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Extract

Fibrinogen and factors V, II, and VII + X assays were performed by micromethod on
days 1, 2, 3, and 10 of life in 96 premature infants ( <37 weeks gestational age). "Sick"
premature infants, mainly with respiratory distress syndrome, were compared with
premature infants considered to be thriving. In the thriving infants, the mean level of
the studied clotting factors appears to be independent of gestational age. Fibrinogen
and factor V levels are correlated in thriving as well as in sick infants; both are signifi-
cantly decreased in the sick infant group. In both groups, factors / /and VII + Xlevels
were consistently low on the 1st day of life. They progressively increased but did not
reach adult levels by the 10th day of life despite routine vitamin Kx administration.
Overall mortality as well as clinical hemorrhagic manifestations were closely related to
blood clotting factor levels. Pathologic and biologic data indicate a relation between
coagulation abnormalities in premature infants and the occurrence of disseminated

. intravascular clotting.

Speculation

It can be postulated that low levels of blood clotting factors result from either dimin-
ished production (immaturity, toxicity, etc.) or increased utilization or consumption
(i.e., disseminated intravascular coagulation (DIG)). Hypercoagulability and dis-
seminated intravascular coagulation have been described in premature infants, espe-
cially in those with respiratory distress. By means of microtechnics, it is now possible to
study the evolution of blood clotting factor levels in premature infants with and with-
out respiratory distress in an attempt to better understand the relation of blood clotting-
levels and the presence of DIC.

Introduction larly useful for analysis of the rapid changes in the

Previous work [16] has demonstrated that a reliable hemostatic system in neonates.
assay of all clotting factors can be performed on capil- Most of the hemorrhagic syndromes in newborn in-
lary blood by micromethod. This method is particu- fants can be diagnosed simply by using a platelet
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count and a few clotting factor assays, i.e., fibrinogen
and factors V, II, and VII + X. In this period of life it
is necessary to use specific assays of clotting factors
instead of the classic screening tests because of the fre-
quent association of the so called "hypercoagulability"
and various clotting defects. This method has been
applied to the study of 96 premature infants during
the first 10 days of life. The results observed in thriv-
ing premature infants were compared with those of
sick premature infants, particularly in cases with res-
piratory distress (RD).

Patients and Methods

Patients (Table I)

This study included 96 infants, all of whom received
at least two coagulation studies except in a few cases
when death occurred during the 1st day of life. In 23
infants coagulation studies were repeated on day 1, 2,
3, and 10.

None of these patients had hepatitis or other recog-
nized liver disease.

For our study, these patients have been divided into
two groups.

Group I. This group was comprised of 91 premature
infants between 28 and 37 weeks of gestational age; 48
of these were considered as "thriving" and 43 as "sick"
infants.

The 48 thriving infants were selected on the 1st day
of life by the following criteria: no significant prob-
lems (i.e., no apparent infection, no severe RD). In
this group we have included some infants with either

Table I. Clinical data for coagulation studies in 96 newborn
infants1

Newborn infants No. of
infants

Less than 28 weeks

From 28-37 weeks (total) 91

Thriving (total)
Hypotrophic
Control group

Sick (total)
RD

HMD
Non-HMD

Heavy resuscitation for various reasons

48
11
37

43
30
21

9
13

RD: Respiratory distress; HMD: hyaline membrane disease.

transient respiratory distress, minor amniotic aspira-
tion, or grade I hyaline membrane disease. None of
the infants had acidosis or hypoxia. Thirty-seven in-
fants were between 10% and 90% of the Lubchencho
international units growth curve (IUGC) while 11
were below 10% for weight (hypotrophic).

The 43 sick premature infants presented with either
RD (30 cases) or severe central nervous system depres-
sion requiring resuscitation (13 cases). In this group we
excluded hypotrophic infants. Among the 30 RD cases
there were 21 with hyaline membrane grade II or / / /
and 9 with congenital pneumonia or aspiration of am-
niotic fluid content.

Group II. This group included 5 infants younger
than 28 gestational weeks without respiratory distress
who were still in fair condition on the 1st day of life.

Technical Procedures

Blood clotting factor assays. All assays were per-
formed on capillary blood according to the method we
have previously described [16]. The principle of this
method is to dilute the capillary blood sample directly
and to separate the diluted plasma in a second step by
centrifugation.

Factors V, II, and VII + X assays were performed
according to Soulier and Larrieu [25], using as control
the capillary blood from an adult donor, collected in
the same way. For fibrinogen, we used the method
described by Clauss [9] and developed by Vermylen et
al. [28]. The fibrinogen titration curve was made using
normal citrated plasma with a known fibrinogen level.
It is necessary to apply a correction factor related to
the difference between control and patient hematocrit
levels.

Blood samples from newborn infants were collected
in the following way. The foot was prewarmed in a
sterile 40° water bath and carefully dried after dis-
infection by alcohol. A sharp puncture was made on
the heel with a long point lancet; 0.05 ml capillary
blood was immediately collected in a calibrated pi-
pette and diluted with 0.95 ml citrated buffer (1/20
blood dilution). To avoid early factor V activation, the
dilution procedure must be achieved less than 30 sec
after the puncture. This first sample is used for factors
V, II, and VII + X assays. Two subsequent samples
were collected for fibrinogen assay (1/5 blood dilution)
and for microhematocrit.

Platelet counts. Platelet counts were performed on
capillary blood but the results have not been included
in this study because the tests were performed in
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another laboratory and on a blood sample not collected
at the same time as that for clotting tests.

Statistical Analysis

Statistical significance of the observed results was
computed by using the Student Fisher test for small
samples.

Results

Influence of Gestational Age on Blood Clotting Factor
Levels

The results obtained on the 1st day of life in the
thriving infants were analyzed by gestational age
(Table II). In the nonhypotrophic infants these results
showed no significant difference (for the studied fac-
tors) between the various gestational age groups. In
the hypotrophic infants, with gestational ages between
33 and 38 weeks, there was also no significant differ-
ence.

Influence of Clinical Status on Blood Clotting Factor
Levels in Premature Infants

Correlation between clinical status and blood clot-
ting factor levels was studied only in the homogeneous
group I which included 37 nonhypotrophic premature
infants in the same range of gestational age (28-37
weeks). There was no significant difference between
the mean birth weight (thriving 1,910 g, SD 394; sick
1,746 g, SD 475; P > 0.50) and gestational age (thriving
32.8 weeks, SD 2.6 weeks; sick 32 weeks, SD 2.8; P >
0.50).

Biological Findings

Factor V (Figs. 1 and 2). In all 80 infants of group I,
factor V levels progressively increased during the first
days of life, reaching the adult mean level by the 10th
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fig. 1. Factor V level in premature infants. Individual results and
their evolution during the first days of life.

day. This finding was observed in both the thriving
infants and the sick infants who survived, in spite of
the fact the latter started at a significantly lower level.

On day 1, the mean factor V level in the thriving
group was 78% (SD 25%). In the sick group, the mean
factor V level was significantly lower: 54% (SD 26%),
with P < 0.001.

When the sick infants were separated into two
groups, one with respiratory distress syndrome (RDS)
and the other without, there was a highly significant
difference between factor V levels among those infants
with RDS (49% SD 26%) with P < 0.001 and thriving
infants, whereas there was no significant difference be-

Table II. Levels of coagulation factors in thriving premature infants according to gestational age

Gestational age, weeks
Fibrinogen, g/100 ml

Factor V, %

Factor II, %

Factor VII + X, %

<28
0.330 SD 0.105

n = 5
91.3 SD 30.5

n = 5
28.8 SD 7.3

n = 5
27.6 SD 10.8

n = 5

0

89

32

38

Group I (thriving)

Nonhypotrophic

28-32
.270 SD 0.085

n = 14
.4 SD 26.2

n = 16
.8 SD 12.3

n = 16
.4 SD 14

n = 16

33-37
0.244 SD 0.055

n = 17
72.2 SD 23

n = 17
33 SD 10.8

n = 17
39.7 SD 14.5

n = 16

0

66

32

32

Hypotrophic

33-37
.254 SD 0.052

n = 8
.2 SD 17.3

n = 11
.2 SD 11.2

n = 10
SD 8

n = 8
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Fig. 2. Factor V level in thriving and sick premature infants
during ihe first days o£ life (The top of each column indicates
the mean level observed in the studied groups ± 1 SD; between
brackets the number of studied cases in the group). RDS: Res-
piratory distress syndrome; HMD: hyaline membrane disease.
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Fig. 3. Prothrombin level in thriving and sick premature infants
during the first days of life. (The top of each column indicates
the mean level observed in the studied groups ± 1 sn; between
brackets the number of studied cases in the group.) RDS: Res-
piratory distress syndrome; HMD: hyaline membrane disease.

tween the levels of those without RDS (64% SD 23%)
and the thriving infants. Within the sick group there
was no statistical difference between the factor V levels
in those infants with RDS and those without.

Factor II (Fig- 3). All of the infants in this study re-
ceived vitamin K : at birth (1-2 mg/kg). As with factor
V, factor II levels increased progressively during the
first 10 days of life, but did not reach the adult level
by the 10th day in any group. The mean factor II level
at day 10 was 53% SD 16% for both the sick and the
thriving group.

On the 1st day of life, no significant difference was
observed between the mean value in the thriving
group (32%, SD 10%) and that of infants with RDS
(23%, SD 16%) nor that of sick infants without RDS
(30% SD 8%). We did not find any statistical correlation
between factor V and / / levels in the thriving group.
However, in the group of sick infants, factor II level at
day 1 was statistically related to factor V level (P =
0.01 forr = 0.7290).

Factor VII + X. These results were very similar to
those of factor II. On day 10, the mean level or factor
VII + X was approximately 60% in all the infants
studied. Mean values on the 1st day of life were 41%
SD 12% in the thriving group, 26% SD 12% in the in-
fants with RDS, 31% SD 13% in the sick group without
RDS. This assay was performed in only half of each
group, and the P values were not calculated, in view of
the small number of cases.

Fibrinogen (Fig. 4). The fibrinogen level varied
greatly from infant to infant irrespective of their clini-
cal condition. On day 10 the mean value was 280 mg/
100 ml, SD 80 mg/100 ml in the thriving infants and 250
mg/100 ml SD 70 mg/100 ml in the sick infants.

On day 1 the mean fibrinogen level in the thriving
group was 250 mg/100 ml, SD 80 mg/100 ml while in
the sick group it was significantly lower: 200 mg/100
ml SD 100 mg/100 ml with P < 0.02. When the sick
infants were separated into two groups one with RD
and the other without, there was a significant differ-
ence between the thriving group and those with RDS
190 mg/100 SD 10 mg/100 ml with P < 0.02 while

FIBRINOGEN ACCORDING TO THE CONDITION

DAY1 DAY 2 DAY 3 DAY 10

D THRIVING PREMATURE
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Fig. 4. Fibrinogen level in thriving and sick premature infants
during the first days of life. (The top of each column indicates
the mean level observed in the studied groups ± 1 si>; between
brackets the number of studied cases in the group.) RDS: Res-
piratory disease syndrome; HMD: hyaline membrane disease.
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Fig. 5. Correlation between fibrinogen and factor V levels at the
1st day of life in the premature infants.

there was no significant difference between the thriv-
ing group and those without RDS 220 mg/100 ml SD
130 mg/100 ml. As was the case for factor V, within
the sick group there was no statistical difference be-
tween fibrinogen levels in those infants with RDS and
those without. On the 1st day of life a statistical corre-
lation was found between fibrinogen and factor V
levels in the thriving group as well as in the group of
sick infants (P < 0.01 for r = 0.5570 (Fig. 5)).

Clinical Correlation

Thriving group. All 37 infants survived except one
who died secondarily of a late peritonitis. There were
no clinical hemorrhagic manifestations in any of these
infants. From day 1 to day 10, factor V levels were
always above 50% exception two cases (35% and 42%,
respectively) and the fibrinogen levels were consist-
ently higher than 160 mg/100 ml.

Sick group. Among these 43 infants, at day 10, there
were 25 survivors, 4 of them with hemorrhagic mani-
festations. Among the 18 infants who died before the
10th day, 15 were studied by postmortem examination,
which revealed 11 cases with hemorrhagic manifesta-
tions, 2 of which had typical pathologic features of
disseminated intravascular coagulation. Blood clotting
factor levels were significantly lower in the infants
with hemorrhagic manifestations than in others of the
same group (Table III) with P < 0.01 for factor V and
P < 0.01 for fibrinogen.

Discussion

To the best of our knowledge this is one of the first
extensive reports on the use of micromethods for deter-

mining capillary blood clotting factor levels in prema-
ture infants during the newborn period. Literature
analysis as recently given by Bleyer and coworkers [4]
is fraught with many difficulties. (1) Most publications
deal with only a few cases and therefore are of ques-
tionable statistical value. (2) For practical reasons, pre-
mature infants and full term neonates are seldom stud-
ied by the same team using the same technical proce-
dures. (3) One cannot compare values of vitamin K-de-
pendent factors between those infants receiving vi-
tamin K at birth with those not systematically receiv-
ing vitamin K. (4) The method of blood collection is
of critical importance at this age and can strongly in-
fluence the observed levels of factor V and VIII as has
been demonstrated [16].

In spite of these limitations, the results obtained in
this study for thriving premature infants were quite
comparable with those reported in the literature for
normal term infants and for normal premature infants
[6, 12, 14, 18, 22-24, 27] macro collecting techniques.
Vitamin K-dependent factors (II, IX, and VII + X)
are low despite vitamin K administration but do not
decrease at day 2 or 3 [29]. Fibrinogen levels have been
reported in the normal range and factor V levels are
usually slightly below the normal adult range, espe-
cially in premature infants [1, 8, 13, 19, 23]. In this
study, we found factor II, VII, and X levels to be
about 30-40% on day 1, increasing slowly to 40-70% by
day 10. Fibrinogen levels were in the normal range
(250 mg/100 ml) whereas factor V levels were initially
slightly low (78%) increasing to nearly 100% by the
3rd day of life. In this study, there was no apparent
relation between blood clotting factor levels and gesta-
tional age.

The results obtained in this study of sick infants
compare favorably with those reported in the litera-
ture, which contains many individual case reports of
abnormalities of blood clotting factor levels in sick
infants (10, 12, 24). In extensive studies reported by
Hathaway et al. [15], Markarian et al. [20, 21], and

Table III. Correlation between hemorrhagic tendency, prog-
nosis, and blood clotting factors levels in sick premature infants
on day 1

c- u • r t Xo. of Mean Factor V Mean fibrinogen Died,
SICK intants c a s e s k v d j % Ieve]> g / 1 0 Q m ) n o

No hemorrhagic
tendency

Hemorrhagic tend-
ency

P value

28

15

68
SD ±24

32
SD ±16
<0.001

0.2
SD ±0.09

0.13
SD ±0.10
<0.001

7

11
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Alstadtt [3], the hypothesis of the frequent occurrence
of DIC in sick premature infants is presented. In our
study, low levels of blood clotting factors were most
frequently observed in premature infants considei'ed
sick on clinical grounds, most of them having respira-
tory distress (due to hyaline membrane disease). In this
group there were significantly low levels of factor V
and fibrinogen with a good correlation between these
two factors. For vitamin K-dependent factors (II, VII,
and X) the mean level in the sick group was also lower
than in the thriving group, but because of large indi-
vidual variations, the significance of this finding is
questionable.

What is the significance of these abnormalities in
sick premature infants?

As described in adults, older infants, and neonates [2],
DIC is characterized by the usual association of throm-
bocytopenia with low levels of factor V and fibrino-
gen plus elevated fibrin-split products. The frequent
occurence of the so-called "in vitro hypercoagula-
bility" [17, 18, 20, 21] at birth as well as the occasional
detection of fibrin-split products in normal neonates
[5, 11, 26] suggest the occurence of DIG in sick prema-
ture infants might be an accentuation of an almost
physiologic state. It has also been demonstrated [13] in
animals that anoxia and acidosis, which are frequent
components of most pathologic conditions in prema-
ture infants, favor the occurence of DIC. This might
explain the lack of correlation between biologic find-
ings and very specific clinical syndromes.

The correlation between biologic data and clinical
pathology is somewhat more difficult to establish for
the following reasons. (1) Local hemorrhages may
occur without any detectable abnormality of the sys-
temic hemostatic system. (2) The absence of bleeding
does not exclude the jDOssibility of grossly abnormal
levels of blood clotting factors. (5) Pathologic data ob-
tained at autopsy are difficult to evaluate because in
most cases of suspected DIC only optical data are
available and these techniques can demonstrate only
severe thrombotic lesions [7]. Minor capillary oblitera-
tions by platelet plugs and fibrin threads can be seen
only under the electron microscope or with immuno-
fluorescent techniques.

Nevertheless, in this study, a statistical correlation
between bleeding tendencies and abnormal coagula-
tion studies became evident when we included appar-
ently minor symptoms such as bleeding from veni-
puncture sites, nares, hematomas of drug injection
sites, presence of blood in the tracheal and gastric fluid

obtained at suction, slight hematuria, etc. In our study
of sick premature infants, the occurrence of hemostatic
defects seemed to bear a bad prognosis, the mortality
being significantly higher in this group than in sick
premature infants without detectable hematologic de-
fects.

With our present limited understanding of the
many factors possibly involved in the production of
abnormal hematologic findings, one cannot say
whether the hemostatic abnormalities present in se-
verely ill infants are the result of the illness or whether
they participate actively in a disease process which is
expressed finally as DIC. Furthermore, we do not
know for certain whether what is known about the
coagulation system in adults can be applied to the
coagulation system of newborn infants.

It is hoped that the use of micromethods for deter-
mining capillary levels of the various blood coagula-
tion factors will facilitate the collection of data needed
to further elucidate the many unexplained factors in-
volved in the complicated process leading to DIC.

Summary

The results of capillary levels of blood coagulation
factors (fibrinogen, factor V, factor II, and factor VII
+ X) in 96 premature infants have been analyzed in
relation to gestational age and clinical condition.

There was no apparent relation between gestational
age and blood clotting factor levels. The premature
infant considered as sick on clinical ground had a
lower level of fibrinogen and factor V than those con-
sidered as thriving, and there was a good correlation
between the level of these two factors. This was only
true for the sick infants with RDS.

A lower level of these two factors was also found in
the group of sick infants who had hemorrhagic tenden-
cies, compared with those infants without signs of
hemorrhage. Among these infants with RDS, there was
no difference between those infants with hyaline mem-
brane disease and those whose distress was due other
causes.
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