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Background: The purpose of this study is to asses the frequency of subclinical pregnancy loss
(SPL) among women undergoing controlled ovarian hyperstimulation (COH) and in-vitro
fertilization with ICSI.
Methods: The study was retrospectively conducted in a private IVF center. SPL was defined
by a temporary rise in serum βhCG, along with the absence of signs of intra- and extra-uterine
pregnancy by transvaginal ultrasonography. Overall 5273 COH and ICSI cycles with embryo
transfer (ET) were segregated according to serum E2 levels percentiles (-24th, 25th, 74th,
and 75th), women age and the type of spermatozoa for assisted fertilization (ejaculated and
surgically retrieved). Those groups were assessed for SPL rates.
Results: Among the 3125 (59.25) conception cycles, 305 (9.7%) were diagnosed as SPL. There
was no difference in SPL rate among E2 percentile groups. Women older than 35 years of
age had significantly higher rate of SPL compared to younger women. There was also no
difference in SPL rate among pregnancies in whom surgically retrieved spermatozoa used or
ejaculated spermatozoa used for assisted fertilization.
Conclusion: Our results demonstrated that SPL rate was not influenced by the levels of E2

during COH or the origin of spermatozoa used for assisted fertilization. However, maternal
age was found to be detrimental for SPL.
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INTRODUCTION

Pregnancies achieved using ART are easier to fol-
low than are those conceived spontaneously, offer-
ing a unique opportunity to observe early gestational
life ultrasonographically. Early pregnancy loss sig-
nificantly reduces the initial success of ART and
decreases its efficiency, thus increasing the psycho-
logical burden on patients and therefore early predic-
tion of outcome is important in pregnancies following
assisted reproduction treatment (ART). Gestational
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sac is not reliably visible until a certain day after LH
surge (1). Therefore, as a result of this inability of US
identify very early pregnancy abnormalities, a signifi-
cant amount of pregnancies detected by biochemical
markers could not be demonstrated sonographically.
Those pregnancies are named with various terminol-
ogy such as biochemical, chemical, oocult, or subclin-
ical pregnancy loss (SPL). In this regard, the black-
box of very early embryonic life in-vivo could only
be assessed by serum markers.

In assisted reproductive therapy (ART), con-
trolled ovarian hyperstimulation (COH) is used to
recruit a large cohort of oocytes and in this regard,
the serum concentration of estradiol (E2) is elevated,
exposing endometrium and implanted concepti to
supraphysiological levels of E2. Assessment of the
relationship between E2 level and IVF outcome has
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been a focus of interest for many years. Pregnancy
loss can be the result of abnormal concepti or de-
creased uterine receptivity (2). Adverse effects of
supraphysiological E2 may include alterations in both
endometrial receptivity and oocyte/embryo quality
(3–5). Although elevated E2 levels were thought to
alter the endometrial environment and lead to re-
duced implantation of embryos, other studies have
not confirmed this effect (6–8) and the impact of sup-
raphysiological E2 levels on endometrial receptivity
remained controversial. Moreover, it has been pro-
posed that, elevated levels of E2 may increase the
miscarriage rates in women undergoing IVF (9). Dif-
ferently said, supraphysiological levels of hormonal
milleu in endometrium can be detrimental to very
early survival of implanted conceptii.

In addition to hormonal milleu origin of spermato-
zoa utilized for assisted fertilization was thought to
be important for early gestational life. It has been
suggested that offspring from ICSI carry an increased
rate of chromosomal aberrations (10). Those abnor-
malities, however, seem to be related to the underly-
ing parental risk of abnormality and not to the ICSI
procedure itself may eventually have impact on the
fate of implanted conceptii.

Although some studies have assessed miscarriage
rates in in-vitro fertilization (IVF) and intracytoplas-
mic sperm injection (ICSI) pregnancies as well as the
origin of spermatozoa utilized for assisted fertiliza-
tion is considered in this regard (11–15), data on early
pregnancy outcome of ART conceptions relative to
E2 levels reached during COH is scarce. Moreover,
majority of studies investigated clinical pregnancies
and in this regard SPL in terms of major outcome has
not been addressed. Therefore, this study intended to
evaluate SPL in women undergoing controlled ovar-
ian hyperstimulation and intracytoplasmic sperm in-
jection and possible confounding variables such as E2

levels, maternal age, and type of spermatozoa used
were investigated.

MATERIALS AND METHODS

The database of the German Hospital at Istan-
bul was retrospectively evaluated, and women under-
going assisted conception treatment cycles between
January 1999 and June 2002 (5778 cycles) were re-
cruited for this study. To standardize serum E2 levels
at the time of HCG administation relative to the pop-
ulation, the cycles were segregated into percentiles
and subsequently divided into three groups. Group

I consisted of 810 cycles, defined as women with E2

levels up to 24th percentile (113–1349 pg/mL); Group
II consisted of 3325 cycles, defined as women with E2

levels between the 25th and 74th percentiles (1350–
3249 pg/mL); and Group III consisted of 1643 cycles,
defined as women with E2 levels between the 75th
and 100th percentiles (>3250 pg/mL).

Women with history of recurrent pregnancy loss
and as well as frozen thawed embryo transfer cycles
were not considered in this study.

The ovulation induction protocol for ovarian
stimulation began with pituitary desensitization by
GnRH agonist (Lucrin; Abbott, France) in the mid-
luteal phase of the preceding menstrual period.
Administration of gonadotrophins (two to six am-
pules, Metrodin R© HP, 75 IU; Serono, Aubonne,
Switzerland, or Humegon R©, 75 IU; Organon, Oss,
The Netherlands) was initiated when serum E2 con-
centration fell below 50 pg/mL. The starting regi-
men was fixed for the first 4 days, with the dose
of gonadotrophins subsequently adjusted according
to the individual ovarian response. When at least
two follicles reached 18 mm in diameter, HCG
(Pregnyl R©; Organon) 5000–10,000 IU was adminis-
tered i.m. Oocytes were retrieved 32–38 h after HCG
injection. ICSI method was used for assisted fertil-
ization in our center for all patients regardless of in-
fertility etiology. Three days after oocyte retrieval,
the embryos were transferred transcervically under
ultrasound guidance. The luteal phase was supported
by 50 mg/day progesterone in oil (G. Streuli and Co.,
Uznach, Switzerland) following oocyte retrieval and
then by 100 mg/day following ET (16, 17).

Serum βhCG concentration was measured in
all patients 12 days after embryo transfer. Preg-
nancy was defined as positive serum βhCG level
( ≥ 5 mIU/mL) on at least two occasions following
ET. Clinical pregnancy was defined as the demon-
stration of an intrauterine gestational sac with yolk
sac by transvaginal ultrasonogram (TVUS) (Aplio,
Powervision and Corevision, Toshiba Corporation,
Japan) following ET (17). All pregnancies underwent
scanning by transvaginal ultrasonogram 3 weeks (18–
22 days) after ET, and serial controls were per-
formed until 10 weeks after ET. SPL was defined
by a temporary rise in serum HCG, along with the
absence of signs of intra- and extra-uterine preg-
nancy by transvaginal ultrasonography (2). Miscar-
riages following demonstration of any gestational sac
on TVUS were not considered as SPL. Definition
of ectopic pregnany relied exclusively on the diag-
nosis by TVUS or during laparoscopy and ectopic
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Table I. A Breakdown of COH Characteristics by Groups According to E2 Percentile of Women
Undergoing COH and ICSI–ET

Group I
(n = 810)

Group II
(n = 3325)

Group III
(n = 1643)

Age (years) 35.8 ± 4.9a 31.97 ± 4.8b 30.2 ± 4.7c

Mean ± SD range 19–46 19–45 18–44
Peak estradiol (pg/mL) 866.6 ± 320.7a 2223.8 ± 505.0b 4264.3 ± 766.4c

Mean ± SD range 113–1349 (1351–3251) (3252–9700)
Total oocytes retrieved 5.3 ± 3.0a 13.9 ± 5.9b 20.8 ± 6.7c

Mean ± SD range 1–13 3–45 4–61
Number of cycles with ET 723 3051 1499
Number of( + )HCG 298 1842 985
Number of clinical pregnancies 263 1662 895
Implantation rate (%) 20.9d 29.2e 29.7e

Clinical pregnancy rate/ET (%) 36.3f 54.4g 59.7h

Note. Values within rows following different superscript letters are significantly different: a vs. b,
a vs. c, and b vs. c, p = 0.001 (one way ANOVA with Bonferroni post multiple comparison test);
d vs. e: p = 0.0001, OR: 0.6, 95%CI: 0.5–0.7; f vs. g: p = 0.0001, OR: 0.4, 95%CI: 0.4–0.5;
f vs. h: p = 0.0001, OR: 0.4, 95%CI: 0.3–0.4; g vs. h: p = 0.0009, OR: 0.8, 95%CI: 0.7–0.9.

pregnancies (66 cases, 2.0%) were excluded from the
inclusion criteria of pregnancy. SPL rate was calcu-
lated per( + )serum HCG.

Serum E2 was measured by competitive im-
munoassay using a commercial kit (Immulite Diag-
nostic Products Corporation, Los Angeles, CA), with
intra- and inter-assay coefficients of variation of 6.3
and 6.4%, respectively. Serum βhCG was measured
by competitive immunoassay using a commercial kit
(Access, Beckman Coulter Inc., Fullerton, CA), with
intra- and inter-assay coefficients of variation of 1.67
and 2.42%, respectively.

This study was approved by the institutional re-
view board of the German Hospital at Istanbul. For
group comparisons, statistical analysis used χ2 test,
Fisher’s exact test, analysis of variance with Bonfer-
oni post hoc test, and Kruskall–Wallis rank sum test
with Dunn post hoc test, as applicable. In addition,
logistic regression analysis was utilized to determine
any relationship between peak E2 levels and SPL
rates in assessed cycles. A p-value <0.05 was consid-
ered statistically significant.

RESULTS

Among the assessed 5778 cycles, 5273 (91.2%)
commenced ET and 3125 (59.2%) revealed posi-
tive serum HCG following ET. SPL detected in 305
(9.7%) and the remaining 2820 (53.4% clinical preg-
nancy rate/ET) had evidences of sonographic visu-
alization of implantation. During this period 11.9%
of all clinical pregnancies (including singleton and

multiples) miscarried prior to second trimester. SPL
rate was significantly lower than first trimester mis-
carriage rate (p = 0.007, OR: 1.2, 95%CI: 1.0–1.4).

In Table I COH cycle characteristics according to
E2 percentile groups (Groups I–III) were summa-
rized. We found that age, mean peak E2 levels, and
the number of oocytes retrieved all differed among
the three groups. Clinical pregnancy rate was sig-
nificantly different in all groups being the highest
in Group III and lowest in Group I. SPL was de-
tected in 35, 180, and 90 among Groups I, II, and IIII,
respectively. However, SPL rate did not differ be-
tween groups (Fig. 1). In addition logistic regression
analysis also did not reveal any correlation with

Fig. 1. Subclinical pregnancy loss rates in groups of women by E2
percentile.
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Fig. 2. Subclinical pregnancy loss rates in groups of women by
age.

E2 level and SPL. In addition to this, a subgroup
analysis of Group III revealed 305 women had
≥ 5000 pg/mL of E2 with a SPL rate of 9.2% (16/173),
which was not significantly different from other per-
centile E2 groups.

Out of 2332 women, aged less than 34 years and
with positive HCG, 192 experienced SPL, whereas
out of 793 women, aged more than 35 years and with
positive HCG, 113 experienced SPL. Women aged 35
years or more had significantly higher rates of SPL
compared to younger women (p = 0.0001, OR: 0.5,
95%CI: 0.4–0.7) (Fig. 2)

Surgically retrieved spermatozoa used in 373 preg-
nancies and 37 (9.9) of them had SPL. When SPL rate
among this group was compared to SPL rate in ejac-
ulated spermatozoa used pregnancies no difference
was detected (Fig. 3).

Fig. 3. Subclinical pregnancy loss rates according to origin of sper-
matozoa used for assisted fertilization.

DISCUSSION

Since the first report of a pregnancy loss detected
by the measuremnt of βhCG (18), it has become clear
that a large number of conceptions fail before the
woman becomes aware that she might have been
pregnant. These early pregnancy losses, sometimes
called occult pregnancies (19), have been defined as
pregnancies. It has become clear that from the mo-
ment of fertilization, there is a continuous reduction
or selection of conception products showing chromo-
some abnormalities and approximately 30% of con-
ceptus can be lost following implantation and prior
to missed period (20). The introduction of sensitive
assays for serum (hCG and the possibility provided
by IVF to observe the events from ovulation to on-
going pregnancy has enabled the previously elusive
black box of early pregnancy to be explored. The
most commonly employed marker of pregnancy is
(hCG and a rise in serum (hCG on two consecutive
occasions from day 11 after ET indicated pregnancy.
In addition, in vitro studies have shown that HCG is
produced by trophoblastic cells of unhatched blasto-
cyst and may be detected from 7 days onwards fertil-
ization (21,22).

The current study solely addressed SPL rates in
a group of women undergoing assisted conception
treatment with IVF or ICSI. Clinical miscarriage
rates among pregnancies conceived by ICSI have
been reported elsewhere. However, this is the first
report with a large series demonstrating the sur-
vival rate of implanted embryos following ET un-
til a period in which sonographic visualization is
available. Our results confirmed that almost 90% of
women with positive serum HCG would demonstrate
gestational sac under sonogram. In other words,
approximately 80% of conceptions diagnosed by
measuring serum HCG following 12 days after ET
would be lost by the end of the first trimester.

In the current study, the definition of clinical preg-
nancy was based on the demonstration of gestational
sac by TVUS. Gestational sacs can be visualized
by TVUS 25.5 days after the last menstrual period,
whereas cardiac activity cannot be visualized until
44.5 days (1). Therefore, we were able to examine
the life span of implanted embryos at the earli-
est stage possible permitting visualization by sono-
grapghy. Thus, it was proposed that a single determi-
nation of the βhCG level 2 weeks after ET, combined
with TVUS 2–3 weeks later was a reliable follow-up
in ART pregnancies (23). On the other hand, in nu-
merous reports, clinical pregnancy was defined as the
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demonstration of fetal cardiac activity in which ges-
tational sacs with yolk sacs without heartbeats were
ignored although they have been recognized clini-
cally. In other words, 8.5% of clinically identified
gestations by sonography were considered somehow
as preclinical pregnancy loss because they did not
show viability later (24,25). However, our series ex-
clusively consisted of subclinical pregnancies without
any evidence of sonographic findings.

This study differs from the previous reports ba-
sically in two aspects. First, in many of studies, E2

cutoff levels in COH cycles were chosen arbitrarily
(26). Cutoff levels, dependent on absolute E2 con-
centration in a single center, however, expressed as
either pg/mL or pmol/L, cannot be applied univer-
sally. Objective analysis requires that E2 concentra-
tions be sorted into percentiles and categorized by
groups and calibrated in each center (27). Therefore,
we sorted patients by E2 into three groups. It should
also be noted that the 25th to the 75th window in-
cludes women with ± 1SD of the distribution, repre-
senting the normality of the population.

It should be taken in consideration that extra- and
intra-follicular influences such as the elevated E2 are
able to disturb maturation leading to aneuploidy and
oocyte meiosis is very sensitive to exogenous factors
which could lead to abnormal zygotes (28). It has
been shown that exaggerated levels of E2 have a neg-
ative impact on only oocyte quality (7,28,29). More-
over, elevated E2 levels have been shown to convert
endometrium into a hostile environment for embryo
implantation (30), with a histological appearance of
prematurely advancing endometrium (31). Conceiv-
ably, both endometrial and oocyte factors may con-
tribute to an increased rate of early pregnancy loss.
On the other hand, the findings of this study sug-
gest that postimplantation period of embryos at least
2 weeks apart appear not to be affected by the lev-
els of serum E2. Therefore, endometrium exposed to
supraphysiological levels of E2 cannot deleteriously
impact the survival of implanted conceptii.

Second, previous studies reported their results
originating from patients conceived by various tech-
niques of assisted conception (ICSI, IVF, or IUI). In-
clusion of only ICSI cycles made our assessed group
homogeneous in one part and comparisons in this re-
gard became more reliable.

Taking into consideration of those differences, sev-
eral authors reported more frequent SPL rates in
their series. In this regard, Poikkeus et al. reported
20% of SPL among 774 pregnancies conceived by
IVF or ICSI (32). Legro et al. reported of 23.3% SPL

among 77 women conceived by IVF (33). Sugantha
et al. found 22.4% SPL among 397 pregnancies con-
ceived by IUI or IVF or ICSI (34). However, those
authors included visualized gestational sacs without
heartbeats in their series of SPL. On the other hand,
similar to our SPL definition, Coulam et al. evalu-
ated 1675 fresh IVF ET cycles and detected 17% of
SPL rate in their series, whereas Levy et al. reported
14.8% SPL rate in 750 IVF cycles (2–35).

Two types of SPL have been identifed on the ba-
sis of the pattern of βhCG expression (36,37). In the
first type, βhCG levels decline abruptly over 2 days
and this type suggests endometrial factors prevent-
ing completion of implantation. In the second type,
a reduced rate of βhcg rise occurs and this type in-
dicates abnormal embryonic development after im-
plantation. Conceivably possible mechanisms leading
to SPL are related with either endometrial factors or
embryonic factors.

An increase in maternal age effect on aneuploidy
which is known to be present in spontaneous abor-
tions and liveborns has also been demonstrated in
morphologically and developmentally normal preim-
plantation embryos (38). Therefore, oocytes of older
women are more prone to nondisjunction caused by
meiotic errors at the gamete level. Our results also
demonstrated that older women had significantly
higher rate of SPL compared to younger women.

Although it has been observed that surgically re-
trieved spermatozoa had a higher incidence of chro-
mosomal abnormalities (39), no correlation has been
demonstrated with increased SPL and usage of non-
ejaculated spermatozoa for assisted fertilization so
far. We have recently reported that miscarriage rates
were not effected from the origin of spermatozoa
used for ICSI (40). However, Poikkeus et al. claimed
that SPL is lesser among fertile couples suffering
from male factor infertility (32). Contrary to this, the
current study revealed that SPL does not increase by
usage of surgically retrieved spermatozoa.

Luteal phase deficiency in ART cycles can re-
sult from the use of GnRH agonist or poor pro-
gesterone production after granulosa cell removal
during oocyte retrieval; therefore, luteal phase sup-
port is routinely recommended. Progesterone in oil
or micronized progesterone can be supplemented
during luteal phases of IVF cycles. Several clinical
trials favored intramuscular progesterone in oil ad-
ministration rather than vaginal application of mi-
cronized progesterone in terms of high SPL rates
(41–43). From this point of view, homogeneity in
the administration of progesterone for luteal phase
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support in our series rendered our comparisons
reliable.

As a conclusion, our results demonstrated that at
least 10% of probability of SPL after the detection
of positive serum βhcg result following ICSI and this
rate was not influenced by the level of serum E2

reached during COH or the origin of spermatozoa
used for assisted fertilization. Maternal age as in all
miscarriages is the significant variable increasing the
SPL rate.
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