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Abstract
Purpose To compare the results of intracytoplasmic morphologically selected sperm injection (IMSI) between cycles
in which the swim-up (SUP) or the density gradient centrifugation (DGC) techniques were used for sperm
preparation.
Methods We evaluated 70 IMSI cycles performed in women
with age ≤ 37 years, undergoing IMSI as result of male
factor. The couples were divided into two groups: DGC
group (n=26) and SUP group (n=44). The groups were
compared with regard to IMSI outcomes.
Results There were no significant differences between SUP
and DGC groups regarding the number of follicles, oocytes,
mature oocytes, oocyte yield and mature oocyte rate. Fertilization rate and high-quality embryos rate on day 5 of
development were similar between SUP and DGC groups.
Implantation, pregnancy and miscarriage rates were not
statistically different between SUP and DGC groups (28.8
vs 33.3 %, 46.2 vs 57.1 % and 8.3 vs 4.2 %, respectively).
Conclusions Both the SUP and the DGC techniques recover
improved sperm fractions and result in similar IMSI outcomes. Further randomized trials analyzing both the quality
of sperm through MSOME and the IMSI outcomes are
Capsule Both the swim-up and the density gradient centrifugation
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outcomes.
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needed to elucidate the role of sperm preparation techniques
and morphology on IMSI outcomes.
Keywords MSOME . IMSI . Sperm . Swim-up . Density
gradient

Introduction
Human ejaculate is composed of a mix of spermatozoids,
seminal liquid, epithelial cells, immature and necrotic sperm
cells; red and white blood cells and bacteria [21]. Under in
vivo conditions, spermatozoa are separated from these detrimental components in the female genital tract by migration
through the cervical mucus [16]. Several semen separation
techniques have been developed to separate the sperm fraction for use in assisted reproductive techniques. The most
commonly used protocols are density–gradient centrifugation (DGC) and swim-up (SUP) [11].
The SUP technique relies on the ability of the motile spermatozoa to “swim up” into the culture medium, while slow and
immotile sperm remain behind, along with other components
in the semen pellet [2]. The DGC method separates spermatozoa according to their density and favors the isolation
of motile and morphologically normal spermatozoa [24].
Several studies addressed whether there was any differences between these two methods regarding sperm motility
and concentration after semen preparation and the outcomes
of intrauterine insemination [1,6,10,25,35], in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI)
[9,18–20,22,32,33] However the results are controversial.
A new method for the detailed morphological evaluation
of motile spermatozoa in real time, named “motile sperm
organellar morphology examination” (MSOME) was developed and allowed the introduction of modified ICSI
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procedure, called “intracytoplasmic morphologically selected sperm injection (IMSI). IMSI relies on the selection of
morphologically normal spermatozoa, under a magnification of at least 6000 times, to be used for injection. This
magnification provides an accurate description of spermatozoa abnormalities, particularly the presence of head vacuoles [3], which is indicative of abnormal chromatin
packaging in spermatozoa [13].
One recent study found that the degree of vacuolization
of sperm was lower after both gradient centrifugation and
swim-up preparation compared with whole semen,
suggesting that both methods allow the selection of less
vacuolated sperm cells [21]. However, the results of IMSI
were never compared between SUP cycles and DGC cycles.
Therefore, this was the aim of this study.

Materials and methods
Experimental design, patients and inclusion criteria
We retrospectively evaluated 70 IMSI cycles performed
from January 2011 to December 2011. Inclusion criteria
were as follows: women with age ≤37 years, undergoing
IMSI as result of male factor, with regular menstrual cycles
of 25–35 days, normal basal FSH and LH levels, BMI less
than 30 kg/m2, presence of both ovaries and intact uterus,
absence of polycystic ovaries, endometriosis, or
gynaecological/medical disorders and a negative result in a
screening for sexually transmitted diseases. No patient had
received any hormone therapy for at least 60 days preceding
the study.
The couples were divided into two groups according to
the sperm preparation technique: DGC group (n=26) and
SUP group (n=44). The groups were compared with regard
to IMSI outcomes.
A written informed consent was obtained, in which patients agreed to share the outcomes of their own cycles for
research purposes, and the study was approved by the local
institutional review board.
Controlled ovarian stimulation
Ovarian stimulation was achieved by the administration of
recombinant follicle-stimulating hormone and gonadotropinreleasing hormone antagonist, as previously described [27].
Semen sample collection and preparation
All semen samples were collected by masturbation after 2 to
7 days of ejaculatory abstinence. After liquefaction for
30 min at room temperature, the semen samples were evaluated according to the threshold values established by the
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WHO in 2010 [34]. The decision of performing DGC or
SUP was based on semen sample quality. With a suboptimal
quality sample a DGC was performed, which is usually
preferred for the greater number of mobile spermatozoa
selected from poor characteristics samples (low number,
motility and morphology samples) [8]. In addition, the
DGC was performed particularly when there was high viscosity semen, elevated leukocytes or high debris contents.
For all other sorts of semen samples the method of choice
was the swim-up technique.
DGC
Using a sterile pipette 1.0 mL of the “lower layer” (90 %
Isolate, Irvine Scientific, Santa Ana, CA, USA) was transferred into a conical centrifuge tube. Using a new sterile
pipette 1.0 mL of the “upper layer” (50 % Isolate, Irvine
Scientific, Santa Ana, CA, USA) was gently dispensed on
top of the lower layer. A liquefied 2.0 mL semen sample
was then placed on top of the upper layer and the tube was
centrifuged for 20 min at 330 ×g and this process was
repeated using additional tubes until the whole ejaculated
sample was processed. The upper and lower layers were
carefully aspirated without disturbing the pellet. Using a
transfer pipette, 1.0 mL of HEPES-buffered human tubal
fluid medium (mHTF, Global, LifeGlobal, Connecticut,
USA) was added and the re-suspended pellet was
centrifuged for 7 min at 330 ×g. The washing procedure
was repeated. The supernatant was then removed and the
pellet suspended in a volume of 0.5 mL of mHTF. Sperm
count and motility were estimated in the recovered fractions.
SUP technique
Using a sterile pipette, 0,5 mL semen was placed in a conical
tube and 1 mL culture medium (mHTF, Global, LifeGlobal,
Connecticut, USA) was slowly layered on top. The tube was
sealed, inclined at 45° and stored at 37 °C for 60 min to allow
motile sperm to ‘swim up’. After the incubation period, a
sterile Pasteur pipette was used to aspirate the supernatant
and transfer it to a sterile conic tube. Sperm count and
motility were estimated in the recovered fractions.
IMSI technique
Sperm selection for IMSI was examined at high magnification using an inverted Nikon Diaphot microscope equipped
with high-power differential interference contrast optics
(DIC/Nomarski). The total calculated magnification was
x6.600. An aliquot of the sperm cell suspension was transferred to a microdroplet of modified human tubal fluid
medium containing 8 % polyvinyl pyrrolidone (PVP; Irvine
Scientific, SantaAna,CA) in a sterile glass dish (FluoroDish;
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World Precision Instrument, Sarasota, FL). The dish was
placed on a microscope stage above a Uplan Apo x 100
oil/1.35 objective lens previously covered by a droplet of
immersion oil. The sperm cells exhibiting normally shaped
nuclei ([1] smooth, [2] symmetric, and [3] oval configuration) and [4] normal nuclear chromatin content (if it
contained no more than one vacuole, which occupies <4 %
of the nuclear area) were selected for injection [3].
Fertilization, embryo quality and embryo transfer
Approximately 16 h after IMSI, fertilisation was confirmed
by the presence of two pronuclei and the extrusion of the
second polar body. Embryos were maintained in a 50 μL
drop of culture medium (Global®, LifeGlobal, Connecticut,
USA) supplemented with 10 % protein supplement covered
with paraffin oil in a humidified atmosphere under 6 % CO2
at 37 °C for 5 days.
High-quality embryos were defined as those showing 8–10
cells on the third day of development, less than 15 % fragmentation, symmetric blastomeres, absence of multinucleation and
absence of zona pellucida dysmorphisms.
To evaluate blastocyst-stage morphology, the standard
Gardner’s grading scale was used [14].
Embryo transfer was performed on day 5 of development
by using a soft catheter with transabdominal ultrasound
guidance. One to three embryos were transferred per patient.
Clinical follow-up
A pregnancy test was performed 12 days after embryo
transfer. All women with a positive test had a transvaginal
ultrasound scan 2 weeks after the positive test. A clinical
pregnancy was diagnosed when the fetal heartbeat was
detected. Pregnancy rates were calculated per transfer. Miscarriage was defined as pregnancy loss before 20 weeks.
Data analysis and statistics
The SUP and DGC groups were compared with regard to:
(i) fertilization rate, (ii) percentage of high quality embryos
on the third day of development (D3), (iii) percentage of
high quality blastocysts on the fifth day of development
(D5), (iv) pregnancy, (v) implantation and (vi) miscarriage
rates.
Data are expressed as mean ± standard deviation for
continuous variables, while percentages were used for
categorical variables. Mean values were compared by
Student’s t parametric test or Mann–Whitney nonparametric test. Percentages were compared by the
Chi-squared or Fisher exact test, only when expected
frequency was five or fewer. Data analysis was
conducted using MINITAB 16 Software.
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Results
The patient demographic variables, stimulation characteristics and seminal parameters are compared in Table 1. The
SUP and DGC groups were similar with respect to female
and male ages. The causes of infertility were evenly distributed between the two groups. Total sperm concentration
after sperm preparation was significantly higher in the
DGC group as compared to the SUP group (6.7±4.7 vs.
2.8±1.9 millions, p=0.002), however, a higher percentage
of motile sperm after sperm preparation was observed in the
SUP group (91.8 vs. 79.5 %, p=0.013). There were no
significant differences between SUP and DGC groups regarding the number of follicles, oocytes, mature oocytes,
oocyte yield and mature oocyte rate.
The comparison of IMSI outcomes between the groups is
showed in Table 2. Fertilization rate and high-quality embryos rate on day 3 and 5 of development were similar
between SUP and DGC groups. Implantation, pregnancy
and miscarriage rates were not statistically different between
SUP and DGC groups (28.8 vs. 33.3 %, 46.2 vs. 57.1 % and
8.3 vs. 4.2 %, p>0.05, respectively).

Discussion
Several different methods of isolation and concentration
of sperm for assisted reproductive techniques have been
developed. Evidences suggest that a profound sperm
morphological evaluation provide significant prognostic
information regarding IVF outcomes [23]. In addition, a
positive correlation between morphology and sperm
function has been shown [26].
Since the advent of IMSI [3], several articles have been
reporting positive outcomes with the use of this technique
[3–5,7,12,15,17,28,29]. Therefore, preparing sperm samples
with high incidence of morphologically normal cells represent an important step for IMSI.
A recent study investigated whether the SUP or DGC
techniques favors the recovery of sperm with lower
vacuolization rates. The authors showed that both methods
allow the selection of less vacuolated sperm cells and with
less DNA fragmentation, however, the SUP recovered
sperm with significantly lower vacuolization rate that the
DGC technique [21].
Therefore, in this study, we compared the IMSI outcomes associated with these two methods of sperm
preparation. Our results showed that the DGC technique
yields higher number of sperm than the SUP technique,
however, a higher percentage of motile sperm was observed after SUP than after DGC sperm preparation. In
addition, our study demonstrated that there are no significant differences between the outcomes of IMSI

Author's personal copy
852
Table 1 Demographic variables, stimulation characteristics
and seminal parameters in SUP
and DGC groups

SUP swim-up; DGC density
gradient centrifugation; MII
metaphase II
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Variable

SUP group (n=26)

DGC group (n=44)

p value

Female age
Male age
Male factor (%)
Unexplained infertility (%)
Tubal factor (%)
FSH administered (IU)
Estradiol level (pg/mL)
Number of aspirated follicles
Number of retrieved oocytes
Recovery rate (%)
Number of MII oocytes
MII oocyte rate (%)
Semen volume (mL)
Initial total sperm concentration (million)

32.2±2.7
36.2±4.2
22/44 (50.0)
6/44 (13.6)
16/44 (36.4)
2244±512
1648±1475
19.6±9.2
13.5±6.6
70.1±13.6
10.9±5.8
79.0±10.2
3.1±1.3
147.9±74.9

30.3±3.8
34.7±4.9
12/26 (46.2)
4/26 (15.4)
10/26 (38.5)
2028±739
1146±18118
20.6±10.0
14.7±5.0
77.2±17.4
10.6±4.6
72.8±16.6
3.4±1.4
112.2±96.2

0.112
0.379
0.755
0.839
0.860
0.317
0.380
0.771
0.594
0.192
0.913
0.176
0.494
0.231

Sperm motility (%)
Sperm morphology (%)
Final total sperm concentration (million)
Final sperm motility (%)

60.2±12.8
4.8±1.7
2.8±1.9
91.8±14.1

60.0±13.8
4.7±2.0
6.7±4.7
79.5±10.7

0.953
0.812
0.002
0.013

cycles in which the SUP or the DGC techniques were
used for sperm preparation.
Several studies have investigated the efficacy of these
methods with regards to the recovery of reduced percentage
of sperm cells with fragmented DNA, however the results are
still controversial [30,31,36,37]. While one study showed that
the DGC is more effective than SUP in reducing the percentage of sperm with DNA damage [25], another one, in contrast,
demonstrated that SUP recovers lower percentage of sperm
with fragmented DNA as compared to DGC [37]. Enciso et al.
[11] showed that SUP and DGC are equally efficient in
eliminating spermatozoa containing double-strand DNA damage and sperm with highly damaged DNA, as characterized by
the presence of both single- and double-strand DNA breaks.
However, DGC was more efficient than SUP in selecting
spermatozoa that are free from single-strand DNA damage.
So far, a single study has investigated the relationship
between MSOME and sperm preparation techniques [21].
Monqaut et al. [21] observed that both techniques were
Table 2 IMSI outcomes in SUP
and DGC groups

SUP swim-up; DGC density
gradient centrifugation

efficient in recovering lower percentage of sperm cells with
vacuolization. Unfortunately, the findings of the aforementioned study were not investigated in our study since we did
not classify the sperm cells after sperm preparation. In
addition, the main drawback of our study is the fact that
we did not evaluate sperm morphology after semen
preparation.
It is important to highlight that the “best-looking spermatozoon is selected for the IMSI procedure and therefore the
IMSI could have surpassed the influences of the separation
methods. Nevertheless, the fact that IMSI would become
easier and faster if one preparation approach resulted in more
“best-looking” spermatozoa could not be overlooked.

Conclusions
Adding our findings to those obtained in Monqaut’s study,
we could suggest that both techniques recover improved

Variable

SUP group (n=26)

DGC group (n=44)

p value

Fertilization rate (%)
High-quality embryos rate on D3
High-quality embryos rate on D5

72.3
56.7±27.7
32.5±11.7

68.9
47.6±27.5
30.7±11.3

0.631
0.355
0.698

Transferred embryos
Implantation rate
Pregnancy rate (%)
Miscarriage rate (%)

2.2±0.8
28.8
12/26 (46.2)
1/12 (8.3)

2.1±1.0
33.3
24/42 (57.1)
1 /24 (4.2)

0.770
0.734
0.378
1.000
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sperm fractions and result in similar IMSI outcomes. In
addition, MSOME may be a surrogate tool for selecting
sperm with better physiological status. Further randomized
trials analyzing both the quality of sperm through MSOME
and the IMSI outcomes are needed to elucidate the role of
sperm preparation techniques and morphology on IMSI
outcomes.
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