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Abstract. In newborn infants, the influence of gestational age (GA), postnatal age (PA), and 
health status on the plasma protease inhibitors a2-macroglobulin (a2-M), al-antitrypsin (a,-AT), 
CI esterase inhibitor (C’E-INH), a2-antiplasmin (a2-AP), and antithrombin 111 (AT-111) was 
investigated. Inhibitor levels were measured by radial-immunodiffision and expressed as a per- 
centage of pooled plasma from adults (mean f SEM). In total, 54 premature infants (28-36 
weeks gestation) were classified at birth as healthy ( N  = 22) (IV fluids, antibiotics only) or sick 
(N = 32) (all other support, but excluding infants with disseminated intravascular coagulation 
(DIC)) and studied on Days I and/or 7 of life. Healthy term infants ( N  = 18) and infants with 
DIC ( N  = 10) were studied on Day 1 only. All inhibitors except CIE-INH increased with increasing 
gestational age (P < 0.01). In healthy premature infants all inhibitor levels reached the normal 
adult range by 1 week of age. In contrast, at I week of age, sick infants had lower levels of a2- 

M and as-AP, and higher levels of aI-AT compared to healthy infants (P < 0.01). The presence 
of DIC depressed all of the inhibitors on Day I except al-AT when compared to healthy controls 
(P < 0.01). Thus, gestational age, postnatal age, and health status all significantly influenced the 
levels of these plasma protease inhibitors. 

There is considerable evidence to suggest 
that the coagulation cascade (l), the fibrino- 
lytic system (2), and the kallikrein-kinin sys- 
tem (3-5) are activated in the newborn infant, 
both during the birth process and in the pres- 
ence of specific pathophysiologic insults. Since 
the activation of these proteolytic cascades 
may lead to several biological effects including 
thrombosis, hemorrhage, and enhanced vas- 
cular permeability, the inhibition of the bio- 
logically active products is critical in modu- 
lating these potentially deleterious processes. 
The inhibitors which are important in the reg- 
ulation of these cascades are: a2-macroglobulin 
(a2-M), al-antitrypsin (al-AT), C1 esterase in- 
hibitor (C I E-INH), a2-antiplasmin ( a2-AP), 
and antithrombin I11 (AT-111) (6). To our 
knowledge, no information is available for 
CIE-INH and a2-AP in the premature infant. 
A wide range of values has been published for 
the other inhibitors in newborn infants; for 
example levels of AT-I11 in term infants have 
been reported to be as low as 35% (7) and as 
high as 87% (8) of adult levels. This study was 
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designed to determine the effect of gestational 
age, postnatal age, and health status on these 
five plasma protease inhibitors. 

Methods. Premature infants admitted to 
Bellevue Hospital between July 1979 and Jan- 
uary 1980 were eligible for the study and were 
included if informed consent was obtained 
from their parents. Throughout the study, the 
same investigator determined each infant’s 
gestational age according to the Dubowitz 
scoring method (9) and classified each infant 
on Days 1 (the first day of life) and 7 as healthy, 
sick, or recovered. Healthy infants received 
normal neonatal care; some required intra- 
venous fluids. Sick infants required a variety 
of treatments including supplemental oxygen, 
medications (e.g., antibiotics, theophylline, or 
digoxin), and respiratory support. “Recovered 
infants” were sick on Day 1, but became 
healthy during the first 7 days and were there- 
fore considered separately on Day 7. No infant 
received fresh-frozen plasma, and all received 
1 mg of vitamin K intramuscularly upon de- 
livery. Platelet counts and hematocrits were 
recorded on Day 1 and fibrinogen concentra- 
tion (10) on both Days 1 and 7. Infants with 
platelet counts below 100,OOO were examined 
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for disseminated intravascular coagulation 
(DIC) and this was diagnosed if they had factor 
VII1:C levels below 40%, fibrinogen levels be- 
low 1.2 g/liter ( lo), or fibrin-related antigen 
levels above 6.7 pg/ml (1 1). 

At McMaster University Medical Centre, 
cord blood samples were obtained from 18 
healthy full term infants (37-42 weeks of ges- 
tation) between October and December 198 1. 
In addition, 5 full term and 5 premature in- 
fants with DIC were studied on Day 1 of life. 
DIC was diagnosed according to the criteria 
listed above. 

Blood samples (1-2 ml) were obtained from 
newly placed nonheparinized umbilical lines 
(when possible) or from antecubital veins, and 
placed in polypropylene tubes containing 0.13 
M sodium citrate and 0.1 M epsilon-amino- 
caproic acid (EACA) (one part citrate-EACA 
to nine parts blood). Cord blood was drawn 
immediately at birth from the umbilical vein 
and treated in an identical manner. Platelet- 
poor plasma was stored in polypropylene tubes 
at -70°C. Assays on all samples were per- 
formed in a blind manner by one technician 
at McMaster University Health Sciences 
Centre. The immunologic concentrations of 
AT-111, a2-M, al-AT, a2-AP, and CIE-INH 
were determined by radial immunodiffusion 
as previously described (12) using commer- 
cially available antibodies (Atlantic Antibod- 
ies, Maynard Scientific, Mississauga, Ontario). 
Not all infants were studied on each day due 
to death, discharge from hospital, insufficient 
sample size, or occasional inability to obtain 
a sample. 

The coefficient of variation for each inhib- 
itor (one sample of 10 occasions) was 7% or 
less. Results were expressed as means f SEM. 
Differences between means were analyzed by 
Student’s nonpaired, two-tailed t test. The re- 
lationships between gestational age and in- 
hibitor level were determined by linear regres- 
sion analysis. P values below 0.05 were con- 
sidered to be significant. 

Results. The study population consisted of 
18 fullterm healthy infants, 54 healthy and 
sick premature infants who did not have DIC, 
5 fullterm, and 5 premature infants with DIC 
(Table I). Birth weight, gestational age, and 
Apgar score did not differ significantly between 
the healthy and sick premature infants (Table 
I), nor did the hematocrit and fibrinogen con- 

centration (data not shown). Data on the in- 
hibitor levels is shown in Table 11. When com- 
pared to adult values, term infants had de- 
pressed levels for CIE-INH and AT-I11 only 
(P < 0.001), while the healthy premature in- 
fants had depressed levels for CIE-INH, AT- 
111, and a2-AP (P < 0.001). 

On the first day of life, there was a consistent 
trend for sick premature infants to have lower 
levels than healthy infants but the differences 
were not significant. However, when DIC was 
present, in either term or premature infants, 
both a2-M, and a2-AP were significantly de- 
pressed compared to the healthy age-matched 
controls (P < 0.01). AT-I11 was also signifi- 
cantly decreased in term infants with DIC (P 
< 0.01) and CIE-INH in premature infants 
with DIC (P<O.O5) compared to healthy 
controls. 

On Day 7 of life, the premature infants were 
divided into three groups: healthy, sick (on 
both Days 1 and 7), or recovered (sick on Day 
1 but healthy on Day 7). al-AT behaved as 
an acute phase reactant rising significantly (P 
< 0.001) in recovered and sick infants com- 
pared to healthy infants. a2-AP was depressed 
in recovered and sick infants compared to 
healthy infants (P < 0.001), while a*-M was 
decreased only in sick infants. CIE-INH was 
not changed in either group. AT-I11 tended to 
be lower in sick infants as well but this did 
not reach statistical significance. 

Because there was no significant difference 
between healthy and sick premature infants 
on Day 1 of life, they were grouped to deter- 
mine the effect of gestational age. All inhibitors 
except C1 E-INH demonstrated increasing lev- 
els with increasing gestational age (Fig. 1) (AT- 
111: Y = 2 . 2 ~  - 32, t = 0.59, P < 0.001; ( ~ 2 -  

AP: Y = 2 . 4 ~  - 5.8, t = 0.48, P < 0.01; CIE- 
INH: Y = 0 . 6 ~  + 42, t = 0.18, P = 0.5; a2-M: 
Y = 4 . 6 ~  - 70, t = 0.66, P < 0.001; alAT: 
Y = 2 . 8 ~  - 3.3, r = 0.46, P < 0.0 1). Postnatally 
healthy premature infants had mean values 
for all inhibitors in the normal adult range 
(80- 130%) on Day 7, while sick infants did 
not achieve this level for AT-I11 and a2-AP 
(Table 11). 

Discussion. This study demonstrates the ef- 
fect of health status, gestational age, and post- 
natal age on five plasma protease inhibitors 
in newborn infants. CIE-INH and AT-I11 are 
significantly lower in term infants than in 
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TABLE I. CHARACTERISTICS OF INFANT POPULATION ON DAY 1 OF LIFE 

Agar score 
Weight Gestational age 

N (kg) (w=W 1 min 5 min 

Term 
Healthy 18 3.5 f 0.1 40.0 f 0.3 8.1 f 0.2 9.7 f 0.1 
DIC 5 3.5 f 1.6 41.2 f 1.2 3.8 f 1.5 3.5 f 1.0 

Healthy 22 1.9 f 0.1 33.9 f 0.5 6.6 f 0.5 8.1 f 0.3 
Sick 32 1.5 f 0.1 31.6 f 0.6 6.0 f 0.4 7.6 f 0.3 
DIC 5 1.0 f 0.1 26.8 f 1.5 2.2 f 1.5 4.3 f 1.0 

Prematureu 

Note. Values are given as mean f SEM. 
Fifty-four premature infants were classified as healthy or sick on Day 1 of life. Eleven of the sick infants recovered 

by Day 7. Five infants with DIC were considered separately. 
Twenty-four of the 32 sick infants had the respiratory distress syndrome (respiratory distress, hypoxemia, and 

characteristic X-ray findings; 18 were dependent on respirators, 5 had an assoCiated pneumothorax), and 10 had a 
patent ductus arteriosus requiring medical or surgical intervention. 

adults, and a2-AP is decreased in premature 
infants as well (P < 0.001). In general, levels 
of these inhibitors rise with increasing gesta- 
tional and postnatal age. The presence of DIC 
results in depressed levels of all inhibitors ex- 
cept al-AT in term or premature infants on 
the first day of life. When DIC is not present, 
the inhibitor levels of sick premature infants 
who primarily have RDS are like those of 
healthy infants on the first day of life. How- 
ever, on the seventh day of life a2-M and a2- 

AP are significantly depressed in sick pre- 
mature infants compared to healthy premature 
infants (P < 0.01) while q-AT behaves as an 
acute phase reactant (P < 0.001). 

Previously, minimal data has been available 
on the influence of the above parameters on 
these inhibitor levels in premature infants. In 
healthy term infants CIE-INH and a2-AP lev- 
els are reported to be 50% of normal adult 
levels (1 3). To our knowledge, there is no in- 
formation on these two inhibitors in prema- 

TABLE 11. PLASMA PROTEASE INHIBITORS IN TERM AND PREMATURE INFANTS DURING THE FIRST WEEK OF LIFE' 

arM CIE-INH 
CYZ-AP (%) AT-I11 (96) N al-AT (96) (96) 

Adults 

Infants 
Day 1 

Term 
Healthy 
DIC 

Premature 
Healthy 
Sick 
DIC 

Premature 
Healthy 
Recovered 
Sick 

Day 7 

18 105 f 5 96f 4 1OOf 4 108 f 3 1OOf 3 

18 109f 4 
5 60 f 8** 

15 92f 9 
16 74 f 8 
5 46 f 8** 

10 118f 1 1  
1 1  107f 1 1  
1 1  88 f 7** 

105 f 4 65 f 3* 
113 f 12 54f 6 

99f 6 64 f 3* 
812 9 59f 4 
103 f 16 46 f 8** 

1OOf 8 106 f 11*** 
125 f lo** 103 f 5 
128 f 9** 103 f 6 

92 f 4 
57 f 3** 

77 f 4* 
68 f 8 
56 f 5** 

1 12 f 2*** 
79 f 6** 
73 f 6** 

54 f 2* 
35 f 4** 

41 f 3" 
39f 5 
31f 6 

77 f lo*** 
722 8 
5 5 f  5 

Percentage of adult pooled plasma, mean f SEM. 

** Indicates statistical significance of at least P < 0.05 when compared to the healthy age-matched controls. 
* Indicates statistical significance of at least P < 0.05 when compared to adult values. 

*** Indicates statistical significance of at least P < 0.05 when compared to Day 1 healthy prematures. 
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FIG. I .  Influence of gestational age on the immunologic level of the plasma protease inhibitors AT 111, 
+AP, CIE-INH, a2-M, and alAT on the first day of life. Each symbol represents data from one infant. 
There is a significant correlation for all inhibitors except CIE-INH between immunologic level and gestational 
age. 

ture infants. a 2 - M ,  aI-AT, and AT-I11 have 
been studied more extensively in both term 
and premature infants (2, 7, 8, 13-29). As in 
our study, aZ-M and aI-AT levels in term in- 
fants are in the normal adult range (21, 27). 
Published AT-I11 levels in term infants have 
ranged between 37 to 87% of adult values (7, 
8, 13, 14, 19,20). This large variation probably 
results from the study design, as frequently 
healthy and sick infants were not considered 
separately and postnatal age and the presence 
or absence of DIC were not considered. Our 
study found healthy term infants to have a 
mean value of 54 k 2% for AT-111. 

Two observations in our study contradict 
previously reported data for al-AT and AT- 
I11 levels in premature infants. The first is that 
in our study al-AT behaves as an acute phase 

reactant in sick and recovered infants. Pre- 
vious investigators reported that infants with 
RDS have lower levels of this inhibitor than 
do controls (22, 23, 25, 28). The most likely 
reason for this discrepancy is that we measured 
the immunologic levels whereas the previous 
reports were based primarily upon functional 
assays. This suggests the very interesting pos- 
sibility that al-AT and perhaps other inhibitors 
as well are bound to enzymes and may be 
measured immunologically but not function- 
ally. Bruce et al. recently reported that this is 
true for al-AT in infants with bronchopul- 
monary dysplasia (30). 

The second conflicting observation is that 
we were unable to demonstrate that infants 
with RDS had significantly lower levels of AT- 
I11 when DIC was excluded and appropriate 
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controls were used (1 5, 20, 29). A likely ex- 
planation is that our control group was care- 
fully matched for gestational and postnatal 
age which has been demonstrated to signifi- 
cantly influence the level of other coagulation 
factors (31). Based on these previous reports, 
investigators (29) have advocated the infusion 
of AT-I11 to premature infants in hopes of 
preventing conditions associated with fibrin 
deposition (thrombosis, respiratory distress 
syndrome (RDS)). In view of the results of 
our present study and the lack of information 
available on the biologic activity of these in- 
hibitors, it would appear to be premature to 
undertake this kind of trial now. 

The five plasma protease inhibitors reported 
in this study have important roles in regulating 
the coagulation cascade, the fibrinolytic sys- 
tem, and the kallikrein-kinin pathway. In 
adults, abnormally low levels for all of these 
inhibitors have been reported, with resultant 
serious pathologic consequences. For example, 
AT-I11 is an important control protein for the 
coagulation system and inhibits factors XIIa, 
XIa, IXa, Xa, and thrombin. In adults, levels 
of AT-111 in the 50% range have been asso- 
ciated with recurrent thromboses (32, 33). 
Deficiencies of a2-AP, the major inhibitor of 
the fibrinolytic pathway, are thought to be 
responsible for recurrent bleeding episodes (34, 
35). Deficiencies of CIE-INH, the major in- 
hibitor of the kallikrein-kinin system, result 
in the disorder hereditary angioneurotic edema 
which is characterized by recurrent, often life- 
threatening mucocutaneous angioedema and 
abdominal pain (36, 37). a2-M, an inhibitor 
capable of neutralizing serine proteases gen- 
erated during either the coagulation or fibri- 
nolytic process, has not been associated with 
serious defects (38, 39). Finally, deficiencies 
of al-AT, an important inhibitor for many en- 
zymes, are well documented and lead to se- 
rious pulmonary and hepatic dyshnction (40). 
Compared to normal adults, CIE-INH and 
AT-I11 were depressed in the healthy term in- 
fant while CIE-INH, AT-111, and a2-AP were 
depressed in the healthy premature infants on 
Day 1. The levels for these inhibitors were in 
the range associated with the pathologic dis- 
orders described in adults. It is not unreason- 
able to speculate that added insults such as 
hypoxia and acidosis may activate the coag- 
ulation and fibrinolytic system leading to fur- 

ther depletion of these inhibitors in the new- 
born infant. This would place these infants at 
risk for hypotensive, thrombotic, and hem- 
orrhagic complications. All of these are fre- 
quently observed in sick infants. 

DIC, a process in which proteases are gen- 
erated and inhibitors consumed caused further 
depression of the levels of a2-M, a2-AP, and 
C,E-INH (P -c 0.01) in premature infants 
compared to healthy age-matched controls. 
On Day 7, sick premature infants with RDS 
also had lower levels of a2-M and a2-AP com- 
pared to healthy age-matched controls. This 
suggests that these inhibitors are being con- 
sumed in RDS further impairing the infant's 
ability to inhibit proteases. The same infants 
may develop several complications thought to 
be at least partially mediated by active pro- 
teases e.g., bronchopulmonary dysplasia. 
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