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Abstract. Objective: Dexamethasone is frequently used
in premature neonates with bronchopulmonary dys-
plasia, however little is known about its disposition in
this population.

Methods: We evaluated the pharmacokinetics of dex-
amethasone in 9 premature neonates with a mean ges-
tational age of 27.3 weeks and a postnatal age of
21.8 days.

Results: There was a strong relationship between
clearance (4.96 ml-min~'-kg=') and gestational age
(r = 0.884). Pharmacokinetic parameters were grouped
based on a gestational age of less than 27 weeks
(Group I) and greater than 27 weeks (Group II). Mean
clearance in group I and group II was 1.69 and
7.57 ml -min ~*-kg~!, respectively. Mean distribution
volume in group I and II was 1.26 and 2.19 1-kg™!

respectively. No significant relationships were noted
between the disposition of dexamethasone and venti-
lator requirements or adverse effects.

Conclusion: The pharmacokinetics of dexamethasone
in premature neonates was related to gestational age.
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Introduction

Intravenous dexamethasone is commonly used in pre-
mature neonates to treat bronchopulmonary dysplasia
(BPD). Controlled studies have documented that dex-

amethasone improves pulmonary function and reduces
the need for mechanical ventilation [1-8]. Most inves-
tigators have reported a rapid therapeutic response
after initial doses of 0.5 to 1 mg-kg~'-day ' followed
by a variable taper of 7 to 42 days. However, this high-
dose regimen is empirical and there are no published
studies evaluating the dosage requirement of dexam-
ethasone in the neonatal population.

Dexamethasone may be associated with significant
adverse effects. Dose-related side effects include eleva-
tions in systolic blood pressure [9], hypothalamic-pitu-
itary-adrenal axis suppression [10-15], and increases in
protein catabolism resulting in marked increases in
blood urea nitrogen [16-18], elevated plasma amino
acid concentrations [18], and poor weight gain during
treatment [4-6,10,17,18]. Dose-related adverse effects
may occur due to high plasma concentrations and
excessive systemic drug exposure. Maturation of neona-
tal hepatic metabolism and renal function during
development results in significant interpatient variabil-
ity in drug disposition and may contribute to both ther-
apeutic variability and adverse effects. The high potency
and significant side effect profile of dexamethasone in
neonates establishes the importance of defining its dis-
position.

This study evaluated the pharmacokinetics of dex-
amethasone in neonates. Several pharmacodynamic
variables, including ventilator weaning, weight gain,
and blood pressure were evaluated to identify
potential relationships with dexamethasone pharma-
cokinetics.
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Methods and design

This open-label pharmacokinetic-pharmacodynamic study was
approved by the Human Subjects Research Committee at Children’s
Hospital and The Ohio State University Hospital, Columbus, Ohio.
Neonates were eligible for enrollment in the study after the attend-
ing physician’s decision to treat with intravenous dexamethasone.
Patients with the following conditions were excluded from
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enrollment: a) congenital heart disease or multiple congenital anom-
alies; b) patent ductus arteriosus; and c) sepsis. Informed consent
was obtained from parent(s) or authorized representative(s) of each
patient before enrollment.

Blood samples were drawn immediately prior to dexamethasone
administration (0 h), and at 0.5, 1, 3, 6, and 12 h after adminis-
tration. The samples were collected from an umbilical artery
catheter or a central venous line when possible. In patients with no
central venous or arterial access, one blood sample was collected
by capillary heelstick to determine the trough concentration of dex-
amethasone.

Laboratory analysis

Blood was collected in pre-chilled EDTA Vacutainer® tubes
(Becton Dickinson, Rutherford, N.J.) and centrifuged at 2000 x g
at 4°C for 15 min. Plasma was stored at —70°C until analysed.
Plasma dexamethasone concentrations were measured using a pre-
viously published radioimmunoassay method with minor
modifications [19]. This radioimmunoassay is specific for dexam-
ethasone with the following cross-reactivities: cortisol 0.04%, 11-
deoxycortisol 0.07 %, prednisolone 0.14 %, triamcinolone acetonide
0.01%, betamethasone 10%, and aldosterone and corticosterone
<0.01% (product information, IgG Corp., Nashville, TN).
Standards ranging in concentration from 0.1 to 20 ng-ml~' were
prepared in plasma. One hundred microliters of each standard was
added to 100 pl of *H-dexamethasone (NET-467, NEN Research
Products, Boston, MA) diluted to 20,000 cpm-ml~?, and 100 pl of
reconstituted  rabbit  anti-dexamethasone  serum  (IgG-
Dexamethasone-1, IgG Corp., Nashville, TN). The mixture was
incubated at 4 °C for 24 h, followed by the addition of 200 ul of
1% activated charcoal suspension (C-5385 Sigma Chemical Co., St.
Louis, MO). After 7 min of centrifugation at 2000 x g, aliquots of
the supernatant were mixed with 10 ml of scintillation fluid
(CytoScint ES®, #882453 scintillation solution, ICN Biomedicals,
Inc., Irvine, CA) and radioactivity was measured with a Beckman
LS 7000 Liquid Scintillation System (Beckman Instruments, Inc.,
Fullerton, CA). Percentage of bound *H-dexamethasone was plot-
ted against log concentration and was analysed by least squares lin-
ear regression. All relationships were linear at concentrations
ranging from 1.0 to 15 ng-ml~', with correlation coefficients
between 0.996 and 0.999. Accuracy, measured on 7 different days,
was within 10.4% of theoretical for concentrations of 1, 10, and
15 ng-ml~*. Precision was calculated using 14 replicate samples
analyzed on different days, yielding an interday coefficient of vari-
ation of less than 7.5%.

Pharmacokinetic analysis

The elimination rate constant was estimated from the slope of the
terminal phase of the dexamethasone log plasma concentration ver-
sus-time curve. The area under the plasma concentration-time curve
from time 0 to 12 h (AUC,,) was calculated using the linear trape-
zoidal rule. Following the first dose, the area under the plasma con-
centration versus-time curve from 0 to infinity (AUC;.,) was
calculated as the sum of AUC,; and the quotient of the plasma con-
centration at 12 h and elimination rate constant (Cj,/k). Prior to
steady state, AUC;.o, was calculated as (AUC,; + Cp5/k) - Ciina/ k.
At steady-state, AUCj. equals AUC),. Total clearance (CL),
apparent volume of distribution (V) and elimination half-life (t,;,)
were calculated using the following equations: CL = dose/ AUC .00,
V =CL/k, and t;;;, = 0.693 k.

Pharmacodynamic data

Pharmacodynamic data were collected before and during dexam-
ethasone therapy. These data included the following: 1) Mechanical

Ventilation: Ventilator settings (rate, peak inspiratory pressure,
peak end expiratory pressure, and FiO,) and blood gas data were
obtained from respiratory care records. Weaning from the ventila-
tor followed the standard of practice in the intensive care unit. The
generally accepted target for pO, was 50 to 80 mmHg; pCO; 40 to
60 mmHg; and a pH above 7.3. Weaning proceeded as rapidly as
possible within these general guidelines, but was managed by the
attending neonatologist independent of the study. Ventilator Index
was calculated as the product of peak inspiratory pressure (PIP)
(mmHg) and rate of ventilation. 2) Blood Pressure: A minimum of
six determinations of blood pressures were recorded daily as
obtained from nursing records. Baseline blood pressures were cal-
culated by averaging blood pressures for the 5 days prior to initi-
ating dexamethasone. 3) Laboratory Data: When ordered as part
of the routine care, blood urea nitrogen and serum creatinine were
recorded. 4) Weight, Nutrition and Fluid Balance: Fluid and nutri-
tion requirements were determined by the standard of practice. The
fluid intake, daily weights, daily caloric intake, and urine output
were recorded. 5) Medications: Patients continued to receive bron-
chodilators and diuretics as ordered by the attending neonatologist
independent of this study. All concurrent medications were
noted.

Statistical analysis

Statistics were performed using SYSTAT (Systat, Inc., Evanston,
IL). Relationships between variables were analyzed by Pearson’s
test for correlation. Step-wise multiple regression was used to deter-
mine significant linear relationships among variables. Differences in
the means of normally distributed variables were compared by a
two-sided Student r-test. Analysis of variance with repeated mea-
sures and Dunnett’s post-hoc test were done to analyze differences
in blood pressure and ventilator index over time. Statistical
significance was achieved at P < 0.05.

Results

Fifteen patients were enrolled in the study. The demo-
graphic and pharmacokinetic data are summarized in
Table 1. The diagnoses in all but one patient included
prematurity, respiratory distress syndrome and bron-
chopulmonary dysplasia. Patient 11 received dexam-
ethasone to facilitate extubation following surgical
omphalocele closure. Dexamethasone plasma concen-
trations were measured within the first 4 days of initi-
ating treatment in all patients. Nine patients had a
sufficient number of plasma concentrations to estimate
all pharmacokinetic parameters. Patients 10 and 11 had
only 3 blood samples collected, therefore only half-life
was calculated in these patients. Patients 12 and 13 were
switched to oral dexamethasone due to the loss of
venous and arterial access after enrollment; thus, only
trough concentrations measured. Patient 14 died of a
fatal haemorrhage unrelated to the study. This patien-
t’s reported Cyy, preceded the C,, at non-steady state,
thereby precluding calculation of kinetic parameters.
The study was discontinued in patient 15 after the first
blood sample at 12 h,

The mean (SD) gestational age (determined by the
Ballard method) and birthweight of the nine evaluable
patients were 27.3(1.7) weeks and 885(272) g (range
480-1330 g), respectively. At the time of enrollment,
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Table 1 Demographic and pharmacokinetic data. All patients received dexamethasone q12 h except patient 11 (g6 h) GA = gestation
age, PA = postnatal age, BW = birthweight, C,,,/ C.;, = maximum/minimum observed plasma concentrations. Blank spaces appear when
a parameter was not determined

Pt GA  PA BW Dose (mg/kg)  Comy Coie cL v i
(wks)  (days) (grams) (Dose number) (ng-ml—1) (ng'ml™")  (ml'-min~'-kg ) (I-kg Y (hrs)

1 25 37 760 0.503 469.5 213.1 1.03 1.41 15.8
2 29 37 930 g.%SS 139.5 5.5 8.44 1.98 2.7
3 28 12 970 5)5.558 154.6 15.9 6.66 2.08 3.6
4 30 26 1018 65.%49 111.6 34 12.2 2.32 2.2
5 28 10 1155 85.%20 168.8 103.4 1.98 2.36 13.8
6 26 27 570 5208 174.3 68.8 1.45 1.24 9.8
7 26 11 756 5)1.540 216.3 37.8 2.84 1.00 4.1
8 28 17 1330 63.%75 130.7 8.5 8.60 2.22 3.0
9 26 19 480 8%13 270.9 132.2 1.44 1.39 11.1

10 30 14 1606 5)2.578 198 371 4.8

11 35 26 4770 82.200 461.7 182.5 4.0

12 28 71 1140 (()5.%51 po 8.1

13 27 28 680 (()2%03 po 7.4

14 28 4 980 63.%7@ 406.9 222.9

15 26 85 680 8229 27.1

)

“Patient received 3 doses 10 hours apart

the mean postnatal age was 21.8 (10.5) days. Figure 1 a strong correlation between clearance (4.96(4.09)
illustrates the plasma dexamethasone concentration ml min~!-kg™!) and both gestational age (r = 0.884
versus time curves. Significant variability was observed P = 0.002) (Fig. 2) and postconceptional age (r = 0.741
in the pharmacokinetic parameters (Table 2). There was P = 0.022). A step-wise multiple regression analysis

Fig. 1 Dexamethasone plasma 500
concentration versus time °

B

[=3

=3
[

300J /

200 - )
>

100

Plasma concentration (ng- mi™)

O ==
S Y

14

(=]




480

Table 2 Pharmacokinetic parameters of dexamethasone in prema-
ture neonates

Parameter Mean (SD) Range
CL (ml-min—!-kg=") 4.96 (4.09) 1.03-12.2
V(1-kg™h 1.78 (0.52) 1.00-2.36
ti (h)* 6.8 (4.9) 2.2-15.8

Includes data from patients 10 and 11

using gestational age, postnatal age and postconcep-
tional age demonstrated that gestational age
significantly affected clearance, with the model explain-
ing 77.8% of the variance in data (P = 0.002). After
accounting for the effect of gestational age, neither
postconceptional age nor postnatal age significantly
improved the fit to the multiple regression model. Since
the distribution of gestational ages appeared to be
bimodal, the data were analysed to determine the like-
lihood of two discrete subpopulations. Group I
included patients less than 27 weeks gestation (n = 4),
and group Il included those greater than 27 weeks ges-
tation (n = 5). The more premature infants in group I
(GA 25.8(0.5) weeks) had a significantly lower mean
clearance than those in group II (GA 28.5 (0.8) weeks),
1.69 (0.79) vs 7.57(3.71) ml-min~!-kg~!, respectively
(P =0.018).

Mean apparent volume of distribution was
1.78 (0.52) 1-kg~! and was highly correlated with ges-
tational age (r = 0.847 P =10.004), birthweight
(r=0.830 P = 0.006) and the weight at the time of
enrollment (r = 0.871 P = 0.002). In testing these vari-
ables, step-wise regression showed that weight at the
time of enrollment was the most significant variable in
predicting apparent volume of distribution, explaining
75.8% of the variance in data. When neonates were
stratified based on gestational age, group I had a

significantly lower volume of distribution, 1.26 (0.19)
1-kg~!, as compared with group II, 2.19 (0.16) 1-kg~!
(P <0.001).

The effect of concomitant drugs on dexamethasone
pharmacokinetics was analysed. Four patients received
daily phenobarbital prior to and during treatment with
dexamethasone. Due to the potential for induction of
hepatic enzymes by phenobarbital, a stratified analysis
of dexamethasone clearance was performed based on
the administration of phenobarbital. There was no
significant difference in clearance between patients
receiving phenobarbital (mean gestational age
27.0 £ 1.2 weeks) and those not receiving phenobarbi-
tal (mean gestational age 27.6 (2.2) weeks), 4.9(3.3) vs
5.0 (5.0) ml-min~!- kg~!, respectively (P = 0.966).

Pharmacodynamics

All patients were given dexamethasone to facilitate
weaning from mechanical ventilation. Only the first 9
patients with complete data sets were included in the
pharmacodynamic analysis. During the 7 days after
initiating treatment, one patient was extubated while 8
patients remained on mechanical ventilation. Figure 3
llustrates the effect of dexamethasone on ventilator
index. Compared to the ventilator index on day 0, the
mean index was significantly lower on days 2 through
7 after initiating dexamethasone (P < 0.05). No asso-
ciations between dexamethasone plasma concentra-
tions, clearance, AUC, cumulative dose, and
improvements in ventilator index were noted.

Daily mean systolic and diastolic blood pressures
increased after initiating dexamethasone. Diastolic
blood pressure was significantly elevated by day 3 as
compared with the baseline diastolic blood pressure,
41.3(8.4) vs 30.5(5.2) mmHg (P = 0.04), respectively.

Fig. 2 Gestational age (GA) 14
versus clearance (CL).
CL = —54.67 + 2.18(GA)
(r=0.884, P =0.002) 12
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Fig. 3 Mean (£ SEM)
ventilator index versus time.
*P<0.05
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However, no relationships were noted between blood
pressure and either clearance, cumulative dose, or AUC.,

There was a significant decline in the rate of weight
gain during the treatment with dexamethasone. During
the 7 days prior to treatment, the rate of weight increase
was 14.0 g-day~! (95% CI, 8.3 t0 19.8 g/day) as com-
pared with a weight loss of 4.1 g-day~' (95% CI,
—10.1 to 2.0 g-day™!) during the 10 days after initi-
ating treatment. This weight loss could not be explained
by a reduction in caloric intake nor a change in fluid
status (data not shown). The clearance and AUC of
dexamethasone were not related to changes in weight
after initiating dexamethasone. Blood urea nitrogen
(BUN) increased in 8 of the 9 evaluable patients. This
is consistent with the probability of increased protein
catabolism and the lack of weight gain. The mean BUN
for the seven days before therapy was 2.9(1.6)
mmol-1=! (8.1 (4.5) mg-dl~!), which increased to a
peak of 8.8 (3.7) mmol-1-"' (24.5(10.4) mg-dl~!) in an
average 3.6 days (P = 0.001). BUN remained elevated
during dexamethasone treatment for a mean 10.3 days
before returning to baseline. The increased BUN was
not explained by decreased renal function or increased
protein intake, nor did it correlate with weight loss or
dexamethasone pharmacokinetics.

Discussion

Intravenous dexamethasone is commonly used in pre-
mature neonates with chronic lung disease to hasten
weaning from mechanical ventilation. Little is known
about dexamethasone pharmacokinetics nor its opti-
mal dosage regimen in premature neonates. As with
many drugs used in neonates [20], we observed wide

-4 -2 0 2 4 6 8
Time (days)

interindividual variability in dexamethasone pharma-
cokinetics. Dexamethasone clearance was best pre-
dicted by gestational age. Neonates less than 27 weeks
gestation had almost a five-fold lower clearance than
those greater than 27 weeks gestation.

The mean clearance of dexamethasone noted in this
study is similar to data reported in adults. Tsuei et al.
reported a clearance of 3.31-4.17 ml'min~'-kg~! in
12 healthy adults [21] and Eadie et al. observed a mean
clearance of 7.35 ml-min~'-kg~' in ten adults with
neurological disorders [22]. In a recent study by Charles
et al., the mean dexamethasone clearance in 7 extremely
low birth weight infants was 2.4 ml-min~—!-kg=!,
approximately half the clearance observed in our
patients [23]. However, the mean gestational age of the
7 patients in their study (25.6(0.5) weeks) was lower
than the gestational age of patients in our study
(27.3 (1.7) weeks). Notably, when we analyzed only
those with gestational ages less than or equal to 27
weeks (mean gestational age 25.8(0.5) weeks), the
mean clearance observed in this study was comparable
to the mean clearance reported by Charles et al, 1.7
ml-min~!'-kg~! and 2.4 ml'min~"-kg~', respectively.
While it is not known to what degree dexamethasone
is metabolized or renally eliminated in premature
neonates, it is reasonable to conclude that the elimi-
nation pathway(s) for dexamethasone may be poorly
developed in many very low birth weight infants and
maturation may occur with increased gestational age.

The mean apparent volume of distribution in our
neonatal population was similar to that reported by
Charles et al (1.91(0.48) 1-kg~!) [23], however it was
significantly higher than the distribution volume
reported in healthy adults (0.765(0.249) 1-kg=!) [21].
When analysing the data based on gestational age,
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neonates less than 27 weeks gestation had a lower V
than those born greater than 27 weeks gestation.
Furthermore, weight-normalized V was related to
birthweight and the actual weight at the time of enroll-
ment. Weight at enrollment explained the most vari-
ability in data, although weight is indirectly related to
gestational age. A possible explanation for this phe-
nomenon may include increased tissue binding as a
result of developmental changes in the tissue com-
partment as a percent of total body weight.

Elimination half-life depends on both clearance and
distribution volume. The half-life of dexamethasone in
healthy adults has ranged from 2.4 to 3.4 hours [21].
Richter et al. reported half-life ranging from 2.3 to
9.5 h in 12 infants and children of ages 0.25 to 168 y
[24]. The longer half-life in infants and children may
be a result of lower clearance and/or larger distribu-
tion volume. We found that half-life ranged from 2.2
to 15.8 h (mean 6.8 (4.9) h). In neonates less than 27
weeks gestation, the mean half life was 10.2 (4.8) h as
compared with 4.9(4.0)h in those greater than 27
weeks. The half-life of the more premature group is
similar to the 9.3 (3.3) h half-life reported by Charles
et al. in a similar patient population [23]. Thus, pre-
mature neonates less than 27 weeks gestation may have
a longer dexamethasone half-life and may therefore
require longer dosage intervals to minimize dexam-
ethasone accumulation than infants born closer to
term.

There is evidence of a dexamethasone dose-
response relationship in the treatment of BPD [25, 26].
Mammel et al. reported greater therapeutic response
at 0.5 mg-kg ~'-day~' thanat 0.1 mg-kg=!-day ![25].
We found no relationships between plasma concentra-
tions, pharmacokinetic parameters, and therapeutic
endpoints or adverse effects. As previously reported
[1.2,5,25], we observed a rapid reduction in peak inspi-
ratory pressure and ventilator rate within the first sev-
eral days of therapy. However, no correlation was noted
between the rate or extent of improvement and dex-
amethasone’s clearance or AUC. This may be
explained, in part, by 1) the large weight-normalized
doses which may already elicit near maximal responses;
and 2) the high potency of dexamethasone and its
extended biologic half-life, which may result in
responses less dependent on plasma concentrations.
Similar observations have been reported in the treat-
ment of asthma, where massive doses of parenteral cor-
ticosteroids did not produce a more rapid improvement
or a better outcome than lower conventional doses [27].

Adverse effects may have unique plasma concentra-
tion-response curves, thus making it important to
understand these relationships in order to optimize
therapy. The adverse effects of dexamethasone in this
study were similar to those previously reported [28].
We attempted to determine whether the adverse effects
were related to the disposition of dexamethasone. Both
systolic and diastolic blood pressure were significantly
elevated early in the course of therapy. Previous inves-

tigators reported a correlation between dexametha-
sone-induced hypertension and cumulative dose [9]. In
addition, others found an attenuation of hypertension
with dose reductions [4]. These data would suggest a
correlation between plasma concentrations or AUC
and blood pressure, however we found no such rela-
tionships. Dexamethasone also causes significant tissue
catabolism in neonates [4-6,8,10,17,18]. Previous
investigators have reported weight loss or poor weight
gain [4-6,10,17,18], increases in plasma amino acid
concentrations [18], and increases in blood urea
nitrogen [16-18] during dexamethasone therapy.
Furthermore, these effects have been reported to be
dose-dependent [4-8,16]. We noted a decrease in weight
gain after initiating dexamethasone and consistent with
previous studies, there was a marked coincident
increase in BUN, unexplained by a change in renal
function, urine output, or protein intake. Overall, how-
ever, there was no relationship between dexamethasone
pharmacokinetics and these physiologic data.

While the number of enrolled patients was sufficient
to characterize the pharmacokinetics, a larger popula-
tion is needed to determine possible relationships
between the kinetics and therapeutic endpoints or
adverse effects. As with other drugs used in the neona-.
tal population, we observed variability in the disposi-
tion of dexamethasone. With smaller volumes of
distribution and lower clearances in those born most
prematurely, there is the potential for markedly higher
plasma concentrations over the course of therapy. The
potential for increased risk of adverse effects as a result
of treating all premature neonates with a uniform
dosage regimen must be considered. This is not with-
out precedent since investigators have reported
increased adverse effects in adults with low corticos-
teroid clearances [29,30]. Based on the findings of this
study, premature neonates less than 27 weeks gestation
had a significantly lower clearance than neonates born
greater than 27 weeks gestation. We speculate that
doses may need to be individualized based on gesta-
tional age and that extremely premature infants may
therefore require lower doses of dexamethasone. This
consideration for dose individualization is based on
pharmacokinetic principles only and larger clinical
studies are needed to determine the optimal dosage
regimen.

Acknowledgements We greatly appreciate the statistical support
provided by Jean Powers, Ph.D. and the assistance of Melinda
Ballard, Pharm.D., Debra Gardner, Pharm.D., and Gretchen Vetter
in patient enrollment and data collection. We thank IgG Corp. for
the generous donation of anti-dexamethasone antibody.

References

1. Avery GB, Fletcher AB, Kaplan M, Brudno DS (1985)
Controlled trial of dexamethasone in respirator-dependent
infants  with  bronchopulmonary dysplasia. Pediatrics
75:106-111



1.

12.

13.

14.

15.

. Kazzi NJ, Brans YW, Poland RL (1990) Dexamethasone effects

on the hospital course of infants with bronchopulmonary dys-
plasia who are dependent on artificial ventilation. Pediatrics
86:722-727

. Cummings JJ, D’Eugenio DB, Gross SJ (1989) A controlled

trial of dexamethasone in preterm infants at high risk for bron-
chopulmonary dysplasia. N Engl J Med 320:1505-1510

. Harkavy KL, Scanlon JW, Chowdhry PK, Grylack LJ (1989)

Dexamethasone therapy for chronic lung disease in ventilator-
and oxygen-dependent infants: A controlled trial. J Pediatr
115:979-983

. Ohlsson A, Calvert SA, Hosking M, Shennan AT (1989)

Randomized controlled trial of dexamethasone treatment in
very-low-birth-weight infants with ventilatory-dependent
chronic lung disease. Ped Res 25:225A

. Yeh TF, Torre JA, Rastofi A, Anyebuno MA, Pildes RS (1990)

Early postnatal dexamethasone therapy in premature infants
with severe respiratory distress syndrome: A double-blind, con-
trolled study. J Pediatr 117:273-282

. Collaborative Dexamethasone Trial Group (1991) Dexa-

methasone therapy in neonatal chronic lung disease: An inter-
national placebo-controlled trial. Pediatrics 88:421-427

. Ariagno RL, Sweeney TJ, Baldwin RB, Inguillo D, Martin D

(1987) Dexamethasone effects on fung function in 3 week old
ventilator dependent preterm infants. Am Rev Resp Dis
135:A125

. Ferrara TB, Couser RJ, Hoekstra RE (1989) Side effects and

long-term follow-up of corticosteroid therapy in very low birth-
weight infants with bronchopulmonary dysplasia. J Perinatol
10:137-142

. Wilson DM, Baldwin RB, Ariagno RL (1988) A randomized,

placebo-controlled trial of effects of dexamethasone on hypo-
thalamic-pituitary-adrenal axis in preterm infants. J Pediatr
113:764-768

Cronin CMG, Dean H, MacDonald NT, Seshia MMK (1993)
Basal and post-ACTH cortisol levels in preterm infants fol-
lowing treatment with dexamethasone. Clin Invest Med
16:8-14

Alkalay AL, Pomerance JJ, Puri AR, et al (1990)
Hypothalamic-pituitary-adrenal axis function in very low birth-

weight infants treated with dexamethasone. Pediatrics
86:204-210
Rizvi ZB, Aniol HS, Myers TF, Zeller WP, Fisher SG,

Anderson CL (1992) Effects of dexamethasone on the hypo-
thalamic-pituitary-adrenal axis in preterm infants. J Pediatr
120:961-965

Sauder SE, Powers WF, Wise JE (1987) Suppression of the
pituitary-adrenal axis in very low birth weight infants after dex-
amethasone therapy for bronchopulmonary dysplasia. Clin Res
35:913A

Ng PC, Blackburn ME, Brownlee KG, Buckler JMH, Dear
PRF (1989) Adrenal response in very low birthweight babies

16.

17.

18.

19.

21.

22.

23.

24.

25.

26.

27.

28.

30.

483

after dexamethasone treatment for bronchopulmonary dyspla-
sia. Arch Dis Child 64:1721-1726

MacDonald PD, Galea P, Alroomi LG (1990) A catabolic state
in dexamethasone treatment of bronchopulmonary dysplasia.
Arch Dis Child 65:560-561

Brownlee KG, Ng PC, Henderson MJ, Smith M, Green JH,
Dear PRF (1992) Catabolic effect of dexamethasone in the
preterm baby. Arch Dis Child 67:1-4

Williams AF, Jones M (1992) Dexamethasone increases plasma
amino acid concentrations in bronchopulmonary dysplasia.
Arch Dis Child 67:5-9

Hochhaus G, Hochhaus R, Werber G, Derendorf H (1992) A
selective HPLC/RIA for dexamethasone and its prodrug dex-
amethasone-21-sulphobenzoate sodium in biologic fluids.
Biomed Chromatogr 6:283-286

. Morselli PL, Morselli RF, Bossi L. (1980) Clinical pharmaco-

kinetics in mnewborns and infants. Clin Pharmacokinet
5:485-527

Tsuei SE, Moore RG, Ashley JI, McBride WG (1979)
Disposition of synthetic glucocorticoids. 1. Pharmacokinetics
of dexamethasone in healthy adults. J Pharmacokinet Biopharm
7:249-264

Eadie MJ, Brophy TR, Ohlrich G, Tyrer JH (1984)
Dexamethasone: pharmacokinetics in neurological patients.
Clin Exp Neurol 20:107-118

Charles B, Schild P, Steer P, Cartwright D, Donovan T (1993)
Pharmacokinetics of dexamethasone following single-dose
intravenous administration to extremely low birth weight
infants. Dev Pharmacol Ther 20:205-210

Richter O, Reinhardt D, Becker B (1983) Pharmacokinetics of
dexamethasone in children. Pediatr Pharmacol 3:329-337
Mammel MC, Johnson DE, Green T, Thompson TR (1983)
Controlled trial of dexamethasone in infants with bronchopul-
monary dysplasia. Lancet I:1356-1357

Georgieff MK, Mammel MC, Mills MM, Gunter EW, Johnson
DE, Thompson TR (1989) Effect of postnatal steroid
administration on serum vitamin A concentrations in new-
born infants with respiratory compromise. J Pediatr 114:
301-304

Britton MG, Collins JV, Brown D, Fairhurst NPA, Lambert
RG (1976) High-dose corticosteroids in severe acute asthma.
Br Med J 2:73

Ng PC (1993) The effectiveness and side effects of dexametha-
sone in preterm infants with bronchopulmonary dysplasia. Arch
Dis Child 68:330-336

. Meikle AW, Clarke DH, Tyler FH (1976) Cushing syndrome

from low doses of dexamethasone. JAMA 235:1592-1593
Kozower M, Veatch L, Kaplan MM (1974) Decreased clear-
ance of prednisolone, a factor in the development of
corticosteroid side effects. J Clin Endocrinol Metab 38:
407-411



