated gametes (ASRM/
SRBT/SART Practice Committees, 2020a,
Cobo et al., 2021; Jensen et al., 2022;
Silvestris et al., 2020). Although long-term
cryopreservation is thought to pause cell
metabolism and ageing, conflicting results
are now available as some authors have
raised the question of a putative harmful
effect deriving from prolonged cryostorage
 (bibliomexico@gmail.com) en National Library of Health a
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on oocyte and embryo competence
(Parmegiani and Vajta, 2020). In addition,
the toxic effects of a prolonged exposure
to cryoprotectant agents or potential
contamination of liquid nitrogen may have
a detrimental impact in the long run (De
Santis et al., 2021;Gosden, 2011). One can
also speculate that other factors such as
temperature fluctuations due to frequent
opening of the cryotank lid and lifting
canisters to neck level, may have a
cumulative impact in the case of short-
term storage.

Many case reports have been published
over the years on the safety of long-term
cryopreservation, showing successful
pregnancies and healthy live births
obtained from human oocytes (Goldman
et al., 2015;Maxwell et al., 2014;
Parmegiani et al., 2008,2009;Quintans et
al., 2012; Torra-Massana et al., 2023;
Urquiza et al., 2014) and spermatozoa
(Huang et al., 2019; Pariz et al., 2020;
Rofeim and Gilbert, 2005; Yogev et al.,
2010) stored years before. Furthermore,
two independent and complementary
systematic reviews and meta-analyses have
recently been published supporting the
safety of the long-term cryostorage of
human embryos at both the cleavage and
blastocyst stages (Canosa et al., 2022;Ma
et al., 2021). There is also reassuring
evidence concerning frozen-thawed
ovarian tissue transplantation after a
prolonged storage time (Andersen et al.,
2012; Fabbri et al., 2016).

Although a recent large long-term follow-
up study has documented the good health
of children conceived from cryopreserved
oocytes, one must remain vigilant to
regarding stored samples not as inanimate
and unchanging but as susceptible to
harmful short- and long-term cryostorage
(Gullo et al., 2022; Van Reckem et al.,
2021). Finally, this prolonged storage of
reproductive tissue specimens has
increased the need to implement new
procedures, protocols and equipment
(ASRM/SRBT/SART Practice Committees,
2020a).

Risks associated with contact with liquid
nitrogen
Vitrification is currently considered to be
the gold standard for both oocyte and
embryo cryopreservation since this
protocol has proven to be simpler,
cheaper, faster and safer than slow-
freezing protocols (Rienzi et al., 2017b).
The efficiency of vitrification is comparable
to that of fresh embryo transfers in terms
nd Social Security de ClinicalKey.es por Elsevier en 
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of pregnancy, miscarriage and live birth
rates (Cobo et al., 2012; Feng et al., 2012;
Roy et al., 2014a; Zaat et al., 2021).
Vitrification protocols are characterized by
the use of either ‘open’ or ‘closed’ carriers.
Closed devices are intended to keep the
samples physically separated from the
liquid nitrogen during the entire cooling,
storage and warming procedures, whereas
open systems allow direct contact
between the sample and the liquid
nitrogen (Vajta et al., 2015).

Importantly, several microorganisms can
survive storage at low temperatures,
including that of liquid nitrogen. Samples
are in fact stabilized by the presence of
several substances currently used in
culture media (e.g. serum albumin,
sucrose and other sugars), and this
inevitably represents a putative source of
biological contamination (Bielanski and
Vajta, 2009). Bacteria possess a relatively
high resistance, contrary to fungi, which
have been proved to be very sensitive to
the freezing procedure and the toxicity of
highly concentrated cryoprotectant
agents. Indeed, cryopreservation reduces
the concentration of fungi in human
semen by 90% (Hubalek, 2003).
Interestingly, bacteria isolated from liquid
nitrogen are not ubiquitous environmental
micro-organisms but are rare
opportunistic pathogens of low
significance in producing disease in
humans or animals.

It should be acknowledged that some of
the isolates may have been derived from
laboratory contamination during semen
and embryo processing for
cryopreservation rather than genuinely
being present within the sample (Bielanski
and Vajta, 2009). In addition,
contamination with HIV, hepatitis B virus
(HBV) and hepatitis C virus (HCV) has
been reported in assisted reproductive
technology clinics (Lesourd et al., 2000)
and blood banks (Tedder et al., 1995).
Although there is no documentation of the
cross-contamination of cryopreserved
stored human tissue, it is highly
recommended that samples from viral
carriers be processed in a separate
laboratory or designated space within the
main laboratory (ASRM Practice
Committee, 2020b), preferably a biological
safety cabinet.

Since HIV, HCV, HBV and possibly other
viruses can survive in liquid nitrogen, cross-
contamination between samples in liquid
nitrogen storage tanks cannot be
Descargado para Biblioteca Medica Hospital México (bib
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excluded. So far, the evidence shows that
this risk in the liquid phase is probably low.
However, to protect cryopreserved
specimens from the risk of cross-
contamination, it is advised that HIV-,
HBV-, and HCV-infected specimens are
stored in separate tanks, and liquid
nitrogen vapour storage instead of the
liquid phase should be considered.
Alternatively, an aseptic closed-system
vitrification device applying sound sealing
can be used to prevent the direct contact
of cryopreservation devices with liquid
nitrogen (ASRM Practice Committee,
2020b,Mocanu et al., 2021). Furthermore,
specific sperm-washing techniques should
be considered to decrease the viral load of
potentially infectious ejaculates (Pomeroy
and Schiewe, 2020).

Of note, European Union directives on
tissue manipulation (European Union
Tissues and Cells Directive EUTCD:
2004/23/EC, 2006a/17/EC, and 2006b/ 86/
EC) regulate the safety and quality of tissues
including reproductive cells processed for
human preimplantation through the control
of equipment, devices and the environment.
These regulations require specific
procedures in embryo, oocyte, ovarian and
testicular tissue cryopreservation aimed at
minimizing the risk of any hypothetical
contamination of human cells due to direct
contact with accidentally contaminated
liquid nitrogen. Nevertheless, these
directives report no mandatory statements
against direct contact between tissue or
cells and liquid nitrogen.

On the other hand, the need to guarantee
the absolute sterility of liquid nitrogen for
vitrification purposes is still considered a
crucial issue, as the contamination of liquid
nitrogen and/or its vapour can occur at
any step from manufacturing to final use,
including transport, storage, distribution
and preparation for cryopreservation. The
risk of cross-contamination as well as the
recommendations to handle reproductive
samples to avoid potentially hazardous
behaviours have been previously reviewed
(Joaquim et al., 2017). At present, several
approaches have been suggested to obtain
sterile liquid nitrogen, such as UV filtration,
for a safe vitrification procedure (Arav et
al., 2016;Cobo et al., 2010;Mcburnie and
Bardo, 2002; Parmegiani et al., 2012,
2010;Wang et al., 2020). However, these
procedures involve extra costs and
extended operator time.

More recently, the unprecedented spread
of the severe acute respiratory syndrome
liomexico@gmail.com) en National Library of Health and S
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coronavirus 2 (SARS-CoV-2) pandemic
forced embryologists to critically rethink
the appropriateness and safety of all the
procedures in IVF laboratories, which
resulted in a radical shift of priorities
including the management of
cryopreservation (Maggiulli et al., 2020).
During a pandemic involving a respiratory
virus, the risk of contamination cannot be
overestimated, as even a simple proximity
to cryopreservation devices or to the liquid
nitrogen surface represents a critical
exposure to floating particles (Lee, 2020).
For this reason, the putative risk of
environmental contamination as well as the
hypothetical presence of SARS-CoV-2 in
gametes and embryos has warranted
consideration (Scarica et al., 2021).

Closed devices have proved to be as
efficient as open ones, but are safer to
protect human oocytes from the potential
risks of viral contamination during
vitrification and storage, especially during
the coronavirus 2019 (COVID-19) pandemic
(Porcu et al., 2021). Pomeroy and Schiewe
(2020) amended earlier assertions (Pomeroy
et al., 2010) of the negligible risk of disease
transmission based on embryo washing,
since embryos being cryopreserved today
frequently have a non-intact zona pellucida
due to laser drilling and blastocyst biopsy
procedures, meaning the trophectoderm
layer is exposed to pathogens (e.g. SARS-
CoV-2 and others). Closed systems are
more important than ever, especially since
more randomized controlled studies with
oocyte cryopreservation are failing to show
a difference compared with the
effectiveness of open systems. It should be
further emphasized that environmental
nitrogen-mediated contamination can also
infect reproductive cells during handling or
vitrification and warming, irrespective of the
use of either open or closed carriers (De
Santis et al., 2021). Indeed, dilution steps
when handling embryos and oocytes before
vitrification and after warming represent the
most important strategy for reducing the
risk of possible contaminants (Lee, 2020).

In a constantly changing scenario, where
scientific evidence is still limited, the
decision on how to preserve and store
reproductive tissues and cells is a topic of
current debate, which is also driven by the
need to avoid greater complexity of
management in a time already full of
uncertainties. On this basis, a strengths,
weaknesses, opportunities and threats risk
analysis of the procedure of
cryopreservation of reproductive samples
during the COVID-19 pandemic has been
ocial Security de ClinicalKey.es por Elsevier en 
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recently published, suggesting that new
strategies for decision making are
warranted during a pandemic (Alteri et al.,
2020,2021b; Parmegiani and Vajta, 2021).

Risks associated with improper handling
of samples
In general, a major problem in cell and
tissue cryopreservation is the lack of
standardization. There are many different
cryo-carriers, vitrification solutions,
warming solutions and vitrification
protocols for each model. Handling
differences within the centre (Tannus
et al., 2018), between centres and even
among cryobanks (Gianaroli et al., 2022)
may create issues that ultimately affect IVF
outcomes after the use of cryopreserved
samples.

Working with liquid nitrogen and its
associated cryogenic equipment has raised
health and safety concerns due to the
possibility of accidents resulting in staff
injury and loss/damage of patient material
due to either equipment failure or human
error. Organized staff training and periodic
revision through staff meetings are of
critical importance to properly sustain high
standards in cryopreservation and
cryostorage. As an example,
repeated withdrawals of samples without
safe liquid nitrogen submersion in liquid
nitrogen baths or dewar flasks during
handling or identification can result in
episodes of varying temperatures that
should be minimized to avoid a possible
accumulative decline of subsequent
viability. This concern is greatest in liquid
nitrogen vapour storage since the goblet or
visotube holding devices are air filled, not
liquid nitrogen filled.

In addition, it is also important to take into
consideration the incidence of hazards
related to the cryopreservation protocol,
namely slow freezing or vitrification. During
slow freezing oocytes and embryos are
exposed to a gradual decrease in
temperature using a controlled-rate slow-
cooling machine, which involves specimen
handling during the cryopreservation such
as a transfer from laminar flow and the
freezer, or manual seeding performed at
�7°C. On the other hand, vitrification has
apparently proved to be much simpler and
faster than slow freezing but is
characterized by the need for skilled
operators. While both methods endure the
same environmental insult of very low
temperatures, vitrified samples with a
minimal volume encasing or surrounding
them, positioned on a cryo-device, are
Descargado para Biblioteca Medica Hospital México
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more sensitive to temperature changes
and the transition shift to devitrification,
and thus to subsequent damage
(McDonald et al., 2011). Although serious
events are rare, careful risk management
practice should be viewed as a high priority
(Tomlinson, 2018).

Failure of the liquid nitrogen supply to
cryogenic dewars may lead to involuntary
thawing-warming, potentially resulting in
the loss of samples. Events like these
mostly derive from storage system failure
and not from human errors. This strongly
underlines how important appropriate
emergency procedures are. Indeed,
fertility clinics are less likely to be proven
‘negligent’ when care is provided in line
with the common principles of best
practice and with the latest technological
advances. Conversely, the use of
inadequate emergency procedures would
pave the way for allegations of negligence
(Tomlinson and Pacey, 2003).

In this regard, one of the earliest events
was reported in 2003. At the time, many
frozen sperm samples were lost, including
samples from patients who had undergone
sperm cryopreservation before
chemotherapy (Nesbit et al., 2022). A
failure of the cooling apparatus caused the
accident. Unfortunately, all the
samples were lost as they were all stored in
a single tank. Most recently, three high-
profile cases occurred in the USA, all
resulting in the loss of thousands of
embryos and gametes. In one event the
alarm was turned off during a manual tank
refill while the automatic filling apparatus
was undergoing maintenance; the second
event is thought to have been due to
insufficient tank levels of liquid nitrogen;
and the third event occurred because of a
failure of the tank’s vacuum pump (Nesbit
et al., 2022). All these events resulted in
class action lawsuits against the clinics and/
or staff.

It is thought that most errors in
cryostorage occur as a result of equipment
failure or a lapse in the supply of liquid
nitrogen. To minimize such risks it is
recommended that tanks undergo regular
maintenance and be monitored daily or
even continuously for evidence of leakage.
Facilities should retain an excess supply of
liquid nitrogen in case supplies are
diminished before a replacement can be
delivered by supply companies.
Furthermore, an extra cryostorage tank
should always be available in the event of a
malfunction. The spare tank should have
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similar characteristics to the largest tank in
the facility. Lastly, it is advised that samples
from individuals or couples should be
distributed across multiple tanks, if
possible, to ensure that patient samples
are not lost if a container malfunctions
(Nesbit et al., 2022). As a result, US Food
and Drug Administration and European
Union regulations are now more likely to
be adopted to set standards in
cryobanking. The UK Human Tissue
Authority regulators of the cell and tissue
banking community specify that ‘wherever
possible, CE-marked medical devices must
be used’ (Tomlinson, 2018).

Moreover, it is advised that a periodic
storage inventory survey be conducted
whereby stored samples have their
position within the vessel and identity
checked with either a written registry or
digital records (Frith and Blyth, 2014).
For large storage facilities, this involves
the physical removal of a large quantity
of samples and checking their identity,
which itself poses a degree of risk of the
accidental premature warming of storage
devices (Mortimer, 2004; Tomlinson and
Morroll, 2008). Multiple inventorying of
long-term samples may have an
accumulative impact on cell viability,
particularly in reference to open
vitrification devices in liquid nitrogen
vapour storage.

To reduce the risk of failure, IVF clinics
should re-examine their practices to meet
strict standards, particularly in the
provision of: (i) continuous electronic
monitoring systems for relevant quality
control parameters such as storage tank
temperature and liquid nitrogen level;
(ii) tank alarm systems with on-site and
remote notification possibility; and
(iii) detailed disaster plans including the
availability of spare tanks to be used in the
event of forced specimen removal from a
failing tank or for other unforeseen events
(Alikani and Parmegiani, 2018).
Furthermore, daily quality control
practices and weekly operational
qualification monitoring of evaporation
rates are critical preventative measures
(Schiewe et al., 2019).
MAINTENANCE OF DEWARS AND
STORAGE TANKS

Small-capacity dry shippers are commonly
used for moving samples within a clinic or
shipping samples to other centres. In
general, these cryopreservation vessels are
nd Social Security de ClinicalKey.es por Elsevier en 
2023. Elsevier Inc. Todos los derechos reservados.



RBMO VOLUME 47 ISSUE 3 2023 5
double-walled, vacuum-insulated vessels
made of aluminium with a fibreglass
composite neck. The vessel absorbs liquid
nitrogen into its walls and when it is fully
charged sustains a low temperature; it
should be used only for liquid nitrogen and
not for other liquids. If the vessel is
orientated in any other way than vertically
upright this may accelerate the
evaporation rates and possibly damage the
vessel. Alternatively, mishandling (a fall, hit
or jarring blow) can cause an immediate or
premature vacuum failure that will result in
a temperature increase.

A new vessel and its packaging should be
examined upon receipt for any evidence of
damage (e.g. dents, or damage to the cork
or neck) and then cleaned using the
standard cleaning procedure. The empty
vessel should be weighed, before being
filled slowly with liquid nitrogen and closed.
Excessive frosting or sweating on the
outside of the vessel after the first few
hours indicates a compromised vacuum.
The vessel is weighed again after 2 h. If the
weight is different, the vessel could be
leaking or the vacuum wall damaged.
These situations may warrant the rejection
of non-qualifying containers (i.e.
retirement). Weight checks should be
carried out as a regular maintenance
procedure during the year.

An annual, or preferably monthly,
maintenance check should include a
summary of evaporation rates. In this
test, the weight of a full vessel is
measured over multiple days to define
the expected evaporation rate and is
compared with the normal evaporation
rate provided by the supplier. After each
use of a dry shipper a performance
qualification form should be completed
to supplement a periodic operational
qualification review.
CLEANING OF SHORT-TERM USE
DEWARS AND LONG-TERM USE
STORAGE TANKS

The life expectancy of most liquid nitrogen
dewars is 10 years (Rienzi et al., 2017a).
They are designed according to standard
requirements for safety, durability and
performance. The maintenance and
cleaning instructions provided by the
supplier must be strictly followed over
time. Mishandling contrary to these basic
instructions may lead to indirect damage
to the cryopreserved samples.
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In addition, the long-term maintenance of
storage containers may mandate their
periodic cleaning with solutions that do not
react with aluminium or stainless steel. A
generally accepted practice of using 10%
chlorine bleach with 90% water solution is
the best method for decontamination.
Other cleaners and disinfectants that can
be used safely include hydrogen peroxide,
a chlorine�water mixture and denatured
alcohol. It is important that all surfaces
being sanitized are thoroughly rinsed and
that all cleaning solution residues are
removed after cleaning. It is also suggested
that the unit is inverted to drain and dry
completely before being refilled. Routinely,
any household detergent or mild soap
solution is suitable.

Before cleaning the tanks, any
cryopreserved samples need to be
transferred in a safe and temperature-
controlled way to a similar cryostorage
vessel. All transfers need to be
witnessed, to guarantee the chain of
custody. The vessel is emptied in a well-
aerated environment and moved outside
the cryostorage area to eliminate the
risk of ambient volatile organic
compounds during the cleaning
procedure. After safely removing the
vessels with the specimens, the liquid
nitrogen should be allowed to equilibrate
and the bottom of the tank is then
inspected for miscellaneous devices or
debris. Once it has been confirmed that
the vessel is empty of specimens, it can
then be moved.

A typical cleaning procedure for a small
emptied stainless steel vessel includes
rinsing the vessel inside and outside with
sterilized water followed by spraying or fully
filling the vessel with the cleaning solution.
The cleaning solution is agitated in the
vessel to ensure the coverage of all
surfaces. The vessel is then decanted,
placed upside down and left to dry
completely before being put into service
again. Dry shipper tanks can be cleaned in
a similar manner, using the cleaning
product as advised by the supplier. A study
on the use of biocides for cleaning/
disinfecting dry shippers identified sodium
hypochlorite and peracetic acid as
effective (Bielanski and Vajta, 2009).
Drying of the adsorption material takes a
considerably longer time compared with a
stainless steel dewar. Replacing the
adsorption material regularly can also be
an option, and the use of one-time or
disposable dry shippers is becoming
increasingly popular.
liomexico@gmail.com) en National Library of Health and S
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The materials and equipment used
during the cryopreservation procedures
and storage also need to be cleaned
regularly; these include the forceps,
tongs, canisters, canes, heat-sealing
devices and slow-freezing devices as well
as the gloves and aprons used for
personal protection. As previously
mentioned, one strategy is to use UV
radiation to successfully sterilize the
liquid nitrogen for further vitrification
procedures (Parmegiani et al., 2010,
20102). The temporary storage tanks,
dewar flasks and Styrofoam baths used
for transporting straws or devices
between the long-term storage tanks
and the IVF laboratory bench should be
cleaned after use by rinsing or spraying
with a cleaning solution (e.g. a
commercially available solution of 6%
H2O2), followed by rinsing with sterile
water, and should be left to dry upside
down.

Specialized companies offer cleaning/
decontamination services for large vapour-
phase or liquid nitrogen tanks. Cleaning
protocols should be clearly described in
the standard operating procedures and
periodically reviewed or revised with new
information, and all cleaning and
maintenance interventions should be
logged. Although specialized companies
offer cleaning/decontamination services
for large vapour-phase or liquid nitrogen
tanks, it is strongly suggested that training
courses should be established for all staff
members on liquid nitrogen handling and
cryostorage compliance. Widely used
aluminium dewar tanks are only supported
by the weld at their adjoining necks and are
therefore susceptible to weakening at that
point, which will alter the integrity of the
vacuum and ultimately the evaporation
rates.

Clear instructions should be in place to
always handle the storage vessels with
care; excessive handling and repositioning
of empty tanks in everyday use and
especially during the cleaning, rinsing and
drying process can compromise their
integrity. Furthermore, it is
recommended that staff competency in
emergency preparedness should be
periodically tested by simulating a
critical catastrophic event in the
cryostorage room. And finally, moving
cryopreserved samples to temporary
tanks is a critical procedure, and care
should be taken in avoiding clerical
errors that could result in positional
errors in the vessels.
ocial Security de ClinicalKey.es por Elsevier en 
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TRANSPORT OF CRYOPRESERVED
SAMPLES

In clinical practice, patients often transfer
cryopreserved cells and tissues between
clinics and donor banks. Such transfers
may be local, within the country or across
borders, or even across continents, and all
these transfers demand particular
attention given the intrinsic value of the
biological material. It is strongly advised
that patients are counselled on the
potential risks of shipping their
cryopreserved biological materials,
including the signing of an informed
consent/agreement regarding liability.

The shipment of cryopreserved samples is
complex, involving several critical steps
such as sample transfer between storage
containers. As previously mentioned,
cryopreserved samples are highly sensitive
to temperature fluctuations, which may
occur during handling and storage. This is
particularly true when open vitrification
systems are used. Temperature and
humidity can change in uncontrolled ways,
and this fluctuation may be harmful to
reproductive samples. Despite the
predominant use of liquid nitrogen for
storage, the shipment of cells/tissue is
generally performed with tanks or dry
shippers that use nitrogen vapour (�150°
C). Disposable vapour-phase tanks can
also be used for transport. However, the
associated risk of sample devitrification,
defined as the process of crystallization of
a formerly crystal-free, amorphous glass
state that can lead to damage during the
warming of cells, should not be
underestimated (Alikani and Parmegiani,
2018; Tomlinson and Morroll, 2008).
Recovery failure and a lower survival rate
for shipped oocytes compared with their
non-shipped counterparts suggest that
some abnormal conditions could occur
during shipping, including exposure to
elevated temperatures and air pressure,
vibration and physical shock (McDonald et
al., 2011).

Most experts agree that professional
courier services are the safest means of
transportation, reducing risk liabilities to
the shipper, since they provide electronic
data logging of temperature, location and
container positioning to ensure that
proper conditions are maintained the
entire duration of a 24�48 h journey
(Parmegiani et al., 2017). Companies
involved in cold chain logistics should
undergo scrutiny by IVF clinics in the form
of audits and undergo an investigation of
Descargado para Biblioteca Medica Hospital México
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their adherence to international standards
(ISO 21973:2020).

As in other fields of medicine, there is a
need to develop common guidelines
aimed at providing a unified process
applying standard operating procedures,
forms and communication networks to
reduce, or preferably eliminate, any
possibility of error (Simione and Sharp,
2017). Standards have been drafted
providing general requirements to ensure
cell quality, safety and efficacy during the
transportation process, which have
important repercussions in the IVF
industry (ISO 21973:2020, White Paper,
Cryoport). Locally approved decrees can
also be taken into consideration to control
and implement procedures for
transporting cryopreserved biological
material.

Among these policies, it is worth
mentioning a document drafted by the
Italian Society of Embryology,
Reproduction, and Research (Paoli et al.,
2021). The Society identified critical
communication procedural steps between
Italian centres and created new forms for
patient authorization, requests from the
recipient centre, critical checks carried
out by both the sending and recipient
centres, the start of sample transfer,
collection, transport of and taking
responsibility for the biological material,
and acknowledgement of the arrival of
samples and also of any adverse event that
may have occurred. It is strongly advised
that patients are counselled on the
potential risks associated with shipping
their cryopreserved biological materials,
and this should also include signing an
informed consent form or agreement
around liability.
REPRODUCTIVE OUTCOMES
WHEN CRYOPRESERVED SAMPLES
ARE USED

The improvement of cryopreservation
practices for both oocytes and embryos
through the adoption of vitrification
protocols has been a game changer (Rienzi
et al., 2012). Reliable post-thaw viability and
higher adoption of single embryo transfer
have led to the acceptance of the
cumulative live birth rate per cycle
becoming the most appropriate measure
of success in IVF (Maheshwari et al., 2015).
Furthermore, freeze-all cycles represent a
feasible strategy to decrease the risk of
severe ovarian hyperstimulation syndrome
 (bibliomexico@gmail.com) en National Library of Health a
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(Zhu et al., 2018) and reduce the maternal,
gestational and perinatal risks associated
with multiple gestations by performing
single euploid embryo transfers (Conforti
et al., 2021). Although most scientists agree
that fresh oocytes produce more stable
live birth rates per started cycle compared
with cryopreserved oocytes (Kushnir et al.,
2018), oocyte vitrification has proven to be
a successful strategy for fertility
preservation for women, especially those
with a medical indication (Cornet-
Bartolome et al., 2020).

Despite this, limited data are available on
the health of the children born from
cryopreserved oocytes, especially in
cancer patients, emphasizing the need for
well-designed follow-up studies of
pregnancies and a long-term follow-up of
children born (Fraison et al., 2023; Porcu
et al., 2022).
THE AUTOMATED FUTURE OF
CRYOMANAGEMENT

Even with technological advancements on
the horizon, IVF is primarily a manual
process that is time-consuming and largely
operator dependent. Only a fraction of the
available procedures have thus far been
semi-automated and integrated into
routine use, specifically slow freezing,
automatic witnessing and the time-lapse
monitoring of embryo development.

To address the need to better control all
the important variables during the
vitrification process, including
temperature, embryo position, media
volume, media concentration and
exposure times, and to minimize the
variability across users and clinics,
automated vitrification has been proposed
for the optimization and repeatability of
the results (Dal Canto et al., 2019; Roy et
al., 2014b). Although promising in terms of
clinical performance and enhanced
standardization, automated vitrification
may lead to longer processing times and
less convenience for staff while not
necessarily increasing efficiency or
eliminating potential clinical errors
compared with conventional manual
processes (Hajek et al., 2021). Robotic
systems and microfluidic platforms are
currently being developed and marketed
but at present remain clinically untested
(Arav and Patrizio, 2022; Arav et al., 2018;
Cianchetti et al., 2018;Meseguer et al.,
2012;Miao et al., 2022; Roy et al., 2014b;
Tirgar et al., 2021).
nd Social Security de ClinicalKey.es por Elsevier en 
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With respect to traceability and quality
control, electronic witness systems are
more commonly employed from egg
retrieval to embryo cryopreservation.
These systems use either barcode readers
or radiofrequency identification (RFID)
tags to identify gamete and embryo
sources with dishes and devices in relation
to the patient source(s). Modified RFID
labels are capable of working in liquid
nitrogen to locate, identify and quantify
cryo-devices while they are being stored or
relocated (Palmer et al., 2020). These
labelling and coding systems have the
advantage of providing witness traceability
of the entire IVF process to the eventual
location in the storage tank by a series of
‘matching’ steps; each critical step is
electronically documented, thus providing
an improvement in timing and efficiency
compared with manual witnessing (Holmes
et al., 2021).

An automated system may be seen as an
additional expense and added set-up
process for a well-staffed, centralized
laboratory where manual witnessing is
being effectively implemented, but it has
the potential to drastically reduce the
accidental warming of cryo-devices during
sample verification. Such a process
provides a more optimal cryostorage chain
of custody. Finally, the use of RFID logging
of cryo-devices is under investigation to
further improve the safe handling of
reproductive tissues and improve their
traceability in cryobanks. Current systems
require excessive specimen manipulation
and are prone to misplacement by human
error.

Automated platforms are being
developed to provide high levels of
safety and security and an improved
chain of custody for the management,
identification and storage of frozen
human gametes and embryos. It is
proposed that automated racking and
storage processes using integrated
software and hardware would prevent
the types of catastrophes that might
result from manual processes.
Automation may reduce incidents such
as the misidentification, misplacement or
loss of reproductive material (Abdullah
et al., 2022; Tomlinson and Morroll,
2008). In an automated sample
inventory system, samples would be
safely maintained at controlled
temperatures and constantly controlled
for their location; these proposed higher
levels of safety and security need to be
proven (Logsdon et al., 2021).
Descargado para Biblioteca Medica Hospital México (bib
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When transitioning from purely manual
procedures to automated processes
involving robotic mechanics, electronics
and sensor locations, concern must focus
on the reliability of stored gametes and
embryos if malfunctions occur.
Additionally, if a new storage system
requires a complete change of the type of
vessel (e.g. canes, visotubes or beacons)
used in the storage process, one must
weigh its compatibility with traditional
systems and potential excess sample
manipulations under various conditions
previously described (i.e. in storage,
shipping and emergency handling). Such
potential improvements to the traditional
way of storage should be thoroughly
investigated and validated for improved
safety and against integrity failure,
malfunctions and heightened
maintenance.

Regardless of new technologies every
single IVF centre should have a clear and
reliable protocol for the identification of
patients and traceability of cells during
manipulation. Findings by a ‘failure mode
and effects analysis’, applied to sample
traceability would support IVF groups in
better recognizing critical steps in their
protocols, understanding identification
and witnessing the process and, in turn,
enhancing safety by introducing validated
corrective measures (Intra et al., 2016;
Rienzi et al., 2017a). Established quality
control practices must continue to be
balanced when validating the potential
pros and cons of new technologies from a
risk�liability�cost perspective.
CONCLUSIONS

There is an undeniable growth in the cryo-
inventory within IVF laboratories due to
improvements in blastocyst culture and
embryo and oocyte cryopreservation
protocols, the practice of single-embryo
transfer and the more widespread use of
medically assisted reproduction in general.
Likewise, the efficacy of pregnancy success
after IVF and the increasing opportunity
for fertility preservation contributes to
samples remaining unused and possibly
unclaimed, presenting a challenge of
cryomanagement and ultimately storage
space within a clinic. Hence, the
management of cryopreserved
reproductive tissues in an IVF laboratory is
becoming an increasing burden for clinic
staff, requiring skilled personnel,
specialized equipment and strict
adherence to quality control measures.
liomexico@gmail.com) en National Library of Health and S
 No se permiten otros usos sin autorización. Copyright ©202
The mounting administrative demand for
monitoring and managing cryo-inventories
calls for advances in this area to help
embryologists manage these samples and
reduce risk liability and cost perspective.

The implementation of improved cryotank
designs, more sensitive and reliable early
alert monitoring systems and automated
platforms may reduce the risks associated
with both the storing and inappropriate
handling of reproductive samples. Clinics
should investigate retention time and
dormant samples to manage storage
policies from within the clinic and even
drive the discussion to the development of
off-site solutions. Once these innovative
inventory management solutions are
properly validated and clinically trialled,
they have great potential to improve
current diligence. Whatever the
technology used, the objective should
always be to implement a complementary
quality management system for the
cryostorage of cells and tissues to ensure
the safety and proper identification of
samples, thereby preventing mishandling
and mitigating the risk of potentially
catastrophic events.
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