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Chromosome abnormalities in embryos
obtained after conventional in vitro
fertilization and intracytoplasmic
sperm injection
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John Garrisi, Ph.D., and Mina Alikani, M.Sc.

The Institute for Reproductive Medicine and Science, Saint Barnabas Medical Center, Livingston, New Jersey

Objective: To compare the rate of numerical chromosome abnormalities in embryos derived from bipronucleated zygotes
produced by intracytoplasmic sperm injection (ICSI) and conventional IVF.

Design: Embryos were classified by maternal age and morphological and developmental characteristics to avoid bias whe
comparing chromosome abnormalities in ICSI and IVF embryos.

Setting: The Institute for Reproductive Medicine and Science of Saint Barnabas Medical Center, West Orange, New
Jersey.

Patient(s): Seventy-nine couples undergoing IVF and 53 couples undergoing ICSI.

Intervention(s): Embryos donated for research were fully biopsied, and their cells were analyzed by fluorescence in situ
hybridization with specific probes for chromosomes X, Y, 13, 18, and 21 and some with also a probe for chromosome 16
Main Outcome Measure(s): Embryo chromosome abnormalities.

Result(s): A total of 245 embryos obtained through conventional IVF and 136 embryos obtained through ICSI were
analyzed. There were no statistical differences between the rates of numerical chromosomal abnormalities detected in tl
IVF (61%) and ICSI (52%) embryos analyzed. Regarding gonosomal aneuploidy, the same rate was found in both ICSI (1%
and IVF groups (2%).

Conclusion(s): If the parents are chromosomally normal, the results indicate that, at the embryo level and before any
embryo selection has occurred in utero, ICSI does not produce more numerical chromosomal abnormalities than conver
tional IVF. (Fertil SteriP 1998;69:904—-8. ©1998 by American Society for Reproductive Medicine.)
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Intracytoplasmic sperm injection (ICSI) although they are still higher than in the gen-
now is applied widely in the treatment of male eral population but are, in fact, in line with
factor infertility. Fertilization rates and preg- rates found in infertile men (0.8% for oligo-
nancy rates with this technique have improvedspermic and 13.9% for azoospermic) (4).
significantly in the past 2 years. Because theHigher than expected rates of sex chromosome
source or the quality of sperm used in the abnormalities have been attributed to gonoso-
injection does not appear to have a bearing ormal mosaicism (5) and/or to male meiosis im-
the success of the procedure (1), ICSI is per-pairment, leading to both oligospermia and an-
formed in cases previously excluded from euploidy (6). Fortunately, in large series of
treatment. Therefore, concern exists over thelCSl cases, the rate of chromosomal abnormal-
health of the potential offspring resulting from ities was similar to those of the general popu-
this technique in some of the most severe casedation (1, 7).

There have been reports of offspring with  Although studies of offspring suggest that
high rates of sex chromosome abnormalities (5ICSI is moderately safe, ICSI still could be a
of 15 cases) (2) associated with ICSI. Laterteratogen, producing an *“all-or-none” re-
studies have not confirmed these high rates irsponse, i.e., the eggs or embryos affected
sex chromosomal abnormalities (5 of 585) (3), would die or not produce any perceivable dam-



age. At the oocyte and embryo level, few studies have been Similarly, embryos were divided into three groups ac-
performed comparing chromosome abnormalities in emeording to developmental and morphological characteristics:
bryos derived from ICSI and conventional IVF cycles. Pla-arrested, slow and/or dysmorphic, and nondysmorphic nor-
chot et al. (8), using karyotyping techniques, found that themally developing embryos as described previously (14).
rate of aneuploidy and chromosome breakage in unfertilizedrrested embryos were those that had not cleaved during a
oocytes from ICSI and conventional IVF cycles was similar.24-hour period. Dysmorphic nonarrested embryos were
However, more diploid oocytes were found in unfertilized those with>15% fragmentation and/or with multinucleated
oocytes from conventional IVF (12.5%) than from ICSI blastomeres. Slowly developing embryos were those that
cycles (1.7%). This was attributed to the fact that mosthave five or less cells on the 3rd day of development but
female partners of ICSI patients are fertile. On the othehave cleaved in the last 24 hours. Nondysmorphic normally
hand, more premature chromosome condensation was fourveloping embryos were those with six or more cells on the
in ICSI (57%) than in conventional IVF unfertilized oocytes 3rd day of development that had cleaved in the last 24 hours
(37%), indicating that oocyte activation fails more com-and had no multinucleation angd15% fragments. The clas-
monly after ICSI. sification of embryos in these subgroups eliminates any bias

Embryos derived from tripronucleated and mononucle-" the data due to maternal age or embryo morphology.

ated zygotes produced by ICSI also have been studiecéiopsy Fixation. and Fluorescence In Situ
Although tripronucleated embryos from IVF were mostly Hybridi,zation An’alysis

mosaics (9, 10), tripronucleated zygotes from ICSI were Embryos were disaggregated on day 3 of development,

mostly triploid (10, 11). This indicates that the presence Ofand blastomeres were individually fixed on glass slides as

two paternally inherited centrioles profoundly disturbs thedescribed previously (15). Some of the blastomeres were

ggﬂ;eitlg)IStg?#tt,I&ESOf d(e:?i:/()ergofsr gme;:r?;\ﬁgg;?e% d;;;%?;iarmalyzed by fluorescence in situ hybridization (FISH) using
produced by IVF were mostly fertilized and diploid (10, 12). > mulaneously X-, ¥, 13-, 18-, 21-chromosome-specific

: ) X ; following Munf Weier (1 ithout ifica-
There is evidence that these are derived from the fusion #(r)(;be_?hé) ;Vrzlleznrgblalsj?onr?enrgs vséerre (a%\;v;eg%vi?]og:elcgame

e re oy e e v 1o obe e pos  1-cremosme.speifo roe. A e
ized (10, 13) probes were obtained from Vysis. Chromospme X_ was la-
N beled with spectrum aqua, chromosome Y with a mixture of
The chromosomal integrity of embryos derived from bi- spectrum aqua, orange and green, chromosome 13 with a
pronucleated ICSI zygotes is still being debated. There arenixture of spectrum orange and green, chromosome 16 with
no published studies considering differences in maternal aggpectrum green, chromosome 18 with a mixture of spectrum
embryo morphology, and developmental rates. When thesaqua and orange, and chromosome 21 with spectrum orange.
parameters were taken into account in a large study of IVF

embryos, significant differences in the frequency of chromo- The criteria to distinguish FISH failure from mosaicism
yos, slg 9 y were as published previously (17). The specific FISH signals

igmagriznggg?n“ggimvée;ebr:g:jmngm(éi)'inTI?:eSIp;ize?\t/:gr?ﬁéetected in a given blastomere were considered to reflect a
P true chromosome constitution in the following instances: [1]

bryos with consideration of maternal age, embryo morpho'blastomeres with two gonosomes, 13-, 16-, 18-, and 21-
ogy, and developmental rate.

chromosome-specific signals; these were considered diploid
blastomeres; [2] embryos in which all the blastomeres had

MATERIALS AND METHODS the same abnormality, such as aneuploid, haploid, or
polyploid embryos; [3] individual blastomeres that have only
Classification of Embryos one signal per chromosome pair; these were considered

The monospermic embryos developing from bipronucle-haploid cells; [4] individual blastomeres that had three or
ated zygotes used in this study were obtained from patientiore signals per chromosome pair; these were considered
undergoing IVF treatment for infertility. Patients undergoing polyploid cells; [5] individual blastomeres that had extra or
IVF treatment at The Institute for Reproductive Medicine missing signals compensated respectively for the missing or
and Science of Saint Barnabas Medical Center donated thesgtra signals in sibling blastomeres. We considered that
embryos for research. A written consent was obtained fronthese blastomeres belonged to an embryo with mosaicism
all patients donating their supernumerary embryos for regenerated by mitotic nondisjunction; [6] blastomeres show-
search. The study was in accordance with guidelines apng fewer signals than their sibling blastomeres and belong-
proved by the internal review board of Saint Barnabas Meding to mosaic embryos resulting from the uneven cleavage of
ical Center. Two groups of embryos were used: those blastomere without previous DNA synthesis. An example
developing from eggs fertilized through conventional insem-would be an embryo with mostly XX 13131616 1818 2121
ination or through ICSI. Each group was subdivided into twocells, plus XO 130 160 1818 OO and XO 130 160 OO
maternal age groups: (up to age 39 and 40 and older). 2121 cells; [7] the same criteria (1-6) were also used for
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Numerical chromosome abnormalities in embryos used in ICSI and IVF.

Age =39 years Age>39 years All ages

Chromosome abnormality IVF ICSI IVF ICSI IVF ICSI

No. of embryos analyzed 135 102 110 34 245 136
Percent normal 39 48 28 24 34 42
Percent aneuploid* 10 6 12 18 11 9
Percent gonosomal 2 1
Percent haploid (mosaic or not) 2 5 2 6 2 5
Percent polyploid (mosaic or not) 10 4 13 12 11 6
Percent with extensive 2N mosaicism 28 20 38 38 33 24
Percent with low 2N mosaicism 10 18 7 3 9 14

* 4 monosomies 13; 2 nullisomy 13; 6 monosomies 21; 2 monosomies 18; 6 monosomy 16; 2 trisomy 13; 3 trisomy 16; 7 trisomy 21; 1 trisomy 18;
monosomy X; 1 disomy Y; 1 trisomy XXY; 1 trisomy XYY.

multinucleated blastomeres; and [8] blastomeres with less anental to embryonic development, was defined as the oc-
more than two gonosomes or chromosome-13, 16-, 18-, azurrence of more than three eighths of the cells in a diploid
21-specific signals were considered, respectively, FISHmbryo being chromosomally abnormal. The reasons for this
false-negative or false-positive errors unless one of the priocutoff were explained previously (14).

iteria (1-7 lied. . .
criteria (1-7) applie Statistical Analysis

~The scoring criterion from Murin@nd Weier (16) to The x? test was used to compare morphological groups
differentiate close signals from split signals was used. Acfor abnormalities detected by the same probe. The Mantel-
cording to such criterion, when two signals for the SameHaenszely? test was used to compare heterogeneous per-
chromosome are found at a distance of two or less domai”%entages, i.e., those obtained after the addition of the per-
they normally represent a split signal belonging to a single;entage of abnormal embryos found with X, Y, 13, 18, and

chromosome instead to two chromosomes. 21 probes and those with the X, Y, 13, 16, 18, and 21 probes.
Definition of Chromosomal Abnormality
Types Detected by FISH RESULTS

Chromosome abnormalities that could be detected by

FISH are aneuploidy, haploidy, polyploidy, and mosaicism. A total of 245 embryos obtained through conventio.nal
Normal embryos were those in which each cell had two' VF from 79 patient procedures and 136 embryos obtained

chromosomes of each kind studied. Aneuploid embryo§hr°“9h ICSI from 53 patient procedures were analyzed. In

could be monosomic or trisomic. Monosomic embryos werdotal, FISH results were obtained in 2,010 cells (average 5.2

those in which the same chromosome was missing in eacfells Per embryo).

cell. Trisomic embryos were those in which each cell had Table 1 presents the incidence of numerical chromosome
three chromosomes of the same type instead of two. Emabnormalities for the chromosomes studied, in conventional
bryos in which all the cells had only a single chromosome oflVF and ICSI embryos, according to maternal age. There
each kind were considered haploid. However, haploid mowere no statistical differences between the percentage of
saics are common. Embryos were classified as haploid manorphological and developmental types included in the con-
saics if, on average, each cell had one chromosome of easfentional IVF and ICSI groups (Table 2). Because of this
kind. Polyploid embryos had three or more copies of eachack of difference, the two groups of embryos could be
chromosome in each cell. Embryos were classified asompared.

polyploid m(_)salcfs Whﬁnk'. Oc? z;vehrage, the e”_“bryo Ead”three No statistical difference in total rates of chromosomal
Or more COpIES of €ach kind of chromosome In each ce an(gtbnormalities, including or excluding low diploid mosa-

no normal cells—quite a common occurrence. icism, were found in conventional IVF embryos (66% and
An embryo was considered to be a diploid mosaic wherb7%, respectively) and ICSI embryos (58% and 46%). In
at least one cell was normal. When all cells were abnormahddition, no statistical differences were found either between
and the embryo was mosaic, and the average number dfie two groups of embryos regarding specific chromosome
chromosomes per cell was close to diploid, the embryo alsabnormalities, neither in total, nor within maternal age
was considered a diploid mosaic. Because diploid mosaicisrgroups. Most important, a similar rate of gonosomal aneu-
is so common, extensive diploid mosaicism, possibly detriploidy was found in both ICSI (1%) and IVF groups (2%).
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Morphological and developmental characteristics of analyzed embryos.

Age =39 years Age>39 years All ages
Type of embryo IVF ICSI IVF ICSI IVF ICSI
No. of embryos 245 136 135 102 110 34
Percent arrested 23 20 19 19 28 26
Percent slow/dysmorphic 56 52 59 53 53 50
Percent normally developing 21 27 22 28 19 24

The most common chromosome abnormality, regardless advoided in the future through blastocyst culture or better
insemination procedure, was mosaicism, which occurred irmbryo selection based on genetic (preimplantation genetic
about 40% of all embryos or about two thirds of all chro- diagnosis) or other parameters. Even though the data on
mosome abnormalities, followed by aneuploidy, polyploidy,embryos and offspring places ICSI at the same risk level of
and haploidy. conventional IVF, it is probably advisable to screen the male

On the basis of 1,459 IVF and 865 ICSI cycles imman_partners in ICSI couples for chromosomal abnormalities.
tation rates (defined as sacs per embryo replaced) wefeonventional karyotype ana_lysis of peripheral blood should
identical (25.6%). Similarly, the percentage of multiple preg_be able to detect translocations and other chromosomal ab-

nancies (based on fetal heart beats) after ICSI (48%, 220 dformalities in IVF patients requiring ICSI, which have a

460) was similar to the percentage after IVF (50%, 350 ofhigher incidence than the rest of the population (8 translo-
699). cations in 261 patients) (18).

When a translocation carrier is identified, we recommend
DISCUSSION preimplantation genetic diagnosis to prevent the replacement
... of unbalanced embryos. This genetic diagnosis recently was
. . o %roved to be effective in selecting normal embryos (19, 20,
in children born after the application of ICSI occur at rate321)_ Similarly, screening for chromosome-Y microdeletions

S|m|Ia(rj to thﬁls,e mldthe gian_erzl Ipopqlat|onh(1). The ICSI;(ZZ) also should be considered before ICSI because they
proceaure still could result in deleterious chromosome abg,.., in 704-309 of the male factor population (23). Al-

normalities not detected at birth perhaps caysed t?y.d's‘_tu'ihough PGD of Y microdeletions has not been attempted as
bance of the oocyte metaphase plate at the time of injection et it is likelv i

N L , y in the near future.
among other possibilities. On the other hand, injection of a%/ _ _
spermatozoon with an impaired centrosome (11), a structure Blood tests on male candidates for ICSI will not detect,
required for spindle formation, could result in mosaicism athO}NeVGF, any abnormallt_les generated during _spermatogen-
the first embryonic division and the demise of the embryoeSI_s. Ac_cordlng to Martin (6), disturbances in the m_ale
(17). The present study accounts for differences in maternanelosis in chromoson_wally_norma_l males may Ie_ad to oligo-
age and embryo morphology when comparing chromosomadpermia and aneuploidy, in particular of the divalent XY.
integrity of ICSI and IVF embryos. The FISH on sperm cells with X and Y probes should be
No significant differences were observed either in theenough to detect ICSI candidates with unusually high rates

o . f sex chromosom normalities. with higher than
overall frequency of chromosome abnormalities or in spe—0 SEX chromoso e abnormalities. Cases . gnherthan a
ertain rate of sex chromosome abnormalities may be indi-

cific types of abnormalities, such as gonosomal aneuploid . : T X
or mosaicism. That means that the injection of the sperm int ated for preimplantation genetic diagnosis.
the cytoplasm is not disturbing the M-Il metaphase spindle, The present study found no unusual increase in sex chro-
probably because the injection is performed further from thenosome abnormalities after ICSI, although the numbers in
spindle, which is supposed to be close to the first polar bodyour study are small as yet. Nevertheless, if other ICSI-
Our findings contribute to previous reassuring observationinduced abnormalities had been present, as postulated above
on ICSI offspring (1) and indicate that, at the embryo level,by spindle disturbance, our study would certainly have de-
there is the same proportion of chromosomal abnormalitiegected their presence.

as that in conventional IVF produced embryos.
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