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Fetal anaemia due to pyruvate kinase deficiency

Florinda Gilsanz, Manuel A Vega, Elvira Gomez-Castillo, Jose A Ruiz-Balda,
Felix Omen'aca

Abstract
Pyruvate kinase deficiency was diagnosed
in an infant by umbilical vessel sampling
at 30 weeks' gestation. Although three
previous hydropic siblings had been still-
born or died in the neonatal period, this
infant survived with transfusion depen-
dent haemolytic anaemia. Prompt fetal
diagnosis of pyruvate kinase deficiency is
feasible and allows better management of
hydrops fetalis due to this disorder.
(Arch Dis Child 1993; 69: 523-524)

Anaemia requiring exchange transfusion is not
unusual in newborns with pyruvate kinase defi-
ciency; severe pyruvate kinase deficiency can
cause hydrops fetalis and early neonatal death. '

Ultrasonography has made umbilical cord
blood available for the prenatal diagnosis of
inherited haematological disorders and is cur-
rently being used to monitor haemoglobin in
rhesus isoimmunised fetuses. Although red cell
enzyme tests require only small quantities of
blood these are hardly ever performed even in
anaemic, non-immune, hydrops fetalis. We
report the diagnosis of severe fetal anaemia due
to pyruvate kinase deficiency in blood obtained
by umbilical vessel sampling at 30 weeks' ges-
tation, on the fourth pregnancy of a couple
whose three previous children had died of
hydrops fetalis of unknown aetiology.
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Case report
The mother had been referred to our hospital
because three previous pregnancies had resulted
in stillbirth or early neonatal death due to non-

immune anaemic hydrops fetalis of unknown
aetiology. Her first child, a boy born at 32
weeks' gestation, was hydropic. His haemo-
globin concentration was 92 g/l, blood group A
Rh positive; direct Coombs test was positive
due to anti-A. Two exchange transfusions were

performed but the patient died due to intra-
cranial haemorrhage 10 days later. Her second
child, a stillborn girl was delivered at term.
Postmortem examination showed marked
extramedullary haematopoiesis (liver, spleen,
and pericardium) suggestive of chronic fetal
hypoxia. The third child, a boy, was bom at 37
weeks' gestation. At birth haemoglobin was 69
g/l and a great number of erythroblasts were
seen on the peripheral blood smear; his blood
group was 0 Rh positive and direct Coombs test
was negative. Exchange transfusions were per-

formed, but the patient died due to heart failure.
The mother and father were first cousins

and came from the centre of Spain. Both
parents had normal haemoglobin concentra-

tions, red cell indexes, and reticulocytes and
no further studies were done to rule out
other causes of hereditary haemolytic
anaemia. Cytogenetic analysis showed normal
karyotype. Congenital infection due to
syphilis, Toxoplasma gondii, cytomegalovirus,
or hepatitis B virus was ruled out.
On ultrasonography at 30 weeks' gestation

the fetus showed no signs of hydrops but an
increased heart rate was noticed by cardio-
tocography; this, added to the history of
previous fetal losses, led to the performance of
umbilical blood sampling. Fetal blood drawn
from the umbilical vessels under ultrasound
control had a haemoglobin concentration of 64
g/l, mean corpuscular volume 117 fl, 95%/o
reticulocytes, and 0-92x 109/ erythroblasts. A
blood smear showed macrocytosis with
echinocytes and acanthocytes. The blood
group was A Rh positive and the direct
Coombs test negative. Haemoglobin electro-
phoresis showed only HbF. A specific pyruvate
kinase assay found no measurable enzymatic
activity.2 Glucose-6-phosphate dehydrogenase
activity was 26-55 IU/g haemoglobin (normal
range 8-351-60).

Within the next 24 hours a girl was delivered
by caesarean section. Her birth weight was
1500 g and paleness, jaundice, oedema, and
hepatomegaly were observed. Exchange trans-
fusion was carried out in the immediate post-
natal period. On a pretransfusion blood sample
pyruvate kinase activity was <1 IU/g haemo-
globin (table). She had hyaline membrane
disease and was treated with two doses of
surfactant and mechanical ventilation.
At 6 months of age the patient has a severe

transfusion dependent haemolytic anaemia but
when she grows older, and perhaps with the
help of splenectomy, she may be able to main-
tain a low but stable haemoglobin concentra-
tion.
The parents had no anaemia or reticulocyto-

sis and had normal red cell morphology;
pyruvate kinase activity was 50% of normal in
each parent with normal kinetics and thermal
stability.

Discussion
Pyruvate kinase deficiency is inherited as an
autosomal recessive disorder and is found all
over the world. Diagnosis of pyruvate kinase is
based on the demonstration of reduced activity
or qualitative anomalies of the specific red
cell enzyme. Most pyruvate kinase deficient
patients have less than 25% of the normal red
enzyme activity, although there is poor correla-
tion between pyruvate kinase activity and
clinical severity. '
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Haematological values and pyruvate
propositus and her parents

Haemoglobin
Subject (gil)

Proband
30 Weeks (fetal) 64
At birth 72

Father 165
Mother 131

*Measured as ,umol of substrate conve
bin. Normal newborn pyruvate kinase i

18-4±5-1 (n=19).

The patient's parents a
heterozygous carriers of pyr

ciency and although it is un
data point towards pyruvate
as the cause of death of the
anaemic hydrops fetalis.

Prenatal studies perform
blood of fetuses to rule ou
have found high pyruvate k
17-24 weeks' gestation that
on the basis of a younger re(

Our results prove that prei
pyruvate kinase deficiency b
assays is feasible in those
marked loss of activity and
made as soon as 17 weeks' g

Characterisation of pyruv
in some patients with pyri
ciency has been achieved r

hybridisation of polymeras
amplified genomic DNA frc
pyruvate kinase deficient pa
showed a single nucleotide s

to ATG) at nucleotide 11
sequence of the R type pyi
caused a change of amino
methionine. This same po
been found in two other 1

from different countries. F
other unrelated patients i
multiplicity ofmutant pyruv;
smaller than expected.4 5 Alt

kinase activity in the molecular diagnosis for pyruvate kinase defi-
ciency has been made, it is obvious that it will

Reticulocytes Pyruvate soon be available.
(109/l) kinase* When there is a history of previous anaemic

non-immune hydrops of unknown aetiology
1539 <1 and no index case is available, parental studies
2000 <1 must be carried out, especially if consanguinity

73 7-8
121 8-3 is present. Heterozygous carriers of pyruvate

kinase deficiency usually have values of pyru-
rted/hour/g haemoglo- vate kinase activity around 50% the normalvalues in our laboratory

value and diminished activity of the enzyme in
the parents suggests its deficiency as the cause

ire asymptomatic of haemolysis in the child. Hydrops fetalis and
uvate kinase defi- early neonatal death have also been described
usual, the clinical in other rare red cell deficiencies ofhexokinase,
kinase deficiency glucose phosphate isomerase and triose phos-

three siblings with phate isomerase, as well as secondary to
haemolytic crisis caused by maternal ingestion

ied on the cord of oxidant agents in glucose-6-phosphate defi-
it other disorders ciency.1 6 7 When other more frequent causes
dinase activities at ofhydrops fetalis are ruled out red cell enzyme
can be explained deficiencies and especially pyruvate kinase

d cell population.3 deficiency must be considered. Fetal ultra-
natal diagnosis of sonography and cord sampling may allow
)y enzyme activity prompt diagnosis and if necessary intrauterine
variants with a transfusion can be considered.
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