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Abstract
Purpose: To compare two methods for the observation and selection of spermatozoa before microinjection.

Methods: We analyzed 9012 treatment cycles—3339 cycles of intracytoplasmic sperm injection (ICSI) (37.1%) and 5673 cycles of intracytoplasmic injection of
morphologically selected spermatozoa (IMSI) (62.9%)—for fertilization, pregnancy, live birth, and miscarriage rates. The primary endpoints were clinical pregnancy
rate and live birth. Secondary endpoints were fertilization, blastulation, and miscarriage rates.

Results: In the ICSI group, 530 cycles (15.9%) ended with no embryos appropriate for transfer or freezing, versus 426 cycles (7.5%) in the IMSI group (P < 0.01).
After correction for age, body mass index, anti-Miillerian hormone level, and number of previous treatments, IMSI cycles were more likely to end in a pregnancy
(odds ratio [OR] 1.17, P = 0.009). When the cohort was adjusted according to total motile sperm count, IMSI performed particularly well in cases with severe
oligozoospermia: 70% more pregnancies (OR 1.68, 95% confidence interval [CI] 1.19-2.35) and twice as many live births (OR 2.05, 95% CI 1.36-3.08) compared
with ICSI. The miscarriage rate was also significantly lower using IMSI (13.5%) than with ICSI (23.2%) (P = 0.03).

Conclusion: We recommend that IMSI be considered immediately in cases of severe male factor infertility, and as a second-line approach in cases of ICSI failure.

Introduction

Infertility is a common condition, affecting approximately 15%
of the population. In 50% of cases a male factor is involved, making
defective sperm function the largest single cause of human infertility
[1]. Since the revolutionary intracytoplasmic sperm injection (ICSI)
procedure was first introduced in 1992 [2], additional interventions
have been sought to further improve the success rates of assisted
reproductive technology (ART). Sperm quality is one of the main
factors determining the fate of the embryo [3], and sperm epigenetic
signature plays a large role in deciding embryonic development [4].
Injecting abnormal sperm DNA into the oocyte might end in failure
of fertilization or zygote failure [5]. Even after fertilization, defective
sperm might lead to early embryonic development disturbance, failure
of blastocyst formation, miscarriages, and birth defects [6].

The ability to select sperm at high magnification (HM) (x 6100) led
to the development of intracytoplasmic injection of morphologically
selected spermatozoa (IMSI) [7]. However, the process was not well
defined and was considered to be time-consuming. IMSI did not provide
any significant improvement in clinical outcomes compared with ICSI
in terms of implantation, clinical pregnancy, or live birth rates [8].
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However, several recent studies have assessed the efficiency of IMSI and
provided reassuring evidence for its use in specific indications [9,10];
patients with two or more previous failed ICSI attempts benefited the
most in terms of increasing pregnancy rate and decreasing miscarriage
rates [11,12].

We present here the results from a large prospective cohort study
comparing these two techniques in terms of pregnancy and live birth
rates according to several confounding factors.

Materials and methods

Our study compared the results of IMSI and conventional ICSI in
one ART unit (Drouot Laboratory, Paris, France). The study population
comprised couples with male infertility.
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Sperm morphology assessment

The same sperm preparation was used for both ICSI and IMSL
Spermatozoa were examined after preparation with a bilayer gradient of
isolate (99264; Irvine Scientific Santa Ana, CA, USA). Sperm selection
was performed at low magnification (x 400) for ICSI and at HM (x
6100) for IMSI. HM power was achieved using Nomarski polarization
optics with a primary magnification of x 1500 and subsequent zooming
to x 6100.

Spermatozoa morphology was assessed at HM according to
our previously published scoring scale [13]. Briefly, the head shape,
presence of vacuoles, and base normalcy were scored as follows: 2
points for a normal head, with no asymmetrical nuclear extrusion and/
or invagination of the nuclear membrane, 3 points for no vacuoles, and
1 point for a normal base making a total of 6 points for a top-quality
spermatozoon (Score 6). The worst sperm score (Score 0) is associated
with all three abnormalities. The attribution of a different number
of points to each of the parameters was based on our preliminary
observations of the relationship between the presence of each of
them in the injected spermatozoa and the dynamics of early embryo
development, including the ability to reach the expanded blastocyst
stage on day 5 [13].

None of these features can be detected at the low magnification (x
400) used in conventional ICSI.

Sperm injection

ICSI was performed as described elsewhere [2]. IMSI was performed
after ICSI failure or when the proportion of Score 0 spermatozoa
exceeded 40%. This value was chosen following evaluation of the Score
0/Score 6 ratio (using 200 spermatozoa per patient) in a group of 500
men with normal sperm parameters, which varied from 15% to 40%.
We thus considered 40% Score 0 spermatozoa to be the threshold above
which the IMSI procedure was necessary.

Data collection

The study protocol was approved by the local ethical committee of
Bluets Hospital and conducted at the Assisted Reproduction Unit of the
Drouot Laboratory (starting on January 26, 2010). After consultation
with the Institutional Review Board, it was found that its approval was
not mandatory because the study was of a non-interventional design.
All the patients included signed a consent form informing them that
their semen would be selected under HM. Patients were informed that
all results would be communicated anonymously to the French health
authorities (Bio Medical Agency, Saint-Denis, France).

Data collected included the age of the female partner, body
mass index (BMI), rank of previous number of cycles with a failure,
anti-Miillerian hormone (AMH) level, basal ovarian status on day
3, total gonadotropin dose used for ovarian stimulation, sperm
characteristics on the retrieval day, number of collected oocytes, and
treatment outcome. All ICSI and IMSI pregnancies and live births
were achieved only with fresh ejaculated sperm and with fresh embryo
transfer, excluding testicular and epididymis sperm or frozen sperm
and embryos. The primary endpoints were pregnancy and live birth
rates. Pregnancy was determined by a positive p-human chorionic
gonadotropin blood test, followed by ultrasound visualization of a
gestational sac with an embryonic pole and heartbeat.

Birth was defined as a delivery that occurred after 28 weeks of
gestation. Miscarriage rate was a secondary endpoint, defined as
unintentional termination of the pregnancy before 28 weeks. Total
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motile sperm count (TMSC) was calculated based on the pre-wash
sperm provided on the day of retrieval.

Statistical analysis

Data analysis was performed using the SPSS 23.0 computer package
(SPSS Inc., Chicago, IL, USA). Normally distributed data were analyzed
with Student’s ¢ test. x* analysis was used for comparisons of rates and
proportions. Numeric variables are presented as mean * standard
deviation and all P values were tested as two-sided and considered
significant at less than 0.05. A linear model for fertilization and
blastulation outcomes was pre-formed.

A multivariate logistic regression model for clinical pregnancy
and live birth was developed using age, BMI, AMH, and number of
previous treatments as variables.

Logistic regression models were also used to compute the odds
ratios (OR) of pregnancy and live birth rates in ICSI versus IMSI cycles
in a matrix categorized by age and TMSC. ORs are given with their 95%
confidence intervals, as are mean differences in the linear model.

Results

The cohort included 9012 cycles: 3339 ICSI cycles (37.1%) and
5673 IMSI cycles (62.9%). Demographic data and cycle outcomes
according to treatment modality are presented in Tables 1 and 2. The
IMSI population was older and had higher BMIs and more previous
failed treatments. Follicle-stimulating hormone (FSH) (P = 0.32), AMH
(P =0.09), and smoking rates (P = 0.9) were similar in the two groups
(Table 1).

The fertilization rate and blastulation rate were both significantly
higher in the IMSI than the ICSI group (P < 0.01) (Table 2). No embryos
appropriate for transfer or for freezing were obtained in 530 (15.9%)
ICSI cycles; however, this occurred in 426 (7.5%) IMSI cycles (P < 0.01)
(Table 2).

Crude, unadjusted pregnancy rate (P = 0.21) and live birth rate
(P =0.9) were equivalent in the two groups (Table 2). The treatment
modalities were tested for both pregnancy and live birth in a linear
logistic regression corrected for age of female partner, BMI, AMH, and
number of previous failed treatments (Table 3). Increased age of female
partner, BMI, and additional treatments negatively affected the chance
of clinical pregnancy and live birth (Table 3). To achieve pregnancy and
live birth, the effect magnitude, although statistically significant, was
rather low. Pregnancy chance was higher for IMSI (OR 1.17, P = 0.009)
(Table 3).

Table 1. Patient characteristics according to treatment modality

Treatment modality
(mean + SD, or n (%))

Characteristic P value
ICSI cycles IMSI cycles
n=3339 n=5673
Female age
at treatment, 34.80 +4.75 3593+4.34 <0.01
years
FSH, mUIl/mL 4.99 +6.42 5.22+12.40 0.32
AMH, ng/mL 1.99 +2.89 2.10+2.84 0.09
Body mass 24.86 +4.78 23.17+4.24 <0.01
index
Number of 1.6+0.97 204129 <0.01
treatments
Smokers 1408 (42.2) 2395 (42.2) 0.9
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Table 2. Cycle performance by treatment modality

Treatment modality
(mean + SD, or n (%))
Cycle performance P value
ICSI cycles IMSI cycles
n=13339 n=5673
Total number of embryos 5.42+3.76 5.50+3.74 0.4
Fertilization 71.12 +£32.27 78.55 +23.86 <0.01
Embryos frozen 0.79 + 1.566 0.76 + 1.578 0.5
Blastulation 27.51 +36.89 31.62+37.88 <0.01
Cycles ending in fresh transfer 2665 (79.8) 5010 (88.3) <0.01
Cycles ending in no embryos §u1table for 530 (15.9) 426(15) <0.01
fresh transfer or freezing
Unadjusted cllnlya} pregnancy rate/cycle 905 (27.1) 1608 (28.3) 0.21
initiated
Unadjusted live birth rate/cycle initiated 488 (14.6) 832 (14.7) 0.9
Table 3. Logistic regression models for clinical pregnancy and live birth
Clinical pregnancies Live births
Variable 95% confidence interval for OR 95% confidence interval for OR
P value OR P value OR
Lower Upper Lower Upper
Age 0.001 0.92 0.91 0.93 0.001 0.91 0.90 0.93
BMI 0.001 0.97 0.96 0.99 0.001 0.96 0.94 0.97
AMH (ng/mL) 0.001 1.03 1.01 1.04 0.002 1.03 1.01 1.05
Treatment 0.03 0.94 0.90 0.99 0.01 0.92 0.86 0.98
number
IMSI vs ICSI 0.009 1.17 1.04 1.32 0.25 1.09 0.94 1.26

Table 4. Odds ratio matrix for (a) clinical pregnancy and (b) live births: IMSI vs ICSI according to treatment and TMSC (in millions) on the day of retrieval (corrected for age, AMH, BMI,

and cycle number)

4a. Clinical pregnancy

TMSC<1 TMSC >1to 3 TMSC >3 to 10 TMSC > 10
Variable OR OR OR OR
(95% C1) Pralue @swcy  Pale (95% C1) Pvalue (95% CI) Pvalue
Female partner age 0.97 (0.55-1.71) 0.9 0.66 (0.28-1.56) 1.18 (0.65-2.18) 0.6 0.86 (0.59-1.27) 0.5
<30 years
Female partner age
30 to 40 years 1.68 (1.19-2.35) 0.03 1.20 (0.69-2.07) 1.37 (0.95-1.95) 0.08 1.13(0.92-1.37) 0.2
Female partner age
> 40 years 22(0.56-9.14) 0.2 1.8 (0.18-18.05) 0.68 (0.22-2.12) 0.5 1.15 (0.68-1.95) 0.6
4b. Live births
TMSC<1 TMSC>1to3 TMSC >3 to 10 TMSC > 10
Variable OR OR OR OR
(95% CI) Pvalue 5% CI) Pvalue 5% CI) P value (95% CI) Pvalue
1.15 0.88 1.1
Female PArerage ) 44.0.76-2.73) 02 07 06
years (0.43-3.06) (0.42-1.81) (0.69-1.74)
Female partner age
30 to 40 years 2.05 (1.36-3.08) 0.01 1.27(0.65-2.47) 1.02 (0.68-1.55) 0.9 0.89 (0.69-1.14) 0.4
Female partner age N/A N/A N/A 0.9 (0.14-5.7) 0.9 0.56 (0.26-1.22) 0.2
> 40 years

In order to better demonstrate the clinical advantage of IMSI and
the impact of spermatozoa selection at HM, we constructed a matrix
of the following TMSC categories: TMSC < 1 million, TMSC > 1 to
3 million, TMSC > 3 to 10 million, and TMSC > 10 million. These
categories were then stratified according to female partner’s age (Table
4a, b). All results were adjusted for the age of the female partner, AMH,
BMI, and number of previous treatments. When the female partner’s
age was 30 to 40 years, the matrix showed better results with IMSI in
severe oligozoospermia (TMSC < 1): the chance of pregnancy was
70% higher (P= 0.03) (OR 1.68, 95% CI 1.19-2.35) (Table 4a) and the
chance of live birth doubled (P = 0.01) (OR 2.05, 95% CI 1.36-3.08)
(Table 4b). When the cohort was stratified according to TMSC values, a
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significantly lower miscarriage rate was found with TMSC < 1 million
(23.2% in ICSI vs 13.5% in IMSI; P = 0.03).

Discussion

To the best of our knowledge, this is the largest comparison of IMSI
versus routine ICSI in cases of poor sperm and ICSI failure. Despite
their poor baseline characteristics, subjects in the IMSI population
were more likely to have an embryo suitable for transfer or freezing.
We showed that HM sperm selection provides higher fertilization and
blastulation rates [14].

Moreover, in an adjusted model, the IMSI group obtains better
pregnancy and live birth rates, although only the pregnancy outcome
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reached statistical significance: an IMSI cycle was 1.17 times more likely
to result in a clinical pregnancy than an ICSI attempt. The population
most likely to benefit from IMSI was that with the poorest sperm [15].

IMSI was twice as likely to result in a live birth for female partners
of 30 to 40 years of age. The influence of maternal age is well known in
ART: after the age of 40 the mitochondrial DNA genome is reduced by
a quarter [16].

Routine use of IMSI is considered too time-consuming by many
teams; this study has shown that the benefits make it worthwhile.

Randomized trials comparing ICSI and IMSI are scarce and
results inconsistent, probably due to the different inclusion criteria
used. Some studies have found no difference between the techniques
in term of oocyte fertilization rates and early embryo development
[17], and that IMSI in the first instance is not beneficial [8], although
clinical trials support IMSI in populations with poor sperm quality
[18] and it has been demonstrated to be an efficient solution in cases of
repeated implantation failures after ICSI [19, 20]. This study reinforces
these findings and emphasizes the benefit of IMSI, not only from the
embryological point of view but also in terms of live birth rate, for
sperm that perform poorly.

We recently showed a significant correlation between DNA damage
and sperm head morphology, as well as between morphological scoring
and chromatin decondensation [21-23], although not necessarily
with structural chromosomal anomalies [24]. These works provide a
rationale for the use of IMSI. We have also shown improvements in the
risk of major birth defects after fertilization with spermatozoa selected
according to our scoring scale [25,26].

Although all spermatozoa in a given semen specimen share the
same DNA sequence, they do not necessarily have the same patterns
of DNA methylation. As DNA methylation is associated with sperm
morphology, HM selection allows spermatozoa with abnormal DNA
methylation to be discarded [27], which might explain the reduction in
major birth defects. In contrast to the DNA fragmentation assay, which
does not enable sperm selection for fertilization procedures, HM-based
morphology selection is performed as part of the ART process.

The results of previous papers addressing the relationship between
maternal age and the use of HM sperm selection relied on small groups
and are inconsistent: poor responders of ovarian stimulation did not
appear to benefit [28], but the same author previously showed that
women aged > 37 years did benefit [29]. Our large population enabled
us to perform a stratified, adjusted analysis that portrays the effect of
the procedure after correcting for multiple confounders, including the
age of the female partner. In our cohort, the most substantial influence
on pregnancy and live birth rates was the basal sperm performance. In
women younger than 30 years, there was a trend for a higher live birth
rate with the poorly performing sperm, but this trend did not reach
statistical significance. It seems that oocytes from younger patients
could overcome severe sperm defects [30].

We have demonstrated advantages of this specific ART technique
after correcting for universal confounders related to the outcome
measures tested. Despite this analysis, our results are still subject
to bias, because the patients were not randomly allocated to the two
treatment groups. Rather, this study presents a summary of a clinical
algorithm assigning treatment based on specific diagnostic criteria
and results of previous treatments. In the setting of limited cycles of
in vitro fertilization, it is extremely difficult to conduct an unbiased
clinical trial. Therefore, we tried to overcome possible biases by
constructing multiple models, although obviously we could not adjust
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for every parameter. Nonrandomized studies that have previously been
conducted in cases of repeated ICSI failures have also shown improved
clinical outcomes using IMSI [31].

Conclusions

Selecting spermatozoa using a strict HM sperm-scoring system
results in a better outcome in certain populations with poor-quality
sperm. We demonstrated previously that this selection was not related
to chromosomal abnormalities but was correlated with chromatin
condensation and sperm DNA hypermethylation. We suggest that
IMSI should be considered as a first-line procedure for severe male
factor infertility and as a second-line procedure in cases of ICSI failure
or when a previous attempt has demonstrated a lack of blastulation.
Further studies are required to confirm our results.
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