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Abstract

Purpose Olprinone, a phosphodiesterase type III inhibi-

tor, is a strong inotrope and vasodilator that does not

increase oxygen consumption and is often used during

weaning from cardiopulmonary bypass (CPB). To control

the pharmacological effects of olprinone, pharmacokinetic

information is essential; however, there is little published

information on the pharmacokinetics of olprinone in a large

population. Therefore, the purpose of this study was to

determine olprinone pharmacokinetic parameters in a large

population undergoing cardiac surgery with CPB.

Methods Olprinone was infused at a rate of 0.2 lg/kg/min

when weaning from CPB was started. Whole blood samples

were periodically obtained to determine the olprinone con-

centrations using high-performance liquid chromatography.

Measured olprinone concentrations were analyzed with a

one-compartment model via a population approach.

Results A total of 86 blood samples from 26 patients were

used for pharmacokinetic analysis. The calculated clearance,

volume of distribution (Vd), and elimination half-life were

378 ml/min, 40.7 l, and 97.1 min, respectively. Olprinone

clearance depended on weight and creatinine clearance,

whereas Vd depended only on weight.

Conclusion We investigated the pharmacokinetic

parameters of olprinone in patients undergoing cardiac

surgery with CPB. Olprinone clearance depended on

weight and creatinine clearance, whereas Vd depended only

on weight. When olprinone is infused according to the

recommended dosing regimen, it takes more than 60 min to

reach the target concentration (20 ng/ml). However, there

is a possibility that a lower concentration is sufficient for

weaning from CPB in combination with a continuous

infusion of dopamine.

Keywords Olprinone � Cardiac surgery �
Cardiopulmonary bypass � Population pharmacokinetics

Introduction

Phosphodiesterase type III inhibitors (PDEIs) have strong

inotropic and vasodilatory effects [1–3] without increasing

oxygen consumption in cardiomyocytes [4, 5]. They are

also effective when there is downregulation of beta

receptors [6]. These agents are often used in cardiac sur-

gery to increase cardiac output for withdrawal from car-

diopulmonary bypass (CPB) [7, 8]. Pharmacokinetic

information is essential to control the olprinone concen-

tration. There are few published reports on olprinone

pharmacokinetics. Arata et al. [9] investigated olprinone

pharmacokinetics in seven healthy volunteers and reported

a volume of distribution (Vd) and clearance of 126–249

ml/kg and 7.8–9.7 ml/kg/min, respectively. Mori et al. [10]

also studied this drug in seven patients undergoing cardiac

surgery with CPB and found that the Vd and clearance were

335 ml/kg and 4.7 ml/kg/min, respectively. Both these
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studies enrolled only seven patients each. Furthermore, the

subjects were healthy volunteers in the former study, and

there was an analytical problem in the latter study.

The purpose of this study was to determine olprinone

pharmacokinetic parameters using a population pharma-

cokinetic analysis in a large sample of patients undergoing

cardiac surgery with CPB.

Methods

After approval by the ethics committee of our institute, we

recruited consecutive patients scheduled for cardiac sur-

gery with CPB from February 1, 2005 to January 31, 2007.

Written informed consent was obtained from all subjects at

the time of study enrollment. Patients who had renal or

hepatic dysfunction based on preoperative evaluations

were excluded.

Oral intake of food and water was prohibited for at least

6 h before surgery, and patients walked into the operating

theater without any premedication. Following the place-

ment of monitors for direct arterial pressure via the radial

artery, electrocardiogram, pulse oximetry, and bispectral

index, anesthesia was induced with 6–10 lg/kg fentanyl,

3–5 mg midazolam, and sevoflurane. Tracheal intubation

was performed after administration of vecuronium. After

anesthetic induction, a pulmonary catheter was placed via

the right jugular vein, and a transesophageal echocardiog-

raphy probe was inserted. Anesthesia was maintained with

1–2 % sevoflurane before and after CPB. During CPB,

anesthesia was changed to propofol using a target-con-

trolled infusion system. Patients were ventilated in a

pressure-controlled mode to maintain end-tidal carbon

dioxide between 35 and 40 mmHg. Thirty minutes before

the end of surgery, 200 lg fentanyl was administrated and

followed by patient-controlled analgesia with fentanyl

(25 lg/h ? 25 lg/rescue; lockout time = 30 min).

Olprinone was infused via a central venous catheter at a

rate of 0.2 lg/kg/min when withdrawal from CPB started,

and this infusion rate was basically fixed until the patient

was transferred to the intensive care unit. However, we had

decided to use NONMEM (ver. VII; Globomax LIC,

Hanover, MD, USA) for pharmacokinetic analysis because

it has a flexible analytical architecture and does not require

regular drug administration or blood sampling for deter-

mination of drug concentration. Therefore, the anesthesi-

ologists were allowed to modify the olprinone infusion

rate. The anesthesiologists recorded the time on the anes-

thesia record when they changed the infusion rate or when

blood samples were obtained for olprinone assay. When

cardiac output fell below 2.0 l/min, the dopamine infusion

rate was increased, and rapid volume loading or transfusion

was performed based on the central venous pressure,

pulmonary pressure, and the results of transesophageal

echocardiography. If systolic blood pressure could not be

maintained above 80 mmHg, then up to three boluses of

0.1 mg phenylephrine were administered. When it was

difficult to keep the systolic pressure above 80 mmHg

despite phenylephrine boluses, noradrenaline was admin-

istered at a rate of 0.05 lg/kg/min, and the olprinone

infusion rate was decreased or stopped at the anesthesiol-

ogist’s discretion. After the termination of surgery, patients

were transferred to the intensive care unit under sedation.

Blood sampling and olprinone measurement

Whole arterial blood samples for olprinone assay were

initially aspirated into heparinized syringes and centrifuged

at 3,000 g for 10 min. Plasma was transferred into tubes

and stored at -70 �C until analysis. Olprinone concentra-

tions were determined using high-performance liquid

chromatography [10] at the Niigata University of Phar-

macy and Applied Life Science. To minimize the effect of

CPB on the pharmacokinetic analysis, cases in which

withdrawal from CPB required more than 30 min were

excluded from the analysis.

Pharmacokinetic analysis

A population approach was used to analyze the olprinone

concentration–time data that employed a first-order con-

ditional estimation method with interaction (FOCE-I)

method implemented in the NONMEM VII program with

the PREDPP subroutines, ADVAN1 and TRANS1. A one-

compartment model was selected to fit the pharmacokinetic

data. Exponential and proportional error models were used

to describe the intra- and interindividual variability,

respectively. We considered gender, age, height, weight,

body mass index, CPB time, and creatinine clearance as

parameters in the model. In the forward step of model

construction, the chi-square test was used to compare the

objective function (-2 9 logarithm of the likelihood of

the results); P \ 0.05 was considered as significant in the

forward step and P \ 0.01 as significant in the backward

step. In addition, goodness of fit between observed values

and predicted values was evaluated by visual inspection of

the graphs.

Simulation study

The currently recommended infusion regimen for olpri-

none is 2.0 lg/kg/min for 5 min followed by continuous

infusion at a rate of 0.2 lg/kg/min. Simulation studies were

performed using the individual parameters obtained in the

base model by Bayesian estimation [11].
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Results

Thirty-seven patients were enrolled in this study; all gave

written informed consent. A total of 123 blood samples

were obtained from the 37 patients in the study. However,

more than 30 min was needed for withdrawal from CPB in

8 cases, and thus samples obtained from these 8 cases were

excluded from the analysis. Three other cases were also

excluded from the analysis because the olprinone infusion

was stopped at the anesthesiologist’s discretion before the

end of surgery. Consequently, 85 samples obtained from 26

patients were used for the pharmacokinetic analysis. The

demographic data of the 26 patients included in the anal-

ysis are shown in Table 1. Aortic valve replacement was

performed in 59 % of the patients, whereas 21 % had a

mitral valve procedure. Three patients received aortic arch

replacement. Other procedures were simultaneous

replacement of the aortic and mitral valves, mitral valve

plus left ventricular patch plasty, and removal of a pul-

monary artery thrombus.

The basic population pharmacokinetic analysis showed

the clearance and Vd were 378 ml/min [95 % confidence

interval (CI), 191–565], and 40.7 l (95 % CI, 29.2–42.2),

respectively. The model-based estimate of olprinone half-

life in this group was 97 min. The patient distributions for

the individual clearance (ml/kg/min) and Vd (ml/kg) data

are shown in Fig. 1.

After the primary pharmacokinetic analysis, we then

explored the relationships among the covariates and phar-

macokinetic parameters using Pearson’s correlation anal-

ysis. This analysis showed that weight was positively

correlated with both clearance and Vd (Figs. 2, 3). Creati-

nine clearance showed a positive correlation with total

olprinone clearance (Fig. 4); there was a weak negative

correlation between creatinine clearance and age, because

age is a factor used to calculate creatinine clearance from

serum creatinine concentration. Body mass index (BMI)

and height showed a weak positive relationship with

weight. Based on these findings, gender, weight, CPB time,

and creatinine clearance were included as covariates in the

full pharmacokinetic model.

In the forward step, gender and CPB time were excluded

from the final model. Weight and creatinine clearance

remained as significant covariates of the final model after

the backward step. Our final model is shown in Table 2.

Creatinine clearance and weight were covariates that

influenced olprinone clearance, whereas only weight

influenced Vd. The observed values plotted against the

predicted values based on the final model are shown in

Fig. 5. In addition, the observed values plotted against the

predicted values for the individual pharmacokinetic

parameters (calculated by the NONMEM option) are

shown in Fig. 6. Figure 7 shows a goodness-of-fit plot of

predicted concentrations of olprinone and weighted resid-

uals (wres). Most of the data fall between -3 and ?3

throughout the full concentration range, which indicates

that this model is acceptable.
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Fig. 1 Distributions of total clearance (ml/kg/min) and Vd (ml/kg) in

individual patients. These data were calculated by NONMEM post

hoc in the basic model. The population mean clearance and Vd were

325 ml/min (95 % CI, 214–436 ml) and 38.6 l (95 % CI, 27.6–49.6),

respectively. These data were calculated by NONMEM post hoc in

the basic model. Average clearance and Vd calculated individually in

NONEMEM post hoc were 7.15 ± 3.06 ml/kg/min and 802 ± 385

ml/kg, respectively

Table 1 Demographic data

Values Range

Gender (female/male) 13/13

Age (years) 64.9 ± 7.4 29–77

Height (cm) 158.5 ± 6.9 146–178

Weight (kg) 55.4 ± 7.0 39.6–76.5

Body mass index (kg/m2) 22.1 ± 2.5 15.1–30.6

Operation

AVR 14

MVR or MVP 6

Aortic arch replacement 3

Others 3

GPT (IU/l) 23.0 ± 8.8 10–50

Serum creatinine (mg/dl) 0.86 ± 0.16 0.52–1.50

Creatinine clearance (ml/min) 56.6 ± 12.9 34–81

Total protein (g/dl) 6.9 ± 0.5 4.8–8.5

Anesthetic time (min) 377 ± 84 250–685

Operation time (min) 289 ± 69 185–515

Cardiopulmonary bypass time (min) 126 ± 38 55–320

Values are expressed in mean ± SD

Creatinine clearance was calculated using the Cockcroft–Gault

equation

AVR aortic valve replacement, MVR mitral valve replacement, MVP
mitral valve plasty, GPT glutamate pyruvate transaminase
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The simulation results for this study and currently rec-

ommended regimens are displayed in Figs. 8 and 9,

respectively. Figure 8 shows the expected response when

olprinone is infused at a rate of 0.2 lg/kg/min without

loading (this study condition), whereas Fig. 9 shows the

expected response when olprinone is administrated

according to the recommended regimen (2.0 lg/kg/min for

5 min followed by 0.2 lg/kg/min) [11]. Three patients in

this graph show high olprinone concentrations ([60 ng/ml),

and their demographic data are shown in Table 3.

Discussion

In this study, clearance, Vd and elimination half-life indi-

vidually estimated in the basic model were 378 ml/min

(= 7.13 ml/kg/min), 40.7 l (= 802 ml/kg), and 97.1 min,

respectively. Mori et al. [10] reported that clearance, Vd,

and half-life were 4.69 ml/kg/min, 335 ml/kg, and

46.8 min, respectively. All these parameters in the present

study were larger than the previously reported values. Mori
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Fig. 2 Relationship between weight and creatinine clearance was

positive (Pearson’s R = 0.423, P = 0.031)
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Fig. 3 Relationship between weight and distribution volume (Vd)

was weakly positive (Pearson’s R = 0.356, P = 0.074)
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Fig. 4 Relationship between creatinine clearance and olprinone

clearance was weakly negative (Pearson’s R = 0.395). There was

also a weakly positive relationship (Pearson’s R = 0.308, P = 0.126)

Table 2 Final model

Parameters Population

mean (SE)

Interindividual

variability (% SE)

CL (ml/min) = h1 9 (weight/

56)h2 9 creatinine clearanceh3
h1 = 378

(95.3)

36.2 % (58.6)

h2 = 2.48

(0.674)

h3 = 0.819

(0.271)

Vd (ml) = h4 9 (weight/56)h5 h4 = 40700

(5850)

66.0 % (29.0)

h5 = 1.68

(0.645)

Residual variability 23.9 (19.9)
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Fig. 5 Goodness-of-fit plots between measured concentrations and

olprinone concentrations predicted by population analysis
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et al. also enrolled clinical cases undergoing open heart

surgery with CPB, but they obtained only two blood

samples per patient (n = 7) and did not use population

pharmacokinetic techniques. These differences may well

account for the higher values of our study. However, the

time–concentration curves were similar in comparing their

study with our study.

Pharmacokinetic models

A one-compartment model was used to analyze olprinone

pharmacokinetics in the present study. There were two

reasons for this. The first is that we started olprinone

infusion at the beginning of weaning from CPB. The

hemodynamic condition during CPB is far from normal;

the Vd is increased by the CPB circuit, drug protein binding

is reduced by a lower plasma protein concentration, and

drug clearance may be reduced by lower renal blood flow.

Therefore, these confounding variables would most cer-

tainly alter the parameters in the model. It might be pos-

sible to build pharmacokinetic models considering the

effects of CPB; however, it would be difficult to express

the dynamic changes that occur when a normal state is

achieved after withdrawal of CPB. In the clinical setting,

we were not able to sample blood frequently enough to

build a multi-compartment model.

Another option to build a multi-compartment model

would be to obtain blood samples during the decay phase

after stopping the infusion. It was not possible to obtain

samples during the decay phase because our study was a

clinical study and the decision to stop the infusion after

surgery was made by the cardiac surgeons in the intensive
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Fig. 6 Goodness-of-fit plots between measured concentrations and

those predicted by individual Bayesian estimation
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Fig. 7 Goodness-of-fit plots between time and weighted residuals

(wres). Wres was automatically calculated by NONMEM. Most data

fall between -3 and ?3 throughout the full concentration range
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Fig. 8 Simulation results when olprinone is continuously infused

without loading at a rate of 0.2 lg/kg/min (this study condition)
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Fig. 9 Simulation results when olprinone is infused according to the

recommended dosing regimen. Olprinone is infused at a rate of

2.0 lg/kg/min for 5 min, and then the infusion rate is changed to

0.2 lg/kg/min. Three patients showed more than 60 ng/ml of

olprinone concentration: their pharmacokinetic data are shown in

Table 3
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care unit. Because we could not collect samples during the

decay phase, we decided to analyze the data with a simple,

one-compartment model.

Creatinine and olprinone clearances

Because 80 % of olprinone is eliminated unchanged by the

kidney [9], renal function and blood flow are major factors

that influence olprinone clearance. In this study, olprinone

clearance was larger compared to the previous data

obtained in nonsurgical populations. During or after with-

drawal from CPB, increase in urinary output resulting from

osmotic diuresis or dopamine infusion is normally

observed. This enhancement of renal function might con-

tribute to large olprinone clearance in the present study.

Kimata et al. [12] reported a positive correlation

between serum creatinine concentration and olprinone

elimination half-life. In this study, there was a positive

relationship between creatinine clearance and olprinone

clearance similar to that reported by Kimata, and creatinine

clearance remained as a covariate in the final model.

In Fig. 9, three patients showed high olprinone con-

centrations; Table 3 shows the demographic data of these

three patients. Small, elderly female patients with low

creatinine clearance are likely to experience overdosing,

and attention is required to administer olprinone to these

patients. Figure 10 shows the result of a simulation study to

evaluate the effect of creatinine clearance on olprinone

concentration. In the case that creatinine clearance is less

than 30 ml/h, the olprinone infusion rate should be

reduced.

The effectiveness of olprinone

Murakami et al. [13] reported that the minimum effective

concentration of olprinone was 20 ng/ml, and this value

was determined in patients with acute cardiac failure rather

than surgical cases. In the present study, olprinone con-

centration did not reach 20 ng/ml [13] in most of the cases;

however, olprinone was considered to be effective by

retrospective inspection. One possible reason was that we

routinely used dopamine as an inotropic agent, and there is

probably a synergistic effect between olprinone and

dopamine; therefore, an olprinone concentration below the

target concentration could be effective. Another possible

reason was that the previously reported value of 20 ng/ml

may not be accurate, and a lower concentration might be

enough to improve cardiac function in cardiac anesthesia.

To clarify these mechanisms, further experiments including

pharmacodynamic evaluation is necessary.

Study limitations

The main aim of this study was to obtain pharmacokinetic

parameters in open heart surgery; however, the effect of

CPB made it difficult to evaluate these parameters. In this

study, Vd was larger than the values in previous reports. To

minimize the effect of CPB on the analysis, we excluded

cases that required more than 30 min to wean from CPB,

and we did not include any blood samples obtained before

the completion of withdrawal from CPB. Figure 7 shows
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Fig. 10 Simulation results showing the effect of creatinine clear-

ance on time–concentration curves. Olprinone is infused at a rate of

2.0 lg/kg/min for 5 min, and then the infusion rate is changed to

0.2 lg/kg/min

Table 3 Characteristics of three patients who showed high olprinone concentration in s simulation study

Parameters

Clearance (ml/min) Vd (l) Age

(years)

Gender Weight (kg) Height (cm) BMI (kg/m2) CPB (min) CCL (ml/min)

Case 1 162 17.3 75 Female 43.0 146 20.2 90 41

Case 2 120 12.3 70 Female 39.6 150 17.6 110 39

Case 3 104 22.3 77 Female 55.3 157 22.4 110 54

Averagea 267 44.3 64.9 1:1 55.4 158.5 22.1 126 57

Vd distribution volume, BMI body mass index, CPB cardiopulmonary bypass time, CCL creatinine clearance
a Average means the average value of whole group
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the relationship between time and wres. There was no

specific tendency for negative values of wres before 60 min,

which might show the effect of CPB was successfully

suppressed. Clearance obtained in this study was also

greater compared to previous reports. When a drug is

continuously infused, the concentration at steady state is

determined by the ratio of infusion rate and clearance; thus,

clearance is the most important factor to predict drug

concentration near steady state. Furthermore, the dilutive

effects of CPB on drug concentrations should not have

much impact on clearance. Thus, the value of clearance in

this study contains less bias compared with Vd. When drug

concentration is kept at a steady state, the concentration is

determined by the ratio between infusion rate and clear-

ance, and Vd is not included. Clearance information is more

important for continuous infusion.

PDEIs, including olprinone, are usually used to support

withdrawal from CPB similar to this study condition. The

data obtained in this study might include some bias and the

parameters might not be correct as standard data for normal

healthy individuals undergoing noncardiac surgery without

CPB. However, in cardiac cases with CPB, our data would

be more useful for anesthesiologists than standard values.

In the present study, we did not record hemodynamic

values periodically, and we could not perform pharmaco-

dynamics analysis. The present minimum effective con-

centration (= 20 ng/ml) was defined as the concentration to

reduce pulmonary artery wedge pressure by 20 % in

patients with acute heart failure [13]. Further studies are

necessary to obtain proper effective concentration for

anesthetic management in cardiac surgery cases.

Comparison with milrinone

Milrinone is another PDEI that has a similar inotropic

effect but a lesser vasodilatory effect than olprinone.

Because milrinone causes less hypotension than olprinone

[14], it may be preferred at the time of weaning from CPB.

There are some reports that investigated the pharmacoki-

netic parameters of milrinone. The elimination half-life of

milrinone is about 100 min [15–17], which is comparable

to 97 min in the present study. Although there are some

studies that compared the pharmacodynamic effects of ol-

prinone and milrinone [18, 19], there are no studies com-

paring the pharmacokinetic parameters of these two drugs.

Further studies are necessary to determine which drug is

easier to control during weaning from CPB.

In conclusion, we investigated the pharmacokinetic

parameters of olprinone in patients undergoing cardiac

surgery with CPB and estimated the clearance and Vd of

olprinone based on a one-compartment model. Olprinone

clearance depended on weight and creatinine clearance,

whereas Vd depended only on weight. When olprinone is

infused according to the recommended dosing regimen,

more than 60 min is needed to reach the target concen-

tration (20 ng/ml). However, there is a possibility that a

lower concentration is sufficient for weaning from CPB in

combination with a continuous infusion of dopamine.
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