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OBJECTIVE: To investigate the analgesic and nonanalgesic 
effects and the pharmacokinetics of an intravenous infusion of 
2 mg hydromorphone over 20 mins. 
DESIGN: Open study. 
SUBJECTS: Twelve healthy volunteers. 
MEASUREMENTS: The analgesic effect of hydromorphone was 
evaluated serially using pressure pain thresholds (PPTs) measured 
on the third fingers and toes. The nonanalgesic effects of hydro
morphone were measured as miosis, decrease of saliva production 
and central nervous effects such as euphoria/dysphoria, nausea, 
headache, fatigue and feeling of heaviness. Plasma concentration 
of hydromorphone was measured using high performance liquid 
chromatography. 
RES UL TS: PPTs were significantly increased compared with 
baseline levels for up to 2 h after the infusion of hydromorphone. 
Significant miosis and reduction of saliva production were regis
tered up to 6 h after drug administration. Fatigue and heaviness 
were reported by all subjects. In the studied opioid-naive subjects, 
the hydromorphone-induced analgesic effect was of shorter dura
tion than the studied nonanalgesic effects. The terminal elimination 
half-life of hydromorphone was 1.87±0.4 h (± SD) (95% CI 1.61 
to 2.13), systemic clearance was 1.81±0.25 L/min (95% CI 1.65 to 
1.97) and volume of distribution was 4.15±0.86 L/kg (95% CI 3.6 
to 4.71). 
CONCLUSION: Analgesia and nonanalgesic effects appear to be 
well correlated with the plasma concentrations of the hydromor
phone. 

Key Words: Intravenous hydromorphone, Nonanalgesic 
effects, Pharmacokinetics, Pressure pain thresholds 

Effets analgesiques et non analgesiques de 
l'hydromorphone intraveineux - Lien avec 
les concentrations plasmatiques chez des 
volontaires sains 

OBJECTIF : Investiguer les effets analgesiques et non anal
gesiques et la pharmacocinetique d'une perfusion intraveineuse de 
2 mg d'hydromorphone sur une periode de 20 minutes. 
MODELE : Etude ouverte. 
SUJETS : Douze volontaires sains. 
MESURES : L' effet analgesique de l 'hydromorphone a ete evalue 
en series en utilisant les seuils de la douleur a la pression mesures 
sur le majeur et le gros orteil. Les effets non analgesiques de 
l 'hydromorphone ont ete mesures en tant que myosis, diminution 
de la production de salive et effets du systeme nerveux central tels 
I' euphorie ou la dysphorie, la nausee, les cephalees, la fatigue et la 
sensation de lourdeur. La concentration plasmatique d'hydromor
phone a ete mesuree par chromatographie haute performance. 
RESULT A TS : Les seuils de la douleur a la pression augmentaient 
considerablement comparativement aux valeurs de base jusqu'a 
deux heures apres la perfusion d 'hydromorphone. Un myosis 
important ainsi qu'une diminution de la production de salive ont 
ete enregistres jusqu'a 6 h apres !'administration du medicament. 
La fatigue et la sensation de lourdeur ont ete rapportees par tous 
les sujets. Dans le groupe etudie de sujets naifs a l'opio"ide, l'effet 
analgesique induit par l'hydromorphone persistait moins 
longtemps que les effets non analgesiques etudies. La demi-vie 
d'elimination finale de l'hydromorphone etait de 1,87±0,4 h 
(±ecart-type) (IC 95 % 1,61-2,13), la clairance systemique etait de 
1,81 ±0,25 L/minute (IC 95 % 1,65-1,97) et le volume de distribu
tion de 4,15±0,86 L/kg (IC 95 % 3,6-4,71). 
CONCLUSION: L'analgesie et les effets non analgesiques sem
blent correler avec les concentrations plasmatiques de l'hydromor
phone. 
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Moderate to severe pain associated with malignant disease 
is often treated with morphine in combination with non

opioid analgesics ( 1 ). Side effects of morphine, such as myo
clonus and hyperalgesia, may become a problem during long 
term treatment with moderate to large doses (2-4 ), and in some 
patients a change of opioid is necessary (5). 

Hydromorphone is an opioid structurally similar to morphine; 
the main difference is the ketone group at position 6 in hydro
morphone, which substitutes for a hydroxyl group at the same 
position in the morphine molecule (6). Hydromorphone is a high 
clearance drug (7) with a high affinity for mu opioid receptors 
(8), which is also reflected in a high analgesic potency in vivo. 
The drug is claimed to be seven to eight times more potent than 
morphine (6), although some investigators report lower (five 
times) (9) and some higher (10 to 12 times) (10,11) potency 
ratios. 

Hydromorphone may thus be an interesting alternative to the 
high doses of morphine (12) that may be necessary during 
treatment for terminal cancer pain (13,14). 

Opioids have been used in intravenous, patient-controlled 
analgesia after coronary bypass surgery (15), subcutaneous in
fusion (13,16) and oral administration (17) in patients suffering 
from severe pain due to malignant disease. In patients with 
unacceptable side effects of morphine, such as hyperalgesia and 
myoclonus (3), hydromorphone may be a beneficial alternative. 
However, hydromorphone therapy may also be associated with 
myoclonus ( 18, 19). 

Although plasma concentrations of hydromorphone have 
been studied in humans using high performance liquid chroma
tography (HPLC) (7) and radioimmunoassay methods (12,20), 
little is reported about the relationship between concentrations 
and pharmacodynamic effects of the drug. 

The main aims of the present study were to investigate the 
analgesic and nonanalgesic effects ofhydromorphone systemati
cally. A further aim was to evaluate the possible relation between 
effects and plasma concentrations of the drug measured by 
HPLC. The analgesic effect of hydromorphone was studied using 
pressure pain thresholds (PPTs). Nonanalgesic effects of hydro
morphone, often encountered as side effects during opioid ther
apy, namely dryness of the mouth, miosis, fatigue, nausea, 
euphoria/dysphoria, headache and the feeling of heaviness, were 
assessed. 

SUBJECTS 
Twelve healthy volunteers, seven men and five women, aged 23 
to 40 years with a mean(± SD) weight of70.5±8.4 kg participated 
in the study after giving their written informed consent. Subjects 
were all well known to the investigators and were found to be 
healthy in a prestudy examination which included physical ex
amination and blood and urine chemistry. 

Exclusion criteria for participation in the study were known 
intolerance for opioids and other conditions, such as poor com
pliance or a history of drug or alcohol abuse, which, in the 
opinion of the investigators, would render the subject unsuitable. 

The study was approved by the Ethics Committee of the 
University of Lund, Lund, Sweden and by the Swedish Medical 
Products Agency. 
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METHODS 
After an overnight fast, subjects received an intravenous infusion 
of 2 mg hydromorphone hydrochloride (6.22 µmol hydromor
phone hydrochloride, Apoteksbolaget; Umea, Sweden) over 
20 mins in an antecubital vein. Motor driven syringes (Terumo 
syringe pump STC-521; Vingmed Svensha AB, Stockholm, 
Sweden, or IVAC model 770; MDD Scandinavia AB, Taby, 
Sweden) were used to deliver the dose. 

Venous blood samples were drawn from a short indwelling 
catheter in a contralateral arm vein before the infusion and at 5, 
IO, 20, 25, 30 and 45 mins, and at 1, 1.3, 1.7, 2.17, 3.17, 4.17, 
5.17, 6.17, 8.17, 11.17, 14.17, 24.17, 30.17, 48.17 and 72.17 h 
after the start of the infusion. 

Subjects had a light lunch 4 h after drug administration, dinner 
after 8 h and a light meal after 12 h. 

Oxygen saturation was recorded using a pulse oxymeter (Oxi
cap 4700; Ohmeda, Kentucky) with a finger probe at the same 
time as the blood samples were drawn (up to 14 h after hydro
morphone was given). Fatigue, euphoria, dysphoria, headache, 
nausea and the feeling of heaviness were evaluated using cate
gory ratio scales (21-23) at the same time that blood samples were 
drawn (up to 30 h after drug administration). 

Pupil size, PPTs and saliva production were measured before 
the infusion and serially over 24 h after the start of the infusion. 

MEASUREMENTS 
Unstimulated salivation was measured by the method described 
by Heinize et al (24). Two measurements were made before drug 
administration and at regular intervals during the procedure. 
Subjects were asked to spit into a preweighed plastic cup for 5 mins. 
The cup was then weighed. The mean of the two predrug meas
urements was considered to be baseline saliva production. 

Each subject's right eye was photographed under stand
ardized conditions before and at regular intervals after hydromor
phone administration. The diameters of the pupil and the iris were 
measured on the negative film and the pupil:iris diameter ratio 
was calculated (23). The ratio was chosen to ascertain that the 
measurements were made in the same frontal plane. 

Category rating scales with ratio properties, according to 
principles of Borg (21) and Borg et al (22), and previously used 
(23,25), were employed to evaluate feelings of fatigue, eupho
ria/dysphoria, headache, heaviness and nausea. The scale ranged 
from 'nothing at all' to 'maximal'. Other labels were spaced 
nearly linearly, whereas the scale from 0.1 to 10 was logarithmic 
(26). At each test subjects were shown a new scale for each of 
the studied variables and were asked to select the appropriate 
magnitude of the sensation. 

PPTs were measured using an algometer (Somedic AB, 
Sollentuna, Sweden). Measurements were made using the stimu
lation unit as a pair of forceps. A circular probe with a diameter 
of 6 mm (area 28 mm2

) was applied upon the dorsum of the 
second phalanx of the third finger of both hands and the third toe 
of both feet. The pressure application rate was 1.1 N/s (27). 

When subjects perceived that the pressure exerted by the 
forceps changed into a painful stimulus, they activated a button. 
The pressure was given in kilopascals on a digital display kept 
out of sight of the subjects. Three consecutive measurements 
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Figure 1) Average median values of pressure pain thresholds(-) (PPT) 
(± SD) in the right third finger given as fraction of baseline values and 
concomitant mean plasma concentrations of hydromorphone (- - -) (cone) 
following intravenous administration of 2 mg hydromorphone given over 
20 mins 

separated by 10 to 15 s were made. The median value of the three 
measurements at each location was used. Blood samples were 
drawn into heparinized glass vacuum tubes (Vacutainer; Becton 
Dickinson, Stockholm, Sweden), which were placed in ice water 
and subsequently centrifuged at 4 °C, 1500 g, for 10 mins. The 
plasma was then separated and frozen. 

SAMPLE ANALYSIS 
Plasma samples were assayed for hydromorphone in an auto
mated solid phase extraction equipment (ASPEC; Gilson, Vil
liers, France) coupled on-line to an ion-pair HPLC. The method 
of analysis was modified from a procedure described earlier for 
analysis of morphine (28,29). The standards, controls and sam
ples, each 1 mL, were mixed with 100 µL of 2 µM nalorphine 
hydrochloride in water (internal standard) and 3 mL 0.5 mM 
ammonium sulphate adjusted to pH 9.3 with ammonia. This 
sample was passed through the first of two 1 mL Sep-Pak C 18 
columns (100 mg, Waters, Massachusetts) activated with 1 mL 
methanol. The cartridges were washed with 5 mL 5 mM ammo
nium sulphate adjusted to pH 9.1 with ammonia, and 0.5 mL 
Milli-Q water (Millipore, Massachusetts). Hydromorphone and 
the internal standard were eluted with 1.25 mL of a 15% acetroni
trile solution in 10 mM sodium phosphate buffer, pH 2.1. The 
eluate was mixed with 6 mL of the 0.5 M ammonium buffer and 
was used to treat the second Sep-Pak C 18 cartridge in the same 
manner as the first one, except that the elution was performed 
with 0.55 mL of a 30% acetonitrile solution in 10 mM sodium 
phosphate buffer. Before injection on the chromatographic sys
tem, 50 mL 0.13 M sodium dodecyl sulphate (SDS) was added 
to the eluate. Nearly all the eluate (500 µL) was injected on the 
analytical column. 

Separation was achieved with reversed phase ion-pair HPLC 
with a Spherisorb ODS2 150x4.6 mm analytical column (3 µm 
particles, Jones Chromatography; Hengoed, United Kingdom). 
The mobile phase was a 10 mM sodium dihydrogen phosphate 
buffer adjusted to pH 2.3 containing 7 mM SDS and 30% ace-
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tonitrile. The flow rate was 1.0 mL/min, and the column was kept 
at 30°C. Detection was made with a 5100 A Coulochem detector 
with a 5010 detector cell (ESA, Massachusetts) at 0.44 V. Hydro
morphone and the internal standard nalorphine eluted at 22 and 
31 mins, respectively. No interfering peaks were detected from 
blank plasma samples. 

The ratios of the peak heights of hydromorphone to internal 
standard were used to obtain a calibration curve from standards 
prepared with known concentrations of hydromorphone in donor 
plasma. Linear least square regression was used for the calcula
tions. Controls and samples were compared with the calibration 
curve achieved in the same series. 

The lower limit of quantification was 2 nmol/L for hydromor
phone. Interassay coefficients of variation for concentrations of 
5 and 50 nmol/L were 8.2% (n=40, the present findings were part 
of a larger study) and 4.2% (n= 10), and intra-assay coefficient of 
variation were 6.1 % and 1.6%, respectively (n= I 0). 

DAT A ANALYSIS 
Plasma hydromorphone concentrations were fitted by a two
compartment model using PCNONLIN (version 3.0) (SCI Soft
ware, Kentucky). Estimates of clearance, volume of distribution, 
mean residence time and terminal elimination half-life were 
calculated by standard methods. 

ST A TISTICAL CALCULATIONS 
The results are presented as mean ± SD or as 95% CI. A 
two-tailed t test for paired samples was used for comparisons and 
the level of significance was set at 5%. 

RESULTS 
Oxygen saturation remained normal throughout the procedure. 
Intravenous infusion of 2 mg hydromorphone caused sensations 
of fatigue, heaviness and drowsiness in all volunteers. Two 
volunteers experienced dizziness. Pruritus, generalized or local
ized to the eyes and face, was reported by eight subjects. Pruritus 
was most prominent immediately after the infusion and up to 
2 or 3 h after drug administration; it then gradually disappeared. 
No medical intervention was required. 
Analgesic effects (mean results): PPTs were augmented in most 
subjects immediately after intravenous infusion of hydromor
phone. The average median value of PPTs measured in the 
fingers and toes was significantly higher for 1 and 2 h, respec
tively, after the start of the infusion. In some subjects, a decrease 
in pain thresholds compared with baseline was observed later 
during the treatment. The average of all subjects' median values 
of PPT in the right finger is given as a fraction of baseline values 
in Figure 1 together with mean plasma hydromorphone concen
trations. Curves for PPTs measured in the left finger and in the 
right and left toes were similar and are not shown. Interindividual 
variability in the analgesic effect on PPT (Figure 1) was larger 
than the variability observed in the studied nonanalgesic effects 
(Figures 2-4 ). The analgesic effect, measured as PPT increase, 
appeared to be well correlated to the measured plasma concen
trations of hydromorphone. The analgesic effect had a shorter 
duration than the nonanalgesic effects on saliva production and 
pupil size. A significant increase of PPT compared with baseline 
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Figure 2) Mean saliva production (-) given as fraction of baseline (± SD) 
and mean plasma concentrations of hydromorphone (- - -) (cone)(± SD) 
following intravenous administration of 2 mg hydromorphone over 
20 mins 
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Figure 3) Mean pupil size (-) given as fraction of baseline values (± SD) 
and concomitant mean plasma concentrations of hydromorphone (- - -) 
(cone) following intravenous administration of 2 mg hydromorphone 
over 20 mins 

was registered up to 2 h following intravenous infusion of hydro
morphone. Mean plasma concentration of hydromorphone at 2 h 
was 8.9±1.9 nmol/L (95% CI 7.7 to 10.1). 
Nonanalgesic effects (mean results) - Salivation and miosis: 
Saliva production was significantly (P<0.0001) decreased after 
intravenous infusion of hydromorphone was started compared 
with baseline values, and remained significantly reduced for 6 h 
after the end of the infusion. Mean saliva production (± SD) and 
mean plasma concentrations of hydromorphone (± SD) follow
ing intravenous administration of 2 mg hydromorphone are 
shown in Figure 2. 

Mean pupil size was found to be significantly (P<0.0001) 
decreased at the first measurement 26 mins after the infusion and 
remained significantly smaller than initial size up to 5 h follow
ing intravenous infusion of hydromorphone (Figure 3). 
Central nervous system effects: Central nervous system (CNS) 
effects were common after infusion of hydromorphone. The 
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TABLE 1 
Number of healthy subjects experiencing any measure of 
the six studied effects following 2 mg hydromorphone given 
as an intravenous infusion over 20 mins 

Time (mins after the start of the infusion) 

Effect 0-60 60-130 130-250 250-370 370-670 670-1800 

Dysphoria 3 4 3 4 2 

Euphoria 9 8 8 5 4 6 

Fatigue 12 12 12 12 8 5 

Headache 5 4 7 9 10 6 

Nausea 5 5 5 3 4 2 

Heaviness 12 12 11 8 7 5 

n=12 

TABLE 2 
Pharmacokinetic parameters obtained from the PCNON-
LIN analysis of plasma concentrations of hydromorphone 
and mean values (± SD and 95% Cl) in 12 healthy volunteers 
after intravenous infusion of 2 mg hydromorphone over 
20 mins 

95%CI 

Parameter Mean±SD Lower U(!(!er 

Hybrid constant alpha h-1 10.4±4.1 7.7 13 

Hybrid constant beta h-1 0.39±0.08 0.34 0.44 

Terminal half-life h 1.87±0.40 1.61 2.13 

Systemic clearance L/min 1.81±0.25 1.65 1.97 

Volume of distribution L/kg 4.15±0.86 3.60 4.7 
during the beta-phase 

Volume of distribution L/kg 3.08±0.60 2.70 3.47 
at steady-state 

Volume of central L/kg 0.61±0.27 0.43 0.78 
compartment 

Mean residence time h 2.02±0.50 1.70 2.34 

number of subjects experiencing any measure of the six studied 
effects are given in Table 1. Heaviness and fatigue were reported 
by all subjects. Nausea was persistent in five subjects and oc
curred during or after the infusion, and two of the female subjects 
vomited. Dysphoria was present in subjects who were also nau
seated. Euphoria, defined as a sense of well-being, was more 
common early during the treatment, then gradually decreased and 
was often followed by headache. Consequently, headache was 
more frequent later during the treatment, 4 to 11 h after the end 
of the infusion. 
Pharmacokinetics: Mean plasma concentrations of hydromor
phone are given in Figures 1 to 3. Standard deviations are given 
in Figure 2. Hydromorphone could be measured in plasma up to 
between 4 and 8 h after the start of intravenous infusion. At later 
sampling times, the plasma levels of the drug were below the 
limits of quantification. Pharmacokinetic parameters are given in 
Table 2. 
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Figure 4a) Individual median values of pressure pain thresholds (PPT,*) 
measured in the right finger, saliva production(•) and pupil size (e) given 
as fraction of baseline(± SD) for subject 3. Values had little effect on PPT 
despite considerable nonanalgesic effects. cone Individual plasma con
centrations of hydromorphone (- - -) following intravenous infusion over 
20 mins of 2 mg hydromorphone 
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Figure 4b) Individual scores of euphoria (lower half of circle), dysphoria 
(upper half of circle), nausea c.-), headache (I), fatigue (hexagon) and 
heaviness (•) for subject 3. cone Individual plasma concentrations of 
hydromorphone (- - -) following intravenous infusion over 20 mins of 2 mg 
hydromorphone 

Individual results: In some individuals the effect of hydro
morphone on PPTs was relatively small (eg, subject 3) despite 
considerable CNS effects and a decrease in pupil size and 
saliva production (Figures 4a,4b). In other subjects there was 
a strong accordance between analgesic and nonanalgesic ef
fects (eg, subject 5). In Figure 4 individual data are given for 
these representative subjects. Median values of PPTs measured 
in the right finger, values of saliva production and pupil size 
are shown as fraction of baseline values. Individual scores of 
the studied CNS effects and concomitant plasma concentra
tions of hydromorphone are also given for subjects 3 and 5, 
respectively. 

90 

100 2 

~ 
(I) 

2 
1.5 en 

.:::::: --, 
0 I» 

E ~ 
..5 10 1.0 o· 

::, 
0 
C: ~ 0 
0 

C" 
0.5 I» 

en 
~ 
5· 
~ 

0 
0 4 8 12 

time (h) 

Figure 4c) Individual median values of pressure pain thresholds (PPT,*) 
measured in the right finger, saliva production (•land pupil size (e) given 
as fraction of baseline (± SD) for subject 5. There was high correlation 
between analgesic and nonanalgesic effects of hydromorphone. cone 
Individual plasma concentrations of hydromorphone (- - -) following 
intravenous infusion over 20 mins of 2 mg hydromorphone 
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Figure 4d) Individual scores of euphoria (lower half of circle), dysphoria 
(upper half of circle), nausea (-.,), headache (I), fatigue (hexagon) and 
heaviness (•l for subject 5. cone Individual plasma concentrations of 
hydromorphone (- - -) following intravenous infusion over 20 mins of 2 mg 
hydromorphone 

DISCUSSION 
Analgesic and nonanalgesic effects of hydromorphone, such as 
miosis, dry mouth and CNS effects, were systematically evalu
ated in the present study. The short duration of analgesia, meas
ured as increase of PPT, corresponds to the findings of Coda et 
al (9) and the absent analgesic effects at the lower plasma 
concentrations agree with the results of Reidenberg et al (30). 
The larger variability of the effect of hydromorphone on PPT 
compared with the variability observed in the nonanalgesic ef
fects may reflect the well known interindividual variability of 
analgesic effect of a standard dose of an opioid (6). 

The observed later increase of the sensitivity for pain in our 
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volunteers may have been caused by the repeated measurements, 
thus resulting in little change or even decrease of PPT compared 
with baseline values and preventing identification of a true analgesic 
effect of hydromorphone. This interpretation is contradicted by 
the results of Brennum and colleagues (27), who used the pressure 
algometer to measure PPT in fingers and toes of healthy volun
teers. They reported that repeated measurements were stable 
within the same individual with an intra-individual coefficient 
of variation of 14%. However, our measurements of PPT dis
played larger coefficients of variation than those reported by Bren
num et al (27). This variability may have been caused by the CNS 
effects, such as fatigue, which may have caused problems for the 
subjects to identify a discrete change in PPT. Interindividual 
coefficients of variation for PPT also vary between studies - 30% 
to 45% according to Brennum et al (27). Male subjects had 50% 
higher values for PPT compared with female subjects in their 
study (27). In our study, each volunteer acted as his or her own 
control because the values were compared with baseline meas
urements before drug infusion, and interindividual variability of 
the predose values can therefore be disregarded. PPT may be a 
convenient and safe method of determining changes in pressure 
pain perception, but the influence of environment and drug 
effects on CNS complicates the interpretation of the results. 

Nonanalgesic effects of hydromorphone were also found to 
be well correlated to plasma concentrations of the drug. Saliva 
production was significantly reduced for more than 6 h following 
intravenous administration of hydromorphone. The inhibiting 
effect on saliva production was more pronounced and of longer 
duration compared with the reduction seen after intravenous 
infusion of 10 mg of morphine (23,31). Dry mouth was a com
mon complaint during opioid therapy (32), but the mechanism 
for reduction of saliva production induced by morphine (25) and, 
as we have now shown, by hydromorphone, is unknown. Opioids 
are known to induce changes in the production of various secre
tions from the gastrointestinal tract due to stimulation of periph
eral opioid receptors (33). The effect of opioids on the salivary 
glands, however, is neither discussed in the extensive review of 
Kromer (33) nor mentioned in textbooks (6). 

Reduction of pupil size is a well known clinical sign occurring 
after opioid administration. Miosis is caused by cut-off cortical 
inhibition of the Edinger-Westphal nuclei (34) and is mediated 
through stimulation of mu and kappa opioid receptors (6). Meas
urement of pupil size is a convenient method for assessment of 
opioid receptor stimulation, but has only minor clinical impor
tance. Photographic methods to assess pupil size are regarded as 
accurate (35) and were-used by Inturrisi et al (36), Miller et al 
(37), Strain et al (38) and Westerling et al (23,25) to evaluate 
miosis following opioid administration. 

Significant reduction of the pupil size was measured on the 
first photograph taken 6 mins after the end of intravenous infu
sion of hydromorphone, and the pupils remained significantly 
reduced ( compared with initial size) for 5 h after the end of the 
infusion. Compared with the miosis observed and measured with 
the same method after intravenous morphine administration (23 ), 
the reduction of pupil size was of shorter duration following 
hydromorphone administration although the maximal miosis 
was of similar magnitude. 
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CNS effects were pronounced during and after hydromor
phone infusion. Heaviness and fatigue were closely related to the 
obtained plasma concentrations of hydromorphone. Euphoria 
may have been an expected side effect in this open study, whereas 
the subjects would not have been expected to anticipate sensa
tions of heaviness, which we have earlier found to correlate well 
with plasma morphine concentrations (23,25). Nausea, which 
was persistent in the subjects affected, and dysphoria were, not 
surprisingly, related. Euphoria and nausea did not coincide. 

Our opioid-naive subjects displayed considerable CNS ef
fects following the single dose of hydromorphone. However, 
patients with long term opioid intake often develop tolerance to 
CNS effects like fatigue, but not to other side effects like nausea 
and constipation. 

Hydromorphone has been considered to be less often associ
ated with pruritus than morphine (39). Pruritus was a common 
complaint in this study whereas the spontaneously reported inci
dence of itching was low or absent in similar studies where 
morphine was given intravenous to healthy subjects (23,25,31 ). 

The value of terminal half-life (1.87±0.4 h, 95% CI 1.61 to 
2.13) found in the present study was shorter than that reported by 
Hill and co-workers (7). Our subjects received a standard dose 
of 2 mg hydromorphone (25 to 37 µg/kg body weight), whereas 
the volunteers in the study of Hill et al (7) were given 10, 20 and 
40 µg hydromorphone/kg body weight as bolus injections at three 
separate occasions. Systemic clearance for hydromorphone was 
slightly lower in our study than reported by Hill et al (7), and they 
found higher values for volume of distribution. Hill et al (7) fitted 
their plasma concentrations to a three-compartment model, 
which may explain some of the differences of the pharmacoki
netic variables found in the two studies. A three-compartment 
model will give a longer terminal half-life because the initial fast 
changes in plasma concentration of the drug are fitted to the first 
two phases in the model and therefore have less influence on the 
terminal slope of the curve. 

CONCLUSIONS 
Intravenous infusion of2 mg hydromorphone to 12 opioid-naive 
subjects produced immediate analgesic and nonanalgesic effects, 
measured as an increase of PPT and reduced saliva production 
and miosis, respectively. Fatigue and heaviness were reported by 
all subjects in this open study, whereas nausea was present in 
five. Eight subjects suffered from pruritus. The duration of the 
nonanalgesic effects were several hours longer than the analgesic 
effect, assessed by PPT, of the drug. The plasma concentrations 
of hydromorphone appeared to be well correlated to the studied 
effects. 
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