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Introduction

The haemostatic system in the neonate and especially in the pre-
term infant is in a dynamic state (1-3). Neonatal intensive care
has advanced in recent years, and more extremely low birth
weight (ELBW) infants survive, but a significant proportion of
these infants may still suffer from neonatal complications, such
as intraventricular haemorrhage (IVH) after birth (4).

Most data on coagulation factors in the early weeks of ges-
tation (before 30 weeks) have been obtained from foetuses (5,
6). However, specific coagulation factor assays have been

developed which, together with micro techniques, make it pos-
sible to study haemostatic factors directly from blood samples
from ELBW infants as well. Reference values for coagulation
components and anticoagulants in foetuses from 19 to 38 weeks
gestation are available (6). These values may facilitate the eval-
uation of the coagulation status of very premature infants.
Foetal haemostasis functions at lower levels of haemostatic fac-
tors than newborn infant haemostasis (5, 6). Corresponding
postnatal values obtained from preterm infants are higher (2, 3)
than the plasma levels of the foetus coagulation factors. Few
coagulation studies have included ELBW infants (7).
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Prothrombin and FX did not reach adult values; median activity
levels remained at 82% and 78%, respectively. During the follow
up, the FV and FVII levels of the ELBW infants (GA 24-27
weeks) increased more than those of the preterm infants born
with higher GA (p < 0.001). At birth, prothrombin correlated
significantly with FV, FVII and FX (p < 0.001). FVII at birth and
at six months correlated significantly with PC (p= 0.021 and p=
0.009, respectively).These findings indicate that the gain in the
coagulation factor concentrations in infancy is greatest in
infants with the lowest GA at birth. Interesting new inter-rela-
tions of coagulation factor and physiological anticoagulant lev-
els may indicate that there are still unrecognised pathways in
the function of newborn haemostasis.
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Summary
The development of the coagulation and anticoagulation system
in preterm infants was assessed, with special emphasis on
extremely low birth weight (ELBW) infants and haemorrhagic
or other complications after birth. Coagulation factors II (pro-
thrombin),V (FV),VII (FVII) and X (FX) were analysed at birth
and at a corrected age of six months. In addition, antithrombin
(AT), protein C (PC) and protein S (PS) were measured at six
months, and DNA samples were tested for Factor V Leiden
(R506Q). Eighty-two infants, with a median gestational age (GA)
of 32 weeks (range 24–36) and a median birth weight of 1562
g (range 695–3520), were studied. Fifteen of these were ELBW
infants (range 695-1000g). Prothrombin, FV, FVII and FX
reached healthy term six-month-old infant activity levels.
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Recent advances in the care of the smallest infants have led
to lower mortality, with the result that the number of preterm
infants with neonatal problems has increased. True reference
ranges for extremely premature infants are lacking because
these infants do not usually appear to be healthy (2). Moreover,
various complications in pregnancy, such as mother’s medica-
tion or preterm labour, may affect coagulation status (8).
Preterm infants with neonatal problems are prone to develop
haemorrhagic and thrombotic complications (9). 

In this study, we explored the development of selected coag-
ulation factor activities from birth to six months with an empha-
sis on ELBW infants. Interesting new inter-relations of coagu-
lation factor and physiological anticoagulant levels were
observed.

Materials and methods

The infants included in this study were born at Kuopio
University Hospital between 1996 and 1998. The study protocol
was approved by the research ethics committee of Kuopio
University Hospital. Informed written consent was obtained
from parents before they entered the study.

Subjects
Premature infants born at less than 37 weeks gestation and
admitted to the neonatal intensive care unit in Kuopio
University Hospital were eligible for the study. The gestational
age was based on a combination of maternal dates and ultra-
sound examinations. All infants received 1 mg vitamin K intra-
muscularly at birth (10, 11). Patients were eligible for the study
if all data of the blood samples at birth and at the corrected age

of six months were available and the blood samples had been
taken properly. 

Data collection
After birth: data concerning the major neonatal morbidities
were collected from patient charts. Special attention was paid to
IVH, necrotising enterocolitis, grade II-V retinopathy of prem-
aturity and infections. Insertion of peripheral central venous
lines, duration of ventilation support, and corticosteroid, anti-
biotic and possible fresh frozen plasma treatment were also
recorded. 

At the age of six months: the corrected age of six months
was determined using post-term age calculated from expected
date of delivery.  Patient charts were reviewed with special
emphasis on haemorrhagic or thrombotic complications, infec-
tions, and neurological problems. All children were examined
by one of the researchers (MS, a paediatrician) in the out-patient
clinic.

Laboratory methods
At birth: Blood samples were drawn from the peripheral arte-
rial or venous catheters immediately after placement within 2
hours after birth. Blood sample for the coagulation factor assays
was collected directly into citrate vacuum tubes (1.8 ml,
Vacuette, Greiner GmbH, Frickenhausen, Germany). The blood
for the coagulation studies was immediately centrifuged at
room temperature at 1400 g for 30 minutes, then plasma was
removed, aliquoted and kept at -80ºC until analysed.

The data and sample collection and laboratory methods for
the coagulation factor activities were carried out as described in
detail by us recently (12). The laboratory participates regularly
in four different external quality assessment schemes.

Table 1: Patient characteristics in each
gestational age group.
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Figure 1:
Coagulation factor
activities at birth
and at the corrected
age of six months
with median activ-
ities for each gesta-
tional age (GA)
group. Group 1 
(n= 15): GA 24-27;
Group 2 (n= 20): GA
28-30; Group 3 (n=
20): GA 31-33; Group 4
(n= 27): GA 34-36.

A)

B)
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Figure 1:
Continued

C)
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At the corrected age of six months: blood samples were
taken in a citrate tube for children (Vacuette, Greiner GmbH,
Frickenhausen, Germany) and sent in ice the same day to the
Department of Haemostasis of the Finnish Red Cross Blood
Service, Helsinki, for analysis and further assays. The levels 
of coagulation factors II (FII, prothrombin), V (FV), VII (FVII)
and X (FX) were determined with the one-stage method using
an STA® Compact® Analyser from Diagnostica Stago
(Asnières, France); functional activities of PS, PC and AT were
determined according to the manufacturer’s instructions with an
STA Staclot® Protein S, Staclot® Protein C and Staclot® AT
(Diagnostica Stago, Asnières, France), respectively. For PS and
AT a frozen plasma pool calibrated with the International
Standard of the National Institute for Protein C STA
Unicalibrator from Diagnostica Stago were used as standards.
The gene defect FV (R506Q) was identified using the restriction
fragment length polymorphism (RFLP) technique.

Statistical analysis
Spearman’s correlation between each coagulation factor and
anticoagulant measured was calculated. Differences in coagula-
tion factor changes from birth to six months of corrected age
between gestational age groups, and associations between coag-
ulation factor development, IVH, necrotizing enterocolitis and
retinopathy were tested with repeated measures analysis of var-

iance (ANOVA). The Mann-Whitney U-test was used to com-
pare averages of neonatal complications and physiological anti-
coagulants at six months of corrected age among groups formed
on the basis of gestational age. Bonferroni correction was made
for multiple comparisons. SPSS 11.0 for Windows was used for
all data analyses.

Results

Subjects
Specific demographic information about the study population
groups is given in Table 1. 

The median gestational age was 32 weeks (range 24 – 36),
and the median birth weight was 1562 g (range 695 – 3520).
There were 57 singletons, 11 sets of twins and one set of trip-
lets. Fifteen of the infants were ELBW infants (range 695-
1000g). Peri- and neonatal complications were diagnosed as fol-
lows: small for gestational age (SGA), n=26 (32%); asphyxia at
birth, n= 14 (17%); IVH, n=8 (10%); grade II-V retinopathy of
prematurity, n= 6 (8%); septic infections, n=11 (13%); and nec-
rotising enterocolitis, n=3 (4%). As expected, the sickest infants
were born before 28 gestational weeks (Table 1). They all
needed ventilation support after birth. 

Peripheral central venous lines were inserted in 13 (16%)
infants. No thrombotic events were diagnosed. 

Figure 2:
Physiological antico-
agulant activities at
the corrected age of
six months with
median activities for
each gestational age
(GA) group. Group 1
(n= 15): GA 24-27;
Group 2 (n= 20): GA
28-30; Group 3 (n=
20): GA 31-33; Group 4
(n= 27): GA 34-36.
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Overall haemostasis
The development of the activity of the coagulation factors FII,
FV, FVII and FX by six months is presented in Figure 1. The
activities of the physiological anticoagulants AT, PC and PS  at
six months of age are presented in Figure 2. At the corrected age
of six months, regardless of the GA at birth, FII, FV, FVII and FX
reached the earlier reported levels of coagulation factors in
healthy term six-month-old infant (2). Prothrombin and FX did
not reach the adult reference values; median activity levels of
prothrombin in each GA group remained at 88%, 79%, 80% and
83%, and those of FX at 78%, 75%, 79% and 78%, respectively.
FV and FVII reached mean adult plasma concentrations (Fig.1B,
1C) the median activity level of FV in each GA group was 111%,
104%, 112% and 106%, and those of FVII 107%, 98%, 103% and
102%, respectively. The ELBW infants  increased significantly
(p<0.005) more FV and FVII concentration values from birth 
(median 60% and range 27-102%, median 46% and range 
14-81%, respectively) to six months (median 111% and range 
85-164%, median 107% and range 82-188%, respectively) than
the other three study groups (Fig.1B, 1C). 

Mean AT and PS activities reached term infant and adult
values at six months (Fig. 2).  Mean PC activity reached the
term infant value at six months, but was, as expected, lower
than the adult value (Fig. 2). 

FV Leiden (R506Q) was identified in three (3.6%) infants
with GA 30, 31 and 34 weeks. None of them had any thrombot-

ic or haemorrhagic problems after birth. No central venous lines
were inserted in these three infants. 

At six months: infants with BPD (n=27) had similar coagu-
lation factor and physiological anticoagulant activities as
infants without BPD (n=55). Infants with asphyxia at birth
(n=14) had lower median coagulation factor FX activity at the
age of six months than infants without birth asphyxia (73% vs.
79%, p=0.048). Septic infections at birth did not affect coagula-
tion status at six months.

Coagulation status of sick vs. healthy ELBW
infants
Although all infants born before 28 weeks of gestation (n=15)
had some morbidity, they were divided into two groups: healthy
and sick. An ELBW infant was regarded as healthy (n=8) at the
time of the first coagulation factor blood samples if the infant
had no other difficulties than respiratory distress at birth. Sick
ELBW infants had respiratory distress, and IVH later (n=7).
Sick ELBW infants had lower median prothrombin activity at
birth than healthy infants (27% vs. 38%, p=0.144), but the dif-
ference was not significant. 

At the corrected age of six months, sick infants still had
lower median prothrombin activity (80% vs. 92%, p=0.144),
but the median activities of FV, FVII and FX were similar in
both groups. The median AT and PC activities were also simi-
lar, but the median PS activity was lower in sick infants than in

Table 2: Spearman’s correlation between coagulation factors and physiological anticoagulants in preterm infants
without intraventricular haemorrhage (n=74). Coagulation factors were measured at birth and at the corrected age of six
months, and physiological anticoagulants at the corrected age of six months. Coagulation factors = FII, (prothrombin), FV, FVII and FX;
PC =protein C, PS= protein S,ATIII = antithrombin.
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healthy ones (73% (range 70-92%) vs. 110% (range 59-135%),
p=0.080). There were no thrombophilic infants among these
ELBW infants with IVH.

Infants with retinopathy (n=6) had higher median FV activ-
ity at six months than those without retinopathy (142% (range
80-153%) vs. 109 (range 61-164%), p=0.135).

Correlations between coagulation factors and
anticoagulants
The correlation between the coagulation factors and anticoagu-
lants at birth and at six months in the infants without IVH
(n=74) are given in Table 3. At birth, prothrombin correlated
significantly with coagulation factors FV, FVII and FX, and at
six months with FVII and FX. Notably, FV at birth correlated
significantly with FV at six months (p= 0.007). Prothrombin
correlated with physiological anticoagulants AT, PC and PS at
the corrected age of six months. FVII at birth and at six months
correlated with PC measured at six months (p=0.021 and
p=0.009, respectively). FVII at six months also correlated sig-
nificantly with PS (p=0.005).

Discussion

The main findings in the present study are that prothrombin, FV,
FVII and FX reach six-month-old term infant values at the cor-
rected age of six months, even in ELBW infants. New technol-
ogy has made it possible to take blood samples from ELBW
infants for the analysis of several haemostatic factors (12). The
coagulation defects seen in extreme prematurity were corrected
by impressive gains in coagulation factor activities. To our
knowledge, this is the first prospective follow-up study of the
development of the specific coagulation factors and physiolog-
ical anticoagulants in ELBW infants.  

Earlier studies (1-3, 5, 6) have shown that the coagulation
system in foetuses and preterm infants develops rapidly toward
term infancy. The problem in studies concerning preterm infants
has been the limited number of patients, with a lack of the
smallest infants. Andrew et al. (2) studied 67 infants born
between 30 and 33 weeks of gestation of which only 26 were
available for follow-up study at six months. Reverdiau-Moalic
et al. (6) studied the coagulation status of 64 healthy human 
foetuses at the age of 19-38 weeks of gestation, but they did not
have any follow-up of the infants. Reference ranges for preterm
infants >30 weeks of gestation and full-term infants have been
determined mainly according to these studies (13, 14). 

The vitamin K-dependent factors prothrombin, FVII and
FX, which have varying half lives in circulation, were selected
for the study. Factor II has the longest natural half life, and fac-
tor VII the shortest; they therefore reflect well the vitamin K-
dependent coagulation factor synthesis in the liver. In addition,
FV was analysed despite its lability, because of the expected
early maturation of synthesis (2, 5, 6). At the corrected age of
six months, prothrombin and FX were at low adult values, but
FV and FVII reached high adult values, and the gain in the 
concentration by the age of six months was greatest in 
the ELBW infants. This gain may be considered a sign of devel-
opmental catch up seen in, for example, the weight gain of
ELBW infants. 

In the present study FV at birth in infants without IVH cor-
related with prothrombin, FVII and FX at birth. FV at birth also
correlated with FV at six months. This may underscore the
importance of FV among other early developing factors of hae-
mostasis, such as FVIII and platelets (2, 6, 15). The synthesis of
coagulation factors has been assessed for FV in hepatocytes
from 5- to 10-weeks GA embryos (6). FVa binds with FXa on a
membrane surface to form the prothrombinase complex. This is

Table 3: Coagulation study differences
at birth and at the corrected age of six
months comparing ELBW infants to the
infants born at 34-36 weeks gestation.
Coagulation values are activities (%).Values are
expressed as means (SD).
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