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Early prenatal diagnosis by celocentesis
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ABSTRACT

Background Celocentesis is the ultrasound-guided aspira-
tion of fluid from the extra-amniotic cavity at 7–8 weeks
of gestation. This paper reports on the clinical application
of celocentesis for early prenatal diagnosis.

Methods Celocentesis was successfully performed in nine
pregnancies and 1–2 mL of fluid were obtained after one
needle insertion. The indications were prenatal diagnosis
of β-thalassemia or sickle cell disease (n = 6), Marfan
syndrome (n = 1) and paternity testing (n = 2). Molecular
biological techniques were used to analyze the celomic
fluid and this was successfully carried out in all cases.

Results In two cases pregnancy termination was per-
formed at the request of the mother because in one case
the fetus was found to have sickle cell anemia and in
the second case paternity testing demonstrated that the
father was not the woman’s husband. In both cases the
results were confirmed using the placental samples col-
lected after pregnancy termination. In six of the seven
pregnancies with desirable results, amniocentesis was per-
formed at 16 weeks and the results were concordant with
those obtained from celocentesis. All pregnancies were
uneventful and resulted in the delivery of healthy and
appropriately grown babies.

Conclusion Celocentesis may be a viable alternative to
the currently used tests of chorionic villus sampling and
amniocentesis. Copyright  2004 ISUOG. Published by
John Wiley & Sons, Ltd.

INTRODUCTION

In the first 10 weeks of pregnancy celomic fluid surrounds
the amniotic sac. A sample of this fluid can be obtained
by celocentesis, which involves the ultrasound-guided
insertion of a needle into the extra-amniotic cavity

through the vagina1. Molecular biological techniques can
be used to analyze the DNA extracted from the cellular
content of celomic fluid, making it feasible to carry out
prenatal diagnosis of single-gene disorders, such as β-
thalassemia, from as early as 6 weeks of gestation2–5.

The established invasive techniques for prenatal
diagnosis, namely chorionic villus sampling (CVS) and
amniocentesis, cannot be undertaken safely before 10 and
15 weeks’ gestation, respectively6–9. The need for earlier
diagnosis essentially centers around two issues. First,
earlier reassurance of parents that the fetus is normal and
safer termination of pregnancy (TOP) in cases of affected
fetuses. TOP can now be performed successfully in over
90% of cases with the use of misoprostol administered
prior to the ninth week of gestation10. Second, the
potential for intrauterine corrective therapy, such as stem
cell transplantation, because after 11 weeks’ gestation the
fetus becomes immunologically intolerant11.

Previous studies have examined the short-term safety
of celocentesis, which was carried out prior to elective
TOP. These studies have reported that celocentesis was
not associated with significant feto-maternal hemorrhage
or alteration in fetal heart rate12,13. Furthermore, in
a study of women undergoing celocentesis 1–3 weeks
before elective TOP we found that the rate of fetal
death during this interval was only about 1% higher
than in matched controls that had not undergone
celocentesis14.

In this paper we report our preliminary results on the
clinical application of celocentesis for prenatal diagnosis.

METHODS

Celocentesis was performed at 7–8 weeks of gestation
in the Department of Obstetrics and Gynaecology,
Ioannina University Hospital, Ioannina, Greece for
prenatal diagnosis of β-thalassemia or sickle cell disease
(n = 7), Marfan syndrome (n = 1) and paternity testing
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Figure 1 Schematic representation (a) and ultrasound image (b) of celocentesis. AC, amniotic cavity; AM, amniotic membrane; EAC,
extra-amniotic cavity; F, fetus.

(n = 2). Ethical approval was obtained from the hospital
research committee and the women gave written consent.
Celocentesis was successfully performed in all cases
and 1–2 mL of fluid were obtained after one needle
insertion.

Celocentesis

The external genitalia and the vagina were carefully
cleansed with an antiseptic solution. Subsequently,
transvaginal sonography using a 5-MHz ultrasound
transducer (Toshiba SSA-220A, Toshiba, Tokyo, Japan)
covered with sterile rubber was performed. The fetal
crown–rump length and fetal heart rate were measured
and the amniotic membrane, celomic space and yolk
sac were identified. A 20-G needle was then introduced
transvaginally into the celomic cavity through a guide
attached to the transducer and fluid was aspirated
(Figure 1). No local or general anesthesia was used and
patients experienced only minimal discomfort. The first
sample of 0.2 mL was discarded to avoid contamination
with maternal tissue and a new syringe was then used to
aspirate a further 1–2 mL of fluid, which were used for
analysis.

Analysis of samples

Fetal DNA was extracted from celomic fluid cells after
centrifugation and removal of the supernatant. The cell
pellet was washed twice in a buffer containing 10 mM
Tris-HCl, 50 mM potassium chloride and 1.5 mM

magnesium chloride, resuspended in 25 µl of the same
buffer and boiled for 10 min. Boiled samples were
centrifuged briefly and 2–3 µl aliquots of the supernatant
were used in the diagnostic polymerase chain reaction
(PCR) experiments.

Genomic DNA from the parents was extracted from
peripheral blood leukocytes by the standard saturated salt
extraction method. Identification of parental mutations
was performed by reverse dot-blot (β-Globin Strip-A,
Vienna Lab, Vienna, Austria) allele-specific PCR with
primers specific for the mutant and normal alleles and by
denaturing gradient gel electrophoresis.

Fetal and parental DNA samples were analyzed in
parallel. In the investigation of β-thalassemia/sickle cell
disease, primers corresponding only to the parental
mutations and β-globin gene fragments were used2.
In addition, two highly informative polymorphic loci
TPO and APOB variable number tandem repeats were
used to examine for possible celomic cell contamination
by maternal tissue and for paternity testing3. In
the case of Marfan syndrome (OMIM 154 700) the
father was the carrier of a known mutation15. We
used restriction enzyme analysis by the endonuclease
BspHI that recognizes the mutation and single-strand
conformation polymorphism (SSCP) analysis with primers
Fib15S and Fib15AS generating a 212 base pair
fragment. Both SSCP and restriction enzyme analysis
were used to diagnose the mutation in the celomic
cells and the same methods were used to verify
the results on cord blood DNA obtained at delivery
(Figure 2).
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Table 1 Indications for celocentesis and outcome of pregnancies

Indication
GA at celocentesis

(weeks) CRL (mm) Result Outcome
GA at delivery

(weeks)
Birth

weight (g)

β-thalassemia/sickle cell disease 8 16 Carrier Live birth 37 2950
β-thalassemia 8 19 Normal Live birth 36 2800
β-thalassemia 8 17 Carrier Live birth 38 3150
β-thalassemia/sickle cell disease 7 11 Carrier Live birth 39 2900
β-thalassemia 7 14 Carrier Live birth 37 3100
Sickle cell disease 8 15 Affected TOP 9 –
Paternity testing 8 15 Desired father Live birth 38 3250
Paternity testing 7 11 Undesired father TOP 8 –
Marfan syndrome 8 14 Normal Live birth 40 3680

CRL, crown–rump length; GA; gestational age; TOP, termination of pregnancy.

1 2 3 4 5 6M

212 bp

Figure 2 Restriction enzyme analysis by BspHI digestion. Lanes 1
and 4 represent the DNA from the father affected by the mutation
G2001T, lanes 3 and 6 the DNA from the unaffected mother, lane
2 the celomic DNA sample and lane 5 the cord blood DNA
collected at delivery. bp, base pairs; M, marker.

RESULTS

The results and pregnancy outcomes are summarized
in Table 1. In two cases TOP was performed at the
request of the mother because in one case the fetus
was found to have sickle cell anemia and in the second
case paternity testing demonstrated that the father was
not the woman’s husband. In both cases the results
were confirmed using the placental samples collected
after TOP. The seven pregnancies with desirable results
were uneventful and they all resulted in the delivery of
healthy and appropriately grown babies. In six cases
amniocentesis was performed at 16 weeks’ gestation and
the results were concordant with those obtained from
celocentesis. In the case of Marfan syndrome the results
were verified on cord blood obtained at delivery.

DISCUSSION

The findings of this preliminary study demonstrate the
feasibility of celocentesis in early prenatal diagnosis. In
all cases celomic fluid was successfully obtained after one
needle insertion and molecular biological techniques were
used for the correct prenatal diagnosis of the conditions
under investigation. Previous studies have reported limited

success for traditional cytogenetic analysis using cells from
the celomic fluid mainly because of poor growth in culture.
However, as demonstrated in this study, celocentesis
provides a sample of pure fetal cells for reliable DNA-
based diagnosis.

The number of cases examined was too small for
definite conclusions to be reached as to the safety of
the technique. However, it is noteworthy that all seven
continuing pregnancies resulted in the delivery of healthy
and appropriately grown neonates. Similarly, there are
a total of five cases from two previous reports on
experimental celocentesis carried out before elective TOP
in which the mother subsequently changed her mind and
chose to continue with the pregnancy14,16. In four cases
healthy and appropriately grown neonates were born
at term but in one case there was preterm delivery at
25 weeks due to cervical incompetence16. The preliminary
data provided by the present study suggest that
celocentesis may be a viable alternative to the currently
used techniques of amniocentesis and CVS for early
prenatal diagnosis. However, definite conclusions on both
the short- and long-term safety of the technique can only
be drawn after the study of a much larger number of cases.
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