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ABSTRACT: The aim of the present prospective study was to de-
termine whether subtle sperm morphological characteristics affect
the outcome of intracytoplasmic sperm injection (ICSl), and if so, to
identify those that are relevant. For this purpose, we developed a
new method, the motile sperm organelle morphology examination
(MSOME). The examination is performed in real time using an in-
verted light microscope equipped with high-power Nomarski optics
enhanced by digital imaging to achieve a magnification up to 6300X.
MSOME was applied to the leftover sperm fraction selected for mi-
croinjection in 100 random couples referred for ICSI treatment at 3
major in vitro fertilization centers. We found that the morphological
normalcy of the entire sperm cell, according to MSOME criteria, was

positively associated with ICSI fertilization rate (area under the re-
ceiver operating characteristics [ROC] curve, 88%) but not with preg-
nancy outcome. The morphological normalcy of the sperm nucleus,
defined by MSOME, was significantly and positively associated with
both fertilization rate and pregnancy outcome (areas under the ROC
curve, 72% and 74%, respectively). These findings indicate that
ICSl-associated pregnancy rate may be affected by subtle morpho-
logical malformations of the sperm nucleus, which may remain un-
detected by the embryologist during the routine selection procedure.
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erm morphology has been recognized to be the bedtypassed by the ICSI procedure (Van Steirteghem et al,
Sredictor of outcome of natural fertilization (Bartoov 1993; Nikolettos et al, 1999). Second, spermatozoa with
et al, 1993, 1994), intrauterine insemination (IUl; Ber-a severely abnormal head shape (round, large, or tapered),
kovitz et al, 1999), and conventional in vitro fertilization which reportedly reduce fertilization, implantation, and
(IVF; Kruger et al, 1988; Mashiach et al, 1992). Although pregnancy rates (Battaglia et al, 1997; Tasdemir et al,
there are some reports on decreased fertilization, preg997; Aytoz et al, 1998; Kahraman et al, 1999; Osawa et
nancy, implantation rates, or a combination of these, iml, 1999), are usually selected out by the embryologist
extreme, specific cases of total teratozoospermia (Tasdgrior to microinjection (Nikolettos et al, 1999). Third, the
mir et al, 1997), globozoospermia (Liu et al, 1995; Bat-sperm morphogram, conducted on random cells from the
taglia et al, 1997), and megalozoospermia (Kahraman griginal semen or from the motile fraction, may not pre-
al, 1999), the majority of authors investigating cases Ofjsely represent the morphological quality of the single
average and poor sperm quality, did not note any relagpermatozoon injected into the ova, especially when se-
tionship between sperm morphology and IVF-ICSI suc-gcted under low power magnification. And fourth, subtle
cess (Mansour et al, 1995; Nagy et al, 1995, 1998; Svasperm organellar malformations, which may be associated
lander et al, 1996; Kupker at al, 1998; Oehninger et aly i, |cs| outcome (Berkovitz et al, 1999), cannot be de-

1.99_8)' F?“r explanation§ have been proposed for thi?ected either by the morphologist at 100@nagnification
finding. First, morphologically normal spermatozoa are. by the embryologist at 200-400< magnification.

required for successful passage through the barriers of the To test the latter hypothesis, we developed a new meth-

female reproductive tract and zona pellucida, which A'%d for the detailed morphological evaluation of motile

spermatozoa in real time—the motile sperm organellar
Correspondence to: Benjamin Bartoov, Faculty of Life Sciences, Bar‘morphology examination (MSOME). MSOME is per-

Ilan University, Ramat Gan 52900, Israel (e-mail: bartoob@mail.formed with an inverted light microscope equipped with
biu.ac.il).

Received for publication June 11, 2001; accepted for publication Au-Nigh-power Nomarski optics enhanced by digital imaging
gust 24, 2001. to achieve a magnification of 6380 The aim of the pre-
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sent prospective study was to assess the relationship bgtudy on the basis of the general IVF-ICSI outcome data ob-

tween MSOME characteristics and ICSI| outcome. tained from the 3 participating IVF centers. Embryo transfer was
usually performed on day 3; on Saturdays and holidays in Israel,

it was sometimes performed on day 2. Preghancy was confirmed

Materials and Methods at 6 to 7 weeks by ultrasound examination. Pregnancy rate per
patient (per cycle) was computed by dividing the general number
Patients of pregnancies by the number of patients. Pregnancy rate per

) ) transfer was computed by dividing the general number of preg-
The study population consisted of the male partners of 100 ranzancies by the general number of embryo transfers. Implantation

dom couples referred for ICSI treatment at 2 major IVF units in4ta was computed by dividing the number of gestational sacs
Israel (Rabin and Herzilya Medical Centers=n90) or a major by the number of transferred embryos.

IVF unit in France (Laboratoire Marcel Merieux, Institut Rhon-

alpin; n = 10). Inclusion criteria included women younger than Sperm Preparation for Morphological Observation

37 years and more than 3 retrieved ova per cycle. The mean age ) ) ) )
of the men was 34.9 4.1 years (range 27—41 years) and of the The 90 leftover motile sperm fractions from the Israeli IVF units

women, 30.3+ 5.0 years (range 22—37 years). arrived at the Male Fertility Laboratory of Bar-llan University
within a few hours after microinjection, and the 10 leftover mo-
ICSI Procedure tile sperm fractions from France were sent by special delivery

Indications for ICSI in the 3 IVF centers were as follows: 1) angt ?jri;:‘Vfdnaftevrv 24;4t8 :?#r; B(;C?r?t?eti nr? sfta:::stlﬁ:nallry ;"glmf"
poor (less than 20%) or no (0%) fertilization in the first IVF _cal ere ﬁe 6;5 . ctJ_e bet N Sth :J 0 I'O deF 0 phoog-
cycle, 2) immotile spermatozoa, and 3) low percentage of noriC2 SPEMM CArActensues between me sraell and French semen
) samples, all 100 samples were analyzed together.
mally formed spermatozoa (less than 5% according to the defi- . .
The fraction of unused spermatozoa, usually suspended in IVF

. . .
nition by Kruger et al [1988] or less than 10% according to themedium (Medi-Cult, Jyllinge, Denmark) or sperm medium

World Health Organization [1999]). . ! .

At all 3 IVF centers, the motile sperm fractions were preparedg\ljlsedgr?sl?g%' (\:Acl)?:air:;ﬁedé ,;A‘enwatllhqouuc;tacr)lg 15_ %&mcgtgggas\?vzrsmtrans-
for ICSI from ejaculated sperm according to the swim-up meth-f rrpd ‘ microdr gl,t ¢ rm medi rl?1 ntaining 0%—8%
od (Le Lannou and Blanchard, 1998). In cases of oligozoosper-e ed o a microdroplet ot spe edium containing L=

mia (sperm concentration less than 201C° spermatozoa/mL polyvinyl pyrrolidone (PVP) solution (PVP medium 10890001,

and percentage of motility less than 40%), the density-gradienzéev(\j/';_lilgog_r]dBPc:gz?tdl:jrle?nzt?grilwﬂriztgrl:zzbO_EfgneN(lt?q':E
IxaPrep (Medi-Cult, Copenhagen, Denmark) was used (Yang 1 » Bl ' K !
a

. S ands) under sterile paraffin oil (OVOIL-100; Vitrolife, G&
I, 1 . | f f
al, 1998). Sperm selection for microinjection was performed org, Sweden). The temperature of the observed sample and the

a magnification of 208—-400x; the clinical embryologist ex- . ) . . b
cluded spermatozoa from microinjection into the ovum thosepvp concentration were coordinated with the intensity of the

with severe head-shape defects, such as pin, amorphous, taperga,erm motility. In cases of poor sperm motility, the temperature

round, or multinucleated head. After the ICSI procedure was.W"jIS elevated to 3T, no PVP was added 1o the sperm medium

completed, the unused spermatozoa from the motile fractiong1 th?errﬁgft'ggt d.rtcr)]plgi/, ar?dnil;(ra\ s;:rr:q S:lzp?.ilo&amrﬁ::ju?dv;s
were transported to the Male Fertility Laboratory at Bar-llan upp Wi o hu u umi !

University for MSOME. Kibbutz Beit Kama, Israel). In cases of high sperm motility, the

The microinjection procedure was performed according to thé_emperature was lowered to about@nd the PVP concentra-

method described by Van Steirteghem et al (1993). Starting 0H0n was kept high' (about 8%). Morph_ological assessment of the
day 21 of the previous cycle or on day 1-3 of the current CyClesperm cells in motion was made possible by the.creatlon of small
patients received gonadotropin-releasing hormone agonist dep pys extruding frgm the rim of the droplets, which captured the
or daily leuprorelin (Decapeptyl CR; Serring, Kiel, Germany) eads of the motile spermatozoa (Figure 1a).
3.75 mg depot or triptorelin (Decapeptyl) 0.1 mg or intranasal .
nafarelin (Synarel 20Q.g; Searle, Wycombe, United Kingdom) Sperm Observation
400-800pg. Pituitary down-regulation was confirmed by a se- The leftover motile sperm fraction, prepared for observation, was
rum estradiol level of less than 50 pg/mL and absence of ovariaexamined under immersion oil by an inverted microscope (Olym-
cyst (less than 2 cm) on ultrasound scan. When pituitary deserpus IX 70) equipped with Nomarski optics, an Uplan Apo X 100/
sitization was achieved, ovarian stimulation was started with hu41.35 objective lens, and a 0.55 NA condenser lens. The images
man menopausal gonadotropin or human follicle-stimulatingwere captured by a DXC-950P color video camera (Sony), which
hormone. Final oocyte maturation was induced with 10000 IUhas a%-inch, 3-chip power HAD CCD containing some 380000
human chorionic gonadotropin (hCG) when at least 2 follicleseffective picture elements (pixels) for high-quality image produc-
with a mean diameter of more than 18 mm were observed. Oction, and a color video monitor (Sony PVM-14M4E, HR-Trini-
cyte retrieval was performed by transvaginal needle-guided ultron). The morphological assessment was conducted on the mon-
trasound aspiration at 34 hours after hCG injection. itor screen which, under the above configuration, reached a real
Fertilization was recorded if 2 pronuclei could be detectedmagnification of 6308, as determined by a 0.01 mm Olympus
after 12 to 16 hours and, finally, if cleavage occurred. A 60%o0bjective micrometer. Calculation of the total magnification on the
fertilization rate was defined as normal; rates below 60% werdelevision monitor was based on 4 parameters: 1) objective mag-
defined as low. This cutoff was established prior to onset of thenification 100<; 2) magnification selector 12§ 3) video coupler
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Figure 1. High-power light microscope micrograph of motile sperm
(1500x%). The sperm heads were captured in small bays (BAY) extruding
from the rim of the droplets. N indicates morphologically normal sper-
matozoa; LV, large nuclear vacuoles; SV, small nuclear vacuoles; LO,
large oval sperm cells; Nr, spermatozoa with a narrow postacrosomal
region; PA, partial acrosome.

magnification 0.99 (UPMTVX 0.3, PEX 3.3); and 4) a) CCD
chip diagonal dimension 8 mm and b) television monitor diagonal
dimension 355.6 mm, for a calculated video magnification (b/a)
of 44.45. Thus, total magnificatios microscope magnification
(150x) X video coupler magnification (0.99 X video magni-
fication (44.4%) = 6600X.

It should be stressed that MSOME was applied exclusively to
motile spermatozoa, which under low light microscopy magni-
fication, have a high potential to be selected for ICSI. Sperm
cells with a severe malformation, such as a pin, amorphous, ta-
pered, round, or multinucleated head, which can be clearly iden-
tified even by low magnification (200-400x), were not as-
sessed in this study, because such spermatozoa are routinely
eliminated from injection into the oocyte.

One-hundred motile spermatozoa from each sperm sample
were examined for the morphological state of 6 subcellular or-
ganelles: acrosome, postacrosomal lamina, neck, mitochondria,
tail, and nucleus. The first 5 of these subcellular organelles were
considered morphologically normal or abnormal on the basis of
the presence of specific malformations (presented in Table 1),
which were defined according to the arbitrary descriptive ap-
proach adopted in our previous studies for sperm examination
by transmission and scanning electron microscopy (Bartoov et

Table 1. Specific morphological malformations of the sperm cell subcellular organelles observed by MSOME

Sperm Subcellular Organelles

Nucleus

Postacrosomal

Tall Mitochondria
Lack

Lack

Neck
Abaxial

Chromatin Content

lamina Shape*
Lack

Acrosome

Lack

Vacuolar area >4% of

Small oval

Specific

Partial

Coiled

Disorder

the whole nuclear area

Large oval

Vesiculated

Partial

malformations

Broken Disorganization

Multi

Cytoplasmic

Narrow (<2.9 pm in width)
Wide (>3.7 um in width)

Vesiculated

droplet

Short

Short (<4.2 um in length)

Regional disorder

* Sperm cells with pin, round, amorphous, tapered (cigar-shape), or multinucleated heads were not assessed in this study.
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al, 1981; Glezerman and Bartoov, 1993). For the nucleus, theorrelation analysis was used to identify relationships between
morphological state was defined by both shape and chromatiMmSOME characteristics and ICSI outcome, and analysis of var-
content. The criteria for a normally shaped nucleus by MSOME jance was used to compare sperm samples with decreased and
as by electron microscopy, were smooth, symmetric, and ovahormal fertilization rates and samples from men who did and
configurations. The average lengths and widths of this configudid not achieve pregnancy. Nonparametric statistics—the Krus-
ration was estimated in 100 spermatozoa with a normal nucleukal-Wallis test followed by the Mann-Whitndy test—were per-
and were found to be 4.7% 0.28 um and 3.28+ 0.20 um, formed concomitantly to avoid possible artifacts caused by the
respectively. For rapid evaluation of the nuclear shape, a fixedhigh standard deviations of some of the sperm parameters.
transparent, celluloid form of a sperm nucleus fitting these cri- ROC curve analysis was used to determine the prognostic ac-
teria was superimposed on the examined cell; the nuclear shapeiracy of each MSOME characteristic as well as its ability to
was documented as abnormal if it veered in length or width bycorrectly classify subjects into decreased and normal fertilization
2 standard deviations from the normal mean axes values (Figureubgroups and successful and failed pregnancy subgroups. The
la and b). An extrusion or invagination of the nuclear chromatinsperm morphological parameters were analyzed for diagnostic
mass was defined as a regional nuclear shape malformation (Taensitivity and specificity, and the threshold for each analyzed
ble 1). The nuclear chromatin content was considered abnormaglarameter was calculated for optimal sensitivity and specificity.
if it contained one or more vacuoles that occupied more tharThe area under the ROC curve was expressed as a percentage.
4% of the normal nuclear area (Figure 1a and b). To be consid-
ered morphologically normal, a sperm nucleus had to have both
a normal shape and a normal chromatin content. A sperm CePesuIts
exhibiting a normal nucleus as well as a normal acrosome, pos-
tacrosomal lamina, neck, tail, mitochondria, and no cytoplasmic
droplet or cytoplasm around the head was classified as morphd2uring this study a total of 1074 oocytes was retrieved.
logically normal (Figure 1a and b). Sperm injection was performed in 908 mature oocytes
The relationship between normal spermatozoa obtained by thé85%), and fertilization occurred in 591 (65%). The mean
routine method (World Health Organization, 1999) and byfertilization rate per case was 64.2% 2.2% (median
MSOME was assessed in 20 of the 100 examined patients. Ng2.4%: Figure 2). No statistically significant correlation
significant correlation was found between the frequency of moryyas observed between the fertilization rate following

phologically normal spermatozoa as defined by the World Healthcs' and the number of retrieved or injected ova, or be-
Organization and the frequency of morphologically normal sper- S
matozoa as defined by MSOME. It is noteworthy that routinetWeen the fertilization rate and the age of the male or

morphological examination is applied to the entire semen Samfemale partners. h incid f holoicall
ple, whereas MSOME concentrates only on the motile sperm On MSOME, the mean Inciaence o mqrp ologica yo
fraction. The incidence of sperm normalcy by routine spermnormal spermatozoa in the samples examined was 3.3%

analysis was significantly higher than that by MSOME (26.1% = 0.5% (median 2.5%, range 0%-38%). Only one man
* 7.2%, range 0%—68%; and 2.9%0.5%, range 0%-5%, re- exhibited the extreme value of 38% for this MSOME pa-
spectively, F= 38.2,P < .01). rameter; in the other 99 patients, the incidence was 0%-—
. 15%. The incidence of morphologically normal sperma-
MSOME Quality Control tozoa was found to have a positive and significant cor-

To determine intratechnician variability in the assessment ofg|ation with the fertilization rate following ICSIr(=

sperm morphology by MSOME, motile sperm cell fractions Wereo‘52’ P = .01; Figure 3a); this correlation held true even

obtained from 5 randomly selgcted patients who had been € hen the patient with 38% normal spermatozoa was ex-
ferred to our laboratory for this procedure. Each sample was S . .
observed 5 times (total, & 5 observations) by the same ob- cluded. Division of the patients by fertilization rate (Table

server (BB), who was blinded to the source of the 25 samples2) Showed that the subgroup with a low fertilization rate
and the correlation among the 5 observations was analyzed usir<§60%v n= 47) exhibited a significantly lower incidence
the Cronbach alpha of reliability. A high Cronbach alpha wasOf morphologically normal spermatozoa than the sub-
obtained for 9 of the 10 MSOME parameters: normalcy of spergroup with a normal fertilization rate~60%, n = 53;
matozoa,—0.96; normalcy of sperm nucleus,0.86; normalcy  1.3% * 0.3% vs 5.8%+ 0.6%,F = 28.2,P = .01). None
of chromatin, —0.87; normalcy of nuclear shape0.88; small  of the 24 men with 0% morphologically normal sper-
nucleus,~0.96; large nucleus; 0.72; short nucleus; 0.86; nar- - matozoa in the sperm motile fraction exhibited a normal
row nucleus,—0.90; wide nucleus;-0.89. The only MSOME  fgrtjjization rate (mean 38.7% 2.3%:; Figure 3a). Using
parameter with a low Cronbach alpha was nuclear regional d'SROC curve analysis, we demonstrated that the incidence
order (0'61)'. . N .of spermatozoa with normal morphology observed by
Intertechnician variability was not assessed because the enmﬁlSOME had hioh dicti lue for fertilizati
study was performed by one observer (BB). ad a very high predictive value for fertilization
rate following ICSI (area under the ROC curve, 88%;
Statistical Analysis cutoff value, 2.5%; optimal sensitivity, 81%; optimal
Data are presented as meahsSD. Statistical evaluation was Specificity, 78%; Table 3; Figure 4a).
performed with the SPSSx package (Norusis, 1985). Pearson Of the 6 sperm subcellular organelles examined by our
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Figure 2. Distribution of fertilization rate in the examined population.

method, only the morphological normalcy of the spermfertilization subgroupk = 11.2,P = .01; Table 2), and
nucleus (shape+ chromatin content) correlated signifi- had predictive value for the ICSI fertilization rate (area

cantly with fertilization rate { = 0.42,P = .01; Figure

under ROC curve, 72%; cutoff value, 24.5%; optimal sen-

3b). The mean incidence of this sperm parameter wasitivity, 66%; optimal specificity, 64%; Table 3; Figure
26.8% + 1.7% (median 25.0%, range 0%—68%). It was4a). None of the statistical methods revealed any signif-
able to significantly differentiate the normal from the low icant association between ICSI fertilization rate and the
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Figure 3. Correlation between ICSI fertilization rate and two MSOME
parameters. (a) Morphologically normal spermatozoa; (b) spermatozoa
with morphologically normal nucleus.

other MSOME parameters detailed in Table 1.

Both the parametric and the nonparametric methods
agreed completely; that is, the morphological integrity of
the entire sperm cell as well as of the sperm nucleus, as
defined by MSOME, were associated with IVF-ICSI out-
come parameters, whereas the other sperm morphological
characteristics examined in this study had no effect on
ICSI outcome.

Twenty-eight pregnancies (28%) were achieved during
this study. In 5 cases, no embryos were transferred; there-
fore, the mean pregnancy rate per transfer was 295%
1.6%. No significant correlation was observed between
the achievement of pregnancy and any of the following
parameters: number of retrieved oocytes, number of in-
jected ova, fertilization rate, age of the man, or age of the
woman. There was also no statistically significant corre-
lation between pregnancy rate and the incidence of mor-
phologically normal spermatozoa observed by MSOME.
Of the 6 sperm subcellular organelles examined, only the
morphological normalcy of the sperm nucleus (shape
chromatin content) correlated significantly with achieve-
ment of pregnancyr(= 0.38,P = .01). A comparison of
the patients who did and did not achieve pregnancy re-
vealed that this sperm parameter was able to significantly
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Table 2. Comparison of normal and low fertilization subgroups, and of successful and failed pregnancy subgroups by significant MSOME
parameters

Fertilization Pregnancy
Normal Decreased Successful Failed
MSOME Parameters (n = 53) (n = 47) (n = 28) (n = 67)
Normal spermatozoa 58 £ 0.6 13+ 0.3 46 4.1 3.6 £33
Normal nucleus 319 + 2.8 21.7 + 2.2* 343+ 1.8 245 + 1.7*

* Significant difference (P < .01).

differentiate between the successful and failed subgrouphese solutions. It enables a morphological analysis at the
(n = 28 and n= 67, respectivelyF = 13.1,P = .01;  subcellular level of single motile sperm cells in real time.
Table 2). It is noteworthy that no patient who exhibited We are aware that the application of MSOME to a sper-
less than 20% spermatozoa with a morphologically normatozoon microinjected into an ovum would have pro-
mal nucleus achieved pregnancy (Figure 5). ROC curveided very clear answers regarding the relationship be-
analysis demonstrated that normalcy of the sperm nucleusveen MSOME characteristics and ICSI outcome. How-
had predictive value for pregnancy occurrence (area undever, the embryologist could not ethically select impaired
the ROC curve, 74%; cutoff value, 28.5%; optimal sen-sperm cells when morphologically normal spermatozoa
sitivity, 68%; optimal specificity, 67%; Table 3; Figure were present. Therefore, for the present study, we used
4b). None of the statistical methods revealed any signif100 random sperm cells from the leftover fraction rather
icant association between pregnancy rate and the othénan the actual spermatozoon selected for microinjection.
MSOME parameters detailed in Table 1. Although this compromise probably decreased the signif-
icance of the association, our results nevertheless dem-
) _ onstrate that the morphological state of the entire sperm
Discussion cell, and especially of its nucleus, has predictive value for
fertilization, pregnancy outcome, or both following ICSI.
The assessment of the possible association between malbae present results disagree with the current, widely ac-
fertility potential and sperm morphology in humans iscepted opinion that neither the type nor the extent of
very complicated, mainly for two reasons: human spersperm impairment has an important influence on the out-
matozoa exhibit a high structural variability, and clini- come of ICSI (Mansour et al, 1995; Nagy et al, 1995,
cians cannot be sure that the sperm cells randomly s€-998; Svalander et al, 1996; Kupker at al, 1998; Oehn-
lected for examination indeed represent those that are céger et al, 1998).
pable of fertilizing the ova. The first problem can be According to the present study, spermatozoa free of
solved by morphological classification of the many spe-any specific morphological malformations exhibited the
cific sperm cell malformations according to the separaténighest positive correlation with ICSI fertilization rate.
subcellular organelles, as shown in our earlier study (BarThis finding supports the studies of Mercan et al (1998)
toov et al, 1981). The morphological state of the spermand Osawa et al (1999) who reported slightly reduced
organelles arbitrarily defined by this method was foundfertilization rates in cases of a low incidence of morpho-
to have the highest predictive ability for male fertility logically normal spermatozoa. The significant association
potential (Bartoov et al, 1990, 1994). The second diffi-of the normalcy of the sperm cell with the fertilization
culty can be solved in the IVF-ICSI era by morphologi- rate, but not with the achievement of pregnancy, may be
cally examining the single spermatozoa selected for miexplained by the very narrow range of distribution (0%—
croinjection. The new MSOME approach combines bothl15%) of this parameter, making it insufficiently sensitive

Table 3. Predictive values of the significant MSOME parameters for fertilization rate and pregnancy occurrence following ICSI (ROC curve
analysis)

Predicted Predictive Area Under 95% Confidence  Cutoff
ICSI Parameters MSOME Parameters ROC SE* Interval Valuet  Sensitivity Specificity
Fertilization Rate Natural spermatozoa 0.88 0.04 0.81-0.94 25 0.81 0.78
Normal nucleus 0.72 0.05 0.62-0.82 245 0.66 0.64
Pregnancy Occurrence Normal nucleus 0.74 0.05 0.64-0.84 29.5 0.68 0.67

* Standard error.
t Cutoff values for optimal sensitivity and specificity.
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to differentiate the failed pregnancy subgroup from the
successful one, which numbered only 28 patients. By con-
trast, the normalcy of the sperm nucleus exhibited a very
wide range (0%—-68%). Therefore, this sperm parameter
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Figure 4. ROC curve analysis. (a) Predictive values of morphologically 5 2 :\ - AV.
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mal nucleus ( ) for ICSI fertilization rate. (b) Predictive value of 'a A
spermatozoa with morphologically normal nucleus for achieving preg- ] E e AV.
nancy following ICSI. g =
0.2 20 s
sZ
g
"]
2
7]

£
N
N
A
o § -
A
L]

is in high correlation with both ICSI fertilization and 0 ax T T T
pregnancy outcome. NO YES
Of the 6 sperm subcellular organelles examined, a mor- Pregnancy occurance

ph0|09ica"y normal sperm nucleus proved to be the mOSIEigure 5. Distribution of spermatozoa with morphologically normal nucle-
important sperm parameter influencing ICSI outcomeus in the successful and failed pregnancy subgroups (AV, average value
This finding supports some investigations showing low* SEM).

pregnancy and implantation rates in cases of total sperm

head teratozoospermia (Tasdemir et al, 1997) and low fer-

tilization rates in specific cases of globozoospermia (L|u67A)' respectively) may have been due to our investiga

et al, 1995; Battaglia et al, 1997) and megalozoospermigonal approach, as discussed above. In addition, the wide,

(Kahraman et al, 1999). The existence of association pdandom ICSl population sglected_ for this prospective
tween nuclear normalcy, defined by MSOME, and ICSIstudy probably included patients with egg factor or other

outcome confirms our previous electron microscopy Stud}1;emale factor infertility. At the same time, the finding of

showing the importance of the normalcy of the sper a significant correlation between the nuclear morpholog-

head subcellular organelles in achieving pregnancy b)'/Cal normalcy and the ICS| pregnancy rate despite these

both IVF and ICSI (Berkovitz et al, 1999). We assur,neshortcomings warrants the initiation of a clinical study
that normalcy of the sperm nucléus as. observed binvolving the exclusive selection of spermatozoa with

MSOME, reflects nuclear DNA content and organizationl,%eocrt'i];";]1I nuclei, as defined by MSOME, prior to microin-
which have been reported to exert a significant effect o ) . .
P J In conclusion, the MSOME method developed in our

ICSI fertilization rate and embryo development (Sun et borat led that th hological | f
al, 1997; Lopes et al, 1998; Sakkas et al, 1998; Obasaj oratory revealed that the morphological normaicy o
the sperm nucleus is an important factor for achieving

et al, 1999). . N
) Jpregnancy following ICSI. This finding suggests that ICSI

Given that the normalcy of the sperm nucleus is indee : be | d by th lusi S
strongly correlated with ICSI outcome, if the embryolo- outcome may be Improved Dy he exciusive microinjec-
tion into the oocyte of spermatozoa with a normal nucle-
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