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Abstract
Purpose To determine benefits of cleavage-stage preimplan-
tation genetic screening (PGS) by array comparative genomic
hybridization (CGH).
Methods A retrospective case–control study was performed at
a tertiary care university-affiliated medical center. Implantation
rate was looked at as a primary outcome. Secondary outcomes
included clinical and ongoing pregnancy rates, as well as
multiple pregnancy and miscarriage rates. Thirty five patients
underwent 39 fresh cycles with PGS by aCGH and 311 similar
patients underwent 394 invitro fertilization cycles.
Result(s) The implantation rate in the CGH group doubled
when compared to the control group (52.63 % vs. 19.15 %,
p=<0.001), clinical pregnancy rate was higher (69.23 % vs.
43.91 %, p=0.0002), ongoing pregnancy rate almost doubled

(61.54 % vs. 32.49 %, p=<0.0001), multiple pregnancy rate
decreased (8.33 % vs. 34.38 %, p=0.0082) and miscarriage
rate trended lower (11.11 % vs. 26.01 %, p=0.13).
Conclusion Cleavage stage PGS with CGH is a feasible and
safe option for aneuploidy screening that shows excellent
outcomes when used in fresh cycles. This is the first report
of cleavage stage PGS by CGH showing improved ongoing
pregnancy rates.

Keywords Preimplantation genetic screening . Aneuploidy .

Comparative genomic hybridization . Blastomere biopsy

Background

Initial reports that aneuploidy employing FISH technology
could be directly related to infertility were published in the
early 1990s [5, 16, 23]. It is now accepted that the incidence of
aneuploidy in embryos increases with maternal age [13].
Aneuploidy is the most common cause of miscarriage and
the most common genetic abnormality in embryos [6, 24].

Fluorescence in situ hybridization (FISH) was the mainstay
of preimplantation genetic screening (PGS) over the past two
decades. During these years it confirmed the high rate of aneu-
ploidy in failed cycles and miscarriages. Although initially
promising, its limitations were clearly exposed. Numerous au-
thors failed to show improvement of IVF outcomes with PGS
by FISH [7, 10, 11, 20, 29, 33, 34, 36], and the European
Society for Human Reproduction (ESHRE) recently recom-
mended that this technique should be replaced by comprehen-
sive methods of screening [12].

As opposed to FISH, CGH works by analyzing all 24
chromosomes, allowing more accurate results when detecting
for aneuploidy. There are several methods of comprehensive
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chromosome screening (CCS), including single nucleotide
polymorphism (SNP) array, CGH, and quantitative polymer-
ase chain reaction (PCR) [9]. Studies comparing FISH with
SNP array showed up to a 60 % false-positive rate with FISH.
When FISH was compared to CCS, it was found that mosa-
icism was three times more common in FISH [35]. When
compared to polar body biopsy it was found that blastomere
biopsy with CCS was very accurate (94.2 %) when compared
to trophoectoderm biopsy with CCS [3]. These findings sup-
port analysis of cleavage-stage biopsy with CCS techniques
such as SNP or CGH, so that PGS could still be utilized with
fresh-embryo transfer.

It remains unclear whether application of CCS technology
for embryo selection following cleavage stage biopsy has the
potential of improving implantation and pregnancy rates per
cycle. We hypothesized that euploid embryos would have
improved implantation despite the concern about trauma at
the time of blastomere biopsy.

Materials and methods

This study was approved by the St. Luke’s-Roosevelt institu-
tional review board. A retrospective case–control study was
performed. We reviewed the Continuum Reproductive
Center’s database from 2009 and 2012. During the period, a
total of 35 patients underwent 39 fresh transfer cycles in which
PGS was performed through CGH. All cycles starts were
included in the study, regardless of their transfer status during
the same time period. The indications for PGS included ad-
vanced maternal age, recurrent implantation failure (RIF) (≥2
IVF failures) and recurrent pregnancy loss (RPL) (≥2 preg-
nancy losses). The control group consisted of all 394 fresh,
non-donor IVF cycles that resulted in at least five healthy-
appearing embryos, as we do not offer PGS in general with
less than five embryos produced.

The primary outcomemeasure was implantation rate. Clinical
pregnancy, ongoing pregnancy, miscarriage and multiple preg-
nancy rates were the secondary outcomes assessed.

In the cycles undergoing aCGH, laser-assisted biopsy
for PGS was performed at cleavage stage to remove a single
blastomere. We used Genesis Genetics Institute (Detroit, USA)
for our PGS, running their Genesis-24 technology. Blastomeres
underwent CGH with Bacterial Artificial Chromosomes
(BACs). We received the report from the lab on day five and
chose which embryos to transfer.

All cycles underwent controlled ovarian hyperstimulation
protocols. The dose of gonadotropins (FSH and/or human
menopausal gonadotropins (hMG)) was individually adjusted
based on ovarian response. Transvaginal sonography and serial
E2 levels were used to monitor ovarian follicular development.
Once a dominant follicle reached 19–20 mm, 10,000 IU of
hCG was given. Thirty-six hours later, transvaginal ultrasound-

guided oocyte retrieval was performed. Insemination was
performed with intracytoplasmic sperm injection (ICSI) in all
cycles. Fertilization was confirmed 20 hours later with the
presence of two pronuclei (2PN).

At 48 hrs cleavage was assessed and the final decision was
made to proceed the next day to embryo biopsy if a minimum
of 6 cells were identified and at least 5 cleavage stage embryos
were confirmed. The embryo’s were placed in a Calcium-
Magnesium free buffer solution and a laser was used for zona
pellucida ablation. A micropipet tool was then introduced to
remove a single blastomere from the embryo. The fully intact
embryo was then placed back into cell culture. The single
blastomere was placed into a lysis buffered solution and tube
which was sent to the genetics laboratory for testing.

Once at Genesis Genetics (Detroit, MI), single blastomeres
were amplified using the BlueGnome SurePlex whole genome
amplification kit (Illumina, San Diego), amplified DNA was
labelled and hybridised as described previously [8] onto
BlueGnome 24sure V3 BAC microrrays. Microarrays were
washed, scanned and single channel images imported into
BlueGnome BlueFuse software. Images were normalised in
silco to further single channel male and female hybridisations,
ran within the same experiment and fixed algorithms within
the software automatically called whole chromosome gains
and losses. Any segmental chromosomes deletions or dupli-
cations larger than 10Mbp were manually curated.

Transfer was performed on the afternoon of day five in the
CGH group. One or more euploid embryos were transferred
after evaluation of the embryo quality and discussion with
the patient. We generally recommended transferring one
embryo for patients under 35 and two embryos for patients
over 35 years old. The transfer procedure was performed with
a Wallace catheter with a free hand technique under trans-
abdominal ultrasound guidance. In patients with no euploid
embryos the embryos were either discarded or underwent a
trophectoderm biopsy and cryopreserved if they were high
grade blastocysts.

Luteal-phase supplementation with IM or vaginal proges-
terone was given to all patients. Serum β-hCG levels were
tested on days 12 and 14 after embryo transfer. If positive,
transvaginal sonography was performed on day 19 to confirm
presence of a gestational sac or sacs. Only pregnancies that
resulted in sonographically confirmed gestational sacs were
considered clinical pregnancies; biochemical pregnancies
were counted as IVF failure. The implantation rate was de-
fined as the number of gestational sacs divided by the number
of embryos transferred. Ongoing pregnancies were those that
continued on with a normal fetal heart rate into the second
trimester. Miscarriages were defined as pregnancy loss prior to
20 gestational weeks.

Implantation rate (# of sacs/# embryos transferred) and prob-
abilities of clinical pregnancy, ongoing pregnancy, miscarriage
and multiple pregnancy were estimated and compared between
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control and CGH embryo transfer groups. Since some patients
came in for follow-up procedures and contributed more than
one cycle to the analysis, the correlation among repeated mea-
sures made on the same patient had to be accounted for in all
statistical modeling. A repeated measures poisson regression
model was used to estimate incident rate ratios (IRR) and
corresponding 95 % confidence intervals to compare the im-
plantation rates between groups. A repeated measures log-
binomial model was used to estimate relative risks (RR) and
corresponding 95 % confidence intervals to compare probabil-
ities of pregnancy outcome measures between groups. A repeat-
ed measures mixed model was used to compare means (SD) of
continuous and discrete measures between groups while ac-
counting for correlation among measures from different cycles
in the same patient. All statistical analyses were performed using
SAS Version 9.2 (SAS Institute, Inc., Cary, NC). All hypothesis
testing was conducted at the 5 % level of significance.

Results

In the thirty-nine cycles in the group undergoing CGH, 412
embryos were produced, 327 biopsed, 83/327 (25.4 %) euploid
and 207/327 aneuploid (63.3 %). 37/327 (11.3 %) embryos
were reported as “no signal”, 14 underwent trophectoderm
rebiopsy and 1/14 (7.1 %) was euploid. In total 57 euploid
embryos were transferred in 33 cycles and 6 cycles were
cancelled for no euploid embryo.

Indications for PGS can be found in Table 1. Among all age
groups patients that underwent CGH were slightly older
[Median 39, Range (28–42)] but there was no significant
difference in their basal FSH [CGH=Median 5, Range (1–30)
or AMH levels [CGH=Median 3, Range (0.4–14)] number of
oocyte retrieved [CGH=Median 12, Range (5–30)] or the
number of embryos fertilized [CGH=Median 9, Range
(4–24)]. When comparing cases and controls, CGH cycles had
significantly fewer embryos transferred. However, CGH
resulted in a significant increase in implantation, clinical preg-
nancy and ongoing pregnancy rates, as well as a decrease in

the multiple pregnancy rates and a trend towards decreased
rate of miscarriages. Table 2.

Among patients less than 35 there was no difference in
Age, FSH, AMH, number of oocytes or number of embryos.
Despite significantly fewer number of embryos transferred,
CGH resulted in significantly better implantation rate, clinical
pregnancy and ongoing pregnancy rates, with a trend towards
lower multiple pregnancy rate. Table 3.

Among patients 35 years or older there was no difference
Age, FSH, AMH, number of oocytes retrieved or number of
embryos. In the CGH cases, there were far fewer embryos
transferred, with a significantly better implantation, clinical
pregnancy and ongoing pregnancy rates, with a trend towards
lower miscarriage rates. Table 4.

Cycles 38 years or older, that underwent CGH (n=25)
resulted in significant increase in implantation (48.6 % vs.
11.2 %, p=<0.0001), clinical pregnancy (60 % vs. 35 %,
p=0.0005) and ongoing pregnancy rates (52 % vs. 19.7 %,
p=0.0001). A non significant reduction was observed in mis-
carriage (13.3 % vs. 43.1 %, p=0.08) and multiple pregnancy
rates (15.4 % vs. 24.1 %, p=0.5).

Single embryo transfer was performed in 15/33 (45.5 %)
CGH cycles and 7/394 (1.8 %) controls. There was a non
significant increase in implantation (66.7 % vs. 28.6 %,
p=0.17), clinical pregnancy (66.7 % vs. 28.6 %, p=0.17)
and ongoing pregnancy rates (60 % vs. 28.6 %, p=0.2).

When we excluded cycles that had no embryos available for
transfer, CGH resulted in a far higher clinical pregnancy rates
(81.81 % vs. 43.91 %, p=<0.0001) and ongoing pregnancy
rates (72.7 % vs 32.49 %, p=<0.0001). Among patients youn-
ger than 35 with embryos available for transfer, the clinical
pregnancy rate improved to (100 % vs. 51.28 %, p=0.01) and
ongoing pregnancy rate improved to (85.7 % vs. 52.7 %,
p=0.045). Among patients 35 years or older with embryos
available for transfer, the clinical pregnancy rate improved
(76.9 % vs. 38.8 %, p=0.0003) as well as the ongoing preg-
nancy rate (69.2 % vs. 24.9 %, p=<0.0001).

Products of conception analysis on the three miscarriages
revealed two euploid and one tetraploid (96xxxx) karyotype.

Discussion

We found that our population of patients undergoing PGS and
day 3 CGH were slightly older, but had far fewer embryos
transferred and had a dramatic increase in implantation, clin-
ical and ongoing pregnancy rates. Additionally blastomere
biopsy and CGH markedly reduced the multiple pregnancy
rates. We also found a trend towards lower miscarriage rates,
which contributed to the improved ongoing pregnancy and
may be significant with larger numbers.

Most studies comparing preimplanation genetic screening
at the cleavage stage with CCS have reported numbers based

Table 1 Indications for PGSa

All age groups
Cycles=39
Patients=35

<35 years old
Cyles=8
Patients=8

>35 years old
Cycles=31
Patients=27

ARA 15/39 (38.5 %) 0/8 15/31 (48.4 %)

RPL 17/39 (43.6 %) 6/8 (75 %) 19/39 (61.3 %)

RIF 10/39 (25.6 %) 1/8 (12.5 %) 10/39 (25.6 %)

Otherb 5/39 (12.8 %) 2/8 (25 %) 3/39 (7.7 %)

a Some cycles had more than one indication
bOther: Single embryo transfers, husband with translocation and prior
child with down syndrome
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on transferred cycles only. This study shows vastly improved
outcomes even when including cycles with no euploid em-
bryos to transfer. The reduction in miscarriages suggested in
this study is consistent with other retrospective studies that
have shown a decrease in miscarriage rates in patients with
recurrent pregnancy loss treated with CCS [14, 22, 27].

This study does have several limitations. The main limi-
tation is due to its retrospective design, which could lead to
selection bias among patients undergoing CGH. Also, the
number of CGH cases was far fewer than the number of
controls. Our CGH cases were older, but were good progno-
sis patients as evidenced by their AMH, FSH and high
embryo yield. Therefore these findings do not apply to poor
responder patients. CGH is an expensive technology, primar-
ily employed after several IVF cycles in affluent patients. The
high cost of PGS presents one of the main challenges to its
widespread or universal use. CGH on itself may have limited
capacity in detecting polyploidy as observed in our analysis
of products of conception.

Throughout the history of assisted reproduction, varied
criteria has been used to select embryos with the highest
probability of implantation and reproductive potential.
Morphologic assessment was utilized first, followed by ge-
netic screening with FISH. Several studies have looked at
proteomics, metaboleomics and time-lapse photography to
select the best embryo. Thus far these non-invasive technol-
ogies have been of limited or no value [1, 2, 4, 15, 17–19, 21,
25, 26, 30–32]. Currently CCS is being evaluated to deter-
mine how valuable it will be for embryo selection, and which
patients are most likely to benefit. We also need to study
which CCS technology will be most accurate and at which
embryo stage it should be applied. Recent reports show that
day 3 CCS is very consistent (94.2 %) with trophoectoderm
CCS from the same embryo.

As to advantages of day 3 versus day 5 biopsy, our age-
matched case-controlled abstract found that the blastocyst
rate might be slightly reduced when biopsing on day 3, but
the fully-expended and hatching blastocyst rate was the same.
More than 50 % of euploid embryos would not have been
able to be biopsed at day 5 (unpublished data). Most current
data on day three blastomere biopsy with CCS is derived
from retrospective case–control trials [14, 28, 37–39]. A large
randomized controlled trial comparing cleavage-stage and
blastocyst stage biopsy utilizing CGH would be helpful to
determine the best timing for biopsy.

In conclusion, this is the first report to confirm increased
implantation and per cycle ongoing pregnancy rates follow-
ing cleavage-stage blastomere biopsy with CGH and fresh
transfer. We found that CGH also led to a reduction of the
number of the embryos transferred, reduced multiple preg-
nancy rates and resulted in a trend towards lower miscarriage
rates. There is clearly a role for single embryo transfer after
cleavage-stage CGH, which is further strengthened by our T
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small but promising results. CCS utilizing CGH, whether at
the cleavage or blastocyst stage, will lead to a far higher

percentage of IVF patients undergoing successful single em-
bryo transfer.

Table 4 Age≥35

aCGH
Cycles=31
Patients=27

No aCGH
Cycles=238
Patients=182

Mean Difference
[95 % CI]
P-value

aCGH
Cycles=31
Patients=27

No aCGH
Cycles=238
Patients=182

RRb/IRRc

[95 % CI]
p-value

Age 38.7 (2.0) 38.4 (2.5) 0.3 [−0.5 – 1.2]
p=0.4648

Implantation rate 23/48 (47.92 %) 133/947
(14.04 %)

IRR=3.33
[2.44–4.55]

p<0.0001

FSHa 6.4 (1.9) 5.9 (2.4) 0.5 [−0.7 – 1.6]
p=0.4203

Clinical pregnancy rate 20/31 (64.52 %) 93/238
(39.08 %)

RR=1.65
[1.22–2.25]

p=0.0012

AMHa 2.0 (1.5) 2.7 (2.3) −0.6 [−1.8 – 0.6]
p=0.3136

Ongoing pregnancy rate 18/31 (58.06 %) 60/238
(25.21 %)

RR=2.33
[1.58–3.43]

p<0.0001

# oocytes
fertilized

9.2 (5.2) 8.3 (3.0) 0.9 [−1.3 – 3.1]
p=0.3948

Miscarriage rate 2/20 (10.00 %) 33/93
(35.48 %)

RR=0.28
[0.07–1.07]

p=0.0636

# embryos
transferred

1.6 (1.0) 3.9 (1.3) −2.3 [−2.8 – −1.8]
p=<0.0001

Multiple pregnancy rate 2/18 (11.11 %) 16/60
(26.67 %)

RRc=0.42
[0.11–1.64]

p=0.2112

a The mixed model with a repeated statement would not converge so the mean FSH/AMH from all cycles for each patient was computed and used as the
outcome measure and independence was assumed among means for estimates presented
b Incidence Rate Ratio (IRR) estimates used to compare rates
c Since there was only 1 patient at least 35 years of age with more than one cycle with an ongoing pregnancy the log-binomial model would not converge
with a repeated statement therefore independence among all observations was assumed for this estimate

Table 3 Age<35

aCGH
Cycles=8
Patients=8

No aCGH
Cycles=156
Patients=132

Mean Difference
[95 % CI]
P-value

aCGH
Cycles=8
Patients=8

No aCGH
Cycles=156
Patients=132

RRb/IRRc

[95 % CI]
p-value

Age 32.4 (2.0) 31.2 (2.2) 1.2 [−0.5 – 2.8]
p=0.1514

Implantation rate 7/9 (77.78 %) 120/374
(32.09 %)

IRR=2.37
[1.73–3.26]

p<0.0001

FSHa 5.2 (2.4) 5.9 (2.4) −0.7 [−2.7 – 1.3]
p=0.4942

Clinical pregnancy rate 7/8 (87.50 %) 80/156 (51.28 %) RR=1.66
[1.23–2.25]

p=0.0010

AMHa 4.3 (3.3) 4.2 (4.0) 0.1 [−2.9 – 3.2]
p=0.9211

Ongoing pregnancy rate 6/8 (75.00 %) 68/156 (43.59 %) RR=1.67
[1.08–2.59]

p=0.0218

# oocytes fertilized 8.5 (3.3) 8.8 (3.2) −0.3 [−3.1 – 2.4]
p=0.7903

Miscarriage rate 1/7 (14.29 %) 12/80 (15.00 %) RR=1.01
[0.15–6.74]

p=0.9894

# embryos transferred 1.1 (0.6) 2.4 (0.7) −1.3 [−1.7 – −0.8]
p=0<0.0001

Multiple pregnancy rate 0/6 (0 %) 28/68 (41.18 %) RRd=0.17
[0.01–2.54]

p=0.0770

a The mixed model with a repeated statement would not converge so the mean FSH/AMH from all cycles for each patient was computed and used as the
outcome measure and independence was assumed among means for estimates presented
b Relative Risk (RR) estimates used to compare probabilities
c Incidence Rate Ratio (IRR) estimates used to compare rates
d Since there were nomultiple pregnancies in the CGH group a logit estimator was used with a correction of 0.5 in every cell of the 2×2 table to estimate
the relative risk and corresponding 95 % confidence interval and the p-value is from a Fisher’s Exact test
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