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n patients with renal disease
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BJECTIVE: The objective of the study was to determine the value of
aternal serum Down syndrome screening in patients affected by renal

isease.

TUDY DESIGN: A study group of 54 pregnant women with renal dis-
ases defined before pregnancy, was compared with a control group of
08 patients matched for maternal age, maternal weight, smoking sta-
us, and gestational age. Maternal serum markers (free �-human cho-
ionic gonadotropin [hCG], total hCG, alpha-fetoprotein) expressed in
ultiple of median and maternal renal function markers (creatinine,
010;203:60.e1-4.
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ESULTS: The percentage of patients in the Down syndrome at-risk
roup (�1:250) using free �-hCG was significantly higher (P � .02) in
he renal disease group (48%) than in the control group (12%). No sig-
ificant difference was observed for total hCG (25% vs 15%).

ONCLUSION: Down syndrome screening using free �-hCG is not ap-
licable in patients with renal disease whatever the maternal serum
reatinine and can be used with caution when total hCG is used.
2-microglobulin, �1-microglobulin) were assayed. Key words: pregnancy, prenatal diagnosis, renal failure, trisomy 21
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he usual approach to prenatal
screening for Down syndrome (DS)

s to estimate a woman’s risk of having a
risomy 21–affected pregnancy on the
asis of factors such as maternal age, ma-
ernal serum markers, or first-trimester
uchal translucency measurement, us-

ng different combinations. Depending
n the combinations, 60-90% of fetuses
ith DS can be detected with a 5% false-
ositive rate.1-4

Different confounding factors have
een evaluated, such as maternal
eight, maternal smoking status, twin
regnancies, a previous trisomy 21–af-

ected child, and various adjustments,
llow an appropriate screening. How-

rom the Department of Obstetrics and Gyne
ôpital Necker Enfants Malades, Assistance P
escartes, the Department of Biochemistry, H
ôpitaux de Paris, Université Paris Ile de Fran
uller), Department of Nephrology, Hôpital
ôpitaux de Paris (Dr Fakhouri), and Depart
nfants Malades, Assistance Publique Hôpita

resented at the 28th Annual Meeting of the Inte
anaus, Brazil, Sept. 6-10, 2009.

eceived July 17, 2009; revised Oct. 20, 2009;

eprints: Françoise Muller, PhD, Biochimie Horm
5019 Paris, France. francoise.muller@rdb.aphp
ver, in patients affected by renal dis-
ase, abnormally high human chori-
nic gonadotropin (hCG) values have
een described in case report or small
eries, but various issues remain un-
olved, such as the relative modifica-
ion of the DS markers, the creatinine
utoff above which DS screening
hould not be used, and the application
f such screening in renal transplant
ecipients.5-8

The aim of the present study was to
rmly establish the limits of DS maternal
erum screening in a retrospective series
f pregnant women presenting with re-
al diseases when free �-hCG or total
CG is used.

ogy (Drs Benachi and Kaddioui-Maalej),
lique Hôpitaux de Paris, Université Paris
ital Robert Debré, Assistance Publique
Ouest (Drs Dreux, Czerkiewicz, and
cker Enfants Malades, Assistance Publique

t of Renal Transplantation, Hôpital Necker
e Paris (Dr Thervet), Paris, France.

tional Fetal Medicine Surgery Society,

epted Jan. 27, 2010.

ologie, Hôpital Robert Debré, 48, Bd Sérurier,
s
/j.ajog.2010.01.080
ATERIALS AND METHODS
his retrospective study was conducted
uring the period 2000-2008 in patients
ho underwent routine second-trimes-

er maternal DS screening. Informed
onsent was obtained for each patient.
nstitutional review board approval
as obtained for this study (Comité
’Ethique de la Recherche en Ob-
tétrique et Gynécologie 2008-021).

The study group comprised 54 preg-
ant women with renal disease (RD
roup). Twin pregnancies were ex-
luded. The control group consisted of
08 serum samples randomly selected
rom the routine second-trimester

aternal serum screening database,
atched with the study group based on
aternal age, maternal weight, smoking

tatus, and gestational age. For both
roups, patients older than 35 years were
ncluded, therefore leading to a high
alse-positive rate of DS risk calculation.
mniocentesis was performed at the
arents’ request in 10 patients of the RD
roup and in 13 of the control group.
etal karyotyping was normal in all cases.
o DS was observed at birth in both

roups.
French DS screening policy relies on sec-

nd-trimester maternal serum marker
col
ub
ôp
ce
Ne
men
ux d

rna

acc

on
.fr
creening (gestational age between 14
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nd 18 weeks of amenorrhea) and is
trictly regulated. First trimester is actu-
lly not available. Routine second-tri-
ester maternal serum screening was

ased on free �-hCG and alpha-fetopro-
ein (AFP) (Dualkit, AutoDelfia, Life cy-
le software; PerkinElmer, Turku, Fin-
and). Results were expressed in multiple
f median (MoM). In the present study,
DS risks were calculated, 1 based on the
ombination of DS risk because of ma-
ernal age, AFP MoM, and free �-hCG

TABLE 1
Comparison of median values of pa

Parameters

Age, y
...................................................................................................................

Maternal weight, kg
...................................................................................................................

Gestational age at sampling, wks and d
...................................................................................................................

Creatinine, �mol/L
...................................................................................................................

Urea, mmol/L
...................................................................................................................

�1-Microglobuline, mg/L
...................................................................................................................

�2-Microglobuline, mg/L
...................................................................................................................

Total protein, g/L
...................................................................................................................

AFP, MoM
...................................................................................................................

Free �-hCG, MoM
...................................................................................................................

DS risk calculation, 1/a
...................................................................................................................

Total hCG, MoM
...................................................................................................................

DS risk calculation, 1/b
...................................................................................................................

AFP, alpha-fetoprotein; �-hCG, �-human chorionic gonadotro
a Based on the combination of free �-hCG, AFP, and materna

Benachi. Down syndrome maternal serum screening in re

TABLE 2
False-positive rates in maternal se
screening using free �-hCG or tota
Variable FPR,

Control group 12 (1
...................................................................................................................

Total renal disease group 48 (2
...................................................................................................................

Renal disease subgroups
..........................................................................................................

Creatinine �125 �mol/L 44.6
..........................................................................................................

Creatinine �100 �mol/L 38.5
..........................................................................................................

Creatinine �80 �mol/L 33.3
...................................................................................................................

Risk was calculated combining maternal age, multiple of the m
�-hCG, �-human chorionic gonadotropin; FPR, false-positive
a Significant difference when compared with control group.
Benachi. Down syndrome maternal serum screening in renal d
oM and the other risk using total hCG
oM instead of free �-hCG. A cutoff of

/250 at sampling was used for both
isks.

Of the 54 samples, 44 were available
kept frozen at –40°C), allowing determi-
ation of total hCG for DS screening (Au-

oDelfia; PerkinElmer) and maternal se-
um markers of renal failure including
rea (DiaSys, Condom, France), creati-
ine (Creatinine-2Enzy; Siemens, Tarry-

own, NY), �2-microglobulin (Olympus,

meters between renal disease and c
Renal disease group (n � 54),
median (extremes)

31 (23-42)
.........................................................................................................................

62 (45-144)
.........................................................................................................................

15.3 (14.1-24.6)
.........................................................................................................................

84 (34-329)
.........................................................................................................................

6 (3.1-12.9)
.........................................................................................................................

28.3 (3.9-126.3)
.........................................................................................................................

2.33 (1.24-9.87)
.........................................................................................................................

68 (55-79)
.........................................................................................................................

1.07 (0.44-1.92)
.........................................................................................................................

2.13 (0.32-32.8)
.........................................................................................................................

270 (9-10,000)
.........................................................................................................................

1.40 (0.3-9.5)
.........................................................................................................................

1132 (30-10,000)
.........................................................................................................................

FPR, false-positive rates; MoM, multiple of the median; NS, nons

; b Based on the combination of total hCG, AFP, and maternal ag

isease. Am J Obstet Gynecol 2010.

Down syndrome
CG
free �-hCG) FPR, % (total hCG)

8) 15 (15/100)
..................................................................................................................

)a 25 (10/40)
..................................................................................................................

..................................................................................................................

47)a 20 (7/35)
..................................................................................................................

39)a 20 (6/30)
..................................................................................................................

4)a 22 (4/18)
..................................................................................................................

n free �-hCG (or total hCG) and alpha-fetoprotein.
.

M
isease. Am J Obstet Gynecol 2010.

JULY 2010 Ameri
amburg, Germany), �1-microglobulin
Roche Hitachi, Mannheim, Germany),
nd total protein (Protein2; Siemens) as a
eference marker. When the sample was
ot available, maternal serum creatinine
easured in the month of the serum

creening was taken into account.
Renal diseases before pregnancy were

efined by proteinuria greater than 0.5 g
er 24 hours and/or glomerular filtration
ate (GFR) (estimated using the modifi-
ation of the diet in renal disease
MDRD] formula) less than 60 mL/
in.9 The etiologies of renal diseases
ere as follows: polycystic renal disease

n � 8); uropathy with reflux (n � 7);
lomerulonephritis (n � 6); lupus ne-
hritis (n � 6); Berger disease (n � 4);
heumatoid purpura (n � 4); nephrotic
yndrome (n � 4); diabetic nephropathy
n � 3); glomerular nephropathy (n �
); tubular interstitial granulomatosis
ephropathy (n � 3); nephronophthisis
n � 2); nephroangiosclerosis (n � 1);
lport syndrome (n � 1); and unknown

n � 3).
To estimate renal function, guidelines

pecifically exclude interpretation of the

rol groups
trol group (n � 108),

dian (extremes) P

1 (23-41) NS
..................................................................................................................

1 (42-113) NS
..................................................................................................................

5.3 (14.1-25) NS
..................................................................................................................

9 (22-69) � .0001
..................................................................................................................

3.2 (1.7-5.7) � .0001
..................................................................................................................

5.4 (1.2-46) � .0001
..................................................................................................................

1.28 (0.96-2.63) � .0001
..................................................................................................................

9 (60-88) NS
..................................................................................................................

0.96 (0.41-1.99) NS
..................................................................................................................

1.04 (0.18-13.3) � .0001
..................................................................................................................

1 (5-10,000) � .0001
..................................................................................................................

1.10 (0.2-7.1) .01
..................................................................................................................

0 (16-10,000) NS
..................................................................................................................

cant.
ra ont
Con
me

3
......... .........

6
......... .........

1
......... .........

4
......... .........

......... .........

1
......... .........

......... .........

6
......... .........

......... .........

......... .........

132
......... .........

......... .........

135
......... .........

pin; ignifi

l age e.

nal d
rum
l h
% (

3/10
.........

6/54
.........

.........

(21/
.........

(15/
.........

(8/2
.........

edia
rates
DRD and Cockroft-Gault formulas in

can Journal of Obstetrics & Gynecology 60.e2
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regnant women; therefore, renal func-
ion was evaluated based on serum cre-
tinine using a 125 �mol/L cutoff as pro-
osed by Shemesh et al10 and Perrone et
l.11 Comparisons were performed using
he Mann-Whitney test and �2 for
ercentages.

ESULTS
able 1 presents the population of the
D group vs the control group for all

tudied parameters. As expected, no sig-
ificant difference was observed for
atched criteria, and a significant differ-

nce was observed for markers of mater-
al renal failure between the 2 groups.
A significant difference was observed

etween the RD group and controls for
oM free �-hCG and total hCG, but no

ifference was noted for MoM AFP.
A correlation was observed in the RD

roup between maternal serum creati-
ine and MoM free �-hCG (r � 0.744;
� .01) or MoM total hCG (r � 0.70;
� .01) (Figures 1 and 2). When an-

ther maternal renal failure marker (�1-
icroglobulin, �2-microglobulin) was

sed, the correlation with MoM free
-hCG was similar (r � 0.63; P � .01 and
� 0.78; P � .01, respectively).
False-positive rates (FPRs) are pre-

ented in Table 2. Using free �-hCG,
PR was 48% in the RD group vs 12% in
he control group, a significant differ-
nce (�2 � 5.05). Using total hCG, FPR
as 25% in the RD group vs 15% in the

ontrol group, a nonsignificant differ-
nce (�2 � 1.39) Different maternal se-
um creatinine cutoffs were tested (125

FIGURE 1
Maternal serum creatinine and
free b-hCG MoM correlation
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Free b-hCG (MoM) = -3,65 + ,093 * Serum Creatinine (µmol/l); R^2 = ,713

enachi. Down syndrome maternal serum screening in
enal disease. Am J Obstet Gynecol 2010.
mol/L, 100 �mol/L, and 80 �mol/L) to w

0.e3 American Journal of Obstetrics & Gynecolog
nalyze the FPRs. For risks calculated us-
ng free �-hCG, the difference between
he control group and the RD group was
ignificant whatever the cutoff, therefore
xcluding the possible use of DS mater-
al serum markers in patients with renal
isease, whatever the maternal serum
reatinine. For risks calculated using to-
al hCG, the difference between the con-
rol group and the RD group was nonsig-
ificant whatever the cutoff.

OMMENT
n this study we observed that DS mater-
al serum screening using free �-hCG is

nappropriate for patients with renal dis-
ase because of an FPR significantly
igher in the renal disease group (48%)
han in the control group (12%). This
igh percentage is due to a significant
ifference in MoM free �-hCG (2.13
oM vs 1.04 MoM). Even if we observed

correlation between the degree of renal
ailure evaluated by maternal serum cre-
tinine level and free �-hCG (r � 0.74),
o maternal serum creatinine cutoff al-

owed to reach a nonsignificant differ-
nce in DS FPR. Increased levels of ma-
ernal serum free �-hCG have been
reviously noted in studies with evi-
ence of maternal renal disease, but
hese were small series and no firm con-
lusions could be drawn.5-8

When total hCG is used instead of free
-hCG in DS risk calculation, the differ-
nce in FPR between the control and RD
roups was smaller (15% vs 25%) and
ot significant. However, because of a
ignificant difference in MoM values
1.10 vs 1.40), maternal serum DS
creening using total hCG must be used
ith caution.
To estimate renal function, because of

he numerous disadvantages of using fil-
ration markers, the Cockcroft-Gault
ormula and MDRD equations are
idely used as indirect estimates of renal

unction. However, because during
regnancy maternal adaptation is char-
cterized by substantially increased GFR,
sually 50% above the prepregnancy
alue, the guidelines specifically exclude
nterpretation of the MDRD and Cock-
roft-Gault formulas in pregnant

omen.12 As recommended, we based g

y JULY 2010
enal function evaluation in pregnant
omen on serum creatinine.
Little is known regarding the reasons

or the raised maternal serum free
-hCG levels in patients with impaired

enal function. Two major pathophysio-
ogical mechanisms can be hypothesized.
he first mechanism is related to chronic
ypertension associated with renal fail-
re complicated by vasculopathy, which
ay cause placental hypoxia. Increased
aternal serum hCG levels may be due

o reduced perfusion in the intervillous
irculation of the placenta, with subse-
uent hypoxia and increased hCG.
euris et al13 demonstrated that hyp-

xia stimulates the formation of tropho-
lastic tissue and therefore increases the
roduction of hCG, which enters the
aternal circulation. Because AFP is not

f placental origin but of fetal liver ori-
in, the normal AFP values we observed
n patients with renal disease support
his hypothesis.

The second mechanism is a decreased
enal clearance of the hCG because of
mpaired renal function.14 This prompted
s to assess the relation between free
-hCG and different renal function mark-
rs. A significant correlation was observed
etween free �-hCG and creatinine and
2-microglobulin and �1-microglobulin.
These correlations are therefore in ac-

ordance with the second hypothesis,
hich relates high hCG values in renal

ailure patients to decreased hCG clear-
nce. The molecular weight of the stud-
ed molecules can explain these differ-
nces. Total hCG is a heterodimeric

FIGURE 2
Maternal serum creatinine and
total hCG MoM correlation
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in (55 KDa). The 2 subunits, alpha (22
Da) and beta (34 KDa), are not co-
alently linked. This hormone exists in
any forms.15 The �-subunit is dissoci-

ted from the �-subunit and is first de-
raded into a nicked free �-subunit
missing the C-terminal peptide) and
ubsequently converted in the maternal
idneys to �-core fragment, the final
egradation product.7

The whole molecule is the major form
ound in serum and the �-core fragment
s the major form in urine.15 It has been
emonstrated that when purified hCG is

nfused into human, only 21.7% is ex-
reted in urine, the remaining 78.3% be-
ng taken up and processed mainly by the
idneys.16 The difference observed in
oM between total hCG (1.40) and free

-hCG (2.13) could be explained by the
ifference in molecular weight of the
olecule (55 and 34 KDa, respectively).
The similarity in MoMs for free

-hCG, �1-microglobulin, and �2-mi-
roglobulin (2.13, 1.83, and 1.82, respec-
ively) and in molecular weight (34, 27,
nd 11.7 KDa, respectively) favors the
ypothesis of a low free �-hCG clearance

n patients with renal failure. The ab-
ence of difference in MoM AFP could be
xplained by its high molecular weight
72 KDa).

In conclusion, maternal serum DS
creening based on free �-hCG is not
uitable. In such patients, DS screening

hould be based on maternal age and t
rst-trimester nuchal translucency mea-
urement.17 When not available, second-
rimester maternal serum screening us-
ng total hCG can be a help to reassure a
on–at-risk patient. For an at-risk pa-

ient, a second-trimester genetic scan
creening would allow DS risk
alculation.18 f

EFERENCES
. Cuckle H. Biochemical screening for Down
yndrome. Eur J Obstet Gynecol Reprod Biol
000;92:97-101 (Review).
. Muller F, Forestier F, Dingeon B, ABA Group.
econd trimester trisomy 21 maternal serum
arker screening. Results of a countrywide

tudy of 854,902 patients. Prenat Diagn
002;22:925-9.
. Dugoff L, Hobbins JC, Malone FD, et al. First-
rimester maternal serum PAPP-A and free-
eta subunit human chorionic gonadotrophin
oncentrations and nuchal translucency are as-
ociated with obstetrics complications: a pop-
lation-based screening study (the FASTER
rial). Am J Obstet Gynecol 2004;191:1446-51.
. Wald NJ, Huttly WJ, Hackshaw AK. Antena-
al screening for Down syndrome with the qua-
ruple test. Lancet 2003;361:835-6.
. Cararach V, Casals E, Martinez S, et al. Ab-
ormal renal function as a cause of false-posi-
ive biochemical screening for Down’s syn-
rome. Lancet 1997;350:1295.
. Shulman LP, Briggs R, Phillips OP, Friedman
A, Sibai B. Renal hemodialysis and maternal
erum triple analyte screening. Fetal Diag Ther
998;13:26-8.
. Karidas CN, Michailidis GD, Spencer K,
conomides DL. Biochemical screening for
own syndrome in pregnancies following renal
ransplantation. Prenat Diagn 2002;22:226-30. 3

JULY 2010 Ameri
. Byrd LM, Baker P. Impaired renal function in
he mother may result in a high false positive
ate in Down syndrome screening. J Obstet
ynaecol 2006;26;376-7.
. Bauer C, Melamed ML, Hostetter. Staging of
hronic kidney disease: time for a course cor-
ection. J Am Soc Nephrol 2008;19:844-6.
0. Shemesh O, Golbetz H, Kriss JP, Myers
D. Limitations of creatinine as a filtration
arker in glomerulopathic patients. Kidney Int
985;28:830-8.
1. Perrone RD, Madias NE, Levey AS. Serum
reatinine as an index of renal function: new

nsights into old concepts. Clin Chem 1992;
8:1933-53.
2. Smith MC, Moran P, Ward MK, Davison JM.
ssessment of glomerular filtration rate during
regnancy using the MDRD formula. BJOG
008;115:109-12.
3. Meuris S, Nagy AM, Delogne-Desnoeck J,
urkovic D, Jauniaux E. Temporal relationship
etween the human chorionic gonadotrophin
eak and the establishment of intervillous blood
ow in early pregnancy. Human Reprod 1995;
0:947-50.
4. Shenhav S, Gemer O, Sherman DJ, Peled
, Segal S. Midtrimester triple-test levels in
omen with chronic hypertension and altered

enal function. Prenat Diagn 2003;23:166-7.
5. Cole L. hCG, its free subunits and its me-
abolites: roles in pregnancy and trophoblastic
isease. J Reprod Med 1998;43:3-10.
6. Nisula BC, Blithe DL, Akar A, Lefort G, We-
mann RE. Metabolic fate of human choriogo-
adotropin. J Steroid Biochem 1989;33:733-7.
7. Wright D, Kagan KO, Molina FS, Gazzoni A,
icolaides KH. A mixture model of nuchal trans-

ucency thickness in screening for chromo-
omal defects. Ultrasound Obstet Gynecol
008;31:376-83.
8. Benacerraf BR. The role of the second tri-
ester genetic sonogram in screening for fetal
own syndrome. Semin Perinatol 2005;29:

86-94 (Review).

can Journal of Obstetrics & Gynecology 60.e4


	Down syndrome maternal serum screening in patients with renal disease
	MATERIALS AND METHODS
	RESULTS
	COMMENT
	REFERENCES


