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Abstract Piritramide is indicated for treatment of postop-
erative pain and analgosedation in the intensive care unit
(ICU) setting. In an open prospective study the pharmaco-
kinetics of piritramide were investigated in four groups:
newborns (NB, age: 1–28 days) (n=8), infants 1 (IF1, age:
2–4 months) (n=7), infants 2 (IF2, age: 5–12 months)
(n=14) and young children (YC, age: 2–4 years) (n=10).
The recommended paediatric dose range for therapy of
postoperative pain is 50–200 μg/kg. Piritramide was ad-
ministered intravenously as a single dose by bolus injection
of 50 μg/kg. Blood samples were collected at 0, 15, 45, 90
min and 3, 6, 9, 12 h after application, and urine samples
were collected before application and during the following
intervals: 1–2, 2–6, 6–12 h. Piritramide was measured in
blood and urine by HPLC-ESI-MS. The following phar-
macokinetic parameters: maximum plasma concentration
(Cmax), distribution half-life ðt1=2�Þ , elimination half-life
ðt1=2�Þ, total clearance (Clt) and median volume of

distribution at equilibrium (Vdss) were calculated using a non-
compartment and a two-compartment model for the dispo-

sition of piritramide (TOPFIT and NONMEM-pharma-
cokinetic analysis). Newborns (NB) showed the highest
maximum plasma concentrations (median±SD) Cmax (79±
240 μg/l) compared to the other three groups (IF1 36±367,
IF2 12±81 and YC 16±9 μg/l) without statistical
significance. The median elimination half-lives t1=2�ð Þ
were 702±720 min in NB, 157±102 min in IF1, 160±
68 min in IF2 and 166±143 min in YC. For t1= 2� the
difference between NB and the other three groups (IF1, IF2
and YC) was statistically significant (Mann-Whitney-U,
P<0.05). Clt was 15.9±16.7, 46.6±76.9, 235.5±454.1 and
338±168.1 ml/min in NB, IF1, IF2 and YC respectively.
The total clearance increased exponentially with an elim-
ination half-life of 702 min from 15.9 ml/min in NB to
46.6 ml/min in IF2. Differences between the NB/IF1 groups
and IF2/YC groups were significantly significant (NB vs.
IF2, NB vs. YC, IF1 vs. IF2 and IF1 vs. YC). Vdss was
2.0±4.93, 1.7±2.5, 7.0±5.2 and 6.7±2.2 l/kg in NB, IF1,
IF2 and YC respectively. In comparison to group IF1 the
Vdss was significantly larger in groups IF2 and YC (Mann-
Whitney U, P<0.05). Newborns showed a high initial
concentration and a distinct prolongation of the elimination
half-life of piritramide compared to infants, young children
and adults. Therefore, dosage needed to treat postoperative
pain should be reduced, and the repetitive doses should be
geared to the analgesic effects. In infants and young
children the elimination of piritramide is increased com-
pared to adults; therefore the duration of the effects of
piritramide will be shortened, and dose intervals ought to
be reduced. Subsequent clinical trials for detailed dose
adjustment of piritramide in paediatric patients comparing
pharmacokinetics and effectiveness are needed.
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of drug during terminal phase (min) . Vdss: Steady-state
volume of distribution after intravenous administration (l) .
PIR: Piritramide . PK: Pharmacokinetics . SD: Standard
deviation

Introduction

Piritramide (PIR) has been well established for 30 years in
postoperative pain management in Europe [34] and is
indicated primarily for the treatment of postoperative pain
and analgosedation in the ICU setting [13, 27, 28]. It is a
4-amino piperidine derivative (2,2,-diphenyl-4-[1-(4-car-
bamoyl-4-piperidino)-piperidine]-butyro-nitrile) with an ago-
nistic effect onμ-opioid receptors and is roughly equipotent
to morphine and commonly used in paediatric patients. In
therapeutic doses, hemodynamic and emetic adverse effects
are marginal, and compared to morphine, the incidence and
extent of side effects such as respiratory suppression and
itching are significantly reduced [4, 5, 13, 14, 27, 28].

The recommended paediatric dose range is 50–200 μg/
kg, and until now the pharmacokinetics of piritramide have
only been investigated in adults [1, 13]. The recommended
dose of piritramide for the management of postoperative
pain is 200–300 μg/kg intramuscularly in adults. For pre-
medication, an intramuscular dose of 200–300 μg/kg is
recommended [1].

After intravenous bolus application in adult surgical pa-
tients (22–53 years) Kietzmann et al. found an elimination
half-life of 8.0 h. The volume of distribution and clearance
of piritramide was 4.7 l/kg and 7.8 ml/min per kg re-
spectively [32].

At this point there are no data available regarding the
pharmacokinetics and pharmacodynamics of piritramide in
newborns, infants and young children. Although the metab-
olism and elimination of the drug is not well known in any
age group including adults, the drug is considered to depend
almost exclusively on hepatic metabolism, while renal
elimination is negligible [4].

Therefore the aim of this study was to investigate the
population pharmacokinetics of piritramide after intrave-
nous bolus administration in newborns, infants and young
children during therapy of postoperative pain using sparse
plasma samples of small volume according to the guidelines
of the European Society for Developmental Pharmacology
[3].

Materials and methods

Study population

After approval by the ethics review board of the University
of Cologne the study was carried out as an open, pro-
spective clinical trial from January 2000 toNovember 2002.
During this period 41 paediatric patients (two were
excluded from the study due to inadequate blood and
urine sampling), who required piritramide for the treatment
of postoperative pain and analgosedation, were included in

our study after written informed consent by the parents.
Patients were excluded if they suffered from bile duct
disorders, pancreatitis, obstructive gastrointestinal diseases,
respiratory disorders or congenital deformities.

Clinical data were collected at the same time as blood and
urine samples for further pharmacokinetic analysis.

The paediatric patients were divided into four groups
according to the study protocol: newborns (NB, age: 1–28
days, n=8), infants1 (IF1, age: 2–4 months, n=7), infants2
(IF2, age: 5–12 months, n=14) and young children (YC,
age: 2–4 years, n=10). Sixteen were female and 23 male.
Median age, weight and dosage with SD of each group are
listed in Table 1.

Dosage regimen

Piritramide was administered as a single bolus injection of
50 μg/kg, and analgesic effectivness was assessed by using
the Hartwig score (mechanical ventilation, [20]) or CHIPP-
scale [9] (“Children’s and Infants’ Postoperative Pain
Scale”, no mechanical ventilation). Repetitive bolus injec-
tions of 15 μg/kg at intervals of 7 min were permitted after
the initial bolus injection in the case of an inadequate
sedation score or other clinical necessity.

If needed, additional analgosedation during the 12-h
study period was achieved using another opioid e.g. mor-
phine (50–100 μg/kg i.v.). This procedure assured an
undisturbed pharmacokinetic analysis of the first piritra-
mide-bolus application.

Frequentlymidazolamwas used on a continuous infusion
base if further sedation was intended e.g. to tolerate me-
chanical ventilation.

Renal elimination of unchanged piritramide was deter-
mined using four urine collection samples. A baseline
before piritramide application and three samples during the
intervals 0–2 h, 2–6 h and 6–12 h after piritramide appli-
cation were analysed with the serum samples, which were
collected at 0, 15, 45, 90 min and 3, 6, 9, 12 h after appli-
cation. The majority of the patients had a Foley catheter
placed; in some cases the urine was collected in disposible
urine bags with adhesive seal around the genitals.

Common clinical parameters such as blood pressure,
heart rate and oxygen saturation and laboratory tests were
documented in addition to the described study data.

Assay of piritramide

Piritramide was measured in serum and urine by a modi-
fication of the HPLC-ESI-MS (high-pressure liquid chro-
matography electrospray ionization mass spectrometry)
method of Martens-Lobenhofer et al. [36].

Blood samples (S-Monovette, total volume 1.1 ml) from
patients were gently shaken and centrifuged at 4°C for
10 min at 3,000g (Minifuge GL, Heraeus-Christ, Oster-
ode). The supernatant was transferred to microvials and
frozen at −80°C until analysis.
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For LC-MS-MS analysis the samples were thawed,
vortexed (vortex, Bender and Hobein, Zurich, Switzerland)
for 15 s and centrifuged for 5 min at 15,800 g and 4°C
(Eppendorf centrifuge 5402). Protein precipitation was
achieved by admixing 100 μl serum (Eppendorf micropi-
pette) with 300 μl acetonitril in plastic microvials.
Clomipramine solution (50 μl, 0.1% formiatic solution of
0.5 mg in 1,000 ml water/methanol, 80:20, v/v) was added
as internal standard. Subsequently the vials were vortexed
for 30 s and centrifuged for 10 min at 15,800g and 4°C

(Eppendorf centrifuge 5402). The supernatant was trans-
ferred into disposable glass microvials (volume 100μl), and
5 μl of the sample was injected into the HPLC-ESI-MS
system.

The lower limit of quantification (LLOQ) of piritramide
was 0.2 μg/l, and the limit of detection (LOD) was 0.1 μg/l.
Linearity is demonstrated over a range of 0.2–320 μg/l. The
intraday variability of the relative standard deviation (RSD)
was 5.0% at 0.8 μg/l and 2.0% at 320 μg/l. The interday
variability was 11.9% at 0.8 μg/l and 5.5% at 320 μg/l.

Table 1 Group assignment, age, weight, dosage and diagnosis of 39 patients included in study

Group Patient Age Weight (kg) Dosage (mg) Diagnosis

NB 1 18 days 3.23 0.160 Tetralogy of Fallot
NB 2 23 days 3.02 0.150 Tetralogy of Fallot
NB 3 27 days 3.51 0.180 Complete AV canal (trisomy 21)
NB 4 10 days 2.36 0.12(+2×0.035) Hypoplastic lung
NB 5 3 days 3.50 0.175 Duodenal atresia
NB 6 2 days 3.10 0.150 Volvulus
NB 7 1 days 3.01 0.150 Perinatal asphyxia
NB 8 1 days 3.26 0.163 Meningocele
Median±SD n=8 10.6±10.7 days 3.1±0.4 0.16±0.01 Ventilated: 75%
IF1 9 15.3 weeks 5.80 0.30 –
IF1 10 12.0 weeks 7.40 0.30 Craniosynostosis
IF1 11 13.3 weeks 6.05 0.60 Aortic isthmus stenosis
IF1 12 5.4 weeks 5.05 0.20 Meconium ileus
IF1 13 10.9 weeks 5.72 0.30 Ureteral stenosis
IF1 14 16.9 weeks 8.18 0.33 Ganglioneuroma
IF1 15 6.1 weeks 4.77 0.24 Diaphragmatic paralysis
Median±SD n=7 11.4±4.4 weeks 6.1±0.9 0.30±0.13 Ventilated: 67%
IF2 16 10.8 months 10.00 0.50 Hirschsprung’s disease
IF2 17 9.9 months 10.60 1.00 Open ductus botalli
IF2 18 11.6 months 9.10 0.96 Trigonocephalus
IF2 19 9.7 months 8.25 0.41 Craniosynostosis
IF2 20 8.8 months 8.70 0.40 Trigonocephalus
IF2 21 7.9 months 9.35 0.935 Craniosynostosis
IF2 22 11.6 months 10.40 0.50 Neuroblastoma, grade III
IF2 23 5.2 months 8.60 0.45 Vesical diverticulum
IF2 24 5.3 months 5.10 0.25 Diaphragmatic hernia
IF2 25 8.6 months 5.40 0.27 Esophagocele
IF2 26 8.2 months 7.70 0.38 Craniosynostosis
IF2 27 12.2 months 9.70 0.48 Neuroblastoma
IF2 28 5.7 months 8.10 0.40+0.40 Sacroperineal pull through procedure
IF2 29 10.3 months 10.40 0.50 Hirschsprung’s disease
Median±SD n=14 9.0±2.3 months 8.7±1.7 0.54±0.25 Ventilated: 21%
YC 30 1.89 years 12.0 0.60 Craniosynostosis
YC 31 4.02 years 20.0 2.00 Brain tumor
YC 32 1.76 years 10.0 0.50 Megacolon
YC 33 1.61 years 12.5 1.60 Brain tumor
YC 34 1.90 years 10.9 1.09 Relapse of medulloblastoma
YC 35 3.23 years 12.3 0.60 Ependymoma
YC 36 3.23 years 15.0 0.75 Wilms’ tumor
YC 37 1.90 years 14.3 0.70 Synostosis
YC 38 2.72 years 16.8 0.84 Neuroectodermal tumor
YC 39 1.56 years 12.0 0.60 Impalement injury (eye)
Median±SD n=10 2.4±0.9 years 14.0±2.9 0.96±0.51 Ventilated: 44%
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Drugs that may have been used during anaesthesia or
during the perioperative period (theophylline, midazolam,
phenobarbital, thiopental, pentobarbital, paracetamol, clo-
nidine, morphine, fentanyl, furosemide, gentamicin, dopa-
mine, cisatracurium, heparin) were tested for interference
with the piritramide assay. None of the 14 tested drugs
interfered in the assay.

Clomipramine was chosen as an internal standard for
analytical reasons. In general clomipramine is unlikely to
be part of the medication regime of paediatric patients.
Regardless in each case we verified that clomipramine had
never been administered to any of our patients at any point
prior to the study period.

Pharmacokinetic analysis

Measured data were processed by a standard calculation
program (Microsoft Excel 2002). Corresponding data sets
were automatically imported into the pharmacokinetic pro-
gramTopfit 2.0 [21], and in the first step of pharmacokinetic
analysis, the measured concentrations of each group were
analysed by non-compartmental methods. Cmax (maximum
piritramide concentration) and the elimination half-life
t1=2�ð Þ were calculated. The urine data was used to calcu-
late the urinary recovery of piritramide. Thereafter, the
inidividual serum concentration–time data were fitted to an
open two-compartment model.

The following pharmacokinetic parameters were inves-
tigated: maximum concentration (Cmax), fast distribution
half-life t1=2�ð Þ; elimination half-life t1=2�ð Þ volume of
distribution at steady-state (Vdss) and total clearance (Clt).
Half-lives corresponding to the exponents for the constants
of disposition, volume of distribution, and clearance were
calculated as follows:

– t1=2� = ln2/λ1 (distribution, λ1 is the rate constant
corresponding to the intermediate distribution)

– t1 2�= = ln2/λz (elimination, λz is the rate constant

corresponding to the terminal elimination)
– Vdss =Vc+Vc·kd12/kd21 (Vc volume of distribution of the

central compartment, kdij first order rate constants that
describe mass transfer from compartment i to com-
partment j)

– Clt =λz·Vdss (total body clearance) [21].

In addition the software NONMEM V version 1.1 was
used for compartmental population pharmacokinetic anal-
ysis [2]. An exponential error model was chosen for the
interindividual variability of the kinetic parameters, and a
proportional error model was used for the residual vari-
ability to describe the deviations between the model predic-
tions and the plasma concentrations. Fitting was performed
with the first-order conditional estimates algorithm, taking
interactions between the parameters into account. Accord-
ing to the findings of Boullion et al. [4, 5], an initial attempt
of data analysis was done using a three-compartment
model. In comparison our investigation yielded a two-com-
partment model as the best fitting one based on subroutines
ADVAN 5 TRAN 4. Inclusion in the population model was
done if a decrease in the objective function of more than
3.84 was observed.

Statistical analysis

SPSS version 11.0.1 (SPSS, 2001) was used for statistical
analysis. The non-parametric Mann-Whitney U-test was used
to prove the differences between groups (NB vs. IF1; NB vs.
IF2; NB vs. YC; IF1 vs. IF2; IF1 vs. YC and IF2 vs. YC). AP
value<0.05 was considered to be statistically significant.

Results

Of the 41 patients included, two were excluded from the
study due to inadequate blood and urine sampling. The
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descriptive data of the evaluated 39 patients, receiving a
mean dose of 50 μg/kg, are listed in Table 1.

The proportion of the patients undergoing complex
neuro-, cardio- or visceral surgical intervention was 95%.
Postoperative requirement for mechanical ventilation was
necessary in 46% of the patients, with the largest percentage
found in group NB (75%).

The highest values of Cmax 15 min after piritramide
applicationwere found in groupNB (Cmax, median=79μg/l;
range 5–723 μg/l). Median value of Cmax was reduced in
IF1, but the range remained very large (Cmax=36 μg/l, range
6–855 μg/l). The lowest median was found in group IF2
(Cmax=12 μg/l, range 3–315 μg/l). In the YC group Cmax

was similar to what would be expected in adults, and the
range was small (Cmax=16 μg/l; range 9–35).

The intergroup differences in Cmax were of no statistical
significance (see Fig. 1).

The median half-life of distribution t1=2�ð Þ was rather
long in the newborns (37 min, range 15–189 min) whereas
in the other groups the half-life was shorter with rather
smaller ranges: 8.4 min (range 3.6–18.1 min) in IF1,
13.2 min in IF2 (range 2.0–34.7 min) and 17.8 min in CY
(range 7.5–38.0 min). The differences between the four
groups were not statistically significant (see Fig. 2).

The median elimination half-life t1=2�ð Þ of piritramide
displayed a distinct prolongation in the group of newborns
based on two-compartmental model analysis with TOPFIT
(see Fig. 3). The differences between group NB and the
other three groups (IF1, IF2 and YC) were statistically
significant (Mann-Whitney U, P<0.05).

Only in the newborn group there was a difference be-
tween the elimination half-life calculated by a noncompart-
mental method and by a two-compartment method. The
latter resulted in a much longer elimination half-life (702
versus 249 min). Considering the wide range of values and
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Table 2 Patients data: individual pharmacokinetic parameters of piritramide in newborns, infants and young children included in the study

Group Patient Cmax

(μg/l)
t1/2α
(min)

t1/2β
(min)a

t1/2β
(min)b

Vdss
(l/kg)

Clt
(ml/min)

kdi–j
(min–1)

kdj–i
(min–1)

Recovery
(%)c

NB 1 723 15.0 88 134.8 0.07 2.4 0.0149 0.0152 –
NB 2 145 39.0 343 107.3 0.61 7.9 0.0078 0.0056 3.3
NB 3 163 14.7 268 203.5 0.43 17.4 0.0156 0.0041 0.2
NB 4 130 22.7 310 202.7 – 16.4 0.0082 0.0032 –
NB 5 5 42.9 1170 603.2 13.9 54.7 0.0076 0.0080 2.5
NB 6 28 34.9 1060 1043.7 1.96 4.0 0.0023 0.0174 8.3
NB 7 15 189.0 1750 416.8 3.13 15.4 0.0016 0.0015 11.9
NB 8 9 50.6 1950 294.3 5.86 25.0 0.0082 0.0049 1.8
Median±SD n=8 79±240 37.0±57 701.5±720 248.9±315 1.96±4.93 15.9±16.7 0.0052±0.0058 0.0052±0.0058 2.9±4.5
IF1 9 855 12.8 394 109 0.12 7.7 0.0153 0.0025 12.5
IF1 10 50 3.6 232 263 1.18 22.6 0.1470 0.0255 66.3
IF1 11 686 18.1 285 191 0.22 16.3 0.0037 0.0027 0.3
IF1 12 6 8.4 151 129 – 162.0 0.0117 0.0696 2.7
IF1 13 11 5.5 157 147 5.23 123.0 0.0309 0.0948 2.3
IF1 14 21 6.9 139 157 5.78 195.0 0.0546 0.0384 2.5
IF1 15 36 12.7 106 159 2.16 46.6 0.0271 0.0141 0.4
Median±SD n=7 36±367 8.4±5.1 157±102 157±50 1.70±2.5 46.6±76.9 0.022±0.050 0.026±0.035 3.0±0.24
IF2 16 26 13.3 124 174 3.94 260.0 0.0177 0.0096 1.1
IF2 17 10 10.7 160 157 13.87 724.0 0.0341 0.0124 1.9
IF2 18 18 18.2 176 190 7.99 211.0 0.0120 0.0236 –
IF2 19 11 30.1 231 266 4.80 102.0 0.0009 0.0009 9.6
IF2 20 19 13.0 192 202 2.60 80.2 0.0218 0.0285 4.1
IF2 21 315 5.3 153 106 0.58 26.2 0.0205 0.0054 1.2
IF2 22 3 7.6 115 77 17.02 1790.0 0.0353 0.0107 0.9
IF2 23 9 21.7 114 119 7.13 412.0 0.0099 0.0158 2.0
IF2 24 5 14.2 128 260 13.9 195.0 0.0191 0.0242 10.0
IF2 25 11 5.4 335 388 7.10 118.0 0.0917 0.0087 2.4
IF2 26 63 34.7 299 257 1.06 24.8 0.0079 0.0096 15.4
IF2 27 18 32.7 193 152 13.37 266.0 0.0073 0.0089 0.7
IF2 28 8 2.0 160 171 5.81 276.0 0.2440 0.0900 6.2
IF2 29 12 12.0 131 121 6.79 378.0 0.0193 0.0348 9.4
Median±SD n=14 12±81 13.2±10.5 160±68 173±82 6.95±5.15 235.5±454.1 0.0192±0.0627 0.0116±0.0218 2.4±4.7
YC 30 35 38.0 148 151 1.20 68.4 0.0010 0.0168 3.8
YC 31 21 32.6 376 285 8.10 463.0 0.0106 0.0061 0.5
YC 32 12 9.6 101 88 5.11 411.0 0.0335 0.0275 1.1
YC 33 19 27.5 512 306 7.15 223.0 0.0138 0.0038 0.8
YC 34 25 17.6 179 133 5.32 377.0 0.0177 0.0096 3.4
YC 35 16 – – – 4.50 227.0 0.0132 0.0015 –
YC 36 9 7.5 133 101 5.45 527.0 0.0227 0.0676 1.0
YC 37 10 18.0 205 207 7.90 167.0 0.0189 0.0123 1.3
YC 38 10 17.5 152 162 7.20 597.0 0.0171 0.0153 0.4
YC 39 15 18.9 312 178 6.70 299.0 0.0205 0.0107 2.5
Median±SD n=10 16±9 17.8±10.8 165±143 170±71 6.70±2.15 338.0±168.1 0.0170±0.008 0.0120±0.19 1.1±1.3
aCompartmental model analysis
bNon-compartmental analysis (TOPFIT)
cRecovery: % piritramide of complete initial dose found unchanged in urine
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the small group sizes the differences between the newborn
group and the other groups after non-compartmental anal-
ysis were not statistically significant.

The recovery of piritramide in the urine was small in all
groups (1–4% of the actually given dose). Higher values
may indicate that the children received piritramide before
or during the operation (patients no. 9, 10, 26; Table 2).

The distribution volume, Vdss, and the total clearance,
Clt, were small in the newborn and young infant groups
(values are median±SD) (2.0±4.93 l/kg and 15.9±16.7 ml/
min in NB, 1.7±2.5 l/kg and 46.6±76.9 ml/min in IF1 re-
spectively). In the two other groups distribution volumewas
about 7 l/kg and similar to the values of an adult patient (7.0±
5.2 l/kg in IF2 and 6.7±2.2 l/kg in YC). Total clearances in
the IF2 and YC group were 235.5±454.1 ml/min and 338.0±
168.1 ml/min respectively. The differences relating to

volume of distribution and total clearance between NB/IF1
vs. IF2/YC were statistically significant (see Figs. 4, 5).

In addition, NONMEM analysis was performed to as-
sess maturational trends in the pharmacokinetics of piri-
tramide. The analysis used 288 concentration observations
from 39 subjects. Quality of fit of pharmacokinetic data
and changes in clearance with age and weight are shown
in Figs. 6, 7 and 8.

Discussion

In 1961 Paul A. J. Janssen first described piritramide as a
potent analgesic with unusual chemical structure and
typical morphine-like properties in a variety of pharmaco-
logical tests in animals [28]. Several human studies on the
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clinical effects of piritramide in the treatment of postop-
erative pain in comparison with the most common opioids
and placebo were published through 1968 [9, 10, 22, 30,
34, 40, 42].

With the use of a new gas chromatographic method for
sensitive determination of piritramide in human plasma [37]
Kietzman et al. first reported the pharmacokinetics of
piritramide after a single intravenous bolus in adults in 1996
[32] (Table 3). A few papers have provided pharmacoki-
netic and pharmacodynamic information about piritramide
in adults after single bolus injections [4, 5, 31, 39] and
prolonged administration [4, 5, 31, 39].

Up to the present there has been a lack of information
about the pharmacokinetics in children and newborns,
although piritramide is approved after the first year of age
[13, 14].

In the present study, pharmacokinetic parameters of
piritramide after single bolus application (dosage: 50 μg/
kg) in newborns, infants and young children were calcu-
lated and compared among the groups by non-parametric
Mann-Whitney U-test (NB vs. IF1; NB vs. IF2; NB vs. YC;
IF1 vs. IF2; IF1 vs. YC and IF2 vs. YC).

The pharmacokinetic results of this study are listed along
with the findings of previously published studies concern-
ing the pharmacokinetic profile of piritramide in adults
(Table 3).

The elimination half-life of piritramide in newborns
(compartmental analysis) was significantly longer than that
of any patient in any of the other groups (IF1, IF2, YC).
The elimination half-lives in the other three groups (IF1,
IF2 and YC) were distinctly shorter compared to those
found in adults. Generally the half-life of opioid analgesics
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Fig. 6 Quality of fit of phar-
macokinetic data fitted with
NONMEM. Individual concen-
tration predictions (IPRE) based
on values of the parameters for
the specific individual are com-
pared with observed (DV)
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Fig. 7 Changes in clearance with postnatal age. Individual predicted clearances are plotted against age (NONMEM). Line represents the
non-linear relation between clearance and age
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is correlated with the gestational age, reflecting maturity of
physiologic systems [4, 5, 32].

The prolonged elimination half-life of piritramide in
newborns may reflect the difference in body composition in
newborns compared with infants, children and adults [41].

Greeley et al. compared the neonatal pharmacokinetic
data in various age groups in the paediatric population. In
this study t1 2�:= of sufentanil was 737 min in neonates (0–

1 month old) but 214 min in the infant group (1 month to 2
years). Increase in sufentanil clearance and decrease in
elimination half-life may give evidence of the maturation
of sufentanil kinetics during the first month [18, 19]. This
phenomenon is consistent with the pharmacokinetic data
found in the present study.

Developmental immaturity leads to decreases in protein
binding, metabolism, and excretion, and increases in elimi-
nation [12]. Kart et al. [29] showed that the half-life and
duration of action of morphine are prolonged in neonates
mainly due to the decrease in metabolic capacity and total
body clearance.

Generally the maturity of biotransformation in newborns
is diminished mainly due to the decrease in metabolic
capacity and enzymatic activity of the cytochrome P-450
system, sulphate conjugation and acetylation [16]. Although

the metabolism of piritramide is not known, renal elim-
ination is negligible, and it may be inferred that the
elimination of piritramide depends almost exclusively on
hepatic metabolism [32]. In this context surgery may cause
changes in hepatic blood flow and cardiac output affecting
volume of distribution, clearance [41] and terminal elimi-
naton half-life.

Gauntlett et al. demonstrated the impact of surgery on
the pharmacokinetics of fentanyl in neonatal lambs. The
authors suggested that the mechanism of decreased clear-
ance of fentanyl is decreased hepatic function (decreased
fentanyl extraction) rather than decreased hepatic flow [15,
33]. In this context another contributing factor might be
post-natal patency of the ductus venosus that is partially
draining the portal system as part of the fetal circulation
and thereby shunting blood past the liver [17]. Hence,
depending on the shunt fraction, significant amounts of the
drug may be kept from hepatic metabolisation.

Moreover prolonged eliminaton of piritramide may lead
to accumulation of the drug in newborns, suggesting that
they require relatively smaller maintainance doses than
adults. In contrast to the findings of Brack et al. [7] we
suggest that the patient’s age is a determinant in postop-
erative opioid titration after surgery in these special groups.
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Fig. 8 Changes in clearance with postnatal weight. Individual predicted clearances are plotted against weight (NONMEM). Line represents
the non-linear relation between clearance and weight

Table 3 Comparison of phar-
macokinetic data on piritramide
from several different studies

aPresent study

Author Age n t1/2α
(min)

t1/2β
(min)

t1/2γ
(min)

Vdss
l/kg

Recovery
(%)

Kietzmann 22–53 years 10 2 54 478 4.7 1.4
Boullion 23–71 years 9 6 270 1044 10.57 –
Boullion 21–82 years 29 3 90 714 5.99 –
Müllera 1–28 days 8 37 702 – 1.96 2.9
Müllera 5–17 weeks 7 8 157 – 1.70 3.0
Müllera 5–12 months 14 13 160 – 6.95 2.4
Müllera 1.5–4 years 10 18 166 – 6.70 1.1
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It should be noted that there was a large variability in the
maximum concentration of piritramide in the NB group
(see Fig. 3) due to the clinical condition and severity of
disease in this special group. We assume that the impact of
severe disease on the constitution of body compartments
may be more extreme in newborns than in older infants and
children. The transition from fetal to extra-uterine circu-
lation is not abrupt, and within the NB group, various types
of shunts may have contributed to the wide range in
measured Cmax. Although the differences in Cmax among
the four groups showed no statistical significance, the
highest concentrations were found in the NB group. Sim-
ilar findings were reported by Bouwmeester et al. [6]. In
this study significantly higher plasma concentrations of
morphine were measured in neonates after intravenous
morphine infusion and intravenous morphine bolus appli-
cation. Moreover mechanical ventilation decreased mor-
phine metabolism and clearance [6].

A confounding factor in this study was the fact that 75%
of the newborns required mechanical ventilation post-
operatively. Surgery and the clinical conditions as well as
the immaturity of metabolic capacity may affect metabolic
clearance [11].

Kietzman et al. [32] described a three-compartment
model after intravenous bolus application in adults.

In comparison to the pharmacokinetic model previously
published in adults, in this study the collection of blood
samples was limited in amount and frequency due to ethical
concerns and clinical rational. The time–concentration pro-
file was best fitted to a two-compartment model (TOPFIT
and NONMEM analysis), although the first period of
distribution (15 min) after bolus application without any
intermediate measurement led to a lack of information.

Conclusion

In the present study we gathered pharmacokinetic informa-
tion about the disposition of piritramide in a paediatric
patient collective since there is a lack of pharmacokinietic
information piritramide in newborns, infants and children.

Distribution and elimination of piritramide were sig-
nificantly prolonged in the NB group and decreased in the
other three groups (IF1, IF2 and YC).

Prolonged elimination and decreased total clearance of
piritramide may lead to accumulation in newborns, and the
dosage needed to treat postoperative pain should be
reduced. In infants and young children the elimination of
piritramide is increased compared to adults, so that a
shorter clinical effect may occur.

Further studies for dose adjustment of piritramide in
paediatric patients will have to be accomplished.
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