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ABSTRACT. The pharmacokinetics and associated phar
macodynamics of nifedipine were studied in nine children
aged 5 to 68 mo with bronchopulmonary dysplasia and
pulmonary artery hypertension after a single oral dose of
1.44 tLmol/kg (0.5 rug/kg). In the cardiac catheterization
laboratory, hemodynamic measurements were made in du
plicate just before the nifedipine dose and at 5 min and 0.5
and 1.0 h after the dose. The plasma nifedipine concentra
tion was measured by HPLC at each of the above times
and at 2.5, 4.0, 6.0, and 8.0 h after the dose. The mean (±
SD) maximum plasma concentration and the time to max
imum plasma concentration were 243.4 ± 194.5 nmol/L
and 1.0 ± 0.8 h, respectively. The mean area under the
plasma concentration-time curve was 761 ± 509 nmol- h/
L. The mean elimination rate constant and t,;, were 0.456
± 0.194 h- I and 1.8 ± 0.8 h, respectively. Nifedipine caused
a significant (p ::s 0.05) reduction in the mean pulmonary
artery pressure by 5 min and in the mean pulmonary
vascular resistance index and mean aortic pressure by 30
min, and these reductions remained significant through the
J-h measurement interval. The magnitude of acute hemo
dynamic response correlated closely with the plasma nife
dipine concentrations. No significant change occurred in
the mean arterial oxygen saturation or cardiac index during
the study period. The percentage changes from baseline in
the mean pulmonary artery pressure and mean pulmonary
vascular resistance index were approximately double the
percentage change in the mean aortic pressure, suggesting
that nifedipine had some degree of selective impact on the
pulmonary vascular bed. Based on these results, an initial
oral maintenance regimen of 1.44 tLmol/kg (0.5 mg/kg)
every 6 h would be needed for this patient population. If
the safety and efficacy after chronic therapy can also be
shown, nifedipine may prove to be an important therapeutic
addition to the management of children with bronchopul
monary dysplasia and pulmonary hypertension. (Pediatr
Res 29: 500-503, 1991)
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BPD, bronchopulmonary dysplasia
Cmax, maximum plasma concentration
Tmax, time to Cmax
mPAP, mean pulmonary artery pressure
AOP, mean aortic pressure
PR, pulmonary vascular resistance index
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k, elimination rate constant
AUC, area under the concentration-time curve

Premature infants who develop respiratory distress syndrome
require assisted positive pressure ventilation with high concen
trations of supplemental oxygen. Therapy with oxygen at high
atmospheric pressure to an already compromised lung may cause
prolongation of the normal healing phase of respiratory distress
syndrome and may be a factor in the development of BPD (I).
BPD, in turn, may cause pulmonary hypertension, primarily by
hypoxia-induced constriction of pulmonary vascular smooth
muscle. Long-term complications of severe BPD include abnor
mal pulmonary function with exercise limitations, failure to
thrive, and cor pulmonale (2).

Therapy for infants with BPD has been primarily supportive
and has included minimizing all respiratory tract insults, com
pensating for complications of hypoxia, and maintaining nutri
tional support during recovery. Pharmacologic management has
been limited, but may include diuretics and, at times, cardiac
glycosides. Treatment of pulmonary artery hypertension has
been impeded by the lack of a selective pulmonary vasodilating
agent other than oxygen. Several studies have demonstrated that
hypoxia-induced pulmonary vasoconstriction may be related to
transmembrane extracellular calcium influx; therefore, nifedi
pine, a calcium channel blocking agent, has been evaluated as a
potential therapeutic option in children with BPD and pulmo
nary hypertension (3-5).

Although the pharmacokinetics and pharmacodynamics of
nifedipine have been characterized extensively in adults (6-9),
only a few studies to date have evaluated the hemodynamic
responses in a pediatric population (3-5), and pharmacokinetic
studies in this population are completely lacking. The objectives
of this study were to determine the pharmacokinetic properties
of nifedipine in children with BPD and pulmonary artery hyper
tension after the administration of a single oral dose of the drug,
and to evaluate the relationship between plasma nifedipine con
centrations and the acute responses.

MATERIALS AND METHODS

Patients. Nine children, aged 5 to 68 mo, met the entry criteria
and were enrolled in the study. The study protocol was approved
by the Human Use Committee at The University of Michigan
Medical center, and informed consent for participation in the
study was obtained from each patient's parent or legal guardian.
Criteria for entrance into this study were: 1) the presence of
BPD, documented by a history of positive pressure ventilation
as a newborn, supplemental oxygen dependency to maintain
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arterial oxygen saturation greater than 80%, the clinical presence
of rales, rhonchi, and/or tachypnea, and characteristic radio
graphic findings on chest x-ray (10); 2) the presence ofpulmonary
artery hypertension [resting mPAP exceeding 2.7 kPa (20 mm
Hg); and 3) the absence of structural heart disease. Before entry
into this study, the clinical management of each child was guided
by the referring pediatrician.

Study design. At the time of the study, each child was main
tained on his usual medical regimen; however, the children
received nothing by mouth, including medications, after mid
night of the night before cardiac catheterization. Each patient
was lightly sedated with oral chloral hydrate, and a complete
right and left heart catheterization was performed to document
the presence of pulmonary hypertension and the absence of
structural heart disease. Each patient received a nifedipine dose
of 1.44 iLmol/kg (0.5 mg/kg), which was based on the results of
a previous study in which patients who had received greater than
1.73 iLmoljkg (0.6 mg/kg) had a decrease in aortic mean pressure
exceeding 20% (4). The volume ofliquid to provide the calcu
lated dosage was withdrawn from a 10-mg nifedipine capsule
using a tuberculin syringe after a standardized procedure (11).
The needle was removed from the syringe, and the nifedipine
liquid was administered into the proximal oral cavity of each
child. Due to limitations on the amount of blood that could be
obtained from this patient population, venous blood samples
were obtained for measurement of plasma nifedipine concentra
tion predose and at 5 min and 0.5, 1.0, 2.5, 4.0, 6.0, and 8.0 h
after nifedipine administration. Each sample was immediately
wrapped in aluminum foil to protect it from potential photodeg
radation (12), and the plasma was separated and frozen at -20°C
until analysis.

Hemodynamic measurements were made in duplicate just
before the nifedipine dose and at 5 min and 0.5 and 1.0 h after
the dose with the patient breathing room air or the lowest amount
ofsupplemental oxygen tolerated (patients 2 and 9 were receiving
4 L'min and 2 L/min by nasal cannula, respectively, and patient
7 was on a ventilator at 80% fraction of inspired oxygen). The
hemodynamic data collected included: pressures in the aorta,
pulmonary artery, pulmonary capillary wedge position, and right
atrium; thermodilution cardiac output (in triplicate); heart rate;
arterial oxygen saturation, and arterial blood gas. Pulmonary
and systemic vascular resistance were calculated as the mean
pressure gradient between the arterial and venous bed divided by
the indexed cardiac output. After the hemodynamic study, each
patient was carefully observed overnight.

Nifedipine measurements. Nifedipine plasma concentrations
were determined by HPLC according to the method described
by Pietta et al. (12). This assay had a sensitivity of 28.9 nmol/L
(10 ng/ml.) and was specific for nifedipine with a coefficient of
variation ofless than 5% over the range ofnifedipine concentra
tions encountered in the study.

Data analysis. Nifedipine plasma concentration-time data
were analyzed by standard noncompartmental methods to derive
pharmacokinetic values. The Cmax, the Tmax, and the AVC
were obtained directly from the concentration-time data. The
AVC was calculated using the trapezoidal method. The AVC
was extrapolated to infinity by adding the area after the last
measurable nifedipine plasma concentration, estimated by divid
ing the last measurable nifedipine plasma concentration by the
terminal k. Individual estimates of k were computed for a log
linear regression of nifedipine plasma concentration versus time
for points in the elimination phase of drug distribution. Half-life
was determined as ln2/k.

Hemodynamic values for mPAP, PR, cardiac index, and mean
AOP were expressed as the mean ±SD. Statistical differences in
each of these parameters at each measurement time after admin
istration of nifedipine as compared to pretreatment values (time
zero, before administration of nifedipine) were determined by
single-factor, repeated measures analysis of variance. Where dif
ferences were noted, Duncan's multiple range test was used to

evaluate at which measurement times statistical differences (p =
0.05) existed.

RESULTS

Pharmacokinetics. The nine study patients ranged in age from
5 to 68 mo and in weight from 6.37 to 20.70 kg (Table 1). All
but one child was receiving chronic diuretic therapy. The mean
(±SEM) plasma nifedipine concentrations as a function of time
after a single oral dose of 1.44 iLmoljkg (0.5 mg/kg) are shown
in Figure 1. Selected pharmacokinetic values for nifedipine are
presented in Table 2.

Pharmacodynamics. The time course of the hemodynamic
responses to nifedipine is presented in Table 3. Nifedipine caused
a significant reduction in the mPAP at 5 min and the PR and
AOP at 30 min, and these reductions remained significant
through the l-h measurement interval. No significant change
occurred in the mean arterial oxygen saturation or cardiac index
during the study period (Table 3). The heart rate and mixed
venous oxygen saturation also remained unchanged. The mean
(±SD) pretreatment arterial pH and Peoz measurements for the
study patients were 7.36 ± 0.05 and 6.88 ± 2.37 kPa (51.7 ±

Table 1. Demographic data for study patients

Age Weight
Patient (mo) Sex (kg) Medications

8 M 6.37 ChIorothiazide, furo-
semide, spirono-
lactone

2 8 M 6.86 Digoxin, furosemide,
spironolactone

3 28 F 9.52 Digoxin, furosemide,
spironolactone

4 39 F 10.01 Furosemide, spiro-
nolactone

5 20 M 7.75 Chlorothiazide, spi-
ronolactone

6 12 F 6.80 Chlorothiazide, furo-
semide, spirono-
lactone

7 5 F 2.38 None
8 8 F 6.00 Furosemide
9 68 M 20.70 Chlorothiazide, spi-

ronolactone
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Fig. I. Mean(±SEM) nifedipine plasma concentrations aftera single
dose of 1.44 ,umol/kg (0.5 mg/kg), The number of subjects included in
the calculation of each data point was as follows: 5 min, 0.5, 1.0, and
2.5 h, n = 9; 4.0 and 6.0 h, n = 6; 8.0 h, n = 3. The remaining subjects
at the 4-, 6-, and 8-h time intervals had undetectable plasma nifedipine
concentrations.
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Table 2. Pharmacokinetic parameters for nifedipine

Cmax Tmax AUC k h
Patient (nmol/L)" (h) (nmol- h/L)*t (h'") (h)

1 77.7 0.4 217 0.432 1.6
2 354.6 0.9 1965 0.218 3.2
3 119.4 0.4 480 0.282 2.4
4 124.0 2.7 916 0.273 2.5
5 687.0 0.4 971 0.815 0.8
6 340.4 0.3 725 0.558 1.2
7 224.8 0.4 460 0.646 l.l
8 160.1 1.4 601 0.480 1.4
9 102.9 1.7 514 0.404 1.7
Mean 243.4 1.0 761 0.456 1.8
SD 194.5 0.8 509 0.194 0.8

* 2.89 nmol/L = 1 ng/rnl..
t Calculated from time zero to time infinity.

17.8 mm Hg), respectively, and these values did not significantly
change after nifedipine administration.

Figure 2 shows the correlations between mean plasma nifedi
pine concentrations and the percentage changes compared to
baseline (time zero, before administration of nifedipine) in
mPAP, PR, and AOP, respectively, as a function of time. Ex
trapolating the PR and AOP values to baseline, there is little or
no hysteresis in the plots, suggesting that plasma nifedipine
concentrations correlate closely with the magnitude of acute
hemodynamic response. Extrapolation of the mPAP values to
baseline also shows very little hysteresis in the plot but must be
interpreted more cautiously because the mPAP response to ni
fedipine has not begun to fall at the l-h measurement time.

DISCUSSION

There have been no previous studies describing the pharma
cokinetic and pharmacodynamic properties of nifedipine in pe
diatric patients. Although evaluation of these properties in a
group of patients with BPD and pulmonary hypertension may
contribute to the significant interpatient variability observed, the
results in general have been comparable to other studies in
normal adults. The mean Cmax of 243.3 nmol/L observed in
this study after a dose of 1.44 J.Lmol/kg (0.5 mg/kg) was similar
to the mean value of2l2.4 nmol/L reported by Foster et al. (13)
in 12 normal adults and 280.3 nmol/L reported by Feher et al.
(8) in 10 normal adults after a single oral dose of a IO-mg
nifedipine capsule. A value of 387.5 nmol/L was reported by
Palma-Aguirre et at. (14) in six healthy male subjects. Although
the plasma concentrations for this pediatric population were

comparable to values observed in normal adults, the j.Lmol/kg
oral dose of nifedipine was higher (1.44 j.Lmol/kg as compared to
approximately 0.41 J.Lmol/kg). This difference may be due to
several factors, including a reduced bioavailability (decreased
extent of absorption or increased first-pass metabolism) and/or
an increased volume of distribution (on a weight basis) of nife
dipine in the pediatric population. Determination of the phar
macokinetic parameters of nifedipine after an i.v. dose in this
patient population would be necessary to evaluate which of these
possible explanations is responsible for this difference.

The Tmax values for nifedipine reported by Foster et at. (13),
Feher et at. (8), and Palma-Aguirre et at. (14) after oral admin
istration of a lO-mg capsule were 0.57, 0.53, and 0.5 h, respec
tively, as compared to 1.0 h observed in this study. The fact that
the patients in the current study were lightly sedated and recum
bent may have contributed to the delay in the observed Tmax,
especially for patients 4, 8, and 9 (Table 2); however, profiles
consistent with fast and slow absorption were also noted by
Foster et at. (13). The AUC values reported by Feher et at. (8)
and Palma-Aguirre et at. (14) were 633 and 772 nmol-h/L,
respectively, and were also similar to the value of 760 nmol- h/
L determined in this study. An AUC value of 361 nmol- h/L was
reported by Foster et at. (13) and exemplifies the considerable
variability in plasma nifedipine concentrations occurring among
normal subjects. The mean elimination t'h for nifedipine after
administration of a single IO-mg oral capsule has been reported
to range from 2.4 to 3.4 h (13, 15) in normal adult volunteers
and was determined to be 1.8 h in this study.

The pulmonary artery hypertension in each child in the study
was partially reversible, as evidenced by the acute decreases in
mPAP and PR after nifedipine administration. The decrease in
mPAP ranged from 12 to 51%, and the decrease in PR from IO
to 58% of baseline measurements. Although significantly im
proved, the mPAP and PR values were not normalized after
nifedipine administration in any child, suggesting that there may
be an element of fixed pulmonary vascular disease present in
these patients. Three children had a transient decrease in AOP
of greater than 15% (range 25-40%), which also correlated with
the Cmax in these patients. No other adverse effects were noted
in any child. The percentage change from baseline in the mPAP
and PR were approximately double the percentage change in the
AOP (Table 3), suggesting that nifedipine acted somewhat selec
tively on the pulmonary vascular bed. This selectivity was also
demonstrated by the consistent decrease over time in the mean
ratio of pulmonary vascular resistance to systemic vascular re
sistance.

A review of the published studies evaluating the relationship
between pharmacokinetics and pharmacodynamics ofnifedipine
in adults by Kleinbloesem et al. (16) has concluded that the

Table 3. Hemodynamic responses to nifedipine in children with BPD and pulmonary hypertension

Hemodynamic parameter

mPAP AOP
Timet NIF:I: (kPa)§ PRII CI** (kPa)§ AOSH
0 8.6 ± 3.3 14±7 0.91 ± 0.43 4.2 ± 1.4 9.0 ± 1.5 80 ± 8.3
0.083 118.8 7.0 ± 3.0 (-14):1::1: 13 ± 9 (-14) 0.91 ± 0.51 (-3) 4.3 ± 2.2 (0.5) 7.8 ± 1.2 (-9) 80 ± 9.6
0.50 229.2 6.6 ± 2.7 (-21):j::j: 10 ± 6 (-27):j::j: 0.81 ± 0.37 (-8) 4.8 ± 2.6 (8) 8.0 ± 2.1 (-13):1::1: 80 ± 12.3
1.00 176.3 6.4 ± 2.5 (-24):1::1: 11 ± 7 (-21):1::1: 0.81 ± 0.50 (-13) 4.2± 1.8(-2) 8.1 ± 1.5 (-II):j::j: 80 ± 11.3

* Values are mean ± SD. Numbersin parentheses are the mean % change in hemodynamic parametercompared withtime 0 immediately before
nifedipine administration.

t After nifedipine dose(h).
:I: NIF, mean plasmanifedipine concentration nmol/L (2.89 nrnol/L = 1 ng/rnl.).
§ I mm Hg = 0.133 kPa.
II PR, pulmonary vascular resistance (indexed wood units).

PR/SR, ratio of pulmonary vascular resistance/systemic vascular resistance.
**CI, cardiac index (Lyrnin/m").
tt AOS, arterial oxygen saturation (%).
:j::j: p < 0.05 as compared with time zero measurement.
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Fig. 2. Correlation of percentage change from baseline of mPAP
(panel A), PR (panel B), and AOP (panel C) with mean plasma
nifedipine concentration in order of time (min) after the dose.

equilibrium delay for nifedipine between plasma and the site of
action is very small and that plasma nifedipine concentrations
correlate closelywith hemodynamic responses. Such studies have
not been performed previously in the pediatric population. We
examined this relationship using hysteresis plots (Fig. 2). In these
plots, the equilibrium delay between plasma drug concentrations
and the site of the drug's effect is represented by the area
contained within the hysteresis loop. After extrapolation of the
plots of mean hemodynamic response versus mean plasma nife
dipine concentration to baseline, little or no area was observed
within any of the hysteresis loops. This finding is in agreement
with the proposed linear relationship between plasma nifedipine
concentrations and concentrations at the site of action in vascular
smooth muscle (16).

The use of nifedipine in children with BPD and pulmonary
artery hypertension remains under investigation. The potential
adverse effects of systemic arterial hypotension, tachycardia,
increased intrapulmonary right to left shunting, and negative
ionotropic effects must be considered in each child (17, 18). For
these reasons and because the pulmonary vascular effects must
be documented acutely, it is recommended that the acute effects
of nifedipine be evaluated in each child in the cardiac catheteri
zation laboratory before the potential use of the drug (4). The
data from our study suggest that the intensity of the pulmonary
vascular response closely correlates with the plasma nifedipine
concentration. The effect was also greater on the pulmonary as
compared with the systemic vascular bed. Based on the phar
macokinetic and pharmacodynamic properties of nifedipine de
termined in this study, an initial oral maintenance regimen of
1.44 Ilmoljkg (0.5 mg/kg) every 6 h would be needed for this
patient population. Individual patients, however, may require
titration of the nifedipine dosage based on the initial response.
Sustained reduction of pulmonary artery hypertension may con
tribute to the preservation of right ventricular function and

40 A

ll:;

s 30
El... 600

" 20eo

" 30.....
Q

!!! 10

0
0 50 100 150 200 250

Nifedlpine Concentration (nmollL)

20 C

ll:;
15

30... 600

" 10eo

".....
Q

!!!

0
0 50 100 150 200 250

Nifedipine Concentration (nmolzL)

40 B

2 30 30... 6V0

"eo 20e.....o
!!! 10

o
o 50 100 150 200 250

Nifedipine Concentration (nmot/L)

reduce overall morbidity and mortality in children with BPD
(19-21). Whether or not these responses will be maintained after
chronic oral therapy with nifedipine remains to be determined,
inasmuch as kinetic and dynamic parameters have been reported
to change after continuous therapy, indicating the potential
development of tolerance at the vascular level (22). If the safety
and efficacy after chronic therapy can also be shown, nifedipine
may prove to be an important therapeutic addition to the man
agement of children with BPD and pulmonary hypertension.
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