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Fetomaternal hemorrhage:
literature review and algorithm
of diagnosis

Abstract Rezumat

The purpose of this review is to draw attention to the im-
portance of early diagnosis in cases of clinically significant
fetomaternal hemorrhage, which is a rare but important
condition to consider in the diagnosis of fetal distress. Un-
fortunately, since the signs of fetomaternal hemorrhage are
nonspecific and the majority of cases occur spontaneously,
without prior trauma or other condition, a high degree

of suspicion from the clinician is necessary to establish

the early treatment. The use of paraclinical tests, such as
Kleihauer-Betke test and flow cytometry, is necessary to
identify the passage of fetal erythrocytes into the maternal
circulation. The determination of the most efficient and
accessible method of diagnosis is imperative. The proposed
diagnostic algorithm presented in this article can help stan-
dardize the diagnostic process of fetomateral hemorrhage,
making it more efficient and precise.
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Introduction

Fetomaternal hemorrhage is a condition that affects
both the fetus and the mother, characterized by a transfer
of fetal blood into the maternal circulatory system. This
occurs when there is a discontinuity in the placental bar-
rier, and there are multiple possible causes implicated. The
reported incidence of severe fetomaternal hemorrhage
(more than 30 mL of fetal blood) is 0.23-0.3%®. Up to
15% of fetal demise seems to be associated with massive
fetomaternal hemorrhage®. The volume of the blood loss
can vary from a small, clinically insignificant amount to
large amounts that can cause fetal anemia or even more
serious complications like premature birth, stillbirth or
neonatal death. Depending on the Rh factor of the fetus,
another possible complication is represented by Rh al-
loimmunization, where maternal antibodies are directed
against fetal red blood cells, leading to hemolysis and its
associated severe consequences®.

Etiopathogeny
1. Spontaneous fetomaternal hemorrhage
Spontaneous fetomaternal hemorrhage is defined as
the transfer of fetal blood into the maternal circulation

Scopul acestui review este de a atrage atentia asupra impor-
tantei diagnosticului precoce in cazul hemoragiei fetomaterne
semnificative clinic, aceasta fiind o afectiune rard, dar important
de avut in vedere in cazul stabilirii diagnosticului afectdrii fetale.
Din nefericire, avdand in vedere cd semnele apdrute in cadrul
hemoragiilor fetomaterne sunt nespecifice, iar majoritatea ca-
zurilor apar spontan, nefiind precedate de un traumatism sau de
o altd afectiune, este necesar un grad ridicat de suspiciune din
partea clinicianului pentru stabilirea precoce a tratamentului
necesar. Utilizarea testelor paraclinice, precum testul Kleihauer-
Betke si flowcitometria, este necesard pentru identificarea
trecerii eritrocitelor fetale in circulatia maternd, stabilirea celei
mai eficiente si accesibile metode fiind imperioasd. Algoritmul
de diagnostic propus si prezentat in acest articol poate ajuta la
standardizarea procesului de diagnostic al hemoragiilor fetoma-
terne, acesta devenind mai eficient si mai precis.
Cuvinte-cheie: hemoragie fetomaternd, anemie fetald,
Kleihauer-Betke, coriocarcinom
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that occurs without any trauma history and in the ab-
sence of clinical or histopathological evidence of placen-
tal abruption. Bidirectional transfer of blood between
the mother and the fetus can occur during normal physi-
ological births. However, the reason for the occurrence
of large amounts of fetal blood transfer in the absence of
trauma remains unknown. Placental studies have shown
a higher risk of high-volume hemorrhages associated
with a less favorable clinical outcome for the fetus if the
placenta presented villous edema, if nucleated red blood
cells were found in the fetal vessels (nucleated eryth-
rocytes can be found in fetal circulation normally, but
are identified especially in growth restriction and fetal
hypoxemia), and in the case of villous immaturity“®.

2. Fetomaternal hemorrhage due to traumatic
or obstetrical factors

Although in most cases of fetomaternal hemorrhage,
there are no causal factors identified, in some of them,
certain contributing risk factors are highlighted. These
can range from traumas suffered by the mother, such
as those from car accidents or falls®, to obstetrical
procedures (such as antepartum umbilical cord blood
sampling, external cephalic version, amniocentesis or
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chorionic villus biopsy) or obstetrical complications (pla-
cental abruption, placenta praevia, vasa praevia, chorio-
carcinoma, fetal death). Fetomaternal hemorrhage can
be precipitated even by uterine contractions augmented
with oxytocin®®9. In terms of risks associated with the
delivery method, no differences have been observed be-
tween vaginal and caesarean delivery. Similarly, there
does not seem to be an increased risk of high-volume
fetomaternal hemorrhage in twin pregnancies compared
to singleton pregnancies®.

Choriocarcinoma is a rare entity of the gestational
trophoblastic disease (GTD), often underestimated and
discovered late, in advanced stages. When this malig-
nant tumor invades the myometrium, large amounts of
fetal blood can pass into the maternal circulation, often
associated with massive fetomaternal hemorrhage, as
well as retroplacental hemorrhage, placental abruption,
fetal hydrops, fetal growth restriction, severe neonatal
anemia, fetal death and metastatic choriocarcinoma in
both the mother and the newborn. Most of the time,
the diagnosis of choriocarcinoma is secondary to peri-
natal complications or is determined postpartum due
to maternal metastatic clinical manifestations (more
frequently) or in the newborn. Metastatic disease occur-
ring in newborns is extremely rare but, unfortunately,
itis associated with a survival rate following treatment
of only 17-20%. Recent data estimate the incidence of
choriocarcinoma to be 1 in 160,000 births but, in real-
ity, the number may be higher given that postpartum
analysis of all the placentas is not done as a routine. Risk
factors for this condition include multiparity, maternal
age below 15 or above 45 years old, as well as a history
of hydatidiform mole in previous pregnancies®??.

Diagnosis of fetomaternal hemorrhage

For a quick and efficient diagnosis of fetomaternal
hemorrhage, quantitative and qualitative paraclinical
tests are necessary. These tests are essential for estab-
lishing the management of this condition.

1. The Rosette test is a highly sensitive qualitative
test that can detect a transfer of minimum 10 mL of fetal
blood into the maternal circulation. A negative result
allows for the administration of a single vial (300 pg) of
Rh Ig to prevent alloimmunization in 99% of patients.
In the presence of a positive result, equivalent to a feto-
maternal hemorrhage of at least 10 mL, quantification
is necessary either through the Kleihauer-Betke (KB)
test or by flowcytometry to determine the required dose
of Rh Ig®®.

2. Kleihauer-Betke test - this method has been
used for over six decades to quantitatively determine
fetomaternal hemorrhage, with the primary purpose
to prevent efficiently the Rh (D) alloimmunization and
to improve the fetal monitoring in case of fetomaternal
hemorrhage®. It still remains the most commonly used
diagnostic method because it is inexpensive and does
not require special equipment or specialized training
of medical personnel®'®. The principle underlying this
analysis is represented by the lower susceptibility of fetal
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erythrocytes to acid elution, given the predominance
of HbF, as opposed to adult erythrocytes, which are
acid-sensitive due to the presence of adult hemoglobin.
However, this test also has some drawbacks. In addition
to being very laborious (counting at least 2000 eryth-
rocytes is recommended), the precision and accuracy of
the test may be suboptimal due to alack of standardiza-
tion, which can lead to variations in the characteristic
of the procedure (density of the blood smear, variations
in the pH of the buffer system used), variations in the
interpretation of results by different observers or varia-
tions between different centers etc.**'9 (according to the
study conducted by Duckett and Constantine, there are
significant differences in the results obtained through
the KB test, with the error rate in identifying the actual
number of fetal erythrocytes being over 500% among
observers from the same medical center using a test
with the same execution characteristics; moreover, the
error rate of interhospital results is even higher'”). False
positive results may also occur within the KB test, asitis
based on visual discrimination between fetal and adult
erythrocytes (dark pink for fetal cells and minimally
colored for adult cells), through the presence of F cells
(erythrocytes with intermediate concentrations of HbF
- 20-25%, present in increased quantities in inherited
hemoglobinopathies such as sickle cell anemia, beta-
thalassemia, but also in acute stress erythropoiesis and
pregnancy) or it may lead to an overestimation of the
magnitude of a true fetomaternal hemorrhage®®.

3. Flowcitometry - currently, many medical centers
have adopted the use of flowcytometry as a routine for
the quantification of fetomaternal hemorrhage. This
test represents a quantitative method in which fetal red
blood cells (HbF) bound to monoclonal antibodies are
counted and measured by fluorescence intensity. The
advantages of flowcytometry over the KB test include
increased precision, reduced processing time, as it is an
automated process (a larger number of red blood cells
can be analyzed, respectively more than 50,000), and
the high reproducibility of the obtained results®%19,
The main limitation of flowcytometry is the higher cost,
which is why it is not available in all centers®. It has
been observed that, in the case of pregnancies before
term, a flowcytometry result above 1% was always as-
sociated with clinically significant fetomaternal hemor-
rhage, while in the case of term pregnancies (above 37
gestational weeks), a flowcytometry result above 5% was
needed for the hemorrhage to be clinically significant.
The explanation for this finding is the increase in fetal
blood volume as the pregnancy advances. In the case of
an abnormal flowcytometry result in association with a
normal clinical picture of the newborn, the most likely
explanation is the presence of multiple repeated episodes
of antepartum fetomaternal hemorrhage compensated
by the fetus®.

4. High-performanceliquid chromatography - as
the number of pregnant women with hemoglobinopa-

thies has increased over time, this test has mostly been
abandoned®.
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Diagnosis of fetal distress

The early identification of the signs of fetomaternal
hemorrhage is essential to prevent fetal and maternal
distress. In the cases of clinically significant fetoma-
ternal hemorrhage, fetal distress can be identified, but
establishing a prenatal diagnosis of severe fetomaternal
hemorrhage based on these changes is difficult®?”.

The earliest sign of fetal distress is represented by the
decrease or the absence of fetal movements, perceived
or not by the mother. This is a nonspecific sign, but it
should be taken as a warning for clinicians and it should
determine them to perform additional tests to improve
the accuracy of fetal status assessment®1618),

The next most commonly encountered alteration is
represented by the increase of peak velocity of the blood
in the medial cerebral artery (MCA) of the newborn®"9.
A Doppler value of this parameter higher than 1.5 MoM
represents a reliable sign of moderate to severe fetal
anemia®?. There are plenty of causes of fetal anemia,
with the most common being alloimmunization and

infections, parvovirus B19 being the most frequently
involved. Other possible causes include arteriovenous
malformations of the fetus or the placenta, vascular tu-
mors, fetal aneuploidies and fetomaternal hemorrhages
that can occur as an acute event or persist as a chronic
hemorrhage. In the case of acute anemia, the modifica-
tion of peak velocity in MCA is often the only ultrasound
sign found, while in the case of chronic anemia, signs
of hydrops and serous effusion may also occur®®20:29,
There have also been reported changes in the fetal
heart rate monitoring (CTG) as a result of fetomaternal
hemorrhage. There is no specific value of fetal blood
volume lost that determines the appearance of CTG to
change, but a clinically significant fetomaternal hemor-
rhage will lead to the recording of nonspecific decelera-
tion patterns, absent accelerations, and fetal tachycardia
through the activation of the fetal compensatory adren-
ergic response. The recording of a sinusoidal fetal heart
rate pattern is suggestive of the presence of fetal ane-
mia“'"??, However, this pattern can be misinterpreted

Change of peak velocity
in MCA (>1.5 MoM)

Abnormal CTG pattern

1. sinusoidal pattern

2. sawtooth pattern
3. reduced variability

KB test or
flowcitometry to
identify the presence
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Figure 1. Algorithm of
diagnosis for significant
fetal anemia resulting
from fetomaternal
hemorrhage
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and itis often intercalated with a pseudosinusoidal pat-
tern that frequently occurs during normal births and
occasionally during pregnancy, being associated with
a good fetal prognosis®. Another change found on the
CTG that may raise suspicion of fetal anemia is the pres-
ence of a sawtooth pattern, which can appear in both
fetomaternal hemorrhage and fetal hypotension®.

The following diagnostic algorithm (Figure 1) may help
in the standardization of the diagnostic protocol of fetoma-
ternal hemorrhage, making it more efficient and precise.

A case report by Gica et al., published in 2021, sugges-
tive for the necessity of a diagnostic algorithm, presents a
case of spontaneous fetomaternal hemorrhage, involving
a 32-year-old para I, Rh-positive woman with 37 weeks
and 2 days of gestation. There were no complications
during the pregnancy until the time of hospitalization.
The reason for coming to the hospital was represented
by decreased fetal movements. The physical examination
did not reveal any pathological signs. Also, after using ul-
trasound examination, the only pathological sign was the
peak systolic velocity change in the MCA>1.5 MoM. CTG
recording showed the presence of tachycardia, reduced
variability and decelerations, suggestive of chronic fetal
cerebral hypoxia. The chosen method of treatment was
the child birth through caesarean section due to severe
fetal anemia with non-reassuring CTG, resulting in the
extraction of a male newborn with an Apgar score of 4 at
1 minute and 6 at 5 minutes, requiring intense resusci-
tation for hypovolemia. Fetal blood analysis revealed an
increased number of reticulocytes, suggesting that the
hemorrhage occurred 1-2 days before the delivery®.

Regarding the clinical manifestations of the mother,
fetomaternal hemorrhage is usually clinically silent.
Sometimes, however, clinical signs suggestive for a blood
transfusion may occur (fever, shiver or nausea)®.

Unexplained neonatal anemia along with increased
production of red blood cell precursors confirm the mas-
sive peripartum fetomaternal hemorrhage.

Management

Once the suspicion of fetal anemia caused by feto-
maternal hemorrhage is established, the doctors have
to decide upon the decision of treatment. The decisive
factor for choosing the treatment method is based on
the gestational age at the time of diagnosis. In cases of
term or near-term pregnancies (>34 weeks of gestation),
the main indication is delivery. In cases of pregnancies
with lower gestational ages (<32 weeks of gestation), the
patient should be admitted to a tertiary maternity hos-
pital for evaluation and treatment, which may include
intrauterine transfusion, allowing the pregnancy to con-
tinue until it reaches a gestational age safe for delivery.
In cases of pregnancies with gestational ages between
32 and 34 weeks, the risks associated with intrauterine
transfusion need to be weighed against the risks associ-
ated with prematurity/neonatal transfusion. Due to the
limited number of cases of fetomaternal hemorrhage,
the effect of intrauterine transfusion on the long-term
prognosis of neonates is not known®*19239,
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Intrauterine transfusion is a relatively safe proce-
dure, with a risk of pregnancy loss of 1.5-3%??. Fetal
distress may occur as a result of acute complications of
the procedure (umbilical cord complications - rupture,
spasm; tamponade due to a hematoma, excessive bleed-
ing from the puncture site; volume overload; chorio-
amnionitis; premature rupture of membranes; prema-
ture labor), which can further complicate with fetal or
neonatal death, premature birth, or neonatal asphyxia.
Additionally, long-term complications may arise, such
as the need for additional erythrocyte transfusions dur-
ing the first six months of life, explained by the fetal
erythropoiesis suppression. Erythrocyte transfusions
present a minimal risk but, theoretically, anaphylactic
reactions and viral disease transmission can occur. Fur-
thermore, the administration of blood transfusions may
induce the production of antierythrocyte antibodies that
can complicate future transfusions by inducing delayed
hemolytic transfusion reactions®.

Prognosis

The prognosis of fetomaternal hemorrhage largely
depends on the volume of fetal blood transfused into the
maternal circulation. The loss of a blood volume higher
than 20 ml/kg is directly proportional to the number
and severity of fetal complications, including prema-
ture birth, transfer to the neonatal intensive care unit,
neonatal anemia requiring blood transfusion, and even
fetal death in utero®.

Although some studies, such as the one by Rubod
et al.?, report that no neurological sequelae attribut-
able to fetomaternal hemorrhage have been identified
in children followed-up in the long term, in the study
conducted by Kadooka et al.?, out of the 18 patients
studied in the long term, nine had an unfavorable prog-
nosis with neurological impairment - four patients with
cerebral palsy and five patients, each with one of the fol-
lowing: mental retardation; mental retardation and cer-
ebral palsy; cerebral palsy and ADHD; cerebral palsy and
epilepsy; cerebral palsy, mental retardation and epilepsy.

Fortunately, the risk of recurrence of fetomaternal
hemorrhage in subsequent pregnancies is low, and cli-
nicians can reassure patients about this aspect. How-
ever, a high degree of suspicion is necessary in cases of
unexplained fetal death in order to diagnose any fetal
involvement early and to perform the necessary tests in
a timely manner®.

Indeed, estimating the recurrence rate of fetomater-
nal hemorrhage poses a challenge due to the incomplete
reporting of cases. Additionally, the analysis of fetal
hemoglobin (HbF) by flowcytometry is not performed
as a routine in all medical centers, which may lead to
underestimating the actual recurrence rate®.

Alloimmunization as a result
of fetomaternal hemorrhage

In the case of Rh-negative mothers and Rh-positive
fetuses, the interruption of the placental barrier followed
by the passage of fetal blood into the maternal circulation
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leads to sensitization of the maternal immune system
with the formation of anti-D antibodies directed against
fetal red blood cells. IgG antibodies are implicated in the
development of hemolytic disease®®?%?”. Hemolytic dis-
ease of the fetus and newborn (HDEN) is a condition
which, if left untreated, can lead to increased perinatal
mortality and substantial morbidity, with the risk of
long-term organic and functional disorders. The conse-
quences of HDFN include fetal anemia, cardiomegaly due
to hyperdynamic circulation, and fetal hydrops. Another
serious complication is the accumulation of bilirubin fol-
lowing the hemolysis of fetal red blood cells. Elevated
bilirubin levels lead to fetal nervous system impairment,
with the appearance of nuclear jaundice (kernicterus),
characterized by cerebral palsy, hearing loss or deafness
and psychomotor handicaps®. Prevention of Rh D al-
loimmunization is achieved through the administration
of Rh immunoglobulin. Following the introduction of
prophylaxis with anti-D Ig administered at 28 gesta-
tional weeks and at birth in Rh-negative mothers with
Rh-positive fetuses, the incidence of alloimmunization
has decreased from 16% to 0.07%™. A dose of 300 pg of
anti-D Ig is capable of neutralizing 30 ml of fetal blood
or 15 mL of fetal red blood cells that have entered the
maternal circulation. Given that transplacental hemor-
rhage with a quantity of fetal red blood cells higher than
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