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Abstract

Objective—To compare a new oral prepa-
ration of vitamin K, (Konakion MM) con-
taining lecithin and glycocholic acid with
a standard intramuscular (IM) prepara-
tion during the first 8 weeks of life in
exclusively breast fed infants.
Methods—Infants were randomised at
birth to the IM group (1 mg vitamin K) or
the oral group (2 mg given at birth and
repeated at 7 and 30 days of life). Pro-
thrombin time (INR), plasma vitamin K,
and PIVKA II (undercarboxylated pro-
thrombin) were monitored at 14, 30, and
56 days of age.

Results—Seventy nine infants were ran-
domised to the oral group and 77 to the IM
group. Sixty seven infants in each group
completed eight weeks of the study. Pro-
thrombin times did not differ between the
two groups. Mean (SD) plasma vitamin K,
values (in ng/ml) decreased in both groups
over time, but were higher in the oral
group at 14 and 56 days: 2.0 (1.6) v 1.3 (1.1)
at 14 days; 0.5 (0.3) v 0.5 (0.7) at 30 days;
and 0.5 (0.8) v 0.2 (0.2) at 56 days of life.
PIVKA II was raised (= 0.1 AU/ml) in cord
blood in 47% of the infants. By 14 days,
only one infant in each group had a raised
PIVKA II value and both of these initially
had high concentrations of PIVKA II in
cord blood. At 30 days, there were no
raised PIVKA II values. At 56 days, there
were no raised PIVKA II values in the oral
group, although three infants in the IM
group had raised values.
Conclusions—Plasma vitamin K concen-
trations were at least equal or significantly
higher in babies given oral vitamin K
supplements compared with IM treated
babies at the time points measured.
Through the first 8 weeks of life, multiple
doses of the new oral preparation main-
tain haemostasis and vitamin K status in
breast fed infants at least equal to that of
the intramuscular preparation.

(Arch Dis Child 1998;79:300-305)
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Vitamin K, deficiency can cause a bleeding
disorder in infants through the first 3 months
of life. It is mainly a problem in breast fed
infants, particularly those who have disorders
of intestinal absorption (biliary atresia, o-1
antitrypsin deficiency, etc).' > The efficacy of
newborn intramuscular vitamin K prophylaxis
for prevention of this bleeding problem has
been well established. However, in some West-
ern countries where oral prophylaxis of vitamin
K has been promoted over the traditional
intramuscular route, the problem of haemor-
rhagic disease of the newborn has become a
significant concern once again.>® This prob-
ably reflects the variable intestinal absorption
of presently available preparations.’

There is a new oral formulation of vitamin K
available for prophylactic use in newborns.
This new preparation, Konakion MM, is
prepared with the phospholipid lecithin and
the bile salt glycocholic acid, because vitamin
K requires emulsification and the presence of
bile salts for its absorption. Limited studies
have shown that this “mixed micelle” solution
has greater reliability of absorption in both
normal newborns and children with chronic
cholestasis.'” "' However, it has not been
compared directly with the intramuscular form
in newborn infants except in one small study
during the first few weeks of life, in which
infants received a single dose of Konakion
MM." The purpose of our study was to make
this comparison in breast feeding infants. We
hypothesised that multiple doses of Konakion
MM given during the 1st month of life to
exclusively breast feeding infants would be well
tolerated, and that their vitamin K, status
would not differ from that of breast feeding
infants who received a single intramuscular
dose of vitamin K, at birth.

Methods

Our study was carried out at two private hospi-
tals in southern Wisconsin: Meriter Hospital in
Madison and Franciscan-Skemp Medical
Center in La Crosse, where most of the infants
are breast feeding at the time of discharge. All
mothers participating in the study were re-
cruited before delivery. At both hospitals, a
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single 1 mg injection of vitamin K, is given
routinely after birth to all infants. Inclusion
criteria included a gestational age of = 37
weeks or < 42 weeks, a birth weight > 2500 g,
singleton, mother planning to breast feed her
infant until at least 2 months of age, absence of
major congenital or malabsorptive disorders,
no maternal history of anticonvulsant treat-
ment during pregnancy, and an Apgar score of
= 7 at five minutes. Written informed consent
was obtained from all mothers and the
protocols were approved by the human subject
committees at both hospitals.

Immediately after birth, infants were ran-
domised to receive either a standard 1 mg
intramuscular injection of vitamin K, (Kon-
akion) or a 2 mg oral dose of the experimental
preparation (Konakion MM). Randomisation
was accomplished using a computer generated
list, randomised in blocks of four. Because of
the different methods of drug administration,
subjects and clinical study personnel were not
blinded to the different treatments. Both drugs
were supplied in single dose glass vials by
Hoffmann-La Roche. The intramuscular vita-
min K was given according to standard hospi-
tal practice. The oral preparation was given by
drawing up 0.2 ml (2 mg) of the medication in
a 1 ml tuberculin syringe, and dispensing it on
to the back of the infant’s tongue. The infant
was observed for five minutes and if any
spitting was noted, the infant was given a dose
of intramuscular vitamin K and dropped from
the study. The oral dose was repeated during
home visits by registered nurses, at 7 and 30
days of age, to give a total dose of 6 mg in the
1st month of life. If an infant in the oral group
dropped out before completing the eight week
study, an intramuscular dose of vitamin K, was
given .

All mothers were expected to breast feed
their infants exclusively. Solid foods were not
introduced. Mothers were supplied with a lim-
ited quantity of Similac PM 60/40 without
added vitamin K, (supplied by Ross Laborato-
ries, Columbus, Ohio, USA) for emergency use
only. If more than one bottle a week of the for-
mula was used, infants were withdrawn from
the study. Potentially adverse events pertaining
to all major organ systems were monitored.

BLOOD SAMPLING AND LABORATORY METHODS

Cord blood samples (5 ml) were collected in
EDTA coated glass tubes from all placentas.
Additional venous or capillary (heel prick)
blood samples (3—4 ml) were collected at 2, 4,
and 8 weeks after birth into glass tubes
containing EDTA. A topical anaesthetic cream
(EMLA) was used for blood sampling. Plasma
vitamin K, concentrations and prothrombin
time were measured at 14, 30, and 56 days after
birth. Vitamin K, was not measured in cord
blood, where it is generally undetectable with
the assay used in our study. PIVKA II (protein
induced in the absence of vitamin K, or
des-gamma-carboxy-prothrombin) was
measured in all blood samples. Plasma for vita-
min K, and PIVKA II was separated by
centrifugation from red cells and stored at
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—20°C until analysis. Laboratory personnel
were blinded to the infant’s randomisation.

Vitamin K, was assayed in plasma by a
modification” of an earlier multistage
procedure.” After extraction of 0.5 ml of
plasma with hexane, the lipid extract was puri-
fied by normal phase, high performance liquid
chromatography (HPLC), and analysed with
reversed phase HPLC, using electrochemical
detection in the redox mode. Menaquinone-6
was used as the internal standard. The lower
limit of detection was 0.05 ng/ml. The intra-
assay precision for three plasma pools at mean
measured concentrations of 0.30, 0.76, and
3.66 ng/ml was 5.0%, 7.2%, and 3.3%, respec-
tively. The interassay precision over the period
of our study was 11.3%, 10.2%, and 9.8%,
respectively, for the same plasma pools. The
normal ranges in adults are: fasting, 0.17—
0.68 ng/ml (mean, 0.41) and non-fasting,
0.15-1.55 ng/ml (mean, 0.66), with a “low
value” being < 0.15 ng/ml.

PIVKA II was determined by an enzyme
linked immunosorbent assay (ELISA) using a
commercial kit (Eitest mono P-II; Eisai Co
Ltd, Tokyo, Japan) with monoclonal antibodies
specific for the inactive des-gamma-carboxy
form of prothrombin.'* Results using this assay
are expressed as AU/ml (arbitrary units/ml),
with one AU corresponding to 1 pg of purified
prothrombin. The maximum concentration
measured in a group of normal, healthy adults
was < 0.1 AU/ml. Therefore, this value was
taken as the cut off point (or upper limit of
normal) of the assay and a value = 0.1 AU/ml
was reported as PIVKA II antigen positive. The
calibration plots of the log of optical density v
PIVKA II concentration were linear over the
range of standards ranging between 0.0625
and 2.0 AU/ml. For our study, three quality
control plasma pools corresponding to low
(00.1 AU/ml), middle (0.5 AU/ml), and
high (01.0 AU/ml) PIVKA II values were pre-
pared by mixing a plasma pool taken from
patients undergoing warfarin treatment with
normal plasma. These were then assayed in
duplicate in each assay run. The interassay
precision for these three pools was 9.8% for the
low pool, 6.2% for the middle pool, and 9.0%
for the high pool. With this assay, adult patients
on stable anticoagulant treatment have PIVKA
II values of 6-100 AU/ml with a mean of
40 AU/ml.

Capillary whole blood prothrombin times
(PTs) were measured during the home visits
with a Biotrak coagulation monitor (Boe-
hringer Mannheim, Indianapolis, Indiana,
USA), which has been used and validated in
adults and small children.” '* This monitor
uses a disposable plastic reagent cartridge and
one drop of whole blood. The PT is deter-
mined by the amount of time required for the
blood to flow by capillary action through a
channel between the initial reservoir and a
mixing chamber that is coated with rabbit brain
thromboplastin. The cessation of blood flow
(clotting) is sensed by variation in the light
scatter caused by movement of erythrocytes.
The change in light scattering is detected by a
photodetector and converted into an electrical
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Table 1  Mean (SD) vitamin K, plasma concentrations and INR values

Oral Intramuscular p value*

Vitamin K, (ng/ml)

14 days 2.1 (1.6) (n = 66) 1.3 (1.1) (n = 69) <0.007

30 days 0.5 (0.3) (n = 64) 0.5 (0.7) (n = 65) NS

56 days 0.5 (0.8) (n =63) 0.2 (0.2) (n = 66) < 0.0003
INR

14 days 0.96 (0.33) (n = 69) 0.95 (0.25) (n = 70) NS

30 days 0.86 (0.18) (n = 66) 0.84 (0.14) (n=171) NS

56 days 0.83 (0.18) (n = 64) 0.84 (0.13) (n = 67) NS

*Wilcoxon 2 sample test.

Table 2 Number of infants with positive PIVKA II
(= 0.1 AU/ml)

Oral Intramuscular
Cord blood 35 (44%) 40 (52%)
14 days 1 1
30 days 0 0
56 days 0 3

One infant in the intramuscular group was positive at both 14
and 56 days. Cord blood values ranged from < 0.1 to 66 AU/ml.

signal that is analysed by a microprocessor and
displayed on a screen as the PT and the inter-
national normalised ratio (INR). Infant hae-
matocrits (autoanalyser, hospital haematology
laboratory) were measured on the day of
Biotrak measurements to ensure that the
haematocrit was in the range recommended for
the methodology (= 23% and < 53%). If
Biotrak readings for PT were < 9 seconds or
> 14 seconds (INR > 1.37), the PT was to be
repeated immediately in the central coagula-
tion laboratory after collection of a new sample
by venepuncture. However, values for PT in
our study never fell outside of this range on the
Biotrak. To test the use of the Biotrak in new-
born infants, 10 samples of cord blood were
collected from 10 different elective caesarian
section deliveries. One of these samples was
discarded as the haematocrit was > 53%. PT
was measured simultaneously on the Biotrak
and in the hospital coagulation laboratory.
None of the paired samples had an INR differ-
ence of more than 0.33 INR units, the mean
being 0.12.

STATISTICAL METHODS

For statistical purposes, the following hypoth-
esis was to be tested: oral Konakion MM is as
effective as intramuscular Konakion in main-
taining plasma vitamin K, concentrations and
plasma prothrombin times at 30 days. The
Wilcoxon test was used, with a value of
p < 0.05 being considered significant. We esti-
mated that the probability of detecting plasma

Table 3 Subjects with positive PIVKA IIs = 14 days

Subject Birth 14 days 30 days 56 days
102 (oral)
PIVKA (AU/ml) 10.8 0.11 <0.1 <0.1
Vitamin K (ng/ml) ND 0.75 0.32 0.10
230 (IM)
PIVKA (AU/ml) 66.1 0.36 <0.1 0.2
Vitamin K (ng/ml) ND 0.36 0.15 0.10
19 OIM)
PIVKA (AU/ml) <0.1 <0.1 <0.1 1.09
Vitamin K (ng/ml) ND 0.2 0.06 <0.05
228 (IM)
PIVKA (AU/ml) 0.21 <0.1 <0.1 0.1
Vitamin K (ng/ml) ND 0.92 0.17 0.15

Positive values in bold.

IM, intramuscular; ND, not done.
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PIVKA II at 30 days after intramuscular
administration of Konakion is small (as little as
5/10 000 neonates), so practical limitations did
not allow us to use this difference as a study
outcome, because more than a thousand
infants would need to be enrolled. Because the
analysis was an “intent to treat” one, dropouts
were not replaced. Randomisation was contin-
ued until a minimum of 60 evaluable infants
(completing the eight week study period) was
obtained in each treatment group. Infants who
completed at least two weeks of the study were
included in the analysis.

Results

One hundred and fifty six infants (77 boys)
were enrolled in the study, 79 in the oral group
(mean (SD) birth weight, 3.6 (0.6) kg) and 77
in the IM group (mean (SD) birth weight, 3.5
(0.4) kg). Sixty seven infants in each group
completed a full eight weeks of the study. Seven
infants in the oral and one infant in the IM
vitamin K groups dropped out before two
weeks and could not be included in the data
analysis. An additional 14 infants completed
two weeks but less than eight weeks of the
study, and were included in the analysis. All but
two infants were white, there being one
Hispanic infant in each group.

Table 1 shows the results of the vitamin K,
plasma concentrations. The concentrations
were highest on day 14 in both groups,
although the concentrations in the oral group
were significantly higher than the IM group. By
day 30, there was no significant difference
between the two groups, failing to disprove the
null hypothesis. With an “n” of 120, the power
to detect a difference of 0.30 ng/ml between
the two groups was 85%. Whereas the concen-
trations in the oral group had stabilised by 30
days, they continued to fall in the IM group
until 56 days. At 56 days, the concentrations in
the oral group were significantly higher than
the IM group.

Table 2 shows the results of the PIVKA II
analysis. Note the very high percentage of posi-
tive PIVKA II values at the time of birth—47%
of all infants. Eleven infants had cord blood
values > 2.0 AU/ml. This is in agreement with
high detection rates in other studies.'” '* There
were only two positive PIVKA II values
(= 0.1 AU/ml) at 14 days (one in each group),
none at 28 days, and three at 56 days (all in the
IM group). Two of the positive values were in
the same patient (patient 230) in the IM group
(table 3). The limited number of subjects in
this study precludes estimates of relative event
rates of positive PIVKA II in these populations.

Table 3 shows the four subjects with raised
PIVKA 1II values and their simultaneously
measured vitamin K, values. At 56 days, the
three raised PIVKA II values were associated
with low vitamin K, (< 0.15 ng/ml). However
the raised PIVKA II values at 14 days (patients
102 and 230) were associated with normal
concentrations of vitamin K, and raised
concentrations of PIVKA II at birth.

Figure 1 shows the percentage of infants
with low plasma vitamin K, concentrations
(< 0.15 ng/ml) at 30 and 56 days of age. It
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Figure 1  Percentage of infants with low plasma vitamin
K, concentrations at 30 and 56 days.

should be noted that no infants had low
vitamin K, values at 14 days. By 56 days, 21 of
28 of the low vitamin K, values were in the IM
group, but only two of these infants had raised
PIVKA 1II values (table 3). A total of seven
infants in the oral group had low vitamin K
concentrations, but there were no positive
PIVKA II values in this group at 56 days.

Table 1 shows the INR data for the
prothrombin times. Although there is a fall in
both groups between days 14 and 30, the
groups did not differ significantly at any time
point. No infant had a haematocrit that was out
of the range reported for use with the Biotrak
coagulation monitor.

There were no major adverse events attrib-
uted to the vitamin K preparations used in this
study, at least during the first 2 months of life.
There were no bleeding episodes of any kind.
Eight infants dropped out in the first two weeks
of the study. Two of these developed intercur-
rent illnesses not related to the vitamin K
administration. Of the remaining six infants,
five were removed for protocol violations and
one withdrew consent. An additional 14 infants
dropped out after two weeks. One of these had
an intercurrent illness, six were dropped for
protocol violations, and seven mothers with-
drew consent for their infants to continue in
the study. Infants tolerated the oral medication
very well. No infant “spat” the drug after
administration, thus requiring removal from
the study.

Discussion

The use of oral vitamin K, for prophylaxis of
the newborn infant has become more wide-
spread following a report of an association
between intramuscular vitamin K, in the new-
born and childhood cancer.’” However, other
investigators in Europe and elsewhere have not
confirmed the association,””* although a very
small increased incidence of childhood leukae-
mia cannot be ruled out.”” *® The American
Academy of Pediatrics has recommended con-
tinued use of intramuscular prophylaxis, be-
cause there is no licensed product for oral
prophylaxis in the USA.° In Europe, the prepa-
ration studied in our report is now approved for
use in some countries, although a preliminary
report from Switzerland indicates several treat-
ment failures in breast fed infants with choles-
tatic liver disease.” In Switzerland, only two
doses are given, both during the 1st week of
life, even though more than two doses are rec-
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ommended for breast feeding infants.”® Obvi-
ously, there is a need for an oral vitamin K
product. This is the first study in infants to
compare directly the new oral Konakion MM
with a standard intramuscular preparation.

Our study has shown clearly that Konakion
MM, when given three times in the first 30
days of life, maintains blood concentrations of
vitamin K, for the first 2 months of life at a
concentration equal to or greater than that
achieved with standard intramuscular prophy-
laxis. In fact, a third oral dose given at 30 days
maintains the blood concentration of vitamin
K, for 56 days, by which time the blood
concentration in the intramuscular group has
decreased significantly (table 1). This is impor-
tant because late haemorrhagic disease after
the administration of intramuscular prepara-
tions usually occurs during the first 3 months
of life, and is often associated with intestinal
malabsorption.' We speculate that, when given
in three doses, the mixed micellar form of vita-
min K, would prevent most cases of late haem-
orrhagic disease, especially as it has been used
to maintain vitamin K status in older children
with malabsorption secondary to cholestasis."’
However, in the normal newborn population,
giving three doses of vitamin K, to breast feed-
ing infants, two of which would be given after
hospital discharge in the USA, is problematic
and a public health issue. Poor compliance in
administering the three doses has already been
reported.’ *

The most interesting findings in this study
resulted from the PIVKA II analysis. We
confirmed the high incidence of positive
PIVKA II values in cord blood reported in
other studies'” ** (table 2). Eleven cord blood
samples (7.5%) had PIVKA II values that
exceeded 2.0 AU/ml, a value that is more than
20 times the “normal” background concentra-
tion. Three cord blood samples had PIVKA II
values that exceeded 10.0 AU/ml. However,
why only half of the infants have low PIVKA II
at birth, despite low vitamin K, plasma
concentrations, is puzzling. The raised PIVKA
II has been interpreted as a subclinical vitamin
K deficiency in the newborn and goes along
with the undetectable concentrations of vita-
min K| in cord plasma with the assay used in
this study.'® PIVKA II is the partially carboxy-
lated form of the prothrombin molecule. Both
vitamin K, and a liver enzyme, glutamyl
carboxylase, are required for the formation of
the active carboxylated form of prothrombin."
Whether the very high rate of raised PIVKA II
in cord blood represents a delay in maturation
of the fetal liver enzyme glutamyl carboxylase,
and/or is truly a result of inadequate transport
of vitamin K, across the placenta, remains a
question for further study.

PIVKA values did not differ significantly
between the two groups, although one could
speculate on the meaning of three positive
values in the IM group at day 56 compared
with none in the oral group, especially as these
three positive values were associated with low
plasma vitamin K, concentrations (table 3).
Unfortunately, our relatively small number of
subjects does not allow us to predict accurately
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the incidence of positive PIVKA II in this
population. This would require many thou-
sands of infants in each group. However, three
of 67 positive PIVKA II values at day 56 in the
breast feeding IM group would represent a rate
of positive PIVKA 1II values of 450/10 000 in
this group at this time. These 450 infants
would be at risk of haemorrhagic disease. This
figure is very high compared with an incidence
of late haemorrhagic disease of the newborn
between 1/10 000 and 1/100 000 infants,
dependent on vitamin K prophylaxis.” There
are no comparable data at 2 months of life in
exclusively breast fed term infants using the
PIVKA II assay.”

In this study of 156 infants, there were five
positive PIVKA II values in four infants
between 14 and 56 days of life (table 3). Infant
230, with a PIVKA II value of 66.1 AU/ml
(confirmed with duplicate determinations),
had the highest cord blood value ever measured
in our laboratory. After an intramuscular injec-
tion, the value declined to 0.36 AU/ml at 14
days and was down to normal by day 30
(< 0.1 AU/ml). However, by 56 days, the value
in this infant had increased to 0.2 AU/ml,
reflecting the return of an abnormal vitamin K
status. From the values in cord blood and on
day 14, it is possible to calculate that the half
life of PIVKA 1II in this infant was 45.0 hours.
This agrees with the value (46 hours) found in
a previous study.”® A second infant (table 3)
also had a very high PIVKA II value at birth
(10.8 AU/ml). This infant was in the oral
group and the PIVKA II value was still raised at
14 days (0.11 AU/ml). The calculated half life
of PIVKA II in this infant was 50.8 hours.
Thus, the two raised PIVKA II values at day 14
can be explained by the very high values at
birth (> 10 AU/ml). A third infant (data not
shown) had a PIVKA II value of 15.0 in cord
blood, which decreases to < 0.1 AU/ml by 14
days, the calculated half life again being about
45 hours.

As seen in table 3, raised PIVKA II values
did not necessarily occur with low vitamin K
values. In the two subjects with the highest cord
blood concentrations of PIVKA 1II, the raised
values at 14 days are associated with normal
vitamin K, concentrations, reflecting the half
life of PIVKA II of between 45 and 50 hours.
On the other hand, the three raised PIVKA II
values in the IM group at 56 days are all asso-
ciated with low vitamin K, plasma concentra-
tions. In one of these patients (patient 19), the
vitamin K, concentration is low at 30 days
without PIVKA II being raised. This infant had
an adequate vitamin K, status at birth, which
decreased to a subclinical deficiency state
between 30 and 56 days, with a raised PIVKA
1L

It appears that neither plasma vitamin K,
nor PIVKA II are ideal screening tools for
subclinical vitamin K deficiency at birth.
Many infants have “low” plasma vitamin K,
concentrations, particularly those who are
exclusively breast fed after birth.** All infants
are born with low vitamin K, plasma concen-
trations, and half of the infants in our study
had detectable PIVKA II at this time. Thus,
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sensitivities are high and specificities are low
for predicting haemorrhagic disease of the
newborn. Furthermore, the relatively long half
life of PIVKA II might also limit its usefulness
as a screening test before 1 month of age, as
discussed above. By 30 days of life, raised
PIVKA II values are found in less than 10% of
infants with low plasma vitamin K, concentra-
tions (fig 1). In adults, the correlation between
PIVKA II and vitamin K, concentrations has
been reported to be weak (r=-0.15;
p <0.05).”

From our study, we can conclude the follow-
ing about breast feeding infants receiving three
oral vitamin K prophylaxis doses with Kon-
akion MM: (1) plasma vitamin K concentra-
tions were equal or significantly higher in orally
supplemented babies compared with intramus-
cularly treated babies at the time points
measured; and (2) up to 8 weeks of life, multi-
ple doses of the new oral preparation maintain
haemostasis and vitamin K status in breast fed
infants at values that are equal to those
achieved by the intramuscular preparation.

This study was funded by a grant from Hoffmann-La Roche
Inc, Nutley, New Jersey, USA and Basel, Switzerland.
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