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SUMMARY 
To evaluate the variations and potential clinical use of serial maternal alpha-fetoprotein (AFP) and human 

chorionic gonadotropin (hCG) in pregnancies at risk of pregnancy-induced hypertension (PIH) andor  intrauterine 
growth retardation (IUGR), we investigated the relationship between placental sonographic findings, uterine artery 
Doppler measurements, and maternal serum A m ,  hCG, and uric acid levels between 20 and 34 weeks of pregnancy. 
Maternal serum samples were collected from 41 singleton pregnancies with bilateral uterine notches andlor an 
increased uterine artery pulsatility index at 20-24 weeks. Maternal serum AFP, intact hCG and free a and j? subunits, 
and uric acid circulating levels were measured in all cases at 20-24 weeks and 25-28 weeks. Placental sonographic 
investigations comprised measurements of thickness and morphology. Twenty pregnancies had a normal outcome 
and 21 had an adverse outcome, including eight complicated by severe PIH with fetal IUGR, eight by isolated 
IUGR, three by mild PIH with normal fetal growth, and two by placental abruption. At the time of the first scan, 
the placental thickness and maternal serum levels of AFP, hCG, and uric acid were significantly increased in 
pregnancies with adverse outcomes, compared with those with a normal outcome. In subsequent maternal serum 
examinations, the incidence of elevated hormonal levels fell for AFP, intact hCG, and j?-hCG, whereas it increased 
for the uric acid level. No difference was found at any stage for the a-hCG level. Seven out of 11 pregnancies 
complicated by PIH presented with elevated MSAFP and MShCG and a large heterogeneous placenta at the first 
visit, whereas no pregnancy with a normal outcome presented with similar features. This study has shown a 
significant association between abnormal development of the utero-placental circulation, elevated MSAFP and 
MShCG at mid-gestation, and subsequent adverse pregnancy outcome. Serial measurements of MSAFP and 
MShCG do not provide extra information for the follow-up of these pregnancies. 
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INTRODUCTION 

Alpha-fetoprotein (AFP) is an oncofetal glyco- 
protein which is produced from the second month 
of pregnancy by the secondary yolk sac and from 
the third month by the fetal liver and gastrointes- 
tinal tract (Gitlin, 1975). The relationship between 
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elevated maternal serum AFP (MSAFP) levels in 
the second trimester and adverse pregnancy out- 
come has been described in numerous previous 
reports (Walters et al., 1985; Waller et al., 1993; 
Maher et al., 1994). Human chorionic gonado- 
tropin (hCG) is a glycoprotein that is derived from 
the placental trophoblast. More recent reports 
have suggested that elevated maternal serum hCG 
(MShCG) in the second trimester may also be 
associated with complications later in pregnancy 
(Gonen et al., 1992; Lieppman et al., 1993; Muller 
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et al., 1993; Sorensen et al., 1993; Tanaka et al., 
1993; Hsu et al., 1994). The fact that raised 
MSAFP and MShCG are both associated with 
pregnancy-induced hypertension (PIH) and intra- 
uterine growth retardation (IUGR) suggests that 
there is a common pathophysiological mechanism. 

Early utero-placental vascular lesions leading to 
PIH and poor fetal growth may be detectable 
around 20-24 weeks by Doppler investigation of 
the utero-placental circulation. Previous reports 
have linked elevated MSAFP levels measured 
around 16 weeks, as part of the biochemical 
screening for Down syndrome, to abnormal uter- 
ine artery flow velocity waveforms and the devel- 
opment of placental vascular lesions (Aristidou 
et al., 1990; Williams et al., 1992; Bewley et al., 
1993; Konchak et al., 1995). The present study 
takes another approach by analysing the relation- 
ship between levels of MSAFP and intact and free 
subunits of chorionic gonadotropin in pregnancies 
with Doppler features suggesting abnormal placen- 
tation. We have also evaluated whether two or more 
measurements of these hormones would be of clini- 
cal use in the follow-up of high-risk pregnancies. 

MATERIALS AND METHODS 

AFP and chorionic gonadotropin levels were 
measured after informed consent in serum samples 
from 41 women with abnormal uterine artery 
Doppler features, i.e., bilateral diastolic notches in 
the flow velocity waveforms andor an increased 
pulsatility index (PI) above the 95th centile 
between 20 and 24 weeks of gestation. MSAFP 
was corrected for weight but not for race. All 
patients were followed up monthly until 36 weeks 
of gestation. Measurements included fetal growth, 
placental thickness, and uterine artery PI as pre- 
viously described (Jauniaux et al., 1994). The study 
group included 11 women with a past obstetrical 
history of PIH (persistent blood pressure >140/ 
90 mmHg with proteinuria of at least 0.1 g/l) and 
five with unexplained IUGR (birth weight <tenth 
percentile for local standards). Only women with a 
single anatomically normal fetus and who agreed to 
have a second blood sample taken 4 weeks later, at 
the time of the first follow-up visit, were recruited in 
the study. Seven women agreed to serial blood 
samples (from 3 to 6 samples); 17 were delivered 
prematurely; and ten had no further follow-up 
after the end of the second trimester because of 
normalization of Doppler measurements. 

Maternal blood was collected from an ante- 
cubital vein. Serum samples were kept frozen at 
-40°C until assayed. The AFP level was deter- 
mined by an enzyme immunoassay with a fluoro- 
metric end-point (Hybritech Inc; San Diego, CA, 
U.S.A.) using the Stratus apparatus from Baxter 
(Dade Division, Miami, FL, U.S.A.). The intra- 
assay coefficient of variation was 5 per cent. The 
levels of intact hCG and free a-hCG and free 
8-hCG subunits were measured using solid-phase 
two-site immunoradiometric assay (IRMA) kits 
from BioMerieux (Mercy-l’Etoile, France). These 
assays, using monoclonal antibodies, were cali- 
brated against the First International Reference 
Preparations 751537 for hCG dimer, 75/569 for 
free a-hCG subunits, and 75/551 for free p-hCG 
subunits. Sensitivities were 1 mIUlml for hCG 
and 0.03 mIU/ml for both free subunits. Intra- and 
inter-assay coefficients of variation were <7 and 
<10 per cent, respectively, for each assay. Mater- 
nal serum levels of uric acid were also measured at 
the first and second visits by an enzymatic method 
using uricase. 

Pregnancy outcome and placental histopatho- 
logical data were gathered from hospital records. 
For the purpose of data analysis, those patients 
with a normal outcome were separated from those 
with an adverse outcome and differences among 
groups were evaluated using a Kruskal-Wallis 
rank test and a chi-squared test with Yate’s cor- 
rection for small samples. Results were considered 
statistically significant at P<0.05. 

RESULTS 

Twenty pregnancies had a normal outcome. We 
identified a total of 21 pregnancies with an adverse 
outcome, including eight complicated by severe 
PIH with IUGR, eight by isolated IUGR (with 
one intrauterine fetal death), three by mild PIH 
with normal fetal growth, and two by placental 
abruption, one associated with intrauterine fetal 
death. Two fetuses from the subgroup complicated 
by PIH and IUGR presented with ultrasound 
measurements below the fifth centile of our charts 
at the time of the mid-pregnancy scan. Seven- 
teen of the corresponding fetuses were delivered 
prematurely ( ~ 3 7  weeks of gestation) and two 
died during the neonatal period. There was no 
chromosomal defect in the study group. 

Table I shows the distribution of maternal 
serum values 2 2.5 multiples of the normal median 



MS TESTING FOR AFP AND hCG IN HIGH-RISK PREGNANCIES 1131 

Table I-Distribution of elevated (2 2.5 MOM) maternal serum values and elevated (>4 mgldl) uric acid at the first 
(I) and second (11) visits according to pregnancy outcome 

Adverse outcome (n=21) 
Normal 
outcome PIH IUGR PIH+IUGR Abruption Mu1 tiple 

Variable (n=20) (n=3) (n=8) (n=8) (n=2) Total X 2  P 

AFP I 
I1 

hCG I 
I1 

a-hCG I 
a-hCG I1 
P-hCG I 
P-hCG I1 
AFP+hCG I 

I1 
AFP+P-hCG I 

P-hCG I1 

I1 
Uric acid I 

5 
1 
2 
1 
1 
1 
6 
3 
0 
0 
1 
1 
1 
2 

2 
2 
2 
2 
0 
0 
2 
2 
1 
1 
1 
1 
1 
2 

3 
2 
1 
1 
1 
1 
3 
2 
1 
2 
1 
1 
2 
2 

6 
3 
6 
4 
0 
0 
6 
5 
6 
3 
3 
1 
2 
5 

1 
1 
0 
0 
0 
0 
2 
2 
0 
0 
1 
1 
0 
0 

12 
8 
9 
7 
1 
1 

13 
11 
8 
6 
6 
4 
5 
9 

6.8 
8.9 

16.3 
12.5 
1.7 
1.7 
7.9 

11.7 
21.6 
8.7 
6.7 
4.9 
4.1 

11.2 

NS 
NS 

<0.01 
<0.05 
NS 
NS 
NS 

<0.05 
CO.01 
NS 
NS 
NS 
NS 

C0.05 

PIH =pregnancy-induced hypertension; IUGR=intrauterine growth retardation; NS=non-significant. 

(MOM) and uric acid level (reference intervals 
during pregnancy of 2-0-4.0 mg/dl) according to 
pregnancy outcome. Of the 1 1 pregnancies compli- 
cated by PIH, seven presented with elevated 
MSAFP and MShCG at the first visit, whereas no 
pregnancy with a normal outcome presented with 
elevation of both hormonal variables. Between the 
first and second visit, the incidence of elevated 
hormonal level in maternal serum dropped for 
AFP, intact hCG, and 8-hCG, whereas it increased 
for the maternal serum level of uric acid. No 
difference was found between the first and second 
visit for the level of a-hCG in maternal serum. The 
Doppler features normalized before the end of the 
second trimester in 19 of the 20 pregnancies with a 
normal outcome and in five of the 21 pregnancies 
with an adverse outcome. 

At the time of the first scan, the placental 
thickness and maternal serum levels of AFP, 
hCG, and uric acid were all significantly increased 
in cases with an adverse pregnancy outcome 
compared with those with a normal outcome 
(Table 11). Later in pregnancy, only uric acid was 
found to be higher in pregnancies with an adverse 
outcome. The placental sonographic appearance 
was that of a thick and heterogeneous mass with 
diffuse large hypoechoic areas containing slow- 
moving echoes in seven cases, all from the sub- 

groups with PIH and elevated MSAFP and 
MShCG. In four cases, these placental features 
remained unchanged between the first and second 
scans, whereas in the remainder the placenta 
became thinner and hyperechogenic. Placental 
histopathological examination revealed extended 
vascular lesions, i.e., chronic infarcts, large and 
multiple intervillous thrombosis, and fibrin depo- 
sition with villous necrosis in 12 complicated cases. 
These lesions were often combined in cases com- 
plicated by PIH and IUGR and by placental 
abruption. 

Three out of the seven women who agreed to 
have serial blood samples subsequently presented 
with pregnancy complications. Their clinical pro- 
file throughout pregnancy is presented in Fig. 1 
together with that of a pregnancy with a normal 
outcome (patient J). Patient G delivered a 1440 g 
female fetus at 34 weeks. Her MSAFP, which 
was elevated between 20 and 24 weeks, decreased 
at the end of the second trimester. Two patients 
(L and F) subsequently developed severe PIH and 
delivered male fetuses weighing 870 and 1080 g at 
29 and 28 weeks, respectively. In both cases, the 
initial MSAFP and MShCG levels were elevated. 
MSAFP remained high in patient F, whereas both 
MSAFP and MShCG normalized by 26 weeks in 
patient L. 
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Table II-Comparison of mean ( f SD) values for the different variables in pregnancies 
with normal and adverse outcomes at the first (I) and second (11) visits 

Normal Adverse Rank test 
outcome outcome 

Variable (n=20) (n=21) t P 

Placental thickness (mm) I 2.8 f 0.7 3.9 f 0.9 3.84 c0.05 
I1 3.9f  0.9 4.2 f O . 8  0.01 NS 

AFP (MOM) I 1.7 f 0.9 2.9 f 0.8 7.09 cO.01 
I1 1.1 f 0.8 1.5 f 0.7 3.25 NS 

hCG (MOM) I 1 .4 f  0.9 2.8 f 1.1 5.84 <0.05 
I1 1.2 f 0.8 1.6 f 1.2 0.97 NS 

a-hCG (MOM) I 0.9 f 0.2 1.2 f 0.4 3.00 NS 
I1 0.8 f 0.4 0.9 f 0 - 4  1.45 NS 

P-hCG (MOM) I 1.9 f 1.6 2.4 f 1.4 2.06 NS 
I1 2 .0 f  1.4 2.5 f 2 . 1  1.61 NS 

dP-hCG I 0.6 f 0.5 0.4 f 0.4 0.82 NS 
I1 0.5 f 0-4 0 .3 f0 .3  0.10 NS 

Uric acid I 2.9 f 0.7 3.9 f 1.1 6.96 <0.01 
I1 3.5 f 0.9 4.8 f 1.4 10.06 c0.005 

NS = nonsignificant. 

DISCUSSION 

The results of this study are consonant with 
previous reports which indicate that there is a 
relationship between high resistance to flow in 
the utero-placental circulation, high MSAFP or 
MShCG, placental ultrasound abnormalities, 
and the subsequent development of PIH and/or 
IUGR. 

Normal placentation requires the infiltration of 
the implantation site by trophoblastic cells and 
transformation of the spiral arteries (Pijnenborg 
et al., 1983). Deficient placentation is considered to 
be the primary mechanism leading to PIH. These 
physiological changes start when the blastocyst 
attaches to the endometrium and the vasculature 
of the placental bed is completely transformed 
around mid-gestation in normal pregnancies. 
Doppler ultrasound has enabled in vivo studies of 
this phenomenon and Doppler waveforms from 
the utero-placental circulation have been used for 
the second-trimester screening of PIH and related 
disorders (Aristidou et al., 1990; Bewley et al., 
1993; Bower et al., 1993; Konchak et al., 1995). 
These studies have shown that an increased imped- 
ance to flow in the utero-placental circulation and 
persistent uterine artery notching at mid-gestation 
predict the development of pregnancy-induced 
hypertension and/or intrauterine growth retarda- 

tion later in gestation. Our Doppler findings are 
comparable to those from these series. Bearing in 
mind the differences in inclusion criteria, we found 
that about half the pregnancies with abnormal 
Doppler features between 20 and 24 weeks of 
gestation had a complicated outcome. In more 
than 15 per cent of normal pregnancies, placenta- 
tion is not completed at 20 weeks (Bower et al., 
1993). This may explain why, in the present study, 
most pregnancies with a normal outcome had 
normal uterine Doppler features at the time of 
their second visit. 

Measurements of AFP levels in maternal serum 
have been widely used to predict various fetal 
malformations and chromosomal abnormalities. 
An association has also been found between poor 
perinatal outcome and elevated MSAFP obtained 
between 15 and 19 weeks of gestation. Collectively, 
these studies confirm an increased incidence of 
premature placental separation, PIH, low birth 
weight, and intrauterine fetal death in the second 
and third trimesters in women with unexplained 
elevations of MSAFP (Walters et al., 1985; Waller 
et al., 1993; Maher et al., 1994). A joint positive 
history of elevated MSAFP, abnormal placental 
morphology on ultrasound, and high resistance to 
flow in the utero-placental circulation is more 
strongly associated with an adverse fetal outcome 
than when these variables are used individually 
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Fig. I-Diagrams showing MSAFP (empty squares) and MShCG (crosses) MOM values with advancing 
gestation in four different patients 

(Williams et al., 1992; Bewley et pl . ,  1993). A high 
incidence of placental vascular lesions such as 
large infarcts or thrombosis is found at delivery 
(Jauniaux et al., 1994) and fetal serum AFP levels 
are normal (Hubinont et al., 1990) in pregnancies 
with elevated MSAFP and complicated by PIH 
and/or IUGR. These findings support the concept 
of increased AFP transfer through the placenta 
due to a breakdown of the trophoblastic barrier in 
these cases. 

The rate of differentiation of cytotrophoblast 
into syncytiotrophoblast appears to be the main 
factor that leads to the synthesis of hCG and its 
subunits by the trophoblastic layer (Hay, 1988). 
Elevated total MShCG levels have been found to 
be associated with PIH and low birth weight and 
placental abruption in the absence of PIH (Gonen 
et al., 1992; Sorensen et al., 1993; Tanaka et al., 
1993; Hsu et al., 1994). Both hCG subunits have 
been found to be increased in PIH (Hsu et al., 
1994) and one study has found free a-hCG to be 
the best marker for severe PIH among the hCG 

markers (Del Valle el al., 1993). We were able to 
demonstrate a similar association for intact hCG 
and free B-hCG, but in contrast with the above 
study, we found no association between free 
a-hCG and adverse pregnancy outcome. Free 
B-hCG levels were more often elevated than intact 
hCG in cases with a normal outcome, suggesting 
that its value in predicting pregnancy outcome in 
an unselected population is probably low. Several 
mechanisms have been proposed to explain the 
elevation of MShCG in pregnancies complicated 
by PIH. It has been suggested that reduced oxygen 
supply to the trophoblast may result in increased 
hCG production (Lieppman et al., 1993), due to an 
increase in both differentiating cytotrophoblast 
and newly transformed syncytiotrophoblast. The 
return to normal values of MShCG during the 
second half of pregnancy could be explained by a 
decrease with advancing gestation of the overall 
placental mass and/or the destruction of functional 
trophoblastic tissue by large infarcts or extended 
fibrin deposition. 
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Hyperuricaemia is one of the most reliable indi- 
cators for the diagnosis of PIH and its serum 
concentrations are also a good indicator of disease 
severity (Magann and Martin, 1995). Although in 
individual cases maternal serum uric acid concen- 
trations rise only about 1 week before the clinical 
appearance of disease, the present results indicate 
a significant difference in the mean value of uric 
acid at 20-24 weeks in pregnancies with an adverse 
outcome. In this group, the mean uric acid con- 
centration continued to increase with advancing 
gestation as, at the time of the second visit (24- 
28 weeks), most mothers presented with clinical 
symptoms of disease. 

The comparison of single versus serial MSAFP 
in predicting pregnancy outcome has demon- 
strated that the first test is the best predictor and 
that additional samples provide minimal extra 
information (Wenstrom et al., 1992). Furthermore, 
compared with early gestation, third-trimester 
MSAFP does not appear to be predictive of PIH 
or other pregnancy complications (O’Brien et a/. , 
1990). Our  data support these findings and indi- 
cate that the predictive value of both serial 
MSAFP and MShCG is low in the late second 
trimester and early third trimester. We suggest that 
serial uric acid determination during this period of 
gestation could be used for the follow-up of preg- 
nancies with elevated MSAFP and/or MShCG. 

Disproportionately large placentae, over 4 cm 
thick, narrow-based with a heterogeneous hypo- 
echogenic appearance were found in the context of 
high MSAFP between 16 and 20 weeks and were 
often associated with the subsequent development 
of PIH andor  IUGR (Jauniaux et al., 1990). The 
severity of subsequent pregnancy complications 
and, in particular, of PIH is probably related to the 
extent and thus to the irreversibility of the placen- 
tal damage. It is possible that when the placenta- 
tion deficit is limited, the remaining placental 
tissue is able to compensate and utero-placental 
insufficiency does not occur. This could explain, in 
some cases, the normalization of the resistance to 
flow in utero-placental circulation and maternal 
serum endocrinological values but also of the 
abnormal placental ultrasonographic features. In 
these cases, MSAFP and/or MShCG would only 
be temporarily elevated until a compensatory 
response is established in the placental tissue. 
These speculations need to be further examined 
longitudinally in a larger study group. 

So far, there have been mainly studies on the 
individual values of AFP or hCG in predicting 

pregnancy outcome at the time of biochemical 
screening for aneuploidy during the fifth month of 
pregnancy. The data of the present study demon- 
strate that patients with Doppler features indicat- 
ing high resistance to flow in the uterine artery and 
abnormally high levels of AFP, hCG, or uric acid 
around mid-gestation are at high risk of subse- 
quently developing PIH andor  IUGR. Joint test- 
ing of uterine Doppler waveforms and ultrasound 
examination of placental morphology together 
with maternal serum investigation may refine the 
sensitivity of the screening of pregnancies at risk of 
these complications and select those who do or do 
not require increased surveillance. 
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