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Abstract
Background

It is commonly believed that using frozen sperms after TESA was effective for OA patients. Nevertheless,
scholars are worried about the prognosis of ICSI with frozen testicular sperm. In this study, we aim to
compare the pregnancy and neonatal outcomes of ICSI using cryopreserved versus fresh spermatozoa
collected by TESA.

Methods

A total of 317 cases of OA patients treated with ICSI in a university a�liated hospital from January 2016
to December 2020 were included in this retrospective study, and they were divided into two groups
according to the sperm used for ICSI: Frozen sperm group (N=154) and Fresh sperm group(N=163). The
outcomes were measured by the following indicators: Two pronucleus (2PN) fertilization rate, 2PN
cleavage rate, high-quality blastocyst rate, average number of embryos transferred, implantation rate,
clinical pregnancy rate, multiple pregnancy rate, miscarriage rate, preterm birth rate, live birth rate (LBR) ,
sex ratio at birth (male) and average newborn birth weight.

Results

The present data showed no statistically signi�cant difference in 2PN fertilization rates, 2PN cleavage
rates, high-quality blastocyst rates and the average number of embryos transferred in the two groups.
Similarly, no difference was found in implantation rate, clinical pregnancy rate, multiple pregnancy rate,
miscarriage rate, premature delivery rate, LBR and sex ratio at birth (P>0.05). The average newborn birth
weight was similar in the two groups (2932.61±728.40 vs 3100.32±515.64) (P>0.05), but there was a
higher incidence of Low-Birth-Weight newborn in the frozen group (20.91% vs 8.49%)(P<0.05).

Conclusions

As for men with obstructive azoospermia, the use of frozen testicular sperm by TESA was e�cient. There
was a similar pregnancy outcome of ICSI using frozen or fresh spermatozoa collected by TESA. However,
it may lead to higher incidence of newborns of low birth weight, which needs further research based on
larger samples.

Background
Infertility has become a global medical and social problem. In recent years, the prevalence of infertility
has continued to rise in both developed and developing countries. Statistics indicated that half of
infertility cases are due to male infertility. Azoospermia has been identi�ed in 5% of infertile men, which
can be classi�ed as obstructive azospermia (OA) or nonobstructive azoospermia (NOA) [1–2].
Obstructive azoospermia is a common disease in reproductive andrology and accounts for 40% of
azoospermia, which results from obstruction of the excurrent ducts at any location between the rete testis



Page 3/15

and the ejaculatory ducts [3]. OA used to be a di�cult problem in male infertility, and for these patients,
sperm donation was the only option, which was despairing for the infertile families. Craft et al. [4]
reported in 1997 that intracytoplasmic sperm injection(ICSI) using testis sperm by TESA for assisted
reproduction is a feasible way to deal with obstructive azospermia. Since then, this method has been
widely used, especially for patients with obstructive azoospermia, given its advantages of repeatability,
low incidence of complications (bleeding or infections) and excellent success rate of sperm retrieval (96–
100%) [5]. However, due to the failure rate of IVF, these patients with OA often have to go through a
second or third puncture. In order to minimize the damage caused by repeated puncture, many
institutions have tried to freeze the sperm obtained by diagnostic testicular puncture. Is there any
difference between frozen or fresh testicular sperm? It is still controversial about the pregnancy outcomes
of ICSI using frozen or fresh testicular sperm. In this study, the use of frozen and fresh testicular sperm
for ICSI were compared, in terms of pregnancy and birth outcomes in patients with OA.

Methods

Study design and patient selection criteria
The study was approved by the Independent Ethics Committee of The Second A�liated Hospital and
Yuying Children's Hospital of Wenzhou Medical University (nunber: 2021-K-74-02). A total of 317 cases of
OA patients (female partner age ≤ 40 years old) treated with ICSI in our center from January 2016 to
December 2020 were included in this retrospective comparative study. Among them, men who agreed to
freeze their sperms by diagnostic TESA for subsequent ART were included in the “Frozen sperm group”(N 
= 154), and the other 163 cases which used fresh sperms (obtained by TESA on the day of oocyte retrival)
were included as fresh sperm group. The two groups were matched in age and included all consecutive
men who met the above criteria. None of the participants had abnormal results of chromosome analysis
and sex hormone tests. The detailed �ow chart is shown in Fig. 1.

Treatment Regimen

Testicular sperm aspiration (TESA)
The testicle was anesthetized locally using 2% lidocaine. A 23-gauge needle connected with a 5-ml
syringe containing 5% G-MOPS medium (Vitrolife, SanDiego, USA) was used to insert into the testis
through the skin of the scrotum to obtain enough testicular tissue. Immediately after the collection, the
testicular tissue had been placed in a dish �lled with HEPES- buffered medium (G-MOPS) and sent to the
laboratory for microscopy. The obtained testicular tissue was minced with a sterile empty needle, and the
suspension was examined for sperm morphological quality and motility under microscope(×400).

Sperm freezing and thawing
Sperm freezing medium (SAGE, CooperSurgical, USA) was added to the semen with the same volume
after preheating it to room temperature. The solution was carefully mixed after each addition. Each 0.6 ~ 
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0.8ml of mixed semen was put into a 1.5ml cryotube, and later placed in a refrigerator at 4°C for 30
minutes. Each tube was carefully transferred into a aluminum bracket, which was placed in a freezing
cylinder. The cylinder was positioned in a liquid nitrogen storage tank for long-term storage.

When performing ICSI,the cryotubes were removed from the liquid nitrogen tank and placed at room
temperature for 15–30 minutes. The samples were later on transferred to centrifuge tubes and
centrifuged to concentrate the sperm cells. Morphological quality and motility of sperms were evaluated,
and sperms of good quality were chosen for ICSI.

The ICSI was performed by using frozen-thawed testicular sperm or fresh testicular sperm. Two
pronuclear oosperm counts and the embryo development stage on day 3, day 5 and day 6 after ICSI were
observed and recorded. After that, blastocysts of good quality were selected according to the Gardner
blastocyst grading system for intrauterine embryo transfer, and serum β-HCG was checked after 14 days
to determine the pregnancy status. Clinical pregnancy was de�ned as the presence of an intrauterine
gestational sac with a yolk sac, a fetal pole, and fetal heart pulsations at approximately 4 weeks after
implantation. Live birth was referred to the birth of a live infant at ≥ 24 weeks' gestation. The gender and
birth weight of the newborns were collected after birth. Infants below 2500 grams will be classi�ed as
Low-Birth-Weight, while infants above 4000 grams as macrosomia.

Statistical analysis
Data analysis was performed with SPSS version 20.0 (IBM Corporation), and Student's t test was used to
compare continuous variables. Chi-square test was performed for categorical variables. A P-value of <
0.05 was considered statistically signi�cant.

Results
A total of 317 patients were included in this study, and they were divided into two groups according to the
sperm types used for ICSI. In the frozen sperm group, the sperm samples from 154 men were
cryopreserved after TESA. The fresh sperm group used freshly aspirated sperm samples from 163
matched patients with azoospermia. The demographic, fertility-related, and ICSI characteristics of the two
groups were similar (Table 1). There were no signi�cant differences in terms of female’s age, male’s age,
duration of infertility, the preoperative sex hormone test results, body mass index (BMI), rates of smoking
and alcohol drinking between the two groups.
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Table 1
Baseline characteristics of the two groups

Characteristics Frozen sperm(n = 154) Fresh sperm(n = 163) P-value

Female age(years) 29.67 ± 4.80 30.02 ± 5.09 0.523

Male age(years) 32.39 ± 5.23 33.40 ± 6.19 0.117

Infertility(years) 4.01 ± 3.19 4.03 ± 3.29 0.947

LH(IU/L) 4.9 ± 2.3 5.0 ± 2.3 0.929

FSH(IU/L) 8.8 ± 4.7 9.8 ± 5.0 0.070

Prolactin (ng/ml) 9.0 ± 4.3 9.7 ± 4.4 0.162

Estradiol (pg/ml) 27.3 ± 8.1 27.4 ± 8.4 0.912

Testosterone (ng/ml) 5.2 ± 1.8 4.9 ± 1.7 0.139

BMI(kg/m2) 21.8 ± 1.9 22.1 ± 1.6 0.193

Smoking rate(%) 50.65%(78/154) 54.60%(89/163) 0.496

Alcohol rate(%) 47.40%(73/154) 49.08%(80/163) 0.089

Note LH: Luteinizing hormone;FSH: Follicle Stimulating hormone; BMI: Body Mass Index.

 

The ICSI outcomes were similar, with no difference in 2PN fertilization rates, 2PN cleavage rates and high-
quality blastocyst rates (P > 0.05). The speci�c results are shown in Table 2.

Table 2
Comparison of the outcomes of ICSI between the two groups

Outcomes Frozen sperm(n = 154) Fresh sperm(n = 163) P-value

2PN Fertilization rate(%) 81.21%(1297/1597) 83.30%(1267/1521) 0.128

2PN Cleavage rate(%) 97.07%(1259/1297) 96.92%(1228/1267) 0.826

High-quality blastocyst rate(%) 44.62%(232/520) 44.76%(235/525) 0.962

Note P-value by ANOVA, Chi square test. Signi�cance: P < 0.05

 

For the pregnancy outcomes, the clinical pregnancy rate was 57.28% and the live birth rate was 44.17% in
the frozen group, and they were 58.05% and 45.37% in the fresh group respectively, while the average
number of embryos transferred was 1.84 and 1.79. There was no difference in the average number of
embryos transferred, implantation rate, clinical pregnancy rate and live birth rate, and also the
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miscarriage rate, multiple pregnancy rate, preterm birth rate, and sex ratio at birth(male) were similar in
the two groups (Table 3).

Table 3
Comparison of pregnancy outcomes between the two groups

Outcomes Frozen sperm(n = 
154)

Fresh sperm(n = 
163)

χ² P-
value

Average number of embryos
transferred

1.84 ± 0.93 1.79 ± 0.96   0.511

Implantation rate(%) 43.28%(145/335) 42.39%(142/335) 0.055 0.815

Clinical pregnancy rate(%) 57.28%(118/206) 58.05%(119/205) 0.025 0.875

Multiple pregnancy rate(%) 24.58%(29/118) 19.33%(23/119) 0.953 0.329

Miscarriage rate(%) 12.71%(15/118) 12.61%(15/119) 0.001 0.980

Preterm birth rate(%) 10.17%(12/118) 5.88%(7/119) 1.477 0.224

Live birth rate(%) 44.17%(91/206) 45.37%(93/205) 0.059 0.808

Sex ratio at birth(%) 96.43%(54/56) 92.73%(51/55) 0.021 0.886

Average newborn birth weight(g) 2932.61 ± 728.40 3100.32 ± 515.64   0.052

Incidence of Low-Birth-Weight
newborns (%)

20.91%(23/110) 8.49%(9/106) 6.597 0.010

Note Five macrosomias were born in the frozen sperm group and four macrosomias were born in
fresh group. Signi�cance: P < 0.05

 

By the end of follow-up date, there were eleven women still in pregnancy in both groups. 110 babies were
born in the frozen sperm group, of which 54 were males and 56 were females, including 23 low birth
weight newborns and 5 macrosomias. Correspondingly, a total of 106 babies were born in the fresh
sperm group, including 51 males and 55 females, 9 low birth weight newborns, and 4 macrosomias. The
average birth weight of newborns between the two groups was similar (P > 0.05), but we found that there
was a higher incidence of low birth weight newborn in the frozen sperm group (20.91% vs 8.49%) (P
< 0.05, Fig. 2, Table 3)

Discussion
Although a lot of efforts have been made for helping the azoospermia patients, there are still 20%-30%
unable to obtain sperm suitable for injection. Therefore, repeated punctures were performed to increase
the success rate of sperm acquisition in most centers. It was shown that repeated testicular or epididymal
puncture has no remarkable effect on the outcomes of pregnancy [6]. However, multiple operations may
cause damage to the blood supply of the testicular seminiferous tubules, produce hematoma formation
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in the testis, and bring about �brosis of the testicular tissue and even testicular atrophy, which may lead
to long-term complications such as male autoimmune response, osteoporosis, insulin resistance and
depression [7]. In addition, some azoospermia patients may lose the opportunity to be a biological father
in the event of failure of TESA on the day of oocyte collection, and thus have to choose insemination with
donor spermatozoa or oocyte cryopreservation, if they did not undergo diagnostic TESA and sperm
freezing in advance. Therefore, cryopreservation of testicular sperm is important for fertility preservation
in azoospermia patients, the full and effective use of sperm is key to the treatment of obstructive
azoospermia. It is commonly believed that freezing sperms after TESA was a safe, economical, and
effective way for OA patients [8], and at the same time, the problem of damage mentioned above will be
solved. Nevertheless, some scholars were still worried about the pregnancy outcomes of ICSI with frozen
testicular sperm and recommended the use of fresh oocytes with fresh testicular sperm as the �rst-choice
treatment [9–10]. Hauser et al.[10] proposed that the use of fresh testicular sperm results in a higher
fertilization rate and clinical pregnancy rate than frozen testicular sperm. Therefore, the author insisted
that fresh testicular sperm should be considered �rst for ICSI in patients with virtual azoospermia or
cryptozoospermia because of their superior fertility. In 2015, a retrospective study including 110 cycles of
TESE-ICSI were conducted by Park et al [11], who con�rmed that statistically signi�cant differences were
observed in the pregnancy and implantation rates between fresh and frozen testicular spermatozoa
group, in spite of similar laboratory outcomes, clinical pregnancy and delivery.

But analogous with the results of our study, most studies have suggested a similar results in terms of
fertilization rate, cleavage rate and clinical pregnancy rate in ICSI with frozen testicular sperm [12–14].
OU L et al. [12] found that frozen testicular sperm or fresh testicular sperm extracted from patients with
OA have the same 2PN fertilization and pregnancy potential (74.41% vs 76.43% and 46.81% vs 53.39%,
respectively). Another retrospective study in 2018 suggested that freezing low-count sperm collected by
TESA with a cryoprotectant was an e�cient method. The clinical pregnancy rates of ICSI with fresh
testicular sperm and frozen testicular sperm were 61.7% and 55.1%, although the pregnancy rate in the
fresh sperm group was higher, the difference was not signi�cant. It shows that the two types of sperm are
equally reliable for ICSI [15] .

In our study, in addition to focusing on the results of laboratory outcomes, clinical pregnancy and delivery,
we further analysed the gender and birth weight of the newborns. There was a resemblance result of sex
ratio and average newborn birth weight in the two groups, but in spite of this, the incidence of low-weight
newborns signi�cantly increased when frozen testicular sperm was used for ICSI (20.91% vs 8.49%). The
average birth weight of low-birth-weight newborns in the frozen and fresh sperm group was 1947g and
2106g respectively. Among them, 17 in the frozen sperm group were twin newborns, and 8 in the other
group. To be more speci�c, in the frozen sperm group, two of the newborns were of very low birth weight
(VLBW), and two infants have extremely low birth weight (ELBW)(Table 4). From what has been
discussed above, we may reasonably arrive at the conclusion that the use of frozen sperm for ICSI may
increase the incidence of low birth weight infants. LBW is one of the leading causes of neonatal and
infant morbidity and mortality[16], which is also associated with long-term consequences including
cerebral palsy, sensory de�cits, cardiovascular and respiratory illnesses. One possible explanation is that
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resuscitation of frozen sperm has a negative effect on total count and motile count, and poor quality of
semen may be related with low birth weight in the offspring [17]. This may also be due to the frozen
damage of the sperm during the process of cooling, thawing and cryoprotectant exposure, which might
result in changes in the function and structure of sperm [18], bringing about a higher rate of deformed
sperm. Higher sperm deformity rate may be contributed to more chances of abnormal expression of
imprinting genes, which will cause ine�cient placental nutrient supply, resulting in reduction in neonatal
birth weight [19]. The above situation is more prominent in multiple pregnancies. LBW is a known
complication of multiple gestation [20]. A recently published research revealed that mothers with multiple
pregnancies were at a signi�cantly increased risk of delivering babies with LBW, both in the case of
preterm and term birth [21]. In our study, the rate of multiple pregnancies in the frozen sperm group was
5% higher than the fresh group. Although there was no signi�cant differences, this may be one of the
reasons for the increased low birth weight rate in the freezing group.
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Table 4
Detailed Characteristics of Low-Birth-Weight newborns

Case sperm Female
age(years)

Male
age(years)

Single/twins Birth
weight(g)

Gestational
age(weeks)

1 frozen 34 34 single 1150 31

2 frozen 31 31 twins 2400 37

3 frozen 27 27 single 2200 37

4 frozen 32 39 twins 2350 37

5 frozen 32 36 single 2300 37

6 frozen 40 44 single 1850 32

7 frozen 27 42 twins 2400 36

8 frozen 28 31 twins 2340 36

9 frozen 28 31 twins 2440 36

10 frozen 32 36 twins 2300 37

11 frozen 31 36 twins 2200 39

12 frozen 24 32 single 2400 37

13 frozen 31 34 twins 1800 32

14 frozen 31 34 twins 1600 32

15 frozen 26 25 twins 1700 30

16 frozen 26 25 twins 1400 30

17 frozen 30 34 twins 700 34

18 frozen 30 34 twins 700 34

19 frozen 26 28 twins 2350 37

20 frozen 37 42 single 2300 36

21 frozen 31 33 twins 2490 38

22 frozen 24 27 twins 1600 31

23 frozen 24 27 twins 1800 31

24 fresh 25 32 twins 1750 33

25 fresh 30 33 twins 2100 36

Note There were 23 cases of Low-Birth-Weight newborns in the frozen sperm group(1–23), and 9
cases in the fresh sperm group (24–32).
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Case sperm Female
age(years)

Male
age(years)

Single/twins Birth
weight(g)

Gestational
age(weeks)

26 fresh 30 33 twins 2250 36

27 fresh 24 26 twins 2250 38

28 fresh 24 26 twins 2100 38

29 fresh 34 35 twins 1850 36

30 fresh 29 33 twins 2450 37

31 fresh 29 33 twins 2100 37

32 fresh 31 34 single 2100 33

Note There were 23 cases of Low-Birth-Weight newborns in the frozen sperm group(1–23), and 9
cases in the fresh sperm group (24–32).

The risk of deformity is another problem for newborns after using testicular sperm. There were no cases
of fetal or neonatal malformations found in this study. In a population-based cohort study, in which all
Danish children were delivered after testicular sperm aspiration (TESA) and fresh embryo transfer in
Denmark from 1995 to 2009, the outcome of newborns, including congenital abnormalities after ICSI
treatment using epididymal or testicular sperm, has no difference with that after ICSI/IVF treatment using
ejaculate sperm or natural conception [22]. A 10-year study in China focusing on the neonatal outcome of
children born after ICSI with epididymal or testicular sperm clearly showed that freezing testicular sperm
has no effect on the rate of neonatal deformity [23].

Conclusion
As for men with OA, the use of frozen testicular sperm by TESA was an e�cient treatment. Testicular
sperm cryopreservation is the best option available to preserve fertility in patients with azoospermia,
which can avoid cancellation of in vitro fertilization cycles due to the failure of TESA on the day of oocyte
collection. There was a similar pregnancy outcome of intracytoplasmic sperm injection (ICSI) using
frozen or fresh spermatozoa collected by TESA. However it may lead to higher incidence of newborns of
low birth weight when using frozen testicular sperm, which needs further research and discussion based
on larger samples.

Abbreviations
ICSI: Intracytoplasmic sperm injection

IVF: In vitro fertilization

TESA: Testicular sperm aspiration



Page 11/15

OA: Obstructive azoospermia

NOA: Nonobstructive azoospermia

2PN: Two pronucleus

LBR: Live birth rate

HCG: Human chorionic gonadotropin

LH: Luteinizing hormone

FSH: Follicle Stimulating hormone

BMI: Body mass index

LBW: Low birth weight

VLBW: Very low birth weight

ELBW: Extremely low birth weight
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Figure 1

Flow chart showing the design, inclusion and exclusion criteria of patients in the study.
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Figure 2

110 babies were born in the frozen sperm group, including 23 low birth weight newborns and 5
macrosomias. 106 babies were born in the fresh sperm group, including 9 low birth weight newborns, and
4 cmacrosomias. The average newborn birth weight(g) in frozen(2932.61±728.40) versus fresh sperm
group(3100.32±515.64), P>0.05. The rate of Low-Birth-Weight newborn in frozen(20.91%) versus fresh
sperm group(8.49%), P<0.05.


