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Purpose: Sperm DNA fragmentation (SDF) is a functional sperm abnormality that can impact reproductive potential, for
which four assays have been described in the recently published sixth edition of the WHO laboratory manual for the exami-
nation and processing of human semen. The purpose of this study was to examine the global practices related to the use of
SDF assays and investigate the barriers and limitations that clinicians face in incorporating these tests into their practice.
Materials and Methods: Clinicians managing male infertility were invited to complete an online survey on practices related
to SDF diagnostic and treatment approaches. Their responses related to the technical aspects of SDF testing, current profes-
sional society guidelines, and the literature were used to generate expert recommendations via the Delphi method. Finally,
challenges related to SDF that the clinicians encounter in their daily practice were captured.

Results: The survey was completed by 436 reproductive clinicians. Overall, terminal deoxynucleotidy! transferase deoxyuri-
dine triphosphate Nick-End Labeling (TUNEL) is the most commonly used assay chosen by 28.6%, followed by the sperm
chromatin structure assay (24.1%), and the sperm chromatin dispersion (19.1%). The choice of the assay was largely in-
fluenced by availability (70% of respondents). A threshold of 30% was the most selected cut-off value for elevated SDF by
33.7% of clinicians. Of respondents, 53.6% recommend SDF testing after 3 to 5 days of abstinence. Although 75.3% believe
SDF testing can provide an explanation for many unknown causes of infertility, the main limiting factors selected by respon-
dents are a lack of professional society guideline recommendations (62.7%) and an absence of globally accepted references
for SDF interpretation (50.3%).

Conclusions: This study represents the largest global survey on the technical aspects of SDF testing as well as the barriers en-
countered by clinicians. Unified global recommendations regarding clinician implementation and standard laboratory inter-
pretation of SDF testing are crucial.

Keywords: Delphi method; Diagnostic test; DNA fragmentation; Infertility, male; Survey
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INTRODUCTION

Spermatozoa are highly differentiated cells in which
DNA integrity is essential for successful fertilization
and subsequent embryo development. Although the
oocyte is capable of partially repairing sperm DNA
damage [1], prevention of damage by defense mecha-
nisms (such as chromatin condensation) is crucial, as
the mature sperm is unable to repair DNA damage
once the damage has occurred [2]. Damage to the sperm
genome may be in the form of sperm DNA fragmenta-
tion (SDF), which includes single- and double-stranded
DNA breaks (SSBs and DSBs, respectively), that may
be attributed to extrinsic (e.g., heat, smoking, pollut-
ants, and drugs), intrinsic (e.g., defective germ cell mat-
uration and abortive apoptosis), or mixed factors [3,4].
Oxidative stress (OS) is considered a major underlying
mechanism leading to SDF.

High levels of SDF have been observed in subjects
with unexplained or idiopathic male infertility (UMI
and IMI, respectively) and in conditions well known to
be associated with infertility, such as varicocele [3,5].
According to recent reports, high SDF values are also
associated with recurrent pregnancy loss (RPL), with
a positive correlation between SDF and the age of pa-
tients and the number of miscarriages [6]. The impact
of SDF on assisted reproductive technology (ART) out-
come 1s also documented. A meta-analysis by Simon et
al [7], which included 41 studies with a total of 8068
ART cycles (3,734 in-vitro fertilization [IVF], 2,282 in-
tracytoplasmic sperm injection [ICSI], and 2,052 mixed
IVF+ICSI), reported a significant effect of sperm DNA
damage on clinical pregnancy.

During male fertility evaluation, the diagnostic ca-
pacity of the conventional semen analysis is limited by
a lack of information on the functional status of sper-
matozoa, which 1is related to their true fertilization po-
tential [8]. SDF may represent a better predictor than
conventional seminal parameters in terms of male
infertility and ART success, as demonstrated by one
study that used an alkaline comet assay to measure
SDF [9].

To address the need for advanced sperm testing,
SDF was recently introduced in the sixth edition of
the World Health Organization (WHO) laboratory
manual for the examination and processing of human
semen and was included in the section “Extended Se-
men Examination” [10]. However, the manual does not
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provide precise guidance on the method to be used and
the lack of a definite cut-off in the literature makes it
necessary to use laboratory-specific reference limits [11].
The standardization of this parameter including test-
ing conditions and cut-off values remains a necessity.
Furthermore, it is important to identify the limitations
to testing that clinicians face worldwide which may
prevent them from ordering this test when necessary.

Therefore, the aims of this study are as follows:

1) To investigate the global practices related to the
technical aspects of SDF testing.

2) To summarize and present professional society
guidelines related to the technical aspects of SDF
testing and compare them to our findings.

3) To provide expert recommendations on the techni-
cal aspects of SDF testing based on global prac-
tices, society guidelines, and available evidence in
the literature.

4) To investigate the barriers and limitations of SDF
testing, as well as the opinions of reproductive spe-
cialists worldwide, and to identify areas that need
improvement and have the potential for future
advancement.

MATERIALS AND METHODS

This was a cross-sectional online survey constructed
and disseminated in accordance with the CHERRIES
checklist criteria [12] The survey was administered by
the Global Andrology Forum [13] and was targeted at
reproductive clinicians across the globe. The complete
survey captured demographic variables, practices re-
lated to indications of SDF testing, management of
elevated SDF, technical aspects of SDF testing, and the
barriers and limitations that clinicians encounter that
hinder the implementation of this parameter into their
practice. The complete methodology along with the
CHERRIES checklist are included in Supplement File 1.
The complete survey is included in Supplement File 2.

This article presents the responses related to the
technical aspects of SDF testing (questions 29-32) as
well as the barriers and limitations to incorporating
SDF testing into clinical practice (questions 61—64).
The complete responses to these sections are provided
in Supplement File 3. In addition, professional society
guidelines were screened for recommendations related
to the technical aspects of SDF testing. These included
guidelines of the American Urological Association/
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American Society for Reproductive Medicine (AUA/
ASRM) [14,15], the European Association of Urology
(EAU) [16,17], the European Society of Human Repro-
duction and Embryology (ESHRE) [18], the European
Academy of Andrology (EAA) [19], the Italian Society
of Andrology and Sexual Medicine (STAMS) [20], and
the German Society of Gynecology and Obstetrics
(DGGG), the Austrian Society of Gynecology and Ob-
stetrics (OEGGG), and the Swiss Society of Gynecology
and Obstetrics (SGGG) [21]. Lastly, expert recommen-
dations regarding the technical aspects of SDF testing
were devised and a consensus was reached using the
Delphi technique [22].
Fig. 1 summarizes the survey methodology.

1. Ethics statement

Submission of the survey was voluntary to all in-
vited participants. Informed consent was described and
obtained from all participants who agreed to submit
the survey. No participant identifiers were shared with
any third party. No patient information was elicited
from any participant. No patients were involved in this
study.
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1 Internal pilot testing of
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GAF members, survey
questions were
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Creation of the initial set of
survey questions by 3 andrology
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Creation of corresponding
tables and figures
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RESULTS, GUIDELINES,
DISCUSSION, AND EXPERT
RECOMMENDATIONS

1. Participant demographics

A total of 436 responses representing the practices
of clinicians from 55 countries were included in the
final analysis. The majority (60.1%) of respondents
were urologists or reproductive urologists/andrologists,
followed by ART specialists (16.1%). Most (69.4%) had
more than 5 years of experience in managing male in-
fertility. The complete demographic data are found in
Supplement File 4.

2. Technical aspects of sperm DNA
fragmentation testing

1) Results

When asked which assays are ordered for measur-
ing SDF, the most frequently used assay by clinicians
responding to the survey was terminal deoxynucleotidyl
transferase deoxyuridine triphosphate Nick-End La-
beling (TUNEL) (286%). Less common were the sperm

9

Manuscript draft was created
by combining all sections
including the final
recommendations

7

Invited authors were divided
into teams of 2-3 and the writing
sections were assigned
Each team wrote the discussion,
the relevant survey results & The complete draft was
society guidelines and drafted their 1qyiewed by all invited GAF
initial expert recommendations  members, and appropriate
for the assigned subsections revisions were made
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Review and revision of

the initial set of survey

questions by an invited
panel of 30 experts

2
. 4

infertility worldwide
Survey period:

A

2022

Finalized survey launched on
SelectSurvey and the link
shared globally via email

Respondents: Reproductive
specialists managing male

April 4th - May 10th, 2022

‘ 18 initial expert recommendations

. . were proposed
Interpretation and write up

of the results by core authors Delphi method was applied

. L to reach expert consensus
Screening of guidelines from

selected professional societies
& summary of relevant
recommendations

6

15 expert recommendations
passed the first round of Delphi,
while 3 other recomendations
required a second round of Delphi

to pass

8

Fig. 1. Complete survey methodology. The complete survey consisted of 64 questions on SDF clinical practices divided into five sections: demo-
graphics, indications for SDF testing, technical aspects of SDF testing, management of elevated SDF, and barriers in incorporating SDF into clinical
practice. A total of 18 recommendations were made as follows: seven for indications for SDF testing, ten for management of infertile men with
elevated SDF, and one for technical aspects of SDF testing. Passing criteria for the Delphi method was set at >80% scoring the recommendation
>7 in agreement. SDF: sperm DNA fragmentation, GAF: global andrology forum.
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Q29. “Which of the following SDF assays do you order?”
(If you use more than one, choose the most commonly ordered test

in your practice)

Bl Terminal deoxynucleotidyl
transferase dUTP nick end
labeling (TUNEL)

Bl Sperm chromatin
dispersion (SCD)

3.3% Bl Sperm chromatin structure
W assay (SCSA)

Comet

1 Other test

Bl Not applicable

N
Fig. 2. SDF assays ordered by the respon-
2022

dents. SDF: sperm DNA fragmentation.

Q30. “Which of the following factors determine your choice of the assay?”

Not applicable [& kN4

Ease of performing by biologists
Ease of interpretation
Short time needed to obtain results
Additional cost for patient
Training of staff and personnel
Evidence provided in literature on each assay

Fig. 3. Factors determining the choice of
SDF assay. Respondents were allowed to
select more than one answer. The per-
centage for each answer was calculated
by dividing the number of respondents
who had selected it by the total number

T of respondents who had answered this

Accuracy | 35.5% ]
Cost of performing
» Availability [ 70.0% |
*5 o G’ﬁ 0 50 100 150 200 250

chromatin structure assay (SCSA) and sperm chromatin
dispersion (SCD) assays (24.1% and 19.1%, respectively).
Conversely, only a minority of respondents used the
comet assay (5.3%). Notably, nearly one-fifth of respon-
dents (19.6%) selected the answer “not applicable.” The
above data are shown in Fig. 2. The main factors deter-
mining the choice of the assay are availability (70.0%),
cost (44.1%), and accuracy (355%) (Fig. 3). When asked
about the thresholds used for the interpretation of the
results, the cut-off most commonly considered as signifi-
cant is 30% (33.7%), followed by 25% (18.3%), and 20%
(95%) (Fig. 4). Concerning time of abstinence before test-
ing, more than half (53.6%) of respondents recommend
3-5 days, while 235% consider a shorter period of 24—48
hours to be more suitable (Fig. 5).

6  wwwwjmh.org

300 350 question (n=420). SDF: sperm DNA frag-
mentation.

2) Society guidelines

The AUA/ASRM guidelines do not comment on any
particular SDF testing methods, however, they do ac-
knowledge the inconsistencies in SDF results due to
the various assays used, non-standardized protocols,
and ambiguous result interpretation [14,15].

The EAU guidelines briefly discuss the four assays
for SDF (TUNEL, comet, SCD, and SCSA), but also ac-
knowledge the controversy and unreliability regarding
their use [16]. Their discussion on the various testing
assays including the advantages and limitations of
each are further expanded upon in the “Clinical Con-
sultation Guide on the Indications for Performing SDF
Testing in Men with Infertility”, but still no definitive
recommendations are provided regarding the use or in-
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Q31. “Which of the following thresholds do you use to interpret the test results?”

150 33.7%

100

18.3%
15.9%

50 11.2%

9.5% 10%

1.4%

- 20% or higher is
elevated SDF

- 25% or higher is
elevated SDF

- 30% or higher is
elevated SDF

- Threshold determined
by my lab

Threshold provided
l: by testing lab

[ other

[ Not applicable

» Fig. 4. Thresholds used for interpretation
' < by the respondents. SDF: sperm DNA
2022 fragmentation.

Q32. “Do you recommend an abstinence period before SDF testing?
(including last discarded ejaculation if applicable)”

1.2% 5.2%
\ q

NOEENE

No

Yes, less than 24 hr
Yes, 24-48 hr

Yes, 3-5 days

Yes, 6 days or more

Not applicable

terpretation of these assays [17].

The ESHRE guidelines do not mention SDF testing
assays [18]. EAA guidelines list the following examples
when discussing the assessment of sperm DNA integri-
ty: SCSA, alkaline comet, and TUNEL [19]. The position
statement from SIAMS describes the four tests for the
assessment of SDF (TUNEL, comet, SCD, and SCSA),
along with the advantages and disadvantages of each,
while no specific technique or cut-off values are rec-
ommended [20]. There is no mention of SDF testing
methods in the guidelines of the DGGG, OEGGG, and
SGGG [21].

, 3 Fig. 5. Recommended abstinence period
''''' " before SDF testing. SDF: sperm DNA
fragmentation.

3) Discussion

(1) Types of assays

The 6th edition of the WHO manual details the
laboratory techniques for performing four SDF assays:
the TUNEL assay, the single cell gel electrophoresis
assay (also known as the comet assay), the SCD assay,
and acridine orange flow cytometry (AO-FCM) (also
known as the SCSA) [10]. The cut-off values are specific
to each test and the manual states that appropriate
thresholds of the tests should be determined and vali-
dated by the performing laboratory.

The TUNEL assay is a direct method of detecting
SSBs and DSBs by incorporating deoxynucleotides
(usually deoxyuridine triphosphate) coupled to a fluo-
rescent marker into the sites of breaks. This technique

www.wjmh.org 7
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can be used with fluorescence microscopy or flow cy-
tometry, allowing the analysis of thousands of cells
[10,23]. TUNEL is sensitive, reliable, with minimal
inter-observer variability, and can be performed on few
sperm (in situ), but requires inter-laboratory standard-
ization, and the use of expensive equipment and per-
sonnel training [3,24].

The comet assay is another direct method to evalu-
ate SDF based on the differential migration of DNA
fragments under the influence of an electric field [10,25].
One unique feature of the comet assay is its ability
to distinguish between SSBs and DSBs, depending on
the pH of the medium used. An alkaline comet detects
both types, while a neutral comet detects DSBs [23,26].
The comet assay can be performed in very low sperm
counts, 1s sensitive and reproducible, but requires an
experienced observer, and suffers from high inter-
observer variability as well as variable protocols and
thresholds [3,24,27].

The SCD assay is an indirect method for measuring
SDF in that it relies on the susceptibility of chromatin
to denaturation after the action of an acid treatment,
which occurs more when there is fragmented DNA
[28]. It 1s a simple assay with the advantage that it
does not require the use of fluorescence or any special-
ized equipment, and in fact, there are commercial kits
available as well [3,24]. The reliability of SCD has been
commended with high intra-individual agreement [29].
However, it has been criticized for high inter-observer
variability [27].

The SCSA is a well-described and commonly utilized
test with a standardized protocol for estimating DNA
fragmentation index [30]. It is an indirect assay that
relies on the different fluorescence of acridine orange
dye depending on its binding to denatured or intact
DNA. The use of flow cytometry allows the simultane-
ous examination of a large number of cells [3,24]. De-
spite it being highly standardized and reproducible, ex-
pensive equipment and personnel training are required
which may limit its use [3,24].

Consistent with the results of this survey, the TU-
NEL assay is reported to be the most commonly uti-
lized [31]. However, it i1s important to emphasize that
the choice of SDF assay strongly depends on availabil-
ity, the quality of laboratories and their trained biolo-
gists, as well as the direct and indirect costs related to
the reagents and run-time for each assay.

8 wwwwjmh.org
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(2) Cut-off values

A lack of standard cut-off values has led the WHO
6th edition to recommend every laboratory to estab-
lish its reference values based on predictive values for
fertility outcomes [11]. Different studies have reported
on the sensitivities and specificities of using different
SDF thresholds, with marked variability [3]. A recent
meta-analysis by Santi et al [32] indicated that an SDF
cut-off of 20% can differentiate between fertile and
infertile men with 79% sensitivity and 86% specificity.
This universal cut-off has also been cited by Agarwal
et al [3] in their guidelines for clinicians. Esteves et al
[33] also recommended this cut-off when using TUNEL,
SCSA, and SCD, but cited a higher value of 26% for
alkaline comet assay. Nevertheless, the definition of a
reliable cut-off should be interpreted cautiously due to
the multifactorial character of a couple’s infertility.

(3) Abstinence period

Most scientific literature has reported that time of
abstinence is related to SDF, with a prolonged absti-
nence period considered a risk factor for higher SDF
[34]. The most accepted hypothesis is that a longer
epididymal transit subjects spermatozoa to higher OS
and increases acid denaturation of chromatin [35]. To
allow reliable interpretation and comparison of SDF
assays results, confounding factors such as abstinence
time before testing should be standardized. More than
half the respondents recommend 3 to 5 days, a period
similar to that of the conventional semen analysis,
while almost a quarter recommend a shorter duration.
In their clinical practice recommendations, Esteves et
al [33] recommended a period of 2 to 5 days, as well as
a fixed period of ejaculatory abstinence when perform-
ing repeat SDF tests to monitor management success.

4) Expert recommendations

The method to test for SDF should take into con-
sideration the availability of resources, personnel, and
laboratory complexity of the tests. The recommended
assays are TUNEL, comet, SCD, and SCSA. There is a
lack of standard cut-off values, and every laboratory
might be able to establish its own reference values
based on predictive values for fertility outcomes. De-
creased abstinence period is associated with lower SDF,
therefore SDF testing is recommended with an absti-
nence period of fewer than five days.
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3. Barriers and limitations in incorporating
SDF testing into clinical practice

1) Results

When asked about the factors that limit a clinician’s
ability to order SDF in their practice, 56.6% of the par-
ticipants selected “cost” as a limiting factor, followed by
testing not being covered by insurance (41.4%). Other
limiting factors were the unavailability of assays as
reported by 35.3%, lack of clear recommendations for
testing by 32.2%, and lack of standardized SDF mea-
surement by 30.7%. Interestingly, 14.0% reported that
their patients are not convinced of additional tests. The
limiting factors to ordering SDF testing are summa-

Ashok Agarwal, et al: Sperm DNA Fragmentation: Assays and Limitations I

rized in Fig. 6.

When asked about their opinion on when SDF test-
ing should be ordered in the evaluation of infertile men,
answers were variable with the three most common sce-
narios being: for all men with causes and risks known
to elevate SDF (47.0%), after the failure of ART for all
cases (43.7%), and for all men with UMI (381%) (Fig. 7).
Only 9.3% felt that SDF testing should occur only for a
select few patients after careful evaluation, while 28.8%
believe it should be ordered for all infertile men.

Respondents were then asked why they think there
is a delay in incorporating SDF testing into clinical
practice, with almost 62.7% choosing lack of recommen-
dations by society guidelines as a reason, followed by

Q61. “Which of the following factors limit YOUR ABILITY to order SDF testing?”

250
56.6%
200
41.4%
150 35.3% 5
32.2%  30.7%
26.9%
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188%
50 L 14% 4574,
s3% 2% Fig. 6. Factors that limit the ability of
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Q62: “Assuming all resources are available, do you believe (regardless of your actual
practice) SDF should be ordered in the evaluation of infertile men?”

Not applicable . 4.6%
No, SDF testing should have no role in evaluation of male infertility . 1.8%

No, SDF testing should occur only for select few patients after careful evaluation -

Yes, for surgery decision on subclinical varicocele ‘

Yes, after first natural pregnancy loss 16.4%

22.7%
28.8%

Yes, before referral for ART in all cases of male infertility

Yes, for all infertile men

Fig. 7. Opinion on SDF evaluation for
infertile men. The percentage for each
answer was calculated by dividing the
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31.8% |

number of respondents who had se-

Yes, after natural RPL

32.8%

lected it by the total number of respon-

Yes, for all men with IMI |

34.6% |
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(n=396). SDF: sperm DNA fragmentation,

Yes, for all men with UMI |

38.1% | ART: assisted reproductive technology,

Yes, after failure of ART for all cases

GAF

Yes, for all men with causes and risks known to elevate SDF
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47.0%
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RPL: recurrent pregnancy loss, IMI: idio-
pathic male infertility, UMI: unexplained
male infertility.

150 200

9

www.wjmh.org



I https://doi.org/10.5534/wjmh.230076

The World Journal of

MEN'’s HEALTH

Q63: “In your opinion, why is there a delay in incorporating SDF testing into clinical practice?”

Not applicable . 4.8%

Knowing whether SDF is high or low will typically not affect the management plan
For large number of SDF tests conducted, only a small proportion of patients will benefit -

Economic drawbacks of SDF testing outweigh the benefits that may be conferred to patients

Poor quality research available regarding the topic 22.8%

Difficulty in performing SDF testing 26.1%
Resistance by many clinicians to incorporate this new technology into their practice 26.4% Flg, 8, Reasons for delay |n incorporating
Insurance companies will not cover costs of testing | 30.7% | SDF Into Cllnlcal praCtICE. The percent_
Unavailable SDF testing age for each answer was calculated by
Too expensive in time and/or materail to be used routinely | 36.6% | dividing the number of respondents
No reliable resuits and large variabilty between labs | 49.5% | who had selected it by the total number

No globally accepted reference ranges

No clear recommendations by society guidelines

o
3]
=]

50.3% of respondents who had answered this

=S question (n=394). SDF: sperm DNA frag-

100 150 200 250 Mmentation.

Q64: In your opinion and based on your experience, why should SDF testing

be incorporated more into clinical practice?

80

75.3%

70

60

50

40

30

il EEENE

20

no globally accepted reference ranges (50.3%), and lack
of reliable results with variability between labs (49.5%)
(Fig. 8).

Finally, the participants were asked to choose rea-
sons why they feel SDF should be incorporated more
into clinical practice based on their experience. The
majority (75.3%) chose that it can provide an explana-
tion to many unknown causes of male infertility, fol-
lowed by providing a basis to counsel patients (69.2%)
and allow personalized therapeutic approaches (55.2%),
while 6.6% believe it should not be utilized more (Fig. 9).

2) Discussion

From our survey, the two major factors limiting the
clinical utilization of SDF testing are financial fac-
tors and technical factors in terms of standardization.

10 www.wjmh.org

Availability of commercial assays that
are relatively affordable and easy to
interpret

| do not believe it should be incorporated
more into clinical practice

Not applicable

Provide an explanation to many
unknown causes of male infertility

Provide basis for counselling patients,
especially regarding lifestyle risks

Allow targeted treatment approaches
and personalized medicine

Avoid unnecessary cost, time, and
resources of ART

Fig. 9. Reasons why SDF should be in-
corporated more into clinical practice.
The percentage for each answer was
calculated by dividing the number of
respondents who had selected it by the
total number of respondents who had
answered this question (n=393). SDF:
sperm DNA fragmentation, ART: assisted
reproductive technology.

The global coverage of our survey can influence the
barriers faced by clinicians in each country, especially
when there are disparities in the allocation of health-
care costs. This has limited our ability to generalize
the financial limitations faced by some of the respon-
dents. On the other hand, a lack of globally standard-
ized recommendations is further stressed upon by this
survey. The responses strongly highlight the need to
establish standardized testing methods, thresholds, and
techniques, as well as the clinical application of testing
in terms of indications for testing and management of
infertile men with elevated SDF.

Generally, the indications for SDF testing include
UMI and IMI, RPL, clinical varicocele, presence of
known risk factors, recurrent ART failure, and in
some cases ART planning [36]. Many different treat-
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ment strategies also exist for managing infertile men
with elevated SDF. These include management of
underlying causes such as repair of clinical varicocele
and antibiotics for genital tract infections, weight loss,
avoidance of risk factors, empiric antioxidants, and re-
duction in ejaculatory abstinence [37]. Sperm selection
techniques and testicular sperm have also been shown
to reduce SDF levels and can be used in ART.

As pregnancy is affected by many controlled and un-
controlled factors, the predictive value of SDF alone on
reproduction is limited, however, recent research has
provided us with a better understanding of situations
where SDF testing is indicated. This is demonstrated in
our survey which shows respondents advocating for SDF
testing in infertile men with known risks or conditions,
after ART failure, those with unexplained or idiopathic
infertility, and couples experiencing RPL. Only less
than 10% do not support SDF testing in these scenarios.
Finally, the majority of clinicians feel that SDF testing
will uncover an underlying etiology for male infertil-
ity, and will allow personalized medicine with targeted
therapy and individualized patient-based counseling.

LIMITATIONS OF THE PRESENT
STUDY

This survey was limited by its open nature and in-
ability to capture response rates. To ensure worldwide
representation of reproductive experts, the survey was
disseminated in different forms. Furthermore, many
demographic variables were captured by the survey
and revealed heterogeneity in the respondents’ coun-
tries, specialization, experience, and practice. Although
this diversity strengthens our survey in terms of accu-
rate representation of practitioners who manage male
infertility, we were unable to conduct stratified analy-
sis to capture the difference in practice based on poten-
tial confounding demographic factors. This is especially
true when discussing technical tests which have differ-
ent costs and availability in different regions, as well
as clinical barriers and limitations that may differ due
to economic, social, or administrative factors.

CONCLUSIONS

This study discusses the technical aspects of SDF
testing as well as the barriers and limitations that face
a large number of clinicians, represented by over 400
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clinicians from 55 countries. In general, TUNEL is the
most commonly used assay, closely followed by SCSA
and SCD. Prolonged abstinence before testing is not
recommended and should be less than 5 days. Unfor-
tunately, there is no universal cut-off value for SDF
interpretation and different clinicians use different
ways to interpret it. The current recommendations are
that each laboratory should determine and validate its
thresholds. Future research should focus on establish-
ing a gold standard test with clear cut-off points for
measuring and interpreting SDF levels.

The most common reason cited by the respondents,
for their perception as to why there is a delay in in-
corporating SDF into clinical practice, is a lack of clear
recommendations by professional society guidelines.
This also explains the marked heterogeneity in re-
sponses of clinicians to various questions of our survey,
further reinforcing the need for universal recom-
mendations by the professional societies related to all
aspects of SDF in the evaluation and management of
infertile men, including technical aspects and cut-off
points.
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