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Summary

Objective: In this prospective study, we investigated the association between mid-trimester maternal serum human chorionic
gonadotropin (ms-hCG) levels and adverse pregnancy outcome in a South-Western Greek population. Materials and Methods: 130
healthy Greek women with spontaneous pregnancies were investigated for ms-hCG levels between the 13" and 24" weeks of gesta-
tion and followed for adverse pregnancy outcome. hCG levels > 2.0 multiples of the median value for gestation were considered
abnormal. Statistical analysis was performed by Pearson’s chi-square test. Results: Gestational complications developed in a total
of 12 of the 130 women studied (9.23%). Elevated ms-hCG levels were detected in a total of 14 of the 130 women studied (10.77%).
Conclusion: Multiparameter testing of placental function in the mid-trimester (uterine artery Doppler, placental morphology and
ms-hCG screening) may allow us to identify women with increased risk of developing severe placental insufficiency and pregnancy

complications.
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Introduction

Maternal serum human chorionic gonadotropin (ms-
hCG) was originally introduced into the screening assay
to derive risks for trisomy 21. However, the introduction
of high-resolution first trimester ultrasound (US)
screening for aneuploidy at 11-13 weeks of gestation
has greatly reduced the need for ms-hCG screening in
mid-trimester [1].

Pregnancies with unexplained mid-trimester elevation
in ms-hCG are at increased risk of pregnancy complica-
tions [intrauterine growth restriction (IUGR), intrauter-
ine foetal death (IUFD), preeclampsia (PE)] resulting
from placental insufficiency [2-5].

In our prospective study, we investigated the associa-
tion between mid-trimester ms-hCG levels and adverse
pregnancy outcome in a South-Western Greek popula-
tion.

Material and Methods

Between February 2005 and February 2008, about 130
women with spontaneous pregnancies were referred to the Out-
patient Clinic of the Obstetrics and Gynaecology Department of
the University of Patras Medical School. All women were inves-
tigated for ms-hCG between the 13" and 24" weeks of gestation
and followed for adverse pregnancy outcome.

Gestational age was estimated from the last menstrual
period for women with regular (21-35 days) menstrual cycles
or confirmed from US scan in the first trimester for women
with irregular menstrual cycles. Women with multiple preg-
nancies, diabetes mellitus, pregnancy with chromosomal or
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structural abnormality, hypertension diagnosed before the 20"
week of gestation and history of PE in previous pregnancy
were excluded from the study.

All women had a dating US examination at their first visit,
followed by a detailed examination at the 18™-22" week of
gestation. The study was approved by the Ethical Committee
of the Hospital. Informed consent was obtained from each
woman.

Serum samples were collected from all women between the
13"-24" weeks of gestation. All serum samples had been
stored at -20°C. hCG levels were measured with immunora-
diometric assay using two highly specific monoclonal anti-
bodies for coating of the solid phase and the tracer. The tracer
antibody and the coated antibody react simultaneously with
the b-hCG present in patient samples or standards. Excess
tracer is removed by a washing step and the radioactivity
bound to the tube wall is measured in a gamma counter (b-
hCG IRMA CT, Radim S.p.A.). Levels of ms-hCG > 2.0 mul-
tiples of the median value for gestation (MoM) were consid-
ered as abnormal.

As adverse pregnancy outcomes all gestational complica-
tions with fetomaternal circulatory disturbances [placental
abruption (PA), IUGR, IUFD, PE] were considered.

PA was defined as the separation of the placenta from its
site of implantation before delivery of the foetus [6].

IUGR was defined as a birth weight below the 5th percentile
for gestational age [7].

IUFD was defined as foetal loss after 24 weeks’ gestation.

PE was defined by a blood pressure above 140/90 mmHg
after 20 weeks’ gestation, proteinuria > 300 mg/24 hours or
persistent 30 mg/dl (1+ dipstick) in random urine samples.
The term severe preeclampsia is used when blood pressure
above 160/110 mmHg is recorded at least six hours apart, and
proteinuria of more than 5 g during 24 h occurs [8].

Statistical analyses were performed using the SPSS-12 for
Windows. The chi-square test was used to assess the associa-
tion between categoric variables.
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Results

Serum samples were collected at a median gestation of
19 weeks (range 13-24). The median weight of the
women at the time of serum sampling was 71 kg (range
50-105). The median age at estimated delivery date was
30 years (range 17-50).

From the 130 women included in the study, 12 (9.23%)
developed gestational complications during the follow-up
of their current pregnancy. The demographics of women
with gestational complications compared to those without
are shown in Table 1.

Table 1. — Women’s demographics (n = 130).

‘Women Women
with complications  without complications
(n=12) (n=118)
Number of pregnancies 1 pregnancy 12 (100%) 100 (84.75%)
= 2 pregnancies 0 (0%) 18 (15.25%)
Age of women <25 1(8.33%) 23 (19.49%)
25-35 7 (58.33%) 70 (59.32%)
> 35 4 (33.33%) 25 (21.18%)
Complications in
previous pregnancies No 8 (66.67%) 106 (89.83%)
Yes 4 (33.33%) 12 (10.17%)
Smoking No 10 (83.33%) 106 (89.83%)
Yes 2 (16.67%) 12 (10.17%)

Abnormal ms-hCG levels were detected in a total of 14
of the 130 women studied (10.77%). None of them devel-
oped gestational complications in the current pregnancy
(Tables 2 and 3).

Table 2. — Women’s demographics (n = 130).

ms-hCG levels ‘Women ‘Women p value
with complications  without complications
(n=12) (n=118)

ms-hCG > 2 MoM
(n: 14) 0 14 ns
ms-hCG = 2 MoM
(n: 116) 12 104
p value was calculated by the chi-square test.
Table 3. — ms-hCG levels in women with specific gestational
complications in current pregnancy (n = 12).
ms-hCG levels PA TUGR PE TUFD
ms-hCG > 2 MoM

(n=14) 0 0 0 0
ms-hCG = 2 MoM

(n=116) 4 6 0 2
Total 4 6 0 2

PA = placental abruption; [UGR = intrauterine growth restriction; PE = preeclampsia;
IUFD = intrauterine foetal death.

Discussion

Serum hCG appears early during pregnancy [9]. Its
concentration increases gradually by reaching a peak at
the end of the first trimester, after which it progressively
decreases until delivery [10].

During pregnancy hCG is produced almost exclusively
in the placenta, but also is synthesised in the fetal kidney
and foetal liver [11]. Most of the hCG in circulation is
metabolized by the liver, whereas about 20% is excreted
by the kidneys [12].

The aetiology of the increased hCG production by the
placenta is not clear. Experimental evidence from tro-
phoblastic cells cultured in vitro showed that hypoxia
increases hCG production [13]. Many mechanisms
leading to elevations of ms-hCG have been proposed.

Increased ms-hCG concentrations have been related to
the presence of placental pathology, such as infarction,
ischemic changes, villitis and intervillus thrombosis [3,
14]. Velamentous cord insertion has been described to be
associated with elevated mid-trimester ms-hCG concen-
tration [15]. The presence of chromosomally abnormal
areas in the placenta known as confined placental
mosaicism, has been found to be associated with high
mid-trimester ms-hCG levels [16]. All these placental
pathologies may be associated with overproduction of
hCG [3, 14, 16-18].

Another possible explanation may be inadequate tro-
phoblastic remodelling of the maternal uterine vascula-
ture, with an absence of normal physiologic changes in
the spiral arteries leading to placental hypoxia and hCG
overproduction [3, 17, 18].

Pregnancies complicated by an unexplained mid-
trimester elevation in ms-hCG are at increased risk of
perinatal complications resulting from placental insuffi-
ciency, including combinations of IUGR, IUFD and PE
[2-5, 19, 20]. In our study mid-trimester elevated ms-
hCG levels were detected in a total of 14 from the 130
women studied (10.77%). None of them developed preg-
nancy complications.

In our study the main limitation was the small number
of cases with gestational complications. It is possible that
ms-hCG would perform better in a high-risk population.

According to the results shown in Table 2, elevated
mid-trimester ms-hCG levels alone can not detect preg-
nant women with increased risk of developing pregnancy
complications. However, uterine artery Doppler screen-
ing alone is superior to ms-hCG screening for the identi-
fication of significant placental pathology leading to PE
and IUGR [21-23]. Multiparameter testing of placental
function in the mid-trimester (uterine artery Doppler, pla-
cental morphology and ms-hCG screening) may allow us
to identify women with increased risk of developing
severe placental insufficiency and pregnancy complica-
tions [23].

Conclusion

Multiparameter testing of placental function in the
mid-trimester (uterine artery Doppler, placental morphol-
ogy and ms-hCG screening) may be useful in identifying
women with increased risk of developing severe placen-
tal insufficiency and pregnancy complications.

References

[1] Snijders R.J., Noble P., Sebire N., Souka A., Nicolaides K.H.: “UK
multicentre project on assessment of risk of trisomy 21 by mater-
nal age and fetal nuchal-translucency thickness at 10-14 weeks of
gestation. Fetal Medicine Foundation First Trimester Screening
Group”. Lancet, 1998, 352, 343.



Mid-trimester maternal serum hCG levels in predicting adverse pregnancy outcome 175

[2] Walton D.L., Norem C.T., Schoen E.J., Ray G.T., Colby C.J.:
“Second-trimester serum chorionic gonadotropin concentrations
and complications and outcome of pregnancy”. N. Engl. J. Med.,
1999, 341, 2033.

[3] Gonen R., Perez R., David M., Dar H., Merksamer R., Sharf M.:
“The association between unexplained second-trimester maternal
serum hCG elevation and pregnancy complications”. Obstet.
Gynecol., 1992, 80, 83.

[4] Gravett C.P., Buckmaster J.G., Watson P.T., Gravett M.G.: “Ele-
vated second trimester maternal serum beta-hCG concentrations
and subsequent adverse pregnancy outcome”. Am. J. Med. Genet.,
1992, 44, 485.

[5] Wenstrom K.D., Owen J., Boots L.R., DuBard M.B.: “Elevated
second-trimester human chorionic gonadotropin levels in associa-
tion with poor pregnancy outcome”. Am. J. Obstet. Gynecol.,
1994, 171, 1038.

[6] Cunningham G., Leveno K., Bloom S., Hauth J., Gilstrap III L.,
Wenstrom K.: “Obstetrical hemorrhage (antepartum hemor-
rhage)”. Williams Obstetrics, 22" edition, New York, McGraw
Hill, 2005, 811.

[7] Seeds J.W.: “Impaired fetal growth: definition and clinical diagno-
sis”. Obstet. Gynecol., 1984, 64, 303.

[8] Cunningham G., Leveno K., Bloom S., Hauth J., Gilstrap III L.,
Wenstrom K.: “Hypertensive disorders in pregnancy (diagnosis)”.
Williams Obstetrics, 22" edition, New York, McGraw Hill, 2005,
762.

[9] Lenton E.A., Neal L.M., Sulaiman R.: “Plasma concentrations of
human chorionic gonadotropin from the time of implantation until
the second week of pregnancy”. Fertil. Steril., 1982, 37, 773.

[10] Alfthan H., Schroder J., Fraser R., Koskimies A., Halila H.,
Stenman U.H.: “Choriogonadotropin and its beta subunit sepa-
rated by hydrophobic-interaction chromatography and quantified
in serum during pregnancy by time-resolved immunofluorometric
assays”. Clin. Chem., 1988, 34, 1758.

[11] McGregor W.G., Kuhn R.W., Jaffe R.B.: “Biologically active
chorionic gonadotropin: synthesis by the human fetus”. Science,
1983, 220, 306.

[12] Nisula B.C., Blithe D.L., Akar A., Lefort G., Wehmann R.E.:
“Metabolic fate of human choriogonadotropin”. J. Steroid.
Biochem., 1989, 33, 733.

[13] Fox H.: “Effect of hypoxia on trophoblast in organ culture. A mor-
phologic and autoradiographic study”. Am. J. Obstet. Gynecol.,
1970, 107, 1058.

[14] Morssink L.P., de Wolf B.T., Kornman L.H., Beekhuis J.R., van
der Hall T.P., Mantingh A.: “The relation between serum markers
in the second trimester and placental pathology. A study on
extremely small for gestational age fetuses”. Br. J. Obstet.
Gynaecol., 1996, 103, 779.

[15] Heinonen S., Ryyndnen M., Kirkinen P., Saarikoski S.: “Velamen-
tous umbilical cord insertion may be suspected from maternal
serum alpha-fetoprotein and hCG”. Br. J. Obstet. Gynaecol., 1996,
103, 209.

[16] Morssink L.P., Sikkema-Raddatz B., Beekhuis J.R., De Wolf B.T.,
Mantingh A.: “Placental mosaicism is associated with unexplained
second-trimester elevation of MShCG levels, but not with eleva-
tion of MSAFP levels”. Prenat. Diagn., 1996, 16, 845.

[17] Shenhav S., Gemer O., Sassoon E., Volodarsky M., Peled R., Segal
S.: “Mid-trimester triple test levels in early and late onset severe
pre-eclampsia”. Prenat. Diagn., 2002, 22, 579.

[18] Liu D.F,, Dickerman L.H., Redline R.W.: “Pathologic findings in
pregnancies with unexplained increases in midtrimester maternal
serum human chorionic gonadotropin levels”. Am. J. Clin. Pathol.,
1999, 111, 209.

[19] Luckas M.J., Sandland R., Hawe J., Neilson J.P., McFadyen LR.,
Meekins J.W.: “Fetal growth retardation and second trimester
maternal serum human chorionic gonadotrophin levels”. Placenta,
1998, 19, 143.

[20] Lepage N., Chitayat D., Kingdom J., Huang T.: “Association
between second-trimester isolated high maternal serum human
chorionic gonadotropin levels and obstetric complications in sin-
gleton and twin pregnancies”. Am. J. Obstet. Gynecol., 2003, 188,
1354.

[21] Hershkovitz R., de Swiet M., Kingdom J.: “Mid-trimester placen-
tation assessment in high-risk pregnancies using maternal serum
screening and uterine artery Doppler”. Hypertens. Preg., 2005, 24,
273.

[22] Bewley S., Chard T., Grudzinskas G., Campbell S.: “The relation-
ship of uterine and umbilical Doppler resistance to fetal and pla-
cental protein synthesis in the second trimester”. Placenta, 1993,
14, 663.

[23] Gkogkos P., Androutsopoulos G., Vassilakos P., Panayiotakis G.,
Kourounis G., Decavalas G.: “Mid-trimester maternal serum AFP
levels in predicting adverse pregnancy outcome”. Clin. Exp.
Obstet. Gynecol., 2008, 35, 208.

Address reprint requests to:

G. ANDROUTSOPOULOS, M.D.

Anaxagora 45

Ag. Paraskeui 15343 (Greece)

e-mail: androutsopoulosgeorgios @hotmail.com



