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SUMMARY

Introduction/Objective Vitamin K deficiency is common in newborn infants and without prophylaxis
there is a risk of vitamin K deficiency bleeding (VKDB). The most frequent prophylactic approach is an
intramuscular (IM) injection of vitamin K, immediately after birth. Its efficiency to prevent late VKDB has
been recently questioned by several reports.

Based on our experience, we discuss the need for additional vitamin K, supplementation after its IM
administration at birth.

Methods We present a retrospective review of 12 infants, 11 with confirmed and one with probable late
VKDB despite IM prophylaxis at birth, who were treated in the two largest tertiary care pediatric hospitals
in Serbia during the last 15 years.

Results All the patients were exclusively breastfed. In 11 patients, daily weight gain was normal or
increased, and one patient had failure to gain weight. Six infants were previously healthy, three infants
received antibiotics prior to bleeding, and in two diarrhea and cholestasis, respectively, existed previously.
An intracranial bleeding was documented in nine infants, four of whom died.

Conclusion Low content of phytomenadione in human milk could occasionally be attributed to late
VKDB despite postnatal IM injection of vitamin K, in otherwise healthy, exclusively breastfed infants. This
might be aggravated by transient disturbance of vitamin K turnover due to antibiotic use, acute diarrhea,
or transient cholestasis. We suggest that an additional vitamin K, supplementation after postnatal IM
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prophylaxis could be justified in exclusively breastfed infants.
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INTRODUCTION

Newborn infants are deficient in vitamin K due
to its poor transplacental transport, delayed in-
testinal synthesis and low content in human
milk [1, 2]. Therefore, vitamin K-dependent
clotting factors (F II, VII, IX, X) express no
more than 50% of activity attained in later life,
and both prothrombin time (PT) and activated
partial thrombin time (aPTT) are prolonged in
comparison to adult values [3]. In some infants
“physiological hypoprothrombinemia” leads to
spontaneous or iatrogenic bleeding formerly
known as hemorrhagic disease of the newborn
(HDN), and lately more appropriately named
vitamin K deficiency bleeding (VKDB). VKDB
presents in three different forms - early, classic
and late VKDB. Early VKDB is very rare and its
occurrence with severe bleeding immediately
after birth is mostly related to maternal intake
of certain medications (anticonvulsive, antitu-
bercular, and anticoagulant drugs). Without
prophylaxis, classic form has incidence of 0.25-
1.7% of all newborns, potentially presenting the
most common acquired pediatric hemostatic
disorder. Fortunately, in majority of cases there
is only mild to moderate gastrointestinal, skin,

or bleeding from umbilicus typically occurring
during the first week of life. Late VKDB pres-
ents between the second and 26th week of life
(the peak is between three and eight weeks),
and without prophylaxis, incidence in the west-
ern world ranges from four to seven cases per
100,000 deliveries. Primary, or idiopathic late
VKDB occurs in exclusively breastfed, other-
wise healthy infants, while secondary form is a
consequence of some pathological conditions
which steadily disturb intestinal synthesis and/
or absorption of vitamin K (biliary atresia,
cystic fibrosis, celiac disease, alfa-1 antitryp-
sin deficiency, chronic diarrhea, etc.). Up to
60-80% of infants with the late VKDB have an
intracranial hemorrhage, with a mortality rate
of 14-24%, and nearly 50% of survivors have
a permanent neurological impairment [1, 2].
Initially, prevention of classic VKDB, intra-
muscular (IM) administration of vitamin K|
(phytomenadione) to all newborn infants imme-
diately after birth was introduced in the US more
than 50 years ago [4]. Over time, this practice
was adopted almost worldwide. Routine IM in-
jection of vitamin K, (1 mg IM for all term new-
born infants / 0.5 mg for preterm infants) was
recommended in Serbia in 1995 [5]. Vitamin K
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prophylaxis at birth via IM route is obligatory, except in
cases of parental refusal or their alternative choice of an oral
mode. Both decisions should be stated in a written form.

Because of presumed but unproven association between
IM prophylaxis and later greater risk of cancer, in the 1990s
a shift from IM towards oral prophylaxis in some countries
was accepted. However, it soon became evident that despite
its efficiency against early and classic forms, a single oral
dose of vitamin K| does not prevent late VKDB. Therefore,
in order to increase the efficiency of oral regiment, several
distinct strategies of prolonged oral supplementation of
vitamin K have been implemented [6-9].

Unlike oral policy, a single IM injection of vitamin K,
at birth has long been considered a “gold standard” and a
reliable way to eradicate all forms of VKDB [2]. However,
several reports of late VKDB occurring after IM prophy-
laxis called into question the traditional belief in the supe-
riority of such an approach. In addition to some sporadic
single cases [10, 11, 12], a case series of otherwise healthy
infants with failure of postnatal IM injection of vitamin K|
to prevent late VKDB has recently been reported from Tur-
key, Egypt, India and Albania [13-19]. Whilst these papers
focus on intracranial hemorrhage as the main consequence
of the late VKDB, we present the largest European group
of patients with the late VKDB despite IM administration
of vitamin K at birth.

The aim of this study is to retrospectively review cases
of late VKDB occurrence despite IM prophylaxis with vita-
min K| given at birth. Based on our experience, we discuss
a need and possible regimes of an additional vitamin K
supplementation for exclusively breastfed infants during
early infancy.

METHODS

Hospital files of patients with HDN/VKDB diagnoses or
other unspecified neonatal hemorrhagic conditions (ICD-
9 codes 776.0/776.3 and 269.0, respectively; ICD-10 code
P53) treated between 2000 and 2015 in two largest tertiary
care pediatric hospitals in Serbia - the Institute for Mother
and Child Healthcare of Serbia (New Belgrade) and Univer-
sity Childrens’ Hospital (Belgrade) — were retrospectively
reviewed. A confirmed case of late VKDB is defined by the
following criteria: a) spontaneous or iatrogenic hemorrhage
in an infant aged two to 26 weeks; b) PT prolonged > 4
times over normal values, aPTT > 60 sec. and/or interna-
tional normalized ratio (INR) > 4 control values; ¢) ces-
sation of hemorrhage and normalization of PT and aPTT
and/ or INR after the administration of vitamin K; d) nor-
mal both platelet count and fibrinogen levels. If criterion
“C” is not satisfied, the case is classified as “probable” late
VKDB. Coagulation was investigated on admission and
6-12 hours thereafter. Intracranial hemorrhage is docu-
mented by a computed tomography scan and/or nuclear
magnetic resonance spectroscopy (NMR) imaging. All the
patients were emergently treated with 1 mg/kg of vitamin
K, intravenously. Fresh frozen plasma (10-15 ml/kg) was
administered to patients with life-threatening bleeding.
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RESULTS

Our research revealed 16 patients with a diagnosis of
HDN/VKDB, treated in pediatric intensive care units
of our hospitals during the previous 15 years. Of those,
four patients who didn’t receive vitamin K at birth were
excluded from the final presentation: one newborn with
a classic VKDB, whose parents refused vitamin K injec-
tion, and three patients with a late form, who were born
in neighboring countries, without reliable data on post-
natal prophylaxis. In the remaining 12 patients (10 males;
two females), an IM injection of 1 mg of vitamin K, was
administered and recorded in the discharge list from the
maternity ward.

According to the data shown in Table 1, there were 10
male and two female infants, aging from 21 to 51 days
(median age was 35 days). All our patients had a signifi-
cantly prolonged PT and aPTT, as well as abnormal INR.
The normalization of these tests after the vitamin K ad-
ministration was documented in 11 cases. Patient No. 12
died soon after admission; as it was not possible to check
coagulation tests after the administration of vitamin K, he
was classified as a probable case. Except for patient No.
3, who was born at the 34th gestational week with body
weight of 1,950 g, all others were born at term. There was
a history of previous antibiotic use in three cases (patients
No. 3, 4, and 6), while patient No. 8 had a history of two-
day diarrhea before the bleeding. A female infant aged 49
days (patient No. 5) had prolonged indirect jaundice with
arise of total serum bilirubin level during the first month
of life up to 204 pmol/1 (direct fraction of 23 pmol/l). Upon
hospital admission, conversion to direct hyperbilirubine-
mia indicating cholestasis was noted (total serum bilirubin
level was 127 pmol/l; direct fraction was 43.6 umol/l). Both
the mother and the child had the same blood type, and
there were no signs of hemolysis.

The platelet count, fibrinogen levels, as well as liver en-
zymes were within normal range in all our patients. It was
documented in all cases that both FV and FVII expressed
normal or increased clotting activity upon admission.

All our patients were solely breastfed. Their daily weight
gain was calculated by dividing the difference between in-
fants’ weight on admission and birth weight with age in
days. In 11 patients, including one born prematurely and
one with intrauterine growth restriction, daily weight gain
was in the 16.8-46.5 g range (mean 32.5 g; SD 11.2 g).
In only one case (patient No. 10), daily weight gain was
unsatisfactory, reaching 8.1 g. The intracranial bleeding
was documented in nine infants (75% of patients). Four
infants in the study group died, making an overall mortal-
ity of 25%.

DISCUSSION

The international definition of a confirmed late VKDB was
fulfilled in 11 of our patients. An infant with extremely
prolonged PT and APTT, who died immediately after ad-

mission, without the possibility to check the laboratory
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Table 1. Relevant laboratory and clinical data on infants with late vitamin K deficiency bleeding despite intramuscular prophylaxis

Patient | Age PT (sec) aPTT (sec) INR Localization of bleeding
Remarks
sex (days) (1) ) 1) ) (1) ) Outcome
1M | 31 |didnotclot| 116 | didnotclot| 251 | NC | 08 Intracranial -
Recovery
2M 35 74.0 14 63.0 246 | 41 | 09 Intracranial -
Recovery
3M 34 98.7 145 70.7 281 | 106 | 1.1 '””gf;”'a' Preterm, 15 days of antibiotic use
4Mm 45 >200 | 116 83.9 251 | NC | 09 '”"g‘i:ézn'a' 2 days of antibiotic use
SE 49 771 165 66.2 357 | 734 | 13 Intrasranlal Prolonged Jaundlcg with mild
Died cholestasis
6M 51 >300 | 108 | >300 | 233 | NC | 09 'rg’a“a“'a' 15 days of antibiotic use
ecovery
Hematoma after
7F 42 did not clot | 14.8 > 300 28.2 | NC 1.3 venipuncture Intrauterine growth restriction
Recovery
Large hematoma after
8M 21 did notclot | 14.9 | didnotclot | 324 | NC 1.3 vaccination 2 days of antibiotic use
Recovery
Large hematoma after
IM 39 did notclot | 11.4 | didnotclot | 30.0 | NC 0.9 vaccination -
Recovery
1om | 37 119 106 139 | 302 | 146 | 1.0 Intracranial -
Recovery
1M | 36 >200 9.7 83.9 287 | NC | 09 Intracranial -
Recovery
12M 35 did notclot | ND > 300 ND NC ND IntrlaD?:jmal Probable case of late VKDB

M - male; F - female; (1) - results before vitamin K therapy; (2) - results after vitamin K therapy; NC - not calculated; ND - not done; VKDB - vitamin K deficiency
bleeding; PT - prothrombin time; aPTT - activated partial thrombin time; INR - international normalized ratio

testing, was classified as a probable case of the late VKDB
[10, 20, 21]. Congenital as well as clotting disorders due to
liver impairment were excluded in all cases.

Exclusive breastfeeding was the common factor for all
our patients and the most of previously published cases of
late VKDB occurring after IM prophylaxis with vitamin K
at birth. Human milk contains 0.5-4 pg/1 of phytomena-
dione, while the minimal daily requirements for vitamin
K in infants from birth up to six months are 1.5 pg/l [1,
2,21, 22]. Assuming the daily amounts of suckled milk of
0.5-0.8 1, the daily intake of vitamin K would be between
0.25 pg and 3.2 pg. Therefore, exclusively breastfed infants
weighing 3-6 kg, which corresponds to the first six months
of life, would not satisfy their total daily needs of = 5-10 pg
of phytomenadione even in the best case scenario.

Elaify et al. [17] documented that in infants given IM
injection of vitamin K at birth, those suffering from intra-
cranial bleeding due to late VKDB had significantly lower
serum levels of phylloquinone than matched control group.
They also showed that babies who bled more frequently
used antibiotics or had acute diarrhea [17]. A large pro-
spective British study revealed patients with association
of biliary atresia and a severe late VKDB despite an IM
administration of vitamin K at birth [10]. All aforemen-
tioned disorders interfere with intestinal synthesis and/or
absorption of vitamin K, but without an adverse effect on
the activity of vitamin K IM injection. This fact indirectly
proves that effective prevention of late VKDB requires ad-
ditional supply of phytomenadione from gastrointestinal
tract. Hence, besides IM prophylaxis at birth, in healthy,

‘ DOI: https://doi.org/10.2298/SARH160412037M

solely breastfed infants, some oral supplementation of vita-
min K is required thereafter. The US Nutritional Board of
National Institute of Health estimates that if prophylactic
dose of vitamin K was given as an IM injection at birth,
2 pg of vitamin K is an adequate daily intake during the
tirst six months of life [23]. According to the previously
calculated daily allowance of phytomenadione by human
milk (0.25-3.2 pg), there are some exclusively breastfed
healthy infants with possible insufficient vitamin K supply
(< 2 pg per day) and consecutive risk of late VKDB in spite
of previous IM prophylaxis.

Normal or even excessive weight gain was recorded in
11 of the 12 cases, so insufficient milk intake as a cause of
lack of vitamin K could be excluded [24].

Six of our patients were healthy infants without any
predisposing factor to the late VKDB. Out of the remain-
ing five, three were treated with antibiotics during 2-15
days, while one had acute diarrhea. A seven-week-old in-
fant with a transition of prolonged unconjugated hyper-
bilirubinemia to the cholestatic jaundice, which preceded
a lethal intracranial hemorrhage, confirms that neonatal
jaundice lasting for more than two to three weeks justifies
the “yellow alert” [10]. We observed that in addition to
secondary late VKDB due to serious pathological condi-
tions, there is a subgroup of otherwise healthy exclusively
breastfed infants with some transient risk factors which
further deteriorate the vitamin K deficiency and increase
the risk of late VKDB.

Male infants accounted for a large majority of our pa-
tients, corresponding to reported twofold-to-sevenfold
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male predominance [13, 14, 15, 25]. Although this striking
gender discrepancy is not yet clarified, results of previ-
ously reported investigation suggest that male infants may
require more dietary phytomenadione than females with
the same body weight [26].

Our hospitals, as tertiary referring pediatric institu-
tions, cover a gravitating area with approximately 40,000
deliveries per year. For the entire period of 15 years, the
total amounts to nearly 600,000 live births. Accordingly,
12 patients give an estimate of the rate of late VKDB of one
case per 50,000 live births (two per 100,000 live births).
Possible explanations for the two- to threefold higher in-
cidence than in developed countries could be inadequate
maternal diet with low intake of vitamins, and less critical
use of antibiotics in infants [10, 27, 28, 29].

Frequent occurrence of intracranial bleeding and high
mortality rate in our patients correspond with reported
severity of late VKDB [1, 2]. A single case of failure of
IM prophylaxis to prevent late VKDB, initiated the Italian
Society of Neonatology to recommend 25 pg of vitamin
K per day orally during the first three months of life for
all breastfed infants, previously given an IM injection of
vitamin K at birth [2, 11]. To date, no adverse effects even
of higher intake of vitamin K by standard milk formula
containing 50-60 ug/l have been reported [1, 2, 21, 22].
Unlike weekly “pharmacological” regime, the daily oral
supplementation with low doses of phytomenadione is
considered to be “physiological” because such approach
maintains a constant serum level and efficiently compen-
sates inadequate intake of vitamin K [30]. Therefore, after
immediate postnatal IM dose, we recommend prolonged
oral prophylaxis for all exclusively breastfed infants with
daily intake of 25 g of phytomenadione from the second
to the 12th week of life. Prolonged oral prophylaxis, even
with higher doses of phytomenadione, is strongly advised
if parents choose the oral route as the way of prophylactic
use of vitamin K at birth instead of the IM mode.

Except in cases of cholestasis, an oral intake of 25 ug of
vitamin K efficiently prevented late VKDB [7, 8, 23]. The
presence of cholestatic jaundice requires a more individu-
alized approach. One option may be an increase of oral
dose up to 150 pg of phytomenadione per day, which is
recommended in Holland as a routine three-month policy
after an initial oral prophylaxis at birth [8]. Some authors
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KacHu 061MK KpBaperba ycnea HefocTaTka BUTaMuHa K ynpKkoc npumeHu
MHTpPaMyCKynapHe npodunakce Ha poherwy — aa u je notpebHa gopaTHa

Hago0KHaaa?

Jenena Maptuh'?, KatapuHa Mejuh’, lobpuna Berbkosuh', 3opuua Pakorau', Munow Kyamanosuh'3, iparaH Muhuh!',

BecenuH Bywyposuh?, JacHa Kanat?, bopucas JaHkosuh'?

"MHcTnTYT 33 30paBCTBEHY 3alWTUTY MajKe 1 feTeTa Cpbuje, [p Bykan Yynuh'’, beorpag, Cpbuja;

2YHuBep3uTeT y beorpagy, MegnunHckn dakynter, Beorpag, Cpbuja;
*YHnBep3wuTeTCKa Aevja knuHuKa, beorpag, Cpbuja

CAMXETAK

YBoa/Lum be3 oprosapajyhe npodunakce, HegocTaTak BUTa-
MuHa K Ko HoBopoheHe feLe 1 ofojuagmn Moxe fJOBeCT/ Ao
XemMOoparnjcKor CHApPoMa NO3HaTor NoJ Ha3uBOM KpBapetbe
ycnep HefocTaTka BuTammnHa K (KHBK). Hajuewha npodunakca
KHBK je nHtpamyckynapHa (VM) nHjekumja ButamuHa K, ogmax
no poheky. HoBuju 3BeLTaju 0 NojaBn KacHor o6nanka KHBK
YNPKOC MHTaMyCKynapHoj npodunakcy no pohery fgosenm cy
y NTakbe yBepetbe y MOTNyHY MNOY3AaHOCT OBOT MPUCTYMa.
Linsb pafa je Aa n3Hece concreeHa UCKyCTaBa 1 Npeasnore 3a
HagokHagy BuTammHa K nocne VIM npumeHe Ha poheksy.
Metopge PeTpocneKTrBHO je aHann3aHo 12 HoBopoheHuyaam
1 0f0juaam, neveHnx npoteknux 15 roguxa, 11 ca gokasaHum
1 jefHO Ca BEpPOBaTHMM KacHuM obnnkom KHBK ynpkoc IM
npodunakcy ButamvHom K1 Ha pobetby.

Pesyntatn Cen 6onecHUL Cy 61N UCKIbYYMBO Ha MPUPOAHO]
ncxpaHu. Mopact TenecHe mace Kog 11 je 6o HopmanaH
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nosehaH v Kop jegHor HepgoBosbaH. Mpe nojase KHBK wwect
6onecHuKa je 6uno 34paBo, TpPU Cy NPETXOAHO fobvjany aH-
TNOMOTHKe, jeAaH je NMao aKyTHU NPOJIUB 1 jefjaH XosiecTasy.
VHTpakpaHmjanHo KpBapere Aoka3aHo je Kof AeBeT 6onecHu-
Ka, Of KOjUX Cy YeTpu ympna.

3aksbyuak CHIKeH cappaj pUTOMEHaAVIOHa Y XyMaHOM MITeKy
Moxe noHekag pesyntupatn KHBK Kof eKckny3nBHO AojeHe
3[paBe HoBopoheHYaan 1 mnage ogojyagu. NMponasHom He-
[OCTaTKy BUTaMuHa K fopaTHO JONPUHOCH NpUMeHa aHT161o-
TVKa, aKyTHU NPONIMB 1K X0slecTasa. 3aTo je onpaBAaHo nocne
npodunakce BUTaM1MHOM K, Ha poheksy, KOA NCKIbYUMBO fojeHe
Jelle, HACTaB/TM AOAATHU YHOC npenapaTta GUToMeHaamnoHa
TOKOM MpBa Tp1 Mecella.

KmbyuHe peun: HoBopoheHue; BUTamMuH K; KpBapetbe ycneq
HepocTaTKa BUTaMuHa K; npodunakca
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