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Sperm chromatin structure assay
high DNA stainability sperm as a
marker of early miscarriage after
intracytoplasmic sperm injection
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Objective: To determine whether high DNA stainability (HDS), as assessed by the sperm chromatin structure assay (SCSA), predicts the
risk of early miscarriage after in vitro fertilization with intracytoplasmic sperm injection (IVF-ICSI).
Design: Retrospective cohort study of consecutive pregnancies after IVF and ICSI treatment.
Setting: Reproductive medicine center.
Patient(s): A total of 1,602 pregnancies after 832 IVF and 770 ICSI treatments.
Intervention(s): HDS measured using SCSA.
Main Outcome Measure(s): Early miscarriage (%12 weeks).
Result(s): The HDS represents the proportion of immature spermatozoa lacking the normal exchange of histone for protamine-
complexed DNA, and the outcome parameter was early miscarriage (%12 weeks). For all treatments, the odds ratio (OR) and 95%
confidence interval (CI) for early miscarriage was 1.41 (1.07–1.85) if HDS >15% compared with HDS %15%. When comparing the
two HDS categories, for ICSI, the OR was 1.44 (1.01–2.04) whereas for IVF the results were not statistically significant.
Conclusion(s): There is a small but increased risk of early miscarriage if HDS>15% compared with HDS%15%. This increased risk is
seen only after ICSI, not after IVF. These findings suggest that HDS can be used as a predictor of an increased risk of miscarriage in ICSI
treatments. (Fertil Steril� 2019;112:46–53. �2019 by American Society for Reproductive Medicine.)
El resumen está disponible en Español al final del artículo.
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I nfertility is classified by the World
Health Organization (WHO) as a
disease that affects 15% to 20% of

all couples trying to conceive (1). Assis-
ted reproduction techniques (ART) are
important tools for treating infertile
couples, and the most efficient are
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in vitro fertilization (IVF) and intracy-
toplasmic sperm injection (ICSI) (2).
By now ART has resulted in over 6.5
million births worldwide (3). Because
of delayed first pregnancies (4) and
perhaps even declining sperm counts
(5) it is likely that this number will
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continue to rise. Although the number
of IVF and ICSI treatments has
increased over the years, their ‘‘success
rate’’—the number of live births
compared to the number of embryo
transfers—has for the last 20 years re-
mained less than 30% (6).

A substantial proportion of ART
pregnancies are terminated by early
miscarriage (before 12 weeks of gesta-
tion), and approximately 50% of those
are believed to be related to chromo-
somal abnormalities, in particular
aneuploidy (7–9). The factors known
to increase the risk of miscarriage are
infections, endocrine disturbances,
and a suboptimal uterine environment
as well as advanced maternal age
(10, 11). Male factors such as age also
VOL. 112 NO. 1 / JULY 2019
lKey.com by Elsevier on February 22, 2021.
c. All rights reserved.

https://www.fertstertdialog.com/users/16110-fertility-and-sterility/posts/44803-27618
https://www.fertstertdialog.com/users/16110-fertility-and-sterility/posts/44803-27618
mailto:aleksander.giwermcan@med.lu.se
https://doi.org/10.1016/j.fertnstert.2019.03.013
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fertnstert.2019.03.013&domain=pdf


Fertility and Sterility®
affect the risk of miscarriage (12). Reducing the miscarriage
rate is one of the strategies that might help in making ART
more efficient and also reduce the problem of recurrent
miscarriage in spontaneous pregnancies. To date, we lack
reliable markers for the risk of early miscarriage.

Sperm DNA integrity can be assessed by several methods,
one which being the sperm chromatin structure assay (SCSA)
(13, 14). SCSA, a high-precision flow-cytometric test, is prob-
ably the most widely used of the clinical tests (15). It is the
only sperm DNA fragmentation test that simultaneously mea-
sures both DNA strand breaks and chromatin structure.

For the SCSA, fresh or frozen/thawed semen samples are
subjected to an acidic solution that denatures the DNA strands
at sites of single- or double-strand breaks whereas the
normal/native DNA stays intact (13). The sperm are then
stained with the small molecule acridine orange (AO) that in-
tercalates into the double-stranded DNA and emits a green
fluorescence under 488 nm light. When AO binds to single-
stranded DNA it collapses into a crystal that undergoes a
metachromatic shift to red fluorescence (16). The DNA frag-
mentation index (DFI) is the ratio of red/red þ green fluores-
cence and is the proportion of sperm in the semen sample that
has measurable DNA strand breaks, as calculated by the dedi-
cated software. The DFI has been shown to be a reliable pre-
dictor of male fertility potential for both in vivo and
in vitro fertilization (17–21). Studies also have shown that a
high DFI score is associated with an increased miscarriage
rate (17, 21, 22).

From a clinical point of view, the predictive role of the
other SCSA parameter, high DNA stainability (HDS), has
been less investigated. The HDS parameter expresses the frac-
tion of sperm with higher level of green fluorescence due to a
lack of full exchange of histones for protamines; histone-
complexed DNA is stained by AO to a higher degree than
protamine-complexed DNA. Flow cytometric sorting shows
that the HDS population has a more rounded morphology
than normal sperm and lacks DNA strand breaks (14, 23,
24). It is believed to represent the immature sperm in the
sample (14). Some studies suggest that semen samples with
a high HDS level may lead to early embryo growth
cessation (Booze, Brannian, and Evenson, 2018,
unpublished data) as well as miscarriage, although the
results are somewhat conflicting (18, 22, 25–29). Our study
examined data from almost 5,000 IVF-ICSI cycles to investi-
gate the degree to which the level of HDS is associated with
the risk of early miscarriage in couples undergoing ART.
MATERIALS AND METHODS
Study Design and Population

Our retrospective study was based on data from all IVF-ICSI
treatments performed at the Reproductive Medicine Centre,
Sk�ane University Hospital in Malm€o, Sweden, between
August 2007 and September 2017. Altogether 8,163 cycles
were performed. Of these, 1,581 cycles used frozen embryos
from an earlier treatment and were excluded from the study.
Another 44 cycles which used donated gametes and 1,632 cy-
cles where no HDS level was recorded were also excluded.
Additionally, 109 cycles were excluded because an ART
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method other than IVF or ICSI was used. Out of the remaining
4,797 cycles, a biochemical pregnancy was achieved in 1,627
cases, although an additional 25 cases were excluded from the
study for being ectopic pregnancies or still ongoing at the
time of this study. This resulted in 1,602 cycles for analysis,
comprising 832 IVF and 770 ICSI treatments. The selection
process is visualized in Supplemental Figure 1 (available
online).

The research protocol was reviewed and approved by the
ethics board in Lund (Dnr. 2015/006), and the couples signed
a written informed consent before being included or were
contacted by letter after treatment and offered an opt-out in
case they did not wish to have their clinical data included
in the analysis.

Semen Collection and Preparation

Semen samples were collected by masturbation on the day of
ovum pickup. Standard sperm parameters were recorded ac-
cording to World Health Organization guidelines (30). We
froze 200 mL of raw semen at 80�C for later SCSA analysis.
The remaining semen was prepared using a standard density
gradient centrifugation method, PureSperm, 45% and 90%
(Nidacon Ltd), to separate themotile sperm from lymphocytes,
epithelial cells, senescent or immotile sperm, cell debris, bac-
teria, and seminal fluid.

Sperm Chromatin Structure Assay (SCSA)

The SCSA was performed on frozen/thawed semen that was
diluted with Tris-NACL-EDT (TNE) buffer to afinal concentra-
tion of 6 � 106 sperm/mL. This suspension was then treated
with 400 mL of pH 1.20 buffer for 30 seconds to denature the
DNA at the sites of strand breaks. Subsequently 1,200 mL of
AO staining solution was added, and the sample was placed
in a FACSCanto II (BectonDickinson)flowcytometer. All sam-
ples were independently measured twice, and at least 5,000
sperm cells were analyzed per measurement. The flow cyto-
metric datawere analyzed using the dedicated software SCSA-
Soft (SCSA Diagnostics). After every fifth sample analyzed, a
reference sample was run to verify that the flow cytometer op-
tics and fluidics remained precise. This reference sample came
from a healthy donor obtained from the laboratory storage.

Oocyte Retrieval

Two types of protocol were used to achieve controlled ovarian
stimulation; gonadotropin-releasing hormone (GnRH) antag-
onist short protocol or GnRH agonist long protocol. Orgalu-
tran (MSD) or Cetrotide (Merck) was used in the antagonist
protocol, and Synarela (Pfizer), Suprefact (Sanofi), or Supre-
cur (Sanofi) was used in the agonist protocol. Ovarian stimu-
lation was performed with recombinant follicle-stimulating
hormone (FSH) (Gonal-f; Merck), Puregon (MSD), Menopur
(Ferring Pharmaceuticals), or Fostimon (NordicInfu Care),
and the dosage was based on the woman's age, ovarian vol-
ume, baseline FSH level, and body mass index (BMI). Ovarian
response was monitored by vaginal ultrasound to determine
the count and size of the follicles. When two follicles had
reached 17 mm an injection of human chorionic gonado-
tropin (hCG) (Ovitrelle, Merck; or Pregnyl, MSD) was given
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TABLE 1

Demographic information of the study population divided by HDS level.

Characteristic Total HDS £7% 7< HDS £10% 10< HDS £15% HDS >15%

Total ART (n) 1,602 501 362 357 382
IVF (n) 832 350 219 154 109
ICSI (n) 770 151 143 203 273
Female age (y, mean/SD) 32.3 (4.1) 32.8 (4.1) 32.4 (4.1) 32.3 (4.1) 31.6 (3.9)
Female BMI (mean/SD) 23.4 (3.2) 23.3 (3.1) 23.5 (3.3) 23.1 (3.1) 23.6 (3.1)
Previous IVF cycles (mean/SD) 0.70 (0.92) 0.72 (0.92) 0.65 (0.86) 0.74 (0.98) 0.70 (0.88)
Cycles with DFI >40% 46 15 8 9 14
Agonist protocol (n) 945 295 217 209 224
Antagonist protocol (n) 622 189 140 139 154
Unknown protocol (n) 35 17 5 9 4
Total FSH (in IU, median/IQR) 1,650 (1,012) 1,675 (1,125) 1,650 (990) 1,650 (900) 1,574 (934)
Embryo transfer

On day 2 945 301 206 209 229
On day 3 356 94 89 86 87
On day 5 283 104 64 54 61

Aspirated oocytes (median/IQR) 10 (7) 9 (8) 10 (7) 10 (8) 11 (8)
Note: ART¼ assisted reproduction cycles; BMI¼ body mass index; DFI¼ DNA fragmentation index; FSH¼ follicle-stimulating hormone; HDS¼ high DNA stainability; ICSI¼ intracytoplasmic sperm
injection; IQR ¼ interquartile range; IVF ¼ in vitro fertilization; SD ¼ standard deviation.
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to induce final follicular maturation. Ovum pickup was con-
ducted 35 hours after administration of hCG using a transva-
ginal ultrasound probe and needle (Cook Australia).
IVF and ICSI Procedures and Embryo Transfer

For IVF, sperm cells with a concentration of 150,000/mL were
added to the oocytes. They were placed in an incubator with a
gas phase of 6% CO2, 5% O2, and 89% N2, in which fertiliza-
tion took place during 90 minutes of coincubation. Before
ICSI, the oocytes were denuded from cumulus cells using glass
pipettes (SweMed Lab) and then rinsed. The injection was per-
formed using ICSI pipettes (Pipette Company), and afterward
the oocytes were placed in an incubator. The embryos with the
best morphological features were chosen for embryo transfer
on day 2, 3, or 5 after ovum pickup. The embryo transfers were
performed using a Cook Soft 5000 catheter (Cook Australia),
and 85% of the embryo transfers were single-embryo transfer.
Treatment Outcome

Biochemical pregnancy was defined as either a plasma hCG
concentration >10 IU/L on day 12 after embryo transfer or
a positive result on a commercially available urine pregnancy
test on day 17. Early miscarriage was defined as the sponta-
neous expulsion of the gestational sac at gestational week
%12, as verified by gynecologic ultrasound.
Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics
25 software (SPSS Inc.). Primarily, using linear regression, the
levels of HDS were compared between the groups (þ) versus
early miscarriage (�). This was done for the entire group as
well as for ICSI and IVF, separately. Adjustments were made
for the woman's age and BMI as well as DFI (DFI %40% or
DFI >40%) (21).

Subsequently, treatments were categorized into four
groups based on the quartiles for HDS: HDS %7% (reference
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group), 7< HDS %10%, 10< HDS %15% and HDS >15%.
Subsequently, treatments were categorized into two groups:
HDS %15% (reference group) and HDS >15%. Calculations
were performed separately for IVF and ICSI as well as com-
bined. Odds ratios (OR) with 95% confidence intervals (95%
CI) were calculated using binary logistic regression analysis.
The outcome was early miscarriage. All results were adjusted
for female age, BMI, and DFI (DFI %40% or DFI >40%) (21).
Post hoc power analysis showed that with a ¼ 0.05 and b ¼
0.8 the study was powered to show an unadjusted increase in
miscarriage rate from 30% in HDS%15% to 38% in the HDS
>15% group. P%.05 was considered statistically significant.

RESULTS
Demographic Data

The demographic data of the HDS groups are shown in
Table 1, and the data of the treatment groups are shown in
Table 2. There were no prominent differences between the
HDS groups. The IVF group had lower DFI and HDS values
as well as fewer previous ART treatments than the ICSI group.
The mean HDS (� standard deviation [SD]) for IVF was 9.9%
(�6.2% SD) and for ICSI 15% (�9.4% SD). The mean DFI was
13% (�7.3% SD) and 19% (�11% SD), respectively. The mean
number of previous ART treatments was 0.47 for IVF and 0.96
for ICSI. Otherwise, no notable differences were seen between
the treatment groups. Among the 490 miscarriages, 280 took
place before week 6 and the remaining during the weeks 6–12.

HDS Levels in the (D) versus (L) Early Miscarriage
Groups

For the entire group, the difference in HDS values was border-
line statistically significantly higher in the (þ) as compared to
the (�) early miscarriage group (mean: 12.9% vs. 12.0%; 95%
CI,�0.01; 1.8%; P¼ .05). This was also true for the ICSI group
(mean: 14.7% vs. 13.3%; 95% CI, �0.14; 2.8%; P¼ .075), but
no difference was seen for IVF treatments (mean: 7.0% vs.
7.1%; 95% CI, �1.1; 0.9%; P¼ .09).
VOL. 112 NO. 1 / JULY 2019
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TABLE 2

Demographic information of the study population divided by method of fertilization.

Characteristic Total ART IVF ICSI

HDS (mean/SD) 12.3 (8.3) 9.9 (6.2) 15.0 (9.4)
DFI (mean/SD) 15.9 (9.7) 13.0 (7.26) 19.0 (11.0)
Female age (y, mean/SD) 32.3 (4.1) 32.6 (4.1) 32.0 (4.0)
Female BMI (mean/SD) 23.4 (3.2) 23.1 (3.1) 23.6 (3.2)
Previous ART cycles (mean/SD) 0.70 (0.92) 0.47 (0.76) 0.96 (0.99)
Agonist protocol (n) 945 496 449
Antagonist protocol (n) 622 320 302
Unknown protocol (n) 35 16 19
Total FSH in IU (median/IQR) 1,650 (1,012) 1,650 (1,020) 1,625 (943)
Embryo transfer

On day 2 944 454 490
On day 3 356 181 175
On day 5 283 187 96

Aspirated oocytes (median/IQR) 10 (7) 10 (7) 10 (7)
Note: ART¼ assisted reproduction cycles; BMI¼ body mass index; DFI¼ DNA fragmentation index; FSH¼ follicle-stimulating hormone; HDS¼ high DNA stainability; ICSI¼ intracytoplasmic sperm
injection; IQR ¼ interquartile range; IVF ¼ in vitro fertilization; SD ¼ standard deviation.
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Early Miscarriage after IVF and ICSI Combined

The odds ratios for early miscarriage with HDS %7% as
reference are shown in Table 3, and with HDS %15% as
the reference in Table 4 and in Supplemental Figure 2
(available online). For HDS >15% compared with HDS
%7%, a statistically significant increase in OR was seen
(OR 1.45; 95% CI, 1.05–2.00; P¼ .022). The miscarriage
rate of HDS %7% was 147 (29%) of 501 whereas it was
129 (34%) of 382 with HDS >15%. In comparison with
HDS %7%, no statistically significant difference in OR
was seen for 7< HDS %10% or 10< HDS %15%. For
HDS >15%, compared with HDS %15%, the OR was statis-
tically significantly increased (OR 1.41; 95% CI, 1.07–1.85;
P¼ .014), and the miscarriage rates were 361 (30%) of 1,220
and 129 (34%) of 382, respectively.
Early Miscarriage after IVF

No statistically significant differences in ORs were seen with
HDS %7% or with HDS %15% as the reference group. The
odds ratios when comparing to HDS %15% are shown in
Table 4 as well as in Supplemental Figure 2. The odds ratios
for comparisons with HDS %7% are shown in
Supplemental Table 1 (available online).
TABLE 3

Impact of HDS on early miscarriage in IVF and ICSI combined.

HDS n Early miscarriage OR (9

HDS %7% 501 147 (29%)
7< HDS %10% 362 106 (29%) 1.00 (0
10< HDS %15% 357 108 (30%) 1.05 (0
HDS >15% 382 129 (34%) 1.23 (0
Note: AOR¼ adjusted odds ratio; CI¼ confidence interval; HDS¼ high DNA stainability; ICSI¼ intra
a The AOR was obtained using female age, body mass index, and DNA fragmentation index as cov
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Early Miscarriage after ICSI

The odds ratios for early miscarriage when HDS %7% was
used as the reference are shown in Supplemental Table 2
(available online), and the odds ratios when HDS %15%
was used as the reference are shown in Table 4 and in
Supplemental Figure 2.

For HDS >15% compared to HDS %7%, a statistically
significant increase in OR was seen (OR 1.63; 95% CI, 1.01–
2.62; P¼ .0046). The rate of miscarriage in the reference group
was 50 (33%) of 151), and the rate for HDS >15% was 100
(37%) of 273). No statistically significant differences were
seen for 7< HDS%10% or 10< HDS%15%, when compared
with HDS %7%. Also when comparing HDS >15% to HDS
%15%, a statistically significant increase was seen (OR
1.43; 95% CI, 1.01–2.03; P¼ .0045); the rates of miscarriage
were 161 (32%) of 497 and 100 (37%) of 273, respectively.
DISCUSSION
In a study including almost 5,000 IVF-ICSI cycles resulting in
more than 1,600 pregnancies, we found that HDS above the
level of 15% was associated with an approximately 5% in-
crease in risk of early miscarriage when using ICSI. For IVF
patients no such increase was seen. Although this difference
may not appear notable, when we take into consideration
5% CI) P value AORa (95% CI) P value

Ref — Ref —

.74–1.34) .99 1.06 (0.77–1.47) .72

.78–1.41) .77 1.04 (0.75–1.44) .82

.92–1.64) .16 1.45 (1.05–2.00) .022
cytoplasmic sperm injection; IVF¼ in vitro fertilization; OR¼ odds ratio; Ref¼ reference value.
ariates. P%.05 was considered statistically significant.
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TABLE 4

Impact of HDS on early miscarriage.

HDS n Early miscarriage OR (95% CI) P value AOR (95% CI)a P value

Total ART
HDS%15% 1,220 361 (30%) Ref — Ref —

HDS>15% 382 129 (34%) 1.21 (0.95–1.55) .12 1.41 (1.07–1.85) .014
IVF

HDS%15% 723 200 (28%) Ref — Ref —

HDS>15% 109 29 (27%) 0.95 (0.60–1.49) .82 1.15 (0.70–1.90) .58
ICSI

HDS%15% 497 161 (32%) Ref — Ref —

HDS>15% 273 100 (37%) 1.21 (0.89–1.64) .24 1.44 (1.01–2.04) .043
Note: AOR¼ adjusted odds ratio; ART¼ assisted reproduction technology; CI¼ confidence interval; HDS¼ high DNA stainability; ICSI¼ intracytoplasmic sperm injection; IVF¼ in vitro fertilization;
OR ¼ odds ratio; Ref ¼ reference value.
a The AOR was obtained using female age, body mass index, and DNA fragmentation index as covariates. P%.05 was considered statistically significant.
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that miscarriage is the outcome for a substantial number of
pregnancies, our findings could have important clinical as
well as biological implications.

Although previous studies have indicated an association
between HDS and risk of miscarriage, our results can be
considered as novel. Lin et al. (25) found that a high HDS
was associated with an increased risk of early abortion in
IVF but not in ICSI cycles whereas Speyer et al. (26) found a
statistically significant, although small, negative correlation
between HDS and the miscarriage rate after ICSI. However,
both studies were based on a significantly lower number of
treatment cycles, and Speyer et al. (26) included only couples
with previous unsuccessful ART attempts and excluded cou-
ples with female-factor infertility. In our setup most treat-
ments were single-embryo transfer whereas Speyer et al.
(26) had double-embryo transfers as the standard procedure.
Furthermore, Lin et al. (25) did not adjust for other factors
that could cause miscarriage, and their definition of miscar-
riage differed from ours, as they only counted miscarriages
after the sixth week of gestation.

Previous studies have shown that increased sperm DNA
damage is associated with an increased risk of early miscar-
riage (31, 32) and that abnormal protamination is connected
to DNA damage (33, 34). Yet high HDS is not associated
with increased DNA damage (24), and in our calculations
we have adjusted the results for the effect related to high DFI.

The biological background for increased HDS is not well
understood. Wyrobek et al. (35) found that HDS is associated
with frequency of aneuploidy in spermatozoa, but that has
been the only study to investigate such an association in hu-
mans, although similar findings have been seen in bulls (36,
37). This is not surprising because immature sperm have an
increased rate of aneuploidy and other chromosomal
abnormalities (38–40). A higher proportion of immature
spermatozoa (41, 42) as well as of aneuploid gametes (41,
43, 44) have been linked to an increased risk of miscarriage
after ART. It can therefore be speculated that the increased
risk of miscarriage seen in couples with HDS >15% might
be due to high aneuploidy rate in spermatozoa, something
we did not investigate in our study. Another plausible
explanation is that HDS represents an immature population
50
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of spermatozoa that lack proper chromatin structure, which
inhibits proper gene expression and leads to early embryo
death and miscarriages (14).

It can be speculated why the impact of high HDS on the
risk of early miscarriage was only seen in ICSI cycles. One
plausible explanation might be the difference in the mode
of fertilization. In IVF, due to the competition between sper-
matozoa, it is likely that mature spermatozoa have a higher
chance of binding to the zona pellucida and penetrating the
oocyte. In ICSI, on the other hand, when using samples with
high HDS, there likely is an increased risk of an immature
spermatozoa being injected into the oocyte, and those preg-
nancies are at a higher risk of miscarriage. In support of
this hypothesis, Lathi and Milki (45) found that a higher pro-
portion of early aborted embryos with aneuploidy was seen in
ICSI pregnancies compared with those resulting from IVF.
Additionally, Carrell et al. (46) found that patients treated
with ICSI more often had aneuploid spermatozoa than those
treated with IVF.

Our findings may have some biological as well as clinical
implications. Elucidating the underlying biological mecha-
nisms could help in understanding the causes of early miscar-
riage and thereby lead to developing preventive and
therapeutic measures. In the clinical setup, the decision of
whether to perform IVF or ICSI is often based on standard
semen parameters after a gradient centrifugation. However,
during a treatment course based on the outcome of earlier
treatment cycles the couple may be offered a switch from
IVF to ICSI. In this context, SCSA analysis may be additional
tool in deciding the right treatment strategy. Whereas DFI
above 20% may be indicative of a higher chance of live birth
when using ICSI (18, 21), high HDS in cases of ICSI
pregnancies terminated by early miscarriages might lead to
considering standard IVF as alternative option. However,
additional studies are needed to confirm our HDS data.

The main strength of our study is its large patient cohort,
which was based on almost 500 miscarriages, in contrast with
the two previous studies which were based on a total of 68
early abortions (25, 26). Owing to our large study
population, it was possible to stratify the patients into
subgroups and analyze the different methods of fertilization
VOL. 112 NO. 1 / JULY 2019
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separately. Another strength was that all treatments were
performed in the same clinic and almost all were single-
embryo transfer, thereby reducing the risk of bias due to dif-
ferences in methodology or patient-selection criteria.

The main weakness of this study was its retrospective
design. The patients were not randomized; instead, the
method of fertilization was based on standard sperm param-
eters, patient history, and the outcome of earlier treatments.
Furthermore, use of urine chemical pregnancy testing rather
than ultrasound or even a blood test to determine the presence
of a pregnancy might have led to some improper diagnoses of
pregnancy. Additionally, the mean value for the time of
insemination to documented miscarriage is not available.

CONCLUSION
In ICSI pregnancies we found an increased risk of early
miscarriage for HDS >15% when compared with lower levels
of HDS. No such association was found for IVF. This finding
shows that HDS can be used as a predictor of early miscarriage
in ICSI.
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Fertility and Sterility®
La alta capacidad de tinci�on del ADN del espermatozoide analizada por el ensayo de la estructura de la cromatina del espermatozoide
como marcador de aborto espont�aneo temprano tras la inyecci�on intracitoplasm�atica de espermatozoides

Objetivo: Determinar si la alta capacidad de tinci�on del ADN (HDS), seg�un lo evaluado por el ensayo de la estructura de la cromatina del
espermatozoide (SCSA), predice el riesgo de aborto espont�aneo temprano tras la fecundaci�on in vitro mediante inyecci�on intracito-
plasm�atica de espermatozoide (FIV-ICSI).

Dise~no: Estudio retrospectivo de cohorte de embarazos consecutivos despu�es de un tratamiento de FIV e ICSI.

Entorno: Centro de medicina reproductiva.

Paciente (s): Un total de 1,602 embarazos despu�es de 832 tratamientos de FIV y 770 de ICSI.

Intervenci�on (es): HDS medido utilizando SCSA.

Principales medidas de resultado: Aborto espont�aneo temprano (% 12 semanas).

Resultado (s): El HDS representa la proporci�on de espermatozoides inmaduros que carecen del intercambio normal de histona por el
complejo-protamina en el ADN, y el par�ametro de resultado fue el aborto espont�aneo temprano (% 12 semanas). Para todos los trata-
mientos, la proporci�on de probabilidades (OR) con el intervalo de confianza (IC) del 95% para el aborto espont�aneo temprano fue de 1.41
(1.07-1.85) si HDS> 15% comparado con HDS% 15%. Al comparar las dos categorías de HDS, para ICSI, el OR fue de 1.44 (1.01-2.04)
mientras que para la FIV los resultados no fueron estadísticamente significativos.

Conclusi�on (es): Hay un peque~no pero incrementado riesgo de aborto espont�aneo si HDS es> 15% en comparaci�on con HDS% 15%.
Este aumento del riesgo se observa solo despu�es de la ICSI, no despu�es de la FIV. Estos hallazgos sugieren que la HDS se puede usar como
un predictor de un mayor riesgo de aborto espont�aneo en los tratamientos con ICSI.
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SUPPLEMENTAL FIGURE 1

Flow chart illustrating selection of study population.
Jerre. Sperm SCSA HDS and miscarriage risk. Fertil Steril 2019.
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SUPPLEMENTAL FIGURE 2

Odds ratios for early miscarriage for HDS >15% compared with HDS%15% for IVF and ICSI separately and for all treatments (total). Unadjusted
and adjusted for female age, body mass index, and DNA fragmentation index (AOR). HDS ¼ high DNA stainability.
Jerre. Sperm SCSA HDS and miscarriage risk. Fertil Steril 2019.
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