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Extract

Cord blood from 106 high risk and 68 normal deliveries was studied for hypercoagula-
bility and levels of the circulating anticoagulants, antithrombin III (AT-III) and
antiactivated factor X (anti-Xa). Table I shows that normal, term, appropriate for
gestational age (AGA) infants showed a deficiency at AT-III when compared with
normal children and adults (P < 0.001). Preterm (Pr) AGA infants had a lower
level of AT-III than term (T) AGA infants (P < 0.001). The lowest levels of AT-III
were seen in infants who developed idiopathic respiratory distress syndrome (1RDS);
66% of all infants with an AT-III time of 18 sec or less (mean ± SEM AT-III value
for T-AGA infants, 37 ± 2.8) developed IRDS. All except three of the infants (Fig. 1)
with IRDS and/or low AT-III levels were offspring of mothers in the high risk cate-
gory of premature labor or third trimester bleeding. When the thrombelastogram was
used as a measurement of whole blood coagulability, T-AGA infants showed hyper-
coagulability when compared with adults and children (P = 0.025). The infants
with the most hypercoagulability were offspring of the groups of severe ery throblastosis
fetalis, third trimester bleeders, and premature labor.

As seen in Table I and Figure 2, anti-Xa activity is slightly lower in the Pr-AGA
group than in adults (P < 0.01), but the level of anti-Xa does not correlate well with
the development of IRDS.

Speculation

The susceptibility of the ill newborn infant to thrombotic, hemorrhagic, and necrotic
pathologic lesions may be related to a deficiency of a potent, naturally occurring anti-
coagulant, antithrombin III. This AT-III, like a-1-antitrypsin, is a proteinase in-
hibitor. Both of these substances are severely deficient in infants with IRDS. The
therapeutic implications of replacement of these proteins in groups of infants at risk to
develop IRDS and hemorrhagic-thrombotic lesions remains to be explored.
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Introduction

The concept of hypercoagulability of the cord blood in pre term infants
'Who develop the idiopathic respiratory distress syndrome has been
described (19). Hypercoagulability or shortening of the clotting time
of fetal whole blood has been noted by others and can be considered a
paradoxical finding in light of the physiologic deficiencies of certain
coagulation factors (II, VII, IX, X, XI, XII) and platelet functional
defects seen in the neonate (11, 21). The cause' of hypercoagulability
may be attributed to deficiencies of the naturally occurring anticoagulant
system. The results, of the following study did indicate a previously
undescribed deficiency of a potent physiologic anticoagulant, antithrombin
III (AT-III), the neonate. In addition, infants who developed IRDS
uniformly showed a severe deficit of AT-III activity in the cord blood.

Materials and Methods

Obstetrical patients at the University of Colorado He d i.c a L
Center (1971-1972) and the University of Southern California-Los Angeles
County Medical Center (May-July, 1972) were classified into high risk
categories. These categories included (1) pre-eclampsia and eclampsia,
(2) diabetes mellitus, (3) third trimester bleeders (abruptio placenta,
placenta p r aevta) , (4) primary p rema tu ru labor (no complicating ’c ause ) ,
(5) Rh sensitization with erythroblastosis fetalis (EBF), (6) fetal
d is tress, and (7) norma 1 term pregnancy. These pa t ien ts were fo llowed
to delivery by a member of the research team. Immediately on delivery
of the infant the umbilical cord was double clamped in two places,
divided between the clamps, and given to the team member who obtained
venous samples by necd Ic puncture. Cord blood samples were obtained on
106 high risk m Fanrs : 37 of these were delivered by caesarean section,
the rest, vaginally. Cord blood from 68 term infants of appropriate
we Lgh t for gestational age from normal pregnancies were used as normal
control subjects (this included 20 elective repeat caesarean sections).

Venous blood from 15 additional infants with severe IRDS during
the first 6-24 h r of life was studied. No cord blood samples were
available fo r this group.

As shown in Table I, the normal T-ACA infants showed a deficiency
of AT-III when compared with normal children and adults (P<O.OOI).
Preterm AGA infants had a lower level of AT-III than term AGA infants
(P<O.OOl). Preterm infants who developed IRDS showed a mean AT-III time
of 12.9 sec; pre term infants without IRDS had a mean AT-III time of 24.7
sec (P<O.OOl). The most striking deficiency of AT-III was seen in the
infants who developed IRDS; these markedly low levels of AT-III were
seen both in cord blood and venous blood in the first 24 h r of life.
Figure 1 shows the cord blood AT-III levels in the group of pre term infants
plus other infants developing IRDS. All but one of the infants with IRDS
had an AT-III value lower than the range for values in the normal T-AGA
babies. A few normal p r-e t e rm infants had such low levels of AT-III, but
66% of all infants with an AT-III value of 18 sec or below developed IRDS.

In contrast, as seen in Table I and Figure 2, the level of
an r f-Xa does not correlate well with the development of IRDS, although
an c L-Xa activity is lower in the Pr-AGA group than in the adult and older
children groups (P < 0.01).

In regard to the high risk infant groups, all except three of
the infants with IRDS and/or low (18 sec or less) levels of AT-III were
in the primary premature labor or third trimester bleeder group. The
exceptions were a Pr-AGA infant (wt 1,800 g) with disseminated intravascular
coagulation and a Pr-ACA infant (wt 1,240 g) with a normal ou t come . Both
of these infants were in the pre-eclampsia group and neither dove loped IRDS.
The third infant (wt 2,920 g) was the Pr-LGA offspring of a class C d i a bo t I c
mother; this infant developed mild

The thrombc Las t ogram was used as a measurement of whole blood
coagulability. T-AGA infants were hype rcoa gu Lab l o when compared with
adults and children (P = 0.025). Even more hypercoagulable were the
groups of severe EBF, third trimester bleeder, and premature labor off
spring (see Table 1). Although most of the infants in the latter groups
had abnormally low AT-III times, only about one-fourth of the i n Lan t s had
r + k times less than the range of term-ACA infants. Therefore, precise
correlation of short c Io t t Ing times (hypcrco agu l ab i l i t y ) and low AT-III
times in individual infants was not possible.

The an t I-Xe assay was done according to the method of Biggs
e t a1. (5)

The percentage of inactivated factor X is proportional to the an t Le Xa
activity; the values were expressed as percentage of an t LvXa ,

The shorter the clotting time the less the activity of AT-III. A lib lank"
of buffered saline instead of plasma has a 5 sec clotting time.

The hypercoagulability of fetal and neonatal blood may be related
to a deficiency of a naturally occurring anticoagulant called anti
thrombin III. AT-III is especially low in the cord blood of those
infants who develop IRDS. Another anticoagulant, an t tac t Iva tcd factor
X, is also reduced in the neonate, but the low level docs not correlate
well with the incidence of IRDS or prematurity. Low activity of AT-III
in cord blood was most· often seen in the high risk pregnancy groups of
spontaneous premature labor and third trimester bleeders.

Hypercoagulability of fetal and neonatal blood has been
documented previously (15, 19, 33). Hvpc r co agu l ab i l.Lt y , or the measure
ment of shortening of the whole blood clotting time, is, a clinical
laboratory measurement and by itself is not necessarily related to throm›
botic tendencies in the subject. The observations reported here confirm
the studies of Markarian c t a I (19) which showed extreme cord b lood
hypercoagulability as well as a resistance to heparinization in those
infants who developed IRDS (20). Studies of clotting factors and plate
let function in the neonate reported previously (11) support uypocougu
lability rather than hypc r coagu Lab i Li t y , However, blood coagulability
in man may be influenced by deficiencies of naturally occurring anti
coagulants (8, 23, 28). At least three such anticoagulants have been
characterized: AT-III (1, 5, 29), anti-Xa (5, 32), and an t t ac t Iva r cd
factor XI (10). The AT-III deficiency noted above probably contributed
to the hypc r coagu Lab l o state seen in the neonate but is not necessarily
the only reason for the shortening of the whole blood clotting time or
the increased susceptibility to thrombotic lesions. Indeed, the measure
ment of whole blood coagulability used hu r-o (thrombelastogram) r c Llcc t s
the infl.uence of the complex procoagulant system, the anticoagulant
system, and noncoagu Lan t factors such as viscosity, acid-base balance,
and pharmacologic agents. Therefore, it was not surprising that hyper
coagulability frequently did not correlate with low AT-III levels.

A review of the recent literature suggests that the newborn infant is
susceptible to thrombotic and necrotic pathologic lesions. A not uncommon
lesion of the sick infant, intraventricular hemorrhage, has been related
pathologically to subependymal infarction of the brain (26, 27).
Hemorrhagic necrosis of the ud r cna L gland is occasionally seen as a
complication in the ill pre term infant (7). Renal vessel thromboses
are well known to occur in the infant of the diabetic mother (24, 31).
Thrombotic complications of indwelling venous and arterial catheters
have been shown with alarming frequency (22, 30). The neonate is also
susceptible to disseminated intravascular coagulation (2, 6. 12). The
fetal lung appears to be especially prone to thrombotic and fibrin
lesions (3, 25). A recent report (14) suggests that ncc ro t Lz Ing entero
colitis may also represent a susceptibility to hemorrhagic necrosis.

The relation of low levels of AT-III in the cord blood to the
development of IRDS is cs pcc La l l y intriguing .. The data shown in Figure
indicate that a low cord blood AT-III level is associated with a higher
incidence of IRDS, although an occasional normal preterm infant can have
a low AT-III. Indeed, all infants studied to date who have developed
IRDS have AT-III clotting times of 18 sec or less. Antithrombin III is
a proteinase inhibitor with a specificity for thrombin; it is an alpha
globulin with a molecular weight of about 65,000 (13). Another protein
ase inhibitor, a LphaLrant t t r yps tn , has been shown very recently to be
deficient in blood of infants with IR,DS (9, 16, 17). The relation of
cho sc. related substances to the pathogenesis of IRDS is not known at
present. Currently available data do not permit one to interpret these
low levels of proteinase inhibitors as practical aids in the diagnosis
and management of IRDS.

The finding of only slightly low levels of an t L'-Xa activi.ty in
the neonate was surprising. Others (32) have suggested that AT-III
and an t L-Xa are similar and, possibly, identical proteins, However,
there may be two types of ant t-Xa (18). and it is pos s Lc Lc the method
used here was only sensitive to one type or not sensitive enough to
determine a true deficiency. These possibilities remain to be explored.

for 6 min)

Time for clot

15 units fincubated at 37 0

Mixture (002 ml)

+
fibrinogen, 170 (0.1 ml)Bovine

Bovine thrombin,

Defibrinated plasma

+
Activated factor X (incubated at 37 0 for 10 min)

t
Mixture assayed for residual factor X activity

The AT-III assay was done exactly as described by von Kan Ll a
and von Kaulla (29) except that the plasma was defibrinated (560

, 15 min)
and used in place of serum:

Defibrinated c Lt rat cd plasma ml)

+

The infants were cared for in the nurseries of the hospitals
noted above. All infants were classified according to gestation age
after the recommendations of Battaglia and Lu bchenco (4).

The idiopathic respiratory distress syndrome was defined as
tachypnea, chest retractions, and grunting in an infant lasting at least
12 hr and associated with a chest x-ray compatible with hyaline membrane
disease. Thirteen infants with mild respiratory distress (1asting less
than 48 hr) might also be considered to have "transient tachypnea of the
necborn ;"

Blood was drawn from the cord segments into plastic syringes
by a two-syringe technique. Citric acid-citrate anticoagulant was placed
in the syringes in an appropriate amount for an estimated hematocrit of
50% except in the severe EBF patients for whom an estimate of 25% was used.

As there was no significant difference between the AT-III levels in
caesarean section (mean = 36.2) and vaginally (mean = 37.8) delivered
T-AGA infants (p> 0.1) or in the thrombelastogram findings, the data
'Was pooled for: analysis.

Preliminary experiments showed that most of the xa was inhibited
by normal adult or cord plasma after a 10 min incubation; t he r c fo rc , in
order to conserve plasma, a Single 10 min incubation time was used for
the test samples.

Thrombelastograms were done on reca Ic t Hcd citrated whole blood:
the measurement of the r + k value (clotting time) was expressed in minutes.
The antithrombin III (AT-III) and an t i ac t Lva t ed factor X (anti-Xa) assays
were performed on platelet-free plasma obtained after centrifugation of
the whole blood. The AT-III assay was done within 8 hr (stored at 40) and
the an t L-Xa assay was done on frozen samples within 4 weeks (stored at
-200 ) •
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