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ABSTRACT
Objective: To compare the frequency and amount of maternal-fetal hemorrhage 
following amniocentesis and cordocentesis. Design: Case-control study. 
Institución. Hospital Central "Dr. Urquinaona", Maracaibo, Venezuela.  Methods: 
Pregnant women with singleton pregnancies without fetal anomalies undergoing 
amniocentesis for fetal karyotyping (16–20 weeks’ gestation) or cordocentesis (20–
30 weeks’ pregnancy) in the period January 2017-May 2022. Main study outcomes: 
General characteristics of the procedure, Kleihauer-Brown-Betke test results, and 
maternal serum alpha-fetoprotein concentrations. Results: The study sample was 
305 patients. Amniocentesis was performed in 165 women and cordocentesis in 140 
cases. De novo maternal-fetal hemorrhage was observed in 8 patients (4.8%) after 
amniocentesis and in 41 patients (29.3%) after cordocentesis, de novo maternal-
fetal hemorrhage was observed in 8 patients (4.8%). Serum alpha-fetoprotein 
concentrations increased in 24 cases (14.5%) after amniocentesis and in 55 cases 
(39.3%) after cordocentesis (p < 0.05). After cordocentesis, higher mean maternal-
fetal hemorrhage volume, elevation of individual volume values and significant 
increases in severe maternal-fetal hemorrhage (more than 5 mL of fetal erythrocytes) 
and total fetoplacental blood volume loss were observed (p < 0.05). Conclusion: 
These results show that both amniocentesis and cordocentesis increase the risk 
of maternal-fetal hemorrhage. However, ultrasound-guided amniocentesis has a 
lower risk of producing hemorrhage and resulting Rh isoimmunization compared to 
cordocentesis.
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Complications

RESUMEN
Objetivo. Comparar la frecuencia y cantidad de hemorragia materno-fetal posterior 
a la amniocentesis y cordocentesis. Diseño. Estudio de casos y controles. Métodos. 
Gestantes con embarazos simples sin anomalías fetales sometidas a amniocentesis 
para determinación del cariotipo fetal (16 a 20 semanas de gestación) o cordocentesis 
(20 a 30 semanas de embarazo) en el periodo de enero de 2017 a mayo de 2022. 
Principales medidas de estudio. Características generales del procedimiento, 
resultados de la prueba de Kleihauer-Brown-Betke y concentraciones séricas de 
alfafetoproteína materna. Resultados. La muestra del estudio fue de 305 pacientes. 
La amniocentesis se realizó en 165 mujeres y la cordocentesis en 140 casos. La 
hemorragia materno-fetal de novo se observó en 8 pacientes (4,8%) después 
de la amniocentesis y en 41 pacientes (29,3%) después de la cordocentesis. Las 
concentraciones de alfafetoproteína sérica aumentaron en 24 casos (14,5%) después 
de la amniocentesis y en 55 casos (39,3%) después de la cordocentesis (p < 0,05). Luego 
de la cordocentesis se observó mayor volumen promedio de hemorragia materno-
fetal, elevación de valores individuales de volumen e incrementos significativos en 
la hemorragia materno-fetal severa (más de 5 mL de eritrocitos fetales) y de pérdida 
del volumen sanguíneo fetoplacentario total (p < 0,05). Conclusión. Estos resultados 
muestran que tanto la amniocentesis como la cordocentesis aumentan el riesgo de 
hemorragia materno-fetal. Sin embargo, la amniocentesis guiada por ecografía tiene 
menor riesgo de producir hemorragia y la isoinmunización Rh resultante, comparada 
con la cordocentesis.
Palabras clave. Hemorragia, materno-fetal, Amniocentesis, Cordocentesis, 
Complicaciones
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IntroductIon

Both amniocentesis and cordocentesis are invasive procedures useful 
in prenatal diagnosis and treatment, especially in cases of possible Rh 
isoimmunization(1). Indications for the type and frequency of fetal moni-
toring, timing of termination of pregnancy and fetal intravascular trans-
fusion are based on studies of amniotic fluid and fetal blood samples 
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obtained by these procedures. Complications 
of amniocentesis include placental trauma, ma-
ternal-fetal hemorrhage, and increased titers of 
anti-RH antibodies and severity of erythroblas-
tosis. If the patient is Rh-negative and was not 
immunized, transplacental hemorrhage signifi-
cantly increases the risk of Rh immunization(2).

In the 1960s, amniocentesis was used between 
21 and 37 weeks of gestation to establish the 
severity of erythroblastosis fetalis(1-3). It was fre-
quently performed on an outpatient basis since 
no other diagnostic procedures were available. 
The Kleihauer-Brown-Betke test for fetal cell 
screening can show values above 0.5 mL of fe-
tal blood. Two studies detected values between 
0.58 and 58 mL in more than 10% of women with 
Rh isoimmunization evaluated after amniocen-
tesis. The exact prevalence of transplacental 
hemorrhage could have been higher, since ma-
ternal blood samples were not taken until 30 
minutes after amniocentesis in 65% of patients 
in whom the procedure was difficult(2,3).

Other studies using fetal cell screening methods 
were able to detect 0.1 mL of fetal red blood cells 
in the maternal circulation and found that am-
niocentesis was associated with the presence of 
0.1 to 13 mL of fetal red blood cells in the ma-
ternal circulation. They also found that more 
than half of the patients experienced increased 
anti-Rh antibody titers compared with increased 
titers in 20% of patients who did not experience 
maternal-fetal hemorrhage during amniocente-
sis(4,5). 

Localization of the placental implantation site 
markedly reduces the risk of placental injury 
and transplacental hemorrhage at the time of 
amniocentesis. A study using labeled red blood 
cells to localize the placenta prior to amniocente-
sis revealed that there were no detectable fetal 
cells in the maternal circulation after amniocen-
tesis(6). However, this technique is cumbersome 
and expensive. Routine placental localization 
prior to amniocentesis has become a safe and 
efficient procedure with the development and 
advancement of ultrasound.

Amniocentesis and cordocentesis may cause 
intrauterine hemorrhagic complications and 
aggravate Rh isoimmunization or allow de novo 
occurrence(7-11). However, the literature on the 
frequency of transplacental and immunization 

hemorrhage is scarce and with conflicting re-
sults. The aim of the investigation was to estab-
lish the frequency of maternal-fetal hemorrhage 
following amniocentesis and cordocentesis.

Methods

The patients selected for the study were preg-
nant women older than 35 years who under-
went amniocentesis for fetal karyotyping or 
cordocentesis at the Hospital Central "Dr. Ur-
quinaona", Maracaibo, Venezuela, in the period 
from January 2017 to May 2022. Amniocentesis 
was performed between 16 and 20 weeks of 
gestation, while cordocentesis was performed 
between 20 and 30 weeks. All selected pregnant 
women had singleton pregnancies, with nega-
tive indirect Coombs' test, intrauterine growth 
restriction, infection, hypertension, and placen-
tal abnormalities. Patients with a history of first 
trimester hemorrhage and previous invasive 
procedures were excluded from the study.

Both amniocentesis and cordocentesis were per-
formed under continuous real-time ultrasound 
guidance, using an ALOKA® SSD 1700 color Dop-
pler ultrasound machine, with 20-gauge needles 
and 'free hand' technique. During amniocente-
sis, the transplacental approach was avoided 
when possible. The optimal point for perform-
ing cordocentesis was the placental insertion of 
the umbilical cord, which was approached in-
dependently of the placental location. The vari-
ables evaluated were duration of the procedure, 
type of approach (trans- or extraplacental) and 
number of attempts made. The procedure was 
considered prolonged if it lasted more than 3 
minutes.

The diagnosis of maternal-fetal hemorrhage 
was made after taking maternal blood sam-
ples immediately before the procedure and 60 
minutes after it. The acid elution test, originally 
described by Kleihauer-Brown-Betke, is consid-
ered reliable for the detection of maternal-fetal 
hemorrhage. The method consists of observing 
fifty low-power microscopic fields; if fetal eryth-
rocytes are observed, an additional 200 cells 
should be examined to establish the percentage 
of maternal and fetal cells. The formula used to 
calculate the maternal-fetal hemorrhage volume 
(mL of blood) was maternal blood volume (mL) 
times the number of fetal erythrocytes over the 
number of maternal erythrocytes. This gives the 
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maternal-fetal hemorrhage volume, expressed 
in mL of fetal erythrocytes. The fetal hematocrit 
is taken as 0.5(7,8). The minimum detection limit 
was 0.05 mL of fetal erythrocytes.

Maternal serum alpha-fetoprotein concentra-
tions were also used to confirm the diagnosis. 
These were evaluated as follows: an increase in 
post-procedure values of at least 25% compared 
to the pre-procedure value was considered as an 
indicator of maternal-fetal hemorrhage(12,13). The 
determination of serum concentrations was per-
formed with enzyme immunoassay (IBL Interna-
tional®, Germany).

Maternal-fetal hemorrhage was expressed as a 
percentage of total placental-fetal blood volume, 
which was calculated at 120 mg/kg estimated 
fetal weight. Fetal weight was evaluated before 
the procedure by routine ultrasonography using 
the Haddlock and Shepard formula. Cases of se-
vere maternal-fetal hemorrhage were defined 
as hemorrhage of 5 mL or more of fetal erythro-
cyte volume(14-17).

Statistical analyses included Pearson's test, Chi-
square test, Fisher's exact test, Mann Whitney U 
test, Student's t-test, and calculation of the odds 
ratio and 95% confidence interval (95%CI). A p 
value < 0.05 was considered statistically signif-
icant.

results

A total of 305 patients with uncomplicated sin-
gleton pregnancies were selected. Considering 
the type of procedure, the gestational age in 
the group of patients undergoing amniocentesis 
was lower than in the cordocentesis group (16.5 
+/- 1.3 compared to 24.2 +/- 2.4 weeks of ges-
tation). Amniocentesis and cordocentesis were 
performed in 165 and 140 patients, respectively 
(Table 1). No significant differences were found 
between groups with respect to maternal age, 
body weight and parity (p = ns). The Coombs' 
test was negative in all cases.

Before the procedure, only one case (0.3%) of 
maternal-fetal hemorrhage was recorded in a 
patient in the cordocentesis group. The hemor-
rhage volume was 0.5 mL of fetal erythrocytes, 
considered as silent maternal-fetal hemorrhage. 

De novo maternal-fetal hemorrhage was ob-
served in 8 patients (4.8%) after amniocentesis 
and in 41 pregnant women (29.3%) after cor-
docentesis (Table 1). Maternal serum alpha-fe-
toprotein concentrations were increased in 24 
patients (14.5%) after amniocentesis and in 55 
cases (39.3%) after cordocentesis (p < 0.05). Sig-
nificant differences were also observed between 
the results of the Kleihauer-Brown-Betke test in 
both groups of patients (p < 0.05).

The group of patients who underwent cordo-
centesis had the highest average volume of ma-
ternal-fetal hemorrhage, cases of severe hem-
orrhage (more than 5 mL of fetal erythrocytes) 
and the greatest loss of total fetoplacental blood 
volume (Table 2).

The transplacental approach occurred in 19 pa-
tients in the amniocentesis group (11.5%) and 
73 cases in the cordocentesis group (52.1%). 
When analyzed together, maternal-fetal hem-
orrhage was more frequent after the transpla-
cental approach (Table 3), with an odds ratio 
of 12.9 (95%CI 6.20-26.95). The procedure was 
considered prolonged in 7 patients undergoing 
amniocentesis (4.2%) and in 32 pregnant women 
undergoing cordocentesis (22.8%). Maternal-fe-
tal hemorrhage was significantly associated 
with longer procedure duration (odds ratio 4.89; 
95%CI 2.35-10.20). The largest single volume of 
hemorrhage (9.7 mL) was recorded after a cor-
docentesis in which three attempts were made 
and with a duration of more than 5 minutes.

Table 1. Frequency oF maTernal-FeTal hemorrhage aFTer proce-
dures.

n = 305 n (%) Positive Kleihauer-
Braun-Bettke test

Positive maternal 
alpha-fetoprotein 

test
Amniocentesis 165 (54.1) 8 (4.8) 24 (14.5)

Cordocentesis 140 (45.9) 41 (29.3) * 55 (39.3) *
* p < 0.05 compared to the amniocentesis group.

Table 2. amounT oF blood wiTh FeTal eryThrocyTes aFTer The 
procedures.

n Average
(mL)

Range 
(mL)

Greater 
than 5 mL 

n (%)

Percentage 
of mater-
nal-fetal 

blood 
volume

Amniocentesis 8 0.8 +/- 0.6 0.05 – 1.45 0 0.9 +/- 0.6

Cordocentesis 41 4.1 +/- 2.7* 0.05 – 9.75 14 (34.1) 4.5 +/- 2.7*
* p < 0.05 compared to amniocentesis.
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dIscussIon

The results suggest that the risk of maternal-fe-
tal hemorrhage after cordocentesis is 6.1 times 
higher compared to amniocentesis. The fre-
quency of severe maternal-fetal hemorrhage 
was also found to be significantly higher after 
cordocentesis. This may be due to the longer du-
ration, frequency of placental puncture and me-
chanical trauma associated with the procedure.

Research suggests that the increased risk may be 
up to 15 times greater than after amniocentesis. 
In addition, hemorrhage caused by invasive diag-
nostic procedures results in increased antibodies 
in 50%-83% of cases(7). Another study showed 
that amniocentesis increases the risk of isoimmu-
nization by approximately 30%, while the risk of 
cordocentesis can be as high as 75% (8). However, 
other research found that cordocentesis and am-
niocentesis have similar risk in the development 
of maternal-fetal hemorrhage and rarely lead to 
severe isoimmunization(9). Other studies have de-
scribed that the frequency of hemorrhage after 
cordocentesis is around 35%-40%(10,11).

Maternal alpha-fetoprotein concentrations have 
been shown to be useful in the detection of 
maternal-fetal hemorrhage. Some studies have 
used a 20% increase after chorionic villus sam-
pling as a cutoff value(6). While other investiga-
tors have selected increases greater than 50% as 
an indicator of hemorrhage(12).

Evidence indicates that the Kleihauer-Brown-Bet-
ke test, if well performed, is a valid tool for the 
detection of maternal-fetal hemorrhage, es-
pecially as a screening test, which can be per-
formed by trained personnel to ensure repro-
ducibility of the results(16,18).

This investigation found significant differences 
between the two tests in the diagnosis of mater-
nal-fetal hemorrhage. The Kleihauer-Brown-Bet-

ke test can detect hemorrhage equal to or great-
er than 0.05 mL of fetal erythrocytes, whereas 
alpha-fetoprotein can detect lesser degrees of 
hemorrhage. However, maternal maternal al-
pha-fetoprotein concentrations have some po-
tential for false-positive results because of the 
passage of amniotic fluid into the maternal cir-
culation. Therefore, the Kleihauer-Brown-Betke 
test should be performed in those cases where 
an unexplained increase in alpha-fetoprotein 
concentrations is observed(15).

Research results show that there are differences 
in the frequency of maternal-fetal hemorrhage de-
pending on the transplacental approach and the 
duration of the procedure. There are reports that 
maternal-fetal hemorrhage is more common after 
cordocentesis with the transplacental approach 
compared to the extraplacental approach(18). 
This finding suggests that the greatest risk cor-
responds to altered placental integrity. This risk 
could be decreased by selecting the free umbilical 
loop through the extraplacental approach. Two 
previous studies reported similar results(10,11).

The clinical importance of maternal-fetal hemor-
rhage determination lies in the individualization 
of the immunoprophylactic dose of anti-D-im-
munoglobulin. The current recommended dose 
of 250-300 μg which neutralizes 30 mL of fetal 
blood, and it is possible to administer the mini-
mum dose of 50 μg if no hemorrhage is detect-
ed. However, if alpha-fetoprotein concentrations 
suggest the occurrence of hemorrhage, it is nec-
essary to perform the Kleihauer-Brown-Betke 
test for quantification.

In conclusion, the research results demonstrate 
that both amniocentesis and cordocentesis in-
crease the risk of maternal-fetal hemorrhage. 
However, ultrasound-guided amniocentesis has 
a lower risk of producing hemorrhage and re-
sulting Rh isoimmunization compared to cordo-
centesis.

Table 3. Frequency oF maTernal-FeTal hemorrhage according To variables.

n = 305 Placental approach n (%) Duration of procedure n (%)
Trans-placental Extra-placental Less than 3 minutes More than 3 minutes

Amniocentesis 19 (6.2) 146 (47.8) 158 (51.1) 7 (2.3)

Cordocentesis 73 (23.9) 67 (21.9) 108 (35.4) 32 (10.5)

Total number of maternal-fetal hemorrhages 38 (41.3) * 11 (5.2) 33 (12.0)' 16 (41.0)

Maternal-fetal hemorrhage after amniocentesis 5 (26.3) 3 (2.1) 5 (15.2) 3 (18.8)

Maternal-fetal hemorrhage after cordocentesis 33 (45.0) * 8 (11.9) 28 (84.8) 13 (81.2)
* p < 0,05 compared to extraplacental approach
' p < 0,05 compared to procedures lasting more than 3 minutes
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