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Summary 

Twenty-five preterm newborns were given bolus infusions of 
sodium heparin (100 units/kg) and plasma heparin levels were 
assayed at  5,20,40,90, and 150 min. Eight normal adults received 
a 75 units/kg bolus of heparin and levels were assayed at  5,30,60, 
120, 180, and 240 min. In comparison with the adult data (mean 
adult plasma heparin half life (T%) = 63.3 min), the newborn 
infants demonstrated a significantly shorter plasma heparin half 
life (TYz = 35.5 min in group I, 33 to 36 wk gestation; 35.5 min in 
group 11,29 to 32 wk gestation; and 41.6 min in group III,25 to 28 
wk gestation), as demonstrated by a chromogenic heparin assay. 
The newborn groups had a larger volume of distribution (Vd) of 
heparin which varied inversely with gestational age (Vd = 36.6 ml/ 
kg in the adults, 57.8 ml/kg in group I, 73.3 ml/kg in group 11, and 
81.0 ml/kg in group I11 babies. Heparin clearance (CI) was sig- 
nificantly greater in all newborn groups when compared with the 
adult ( C I ~ d ~ l t  = 0.43 ml/kg/min; Clc,l = 1.37 ml/kg/min; C l c r l ~  
= 1.43 ml/kg/min; and C~G,III = 1.49 ml/kg/min). A one-stage 
clotting assay for heparin generated similar results, although 
infant plasma heparin levels were slightly higher by this assay. 
Before heparin administration, the mean antithrombin 111 antigen 
(AT-111 Ag) of the babies was 26.5% of normal adult and was not 
further decreased 90 min after the heparin bolus. 

Speculation 

The larger volume of distribution of heparin could require a 
greater loading dose per kg body weight to achieve a desired 
plasma level and the more rapid plasma clearance could necessi- 
tate higher infusion rates to maintain a desired plasma heparin 
level in newborn infants. The authors speculate that the study 
findings are the additive result of the more rapid metabolic rate of 
the newborn and the physiologically low circulating levels of 
antithrombin 111. 

Although thrombotic episodes in the newborn are frequently 
recognized (2, 5, 18, 19,20,26), therapeutic heparinization is often 
difficult to achieve (27), and published results have indicated both 
increased (10) and decreased (16) sensitivity to heparin. To date, 
scant data are available regarding heparin metabolism or plasma 
clearance for the neonate (21). Heparin kinetics after a single 
intravenous bolus dose have been studied in adults utilizing 
prolongation of clotting parameters (9, 17) and, more recently, 
measurements of plasma heparin levels (23). To provide the basis \ ,  

for estimations of heparin dosage, the present study was performed 
comparing plasma heparin disappearance in newborns with that 
in adults after a single bolus heparin infusion. 

MATERIALS AND METHODS 

The heparin preparation utilized was porcine intestinal sodium 
heparin, 1000 units/ml (Panheparin, Abbott Laboratories), and 
all study heparin was of one lot, no. 86-196-AF. 

Heparin assays and AT-I11 Ag were performed on plasma 
procured by the two-syringe technique. For adults, one volume of 
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0.1 M buffered citrate anticoagulant to nine volumes of whole 
blood was used. In all newborns a central arterial hematocrit was 
first performed, and the volume of anticoagulant was appropri- 
ately adjusted (1 1). The newborn samples were obtained through 
indwelling umbilical arterial catheters from which 3 ml of blood 
had been withdrawn to remove any infusion fluid in the line. All 
samples were immediately placed on ice and centrifuged at 2000 
x g for 20 min at 4'C. Previous experiments in this laboratory 
indicated that plasma obtained by this method did not contain 
increased levels of platelet factor 4. 

All injections of heparin were given in sites other than those 
used for subsequent sampling. No fluids containing heparin were 
given to the infants during the study period. 

Standard normal plasma (SNP) was pooled from 30 healthy 
and fasting male and female volunteers. All samples were imme- 
diately centrifuged twice at 4OC and stored at -70°C. 

lieparin wa< assayed in duplicate on all samples with two 
methods. First, the one-stage clotting assay was adapted from that 
described by Chen et al. (6). Cephalin was prepared from rabbit 
brain (Bactothromboplastin; Difco Laboratories, Detroit, MI) ac- 
cording to the methodology of Bell and Alton (4). Activated factor 
X (Xa; Sigma Chemical Company, St. Louis, MO) was reconsti- 
tuted in a Tris buffer [Trizal; Sigma Chemical Company; pH 8.4, 
containing bovine serum albumin (10 mg/ml)]. In performance of 
the assay, 0.05 ml of test plasma, 0.15 ml SNP, 0.1 ml cephalin, 
and 0.05 ml of Xa were added to a prewarmed fibrometer cup. 
After a 2-min incubation at 37OC, 0.05 ml of 0.05 M CaC12 was 
added, and the clotting time was recorded. 

A second chromogenic assay of heparin was performed as 
described by Teien et al. (25) utilizing cleavage of a synthetic 
peptide substrate, S-2222 (Kabi Diagnostica, Stockholm, Sweden) 
by Xa (Sigma Chemical Co.) reconstituted to 8 units/ml with the 
buffer described above. In performance of the test, 0.02 ml of test 
plasma is diluted with 0.02 ml SNP and 0.16 ml of a 0.05 M Tris, 
0.0075 M Na2 EDTA.2H20 buffer, pH 8.4, containing 0.175 M 
NaCl. After a 3-min warming at 37OC, 0.1 ml Xa is added for an 
incubation of 30 seconds (0.1 to 0.8 unit/ml heparin) or 180 sec 
(0.02 to 0.2 unit/ml heparin). S-2222 (0.2 ml, 1 mmole/liter) is 
added for a 3-min incubation at 37OC and the reaction then 
stopped with 0.3 ml 50% acetic acid. Absorbance of test samples 
was read in a Gilford 300-N spectrophotometer at 405 nm against 
a blank which was also prepared with test plasma. 

A standard normal curve was prepared with SNP for both 
heparin assays with the addition of known amounts of Panheparin. 
AT-111 Ag was measured by the immunologic method of Laurel1 
(13) using a rabbit antihuman AT-111 antibody (Behring Diag- 
nostics, Somerville, NJ). The values obtained were expressed as 
percentage of SNP. 

Twenty-five newborns between 25 and 36 wk gestation were 
each given a single intravenous bolus of heparin (100 units/kg) 
within 4 hr of birth. The newborns were first judged to be stable 
by clinical evaluation of the attending neonatologist and the 
investigator. Gestational age was assessed by the newborn matu- 
rity rating and classification scale of Ballard et al. (I)  administered 
by the house officer and by examination of the attending neona- 
tologist. Adequate ventilation was first established in all babies. 
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Systolic blood pressures were normal for birth weight as published 
by Kitterman et al. (12) and perfusion was adequate by capillary 
filling. Written informed consent was obtained from the mother 
in each case. Babies not fulfilling these criteria were excluded 
from the study. The babies were divided into groups according to 
gestational age where group I = babies 33 to 36 wk gestation, 
group I1 = 29 to 32 wk gestation, and group I11 = 25 to 28 wk 
gestation. The babies ranged in size from 3210 to 680 g. There 
were three small-for-gestational-age infants, two twins, seven ba- 
bies with transient tachypnea, 17 with hyaline membrane disease, 
and one baby with pneumonia. There were two infants of diabetic 
mothers. This study was approved by the Human Subjects Com- 
mittee of the University of Colorado Health Sciences Center. 

Eight healthy adults each received sodium heparin (75 units/ 
kg) as a single intravenous injection. This dose was calculated to 
adjust for the smaller plasma volume in adults to achieve a 
comparable initial plasma drug level. One additional adult re- 
ceived a 75 units/kg infusion to determine the relative contribu- 
tions of distribution and elimination to the plasma disappearance 
curves with frequent sampling. 

Blood samples were obtained from all babies at 5, 20, 40, 90, 
and in nine babies at 150 min. Adult samples were drawn at 5, 30, 
60, 120, 180, and 240 min. This schedule of adult sampling was 
established after initial studies revealed the longer plasma disap- 
pearance time in an attempt to follow 2.5 half-lives. In the 
additional adult study, blood was sampled every 3 rnin during the 
initial 15 rnin and then at frequent intervals as shown in Figure 1. 
Samples were drawn for three of nine adult studies through 
indwelling venous catheters. Results of these studies did not differ 
from the six performed with serial venipuncture. 

AT-111 ~ i w a s  measured on a preheparin plasma sample in all 
subjects and was repeated on the 90 min sample in the newborns. 

ANALYSIS 

A single compartment system with first-order kinetics was as- 
sumed for the heparin used in this study. This system is described 
(14) by the equation 

where C, = the plasma concentration, C,, = the initial plasma 
concentration, e = the base of the natural logarithm, k = the 
elimination constant, and t = time. 

A curve was plotted for each subject study, and a least squares 
regression analysis was performed. The plasma half-life (T?h) and 
k were determined from each curve. 

Standard formulae (14) were used to compute the Vd and C1 for 
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Fig. 1. Contributions of distribution (a) and elimination (P) to plasma 
heparin disappearance in a normal adult. 

each study where 

dose 
Vd = - 

CP, 

The correlation of each curve with first order kinetics was 0.94 
or greater. The results of each group of newborns were compared 
with the adult data utilizing the Student t test. 

RESULTS 

In the group of normal adults, the mean T?h was 63.3 min with 
a Vd = 36.6 ml/kg and a clearance of 0.43 ml/kg/min as deter- 
mined by the chromogenic assay (Table 1). 

In contrast to these data, all three groups of newborns showed 
significantly shorter half-lives with the mean T?h of group I = 35.5 
min, group I1 = 35.5 min, and group 111 = 41.6 min. The Vd in the 
newborns was inversely proportional to gestational age. The elim- 
ination constant in all groups of newborns was significantly larger 
than the adult k yielding clearance rates greater than three times 
adult in all newborn groups. 

Data generated by the one-stage clotting assay showed similar 
results although differences were less marked (Table 2). Results of 
the two hepa& assays performed on each normal adult sample 
showed an acceptable intertest correlation coefficient (0.92). 

The AT-I11 Ag of all adults fell within the normal range of 83 
to 117% in this laboratory (mean, 102). The mean AT-I11 Ag of 
the preheparin infant samples was 26.5% (range, 17 to 34%) and 
did not vary significantly among the groups. At 90 min posthep- 
arin bolus, the AT-111 Ag in the newborns was unchanged (Table 
3). 

DISCUSSION 

Although newborns have significant decreases in both circulat- 
ing procoagulants and anticoagulants (3), whole blood clotting is 
accelerated on thromboelastogram (2), and clinical thromboses do 
occur (2, 5, 18, 19, 20, 26). 

Little data are available to guide the administration of heparin 
in the neonatal period. Markarian e? al. (16) suggested that sick 
preterm infants have a "resistance" to heparin therapy, whereas 
others (10) indicated that the newborn infant may be more sensi- 
tive to heparin. Rogner (21) followed the heparin-induced prolo- 
gation of the partial thromboplastin time in preterm and hypoxic 
term babies given bolus doses of heparin (50 and 100 units/kg) 
and found the anticoagulant effect to be shorter than that in 
adults. Boluses of these dosages on a 3 hourly schedule produced 
variable periods of inadequate anticoagulation between injections. 
More even anticoagulation was demonstrated using one-half the 
total units of heparin with a continuous infusion. 

This study was conducted to study the plasma clearance of 
heparin administered by single bolus injection in stable preterm 
babies. Although clotting studies were not performed on the 
subject infants, previous detailed clotting assays on a comparable 
group of preterm infants (3) showed coagulation screening test 
values which were only slightly different from older prermature 
and term infants. The obvious limitations to blood sampling in 
newborns precluded the study of multiple doses or sequential 
boluses. Because of the risks associated with umbilical arterial 
catheterizations, normal term infants were not included in the 
study. We selected newborns with indwelling arterial lines for 
sampling; all babies studied had some form of respiratory distress 
and required supplemental oxygen to normalize their Paoz. The 
stability and relative health of these babies did not justify the use 
of continuous heparin for study. The single bolus of 100 units/kg 
was therefore chosen as a standard therapeutic dose and the 
sampling selected to follow 2.5 half-lives. 

The plasma heparin disappearance, using a single dose and with 
sampling at the times noted, yielded results conforming to first- 
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Table 1. Pharmacokinetic calculations o f  bolus heparin infusions us in^ the chromopenic heparin assav 

T% K GO v d  C1 
(min) (min-I) (units/ml) (ml/kn) (ml/kg/min) 

Adults (N  = 8) 
- 
X 

S.D. 

Group I ( N  = 8) 
- 
X 

S.D. 
PI 

Group I1 (N = 7) 
- 
X 

S.D. 
P 

Group 111 ( N  = 10) 
- x 41.6 0.0 18 1.47 81.0 1.49 
S.D. 14.3 0.005 0.58 41.0 0.87 
P to.01 tO.O1 tO.O1 

The P values relate the respective infant group to the adult. 

Table 2. Pharmacokinetic calculations o f  bolus heparin infusions using the one-stage heparin assay 

T% K c ~ o  v d  C1 
(min) (min-') (units/ml) (ml/kg) (ml/kg/min) 

Adults (N  = 8) 
- 
X 

S.D. 

Group I (N = 8) 
- 
X 

S.D. 
P1  

Group 11 (N = 7) 
- 
X 

S.D. 
P 

Group 111 ( N  = 10) 
- 
X 

S.D. 
P 

' The P values relate the respective infant group to the adult. 

order kinetics (Fig. 2). In this study, when heparin levels were 
sampled every 3 rnin during the first 15 rnin in one adult, a very 
brief distribution phase was documented (Fig. 1). Therefore, the 
values obtained on study subjects are considered to closely ap- 
proximate the elimination phase of plasma heparin disappearance. 

The plasma heparin T% in newborns was longer (group I = 42.6 
min; group I1 = 48.3 min; group I11 = 51.0 min) when assayed by 
the one-stage clotting method as compared with the chromogenic 
method values (group I = 35.5 min; group I1 = 35.5 min; group 
I11 = 41.6 rnin). However, the adult values were nearly identical 
with both methods. It is possible that small amounts of circulating 
fibrin(ogen) degradation products prolonged the clotting time (8) 
and yielded an evelated heparin level when compared with the 
chromogenic assay. 

The results of this study indicate that the greater V d  of heparin 
in the newborn necessitates relatively larger loading doses of 
heparin per kg body weight to achieve the same plasma concen- 
tration when compared with the older children and adults. The 

higher clearance rates of the newborn infants should require larger 
maintenance rates to maintain a given heparin level. Preliminary 
studies of continuous infusions with therapeutic heparinization 
are ongoing and are supportive of this speculation. In extremely 
preterm infants of 25 to 28 wk gestation, heparin clearance was 
less rapid with greater variation among babies. 

AT-I11 is required for the function of heparin but in at least one 
patient with congenital AT-I11 deficiency reported by Marciniak 
et al. (15), circulating heparin levels achieved after a bolus injec- 
tion were measured to be greater than predicted, suggesting that 
low levels of AT-I11 per se do not accelerate plasma heparin 
disappearance. In the same study adults with AT-I11 deficiency 
required larger heparin doses to prolong the thrombin time and 
the activated partial thromboplastin time. Previous studies (2, 3, 
22, 24) have shown that newborns (term and preterm) have low 
levels of AT-111. The infants in this study showed a mean AT-I11 
level of 25.5% of normal adult. Therefore, it is not surprising that 
these infants should require larger doses of heparin for an anti- 
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Table 3. Antithrombin 111-antipen levels in the studv subjects REFERENCES AND NOTES 

90 min  

Preheparin postheparin 
(% normal  adult) (% normal  adult) 

Adult subjects 
- 
X 

S.D. 

Infants 
Overall 

- 
X 

S.D. 

G r o u p  I 
- 
X 

S.D. 

G r o u p  I1 
- 
X 

S.D. 

G r o u p  111 
- 
x 25.0 25.4 
S.D. 5.2 5.0 

50 100 150 200 250 300 

TIME (min) 

Fig. 2. Plasma heparin clearance in a representative group I baby, a 
g roup  I11 baby, and an adul t  as determined by the  chromogenic heparin 
assay. 

coagulant effect. 
It has been stated (7) that heparin may decrease circulating 

levels of AT-111. No decrease in AT-I11 Ag was noted during this 
study. 
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