Editorial
Vitamin K and the newborn
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Vitamin K comprises several molecular forms that
have a common 2-methyl-1,4-naphthoquinone ring
but differ in the structures of the side chain at the 3-
position'. Vitamin K, or phylloquinone is the
principal form in plants and vegetable oils’. Most
commercial formulae contain >50ug/L of vitamin K;.
In contrast, vitamin K content of human milk is
generally <20pg/L and often <5pg/L’. Vitamin K|
absorption occurs in the small intestine and requires
the presence of bile acids’. The intestinal flora
synthesizes vitamin K as vitamin K, or
menaquinone”’. Bacteria vary widely in this ability:
Bacteroides fragilis and some strains of Escherichia
coli are efficient producers of vitamin K, whereas
some lactobacilli and pseudomonas organisms are
incapable of its synthesis®. Absorption of vitamin K,
from neonatal colon has been demonstrateds, but the
relative importance of intestinal flora in providing
vitamin K to infant is unknown.

Vitamin K is required for modification and activation
of a number of important proteins, best known of
which are coagulation factors II, VII, IX and X°. Pro-
tein C, an inhibitor of coagulation, is also vitamin K
dependent’ as are other proteins with less understood
specific functions®. The specific action of vitamin K
is the posttranslational carboxylation of glutamic acid
residues on vitamin K-dependent proteins’. This
conversion of glutamic acid to gamma-
carboxyglutamic acid creates effective calcium
binding sites on these proteins. Noncarboxylated
proteins are functionally defective because they
cannot bind calcium. In absence of vitamin K,
synthesized coagulation factors circulate in their
noncarboxylated, functionally defective form'. The
vitamin K-dependent carboxylation of coagulation
factors occurs in the endoplasmic reticulum of the
hepatocyte'.

Vitamin K; does not cross the placenta easily. Its
concentration in cord blood is <10% of mean
maternal values'® and mean concentrations of vitamin
K dependent clotting factors (II, VII, IX and X) are
30% to 60% of normal adult values''. These low
levels gradually increase until they reach normal
adult values by 6 weeks of age'.

In the past, assessment of vitamin K status in infancy
relied on functional assays of vitamin K-dependent
factors or prothrombin time (PT) and comparison of
these values with those of normal newborn infants.

Unfortunately, levels seen in mild vitamin K
deficiency may overlap normal physiologic values.
An increase in these factor levels or decrease in the
PT following administration of vitamin K has also
been used to suggest a deficiency state. More specific
tests measure the abnormal, noncarboxylated
prothrombin that circulates in vitamin K-deficient
patients. This abnormal prothrombin is antigenically
intact but functionally defective’. One method
compares level of prothrombin measured functionally
(IT coagulant) with that measured antigenically (II
antigen)'”. A low coagulant/antigen ratio indicates
vitamin K deficiency. Other methods measure this
abnormal prothrombin or PIVKA more directly'. In
these assays carboxylated prothrombin is absorbed
from plasma and any remaining noncarboxylated
prothrombin is assayed immunologically.

Vitamin K deficiency bleeding (VKDB) in infancy
(formerly known as haemorrhagic disease of the
newborn) comprises early (0-24 hours), classical (1-7
days) and late (2-12 weeks) syndromes according to
the time of presentation'*.

1. Early VKDB - These infants have severe and
often life-threatening haemorrhage at time of
delivery or during first 24 hours after birth.
Although  idiopathic  cases have been
reported'>'®, it is typically seen in infants whose
mothers have taken drugs that affect vitamin K
metabolism. Warfarin taken during pregnancy
may result in severe early VKDB'’. Maternal
anticonvulsants have also been linked to early
VKDB'™'"”.  Most cases have involved
barbiturates, phenytoin or both. Infants born to
women taking rifampicin and isoniazid during
pregnancy may also be at risk for early VKDB.
The extent of bleeding varies from skin bruising
or umbilical bleeding to widespread and fatal
intra-cranial, intrathoracic, intra-abdominal and
gastrointestinal haemorrhage'.



2. Classical VKDB - This typically occurs at 2 to 5
days of age®'. Affected infants are normal at
birth but subsequently develop generalized
ecchymoses or gastrointestinal bleeding. Nasal
bleeding or bleeding following circumcision may
also be the initial manifestation'. Intracranial
haemorrhage is less common at this age. Breast
feeding plays an important role in its
pathogenesis. Breast milk is relatively deficient
in vitamin K. The incidence of moderate to
severe bleeding among breast fed infants who do
not receive vitamin K is 15 to 20 times greater
than in infants who receive cow's milk, vitamin
K or both™.

3. Late VKDB - This was first described in
Thailand in 1963%. The bleeding manifestations
occur after first week of life. Of major concern is
its sudden and unpredictable onset and the high
(50-82%) frequency of intracranial haemorrhage
as the presenting feature’. Another common
initial feature is widespread deep ecchymoses or
'nodular purpura”. Known risk factors include
breast feeding and failure to give vitamin K
prophylaxis at birth. An association between late
VKDB and undiagnosed abnormalities of liver
function has been reported in surveillance
programmes from several countries®®?"*,
Evidence for liver dysfunction in some cases has
rested on transient, mildly abnormal biochemical
indices®®, but several surveys have indicated
that certain cholestatic liver diseases such as
biliary atresia and alphal antitrypsin deficiency
may be responsible for the majority of cases of
late VKDB*"*%%,

The efficacy of newborn intramuscular (IM) vitamin
K prophylaxis in prevention of classical and late
VKDB has been well established”'. In 1990 Golding
et al reported a study of a 1970 birth cohort in Britain
in which they noted an unexpected association be-
tween childhood cancer and pethidine given in labour
and neonatal administration of vitamin K*?. Subse-
quently, Golding and others conducted a case-control
study designed to examine the risk of cancer associ-
ated with IM vitamin K administration among infants
born in two hospitals in Avon between 1965 and
1987 and diagnosed with cancer between 1971 and
1989%. They reported a significant association
between IM vitamin K and cancer when compared to
no vitamin K or oral Vitamin K. They recommended
exclusive use of oral vitamin K. A study from the
United States of America found no association
between neonatal IM vitamin K and an increased risk
of any childhood cancer*®. The American Academy
of Paediatrics has thus recommended continued use

of IM vitamin K for prophylaxis®™. The British
Paediatric  Association, on the other hand,
recommended routine use of oral vitamin K in all
healthy neonates, reserving IM prophylaxis for those
at greatest risk of VKDB™. 4 subsequent studies from
Great Britain, whilst ruling out solid tumours, could
not completely exclude a small risk of
leukaemia®%**%.

The most efficacious oral vitamin K regimen for
prevention of late VKDB remains to be established.
Experience from small populations suggests that
0.025 mg given daily, as in Netherlands™, or 1 mg
doses given weekly, as in Denmark®', may be almost
as effective as 1 mg given IM at birth. Three oral
doses of 2 mg vitamin K have been given to a
substantial population of newborns in Europe under
surveillance for late VKDB. The incidence of VKDB
in these children was 0.56 (95% confidence interval
0.33-0.89)/100,000 live births, suggesting that this
regimen is quite effective. Most of the infants who
did not respond to prophylaxis had cholestatic
disease™.

Since 1994, the original Konakion, which contained
the non-ionic detergent Cremophor EL as solubiliser,
has been superseded by a mixed micellar formulation
(Konakion MM) in which phylloquinone (vitamin
K1) is solubilised in glycocholic acid and
phosphatidylcholine. A paediatric Konakion MM for-
mulation is now in wide use for oral vitamin K
prophylaxis of VKDB and in healthy babies has been
shown to give higher serum levels than the earlier
preparation, suggesting a superior bioavailability®. It
has also been claimed that Konakion MM is well
absorbed in infants with severe cholestasis™. In a
recent randomized controlled trial comparing breast
fed infants given either 1 mg vitamin K, IM or 2 mg
mixed micellar preparation orally at birth, on day 7
and day 30, good or even higher plasma vitamin K,
concentrations up to the eighth week of life were
observed in children on the oral regimen™®.

In Sri Lanka the paediatric Konakion MM formula-
tion has been available from 1996. As this is supplied
only in glass vials it is unsuitable for routine adminis-
tration by mothers and so professional administration
of each dose is specified in the data-sheet. However,
most neonatal units continue to use IM vitamin K
rather than the oral preparation because, in the
normal newborn population, giving three doses of
vitamin K; to breast feeding infants, two of which
would be given after hospital discharge, is
problematic. Poor compliance in administering the
three doses has already been reported from
elsewhere®.



References

1.

10.

11.

12.

13.

Lane P A, Hathaway W E. Vitamin K in infancy.
J.Pediatr 1985;106: 351-9.

Corrigan J J. The vitamin K-dependent proteins.
Adv Pediatr 1981, 28:57.

Haroon Y, Shearer M J, Rahim S. The content of
phylloquinone (vitamin K,) in human milk, cow's
milk and infant formula foods determined by
high performance liquid chromatography. J Nutr
1982; 112:1105.

Bentley R, Meganathan R. Biosynthesis of
vitamin K (menaquinone) in bacteria. Microbiol
Rev 1982; 46: 241.

Aballi A J, Howard C E, Triplett R F.
Absorption of vitamin K from colon in newborn
infant. J Pediatr 1966; 68: 305.

Liebman H A, Furie B C, Furie B. Hepatic
vitamin K-dependent caboxylation of blood-
clotting proteins. Hepatology 1982; 2:488.

Esmon C T. Protein C: Biochemistry, physiology
and clinical implications. Blood 1983; 62:1155.

Gallop P M, Lian J B, Hauschka P V.
Carboxylated calcium-binding proteins and
vitamin K. N Engl J Med 1980; 302: 1460.

Stenflo J, Fernlund P, Egan W. Vitamin K-
dependent modifications of glutamic acid
residues in prothrombin. Proc Natl Acad Sci
US4 1974; 71: 2730.

Shearer M J, Rahim S, Barkhan P, Stimmler L.
Plasma vitamin K, in mothers and their newborn
babies. Lancet 1982; ii: 770.

Hathaway W E, Bonnar J. Perinatal coagulation.
New York; Grune & Stratton, 1978; p 53.

Corrigan J J, Krye J J. Factor II (prothrombin)
levels in cord blood: Correlation of coagulant
activity with immunoreactive protein. J Pediatr
1980; 97: 979.

Meguro M, Yamada K. A simple and rapid test
for PIVKA-II in plasma. Thromb Res 1982;
25:1009.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Sutor A H, von Kries R, Cornelissen E A.
Vitamin K deficiency bleeding (VKDB) in
infancy. ISTH Pediatric/Perinatal Subcommittee,
International Society on Thrombosis and
Haemostasis. Thromb-Haemost 1999; 81: 456-
61.

Leonard S, Anthony B. Giant cephalhaematoma
of newborn with haemorrhagic disease and
hyperbilirubinaemia. Am J Dis Child 1961; 101:
170.

Hull M G, Wilson J A. Massive scalp
haemorrhage after fetal blood sampling due to
haemorrhagic disease. BMJ 1972; 4:321.

Stevenson R E, Burton O M, Ferlauto G J, et al.
Hazards of oral anticoagulants during pregnancy.
JAMA 1980; 243: 1549.

Mountain K R, Hirsh J, Gallus A S. Neonatal
coagulation defect due to anticonvulsant drug
treatment in pregnancy. Lancet 1970; 1:265.

Bleyer W A, Skinner A L. Fatal neonatal
haemorrhage after maternal anticonvulsant
therapy. JAMA 1976; 235:626.

Eggermont E, Logghe N, van de Casseye W.
Haemorrhagic disease of the newborn in the
offspring of rifampicin and isoniazid treated
mothers. Acta Paediatr Belg 1976; 29:87.

Aballi A J. Haemorrhagic disease of the
newborn. Pediat Ann 1974; 3(2): 35.

Sutherland J M, Glueck H I, Gleser G.
Haemorrhagic disease of the newborn: Breast
feeding as a necessary factor in the pathogenesis.
Am J Dis Child 1967; 113: 524.

Bhanchet P, Tuchinda S, Hathirat P. A bleeding
syndrome in infants due to acquired prothrombin
complex deficiency: a survey of 93 affected
infants. Clin Pediatr 1977: 16: 992-8.

Chuansumrit A, Isarangkura P, Hathirat P.
Vitamin K deficiency bleeding in Thailand; a 32-
year history. Southeast Asian J Trop Med Pub
Health 1998; 29: 649-54.

Nagi N A, Al-Dubooni H M, Al-Shirkat S A R.
Nodular purpura in infancy. Post-grad Med J
1932; 58: 274.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Hanawa Y, Maki M, Murata B. The second
nation-wide survey in Japan of vitamin K
deficiency in infancy. Eur J Pediatr 1988; 147:
472-7.

McNinch A W, Tripp J H. Haemorrhagic disease
of the newborn in the British isles; two year
prospective study. BMJ 1991; 303:1105-9.

Ekelund H. Late haemorrhagic disease in
Sweden 1987-89. Acta Paediatr Scand 1991; 80:
966-8.

von Kries R, Reifenhauser A, Gobel U, et al.
Late onset haemorrhagic disease of newborn
with temporary malabsorption of vitamin K.
Lancet 1985; 1:1035.

Loughnan P M, McDougall P N. Epidemiology
of late onset haemorrhagic disease; a pooled data
analysis. J Paediatr Child Health 1993; 29:177-
81.

von Kries R, Hanawa Y. Neonatal vitamin K
prophylaxis.  Report of Scientific and
Standardization Subcommittee on Perinatal
Haemostasis. Thromb Haemost 1993: 69: 293-5.

Golding J, Paterson M, Kinlen L J. Factors
associated with childhood cancer in a national
cohort study. Br J Cancer 1990; 62:304-8.

Golding J, Greenwood R, Birmingham K, Mott
M. Childhood cancer, intramuscular vitamin K
and pethidine given during labour. BMJ 1992;
305: 341 -6.

Klebanoff M A, Read J S, Mills J L, Shiono P H.
The risk of childhood cancer after neonatal
exposure to vitamin K. N Engl J Med 1993; 329:
905-8.

Vitamin K Ad Hoc Task Force. Controversies
concerning vitamin K and the newborn.
American Academy of Paediatrics. Pediatrics
1993;91:1001 -3.

Expert Committee. Vitamin K prophylaxis in
infancy. London: British Paediatric Association,
1992.

McKinney P A, Juszczak E, Findlay E, Smith K.
Case-control study of childhood leukaemia and
cancer in Scotland; findings for neonatal
intramuscular vitamin K. BMJ 1998; 316: 173-7.

38.

39.

40.

41.

42.

43.

44.

45.

46.

PassmoreS J, Draper G, Brownbill P, Kroll M.
Case-control studies of relation between
childhood cancer and neonatal vitamin K
administration; retrospective case-control study.
BMJ 1998; 316: 178-84.

Passmore S J, Draper G, Brownbill P, Kroll M.
Ecological studies of relation between hospital
policies on neonatal vitamin K administration
and subsequent occurrence of childhood cancer.
BMJ 1998;316:184-9.

Parker L, Cole M, Craft AW, Hey E N. Neonatal
vitamin K administration and childhood cancer
in the north of England. BMJ 1998; 316:189-93.

Cornellisen M, von Kries R, Loughnan P, etal.
Prevention of vitamin K deficiency bleeding;
efficacy of different multiple oral dose schedules
of vitamin K. Eur J Pediatr 1997; 156: 126-30.

Norgaard-Hansen K, Ebbesen F. Neonatal
vitamin K prophylaxis in Denmark; three years'
experience with oral administration during the
first three months of life compared with one oral
administration at birth. Acta Paediatr 1996;
85:1137-9.

von Kries R, Hachmeister A, Gobel U. Can 3
oral 2 mg doses of vitamin K effectively prevent
vitamin K  deficiency  bleeding?  EurJ
Pediatr1999; 158:183-6.

Schubiger G, Gruter J, Shearer M J. Plasma
vitamin K. and PIVKA-II  after oral
administration of mixed-micellar or cremophor
EL solubilized preparations of vitamin K, to
normal breast-fed newborns. J Pediatr
Gastroenterol Nutr 1997, 24: 280-4.

Amedee-Manesme O, Lambert W E, Alagille D.
Pharmacokinetics and safety of a new solution of
vitamin K; (20) in children with cholestasis. J
Pediatr Gastroenterol Nutr 1992; 14:160-5.

Greer F R, Marshall S P, Severson R R, et al. A
new mixed micellar preparation for oral vitamin
K  prophylaxis;  randomized  controlled
comparison with an IM formulation in breast fed
infants. Arch Dis Child 1998; 79: 300-5.

G N Lucas
Joint Editor






