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Abstract

Background: Pathogenesis of intraventricular hemorrhage (IVH) in premature infants is multifactorial. Little is
known about the impact of genetic variants in the vitamin K-dependent coagulation system on the development
of IVH.

Methods: Polymorphisms in the genes encoding vitamin K epoxide reductase complex 1 (VKORC1 -1639G>A) and
coagulation factor 7 (F7 -323Ins10) were examined prospectively in 90 preterm infants <32 weeks gestational age
with respect to coagulation profile and IVH risk.

Results: F7-323Ins10 was associated with lower factor VII levels, but not with individual IVH risk. In VKORC1-wildtype
infants, logistic regression analysis revealed a higher IVH risk compared to carriers of the -1639A allele. Levels of
the vitamin K-dependent coagulation parameters assessed in the first hour after birth did not differ between
VKORC1-wildtype infants and those carrying -1639A alleles.

Conclusions: Our data support the assumption that genetic variants in the vitamin K-dependent coagulation system
influence the coagulation profile and the IVH risk in preterm infants. Further studies focussing on short-term changes
in vitamin K-kinetics and the coagulation profile during the first days of life are required to further understand a
possible link between development of IVH and genetic variants affecting the vitamin K-metabolism.
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Background
Intraventricular hemorrhage (IVH) is a serious compli-
cation in very low birth weight (VLBW) infants and is
strongly associated with neuro-developmental deficits
and long-term disability in the surviving infants [1]. A
large study on 450 twin-pairs estimated the contribution
of genetic and shared environmental factors to the risk
of developing IVH at 41% [2]. Considering the immatur-
ity of the preterm infants’ coagulation system, genetic
variants known to be associated with alterations in the
coagulation profile in adults have been subject to various
association studies in preterm infant cohorts. However,
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most of them focused on prothrombotic mutations, of
which the factor V Leiden mutation and the prothrom-
bin G20210A variant were linked to the individual risk
to develop IVH [3-6]. On the other hand, studies analyz-
ing variants affecting the vitamin K dependent coagula-
tion system in preterm infant cohorts are scarce [7].
Vitamin K is an essential cofactor in the posttransla-

tional carboxylation converting intracellular precursors
of vitamin K dependent coagulation factors to their
active forms. During this carboxylation, the active coen-
zyme form of vitamin K, hydroquinone, is oxidized to
vitamin K epoxide. Subsequently, the vitamin K epoxide
reductase (VKORC1) reduces the epoxide form back to
the active hydroquinone [8]. The promoter region of the
VKORC1 gene harbours a single nucleotide polymorph-
ism (SNP) -1639G>A, which has been associated with a
reduction in VKORC1 enzyme expression of up to 50%
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[9]. This SNP also influences the pharmacodynamics of
oral anticoagulants, which act via inhibition of VKORC1,
and has been reported to explain 27% of warfarin dosing
variability [10].
Another functional relevant polymorphism has been

detected in the gene of the vitamin K dependent
clotting factor VII. The insertion of a decanucleotide
at position −323 in the promotor region is associated
with reduced promotor activity and decreased factor
VII levels in vitro and in vivo [11,12]. Ito et al. analyzed
the coagulation profile of 200 Japanese children at the
age of one month and demonstrated 25% lower coagula-
tion ability in carriers of the insertion variant [13].
The aim of our study was to determine the impact of

the polymorphism VKORC1-1639G>A and F7-323Ins10
on the coagulation profile and IVH risk in preterm in-
fants less than 32 weeks of gestational age.

Methods
Study cohort and clinical definitions
Between May 2008 and February 2010, 124 preterm
infants with a gestational age of less than 32 weeks of
gestational age were born at the perinatal center of
the University Hospital of Bonn. 34 infants were not
included based on the following criteria: congenital mal-
formation, chromosomal abnormalities, cholestatic liver
disease, virus hepatitis, congenital heart defects, and
prenatal diagnosis of intraventricular hemorrhage and
periventricular leucomalacia. The final study population
comprised 90 infants. By reviewing birth protocols and
medical charts of the patients, we collected relevant clin-
ical data including gender, gestational age, auxological
birth parameters, mode of delivery, prenatal steroids,
Apgar-Score, Clinical Risk Index for Babies (CRIB)-Score
and mean arterial blood pressure at admission to our
neonatal intensive care unit (NICU). Small for gestational
age (SGA) was defined as birth weight and/or length
below the 3rd centile. Gestational age was determined by
first trimester ultrasound examination. Clinical chor-
ioamnionitis was defined by CRP value in the maternal
serum of >20 mg/l, maternal leukocyte count >15,000/μl
and fever >38°C on the last three days before delivery.
Respiratory support via continuous positive airway

pressure (CPAP) as well as intubation and mechanical
ventilation were categorized positive when required
within the first five days. The parameter surfactant
included different modes of surfactant application within
the first day of life via either endotracheal tube, Insure
Sequence (intubate, surfactant, extubate) or via gastric
tube placed intratracheally in infants receiving respira-
tory support by CPAP. Catecholamine treatment of arter-
ial hypotension (categorized positive when needed within
the first 72 hours) followed a standardized protocol. In
addition to the incidence of a patent ductus arteriosus,
we separately assessed administration of indomethacin or
ibuprofen and surgical closure. All clinical data were
anonymized prior to statistical analyses.
The diagnosis of intraventricular hemorrhage was based

on serial ultrasound examinations (8.5-10 MHz trans-
ducer, Vingmed Vivid FiVe and Philips HD7 respectively)
on days 1, 3 and 7 postnatal age. The maximal grade of
IVH was confirmed by cranial ultrasound on day 7 post-
natal age. IVH grade I was defined as bleeding into the
germinal matrix, grade II as blood within the ventricular
system filling less than 50% of the ventricular volume and
without distension, grade III as blood in the ventricular
system with distension or dilatation, and grade IV as
bleeding with parenchymal involvement [14].

Coagulation profiles
Citrate blood samples for coagulation profile analyses were
collected together with the routine laboratory testing for
blood count, C-reactive protein (detection limit 0.2 mg/l)
and interleukin 6 within the first hour of life prior to vita-
min K administration (0.2 mg phytomenadione solution
intravenously). Determined components of the coagulation
profile included activities of clottable fibrinogen, activity of
coagulation factors II, V, VII, VIII, and X, as well as anti-
thrombin. Coagulation parameters were analyzed in the
platelet poor plasma after centrifugation, the remaining
sediment was used for DNA extraction. Details on blood
sampling and laboratory methods used to determine con-
centrations and activities of the above-mentioned coagula-
tion parameters are described elsewhere [15].

Genotyping
In order to minimize the required total blood volume
taken for study purposes, DNA for genotyping was
extracted from remaining citrate blood sediments using
a commercially available kit (Invitrogen, Carlsbad, USA).
Genotypes for the polymophisms VKORC1 -1639G>A
(rs9923231) and factor 7 -323Ins10 (rs36208070) were
determined by PCR-restriction fragment length poly-
morphism analysis. PCR primer sequences and reaction
conditions are available on request. Genotyping was suc-
cessful in 87 of 90 samples for the VKORC1-polymorph-
ism and in 86 samples for F7 -323Ins-polymorphisms.
250 healthy adult blood donors, who were previously
genotyped at the Institute of Experimental Hematology
and Transfusion Medicine, University of Bonn, served as
reference population [16].

Statistical analysis
Data were analyzed using the SPSS version 21.0 (SPSS
Inc., Chicago, IL, USA). A p-value <0.05 was considered
statistically relevant. To compare values between geno-
type groups and between infants with and without IVH,
we used Mann–Whitney U- and Fisher’s exact tests.
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Logistic regression analysis was performed to identify
independent risk factors for the development of IVH.
Because of the small number of samples homozygous
for the variant allele of both polymorphisms, those
heterozygous and homozygous for the variant allele were
grouped for statistical analysis.

Ethics
Written informed consent was obtained from all parents.
The study was approved by the Ethics committee of the
Medical Faculty of the University of Bonn (048/08).

Results
90 preterm infants with a gestational age of less than
32 weeks born in the perinatal center of the University
Hospital of Bonn between May 2008 and February 2010
were included in this prospective cohort study. IVH oc-
curred in 17 infants (18.9%). Clinical characteristics and
routine laboratory parameters of the study population
are summarized in Table 1. Infants who developed an
IVH were born at a significantly lower gestational age,
were more frequently intubated and mechanically venti-
lated, and received less frequently respiratory support by
CPAP compared to those without IVH. More also re-
quired surgical closure of patent ductus arteriosus. Com-
parison of laboratory parameters revealed significantly
lower levels of the vitamin K-dependent coagulation
factors II and X in the IVH group (Table 1). Clinical data
stratified for F7-323Ins10 and VKORC1 -1639G>A poly-
morphisms are presented in Tables 2 and 3.
Allele frequencies for the polymorphisms F7-323Ins10

(wt/wt 79.1%, wt/-323Ins10 20.9%) and VKORC1 -1639G>A
(GG 39.1%, GA 46.0%, AA 14.9%) were in Hardy-Weinberg
equilibrium and comparable with those reported pre-
viously [16,17].
Infants carrying the F7-323Ins10 variant tended to

have lower FVII levels compared to wildtype infants.
The genotype effect on FVII levels became statistically
significant after adjustment for gestational age (p = 0.028).
Similarly, F7-323In10 carriers also showed lower FX levels
after adjusting for gestational age. All other clinical and
laboratory parameters including occurrence of IVH did not
differ between wildtype infants and those carrying at least
one F7-323Ins10 allele (Table 2).
Apart from a trend towards lower gestational age,

VKORC1 -1639A carriers revealed higher C-reactive pro-
tein (mean 4.8 ± 13.3 mg/l vs. 1.9 ± 8.7 mg/l; p = 0.031) and
lower hematocrit levels (mean 47.1 ± 9.8% vs. 43.5 ± 8.8%;
p = 0.047) in our cohort (Table 3). The genotype effects on
C-reactive protein and hematocrit disappeared after adjust-
ment for gestational age (both p > 0.2). Other laboratory
parameters including plasma levels of the vitamin K
dependent coagulation factors as determined in the first
hour of life did not differ significantly between genotype
groups. However, VKORC -1639A carriers were less likely
to suffer from IVH (GG 26.5%, GA 15.0%, AA 7.7%;
p = 0.019 after adjusting for gestational age). Logistic
regression analysis including the variables gestational
age, 5 minute Apgar score, intubation, incidence of a
patent ductus arteriosus, hematocrit, and VKORC1-
genotype revealed significant contributions of gestational
age (OR 0.93 per day (95% CI 0.89-0.98), p = 0.004),
and VKORC1 -1639A carrier status (OR 0.20 (95% CI
0.05-0.80), p = 0.024) to the individual IVH-risk. Figure 1
illustrates the distribution of IVH cases according to
VKORC1-genotype and gestational age.

Discussion
In the present study we assessed the impact of two
polymorphisms in the vitamin K dependent coagulation
system on the coagulation profile and the occurrence of
IVH in preterm infants with a gestational age of less
than 32 weeks. Consistent with previously published
data obtained from adults [18] and one-month-old chil-
dren [13], carriers of the F7-323Ins10 allele showed
lower levels of FVII. In adults, a large case–control study
comparing 201 patients with spontaneous intracranial
hemorrhage and 201 control subjects revealed a 1.54-
fold risk for intracranial hemorrhage in carriers of
the -323Ins10 allele [19]. The importance of FVII ac-
tivity for the perinatal coagulation status and morbidity
is further demonstrated in f7−/− mice who suffer from
fatal perinatal bleeding: 70% of them have fatal intra-
abdominal bleeding within the first day of life, whereas
most of the remaining neonates die from intracranial
hemorrhage before the age of 24 days [20]. However, in
our cohort we did not observe an association between
the F7-323Ins10 polymorphism and occurrence of IVH.
This is in line with data from a large genotype associ-
ation study comprising 1009 VLBW infants [7].
In contrast to our previously published data [21], we

did not find an association of early postnatal FVII levels
and occurrence of IVH in the current cohort. However,
apart from a smaller sample size (90 vs. 132 infants) and
probably not sufficient statistical power to detect com-
paratively small effects, these two cohorts are not
comparable. Whereas the previously reported cohort
comprised exclusively extremely preterm infants with
less than 28 weeks of gestational age (n = 132), only
48.9% (n = 38) of the current cohort were born with a
gestational age below 28 weeks. Accordingly, total IVH
rates differed markedly (43.9% vs. 18.8%), reflecting the
close relationship between gestational age and risk to
develop IVH. In addition, we and others have demon-
strated a significant inverse relationship between factor
VII levels and gestational age [15,22,23], and at least
in extremely preterm infants with correspondingly im-
mature coagulation profiles, low factor VII levels may



Table 1 Neonatal data and routine laboratory at the first day of life according to the diagnosis of IVH confirmed by
ultrasound at the 7th day of life (median with range and percentages, respectively)

Total (n = 90) Non-IVH (n = 73) IVH (n = 17) p-value

Gestational age [weeks + days] 28 + 0 (23 + 3 -31 + 5) 28 + 3 (24 + 0 - 31 + 5) 27 + 0 (23 + 3 - 30 + 2) 0.016

Birth weight [g] 990 (320 – 2270) 990 (400 – 2270) 920 (320 – 1495) 0.248

Male [%] 67.8 67.1 70.6 1.000

SGA [%] 18.9 19.2 17.6 0.727

Prenatal steroids [%] 67.4 68.1 64.7 0.781

AIS [%] 5.6 5.5 5.9 1.000

Cesarean section [%] 98.9 98.6 100 1.000

Surfactant [%] 83.3 79.5 100 0.065

RDS [%] 85.6 84.9 88.2 1.000

RDS [median grade] 2 2 2 0.549

CPAP [%] 88.9 93.2 70.6 0.019

Intubation [%] 41.1 34.2 70.6 0.012

PDA [%] 75.6 71.2 94.1 0.061

PDA medicament [%] 78.9 75.3 94.1 0.108

PDA OP [%] 5.6 2.7 17.6 0.045

Sepsis [%] 10.0 6.8 23.5 0.061

Catecholamines [%] 42.2 38.4 58.8 0.173

umbilical artery pH 7.33 (7.15 - 7.52) 7.33 (7.15 - 7.52) 7.34 (7.22 - 7.38) 0.530

Apgar 5 min 8 (2–10) 8 (2–10) 8 (6–9) 0.183

CRIB-Score 2.5 (0–16) 2.0 (0–14) 5.0 (1–16) 0.495

Mean arterial pressure [mmHg] 33.5 (19–60) 34.0 (20–60) 27 (19–42) 0.053

Hematocrit [%] 45.0 (10.7 - 59.0) 47.0 (10.7 - 59.0) 41.0 (24.0 - 59.0) 0.075

Leucocytes [×103/μl] 7.24 (1.08 - 32.00) 7.39 (1.08 - 32.00) 6.63 (1.16 - 26.25) 0.613

Thrombocytes [×103/μl] 160 (15–291) 150 (15–272) 175 (30–291) 0.270

Il-6 [pg/ml] 51.6 (2.0 - 689,002.0) 42.3 (2.0 - 57,050.0) 92.1 (12.9 - 689,002.0) 0.197

CRP [mg/l] 0.2 (0.2 - 78.2) 0.2 (0.2 - 78.2) 0.2 (0.2 – 20.9) 0.461

FII [activity in%] 32 (17–65) 35 (17–65) 27 (18–36) 0.001/*0.006

FVII [activity in%] 31 (7–93) 31,5 (7–93) 29 (10–48) 0.116/*0.281

FX [activity in%] 41 (14–89) 46 (14–89) 33 (24–62) 0.007/*0.023

ATIII [activity in%] 30 (13–51) 30.0 (13–51) 28 (13–45) 0.241/*0.383

*adjusted for gestational age.
Definitions: Antenatal steroids: maternal Betamethason treatment 2x 12 mg (i.v.) > 24 prior delivery; AIS: Chorioamnionitis: clinical diagnosis of chorioamnitis
(maternal temperature > 38° Celsius, leucocytosis > 15,0000, CRP > 20 mg/l); SGA: birth weight < 3rd centile; Catecholamine treatment (n = 130): any catecholamine
treatment (Dopamine, Dobutamine, Epinephrine) to maintain blood pressure > 10th centile < 72 hours postnatal age.
Bold numbers are used for results reaching statistical significance.
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represent an independent risk factor for the develop-
ment of IVH [15].
Interestingly, F7-323Ins10 carriers also showed lower

FX levels after adjusting for gestational age. Considering
the close proximity of the genes encoding the coagula-
tion factors VII and X on chromosome 13q34, linkage of
functionally relevant polymorphisms in these two genes
may explain this finding.
VKORC1 is considered the key protein of the vitamin

K cycle. Its physiological relevance during early stages of
life is highlighted by the phenotype of vkorc1−/− mice
who develop normally until birth, but die within 2 to
20 days after birth due to extensive, predominantly
intracerebral hemorrhage. The lethal phenotype, which
results from severe vitamin K-dependent clotting factor
deficiency, can be rescued by oral administration of vita-
min K [24]. Similar to vkorc1−/−mice, patients suffering
from vitamin K-dependent clotting factor deficiency type 2,
an extremely rare autosomal recessive bleeding disorder
arising from point mutations in the VKORC1 gene, also



Table 2 Neonatal data and routine laboratory at the first day of life according to F7-genotype (median with range and
percentages, respectively)

F7-323Ins10 wildtype (wt/wt) (n = 68) F7-323Ins10 carrier (wt/10 + 10/10) (n = 18 + 0) p-value

Gestational age [weeks + days] 27 + 6 (23 + 3 - 31 + 5) 28 + 5 (25 + 2 - 30 + 6) 0.656

Birth weight [g] 990 (320–2005) 990 (405–2270) 0.255

Male [%] 66.2 73.7 0.593

IVH [%] 18.3 21.1 0.750/*0.649

Prenatal steroids [%] 65.7 73.7 0.591

Surfactant [%] 81.7 89.5 0.729

CPAP [%] 87.3 94.7 0.682

Intubation [%] 40.8 42.1 1.000

PDA medicament [%] 77.5 84.2 0.753

PDA OP [%] 7.0 0.0 0.580

Sepsis [%] 11.3 5.3 0.678

Apgar 5 min 8 (5–10) 8 (2–9) 0.444

CRIB-Score 4 (0–16) 1.5 (1–8) 0.108

Il-6 [pg/ml] 42.3 (2.0 - 689,002.0) 102.0 (10.5 - 5140.0) 0.326

CRP [mg/l] 0.2 (0.2 - 78.2) 0.2 (0.2 - 35.0) 0.917

Hematocrit [%] 46.0 (10.7 - 59.0) 43.0 (31.0 - 59.0) 0.452

Leucocytes [×103/μl] 7.08 (1.08 - 32.00) 7.70 (3.29 - 26.25) 0.353

Thrombocytes [×103/μl] 157 (15–278) 170 (75–291) 0.174

FII [activity in%] 34 (17–65) 29 (23–45) 0.236/*0.107

FVII [activity in%] 34 (7–93) 29 (12–48) 0.052/*0.028

FX [activity in%] 45 (23–89) 33 (14–58) 0.340/*0.013

ATIII [activity in%] 30 (13–51) 29.5 (16–48) 0.903/*0.799

*adjusted for gestational age.
Bold numbers are used for results reaching statistical significance.
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present with severe perinatal intracerebral hemorrhage
[25,26]. Considering the decreased enzyme activity and
warfarin dose requirement resulting from the relatively
frequent VKORC1 -1639G>A polymorphism, one may
speculate that the variant allele (−1639A) might be
associated with a higher risk of developing IVH. Con-
versely, we found a higher IVH risk in VKORC1-1639GG
homozygotes compared to infants with at least one
A-allele. A possible explanation might be the reported
alteration of the vitamin K pharmacokinetics mediated
by VKORC1 -1639G>A. In a pilot study comprising
five men and five women each per genotype group,
VKORC1-1639GG homozygotes exhibited a signifi-
cantly shorter elimination half-time of orally adminis-
tered vitamin K1 compared to carriers of at least one
A-allele [27]. Moreover, in a cohort of 202 adult patients
receiving warfarin treatment, the required warfarin dose
was significantly reduced in association with decreasing
dietary vitamin K intake in VKORC1-1639AG heterozy-
gotes. This dietary influence was totally abolished in
VKORC1-1639AA homozygotes [28]. In another study
on 33 over-anticoagulated adult patients, the INR value
decreased significantly faster in carriers of the G allele
compared to VKORC1-1639AA homozygotes [29]. How-
ever, the impact of VKORC1-1639G>A on vitamin K
pharmacokinetics in the pediatric population has, to our
knowledge, not been investigated so far. This is of par-
ticular clinical importance since preterm infants have a
substantially diminished coagulation profile compared to
adults [15,22,23] and probably also differ with regard to
the pharmacokinetics of vitamin K [30]. Consequently,
the higher IVH rate observed in -1639GG infants might
be directly linked to genotype effects on vitamin K me-
tabolism and related short term changes in the coagula-
tion profile following the routinely administered vitamin
K prophylaxis on the first day of life.
In the present cohort, levels of the vitamin K

dependent clotting factors did not differ according to
the VKORC1 -1639G>A genotype. However, it is import-
ant to note that all laboratory parameters were assessed
in the first hour of life. Presuming that pharmacokinetics
of vitamin K depend on VKORC1 -1639G>A, plasma
levels of the vitamin K dependent clotting factors might
develop differently in the course of the following hours



Table 3 Neonatal data and routine laboratory at the first day of life according to the VKORC1-genotype (median with
range and percentages, respectively)

VKORC1-1639G>A wildtype (GG) (n = 34) VKORC1-1639G>A carrier (GA + AA) (n = 40 + 13) p-value

Gestational age 28 + 6 (24 + 0 – 31 + 5) 27 + 4 (23 + 3 – 31 + 1) 0.057

Birth weight [g] 1037.5 (410 – 2005) 915 (320 – 2270) 0.095

Male [%] 67.6 69.8 1.000

IVH [%] 26.5 13.2 0.158/*0.019

Prenatal steroids [%] 64.7 69.2 0.814

Surfactant [%] 82.4 83.0 1.000

CPAP [%] 94.1 86.8 0.473

Intubation [%] 44.1 39.6 0.824

PDA medicament [%] 79.2 76.5 0.795

PDA OP [%] 5.9 5.7 1.000

Sepsis [%] 11.8 7.5 0.706

Apgar 5 min 8 (2 – 9) 8 (5 – 10) 0.062

CRIB-Score 2 (0 – 14) 3.5 (0 – 16) 0.166

Il-6 [pg/ml] 35.0 (3.8 – 775.0) 55.6 (2.0 – 57,050.0) 0.388

CRP [mg/l] 0.2 (0.2 – 51.1) 0.2 (0.2 – 78.2) 0.031/*0.271

Hematocrit [%] 46 (10.7 – 59.0) 44 (15.2 – 59.0) 0.047/*0.268

Leucocytes [×103/μl] 7.28 (1.98 – 32.00) 7.30 (1.08 – 26.25) 0.889

Thrombocytes [×103/μl] 165 (29 – 235) 160 (15 – 291) 0.258

FII [activity in%] 29.5 (20 – 53) 33 (17 – 65) 0.495/*0.154

FVII [activity in%] 30.5 (13 – 93) 31 (7 – 69) 0.868/*0.330

FX [activity in%] 37.5 (24 – 73) 44 (14 – 89) 0.682/*0.235

ATIII [activity in%] 29 (13 – 51) 29.5 (13 – 48) 0.903/*0.532

*adjusted for gestational age.
Bold numbers are used for results reaching statistical significance.
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or days, and consequently may affect the individual risk
to develop IVH. Further research is required to assess the
impact of the VKORC1 -1639G>A polymorphism on
vitamin K pharmacokinetics and the coagulation profile
in extremely preterm infants with a high risk to develop
IVH. In this context, it seems advisable to re-evaluate
dose, interval and route of the routine vitamin K admin-
istration in this particular group of neonates.
Figure 1 Distribution of IVH cases according to VKORC1-genotype an
Conclusion
In the present study, we assessed the impact of func-
tional polymorphisms in the F7 and VKORC1 genes on
the coagulation profile and the risk to develop IVH in a
cohort of preterm infants. Our data support the assump-
tion that genetic variants in the vitamin K-dependent
coagulation system influence the coagulation profile and
the IVH risk in this particular group of neonates with an
d gestational age.



Schreiner et al. BMC Pediatrics 2014, 14:219 Page 7 of 8
http://www.biomedcentral.com/1471-2431/14/219
increased risk of developing IVH. Further studies focus-
sing on vitamin K kinetics and short-term changes in
the coagulation profile, particularly during the first days
of life, are required to further understand a possible link
between IVH risk and genetic variants affecting the
metabolism of vitamin K.

Abbreviations
CPAP: Continuous positive airway pressure; CRIB: Clinical risk index for babies;
F7: Coagulation factor 7; Insure: Intubate, surfactant, extubate; IVH: Intraventricular
hemorrhage; NICU: Neonatal intensive care unit; SGA: Small for gestational age;
SNP: Single nucleotide polymorphism; VKORC1: Vitamin K epoxide reductase
complex 1; VLBW: Very low birth weight.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
CS was responsible for medical care of the patients, performed genotyping,
analyzed the data and drafted the initial manuscript. SS collected clinical
data, performed genotyping and drafted the initial manuscript. MW, HJH and
JO designed the study, supervised coagulation tests and genotyping. FS
supervised genotyping and analyzed the data. PB and AH were responsible
for medical care of the patients and designed the study. All authors
reviewed and approved the final manuscript.

Acknowledgements
This work was supported by grants from the Deutsche Forschungsgemeinschaft
(DFG - OL 100/5-1; J.O. and M.W.) and Baxter Germany (J.O.).

Author details
1Department of Neonatology, University of Bonn, Adenauerallee 119, Bonn
53229, Germany. 2Institute of Experimental Hematology and Transfusion
Medicine, University of Bonn, Sigmund-Freud-Strasse 25, Bonn 53127,
Germany. 3Pediatric Endocrinology Division, University of Bonn,
Adenauerallee 119, Bonn 53229, Germany. 4School of Clinical Sciences,
University of Bristol, Neonatal Intensive Care Unit, Southmead Road, Bristol
BS10 NB5, UK.

Received: 24 March 2014 Accepted: 19 August 2014
Published: 1 September 2014

References
1. McCrea HJ, Ment LR: The diagnosis, management, and postnatal

prevention of intraventricular hemorrhage in the preterm neonate.
Clin Perinatol 2008, 35:777–792.

2. Bhandari V, Bizzarro MJ, Shetty A, Zhong X, Page GP, Zhang H, Ment LR,
Gruen JR, Neonatal Genetics Study Group: Familial and genetic
susceptibility to major neonatal morbidities in preterm twins.
Pediatrics 2006, 117:1901–1906.

3. Ryckman KK, Dagle JM, Kelsey K, Momany AM, Murray JC: Replication of
genetic associations in the inflammation, complement, and coagulation
pathways with intraventricular hemorrhage in LBW preterm neonates.
Pediatr Res 2011, 70:90–95.

4. Göpel W, Gortner L, Kohlmann T, Schultz C, Möller J: Low prevalence of
large intraventricular haemorrhage in very low birthweight infants
carrying the factor V Leiden or prothrombin G20210A mutation.
Acta Paediatr 2001, 90:1021–1024.

5. Petäjä J, Hiltunen L, Fellman V: Increased risk of intraventricular
hemorrhage in preterm infants with thrombophilia. Pediatr Res 2001,
49:643–646.

6. Komlósi K, Havasi V, Bene J, Storcz J, Stankovics J, Mohay G, Weisenbach J,
Kosztolányi G, Melegh B: Increased prevalence of factor V Leiden
mutation in premature but not in full-term infants with grade I
intracranial haemorrhage. Biol Neonate 2005, 87:56–59.

7. Härtel C, König I, Köster S, Kattner E, Kuhls E, Küster H, Möller J, Müller D,
Kribs A, Segerer H, Wieg C, Herting E, Göpel W: Genetic polymorphisms of
hemostasis genes and primary outcome of very low birth weight infants.
Pediatrics 2006, 118:683–689.
8. Greer FR: Vitamin K the basics – what’s new? Early Hum Dev 2010,
86:43–47.

9. Oldenburg J, Bevans CG, Fregin A, Geisen C, Müller-Reible C, Watzka M:
Current pharmacogenetic developments in oral anticoagulation therapy:
the influence of variant VKORC1 and CYP2C9 alleles. Thromb Haemost
2007, 98(3):570–578.

10. Wadelius M, Chen LY, Downes K, Ghori J, Hunt S, Eriksson N, Wallerman O,
Melhus H, Wadelius C, Bentley D, Deloukas P: Common VKORC1 and GGCX
polymorphisms associated with warfarin dose. Pharmacogenomics J 2005,
5(4):262–270.

11. Pollak ES, Hung HL, Godin W, Overton GC, High KA: Functional
characterization of the human factor VII 5'-flanking region. J Biol Chem
1996, 271(3):1738–1747.

12. Sabater-Lleal M, Chillón M, Howard TE, Gil E, Almasy L, Blangero J,
Fontcuberta J, Soria JM: Functional analysis of the genetic variability in
the F7 gene promoter. Atherosclerosis 2007, 195(2):262–268.

13. Ito K, Goto K, Sugiura T, Muramatsu K, Ando T, Maniwa H, Yokoyama T,
Sugiyama K, Togari H: Polymorphisms of the factor VII gene associated
with the low activities of vitamin K-dependent coagulation factors in
one-month-old infants. Tohoku J Exp Med 2007, 211:1–8.

14. Volpe JJ: Neurology of the Newborn. 5th edition. Philadelphia: WB
Saunders; 2008.

15. Poralla C, Traut C, Hertfelder HJ, Oldenburg J, Bartmann P, Heep A: The
coagulation system of extremely preterm infants: influence of perinatal
risk factors on coagulation. J Perinatol 2012, 32(11):869–873.

16. Watzka M, Westhofen P, Hass M, Marinova M, Pötzsch B, Oldenburg J:
Polymorphisms in VKORC1 and GGCX are not major genetic
determinants of vitamin K-dependent coagulation factor activity in
Western Germans. Thromb Haemost 2009, 102(2):418–420.

17. Biss TT, Avery PJ, Brandão LR, Chalmers EA, Williams MD, Grainger JD,
Leathart JB, Hanley JP, Daly AK, Kamali F: VKORC1 and CYP2C9 genotype
and patient characteristics explain a large proportion of the variability in
warfarin dose requirement among children. Blood 2012, 119(3):868–873.

18. Girelli D, Russo C, Ferraresi P, Olivieri O, Pinotti M, Friso S, Manzato F,
Mazzucco A, Bernardi F, Corrocher R: Polymorphisms in the factor VII gene
and the risk of myocardial infarction in patients with coronary artery
disease. N Engl J Med 2000, 343(11):774–780.

19. Corral J, Iniesta JA, González-Conejero R, Villalón M, Vicente V:
Polymorphisms of clotting factors modify the risk for primary intracranial
hemorrhage. Blood 2001, 97:2979–2982.

20. Rosen ED, Chan JC, Idusogie E, Clotman F, Vlasuk G, Luther T, Jalbert LR,
Albrecht S, Zhong L, Lissens A, Schoonjans L, Moons L, Collen D, Castellino FJ,
Carmeliet P: Mice lacking factor VII develop normally but suffer fatal perinatal
bleeding. Nature 1997, 390(6657):290–294.

21. Poralla C, Hertfelder HJ, Oldenburg J, Müller A, Bartmann P, Heep A:
Elevated interleukin-6 concentration and alterations of the coagulation
system are associated with the development of intraventricular
hemorrhage in extremely preterm infants. Neonatology 2012,
102(4):270–275.

22. Andrew M, Paes B, Milner R, Johnston M, Mitchell L: Development of the
Human Coagulation System in the Healthy Premature Infant. Blood 1988,
72:1651–1657.

23. Salonvaara M, Riikonen P, Kekomaeki R, Vahtera E, Mahlamaeki E, Halonen P:
Effects of gestational age and prenatal and perinatal events on the
coagulation status in preterm infants. Arch Dis Child Fetal Neonatal Ed
2003, 88:F319–F323.

24. Spohn G, Kleinridders A, Wunderlich FT, Watzka M, Zaucke F, Blumbach K,
Geisen C, Seifried E, Müller C, Paulsson M, Brüning JC, Oldenburg J: VKORC1
deficiency in mice causes early postnatal lethality due to severe
bleeding. Thromb Haemost 2009, 101(6):1044–1050.

25. Oldenburg J, von Brederlow B, Fregin A, Rost S, Wolz W, Eberl W, Eber S,
Lenz E, Schwaab R, Brackmann HH, Effenberger W, Harbrecht U,
Schurgers LJ, Vermeer C, Müller CR: Congenital deficiency of vitamin
K dependent coagulation factors in two families presents as a
genetic defect of the vitamin K-epoxide-reductase-complex.
Thromb Haemost 2000, 84(6):937–941.

26. Rost S, Fregin A, Ivaskevicius V, Conzelmann E, Hörtnagel K, Pelz HJ,
Lappegard K, Seifried E, Scharrer I, Tuddenham EG, Müller CR, Strom TM,
Oldenburg J: Mutations in VKORC1 cause warfarin resistance and
multiple coagulation factor deficiency type 2. Nature 2004,
427(6974):537–541.



Schreiner et al. BMC Pediatrics 2014, 14:219 Page 8 of 8
http://www.biomedcentral.com/1471-2431/14/219
27. Marinova M, Lütjohann D, Breuer O, Kölsch H, Westhofen P, Watzka M,
Mengel M, Stoffel-Wagner B, Hartmann G, Coch C, Oldenburg J: VKORC1-
dependent pharmacokinetics of intravenous and oral phylloquinone
(vitamin K1) mixed micelles formulation. Eur J Clin Pharmacol 2013,
69(3):467–475.

28. Saito R, Takeda K, Yamamoto K, Nakagawa A, Aoki H, Fujibayashi K, Wakasa
M, Motoyama A, Iwadare M, Ishida R, Fujioka N, Tsuchiya T, Akao H, Kawai Y,
Kitayama M, Kajinami K: Nutri-pharmacogenomics of warfarin anticoagulation
therapy: VKORC1 genotype-dependent influence of dietary vitamin K intake.
J Thromb Thrombolysis 2014, 38(1):105–114.

29. Zuchinali P, Souza GC, Aliti G, Botton MR, Goldraich L, Santos KG, Hutz MH,
Bandinelli E, Rohde LE: Influence of VKORC1 gene polymorphisms on the
effect of oral vitamin K supplementation in over-anticoagulated patients.
J Thromb Thrombolysis 2014, 37(3):338–344.

30. Raith W, Fauler G, Pichler G, Muntean W: Plasma concentrations after
intravenous administration of phylloquinone (vitamin K(1)) in preterm
and sick neonates. Thromb Res 2000, 99(5):467–472.

doi:10.1186/1471-2431-14-219
Cite this article as: Schreiner et al.: Genetic variants of the vitamin K
dependent coagulation system and intraventricular hemorrhage in
preterm infants. BMC Pediatrics 2014 14:219.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study cohort and clinical definitions
	Coagulation profiles
	Genotyping
	Statistical analysis
	Ethics

	Results
	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

