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Abstract

Background: Sperm cryopreservation is an important procedure for oligozoospermic

subjects at risk of azoospermia and after surgical recovery of spermatozoa in non-

obstructive azoospermic men. Conventional procedures for sperm cryopreservation

might be, however, not suitable for samples with a very low sperm number.

Objectives: In this pilot study, we investigated the recoveries of sperm motility and

viability in severe oligozoospermic subjects (n= 39) after cryopreservation with a tip-

microVapour Fast Freezing, a procedure previously developed by our group for men

with good semen quality. Sperm DNA fragmentation was also evaluated in a second

group of oligozoospermic samples (n= 16).

Materials and methods:We used a Vapour Fast Freezing procedure using 10 µL tips
as carrier, and Test Yolk Buffer as freezing medium (tip-microVapour Fast Freezing).

In a subset of samples (n = 22), we compared recovery of motility and viability as

obtained with tip-microVapour Fast Freezing and with a Vapour Fast Freezing pro-

cedure using 500 µL straws. Sperm DNA fragmentation was evaluated by the sperm

chromatin dispersion test.

Results: We found a recovery rate (median [interquartile range]) of 0.29 (0.13–0.41)

for progressive motility, 0.30 (0.21–0.52) for total motility and 0.48 (0.29–0.60) for

viability. Interestingly, we observed that samples with the poorest motility were

apparently less damaged by freezing/thawing. In a subset of samples (n = 22), we

directly compared values of viability, progressive motility and total motility by freez-

ing/thawing with tip-microVapour Fast Freezing and Vapour Fast Freezing conducted

with 500 µL straws. We found much better values of all sperm parameters in sam-

ples after freezing/thawing with tip-microVapour Fast Freezing than with Vapour

Fast Freezing in 500 µL straws: that is, progressive motility: 7.00 (3.00–8.50)% ver-

sus 2.00 (0.00–4.25)%, p < 0.001; total motility: 12.00 (8.00–16.25)% versus 6.50

(1.00–9.25)%, p < 0.001; viability: 29.75 (23.75–45.25) versus 22.50 (13.75–28.13),

p< 0.001, respectively. In the second group of oligozoospermic samples, we found that

tip-microVapour Fast Freezing produced lower levels of sperm DNA fragmentation

than straws (33.00 [19.75–36.00]% vs. 36.00 [22.75–41.87]%, p< 0.001).
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Discussion and conclusion: Tip-microVapour Fast Freezing appears to be a very

promising method to cryopreserve semen samples from severe oligozoospermic

patients.
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1 INTRODUCTION

One in every seven couples experiences fertility problems in the west-

ern societies, with a male factor responsible for up to 50% of the

cases. Men with severe oligozoospermia or azoospermia account for

3.1% and 4.3% of infertile subjects,1 respectively, and such percent-

ages are expected to increase over time because of the declining trend

in sperm count/concentration recently reported.2,3 The introduction

of intracytoplasmic sperm injection (ICSI) gave the chance of parent-

hood to couples with severe male factor infertility by allowing the

treatment of men with severe oligozoospermia and even those with

azoospermia. In menwith severe oligozoospermia, an extended search

of spermatozoa in semen can be pursued,making possible the recovery

of a sufficient number of spermatozoa for oocyte injection. However,

these patients are at major risk to become azoospermic than men

with mild or moderate oligozoospermia.4 For azoospermic subjects,

percutaneous or microsurgical aspiration from epididymis or surgical

retrieval from testis of spermatozoa are available,5 including those

mainly used in case of non-obstructive azoospermia (NOA): testicu-

lar sperm aspiration (TESA) and testicular sperm extraction (TESE).

These approaches have highly variable sperm recovery rates (RRs):

in obstructive azoospermia (OA), 45%−97% for epididymal sperm

aspiration6 and near 100% for TESA and TESE7,8; in NOA, 36%−64%

for TESE and even lower for TESA.5,6 Such a scenario poses the pos-

sibility that no spermatozoon are found on the day of oocyte pick-up.

This situation might provoke ICSI cycle cancellation and request for

repetition of surgical sperm recovery, increasing the risk of medical

complications other than the psychological and economic burden for

the couple.

In this scenario, sperm cryopreservation can be of help for oligo-

zoospermic subjects at risk of azoospermia. In addition, in men under-

going surgical recovery of spermatozoa, it can reduce the number

and consequences of repeated surgical interventions and assure that

spermatozoa are always available for the ongoing ICSI cycle.

Sperm cryopreservation procedures conventionally consist of

adding cryoprotectants, freezing with gradual temperature decrease

and finally storing semen samples in liquid nitrogen. These procedures

are used for sperm banking in subjects presenting with middle/fine

semen quality but appear not suitable for samples with very low

sperm number, as they present several drawbacks. First, conventional

procedures use relatively large carriers and sample volumes which

endanger sperm retrieval after thawing. Second, conventional proce-

dures lead to a high reduction in sperm viability and motility and to

sperm loss because of washing step of thawed samples.9 This issue can

be balanced in samples withmild/good quality but represents a serious

drawback with samples with very low sperm numbers. Another rele-

vant sperm parameter is the integrity of DNA as it is well known that

freezing/thawing provokes an increase in sperm DNA fragmentation

(sDF).10 The latter, in turn, endangers the outcomes of assisted repro-

ductive techniques, including ICSI,11,12 when frozen samples are used.

To overcome some of the drawbacks of conventional cryopreservation

procedures, several biological or non-biological carriers have been

tested,6 but the optimal carrier for cryopreservation of a low number

of spermatozoa is still sought.

Our group recently tested two procedures of Vapour Fast Freezing

(VFF) to cryopreserve spermatozoa in low semen volumes (microVFF)

and found that such procedures better maintain sperm viabil-

ity/motility orDNAquality, depending on the carrier used,with respect

to conventional VFF. In particular, using 10 µL tips (tip-microVFF),

thawed samples showed percentages of motility and viability similar

to a conventional VFF procedure but a lower percentage of sDF.9 We

also found that washing/centrifuging steps after sample thawing pro-

vokeda relevant fractionof damage tomotile andviable spermatozoa.9

In this study, we aimed at investigating the recovery of sperm motil-

ity and viability in subjects presenting with extremely low sperm

number after cryopreservation with a tip-microVFF and skipping the

washing/centrifuging steps in thawed samples.

2 MATERIALS AND METHODS

2.1 Population and study design

In this pilot study, semen samples were collected from 39 patients with

severe oligozoospermia, afferent to the Semen Cryopreservation and

Andrology Laboratory of Careggi Hospital, from December 2019 to

August 2021, to undergo semen cryopreservation because they were

affected by oncological disease (testicular cancer, n = 7; lymphoma,

n = 2; glioma, n = 1) or oligozoospermia (n = 29). All these subjects

were offered sperm banking by a standard procedure used in the lab-

oratory since 1992,13 that is, a VFF method using 500 µL high security
straws (Cryo Bio System) as carrier and Test Yolk Buffer (TYB, con-

taining 20% egg yolk and 12% glycerol as cryoprotectants) (Fujifilm,

Irvine Scientific) as freezing medium (from here on indicated as con-

ventional procedure). In all 39 subjects, with remaining semen samples

from cryopreservation with conventional procedure, we also used a
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DABIZZI ET AL. 3

F IGURE 1 Scheme of the study design. VFF, Vapour Fast Freezing.

TABLE 1 Population characteristics (n= 39).

Age (year) Abstinence (day) Volume (mL) pH

Sperm concentration

(million/mL)

Sperm count

(million/ejaculate)

33.54± 9.18 4.00 (3.00–5.00) 3.30± 1.99 7.60 (7.40–7.80) 1.20 (0.48–2.10) 2.85 (1.14–8.06)

Note: Values aremean± SD ormedian (interquartile range).

newmethod, that is, a VFF using TYB as the freezingmedium but 10 µL
polypropylene tips as carrier (tip-microVFF).9 Finally,when the remain-

ing semen volume was at least 150 µL (n = 22), an additional straw

was prepared in order to compare recovery of motility and viability of

conventional procedure to that of tip-microVFF (Figure 1). The popula-

tion characteristics are reported in Table 1. To compare tip-microVFF

and conventional procedure in terms of sperm DNA integrity after

thawing,we recruited further 16patientswith oligozoospermia (sperm

concentration <15 million/mL) among men undergoing routine semen

analysis, resulting in a groupwithhigher spermconcentrationandnum-

ber than the groupwith severeoligozoospermia (Tables S1 and1). Table

S1 also reports the values for age, abstinence and the other semen

parameters as found in fresh samples in this second group. All the

recruited subjects signed a written informed consent form. The study

was approved by the Ethical Committee of AOU Careggi (protocol no.

15554_bio).

2.2 Semen analysis

Semen samples were collected after sexual abstinence for 2−7 days

(Table 1). After 30 min for liquefaction, semen analysis was conducted

following the WHO 2010 guidelines14 and consisted of determi-

nation of: (i) sperm number and concentration, (ii) progressive and

total sperm motility, and (iii) sperm viability. Briefly, sperm concen-

tration was determined by using a Neubauer improved cell counting

chamber and examining all nine grids, as suggested by WHO manual

2010, in case of very low sperm number14; sperm concentration was

then multiplied by semen volume to obtain sperm number/ejaculate.

Motility was determined, using light microscopy at 40× magnification

on fresh and thawed samples by scoring progressive (a + b), non-

progressive (c) and immobile spermatozoa (d) in 200 cells, in different

fields. Total motility (a + b + c) was scored as progressive + non-

progressive motility. Sperm viability was evaluated by using eosin test:

the sample was mixed with an eosin solution (1:2), spread on a slide

and examined by light microscopy, scoring stained and non-stained

spermatozoa.

The RR of sperm parameters was calculated by the ratio: post-thaw

value/fresh sample value. For RR of sperm concentration, we used the

fresh value at freezing time after the addition of freezingmedium.

2.3 Sperm cryopreservation

TYB was slowly added (1:1) to semen samples; hence, the samples

were aspirated into the straws, which were subsequently sealed on

both sides (conventional procedure). For tip-microVFF, samples were

aspired by a micropipette into the tips and then carefully inserted one

by one into a cryovial for storage. In both procedures, carriers were

first cooled in liquid nitrogen (LN2) vapour for 8 min by placing them

in a floating support at 5 cm above the surface of LN2 (cooling rate of

−15.6◦C/min). Hence, the carriers were immersed in LN2.
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4 DABIZZI ET AL.

2.4 Thawing

After removal from storage, tips were thawed by carefully opening

the cryovial still immersed in LN2, but attention was given to avoid

entry of LN2 into the vial. Hence, tips were placed vertically on a

sterile Petri dish until thawing (few seconds). Samples cryopreserved

with conventional procedurewere thawed by placing them at 37◦C for

15 min. Then, we evaluated motility and viability. In the comparison

between tip-microVFF and conventional procedure, in the first 13 sam-

ples, we also evaluated post-thawed sperm concentration. All tested

parameters were evaluated in duplicate.

2.5 Sperm chromatin dispersion assay

sDF was detected with Halosperm kit (Halotech DNA) by following

manufacturer’s instructions with slight modifications. Briefly, 50,000

spermatozoa were added to 1% lowmelting point agarose and layered

on pre-coated agarose slides. Slides were then covered with a cover-

slip until solidification (4◦C). Then, samples were treated with the acid

denaturation solution and then with the lysing solution (both provided

by the kit). Hence, slides were dehydrated with 70% ethanol and then

with 100% ethanol. Staining was conducted with eosin (15 min at RT)

and thiazine (15 min at RT) solutions. After drying, slides were scored

for halos by bright fieldmicroscopy by counting at least 200 spermato-

zoa. sDF was expressed as the percentage of spermatozoa without or

with small halo on total spermatozoa.9

2.6 Statistical analyses

Data were analysed with Statistical Package for the Social Sciences

(SPSS 25) for Windows (SPSS, Inc.). The Kolmogorov–Smirnov test

was used to check the normal distribution of the variables and data

are expressed as the mean ± SD or median (interquartile range),

accordingly. We used the Wilcoxon signed rank test to compare: (i)

post-thawing values to the fresh ones and (ii) after-thawing sperm

parameters obtained with conventional procedure and tip-microVFF.

Correlation analysis between the fresh–thawed difference and fresh

values was evaluated by calculating the Spearman’s correlation coef-

ficient (r). To evaluate the regression to the mean and mathematical

coupling effects, we applied the Oldham test.15 The comparison

between conventional procedure and tip-microVFF was sized consid-

ering progressivemotility as primary endpoint.

2.7 Sample size calculation

Preliminary experiments of comparison between conventional and tip-

microVFF indicated that paired differences showed a mean ± SD of

3.89 ± 4.73 and a normal distribution. Hence, assuming a power of

0.90 and an alpha error of 0.05, the number of subjects to be recruited

resulted to be 19, as calculated by a two-sided Wilcoxon signed rank

test for quantitative, non-parametric and paired data. Analysis of sam-

ple size was computed using PASS software (PASS 2022, v22.0.2,

NCSS).

3 RESULTS

The results of tip-microVFF in the 39 oligozoospermic samples are

reported in Table 2. As shown, tip-microVFF recovered nearly all

frozen spermatozoa (concentration RR = 0.85), whereas, as expected,

both progressive and total motility were highly decreased (RR = 0.29

and 0.30, respectively). Sperm viability was less affected by freez-

ing/thawing, showing an RR of 0.48. Interestingly, whenwe plotted the

difference between fresh and thawed values against fresh values, we

observed a sharp direct correlation for progressive (r= 0.95, p< 0.001,

Figure 2A) and total motility (r = 0.87, p < 0.001, Figure 2B) and via-

bility (r = 0.43, p < 0.01, Figure S1). Therefore, these results might

indicate that the better the value of the aforementioned parameters,

in fresh samples, the more severe was their deterioration during cry-

opreservation. We also investigated whether such relationships were

merely because of a regression to the mean and/or mathematical cou-

pling effect, by analysing data with Oldham test.15 The results showed

no evidence of relationship between differences in fresh–thawed and

fresh values for sperm vitality (Pearson’s correlation coefficient: 0.08;

95% confidence limits: −0.24, 0.39; p = 0.609), at variance with both

progressive (Pearson’s correlation coefficient: −0.88; 95% confidence

limits:−0.93,−0.77;p<0.001) and totalmotility (Pearson’s correlation

coefficient:−0.69; 95% confidence limits:−0.83,−0.48; p< 0.001).

In a subset of 22 semen samples, we compared motility and via-

bility after conventional procedure and tip-microVFF. The results are

reported in Figure 3, showing that the new method better recov-

ered both progressive and total motility than conventional procedure

(Figure 3A,B). This result is also present when evaluating viabil-

ity (Figure 3C). Consistently, using tip-microVFF, RR for progressive

(RR= 0.29 [0.13–0.41] vs. 0.14 [0.00–0.21], p< 0.001) and total motil-

ity (RR= 0.30 [0.21–0. 52] vs. 0.19 [0.03–0.29], p< 0.001) were higher

than those of the conventional procedure. Similar results were found

for viability (RR = 0.49 [0.29–0.60] vs. 0.29 [0.18–0.41], p < 0.001).

Regarding sperm concentration (n = 13), the two procedures showed

similar recoveries, with a ratio value between after and before cry-

opreservation of 0.91 [0.68–1.00] for microVFF and 0.87 [0.74–1.00]

for conventional procedure (p = 0.374). To assess whether baseline

semen alteration could affect the comparison between the two cry-

opreservation methods, we grouped subjects according to baseline

semenquality. These analyses, however, confirmedbetter RRswith tip-

microVFF than straws in subjects both below and above the median

values of baseline progressive motility, sperm count and viability (data

not shown).

To verify whether tip-microVFF protected sperm DNA integrity

better than 500 µL straws, we recruited further 16 patients with

oligozoospermia among subjects undergoing routine semen analysis.

Figure 4 reports the results of this comparison showing the expected

increase in sDF after thawing but a lower level of sperm DNA damage
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DABIZZI ET AL. 5

TABLE 2 Recovery of sperm concentration, progressive and total motility and viability after cryopreservation with tip-microVapour Fast
Freezing (VFF) (n= 39).

Sperm concentration (million/mL) Progressivemotility (%) Total motility (%) Viability (%)

Fresh 0.90 (0.50–2.00) 15.00 (7.00–29.00) 30.00 (17.00–40.00) 75.00 (58.50–80.00)

Thawed 0.80 (0.43–1.50) 4.00 (2.00–8.00) 11.00 (4.00–15.00) 29.5 (20–40.50)

p-Valuea <0.001 <0.001 <0.001 <0.001

Recovery 0.85 (0.73–1.00) 0.29 (0.13–0.41) 0.30 (0.22–0.52) 0.48 (0.29–0.60)

Note: Data aremedian (interquartile range).
aWilcoxon signed rank test.

F IGURE 2 Dispersion plots reporting differences in fresh–thawed
values (loss) against basal progressive (A) and total motility (B).

in samples cryopreserved with tips than straws. The results of motility

and viability in these 16 patients confirmed a better recovery of

progressive motility by tips (4.50 [2.00–10.00]%) than straws (4.00

[2.00–8.00]%, p < 0.05). A trend towards higher recoveries, albeit

not statistically significant, was also observed for total motility (9.00

[3.25–15.75]% vs. 7.50 [3.50–9.75]%, tips vs. straws, respectively)

and viability (34.50 [22.50–40.00]% vs. 27.00 [24.00–39.00]%, tips vs.

straws, respectively).

4 DISCUSSION

In this pilot study, we show that the use of tip-microVFF to cryopre-

serve semen samples with very low sperm counts guarantees a better

recovery of both motility parameters and viability of spermatozoa

than conventional procedure. Interestingly, the new method appears

to preserve sperm motility, especially when poor values are present

in fresh samples; hence, there is a pressing need for small-volume

cryopreservation procedure.

This project stems from a previous study by our group, aimed at

comparing the effect of freezing with microVFF and that of the con-

ventional VFF in 500 µL straws in samples of patients with normal

sperm count and motility.9 That study found that microVFF by using

10 µL tips yielded similar recovery of motility and viability but lower

sperm DNA damage than conventional VFF in 500 µL straws.9 The

ultimate scope of current research was to develop a new method to

cryopreserve very low semen volumes, in order to extend the service

of sperm banking to patients with low sperm counts. Because it is well

known that recovery of sperm motility and viability highly depends

on baseline semen quality,13,16 in the current study, we challenged

tip-microVFF using samples from severely oligozoospermic patients,

and in a subset of samples, we compared results with those found

using 500 µL straws. Surprisingly, we found that the use of tips yielded
very good after-thawing values of both motility and viability, result-

ing even better than those previously published in 2013 by our group

in a similar group of patients (i.e., oligozoospermic ones) using the

same procedure but with 500 µL straws.13 Indeed, Degl’Innocenti

et al.13 showed that the median value of recovery approximated 0%

for motility parameters and 20% for viability (n = 219), versus 4%

and 11% for progressive and total motility, respectively, and 29.5%

for viability observed in the 39 recruited men of this study. The bet-

ter recovery of motility and viability obtained with 10 µL tips than

500 µL straws was also confirmed by the direct comparison done in

this study in 22 samples (Figure 3), which also showed that after-

thawingmotility and viability with straws are similar to those reported

in 2013.13
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6 DABIZZI ET AL.

F IGURE 3 Box graphs reportingmedian values (interquartile range) of progressive (A) and total (B) motility and viability (C), as found before
and after cryopreservation with conventional procedure and tip-microVapour Fast Freezing (VFF). **p< 0.001;Wilcoxon signed rank test.

As mentioned, tip-microVFF resulted safer than conventional pro-

cedure in terms of sperm DNA integrity in semen samples with good

quality.9 To confirm this finding, because of the very low availability

of sperm counts in severely oligozoospermic subjects, we recruited

a second group of subjects with moderate oligozoospermia, where

we compared tip-microVFF and conventional procedure in terms of

damage to DNA. We found that straws yielded higher post thawing

values of sDF than tips, although the latter remained over the 30%

threshold.17,18 These results further underline the importance of the

carrier for protection of semen samples from cryodamage in oligo-

zoospermic subjects, as already indicated by others.19 As mentioned,

when the comparison between tips and straws was conducted in sam-

ples with good semen quality, tips and straws yielded very similar

results,9 contrary towhatwas reported in this studywitholigozoosper-

mic samples. One possible explanation for this result might rely on the

fact that in current study, we skipped the washing/centrifugation step

after thawing samples. The method to thaw samples is very important

in terms of induced damage by different cryopreservation procedures.

For instance, we recently showed that the additional damage induced

by vitrification with respect to VFF was nearly blunted when motil-

ity and viability were immediately evaluated after thawing, skipping

the centrifugation for samplewashing.9 Analternative intriguingexpla-

nation of the different results obtained in oligozoospermic subjects

versus normozoospermic onesmight rely on intrinsic characteristics of

the samples. Indeed, we found a sharp relationship between both pro-

gressive and total motility in fresh samples and their loss during cryop-

reservation, indicating that the lower is the value before and the lower

is the damage after thawing. Aswe excluded that such relationshipwas
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DABIZZI ET AL. 7

F IGURE 4 Box graphs reportingmedian values (interquartile range) of spermDNA fragmentation (sDF), as found before and after
cryopreservation with conventional procedure and tip-microVapour Fast Freezing (VFF). **p< 0.001;Wilcoxon signed rank test.

F IGURE 5 A cartoon depicting the suggested use of
tip-microVapour Fast Freezing (VFF) thawed samples in the assisted
reproductive technique cycle. PVP, polyvinylpyrrolidone.

due to mathematical coupling and/or regression to the mean effects,

we can conclude that the worst samples may be somehow more pro-

tected by injuries to spermmotility by freezing/thawingwith respect to

good samples.

As mentioned, in this study, sample washing after thawing was

skipped in tip-microVFF, in order to limit sperm loss as already

reported with very small semen volumes.20–22 This aspect guarantees

a shortened time for handling samples and avoids noxious effects of

centrifugation.9 On the other hand, skipping washing step might be

detrimental for semen samples, as cryoprotectant compounds could be

toxic to cells and tissues.23 The strength point of the study is the idea

to overcome this limitation by preparing an ICSI plate with some 20 µL
drops of spermmedium, linking them in pair with a thin medium bridge

using a pipette (Figure 5) and covering with mineral oil until use. After

thawing as described in M&M, tip can be discharged in a drop, allow-

ing spermatozoa to swim across the medium bridge for washing and

selection.

Beside the ease of handling sample, the new method is cheap, as it

is time-saving and does not require special equipment and material. In

addition, it is safe, as tips are stored in closed vials thus preventing viral

cross-contamination. Hence, tip-microVFF appears to overcome most

drawbacks previously reported with other carriers.24–28

This study has two major limitations. Firstly, although better recov-

ery of motility, viability and DNA integrity was observed (Ref.9 and

present study), tips were not tested for biocompatibility at temper-

ature of liquid nitrogen. Secondly, up to now, we have no data on

reproductive outcomes with spermatozoa frozen in tips.

In conclusion, this study presents an easy, cheap and simple new

method to cryopreserve semen from severely oligozoospermic sub-

jects. In addition, tip-microVFF yields very good values of recovery

of both sperm motility and viability. Indeed, such values result much

better than those found with 500 µL straws observed in this and in a

previous study by our group13 conducted with similar subjects. Hence,

tip-microVFF appears to be very promising new method to cryopre-

serve semen samples with very low sperm numbers, such as those of

severely oligozoospermic subjects.

AUTHOR CONTRIBUTIONS

Sara Dabizzi conceived and designed the study, performed cryopreser-

vation procedures and participated in writing the manuscript. Selene

Degl’Innocenti and Costanza Calamai performed cryopreservation

procedures. Costanza Calamai also performed sperm DNA fragmen-

tation determination. Luca Boni performed Oldham test. Mario Maggi

and Linda Vignozzi prompted the group to challenge the conventional

VFF procedure and critically discussed the results. Monica Muratori

performed statistical analyses and drafted the manuscript. All authors

critically reviewed themanuscript and gave their approval.

 20472927, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/andr.13531 by U

niversita D
i Firenze Sistem

a, W
iley O

nline L
ibrary on [19/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



8 DABIZZI ET AL.

ACKNOWLEDGMENTS

We thank Salvatore Zimmitti, who calculated the sample size of com-

parison between tip-microVFF and conventional procedure. The study

was supported by Fondazione Ente Cassa di Risparmio di Firenze

(ECFR 2017) and Andrological Sciences Onlus.

CONFLICT OF INTEREST STATEMENT

The authors declare they have no conflicts of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

SaraDabizzi https://orcid.org/0009-0005-2904-7245

LindaVignozzi https://orcid.org/0000-0003-0907-0630

REFERENCES

1. Irvine DS. Epidemiology and aetiology of male infertility. Hum Reprod.
1998;13:33-44.

2. Levine H, Jørgensen N, Martino-Andrade A, et al. Temporal trends in

sperm count: a systematic review and meta-regression analysis. Hum
Reprod Update. 2017;23:646-659.

3. Levine H, Jørgensen N, Martino-Andrade A, et al. Temporal trends

in sperm count: a systematic review and meta-regression analysis of

samples collected globally in the 20th and 21st centuries. Hum Reprod
Update. 2023;29:157-176.

4. Bak CW, Song SH, Yoon TK, Lim JJ, Shin TE, Sung S. Natural course of

idiopathic oligozoospermia: comparison of mild, moderate and severe

forms. Int J Urol. 2010;17:937-943.
5. Ishikawa T. Surgical recovery of sperm in non-obstructive azoosper-

mia. Asian J Androl. 2012;14:109-115.
6. AbdelHafez F, Bedaiwy M, El-Nashar SA, Sabanegh E, Desai N. Tech-

niques for cryopreservation of individual or small numbers of human

spermatozoa: a systematic review. Hum Reprod Update. 2009;15:153-
164.

7. Thornhill JA, Fanning DM, Davis NF, Ward F, Shamoun O, Brinsden

P. Testicular sperm extraction and intracytoplasmic sperm injection:

outcomes in a specialist fertility centre. Ir Med J. 2015;108:263-
265.

8. Hu Y, Cao S, Wu S, Zhao J, Arhin SK, Shan D. Comparison of the

effects of different testicular sperm extractionmethods on the embry-

onic development of azoospermic men in intracytoplasmic sperm

injection (ICSI) cycles: a retrospective cohort study. Biomed Res Int.
2021;2021:5515247.

9. Arciero V, Ammar O, Maggi M, Vignozzi L, Muratori M, Dabizzi S.

Vapour fast freezing with low semen volumes can highly improve

motility and viability or DNA quality of cryopreserved human sperma-

tozoa. Andrology. 2022;10:1123-1133.
10. Kopeika J, Thornhill A, Khalaf Y. The effect of cryopreservation on the

genome of gametes and embryos: principles of cryobiology and critical

appraisal of the evidence.HumReprod Update. 2015;21:209-227.
11. Cissen M, Wely MV, Scholten I, et al. Measuring sperm DNA frag-

mentation and clinical outcomes of medically assisted reproduction: a

systematic review andmeta-analysis. PLoS One. 2016;11:e0165125.
12. Simon L, Zini A, Dyachenko A, Ciampi A, Carrell DT. A systematic

review and meta-analysis to determine the effect of sperm DNA

damage on in vitro fertilization and intracytoplasmic sperm injection

outcome. Asian J Androl. 2017;19:80-90.

13. Degl’Innocenti S, Filimberti E, Magini A, et al. Semen cryopreservation

formen banking for oligospermia, cancers, and other pathologies: pre-

diction of post-thaw outcome using basal semen quality. Fertil Steril.
2013;100:1555-1563.

14. WHO.World Health Organization LaboratoryManual for the Examination
and Processing of Human Semen. Geneva:WHOPress; 2010.

15. TuYK,GilthorpeMS.Revisiting the relationbetween change and initial

value: a review and evaluation. Stat Med. 2007;26:443-457.
16. Stanic P, Tandara M, Sonicki Z, Simunic V, Radakovic B, Suchanek

E. Comparison of protective media and freezing techniques for cry-

opreservation of human semen. Eur J Obstet Gynecol Reprod Biol.
2000;91:65-70.

17. Ni W, Xiao S, Qiu X, et al. Effect of sperm DNA fragmentation on

clinical outcome of frozen-thawed embryo transfer and on blastocyst

formation. PLoS One. 2014;9:e94956.
18. Le MT, Nguyen TAT, Nguyen HTT, et al. Does sperm DNA fragmenta-

tion correlate with semen parameters? Reprod Med Biol. 2019;18:390-
396.

19. Ziarati N, Topraggaleh TR, Rahimizadeh P, et al. Micro-quantity straw

as a carrier for cryopreservation of oligozoospermic semen samples:

effects of storage times and cryoprotectant. Cryobiology. 2019;86:65-
70.

20. Jensen CF, Ohl DA, Parker WR, et al. Optimizing human semen cry-

opreservation by reducing test vial volume and repetitive test vial

sampling. Fertil Steril. 2015;103:640-646.
21. Berkovitz A, Miller N, Silberman M, Belenky M, Itsykson P. A novel

solution for freezing small numbers of spermatozoa using a sperm

vitrification device.HumReprod. 2018;33:1975-1983.
22. Sereni E, Bonu MA, Fava L, et al. Freezing spermatozoa obtained

by testicular fine needle aspiration: a new technique. Reprod Biomed
Online. 2008;16:89-95.

23. Best BP. Cryoprotectant toxicity: facts, issues, and questions. Rejuve-
nation Res. 2015;18:422-436.

24. AbdelHafez F, Bedaiwy M, El-Nashar SA, Sabanegh E, Desai N. Tech-

niques for cryopreservation of individual or small numbers of human

spermatozoa: a systematic review.HumReprod. 2008;15:153-164.
25. Endo Y, Fujii Y, Shintani K, Seo M, Motoyama H, Funahashi H. Simple

vitrification for small numbers of human spermatozoa. Reprod Biomed
Online. 2012;24:301-307.

26. Peng QP, Cao SF, Lyu QF, et al. A novel method for cryopreserva-

tion of individual human spermatozoa. In Vitro Cell Dev Biol Anim.
2011;47:565-572.

27. Stein A, Shufaro Y, Hadar S, Fisch B, Pinkas H. Successful use of the

Cryolock device for cryopreservation of scarce human ejaculate and

testicular spermatozoa. Andrology. 2015;3:220-224.
28. Sun J, Chen W, Zhou L, et al. Successful delivery derived from cry-

opreserved rare human spermatozoa with novel cryopiece. Andrology.
2017;5:832-837.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Dabizzi S, Calamai C, Degl’Innocenti S,

et al. Tip-microVapour Fast Freezing: A novel easymethod for

cryopreserving severe oligozoospermic samples. Andrology.

2023;1-8. https://doi.org/10.1111/andr.13531

 20472927, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/andr.13531 by U

niversita D
i Firenze Sistem

a, W
iley O

nline L
ibrary on [19/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0009-0005-2904-7245
https://orcid.org/0009-0005-2904-7245
https://orcid.org/0000-0003-0907-0630
https://orcid.org/0000-0003-0907-0630
https://doi.org/10.1111/andr.13531

	Tip-microVapour Fast Freezing: A novel easy method for cryopreserving severe oligozoospermic samples
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Population and study design
	2.2 | Semen analysis
	2.3 | Sperm cryopreservation
	2.4 | Thawing
	2.5 | Sperm chromatin dispersion assay
	2.6 | Statistical analyses
	2.7 | Sample size calculation

	3 | RESULTS
	4 | DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES
	SUPPORTING INFORMATION


