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Purpose: This systematic review and meta-analysis investigated the sperm retrieval rate (SRR) and pregnancy rate after testicu-
lar sperm extraction in men with azoospermia and those with a history of cryptorchidism treated by orchiopexy.

Materials and Methods: The SRR and clinical pregnancy rate were investigated. We performed a sub-analysis that included
factors such as bilaterality, age, and idiopathic non-obstructive azoospermia (iNOA). The analysis comprised 13 studies from
January 1995 to July 2021. The data sources were PubMed/MEDLINE, Embase, and the Cochrane Library included “cryptor-
chidism”, “orchidopexy”, “azoospermia”, and “testicular sperm extraction”.

Results: The overall mean SRR was 63.3% (95% confidence interval [Cl], 57.6%—68.6%; 1°=62.4%), and the overall mean
clinical pregnancy rate was 30.1% (95% Cl, 22.6%-38.8%; 1’=69.9%). The meta-analysis comparing the SRR, there was no
significant difference between patients with a history of bilateral and unilateral orchiopexy (relative risk [RR]=1.02; 95% ClI,
0.89-1.16; p=0.79). Orchiopexy performed under the age of 10 years showed significantly increased SRR compared to the
age of over 10 years (RR=1.25; 95% Cl, 1.06-1.47; p=0.008). Azoospermic men with a history of cryptorchidism treated by
orchiopexy had significantly higher SRR than iNOA (RR=1.90; 95% ClI, 1.40-2.58; p<0.0001).

Conclusions: Men with azoospermia and a history of cryptorchidism treated by orchiopexy had significantly higher SRR than
those with iNOA after testicular sperm extraction. Furthermore, patients who underwent orchiopexy before the age of ten
years had significantly higher SRR than patients operated at an older than the age of ten years.
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INTRODUCTION which one or both the testes fail to descend from the
abdomen into the scrotum. The primary objective of
Cryptorchidism is a common genital anomaly in performing orchiopexy in a cryptorchid patient is to
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reduce the risk of subfertility and testicular germ cell
tumors [1,2]. From a histological perspective, cryptor-
chidism typically presents as decreased number of and
reduced maturation of germ cells, resulting in impair-
ment of maturated gonocytes with interstitial fibro-
sis [3-5]. Consequently, several studies have reported
reduced fertility in men with a history of surgically
treated cryptorchidism. Several studies have investi-
gated the negative effects of cryptorchidism on testicu-
lar function, including parameters related to semen
quality and reproductive hormones in adulthood [6,7].
Therefore, a history of cryptorchidism is known to
compromise fertility, and the paternity rate signifi-
cantly decreases in patients with a history of bilateral
(67% vs. 93%) and unilateral cryptorchidism (55% uvs.
86%) as compared to controls [8,9]. Approximately 10%
of all infertile patients had a history of cryptorchi-
dism [10], and the incidence of azoospermia in patients
with bilateral cryptorchidism was reported to be ap-
proximately 46%. However, in patients with unilateral
cryptorchidism, the incidence of azoospermia was sig-
nificantly lower than bilateral cryptorchidism which
reported 13% [11,12].

Non-obstructive azoospermia (NOA), which is defined
as the absence of spermatozoa in the ejaculate second-
ary to impaired spermatogenesis within the testis, may
have various etiologies, including cryptorchidism, vari-
cocele, mumps orchitis, gonadotoxic medications, ge-
netic abnormalities, chemotherapy/radiation, and other
unknown causes currently classified as idiopathic [13].
In patients with NOA, the only well-proven solution
for paternity is sperm retrieval by testicular sperm ex-
traction (TESE), followed by in vitro fertilization with
intracytoplasmic sperm injection.

Previous studies have suggested that the success rate
of TESE in men with NOA and a history of cryptorchi-
dism depends on predictive factors such as the age at
orchiopexy, bilaterality, and total testicular volume [14-
17]. However, robust data on TESE performed in
patients with a history of cryptorchidism is still lack-
ing due to smaller sample sizes and heterogeneity in
studies. The aim of the present systematic review and
meta-analysis was to analyze the sperm retrieval rate
(SRR) and clinical pregnancy rate after TESE between
patients with a history of orchiopexy and those with
idiopathic NOA (iNOA), and to further investigate pre-
dictive factors through subgroup analysis.

82 www.wjmh.org

he World Journal of

MEN's HEALTH

MATERIALS AND METHODS

1. Evidence acquisition and registration

This systematic review and meta-analysis was
performed in accordance with the guidelines of the
Preferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA) [18]. We registered the
protocol prospectively in the PROSPERO database
(CRD42020219235), and followed the guidelines of
Meta-analysis Of Observational Studies in Epidemiol-
ogy (MOOSE) [19]. The detailed factors of Population,
Intervention, Comparison, and Outcomes (PICO) are
provided in Supplement Table 1.

2. Literature search
An extensive search of the literature published

from January 1995 to July 2021 was performed us-
ing PubMed/MEDLINE, Embase, and the Cochrane
Library. The search was conducted using the terms

” &« ” «

“cryptorchidism,” “undescended testis,” “orchidopexy,”
“azoospermia,” and “testicular sperm extraction” with-
out language restrictions. A full lists of search terms
are listed in Supplement Table 2.

Two authors (D.KK. and J.L..) independently screened
the titles and main text of the articles to ensure that
the study meets the inclusion criteria of this systematic
review and meta-analysis. The disagreements were re-

solved through consensus with a third reviewer (T.H.L.).

3. Study selection

The inclusion criteria were as follows: 1) Reported
SRR after TESE in men with azoospermia and a his-
tory of surgically treated cryptorchidism and 2) Re-
ported clinical pregnancy rate after TESE in men with
azoospermia and a history of surgically treated crypt-
orchidism. We excluded abstracts, case reports, animal
studies, basic research studies, non-azoospermia studies,
letters to the editor, review articles, systematic reviews,
studies involving <10 participants, and studies that did
not investigate the SRR. Fig. 1 depicts the flow dia-
gram of the study selection.

4, Data collection

The following information was extracted indepen-
dently by two trained investigators (D.K.K. and J.L.)
by screening the titles and abstracts of the studies: 1)
the date of publication, 2) study design, 3) number of
participants, 4) country of investigation, 5) patient age,
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6) testis volume, 7) follicle-stimulating hormone level,
8) SRR after TESE, 9) clinical pregnancy rate, and
10) sub-analysis of factors including bilateral vs. uni-
lateral orchiopexy, operation age (age >10 y vs. <10 y;
all included articles investigated in unified age of 10).
The authors then reviewed the full text of the selected
studies to assess eligibility.

5. Quality assessment
The quality of the studies included in the meta-

analysis was determined using the quality assessment
tool for before-after (pre-post) studies with no control
group (available at https://www.nhlbinih.gov/health-
topics/study-quality-assessment-tools).

Considering the outcomes of this meta-analysis, ques-
tion 4 (Were all eligible participants that met the pre-
specified entry criteria enrolled?) was evaluated when
a clear prospective study was adopted. Question 5 (Was
the sample size sufficiently large to provide confidence
in the findings?) was evaluated when the included
study sample size calculation was clearly reported, or
more than 100 participants were enrolled. Question 9
(Was the loss to follow-up after baseline 20% or less?
Were those lost to follow-up accounted for in the anal-
ysis?) was not applicable for the retrospective cohort
studies. Question 12 (If the intervention was conducted

_5 Records identified through
© database searching Additional records identified
= Medline, Embase, Cochrane library through other sources
g (n=1,696) (n=0)
Records after duplicates removed
S (n=1,420)
g I
5 Records removed by title
g Records screened and abstract because they
» (n=1,420) i were not pertinent
l (n=1,383)
— Full-text articles assessed Full-text articles excluded,
for eligibility »| with reasons
> (n=37) 8 Abstracts
% 7 Case reports
=) l 1 Animal study
m 1 Preliminary report
Studies included in 1 Review article
qualitative synthesis 1 Letter
(n=13) 1 Single innovative surgical
technique
l 1 Basic research related
gene study
§ Studies included in quantitative ? Elot pferIIormed %rchiopetxyd
synthesis (meta-analysis Inefelters syndrome study
é g ((n=13) vee) Fig. 1. Flow chart of the search and
- selection of literature included in the
systematic review and meta-analysis.

at a group level [e.g., a whole hospital, a community,
etc], did the statistical analysis take into account the
use of individual-level data to determine effects at the
group level?) was considered irrelevant for this sys-
tematic review and meta-analysis. The quality of each
study or article was rated as good, fair, or poor.

6. Data extraction and statistical analysis

Event rate and relative risk (RR) were investigated
using a fixed-effects model or random-effects model.
The meta-analysis was performed using RevMan 5.3
(Cochrane Community, London, UK) and Comprehen-
sive Meta-Analysis 3.0 (CMA; Biostat, Englewood, NdJ,
USA). All p-values were two-sided, and p<0.05 was con-
sidered statistically significant.

Forest plots were used to show the results of SRR
and clinical pregnancy rate after performing an TESE.
The relationship between the SRR and age, iNOA, and
bilaterality was also investigated using forest plots.

A random-effects model was employed if high het-
erogeneity existed (I">>50%).

RESULTS

1. Study characteristics
Fig. 1 shows the PRISMA flow chart of the studies
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(ex-cryptorchid vs. iNOA)

Outcomes included in the article
(SRR) (clinical pregnancy rate)
(bialterality) (age comparison)

Number of participants
(cryptorchidism)
(iNOA)

Testicular volume (mL)
(meanzSD)
(median, range)

FSH (IU/L)
(meanxSD)
(median, range)

Mean age
(mean=SD)
(median, range)

Study Study
year design country

Published

Author

Table 1. Continued 2
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SRR

Cryptorchidism, 62

iNOA, 311

Overall, 12.3+4.8

Overall, 22.2+14.4

34.0£5.8

Retrospective  Turkey

2020

Ortacet al

Overall, 53.1%

cohort

[28]

Orchiopexy (+), 51.2%
Orchiopexy (-), 47.6%

Unilateral, 15
Bilateral, 26
iNOA, 249

Ex-cryptorchid, 24.59+12.73  Ex-cryptorchid, 8.49+3.43 Cryptorchidism, 52

iNOA, 20.55+10.86

SRR

31.3£34
30.9£5.1

2021  Retrospective  China

Zhang et al

Ex-cryptorchid, 75% (39/59);

iNOA, 30.7% (98/337)
Clinical pregnancy rate

iNOA, 319

iNOA, 8.13+3.97

cohort

[29]

Ex-cryptorchid, 53.9% (21/39);

iNOA, 46.9% (45/96)

FSH: follicle-stimulating hormone, iNOA: idiopathic non-obstructive azoospermia, SRR: sperm retrieval rate, TESE: testicular sperm extraction.
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according to their inclusion criteria in the metaanaly-
sis. Basic characteristics of the included studies have
been displayed in Table 1 [14-16, 20-29]. We identified
a total of 1,696 articles, and after removing duplicates,
we investigated the abstracts of 1,420 articles. We
excluded 1,383 articles which were not pertinent for
analysis. Thereafter, we assessed the full text of 37 ar-
ticles to check for eligibility. Of these, 24 articles were
excluded due to the following reasons: published with
the abstract alone (8), case reports (7), animal study
(1), reported a single innovative surgical technique (1),
preliminary report (1), review article (1), letter to the
editor (1), did not perform orchiopexy (2), Klinefelter
syndrome research (1), and basic research related to
genetics (1). Ultimately, we included 13 retrospective
cohort studies as quantitative synthesis in the meta-
analysis (Fig. 1, Table 1). The publication interval was
from 2003 to 2021. The cohort sizes ranged from 15 to
225 patients. The studies were conducted in several
countries including China (4), France (2), Israel (2),
Turkey (2), the United States of America (1), Italy (1),
and Belgium (1).

2. Meta-analysis outcomes

The overall mean SRR was 63.3% (95% confidence in-
terval [CI], 57.6%—686%; I’=62.4%) and the overall mean
clinical pregnancy rate was 30.1% (95% CI, 22.6%—38.8%;
I’=69.9%) (Fig. 2, 3). The meta-analysis of patients with
cryptorchidism who underwent orchiopexy revealed
significantly higher SRR than iNOA (RR=1.90; 95%
CI, 1.40-258; p<0.0001) (Fig. 4). SRR was significantly
higher in patients who were surgically treated for
cryptorchidism before the age of 10 years than in pa-
tients operated at an older age over 10 (RR=125; 95%
CI, 1.06-1.47; p=0.008) (Fig. 5). However, there was no
significant difference in SRR between patients with a
history of bilateral and unilateral orchiopexy (RR=1.02;
95% CI, 0.89-1.16; p=0.79) (Fig. 6).

3. Quality assessment and qualitative risk of

bias

Table 2 presents the quality assessment of the study
methodology of each included study. The quality of
each article was measured by the quality assessment
tool for beforeafter (prepost) studies with no control
group. Accordingly, seven, three, and three studies
exhibited presented good, fair, and poor qualities, re-
spectively. The common reasons for losing points in
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Study name Statistics for each study Event rate and 95% CI

Event Lower Upper Relative

rate limit limit Z-value  p-value weight
Negri et al, 2003 0.495 0.402 0.589 -0.097 0.923 10.52
Raman and Schlegel, 2003  0.745 0.602 0.849 3.200 0.001 —- 6.86
Vernaeve et al, 2004 0.519 0.410 0.627 0.337 0.736 9.60
Marcelli et al, 2005 0.521 0.439 0.602 0.503 0.615 11.26
Wiser et al, 2009 0.595 0.443 0.731 1.227 0.220 -+ 7.31
Zhang et al, 2017 0.667 0.461 0.824 1.601 0.109 —— 5.07
Haimov-Kockman et al, 2010 0.667 0.406 0.854 1.266 0.206 —T— 3.65
Barbotin et al, 2019 0.640 0.575 0.700 4.143  <0.001 | 12.08
Ozan et al, 2019 0.608 0.527 0.683 2.609 0.009 L 3 11.24
Chen et al, 2019 0.848 0.684 0.935 3.548  <0.001 — 4.35
Li et al, 2020 0.800 0.572 0.923 2.480 0.013 —u— 3.54
Ortac et al, 2020 0.756 0.603 0.863 3.111 0.002 —i- 6.26
Zhang et al, 2021 0.661 0.532 0.770 2.428 0.015 —- 8.26
Overall 0.633 0.576 0.686 4502 <0.001 <
-1.0 -0.5 0.0 0.5 1.0

Sperm retrieval rate

Fig. 2. Forest plot of overall sperm retrieval rate after testicular sperm extraction for men having a history of surgically treated cryptorchidism. Cl:
confidence interval.

Study name Statistics for each study Event rate and 95% ClI

Event Lower Upper Relative

rate limit limit Z-value  p-value weight

Negri et al, 2003 0.333 0.190 0.516 -1.790 0.074 11.31
Vernaeve et al, 2004 0.172 0.098 0.284 -4.746  <0.001 12.80
Wiser et al, 2009 0.360 0.199 0.560 -1.381 0.167 10.58
Haimov-Kochman et al, 2010 0.290 0.159 0.470 -2.259 0.024 11.10
Ozan et al, 2019 0.284 0.217 0.362 -5.077  <0.001 17.10
Barbotin et al, 2019 0.206 0.159 0.263 -8.329 <0.001 17.65
Li et al, 2020 0.400 0.158 0.703 -0.628 0.530 6.37
Zhang et al, 2021 0.538 0.383 0.686 0.480 0.631 13.09
Overall 0.301 0.226 0.388 -4.265 <0.001

-1.0 -0.5 0.0 0.5 1.0
Clinical pregnancy rate

Fig. 3. Forest plot of the overall clinical pregnancy rate for men having a history of surgically treated cryptorchidism. CI: confidence interval.

Favours Favours

Ex-Cryporchid iNOA Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
Raman and Shlegel, 2003 35 47 160 274 19.7% 1.28 [1.05, 1.55] =
Negri et al, 2003 22 30 31 77 16.8% 1.82[1.29, 2.58] —-—
Haimov-Kochman et al, 2010 10 15 67 142 15.7% 1.41[0.95, 2.10] =
Zhang et al, 2017 10 18 8 39 9.4% 2.71[1.29, 5.69] —_—
Chen et al, 2019 28 33 142 446 19.7% 2.66 [2.19, 3.25] -
Zhang et al, 2021 39 59 98 337 18.8% 2.27 [1.77,2.91] -
Total (95% ClI) 202 1,315 100.0% 1.90 [1.40, 2.58] <
Total events 144 506 } } } |
Heterogeneity: Tau’=0.11, Chi’=32.50, df=5 (p<0.00001); I’=85% 0.01 0.1 1 10 100
Test for overall effect: Z=4.16 (p<0.0001) Favours Favours

iNOA Ex-Cryporchid

Fig. 4. Forest plot of the sperm retrieval rate for azoospermic men with a history of orchiopexy versus azoospermic men with idiopathic non-
obstructive azoospermia (iNOA). Cl: confidence interval.

the quality assessment were small sample size, poor 9 were often considered “not applicable” since most of
description of the inclusion and exclusion criteria, and the studies involved a retrospective data analysis.
lack of precise statistical analysis. Both questions 4 and Sensitivity analysis was performed for the reliability
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Orchiopexy Orchiopexy
ageunder 10y  ageover 10y Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% ClI

Raman and schlegel, 2003 16 17 7 16 7.2% 2.15[1.22, 3.80] —_—

Marcelli et al, 2005 8 9 9 11 8.0% 1.09 [0.76, 1.56] -+

Wiser et al, 2009 13 21 12 21 11.9% 1.08 [0.66, 1.79] —1—

Ozan et al, 2019 54 83 36 65 40.1% 1.17 [0.90, 1.54] =

Li et al, 2020 73 102 23 40 32.8% 1.24[0.93, 1.67] =

Total (95% ClI) 232 153  100.0% 1.25[1.06, 1.47] *

Total events 164 87 } t t |

Heterogeneity: Chi’=4.60, df=4 (p=0.33); I’=13% 0.01 0.1 1 10 100

Test for overall effect: Z=2.67 (p=0.008) Orchiopexy Orchiopexy
age over 10 age under 10

Fig. 5. Forest plot of the sperm retrieval rate comparison for orchiopexy at age under 10 years versus orchiopexy at age over 10 years. Cl: confi-

dence interval.

Bilateral Unilateral Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% ClI
Marcelli et al, 2005 26 42 55 87 22.2% 0.98 [0.74, 1.30] i»
Barbotin et al, 2019 48 80 96 145 42.4% 0.91[0.73,1.12]
Ozan et al, 2019 39 62 51 86 26.5% 1.06 [0.82, 1.37] -
Li et al, 2020 6 7 10 13 4.3% 1.11[0.73, 1.70] -
Ortac et al, 2020 11 15 10 26 4.5% 1.91[1.07, 3.39] —
Total (95% CI) 206 357  100.0% 1.02[0.89, 1.16] ¢
Total events 130 222 } t t |
Heterogeneity: Chi’=6.07, df=4 (p=0.19); I’=34% 0.01 0.1 1 10 100
Test for overall effect: Z=0.26 (p=0.79) Favours Favours
[Bilateral] [Unilateral]

Fig. 6. Forest plot of the sperm retrieval rate for unilateral orchiopexy versus bilateral orchiopexy. Cl: confidence interval.

of this meta-analysis, which estimated the influence of
each article by removing each enrolled single study. An
individual study affected SRR under 4.2% and clinical
pregnancy rate under 4.1% (Table 3, 4). The combined
results of our study were not significantly influenced
by any individual data.

Funnel plots for the risk of publication bias revealed
a certain degree of asymmetry (Fig. 7). Based on inspec-
tion of the plot, there was a certain degree of asym-
metry, heterogeneity, and potential publication bias for
SRR of overall analysis of the thirteen articles.

DISCUSSION

This is the first systematic review and meta-analysis
on the SRR of cryptorchid patients who were treated
with orchiopexy. We found that the overall SRR in
patients with a history of cryptorchidism was 71.2%,
which was significantly higher than that of iINOA
patients (38.4%). Subgroup analyses suggested that
orchiopexy performed at a younger age (<10 y) could
contribute to the improved SRR. However, our results

88 www.wjmh.org

revealed that there was no significant difference in
SRR between patients with a history of bilateral and
unilateral orchiopexy.

Many previous studies that investigated the associa-
tion between cryptorchidism and fertility was based
on limited clinical populations or small sample sizes,
making it difficult to determine an accurate fertility
status of cryptorchid patients. Furthermore, most of
the data concerning fertility following cryptorchidism
have reported only sperm parameters rather than fac-
tors related to paternity. One retrospective study re-
vealed a paternity rate of 89.5% in men with unilateral
cryptorchidism (10.5% infertile) compared with a rate
of 94.6% in the control group (54% infertile), indicat-
ing a two-fold increased risk of infertility in unilateral
cryptorchid patients [30]. A consequent study revealed
that men with a history of bilateral cryptorchidism
have a six-fold increased risk of infertility compared to
a matched control group (38% vs. 6%) [31].

In regard to semen analysis, men with a history of
bilateral cryptorchidism have reduced sperm quality
compared to those with a history of unilateral crypt-
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Table 3. Sensitivity analysis for sperm retrieval rate after TESE

he World Journal of

MEN's HEALTH

Article Author Sperm retrieval rate 95% Cl Tau’ I’
Omitting Negri et al, 2003 [15] 0.614 0.582-0.645 0.084 56.92%
Omitting Raman et al, 2003 [16] 0.596 0.565-0.626 0.085 59.20%
Omitting Vernaeve et al, 2004 [21] 0.609 0.577-0.639 0.097 61.30%
Omitting Marcelli et al, 2005 [23] 0.615 0.582-0.646 0.094 58.60%
Omitting Wiser et al, 2009 [20] 0.602 0.571-0.632 0.105 64.10%
Omitting Zhang et al, 2017 [25] 0.600 0.569-0.630 0.100 63.63%
Omitting Haimov-Kochman et al, 2010 [24] 0.601 0.570-0.631 0.100 63.82%
Omitting Barbotin et al, 2019 [26] 0.591 0.557-0.625 0.116 62.12%
Omitting Ozan et al, 2019 [14] 0.601 0.568-0.632 0.118 64.07%
Omitting Chen et al, 2019 [22] 0.596 0.565-0.626 0.066 53.87%
Omitting Li et al, 2020 [27] 0.599 0.568-0.628 0.087 60.47%
Omitting Ortac et al, 2020 [28] 0.596 0.565-0.626 0.084 59.18%
Omitting Zhang et al, 2021 [29] 0.598 0.567-0.629 0.102 63.10%
Pooled estimate 0.602 0.571-0.631 0.095 61.11%

TESE: testicular sperm extraction.
Table 4. Sensitivity analysis for clinical pregnancy rate after IVF-ICSI

Article Author Clinical pregnancy rate 95% Cl Tau’ I’
Omitting Negri et al, 2003 [15] 0.298 0.217-0.395 0.220 73.53%
Omitting Vernaeve et al, 2004 [21] 0.324 0.241-0.419 0.190 69.80%
Omitting Wiser et al, 2009 [20] 0.295 0.216-0.390 0.211 73.03%
Omitting Haimov-Kochman et al, 2010 [24] 0.304 0.221-0.402 0.226 74.16%
Omitting Ozan et al, 2019 [14] 0.308 0.213-0.422 0.307 74.05%
Omitting Barbotin et al, 2019 [26] 0.324 0.240-0.421 0.180 61.35%
Omitting Li et al, 2020 [27] 0.295 0.218-0.386 0.182 73.27%
Omitting Zhang et al, 2021 [29] 0.260 0.210-0.318 0.047 36.37%
Pooled estimate 0.301 0.226-0.388 0.195 69.92%

IVF: in vitro fertilization, ICSI: intracytoplasmic sperm injection.
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Fig. 7. Funnel plot for publication bias of cryptorchid azoospermia
patients with a history of orchiopexy.

orchidism [32]. However, in our review, we included
five studies in the sub-analysis which revealed that
the unilateral cryptorchidism group did not show sig-

90 www.wjmh.org

nificantly higher SRR after TESE than the bilateral
cryptorchidism group. In unilateral cryptorchid men,
damaged germ cell function of the contralateral testis
has been described previously, as germ cell hypertro-
phy compensates for the deficiency of an undescended
testis [33]. Hadziselimovic and Herzog [34] reported that
despite successful surgical correction of bilateral and
unilateral cryptorchidism, 46.4% and 13% of patients
developed azoospermia, respectively. van Brakel et al
[9] reported that the normally descended testis in men
with a history of unilateral cryptorchidism often had
abnormal testicular consistency and lower testicular
volume compared to that of the control group. These
findings suggest that both testes are affected, even in
unilateral cryptorchidism, which are in line with our
results. A recent large population-based study also sup-
ported this finding, which did not detect a difference
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in testicular function between unilateral and bilateral
cryptorchidism [7]. Considering these findings and the
results of our meta-analysis that obtained an RR of 1.02
(p=0.79) while comparing the SRR in men with unilat-
eral and bilateral cryptorchidism after TESE revealed
that cryptorchidism could be regarded as a bilateral
disease.

The correct age to perform orchiopexy for cryptor-
chid patients and whether SRR is influenced by the
patients’ age at the time of TESE remains controver-
sial [16,20,21]. In this study, it was difficult to analyze
whether the age at which TESE was performed af-
fected the success of SRR. However, we analyzed the
impact of the patient’s age at orchiopexy by includ-
ing five studies which unified an age of 10 years to
compare the success of SRR; the SRR was higher in
patients who underwent orchiopexy under the age
of 10 years. Hadziselimovic and Herzog [34] revealed
that a loss of germ cells begins at around six months
of age in boys with undescended testes, and the num-
ber of adult dark spermatogonia begin to reduce in
the first six months of age. Considering the arrest of
gonocyte evolution that occurs in cryptorchidism by 6
to 8 months of age and the critical role of adult dark
spermatogonia in fertility [35,36]. this testicular dam-
age could progress in post-pubertal men. Therefore,
gonadal dysfunction could be prevented by perform-
ing orchiopexy before the age of 10 years. Since the
1950s, the recommended optimal age of orchiopexy has
been steadily declining, and it has been recently rec-
ommended to operate on cryptorchid males between
the age of 6 to 12 months [37]. However, most included
studies investigated the success rate of TESE according
to the age at orchiopexy of 10 years of age, which may
reflect the higher age recommended for orchiopexy in
the past decades. The effect of early surgery that has
been recently advocated should be re-evaluated when
the children of the current generation grow up and
their prognosis can be measured.

A previous study reported that an overall SRR of
TESE for NOA patients was approximately 47% [38].
The etiology of NOA represents a heterogenous condi-
tion due to impaired spermatogenesis, including con-
genital causes such as Klinefelter’s syndrome, cryptor-
chidism, and Y chromosome microdeletions, along with
acquired causes of torsion, trauma, mumps orchitis,
and iatrogenic problems (chemotherapy and radiother-
apy). Furthermore, a significant proportion of NOA

Sang Woon Kim, et al: Testicular Sperm Extraction with a Cryptorchidism I

patients are categorized as idiopathic [22]. Therefore,
the histopathology of testis can diversely present from
hypospermatogenesis to Sertoli cell only (SCO). Owing
to this heterogeneity, studies comparing the SRR in
NOA patients based on the etiology are scarce. Sev-
eral previous studies have shown that NOA caused by
cryptorchidism has relatively higher SRR than other
causes of NOA [16,39]. The present review examined
six studies with this condition, and all studies demon-
strated a higher SRR in NOA patients with a history
of cryptorchidism than in patients with iNOA. The
reason for a higher SRR in patients with a history of
cryptorchidism might be attributed to the differences
in testicular histopathology. The rate of SCO or com-
plete maturation arrest was found to be 33.3% in pa-
tients with a history of undescended testes, which was
lower than that of other causes (62.3%) [15]. Potential
obstruction following orchiopexy and a high incidence
of epididymal anomalies found in cryptorchid men
could also explain our results [40].

Our systematic review and meta-analysis had several
limitations. All studies in the meta-analysis were retro-
spective and observational in nature, and some studies
included a low absolute number of patients with crypt-
orchidism. Prospective studies on cryptorchid azoosper-
mia patients ongoing for several decades are hard to
follow-up. The detailed techniques of TESE and differ-
ent laboratory handling techniques varied with each
study leading to heterogeneity in the analyzed param-
eters. There was certain degree of heterogeneity, po-
tential publication bias for SRR of this meta-analysis.
Another limitation was the heterogeneous definition
of clinical pregnancy. The studies that were included
did not clearly define clinical pregnancy, such as that
based on serum human chorionic gonadotropin eleva-
tion or presence of gestational sac, and possible female
factors, such as age, also have an impact on pregnancy
outcomes. However, this systematic review and meta-
analysis has a clinical significance as it states that
cryptorchid azoospermia is a favorable prognostic fac-
tor for the success of TESE and has evidence for active
treatment of TESE in cryptorchid azoospermia patients
who underwent orchiopexy. Further long-term prospec-
tive studies are necessary for high grade evidence.

This meta-analysis found that azoospermia patients
who underwent orchiopexy for cryptorchidism showed
significantly higher SRR than those with iNOA after
TESE. Further, patients who underwent orchiopexy
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at age under 10 years had significantly higher SRR.
However, there was no significant difference in SRR
between cases with a history of bilateral and unilateral
orchiopexy Therefore, azoospermia in men with a his-
tory of cryptorchidism is a favorable prognostic factor
for the success of TESE and has a clinical significance
in TESE for azoospermia patients with cryptorchidism
who underwent orchiopexy, regardless of bilateral and
unilateral cryptorchidism.
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