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ABSTRACT

Bleeding in newborn from vitamin K deficiency is still
a major concern in Pediatrics. Intramuscular vitamin
K prevents bleeding in newborn even those who are
exclusively breast fed and thus at greatest risk for
bleeding. Human milk vitamin K content is very low
compared with standard infant formulas. Oral
prophylactic vitamin K currently used in some
countries, following the association found in a single
report between childhood cancer and intramuscular
vitamin K has produced controversial results. The
role of vitamin K in preventing intraventricular
hemorrhage in premature infants has not been
sufficiently demonstrated.
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INTRODUCTION

Vitamin K given to infants to prevent vitamin K
deficiency bleeding has been a controversy since
time in memorial. The first large series of infants with
bleeding disorders was published a century ago and
it was speculated that the disease was of an
infectious origin and thus fresh cows milk was
therapeutic for the infants in this report (1).
Description of vitamin K deficiency in chicks by
Henrink Dam appeared in 1929 and by 1936 it was
known that this deficiency state was associated with
a decrease in plasma concentration of prothrombin
(2,3). Later it was shown that vitamin K played a
major role in the synthesis of prothrombin and other
coagulation factors. Studies published in 1950s
concluded that newborn hypoprothrombinemia
secondary to vitamin K deficiency occurred primarily
in breast fed infants in the first few days of life and
giving vitamin K to the mother prior to delivery or to
the infant after birth could prevent it (4).

In most third world countries prophylactic vitamin K in
the newborn is still an uncommon practice and there
is little information on bleeding disorders in the
newborn in these countries. However countries like
Canada and USA where intramuscular vitamin K is
recommended, bleeding disorders in the newborn is
not a major concern. In some western countries that
have recommended oral vitamin K over the traditional
intramuscular route, bleeding disorders in the
newborn has become a major problem once again
(5,6).

Hemorrhagic Disease of the

Newborn

Three types of hemorrhagic disease of the newborn
have been described. The first one, the classical
hemorrhagic disease occurs in newborn babies who
are exclusively breast fed and have not received
prophylactic vitamin K. It occurs between second and
third day of life and the manifestations are usually
generalized echymoses, gastrointestinal bleeding,
bleeding from the umbilical stump or circumcision
site. Intracranial bleeding is rare. Inactive prothrombin
molecules have been found in plasma of some
newborn but they disappear after administration of
vitamin K, hence parenteral vitamin K can treat this
disease (7).

The second type of hemorrhagic disease of the
newborn, so called the late hemorrhagic disease of
the newborn is not benign and it occurs exclusively in
breast fed infants who have not received prophylactic
vitamin K or have gastrointestinal disorders
associated with significant fat malabsorption (cystic
fibrosis, biliary atresia, alpha-1-antitrypsin deficiency).
This is the most common disorder and leaves
devastating sequelae(8).

The third type of hemorrhagic disease is associated
with maternal administration of medication such as
warfarin, hydantoin or barbiturates which reduce the
vitamin K dependent factors. In rare cases no
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contributing factor is found. Bleeding occurs within 24
hours and may occur at any site. It can be prevented
by administration of vitamin K prior to delivery (9,10).

Vitamin K Requirements

The US RDA (Recommended Dietary Allowance)
committee recommendation of vitamin K intake
during the first 6 months and the second 6 months of
life is 5ug/day and 10ug/day respectively (11). This is
close to the amount recommended for all ages
(Lug/kg/day). Infants feeding exclusively on human
milk receive much less than this, whereas those fed
on standard formulas greatly exceed this daily
requirement. The published values for vitamin K
(phylloquinone) concentration of human milk ranges
from 1to 2 ug/ml (12,13). Hence for a 5 kg infant to
receive a RDA of lug/kg/day the daily breast milk
intake would be in the range of 2500ml to 5000ml. As
with other fat soluble vitamins the vitamin K content
of colostrum is much lower than mature milk. Due to
the variation of dietary intake by mothers, human milk
phylloquinone concentration shows individual daily
variation. However in some published studies, the
average phylloquinone content of mature human milk
varied little through the first 6 months of
lactation.(13). In these reports the vitamin K intake of
breast fed infants through the first 26 weeks of
lactation ranged from 0.554 ug/day to 0.774 ug/day
(0.075 to 0.125 ug/kg/day) or about 10 times of the
RDA. Contrary to this, formula fed infants in this
same population had phylloquinone intake of 45.4 to
55.3 ug/day (7.0 to 9.3 ug/kg/day) greatly exceeding
the recommendation of the RDA committee. Formula
fed infants thus exceed breast fed infants by nearly
100 times. Therefore breast-fed infants are thus of
special concern with regard to the risk of hemorrhagic
diseases.

Vitamin K (Phylloguinone) Assay

There are two types of vitamin K Vitamin K
phylloquinone found in plants and menaquinone
synthesized by bacteria including those that colonize
human intestine (14). A quantitative assay of vitamin
K was first described in 1982 and further modification
occurred later on (15). This technology allowed
measurement of vitamin K phylloquinone in infants
plasma, stool, and liver as well as in human milk.
Serial phylloquinone concentration in a group of
exclusively breast fed infants through the first 6
months of life has been reported (13). The serum
phylloquinone concentration of these infants was
found to be very low (less than 0.3ng/ml compared to
greater than 0.5ng/ml in normal adults). None of
these infants showed any signs of vitamin K
deficiency. The plasma prothrombin time in human
milk fed infants was higher as compared to formula
fed infants (4). Measurements of prothrombin times
and plasma phylloquinone concentration is thus not
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sensitive in the diagnosis of vitamin K deficiency.
Recent technological development in diagnosing
vitamin K deficiency was the description of an
abnormal prothrombin protein, (protein induced in
vitamin K absence) PIVKA-II. (4). This abnormal
prothrombin lacks its biological activity and it was
shown to be due to the inability to bind to calcium
ions (16). The precursor of prothrombin, or abnormal
prothrombin is a relatively small molecule containing
10 "glu" residues, which, in the presence of vitamin K
are carboxylated to "gla" residues. Vitamin K was
shown to be the necessary co-factor for the activity of
microsomal enzymes-glutamyl carboxylase, which is
required in the creation of effective calcium binding
sites. Four methods have been described to measure
PIVKA-II in the newborn and have been reviewed in
details elsewhere (17). One of these methods, the
specific antibody detection is in widespread use at
the moment. The principle of this method is the
preparation of a murine monoclonal antibody to
PIVKA-II that is subsequently utilized in an ELIS A.A
number of such antibodies have been described
(18,19). Oral vitamin K supplements in infants did not
significantly alter PIVKA-II detection rate in Japanese
infants at 4 to 6 weeks of life whether the infants are
breast fed or formula fed (20, 21). Other studies in
Netherlands in exdusively breast fed infants who
received vitamin K at birth PIVKA-II is detected in 4 of
262 at 4 weeks and in 15 of 131 infants at 12 weeks
of life (22). When oral vitamin K was given daily or
weekly in this same population, PIVKA-Il was not
detected in exclusively breast fed infants at 4 and 12
weeks (23,24). Some of these confusions in literature
in studies using specific antibodies may be secondary
to the cut-off levels used for the normal values which
have included values of 0.13,1.3 and 4 AU per 1ml..
Comparison between these reports is thus difficult
depending on what normal cut off levels were used.

Prophylactic Vitamin For Neonates

The most serious controversy which encouraged the
use of oral rather than parenteral prophylactic vitamin
K in neonates was precipitated in 1992 by publicity
given to reports by Golding et al that intramuscular
vitamin K was associated with the doubling of the risk
of malignant disease in childhood (25,26). There Is
considerable doubts whether the association is
causal but there is no other obvious explanation..
Reports from Sweden and Denmark, where the
vitamin K preparation used was the same as that
used in Britain suggest that the risk if any cannot be
as high as Golding et al reported (27,28). In another
study, a retrospective analysis using data collected
from collaborative perinatal projects in the USA, no
association was found between exposure to
intramuscular vitamin K and increased risk of any
childhood cancer (29). After Golding's report
reassessment of the need of prophylactic vitamin K
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was made in most developed countries and in fact
countries like Britain, Germany and Australia
recommended the use of oral vitamin K in place of
intramuscular vitamin K, even though no licensed oral
preparation was available. Unfortunately this lead to
an increase in the incidence of late hemorrhagic
disease of the newborn in these countries (5,6). The
use of oral prophylactic vitamin K has produced
widespread concern and in fact it was shown that the
blood levels of phylloquinone after oral administration
was much lower than that after intramuscular route.
There is also much variability on availability and
efficiency of intestinal absorption of phylloquinone
from the available oil-based preparation (30). A single
1-mg dose of intramuscular vitamin K produces peak
plasma levels of vitamin K in neonates that may
exceed normal adult physiologic level by a factor of
1000, whereas in other reports it has been shown
that a single 1-mg oral dose of vitamin K produces
serum levels of about 90ng/ml to undetectable levels
(31). If oral doses are ever to be used then repeated
doses will be necessary in the first 2 months of life in
exclusively breast fed infants or infants at risk (liver
diseases, chronic diarrhea) in order to prevent late
hemorrhagic disease (32).,0ral vitamin K leads to
compliance problems as appeared in recent
reports(33). This did not occur with the intramuscular
route. Cases of late hemorrhagic disease increased
after the introduction of oral prophylaxis as it is
reported in several studies and indeed The Pediatric
Society of Australia has recommended the return to
the intramuscular route (4). To prevent hemorrhagic
disease of the newborn the Committee of Fetus and
Newborn of the American Academy of Pediatrics has
recently reaffirmed its recommendation that all infants
receive prophylactic vitamin K at birth and that the
preferred route is the parenteral one (32). If oral
prophylaxis is to be used then it should be given at
birth (2.0mg) and administered again at 1to 2 weeks
and at four weeks of life in breast fed infants (32). An
oral preparation, Konakion -MM (La Roche, Basel,
Switzerland) is available in Europe. In this
preparation vitamin K is prepared with a bile acid
(glycocholic acid) and phospholipid lecithin. This
"mixed-micellar" solution has greater reliability of
absorption following oral administration in infants and
children with cholestasis (34). There is one published
study in normal neonates with regard to this
preparation which showed the blood levels at 24hrs
and 4 days to be the same after both oral and
parenteral administration of Konakion, however the
level dropped at 23 days after the oral administration,
but not below the normal adults reference range (0.2-
0.7ng/ml) Maternal administration of vitamin K
provides another method of vitamin K prophylaxis in
the newborn. It has been shown that maternal
supplementation of 2.5mg/day of vitamin K
significantly increases the vitamin K content of human
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milk (35). In this study the aim was to increase the
vitamin K concentration of human milk such that the
viamin K intake of breast fed infant would approach
that of formula fed infants. In another study breast fed
infants' mothers receiving 5mg oral vitamin K daily
had intake of vitamin K that approached the formula
fed infants (36).

Intraventricular Hemorrhage (IVH) in
Premature Infants. Role of Vitamin K
The role of vitamin K in IVH is questionable. The
pathogenesis of IVH is believed to be
multifactorial.(4). One of the postulated factors is the
hepatic dysfunction due to immaturity leading to
inability of the liver to s/nthesize coagulation factors
even in the presence of vitamin K Because IVH
occurs shortly after birth, most studies have looked at
the administration of vitamin K to mothers during
premature labor. Seven such studies in literature
have looked at the effects of maternal antenatal
vitamin K administration on coagulation studies in
premature infants (37-43). In only one of these studi-
es maternal vitamin K administration was found to
significantly decrease PT and PTT in premature
infants as compared to controls (40).

REFERENCES

1. Townsend CW. The hemorrhagic disease of the
newborn. Arch Pediatr 1984; 11 -.559-565.

2. Dam H. Cholesterinstoffwechsel in Huhnereir
and Minchen. Biochemische. Zeitschrift
1929;215:475-492.

3. Dam H. Historical survey and introduction. Vitam
Horn 1966;24:295-306.

4. Frank ft Greer. Vitamin ft deficiency and
hemorrhage in infancy. Clinics in Perinatoi
1995;22:759-777.

5. Loughnan PM, McDougall PM. The efficacy of oral
vitamin Kdmplication for future prophylaxis to
prevent hemorrhagic disease in newborn. J
Pediatr Child Health 1993;29:171-176.

6. Von Fries ft, G6bel U. Repeated oral vitamin ft
prophylaxis in Germany. Acceptance and
efficacy. In: Sutor AH, Hathaway W, eds. Vitamin
ft in infancy. Stutgart, FK Schattauer
Verlagsgesellschaft, in press.

7. Sutherland JM, Giuek HI, Glesser G. Hemorrhagic
disease of the newborn. Am J Dis Child
1967;113:524-533.

8. Goldman HJ, Deposito F. Hypoprothrombinémie
bleeding in young infants. Am J Dis Child
1966,111:430-432.

9. Mountain RR, Hirsch J, Gallus AS. Meonatal
coagulation defects due to anticonvulsant drug
treatment in infancy. Lancet 1970; 1-.265-268.

10. Srinivassan G, Seele RA, Tirivury A, et al

Maternal anticonvulsant therapy and

223



Marmara Medical Journal

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

224

hemorrhagic disease of the newborn. Am J

Obstet Gynecol 1982;59:250-252.

Food and nutrition board, Commission on life
national Research Council.
Dietary Allowances, ed
national Academy Press.

sciences,
Recommended
10. Washington, DC,
1988; 1 11.

Canfield LN- Martin GS, Sugimoto K. Vitamin K in
human milk. In: Isuttie JW, ed. Current advances
in vitamin K Research new York, Elsevier,
1988:499-504.

Greer FR, Marshall S, Cherry J, et at. Vitamin ft
status of lactating mothers, human milk and
breast feeding infants.Pediatr 1991;88:751-756.
Kayata S, Kindberg C, Greer FR, Suttie JW.
Vitamin K| and K2 in infants human liver. J
Pediatr Gastroenterol nutr 1989:83:304-307.
Flaroon Y, Bacon DS- Sandowski JA. Liquid-
chromatographic determination of Vitamin K1l in
plasma with fluorometric detection. Clin Chem
1986;32:1925-1929.

Esmon CT, Suttie JW, Jackson CM. The
functional significance of vitamin ft action.
Differences in phospholipid binding between
normal and abnormal prothrombin.J Biol Chem
1975;250:4095-4099.

Von Kries R, Greer FR, Suttie JW. Assessment of
vitamin ft status of newborn infants. J Pediatr
Gastroent fiutr 1993;16:231-238.

Amiral J, Grosley M, Palssart V, et at.
Development of monoclonal immunoassay for
the direct measurement of
decarboxyprothrombin on plasma (abstract).
Thromb Heamost 1991;65:10.

Belle M, Brebande R, Guinet R, et at. Detection of
human plasmatic desgammacarboxyprothrombin
by enzyme linked immunosorbent assay using a
new monoclonal antibody in press.

Motohara ft, Endo F, Mastuda I. Screening for
late neonatal vitamin ft deficiency by acarboxy-
prothrombin in dried blood spots. Arch Dis
Child. 1987;62:370-375.

Motohara ft, Endo F, Mastuda [|. Vitamin ft
deficiency in breast fed infants at one month of
age. J Pediatr Gastroenterol fiutr 1986;5:931-
933.

Cornelissen E, Kollee L, DeAbreu R, et at. Effects
of oral and intramuscular vitamin ft prophylaxis
on vitamin ft, PIVKA-Il and clotting factors in
breast fed infants. Arch Dis Child 1992:;67:1250-
1254.

Cornelissen E, Kollee L, DeAbreu R,
Prevention of vitamin ft deficiency in infancy by
weekly administration of vitamin ft. Act Pediatr
1983;82:656-659.

Cornolissen E, Kolle L, Van Lith T,
Evaluation of daily doses of 25mg of vitamin ft to

et al.

et al.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Volume 10 No:4 October 1997

prevent vitamin ft deficieny in breast fed
infants.J Pediatr G astroenterol fiutr
1993;16:301-305.

Golding J, Peterson M, Kinlen CJ. Factors

associated with childhood cancer in national
chort study. BrJ Cancer 1990:62:304-308.
Golding J, Greenwood R, Birmingham ft, Mott M.
Childhood cancer intramuscular vitamin ft and
pethidine given during labor. BMJ
1992;305:341-346.

Ekelund H, Finnstrdom O, Gunnarskog J, Kallen B,

Lasson Y. Administration of vitamin ft to
newborn and childhood cancer. BMJ
1993;307:89-91.

Olsen Jti, Hertz Fl. Blinkenberg ft, Verder H.
Vitamins ft reimens and the incidence of
childhood cancer in Denmark. BMJ

1994;308:895-896.

Klebanoff MA, Read JS, Mills JL, et al. The risk of
childhood cancer after neonatal exposure to
vitamin ft. ITEngJ Med 1993:329:905-808.

Park BK, Sott AK, Wilson AC, et al. Plasma
desposition of vitamin ft in relation to
anticoagulant poisoning. Br J Clin Pharmacol
1984;18:655-662.

Mcfiinch AW, Upton C, Samuels M, et al. Plasma
concentration after oral or intramuscular vitamin
ft in neonates. Arch Dis Child 1985;60:814-818.
Vitamin ft Ad Hoc Task Force, American
Academy of Pediatrics. Controversies concerning
vitamin ft and the newborn. Pediatr
1993;91:1001-1003.
Croucher C, Azzopardi
recommendation for giving vitamin ft to newborn
infants. Br Med J 1994;308:894-895.
Amedee-Manesme O, Lambert WE, Alagille D, et
al. Pharmacokinetics and safety of a new
solution of vitamin ft in children with cholestasis.
J. Padiatr Gastroenterol fiutr 1992;14:160-165.
Greer FR, Marshall S, Suttie JW. Maternal vitamin
ft supplements, effects on human milk
concentration and intakes in breast feeding
infants. Pediatr Res. 1994;35:312A.

Greer FR, Marshall S, Cherry J, et al. Vitamin ft
status of lactating mothers, human milk and
breast feeding infants. Pediatrics 1991;88:751-
756.

Dickson RC, Stubbs TM, Lazarchick. Antenatal
vitamin ft therapy of the low-birth-weight infant.
Am J Obstet Gynecol 1994;170:85-89.

Kazzi PiJ, liagan fiB, Liang KC, et al. Maternal
administration of vitamin ft does not improve the
coagulation profile of preterm infants. Pediatrics
1989;84:1045-1050.

Mandelbrot L, Guillaumont M, Leclercq M, et ai.
Placental transfer of vitamin ft and its implication
in fetal hemostasis. Thromb Haemost
1988:60:38-43.

D. Compliance with



Marmara Medical Journal

40.

41.

Morales WJ, Angel JL, O'Brien WF, et at. The use
of antenatal vitamin K in the prevention of early
neonatal intraventricular hemorrhage. Am J
Obstet Gynecol 1988;159:774-779.

Fomerance JJ, Tea! JG, Gogoiock JF, et al.
Maternally administered antenatal vitamin K.
Effects on neonatal prothrombin activity, partial
thrombiopiastin time and
intraventricularhemorrhage. Am J Obstet
Gynecol 1987;70:235-241.

42.

43.

Volume 10 No:4 October 1997

Thorp JA, Parriot J, Ferrete-Simith D, et al
Antepartum vitamin K and phénobarbital for
preventing intraventricular hemorrhage in the
premature newborn. A randamized, double
blind, placebo-controlled trial. Am J Obstet
Gynecol 1994:83:70-76.

Yang YM, Simon IT, Maertens P, et al. Maternal
fetal transport of vitamin K and its effects on
coagulation in premature infants. J Pediatr
1989,115:1009-1013.

225



