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hematological problems in the fetus. Pathogens, 
drugs, and toxins may also cross, resulting in 
intrauterine infection or specifi c toxic effects such 
as fetal alcohol syndrome (West and Blake 2005). 
There are early data to show that diet and toxins 
may have a small but signifi cant effect on the 
genetic integrity of the rapidly dividing hemo-
poietic stem cells, which may be an initiating 
event for the later development of leukemia or 
cancer (Sharpe and Franco 1996; Alexander et al. 
2001; Thompson et al. 2001). Many hematological 
abnormalities are associated with placental 
failure, which, via intrauterine growth restriction 
(IUGR), can be the fi nal common pathway through 
which maternal illness or complications during 
pregnancy affect the fetus. Other abnormalities 
may arise from complications at the time of deliv-
ery such as hemorrhage, or due to acquired factors 
such as infection or placement of central venous 
catheters.

Hematological problems are almost universal 
in premature and sick neonates but can occur 
unexpectedly in otherwise healthy term babies. 
Clinical problems often require immediate man-
agement and yet the hematological investigations 
available in most units are comparatively limited. 
Quantitative tests on peripheral blood and mor-
phological analysis are easily available, but care is 
needed in taking these samples, which can be 
technically diffi cult and subject to artifact or vari-
ability, depending on the type of specimen, for 
example, arterial, venous, or capillary blood 
samples; the skill with which it was taken; and 
whether any contaminants, such as heparin, are 
present. The laboratory must be experienced in 

The perinatal period is one of rapid physiological 
change, and the distinction between physiological 
variation and pathological change can become 
blurred; the extent of prematurity adds further 
variability. Correct interpretation of hematologi-
cal abnormalities is dependent on both maternal 
and fetal history: the health of the mother, com-
plications during pregnancy, placental function, 
the circumstances of birth, and the gestational 
and the conceptional age (gestational age and 
postnatal age) of the infant. For inherited hema-
tological disorders, family history and investiga-
tion can also be informative.

Most hematological abnormalities in the 
neonate have their origin in fetal life, and can 
arise from the fetus alone, be secondary to mater-
nal pathology, or result from an interaction 
between the mother and fetus. Maternal pathol-
ogy often exerts its effects on the fetus via the 
placenta—the anatomical and physiological link 
between the fetus and the mother, allowing inter-
action between the two. The placenta provides the 
interface between the maternal and fetal circula-
tion, and its integrity and function are of para-
mount importance to the health of the fetus 
(Cross 2006). The placenta delivers nutrition and 
oxygen to the fetus, but acts as a barrier to some 
classes of antibody and toxins. Immunoglobulin 
G (IgG) is able to cross the placental barrier, 
enabling maternal IgG to enter the fetal circula-
tion, giving the fetus some passive immunity 
against pathogens in the fi rst few months of life. 
In the same way, harmful IgG antibodies such as 
anti-D, antiplatelet antibodies, and antiphospho-
lipid antibodies can cross the placenta, causing 
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handling small specimens, and correct interpreta-
tion requires experience in perinatal hematology, 
as both numeric values and morphology are highly 
age dependent. Special and research investiga-
tions may give insight into the causes or underly-
ing mechanisms of the problem but are not 
necessarily widely or rapidly available. They are 
important for future understanding of the con-
ditions and may lead to new therapies, which 
currently are rather limited.

Maternal and Fetal Bleeding

The fetoplacental circulation contains around 
110 mL/kg of blood (Wardrop and Holland 1995); 
at 30 weeks’ gestation, about 55 mL/kg is in the 
fetus, rising to 90 mL/kg at term. It follows, there-
fore, that premature infants will have a lower 
blood volume, especially if there is early cord 
clamping, and be more at risk of the consequences 
of hemorrhage. In many cases, blood loss results 
in anemia, but it can also result in a reciprocal 
polycythemia in twin-to-twin transfusion syn-
drome and in sensitization of the mother to 
foreign antigens present on fetal blood cells, par-
ticularly red cells or platelets. Clinical manifesta-
tions depend on the volume and rate of blood loss. 
If chronic, anemia develops slowly, allowing the 
fetus to develop hemodynamic compensation. 
The infant is pale at birth and the blood count 
shows a microcytic, hypochromic anemia. If the 
blood loss is severe, cardiac failure and hydrops 
fetalis may develop (Arcasoy and Gallagher 1995). 
Acute blood loss prior to delivery leads to an 
infant who is distressed and hypovolemic; initial 
blood counts may show a normal hemoglobin that 
falls rapidly over the fi rst 24 hours of life.

Fetal Blood Loss

Fetomaternal

Fetal blood cells enter the maternal circulation in 
up to 95% of pregnancies but normally in very 
small amounts, fewer than 2 mL in 98% of cases 
(Sebring and Polesky 1990). However, a fetal 
hemorrhage of ≥30 mL occurs in 0.3% of preg-
nancies and blood loss of ≥150 mL, causing hemo-
dynamic instability, occurs in approximately 1 in 

2800 pregnancies (Sebring and Polesky 1990; 
Biankin et al. 2003). Survival of fetal red cells in 
the maternal circulation depends on the blood 
group antigens on the fetal cells, which may be 
different from those on maternal cells. Naturally 
occurring red cell antibodies such as anti-A and 
anti-B present in maternal plasma bind to and 
remove incompatible red cells, thus partially pro-
tecting the mother from sensitization to other 
potentially foreign antigens that may be present 
on fetal cells such as RhD, Rhc, or Kell. However, 
even ABO-incompatible fetal cells are not always 
removed rapidly and may survive for weeks in the 
maternal circulation (Sebring and Polesky 1990), 
and even if removed rapidly, brief exposure to the 
foreign antigen can result in a rapid rise in anti-
body titer. By a similar mechanism, the mother 
can be sensitized to foreign antigens on the 
surface of the fetal platelet, which can result in an 
alloimmune thrombocytopenia in the fetus. 
The commonest platelet antigen to trigger such 
a response is the human platelet-specifi c alloan-
tigen (HPA)-1a.

A fetomaternal hemorrhage can be quantifi ed 
using the Kleihauer-Betke test, which identifi es 
red cells containing hemoglobin F (HbF) based on 
the principle that fetal hemoglobin is more stable 
than the adult form in acidic solutions (Kleihauer 
et al. 1957; Kelsey et al. 1999). This is important 
both to ensure that the correct amount of anti-D 
is given to Rh-negative women at risk of develop-
ing anti-D antibodies (Sebring and Polesky 1990; 
Kelsey et al. 1999) and also to estimate whether 
the fetus might be at risk from blood loss. A posi-
tive test after maternal trauma, regardless of the 
Rh status of the mother, has been shown to predict 
the onset of preterm labor (Muench et al. 2004). 
The manual Kleihauer-Betke test is subjective and 
imprecise. Automated tests have been introduced 
that have increased accuracy and sensitivity, 
allowing detection of fetomaternal hemorrhage in 
the range of 0.0001% to 1% (Pelikan et al. 2003). 
Flow cytometry has also been used to estimate 
fetomaternal hemorrhage, and although not as 
sensitive as the automated Kleihauer-Betke test, 
detecting only bleeds of >0.1%, the technique is 
useful in detecting false positives, which can occur 
in the presence of maternal persistence of fetal 
hemoglobin (Kelsey et al. 1999; Nelson 1999; 
Pelikan et al. 2003, 2004).
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Fetomaternal bleeding can result in intrau-
terine death, and although there is usually pallor 
of the fetus, autopsy fi ndings can be subtle. It is 
important, therefore, in investigating an unex-
plained fetal death, that a Kleihauer-Betke test be 
performed on the mother (Biankin et al. 2003). It 
can also be performed on vaginal blood in cases 
of antepartum hemorrhage to identify a fetal bleed 
(Akhter et al. 1978; Oyelese et al. 1999).

Twin-to-Twin Transfusion Syndrome

Twin-to-twin transfusion syndrome (TTS) is 
defi ned as a difference of hemoglobin concentra-
tion of >50g/L and a >20% difference in birth 
weight between twins. Such differences have been 
shown in twins without TTS (Wenstrom et al. 1992; 
Cordero et al. 2005) and can only be ascertained 
at birth. Ultrasound examination to assess dis-
cordant fetal abdominal girth, polyhydramnios/
oligohydramnios, transplacental vascular shunt-
ing, and differences in umbilical artery velocity are 
now used antenatally to aid diagnosis (Blickstein 
1990). This has the advantage of identifying the 
problem before delivery, so that intrauterine treat-
ment can be offered. Twin-to-twin transfusion 
syndrome occurs in monozygotic twins who share 
a monochorionic placenta and can be chronic or 
occur acutely before or at birth. When chronic, 
ultrasound features as described above can be 
identifi ed before birth. The donor twin develops 
anemia and oligohydramnios, and the recipient 
twin develops polycythemia and polyhydramnios. 
Acute TTS usually results in the donor twin having 
symptoms of hypovolemia and the recipient suf-
fering acute polycythemia and the risk of 
hyperviscosity.

Around 60% of monozygotic twins have a 
monochorionic placenta and 15% to 20% suffer a 
twin-to-twin transfusion (Lim et al. 2005; Cordero 
et al. 2006; Rodeck et al. 2006) with a mortality of 
around 20% (Lim et al. 2005). Different types of 
anastomoses exist within monochorionic placen-
tas, and they provide the route for blood cell 
passage (Lopriore et al. 1995). The anastomoses 
can be asymmetrical, resulting in unequal blood 
distribution between the twins, with one being 
polycythemic and the other anemic (see also 
Chapter 12). Severe TTS is associated with poor 
neonatal outcome and a relatively high rate of 

neurological abnormalities (Lopriore et al. 1995; 
Duncan 2005; Rodeck et al. 2006); cardiac and 
renal complications may also follow. To improve 
the outcome in TTS, strategies such as amniotic 
fl uid reduction (Rodeck et al. 2006) or fetoscopic 
laser coagulation of placental anastomoses have 
been employed in the more severe cases (Duncan 
2005; Lopriore et al. 2006).

Amnioreduction has been associated with a 
more severe neurological outcome, possibly due 
to “placental steal,” causing a shift of blood from 
the fetus to the placenta (Duncan 2005; Rodeck 
et al. 2006). The benefi t of laser coagulation over 
amnioreduction has been demonstrated and is 
therefore now considered the treatment of choice 
if the syndrome is severe (Duncan 2005; Yama-
moto and Ville 2006). Despite laser therapy, 
neonatal morbidity and mortality rates remain 
high when compared with monochorionic twins 
without TTS, one study showing an adverse neo-
natal outcome (neonatal death, major neonatal 
morbidity, or severe cerebral lesions) in 26% 
versus 8% in those without TTS (Lopriore et al. 
2005). Miscarriage, premature rupture of the 
membranes and preterm delivery may follow laser 
therapy and account for more than 20% of peri-
natal mortality after treatment (Yamamoto and 
Ville 2006). Anastomoses may be missed, with one 
study showing residual anastomoses in 33% of 
placentas after delivery (Lopriore et al. 2006). 
However, in this study there were no differences 
in adverse outcomes between the infants where 
the therapy had been complete and those where 
there were residual anastomoses, although 
there was an increased incidence of hematological 
complications, such as a hemoglobin difference 
of >50g/L, in the latter group.

Intrapartum Blood Loss

In general, fetal hemorrhage is unusual and intra-
partum hemorrhage is most commonly of mater-
nal origin. Even when severe, it is almost always 
manageable, whereas fetal bleeding may be diffi -
cult to detect clinically and lead to exsanguination 
and death (Schmidt et al. 2005). Intrapartum 
hemorrhage is most commonly due to rupture or 
tearing of fetal vessels at the time of delivery. 
Increased risk factors include short cords and 
velamentous cord insertion. Retroplacental 
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hemorrhage and placental abruption may lead to 
signifi cant fetal blood loss. Surgical damage to the 
placenta may occur at cesarean section, and the 
placenta may also be injured by maternal abdomi-
nal trauma or in a motor vehicle accident.

Neonatal Blood Loss

Internal hemorrhage can occur during a diffi cult 
or prolonged labor or with instrumentation such 
as ventouse or forceps extraction. If the fetus has 
a hemorrhagic diathesis such as thrombocytope-
nia or hemophilia, the risk of bleeding is 
increased. The bleeding tendency may not have 
been identifi ed before labor, but where it has, 
special precautions should be in place, such as 
avoidance of invasive monitoring, prolonged 
second stage of labor, or instrumental delivery 
(see below). Recognition of internal hemorrhage 
may not be immediate, the neonate presenting 
with shock 24 to 72 hours after birth. Traumatic 
deliveries may result in subdural or subarach-
noid hemorrhages as well as cephalhematomas 
and subaponeurotic bleeds (see Chapter 13). 
Cephalhematomas are most common and are 
limited by periosteal attachments and rarely 
cause signifi cant clinical problems. Subaponeu-
rotic bleeds, being unchecked by periosteal 
attachments, can be very large. Exsanguination 
has been reported (Robinson and Rossiter 1968). 
Asymptomatic subdural bleeds can occur in 
up to 6.1% of uncomplicated vaginal deliveries 
(Doumouchtsis and Arulkumaran 2006). Other 
areas of bleeding include the retroperitoneum, 
liver, and spleen; preterm, breech deliveries are 
at particular risk.

Repeated blood sampling in sick neonates, 
especially if premature, results in signifi cant blood 
loss; the realization of this and the use of micro-
techniques have helped reduce this loss.

Maternal Factors

Intrauterine Growth Restriction

Intrauterine growth restriction is often seen in 
association with pregnancies complicated by 
pregnancy-induced hypertension (PIH) or the 
HELLP syndrome (hypertension, elevated liver 

enzymes, and low platelets) (Fayyad and 
Harrington 2005; Duley et al. 2006), chronic 
hypertension (Mugo et al. 2005; Tamakoshi et al. 
2006), maternal diabetes mellitus (Reece et al. 
1998; Jaffe 2002; Maulik 2003 Lampl and Jeanty 
2004), chronic renal insuffi ciency (Trevisan et al. 
2004), and sickle cell disease. It is also seen with 
maternal smoking, ingestion of alcohol, and 
cocaine use (Ashfaq et al. 2003; Vogt Isaksen 2004; 
Bada et al. 2005; Zdravkovic et al. 2005). Infants 
with IUGR are distinct from those who are small 
for gestational age (SGA), although the terms have 
been used interchangeably (Bamberg and Kalache 
2004). The SGA infant is one who has failed to 
achieve a specifi c weight, usually defi ned as the 
10th percentile, whereas the IUGR infant has not 
reached full growth potential due to a pathologi-
cal process that has occurred in utero. Conditions 
causing IUGR result in impaired placental func-
tion, which effectively renders the fetus malnour-
ished and chronically hypoxic. These babies 
consequently have specifi c clinical problems and 
a characteristic hematological response, whatever 
the cause of the placental failure.

Hematological Abnormalities in the 
Growth-Restricted Infant

The hematological abnormalities involve all 
blood lineages and affect both mature cells and 
their progenitors. Neutropenia and thrombocy-
topenia are seen together with large numbers of 
nucleated red cells with or without polycythe-
mia, indicating increased red cell production. 
There is good evidence that neutropenia and 
thrombocytopenia are due to impaired produc-
tion, although the precise mechanism has not 
been elucidated (Watts and Roberts 1999). 
Studies have shown reduced numbers of neutro-
phil progenitors at birth in babies born to 
mothers with preeclampsia, along with reduced 
proliferative and storage neutrophil pools, most 
marked in babies with IUGR (Koenig and Chris-
tensen 1989; Watts and Roberts 1999). Throm-
bocytopenia has long been associated with IUGR 
and PIH. These conditions are responsible for 
about 80% of cases occurring within the fi rst 72 
hours in preterm babies (Murray and Roberts 
1996). Similarly to the myeloid progenitors, 
precursors of the megakaryocyte lineage up to 
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mature megakaryocytes are all markedly reduced 
at birth (Murray 1999). On the other hand, vir-
tually all babies with IUGR and neutropenia 
with or without thrombocytopenia show signs of 
enhanced erythropoiesis with increased numbers 
of nucleated red blood cells (NRBCs) at levels of 
>50 NRBCs/100 white cells compared to <20 
NRBCs/100 white cells in healthy infants from 24 
weeks to term (Watts and Roberts 1999). Poly-
cythemia develops in 25% of babies with IUGR 
or born to mothers with PIH (Watts and Roberts 
1999); there is also evidence of increased eryth-
rocyte production in pregnancies where placen-
tal dysfunction has been shown, including 
pregnancies of women with gestational diabetes 
(Perrine et al. 1986).

In the growth-restricted baby, increased NRBCs, 
polycythemia, if present, and neutropenia are 
most marked at birth and lessen thereafter. The 
platelet count may be slightly reduced or in the 
low normal range at birth, reaching a nadir at day 
4 or 5. Platelet counts in most babies begin to 
recover at the end of the fi rst week, attaining 
normal values by the end of the second week 
(McIntosh et al. 1988; Koenig and Christensen 
1989; Murray and Roberts 1996). Despite this 
early recovery, some babies develop recurrent 
cytopenias at times of hemopoietic stress, such as 
infection in the early neonatal period, suggesting 
that there is a degree of impairment of hemopoi-
esis at the stem or progenitor cell level.

The mechanism of these cytopenias has not 
been fully elucidated but there is some evidence 
to suggest that the raised erythropoietin levels 
seen in IUGR babies cause diversion of the as yet 
uncommitted multipotent stem cells to produce 
erythrocytes at the expense of other cell lines; so-
called lineage steal (McIntosh et al. 1988; 
Christensen et al. 1989, 1991). It is possible that 
erythropoietin has inhibitory effects on nonery-
throid progenitors, but the evidence is unclear. 
However, there is some evidence to support pro-
duction of other inhibitors, possibly from the 
placenta itself or other factors present in the 
serum of mothers of babies with IUGR (Koenig 
and Christensen 1991; Watts and Roberts 1999). 
Production of cytokines such as granulocyte 
colony-stimulating factor (G-CSF), granulocyte-
macrophage colony-stimulating factor (GM-CSF), 
or thrombopoietin (Tpo) are not signifi cantly 

lower in IUGR babies than in healthy term and 
preterm babies, although levels correlate posi-
tively with gestational age (Chirico et al. 1997; 
Rondini and Chirico 1999; Paul et al. 2002), indi-
cating that the cytopenias are not secondary to 
reduced or impaired cytokine production. 
However, Tpo levels do not always increase to the 
same extent as those in thrombocytopenic chil-
dren or adults and this reduced response may 
contribute to the slow platelet recovery and 
recurrent thrombocytopenia in the postnatal 
period (Murray et al. 1998; Watts et al. 1999; Paul 
et al. 2002).

Intrauterine growth restriction also affects 
other organs, including the spleen, and this is 
evident on the blood fi lm, with Howell-Jolly bodies 
present in the red cells, target cells, and sphero-
cytes. The spleen is not the predominant source 
of hemopoietic cells in the fetus, and therefore the 
hyposplenism is unlikely to contribute to the neu-
tropenia and thrombocytopenia, but it is impor-
tant in host defense and its impaired function may 
contribute to the susceptibility of the IUGR 
neonate to infection.

Polycythemia is more common in growth-
restricted babies than in healthy babies (Tenovuo 
1988; Merchant et al. 1992; Werner 1995) and is 
associated with circulatory changes including 
reduced cerebral blood fl ow, increased vascular 
resistance, and reduced cardiac output. This gives 
rise to neurological symptoms, cyanosis, tachy-
pnea, tachycardia, and an increased incidence of 
necrotizing enterocolitis in preterm babies. Bio-
chemical derangements include hypoglycemia 
and increased bilirubin, the latter due to the 
increased red cell destruction seen with enhanced 
erythropoiesis and reduced red cell life span. 
Treatment with dilutional exchange, probably 
using crystalloids (Wong et al. 1997), is recom-
mended in symptomatic babies, both term and 
preterm, with a packed cell volume (PCV) >65%, 
since resolution of early symptoms and improve-
ment of blood fl ow has been shown (Watts and 
Roberts 1999). There are few data on long-term 
outcome, however. In asymptomatic term babies, 
observation and symptomatic treatment is rec-
ommended, whereas in asymptomatic preterm 
babies, especially if growth-restricted, exchange 
transfusion may be appropriate with a PCV 
>70%.
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The neutropenia and hyposplenism seen in 
infants with IUGR will contribute to the risk of 
infection, especially if premature. Neonatal neu-
trophils have reduced function and the immune 
system is immature. In addition to good infection 
control measures and prompt and appropriate 
treatment of presumed or proven infection, the 
use of recombinant G-CSF is showing some evi-
dence of effi cacy in terms of improving neutro-
phil count (La Gamma et al. 1995; Makhlouf 
et al. 1995), although whether this translates 
into reduced infection-related morbidity and 
mortality is yet to be shown (Calhoun and 
Christensen 1999).

Thrombocytopenia in infants with IUGR, par-
ticularly if the infant is premature, increases the 
risk of hemorrhagic complications, including 
intracranial hemorrhage (ICH). Platelet transfu-
sion is the only treatment available, recombinant 
Tpo as yet having an uncertain role (Haznedaro-
glu et al. 2002; Kaushansky 2002; Kuter and Begley 
2002). The aim with transfusion is to keep the 
platelet count above 50 × 109/L, although there is 
often a suboptimal increment (Blanchette et al. 
1995), and maintaining a higher platelet count 
does not necessarily reduce the incidence of ICH 
(Andrew et al. 1993). However, other studies have 
shown that thrombocytopenia <100 × 109/L is 
associated with a higher incidence of ICH (Andrew 
et al. 1987).

Infection

Maternal infection through transplacental spread 
can cause hematological and other problems in 
the fetus. They vary depending on the gestational 
age at which the fetus is exposed. It not always 
possible to differentiate bacterial from viral or 
protozoal infection at birth so empirical antibiot-
ics are often used before a defi nitive diagnosis is 
made. Infections that are commonly screened for 
when an infant is born with jaundice, hepato-
splenomegaly, thrombocytopenia, or anemia 
include toxoplasma, rubella, cytomegalovirus 
(CMV), herpes simplex, human immunodefi -
ciency virus, and syphilis; parvovirus B19 can 
cause anemia or pancytopenia. Other features 
such as cataracts, arthralgia, or micrognathia are 
associated with particular infections. Group B 
streptococcus is acquired perinatally from the 

genital tract and can cause infection and acute 
disseminated intravascular coagulation (DIC) in 
the neonate.

Immune

Hemolytic Disease of the Newborn

Hemolytic disease of the newborn (HDNB) 
describes a maternal antibody-mediated fetal 
hemolytic disease. If the mother is negative for a 
particular red cell antigen, she will raise antibod-
ies against paternally derived antigens should 
they be expressed on fetal red cells. The most 
important group of antigens are the RhD group, 
although Rhc, RhC, RhE, and Kell, along with 
Duffy, Lutheran, and other antigens, can also 
cause severe hemolysis. ABO incompatibility 
tends to result in mild to moderate HDNB. First 
exposure to the antigen leads to production of 
IgM, which does not cross the placenta and is 
therefore of no consequence to the fetus. However, 
subsequent exposure stimulates the production of 
IgG antibodies, which readily cross the placenta 
and bind to fetal red cells, resulting in their extra-
vascular destruction.

RhD

Exposure to foreign proteins on fetal red cells 
does not inevitably result in alloimmunization, as 
immunogenicity depends on host factors and the 
antigen itself. RhD is the most immunogenic of 
the red cell antigens, and immunization of the 
mother generally occurs with a fetomaternal bleed 
of >0.1 mL. Transplacental hemorrhage is esti-
mated to occur in 75% of pregnancies, most often 
at delivery, but can also occur following a sensitiz-
ing event such as amniocentesis, therapeutic 
termination of pregnancy, spontaneous abortion, 
or maternal trauma. The antibody response can 
be prevented at this stage by the administration 
of anti-D immunoglobulin, which causes rapid 
destruction of fetal erythrocytes in the maternal 
spleen before they are recognized by the maternal 
immune system as foreign. Assessment of a feto-
maternal hemorrhage is an important element in 
determining the amount of anti-D to be adminis-
tered to an RhD-negative mother following such 
a sensitizing event or after delivery of an RhD-
positive infant. The presence of fetal red cells in 
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the maternal circulation can be detected by the 
Kleihauer-Betke test, and quantitation of the bleed 
is estimated as described above. The standard 
dose of anti-D, 500 IU, is suffi cient to prevent 
sensitization from a 4-mL fetomaternal bleed. 
However, a bleed of ≥30 mL occurs in 0.3% of 
women (Sebring and Polesky 1990), and therefore 
protection will not be afforded by the standard 
dose. For any bleed >4 mL, an appropriate supple-
mentary dose of anti-D immunoglobulin must be 
given immediately. A repeat estimation of the 
fetomaternal bleed should be performed 48 hours 
following the initial dose of anti-D and the plasma 
screened for anti-D. Where fetal cells are still 
present or no anti-D is detectable, a further dose 
of anti-D should be given and monitoring contin-
ued every 48 hours until no fetal cells are present 
and (passive) anti-D is detectable (Kelsey et al. 
1999). The incidence of Rh alloimmunization has 
decreased substantially since the introduction of 
immune globulin in 1968 (Fantoli 1966; Clarke 
1967), although 1% to 2% of RhD-negative women 
still become sensitized (Royal College of Physi-
cians of Edinburgh/Royal College of Obstetricians 
and Gynaecologists 1997; Crowther and Keirse 
2000), possibly due to passage of small numbers 
of fetal cells that cross the placenta throughout 
pregnancy or to insuffi cient anti-D administra-
tion. The incidence can be reduced to about 0.2% 
by giving prophylactic anti-D to RhD-negative 
women antenatally, at 28 and 34 weeks’ gestation 
(Crowther and Keirse 2000). Once immunization 
has occurred, the antibody levels increase with 
each subsequent pregnancy with an RhD-positive 
fetus, although antibody level does not accurately 
predict severity of HDNB (van Dijk et al. 1995). 
Severe cases may require intrauterine transfusion 
on one or more occasions to prevent or treat fetal 
hydrops before the infant can be safely delivered. 
Blood should be group O or ABO identical with 
the fetus (if known) and RhD negative; it also 
should be CMV negative and irradiated (Gibson 
et al. 2004). Hyporegenerative anemia can follow 
multiple intrauterine transfusions and may 
require treatment with erythropoietin in the neo-
natal period (Scaradavou et al. 1993). Neonatal 
exchange transfusion may be required to manage 
severe anemia at birth, particularly in the pres-
ence of heart failure, and to treat the severe hyper-
bilirubinemia that can accompany HDNB.

ABO

ABO incompatibility can also cause HDNB, but 
clinically signifi cant hemolysis generally only 
occurs if the fetus is group A and the mother 
group O, although it can occasionally occur in 
group B babies. The hemolysis is due to naturally 
occurring IgG anti-A (or anti-B), but due to the 
weaker expression of these antigens on neonatal 
red cells, clinically signifi cant hemolysis is uncom-
mon. The diagnosis is not straightforward since 
the degree of hemolysis is not directly related to 
level of maternal antibody, and although the most 
severely affected babies will have a positive direct 
antiglobulin test (DAT), this is not always the 
case. Thus the diagnosis of ABO HDNB is a diag-
nosis of exclusion, with the constellation of signs 
of a falling hemoglobin, a rising bilirubin, and 
ABO incompatibility with the mother with or 
without a positive DAT in the absence of any 
other alloantibodies (Gibson et al. 2004). Sphero-
cytes are a prominent feature of the blood smear 
(Fig. 8.1). If transfusion is needed, group O blood 
compatible with maternal plasma should be used 
since adult cells of the baby’s own group will 
express higher levels of A or B antigen and may 
cause increased hemolysis.

Kell

Anti-Kell antibodies occur in around 0.1% of 
pregnant women (Mayne et al. 1990) and the 
problems that result are different from those in 
Rh or ABO incompatibility. This is due to the 

FIGURE 8.1. Spherocytes and nucleated red cells in a neonate with 
hemolysis secondary to ABO-incompatibility.
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early expression on the erythrocyte of the Kell 1 
antigen, or its antithetical variant Kell 2, when the 
erythrocyte is at its peak proliferative capacity. 
Reticulocyte count, nucleated red cell count, and 
bilirubin are all lower when compared to fetuses 
with RhD HDNB (Vaughan et al. 1994), suggest-
ing that in maternal Kell alloimmunization ery-
throid suppression rather than hemolysis is the 
predominant mechanism producing fetal anemia. 
Amniotic fl uid bilirubin concentrations correlate 
poorly with the anemia, and the severity of the 
disease does not correlate with the antibody titer 
(Leggat et al. 1991). Fetal blood sampling is the 
method of choice for monitoring a severely 
affected fetus (Mayne et al. 1990; Leggat et al. 
1991; Vaughan et al. 1994). Intrauterine transfu-
sions may be needed, as well as top-up transfu-
sions in the neonatal period or phototherapy. In 
two retrospective studies, the rate of stillbirth in 
affected babies was around 20% (Mayne et al. 
1990; Leggat et al. 1991).

Neonatal Alloimmune Thrombocytopenia

Neonatal alloimmune thrombocytopenia (NAIT) 
arises from an incompatibility of the human 
platelet-specifi c alloantigen (HPA) epitopes 
between the pregnant mother and her baby. The 
frequency of NAIT is estimated at 1 in 1500 to 1 
in 5000 live births (Kaplan et al. 1992; Uhrynowska 
et al. 2000; Turner et al. 2005), but this is probably 
an underestimate. Turner et al. (2005) conducted 
a prospective study using antenatal screening to 
detect NAIT. Of 26,506 women, 318 (1.2%) had 
anti–HPA-1a antibodies and the incidence of 
babies born with NAIT was 1 in 2300. Five babies 
(1 in 3700) had severe thrombocytopenia; three 
had mild bleeding symptoms and there were no 
intracranial hemorrhages or intrauterine deaths. 
Serious bleeding in NAIT due to anti–HPA-1a is 
likely to be overreported in the literature in the 
absence of prospective studies, with the risks of 
serious morbidity and mortality being reported as 
high as 20% and 10% respectively (Kaplan et al. 
1992).

Over 80% of severe cases of NAIT in the Cau-
casian population are due to differences in the 
presence of HPA-1a epitope, with the mother 
being negative and the fetus positive. Develop-
ment of anti–HPA-1a antibodies occurs in 10% of 

such cases and these antibodies, being IgG, can 
cross the placenta and cause NAIT in the fetus or 
neonate (Bessos and Seghatchian 2005).

The second most common cause of NAIT is 
antibody production to the HPA-5b epitope, 
accounting for 4.3% of cases (Campbell-Lee et al. 
2003), but other epitopes have been implicated, 
including HPA-15 and the human leukocyte 
antigen (HLA) system (Panzer et al. 1995; Han et 
al. 2002; Ertel et al. 2005; Mandelbaum et al. 2005; 
Thude et al. 2006). The HLA antibodies are 
common in the pregnant population and can 
interfere with platelet transfusions in NAIT 
(Panzer et al. 1995; Grainger et al. 2002). Anti–
HPA-1a can cause severe problems in the fi rst 
pregnancy, whereas the others tend to only cause 
problems in the second or subsequent pregnan-
cies if at all (Panzer et al. 1995; Bessos and Seghat-
chian 2005). Clinical manifestations can vary from 
mild, such as petechiae and bruises, to severe, 
including death; intracranial hemorrhage, 50% of 
which occur in utero (Johnson et al. 1997); and 
signifi cant neurological sequelae. Although anti–
HLA-1a antibodies bind to the IIb-IIIa glycopro-
tein receptor on the platelet surface (Beadling et 
al. 1995; Bessos et al. 2003; Sukati et al. 2005), they 
do not seem to interfere with fi brinogen binding 
(Beadling et al. 1995) but may give rise to a more 
severe phenotype, as HPA-1a has a higher number 
of antigenic sites per platelet than HPA-5B 
(Campbell-Lee et al. 2003). In general, the level of 
maternal antiplatelet antibody has not been pre-
dictive of the degree of thrombocytopenia (Kaplan 
et al. 1988; Panzer et al. 1995; Bessos et al. 2005), 
which is strongly related to a previous history of 
affected offspring (Johnson et al. 1997), although 
some groups have found an association (William-
son et al. 1998; Jaegtvik et al. 2000).

To determine the degree of thrombocytopenia 
in a fetus at risk of NAIT, fetal blood sampling can 
be performed and intrauterine platelet transfu-
sions given (Kaplan et al. 1988; Lipitz et al. 1992). 
Intrauterine transfusion is now considered the 
optimal treatment for NAIT, and accredited panels 
of donors negative for HPA-1a or HPA-5b anti-
gens are being established (Allen et al. 2004). 
These panels of donors can also be used to pro-
vide HPA-1a/HPA-5b negative apheresis platelets 
promptly for a neonate diagnosed with NAIT. 
Compatible platelets should be available at the 
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time of fetal sampling for NAIT, even if the 
primary purpose is not that of transfusion, because 
in the presence of severe fetal thrombocytopenia, 
hemorrhage can be prevented by platelet transfu-
sion. The platelets should be group O, RhD nega-
tive, or compatible with maternal antibody, and 
should be HPA compatible with maternal anti-
body. They should preferably be collected by 
apheresis and should be irradiated. If intrauterine 
platelet transfusion is not possible, maternal 
intravenous IgG is an alternative and has been 
shown to reduce the risk of intracranial hemor-
rhage even when thrombocytopenia persists 
(Lipitz et al. 1992; Radder et al. 2004). Compatible 
platelet transfusions should be given to neonates 
identifi ed as having NAIT with platelet counts <20 
× 109/L if clinically well or <50 × 109/L if there has 
been an intracranial hemorrhage or other serious 
bleed. Platelets should continue to be irradiated if 
intrauterine platelet transfusions have been given. 
If no compatible platelets are available, intrave-
nous immunoglobulin and random pools of plate-
lets can be used.

Maternal Idiopathic Thrombocytopenic 
Purpura

Idiopathic thrombocytopenic purpura (ITP) in 
pregnancy is about 100 times less common than 
benign gestational thrombocytopenia, which 
occurs in about 7% of pregnancies (Allford et al. 
2003) but can be diffi cult to differentiate from it. 
Thrombocytopenia may also be an indication 
of preeclampsia, coagulopathy, or autoimmune 
disease and pregnant women with platelet counts 
<100 × 109/L should be screened for these condi-
tions and the diagnosis of ITP made as one of 
exclusion. Although in ITP there may be trans-
mission of antiplatelet antibodies to the fetus with 
possible fetal or neonatal thrombocytopenia, 
signifi cant clinical sequelae are rare. Large pro-
spective studies showed an incidence of severe 
thrombocytopenia with platelets <50 × 109/L in 
8.9% to 14.7%, with intracranial hemorrhage 
occurring in 0% to 1.5% of infants (Bussel et al. 
1991; Burrows and Kelton 1993). A study by 
Fujimura et al. (2002) showed that of 286 neo-
nates, 22.4% had thrombocytopenia but only 6.3% 
had bleeding, none of which was severe. The 

mother should be treated on clinical grounds, as 
there are no data to show that interventions affect 
fetal or neonatal platelet count (Burrows and 
Kelton 1990b; Fujimura et al. 2002; Allford et al. 
2003), and delivery should be dictated by obstetric 
considerations; most hemorrhagic events in the 
neonate occur 24 to 48 hour after delivery, at the 
nadir of the platelet count.

Antenatal determination of the fetal platelet 
count by cordocentesis or fetal scalp blood sam-
pling has been abandoned due to problems and 
complications with the sampling (Burrows and 
Kelton 1990b). Following delivery, a cord blood 
should be taken and those infants with thrombo-
cytopenia closely monitored. Treatment is rarely 
needed but intravenous (IV) IgG produces a rapid 
response in infants who are bleeding or have 
platelet counts <20 × 109/L. Life-threatening bleed-
ing should be treated by IV IgG and platelet trans-
fusion (Burrows and Kelton 1992). Since severe 
thrombocytopenia and bleeding are unusual in 
neonates of mothers with ITP, NAIT should be 
excluded by laboratory testing. This is important 
for both management of the neonate and manage-
ment of future pregnancies (Burrows and Kelton 
1990a).

Maternal Systemic Lupus Erythematosus

Rheumatic autoimmune diseases have a higher 
prevalence in women, particularly during the 
child-bearing years. Autoantibodies in the mother, 
if of IgG isotype, will cross the placenta and may 
cause problems in the fetus or neonate. While 
congenital heart block and skin manifestations 
are the commonest manifestations of this disease 
in the neonate, hematological problems can occur 
(Watson et al. 1988; Tseng and Buyon 1997; 
Weston et al. 1999). Thrombocytopenia has been 
reported, both as an immune phenomenon 
(Watson et al. 1988; Weston et al. 1999) and 
in association with microvascular hemolysis 
(Hariharan et al. 2000).

Maternal Antiphospholipid Syndrome

Antiphospholipid syndrome (APLS) in pregnancy 
has been associated with placental insuffi ciency 
leading to recurrent fetal loss, preeclampsia, and 
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fetal growth retardation. Antiphospholipid anti-
bodies (APAs) may cause placental thrombosis, 
trophoblast dysfunction, and maternal hormonal 
imbalance leading to pregnancy loss (Heilmann 
et al. 2003). The exact pathogenesis of the vascu-
lopathy remains unknown. Antiphospholipid 
antibodies also inhibit trophoblast proliferation, 
probably through binding to phosphatidylserine, 
which is externalized during differentiation, 
leading to reduced trophoblast cell invasiveness, 
which is a characteristic of preeclampsia and 
IUGR (Heilmann et al. 2003). The incidence of 
IUGR in pregnant women with APAs is between 
15% and 24% (Polzin et al. 1991; Kutteh et al. 
1999) and the clinical features and management 
of IUGR have been described above. In addition 
to thrombocytopenia in the infant, thrombosis 
has occasionally been reported (Sheridan-Pereira 
et al. 1988). Although maternal treatment with 
low molecular weight heparin and aspirin im-
proves pregnancy outcomes, there is still a 30% 
failure rate, and fetal growth restriction, gesta-
tional hypertension, and premature delivery 
are frequent complications (Greaves et al. 2000; 
Heilmann et al. 2003).

Deficiencies, Drugs, and Toxins

Deficiencies

Maternal vitamin B12 defi ciency can result in defi -
ciency in the fetus and presentation with cytope-
nias, failure to thrive, and seizures (Rosenblatt 
and Whitehead 1999). Treatment with vitamin B12 

results in rapid resolution. Maternal folate or iron 
defi ciency can lead to premature or low-birth-
weight infants (Rosenblatt and Whitehead 1999; 
Hindmarsh et al. 2000), but neither is particularly 
associated with hematological abnormalities in 
the neonate.

Drugs

Many drugs have potential effects on the fetus and 
are often contraindicated in pregnancy. Of par-
ticular note are those interfering with vitamin K 
metabolism, including warfarin, anticonvulsants, 
rifampicin, and isoniazid (see below). Others 
include cytotoxics, which may cause pancytope-

nia and steroids, often given at onset of premature 
labor to help fetal lung maturation, which can 
cause a neutrophilia in the neonate.

Toxins

Toxins such as nicotine, cocaine, and alcohol tend 
to exert their effects through placental failure and 
have been discussed briefl y above. Other toxins 
have different effects, possibly through damage to 
DNA.

Infant and Childhood Leukemia

Infant leukemia by defi nition occurs in children 
up to the age of 1 year and can present at birth or 
in the neonate. It has been established that the 
chromosomal translocation resulting in the leu-
kemia is nearly always a prenatal event (Greaves 
et al. 2003), and that other chromosomal translo-
cations occurring in children with both acute lym-
phoblastic and acute myeloid leukemia may also 
occur in the prenatal period (Wiemels et al. 2002; 
Greaves et al. 2003). While these events may occur 
“in error” during rapid hematological prolifera-
tion, a study by Thompson et al. (2001) provides 
evidence that folate supplementation during preg-
nancy protects the child from acute lymphoblastic 
leukemia, and an international case-control study 
found a signifi cant and selective association with 
infant leukemias that had the specifi c MLL trans-
location associated with infant leukemia either 
with exposure to pesticides during pregnancy, 
especially propoxur, or with consumption of the 
drug dipyrone (Alexander et al. 2001).

Fetal and Neonatal Factors

Fetal and Neonatal Coagulopathy

The hemostatic system in the fetus and neonate 
is different from that of the infant or child. 
Although immature by adult standards, it is 
physiologically adapted for birth and matures 
rapidly over the fi rst 6 months of life when adult 
values are achieved for most hemostatic param-
eters apart from fi brinogen level and platelet 
number, which are age independent. However, 
in sick and preterm neonates, not only is the 
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system less mature, but acquired coagulopathies 
place an additional burden on its integrity and 
ability to compensate.

Investigation

It is essential when interpreting tests of hemosta-
sis that gestational and postnatal age-dependent 
ranges are used. Ideally, each laboratory should 
develop its own series of ranges, as results are 
dependent on instrumentation, reagents, and test 
methodology. However, due to the inherent diffi -
culties of this approach, ranges are often based on 
data from the literature (Williams et al. 2002). It 
is also important to ensure that blood for assay 
is taken without contamination, especially by 
heparin, which is often used to keep lines patent 
and prolongs the clotting tests, and without acti-
vation of the coagulation system, which shortens 
the tests and may cause spurious thrombocytope-
nia due to platelet clumping. Direct venepuncture 
is ideal, but in practice, blood is often taken 
through plastic lines and artifact should be con-
sidered in interpretation of abnormal tests. The 
screening tests used in initial investigation of a 
neonate who is bleeding, sick, or about to undergo 
a surgical procedure include platelet number, 
prothrombin time (PT), activated partial throm-
boplastin time (APTT), and fi brinogen level or 
thrombin clotting time (TCT). For neonates with 
a family history of a bleeding disorder, or those 
with a characteristic presentation, for example, 
purpura fulminans, specifi c factors may be 
checked in addition. Further tests are dependent 
on results and clinical state.

Acquired Defects

The vast majority of defects are acquired, and the 
two most common are vitamin K defi ciency bleed-
ing (VKDB), previously termed hemorrhagic 
disease of the newborn, and disseminated intra-
vascular coagulation (DIC). Neonates are rela-
tively defi cient in vitamin K and those who do not 
receive supplements are at risk of serious bleeds 
including intracranial hemorrhage. It is recom-
mended that all newborn babies should receive 
prophylactic vitamin K to prevent such bleeding 
(Department of Health 1998). Levels of the vitamin 
K–dependent coagulation proteins, which include 
the procoagulant factors II (prothrombin), VII, 

IX, and X, and the anticoagulant factors protein C 
and protein S are physiologically low at birth and 
require vitamin K to be active. The bleeding has 
been described as early, classical, or late, and defi -
ciency is suspected initially by a prolongation of 
the PT followed by prolongation of the APTT as 
the defi ciency progresses. Early cases occur where 
the mother has been on anticonvulsants or other 
drug that affect vitamin K metabolism, and oral 
vitamin K has been recommended for such 
mothers in the last 4 weeks of their pregnancy in 
addition to routine prophylaxis (Delgado-Escueta 
and Janz 1992). Classical VKDB, occurring 2 to 5 
days after birth, can be prevented by intramuscu-
lar or oral vitamin K at birth. The intramuscular 
route will also protect the baby from late VKDB, 
which occurs after 1 month, but if given orally, 
repeated dosing is necessary to a total of three 
doses in breast-fed infants who are at particular 
risk, as breast milk contains very little vitamin K, 
whereas formula milk is fortifi ed. If VKDB should 
occur, treatment is with slow intravenous, or sub-
cutaneous but not intramuscular, vitamin K with 
factor support given as fresh frozen plasma if the 
infant is bleeding or possibly prothrombin 
complex concentrate if the bleeding is intracranial 
or life threatening (Williams et al. 2002).

Disseminated intravascular coagulation 
describes a process where both coagulation and 
fi brinolysis are activated in an uncontrolled way 
and results in consumption of clotting factors, 
leading to bleeding, and anticoagulants, leading 
to thrombosis in small vessels and end-organ 
damage. The clinical spectrum ranges from com-
pensated low-grade DIC to fulminant DIC. It 
occurs in the neonate, especially if premature, 
secondary to a variety of insults, including infec-
tion, respiratory distress, metabolic disturbances, 
and in association with maternal or obstetric dis-
orders such as severe preeclampsia, placental 
abruption, and in utero death of a co-twin. It is 
characterized by a prolonged PT, initially a short-
ened and then lengthening APTT, and falling 
levels of fi brinogen and platelets. Serial testing 
may clarify the process, as values of fi brinogen 
and platelet number may initially be normal and 
fall with time. The most important aspect of man-
agement is to treat or remove the underlying 
cause, correct acidosis, and maintain tissue perfu-
sion. Support for bleeding may include fresh 
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frozen plasma (FFP), cryoprecipitate, and plate-
lets; antithrombotic agents such as heparin, 
protein C, or antithrombin concentrate are not 
routinely recommended (Williams et al. 2002).

Thrombocytopenia

Thrombocytopenia, too, is most commonly 
acquired and may be fetal, early onset (occurring 
within the fi rst 72 hours of birth), or late onset. 
Causes of fetal thrombocytopenia include NAIT; 
other immune phenomena such as maternal ITP, 
APLS, or systemic lupus erythematosus (SLE); 
congenital infections (see below); aneuploidy; 
severe Rh hemolytic disease; or other congenital 
disorders such as Wiskott-Aldrich syndrome. 
Early-onset thrombocytopenia is seen with pla-
cental insuffi ciency, which accounts for <80% of 
cases (Watts and Roberts 1999), and is associated 
with maternal hypertension and diabetes, and 
IUGR as discussed above. The other main cause is 
infection, such as with group B streptococcus and 
DIC, which account for 10% to 15% of cases. Peri-
natal asphyxia, immune phenomena (the immune 
causes of fetal thrombocytopenia can result in a 
low normal count at birth, which falls over the 
fi rst few days), and thrombocytopenia in associa-
tion with a microangiopathic hemolytic anemia 
account for the majority of the others. Late-onset 
thrombocytopenia is most commonly seen with 
sepsis (90%) and in association with necrotizing 
enterocolitis (Watts and Roberts 1999). The fall in 
platelet count may be the fi rst indication of the 
underlying condition, and the thrombocytopenia 
is usually severe, often associated with DIC, and 
requires multiple platelet transfusions. Although 
recommendations are not based on randomized 
controlled trials, it is generally accepted that all 
neonates with platelet counts of <20 × 109/L should 
be transfused, and in premature or sick neonates 
platelets should be kept >30 × 109/L (Gibson et al. 
2004). In the event of major hemorrhage, platelets 
should be kept >50 × 109/L (Murray et al. 2002).

Thrombosis

Although neonates and infants account for the 
largest number of thrombotic events seen in the 
pediatric population, these events are still uncom-
mon (Andrew et al. 1994). They are seen most 
frequently in sick and preterm infants, who may 

have acquired defi ciencies of protein C and protein 
S, and are most often associated with the presence 
of an indwelling catheter. Other contributory 
factors include sepsis, asphyxia, dehydration, 
maternal diabetes, and cardiac disease. Renal vein 
thrombosis may occur spontaneously, usually 
presents within the fi rst few days of birth, and is 
not necessarily associated with a prothrombotic 
defect. The impact of such defects on the risk of 
neonatal thrombosis is not yet clear but throm-
boses are very rare in healthy babies. Diagnosis is 
by Doppler ultrasound, but contrast angiography 
may be needed for the upper limbs in particular, 
and computed tomography (CT) or magnetic 
resonance imaging (MRI) scans may be needed 
for the central nervous system. Treatment can be 
conservative, such as removal of the catheter with 
supportive therapy, which includes monitoring 
for extension of the clot; anticoagulants such as 
heparin can be used, and thrombolytic therapy 
if the thrombosis is organ or limb threatening 
(Williams et al. 2002).

Congenital Defects

Hemophilia A (factor VIII defi ciency) is the 
commonest of the inherited coagulation factor 
defi ciencies followed by hemophilia B (factor IX 
defi ciency), and both can present in the neonatal 
period. If a family history is known, pregnancy 
and delivery should be managed among the 
obstetric, neonatal, and hematology teams to 
reduce the bleeding risk for both the mother and 
baby; guidance is available for the management of 
such women (Kadir 1999). The greatest risk of 
bleeding is at the time of birth. This can be reduced 
by avoiding instrumental delivery or vacuum 
extraction, spontaneous delivery or elective cesar-
ean section being the preferred options. Invasive 
fetal monitoring should also be avoided (Thomas 
and Chalmers 2005). Although this advice is most 
pertinent to boys, it should apply to girls too, as 
occasionally, if carriers, they can have signifi -
cantly low factor levels. Once the baby is born, a 
cord blood sample should be sent for the appro-
priate factor assay and ideally confi rmed later on 
a peripheral sample; vitamin K injection should 
be withheld until the results are known or given 
orally. Severe and moderate hemophilia A and B 
can be diagnosed at birth; the mild forms may be 
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more diffi cult to confi rm since factor VIII may be 
raised into the normal range due to its acute-
phase reactant activity, and the levels found in 
mild factor IX defi ciency overlap with the normal 
range at birth (Williams et al. 2002). The majority 
of bleeds occur within the fi rst week and may 
manifest as oozing from puncture sites, hemato-
mas secondary to intramuscular vitamin K, and 
extracranial or intracranial bleeds; umbilical 
stump bleeding is rare. The risk of intracranial 
hemorrhage in a neonate with hemophilia A or B 
is about 3.5% (Kulkarni and Lusher 1999), most 
presenting on day 4 or 5, which is important to 
remember in facilities where babies are discharged 
at 24 hours. Early routine cranial ultrasound may 
miss bleeds but should be performed if there has 
been a traumatic birth or there is clinical suspi-
cion. If negative but clinical suspicion remains, 
the baby should proceed to a CT or MRI scan. 
Prophylactic factor replacement has been sug-
gested in all babies with a diagnosis of hemophilia 
at birth (Buchanan 1999), but early treatment has 
been associated with an increased incidence of 
inhibitor formation and therefore cannot be rou-
tinely recommended at present (Lorenzo et al. 
2001; Van der Bom et al. 2003). Well babies who 
present with unexpected bleeding, especially if 
they are term, should be investigated for an inher-
ited bleeding disorder. A comprehensive review 
of rarer coagulation disorders, including thrombo-
tic problems are covered in a British Committee 
for Standards in Haematology (BCSH) guideline 
(Williams et al. 2002).

Purpura Fulminans

This rare disorder, which usually presents within 
a few days of birth, is due to homozygous protein 
C defi ciency or compound heterozygous protein 
C and protein S defi ciency. Thromboses in the 
microcirculation are characteristic, giving the 
clinical picture of purpura fulminans with renal 
failure and neurological dysfunction. The coagu-
lation tests are compatible with DIC, and mea-
surement of protein C (or S) shows very low or 
absent levels. However, these proteins are physi-
ologically low at birth, so only if undetectable 
levels are found is the diagnosis certain. Parents 
should be heterozygous and show low protein 
levels. Treatment is with protein C concentrate if 

available or FFP, which is also used for protein S 
defi ciency where there is no concentrate 
(Williams et al. 2002).

Congenital thrombocytopenia is seen in 
Wiskott-Aldrich syndrome, thrombocytopenia 
with absent radii (TAR) syndrome, Fanconi’s 
anemia, Bernard-Soulier syndrome, and the 
May-Hegglin anomaly. Clinical or morphological 
features may help with the diagnosis of these 
conditions.

Microangiopathic Hemolytic Anemia

Microangiopathic hemolytic anemia is the intra-
vascular destruction of red cells that occurs either 
due to an abnormal microcirculation or due to 
low or absent levels of the von Willebrand Factor 
(VWF) cleaving protease ADAMTS-13 (Veyradier 
et al. 2003; Tamakoshi et al. 2006). The abnormal 
microcirculation or increased levels of high 
molecular weight VWF found in ADAMTS-13 
defi ciency result in platelet activation, formation 
of platelet thrombi, and shearing of red cells in the 
abnormal blood fl ow that results. The blood count 
typically shows an anemia and thrombocytopenia 
with fragmented red cells and polychromasia seen 
on the fi lm (Fig. 8.2). Hemoglobinuria, a raised 
bilirubin, and lactate dehydrogenase will be found, 
and if the process is severe, a coagulopathy with 
low fi brinogen levels may occur. Kasabach-Merritt 
syndrome is the association of giant cavernous 
hemangiomas and DIC. These hemangiomas 
usually present at birth, grow in size over the fi rst 

FIGURE 8.2. Microangiopathic hemolytic anemia. Blood film 
showing fragmented red cells, polychromasia, and reduced 
numbers of large platelets.
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few months, and then gradually recede (Fig. 8.3). 
Sometimes the hemangiomas are visceral and 
therefore hidden, suspected only due to the hema-
tological abnormalities. Computed tomography 
or MRI may be helpful in these cases, particularly 
as there is a high mortality rate (Enjolras et al. 
1990). ADAMTS-13 defi ciency has been success-
fully treated by recurrent infusion of FFP 
(Scully et al. 2006).

Inherited Anemia

Inherited anemias can be due to decreased pro-
duction as in the rare congenital dyserythropoi-
etic anemias, congenital sideroblastic anemia, or 
Diamond-Blackfan anemia, which is inherited in 
10% to 20% of cases. Increased destruction is seen 
in red cell membrane disorders such as hereditary 
spherocytosis and elliptocytosis, both of which 
have distinctive blood fi lm appearances, although 
they may be more diffi cult to interpret in the 
neonate where spherocytes and poikilocytes are 
more commonly seen. Defects of hemoglobin syn-
thesis also result in a shortened half-life of the red 
cell and can be divided into the thalassemias, 
characterized by globin chain production imbal-
ance, and the hemoglobinopathies, such as sickle 
cell disease, caused by amino acid substitution.

Thalassemias result from failure to synthesize 
α or β chains of HbA (α2β2) and HbF (α2γ2). The 
most severe form of α-thalassemia, where all four 
α genes are absent, leads to hydrops and death in 
utero, as no functional hemoglobin can be made 
in the later stages of gestation (Fig. 8.4). Absence 
of one to three α genes is compatible with life, 

with only the three-gene deletion having a signifi -
cant clinical effect. β-thalassemia affects only 
HbA and therefore does not affect the fetus or 
neonate to any signifi cant degree. Likewise amino 
acid substitutions affecting the β chains such as 
occur in sickle cell disease have minimal affect on 
the fetus or neonate. The defects Hb synthesis can 
be diagnosed both in their homozygous and het-
erozygous forms using high-performance liquid 
chromatography, which has largely replaced 
hemoglobin electrophoresis. It is more sensitive 
and specifi c and is able to detect small amounts 
of normal or abnormal hemoglobins. This is 
helpful in the neonatal setting, as HbA levels are 
low and β-globin chain variants or defi ciencies are 
therefore more diffi cult to detect. In England, an 
antenatal and neonatal National Health Service 
sickle and thalassemia screening program began 
in 2004.

Neonatal anemia can be due to red cell enzyme 
defi ciencies or syndromes with chromosome 
instability such as Fanconi’s anemia or dyskera-
tosis congenita.

Down Syndrome

Children with Down syndrome (DS) have a 10- to 
20-fold increased risk of developing leukemia and 
a 500-fold risk of acute megakaryoblastic leuke-
mia (AMKL) developing, which occurs during the 
fi rst 4 years of life and may present in the neonatal 
period (Zipursky et al. 1992; Ahmed et al. 2004). 
Of neonates with DS, 10% to 20% develop 

FIGURE 8.3. A day old neonate with an extensive hemangioma.

FIGURE 8.4. Blood film from a fetus with hydrops fetalis showing 
numerous nucleated red cells and polychromasia.
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transient abnormal myelopoiesis (TAM), which 
may be clinically silent and noted incidentally or 
associated with clinical features such as hepato-
splenomegaly and jaundice. The blood fi lm shows 
circulating megakaryoblasts but other cell counts 
may be normal. In most cases, TAM resolves 
spontaneously, but in up to 30% of cases AMKL 
develops. Transient abnormal myelopoiesis s a 
clonal disorder, and mutations in the megakaryo-
cytic transcription factor GATA1 have been shown 
(Ahmed et al. 2004). Mutations have also been 
found in blood from neonatal blood spots of 
asymptomatic children with DS as well as in the 
blood of those who have developed AMLK. These 
mutations have not been found in non-DS cord 
blood samples (Ahmed et al. 2004) or in children 
with AMLK who do not have DS. The leukemia 
responds to modifi ed standard therapy for acute 
myeloid leukemia.

Leukemoid Reaction

Leukemoid reactions can be myeloid or lymphoid 
and are generally applied to reactions where the 
cell line in question is >20 × 109/L and circulating 
immature cells are seen. They are generally seen 
in response to bacterial or viral infection and may 
be confused with a leukoerythroblastic blood fi lm 
but distinguishable, as NRBCs are not present in 
leukemoid reactions and the white cell count is 
often normal in a leukoerythroblastic fi lm (Bain 
1995).
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