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ABSTRACT
Background: RhD alloimmunization remains a severe problem worldwide, but its management has been 

revolutionized by two important discoveries: the possibility to establish fetal Rh genotype non-invasively by 
using a maternal blood sample, and using of Doppler velocimetry to monitor early signs of affected fetuses. 

Materials and methods: We performed a literature review by searching PubMed for relevant information 
about diagnosis, prognosis, and management of secondary affected Rh alloimmunized pregnancies. 

Results: The risk to develop fetal anemia and hydrops seems to increase with increasing concentrations 
of Rh antibodies, and studies show it is higher for subsequent pregnancies. Individuals presenting the DEL 
phenotype with the types 1, 2 or 3 can be considered RhD positive and anti-D immune globulin is not indicated. 

Discussions: Medical algorithm involves previous pregnancy history together with serum parameters. 
Follow-up in a department of maternal fetal medicine is desired and encouraged in these cases. Depending on 
the severity and woman’s previous pregnancy history, especially condition prior to 24 weeks of gestation, several 
therapies such as plasmaphereses, intravenous immune globulin or intrauterine transfusions can be conducted. 
Intrauterine transfusions have a better prognosis when performed earlier and on fetuses without hydrops. 

Conclusions: Although the incidence of hemolytic disease of the fetus and newborn has decreased and 
is no longer a major cause of perinatal mortality, vigilance is still required. There is a strong argument for 
reunite the management of these cases in dedicated maternal fetal medicine centers that perform invasive 
procedures in order to improve knowledge, gain skills and enhance clinical management.
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INTRODUCTION

Despite the implementation and ex-
tensive use of anti-D-prophylaxis in 
clinical practice, RhD alloimmuni-
zation remains a severe problem 
worldwide. Once alloimmunization 

has occurred it can cause hemolytic disease of the 

fetus and newborn (HDFN) and hydrops fetalis 
and this risk seems to increase with increasing 
concentrations of antibodies. Without treatment, 
it can even result into intrauterine fetal death. The 
management of RhD alloimmunization has been 
revolutionized by two important discoveries: first-
ly, the possibility to establish fetal Rh genotype 
non-invasively by using a maternal blood sample, 
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and secondly, the use of velocimetry of the fetal 
middle cerebral artery to detect early sign of fetal 
anemia.

Particularly, these cases are usually addressed 
to a maternal-fetal medicine specialist with ap-
propriate experience who can perform invasive 
diagnostic and therapeutic procedures that may 
be needed for the best outcome of the pregnancy.

Pathophysiology
D antigen is present only on the surface of red 
blood cells (RBC) and it starts to be expressed on 
the cell membrane by the 38 days of gestation. As 
a result of maternal immune system exposure to 
RhD positive RBCs, maternal D alloimmunization 
starts developing. Further, anti-D circulating anti-
bodies (Ig G) cross the placenta and opsonize the 
fetal red blood cells, which are phagocytized by 
macrophages in the fetal spleen, therefore pro-
ducing fetal anemia (1, 2). 

Several events may cause maternal alloimmu-
nization, including the delivery, induced or spon-
taneous abortion, ectopic pregnancy, invasive fe-
tal-maternal procedures, external cephalic 
version, antenatal hemorrhage, abruption placen-
ta and even maternal trauma (3-6).   

As the current literature shows, the volume of 
blood infused capable to produce an immune 
res ponse to RhD negative individuals is 0,45 mL 
in about 80% of persons, with some responding 
to volumes of 0,5 mL, but with known exceptions 
where as little as 0,1 mL was enough to immunize 
some individuals. The response develops slowly 
and can be detected serologically around 
15 weeks after exposure; therefore, earlier sero-
logical detection provides no benefit (7). 

The DEL phenotype 
The Rh system provides different phenotypes and 
obstetricians should be aware of them to provide 
suitable maternal and fetal care. Usually, the stan-
dard nomenclature for a pregnant woman blood 
type is the ABO type and either "Rh positive" or 
"Rh negative", which is suggestive to describe an 
individual who has or does not have the D anti-
gen on the red blood cells. But, besides D antigen 
there are other frequent antigens as d, C, c, E, e, 
and G that can explain the phenomenon when an 
RhD-negative mother may have received prophy-
lactic anti-D immune globulin and this did not 
prevent alloimmunization to other Rh antigens 
(e.g., c, C, E, e). 

Zygosity is another characteristic of the Rh sys-
tem. Studies reveal that approximately 40% of 
Rh D positive individuals are homozygous for the 
D antigen (DD), while the remaining ones are he-
terozygous (Dd) (8). Also, it is important to men-
tion that there are also D variants. For the white 
population, the basis of Rh D negative phenotype 
is the absence of D gene (RHD), while in other 
racial or ethnic groups the gene might be present 
but not translated or expressed (9).

A special discussion is about the “weak D” or 
“DEL variant” that may alter the usual treatment 
algorithm. Depending on the reactive employed 
by a laboratory, some individuals undergoing 
D typing will reveal a "weak D" expression on ini-
tial testing. When testing the red cells with an 
anti-D reactive, they have no, or less than, a 
2+ reaction, but when adding antihuman globu-
lin, a moderate to strong reaction occurs. The ex-
planation for this resides in either a smaller num-
ber of intact D antigens on the surface of the red 
cells ("weak D type") or D antigens that are missing 
a portion – epitopes. Only 0.2-1% of the white 
population inherited this variant and if individuals 
present the types 1, 2 or 3, they can be consi-
dered RhD positive, and anti-D immune globulin 
is not indicated (10, 11).

Management algorithm
The presence of maternal anti-D antibody should 
be evaluated at the first prenatal visit, together 
with the blood type of both parents. 

The management of Rhesus alloimmunization 
is different whether we talk about first affected 
pregnancy or subsequent ones, because the 
mother’s anti-D titer is usually low at the begin-
ning of her first affected pregnancy and fetal ane-
mia may not develop or develops in the late se-
cond or third trimester. On the other hand, for 
future affected pregnancies the fetal hemolytic 
syndrome is usually more severe and appears ear-
lier during the gestation. For this reason, frequent 
serial dosing of maternal antibodies and, when 
necessary, serial Doppler assessment of the peak 
systolic velocity in the middle cerebral artery is 
useful during the first-time sensitized pregnancy, 
while for secondary or more-time sensitized preg-
nancies, maternal titers are no longer predictive of 
risk, making Doppler ultrasonography be of ex-
treme importance in predicting fetal anemia (12).  

After a previous pregnancy affected by Rh (D) 
alloimmunization, gradual steps should be fol-
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lowed in maternal-fetal care. History regarding 
the previous perinatal outcome is important (to-
gether with gestational age of the first signs of fetal 
anemia) along with the baseline level of anti D 
antibody. Secondly, the paternal Rh(D) type and 
zygosity should be documented, if not done pre-
viously or if the partner has changed.  From this 
step, two possibilities arise:

• if the paternal Rh(D) is negative, the fetus will 
not be at risk and after the documentation of this 
analysis in the medical record of the pregnant 
woman, she will receive routine prenatal care or,

• if the paternal Rh(D) is positive and homozy-
gous, the fetus will surely be RhD positive, while if 
the paternal Rh(D) is positive and heterozygous, 
we can obtain the fetal Rh by the use of free fetal 
DNA testing and follow up a medical conduct ac-
cordingly. 

The worst-case scenario with the RhD-positive 
fetus involves considerations about fetal anemia 
or hydrops earlier than 24 weeks of gestation or 
anti D-titer higher than 1:1028 (13).

1.  In case none of these appeared before 
24 weeks gestation, the suitable way to follow 
potential fetal injury is by starting weekly mid-
dle-cerebral artery (MCA) Doppler ultrasound 
at 16 to 18 weeks of gestation. Proper tech-
nique is important, so the measurement is 
counseled to be obtained when the fetus is in 
a quiet behavioral state. Because the value of 
MCA-PSV increases during gestation, there are 
tools for conversion into MoMs like the one 
from https://www.perinatology.com.calcula-
tors.  The reference point for the MCA peak 
systolic velocity (MCA-PSV) is 1.5 multiples of 
the median (MoMs) recommended by both 
societies of perinatology and maternal fetal 
medicine. Under or equal to this value, the an-
tenatal testing can begin at 32 weeks of gesta-
tion and delivery is recommended to be has-
ted between 37 and 38 weeks. A peak systolic 
value greater than 1.5 MoMS involves invasive 
procedures performed by a maternal fetal spe-
cialist with expertise in this field to check the 
fetal hemoglobin level by cordocentesis, a not 
to ignore step, bearing in mind that MCA-PSV 
is not a definitive marker for fetal anemia and 
false positive results may occur. After carefully 
informing the patient about risks and benefits, 
the final decision for intrauterine transfusions is 
made when either the fetal hemoglobin is lo-
wer than 2 SD below the mean for gestational 

age or the hematocrit volume is under 30%. 
Otherwise, the hemoglobin level is checked 
again after two weeks, and follow-up is conti-
nued accordingly (14).

2. In case when one or the two conditions 
appeared before 24 weeks, plasmaphereses or 
intravenous immune globulin (IVIG) can be 
administered to prevent fetal injury and then 
continue with the assessment of MCA-PSV as 
described before.

Prevention of future affected fetuses
Prevention of hemolytic disease of the fetus and 
newborn (HDFN) is rarely attempted because of 
the involved costs and complexities (family good 
understanding of the diagnosis, environmental 
factors – access to high specialized medical care, 
but also because in most cases HDFN can be 
treated).

Possibilities include in vitro fertilization with 
preimplantation genetic testing. If the biologic fa-
ther is identified as heterozygous for RhD, only 
the RhD negative embryos are considered for 
transfer (15). Also, in countries where the national 
legislation permits, a gestational carrier can be 
used in case the mother is RhD negative and the 
father is RhD positive homozygous to prevent al-
loimmunization. A third way, also depending on 
the national legislation and rules, can be the use of 
donor sperm from a blood type compatible with 
the mother, an RhD negative person too.  

DISCUSSIONS

When fetal anemia presents very early in ges-
tation, the reported survival rates of fetuses 

with and without hydrops are still dramatically dif-
ferent (16). Improved perinatal outcome is direc-
tly related to reversal of hydrops due to intraute-
rine treatment. On the other side, in cases where 
the hydrops did not reverse, the survival rate was 
only 39%, but with mentions in the current litera-
ture of a proportion of irreversible cases despite 
successful correction of fetal anemia (17). 

In the management of a Rh allloimmunized 
pregnancy, obstetricians should be aware of the 
existence of particular D phenotypes that may 
change the standard conduct. A particular variant, 
the “weak D” or “DEL variant”, involves whether 
a smaller number of intact D antigens on the sur-
face of the red cells ("weak D type") or D antigens 
that are missing a portion- epitopes, and if sub-
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types 1, 2 or 3 are present, these antibodies can 
be considered RhD positive and anti-D immune 
globulin is not indicated.

 For subsequently affected pregnancies, the fe-
tal hemolytic syndrome is usually more severe 
and appears earlier during gestation. For this rea-
son, during the first-time sensitized pregnancy is 
useful the frequent serial dosing of maternal anti-
bodies and, when necessary, serial Doppler as-
sessment of the peak systolic velocity in the mid-
dle cerebral artery, while for secondary or 
more-time sensitized pregnancies, maternal anti-
body level is no longer predictive of risk, making 
Doppler ultrasonography be of extreme impor-
tance in predicting fetal anemia (12). q  

CONCLUSIONS

Prognosis of subsequent Rh alloimmunized 
pregnancies depends on the moment of esta-

blishing the diagnosis of fetal injury, personal ma-
ternal history regarding previous pregnancy/preg-
nancies and environmental factors, considering 

the possibility to access maternal fetal specialists 
and highly specialized care.

For individuals affected by Rh alloimmuniza-
tion, a desired pregnancy plan includes frequent 
monitoring in a maternal fetal care unit by an ex-
perienced specialist and a management algorithm 
concordant with the latest clinical guidelines on 
the topic.

Perinatal outcome is directly related to the re-
versal of fetal hydrops due to intrauterine transfu-
sions, showing an improvement for fetuses with 
both anemia and hydrops.

The rate of survival for fetuses diagnosed with 
anemia has considerably improved since the use 
of intrauterine transfusions, but vigilance is re-
quired. q
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