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Abstract: The pharmocokinetic parameters of buprenorphine (BN) after
a single bolus dose of 10 j.1glkg Lv. was investigated in 6 male patients
whose age averaged 59:t; 9.8 years and body weight of 65.8:t; 5.7 kg
undergoing coronary artery bypass graft surgery (GABG). The unbound
BN plasma concentrations were detected using ultrafiltration and high
performance liquid chromatography/electro-chemical detection (HPLGfECD)
method. During cardiopulmonary bypass <CPB) there was a fall in BN
plasma concentrations, observations similar to reports on fentanyl,
sufentanil and alfentanil. This is probably due to haemodilution,
hypothermia and hydrophobic sequestration of drug on to the CPB tubing.
After CPB the concentrations rose to values higher than during CPB,
though it did not attain pre GPa concentrations. These variations were
not statistically significant indicating that plasma levels were adequately
stable during CPS. The plasma concentraion time curves were biexponential
and the pharmacokinetic parameters obtained were: distribution half-life
37.24:t; 6.57 min, elimination half-life 482.69:t; 79 min, clearance 1221.97
:i: 209.42 mllmin, and volume of distribution 736.46 :i: 71.25 L. BN in the
dose used follows the pharmacokinetic pattern of other commonly used
narcotics during CABG. The mean:t; SEM plasma ON concentration during
CPS was 0.51 :i: 0.03 ng/ml which was adequate for the maintenance of
analgesia and anaesthesia, as none of our palients expressed the signs
and symptoms of awareness during surgery. Further, unlike the other
narcotics muscle rigidity was absent. Thus BN is a safe and good alternative
to other narcotics for patients undergoing CADG.
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INTRODUCTION

Observations by Lowenstein et al (1)

about the safety and efficacy of high dose
morphine lead to a conceptual leap of
administering large doses of narcotics as
sale anesthetics in cardiac surgery. First
morphine (2) followed by fentanyl (3) and

·Corre6ponding Author

sufentsnil (4) are extensively used as
sole anesthetics with oxygen for coronary
artery bypass surgery (CABG). Their
pharmacokinetics have been studied
extensively (5 - 8). Factors like
cardiopulmonary bypass (CPB) cause a
number of changes in pharmacokinetics of
a drug (9, 10). This may be particularly
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important for highly protein bound drugs,
as introduction of the priming fluid, changes
in the plasma volume and perfusion, all can
alter the protein binding and distribution
of drugs.

Buprenorphine (EN) is a highly protein
bound (96%) opioid agonist/antagonist, 25
50 times more putent than morphine (11).
Its high potency, long duration of action and
low cost make it a suitable analgesic for
intra-and postoperative analgesia.

The purpose of this study was to
investigate the pharmacokinetics of a high
dose of BN in CABG and to see if there was
adequate BN plasma concentrations during
CPB. The information obtained will provide
guidelines for the anaesthesiologists to use
and adjust analgesic and anaesthetic
regimens.

METHODS

With the approval of the Medical Ethics
Commitee of the M.S. Ramiah Medical
College Hospital, 6 male patients with
normal hepatic and renal function scheduled
for elective cpn entered the study after
informed consent. Their age, mean ± SEM
was 59 ± 9.8 years (range 34-71) and body
weight 65.8 ± 5.7 kg. All patients had
angiographically proven coronary artery
disease with ejection fractions ranging from
0.4-0.6%.

All patients were premedicated with 10
mg oral diazepam along with other cardiac
medicaments 1 h before transport to
surgery. On arrival in the operating room,
the peripheral vein, radial artery and right
internal jugular vein were cannulated under
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local anaesthesia. Through the internal
jugular vein sheath, quadruple lumen
thermister tipped pulmonary artery catheter
was noated and positioned to wedge on
balloon innation. Patients were oxygenated
for 5 min and steady state haemodynamic
parameters, both monitored and derived
were noted.

Anaesthesia was induced with sodium
pentothal 4 mg/kg along with pancuronium
bromide 0.12 109/kg as required by clinical
criteria. Atraumatic intubation was
facilitated within 5 min. Anaesthesia was
maintained with oxygen and 0.2-0.4%
isoflurane and mechanical ventilation.
Before initiation of CPB, anaesthesia was
supplemented with 5 mg diazepam and 2-4
mg pancuronium iv. In the post CPB period,
patients were ventilated with oxygen only
and isoflurane as required. Post operatively,
all patients were ventilated electively with
0.4% isonurane and weaned systematically.
Monitoring of blood pressure,
electrocardiogram, body temperature, end
tidal CO

2
and fluid administration was

maintained throughout the 24 h study
period. Intermittent measurements of blood
gases, pH, electrolytes, hematocrit and urine
volumes were made, throughout the study,
period.

Defore induction of anaesthesia, BN 10
pg/kg body weight was diluted 10 ml with
normal saline and injected iv as a single
bolus dose over a period of 1 min. Samples
of 10 ml blood were withdrawn through the
central venous catheter into heparinised
glass tubes at 5 min before and at 5, 35, 65,
125, 185, 320, 380 and 800 min after BN
injection. Time intervals refened to
different stages e.g. 35 min (sternotomy),
65 min (beginning of bypass), 125 min (mid
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bypass), 185 min (end bypass), 320 min (at
closure), 380 min (connecting to ventilators),
and 800 min (post-operative period). The
sampling times were selected to obtain 2
samples before CPB, 3 samples during ePB
and 3 samples after CPB. Plasma was
separated by centrifugation and stored at
_22°C until analysis. For drugs like BN
which are highly protein bound the effects
arc principally dependent on the free
(unbound) fraction, and hence in this study
only, the unbound plasma level (free
fraction) was estimated.

Sample analysis: BN plasma
concentrations were detected using
ultrafiltration and High Performance Liquid
Cho matography/Electrochemical det.ection
(HPLC/ECD). The separation of BN into the
protein bound and free fraction (unbound)
was done with the help of an ultrafiltration
(12) system (MPS Company, Amicon). This
system consists of a specimen cont.ainer
(capacity maximum 1.2 m!), which is
connected at it.s lower end with the
membrane support through a washer or
gasket by means of two clamps. The
isotropic and hydrophilic YMT membrane
used in this system had a minimal
separat.ion limit at a molecular weight of
30,000 Daltons. Its diameter was 14 mm and
was spun at 2000 g. To obtain an optimum
centrifuging time: and filtrate value, the
filtrate value was kept constant at 2S"C.
The ultrafiltrates were stored at -22"C and
analysed biochemically within 3 days.

Extraction: 1.00 ml of ultrafiltered
plasma was mixed with 0.1 N HCl (l Ill!)

and the new solution was agitated for 5 min,
then incubated at 56"C for 1 h. The solution
was neutralized with 0.1 N NnOH (1 Ill!) and
addition of 1 ml of phosphate buffer pH a.5.
The drugs were extracted with 5 ml toluene.
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After agitation and centrifugation, the
organic phase was purified by an additional
acidic extraction with 1 ml of IN HCI. The
aqueous layer was re·extracted after the
addition of 1 ml of 0.1 N NaOH and 1 ml of
phosphate buffer pH 8.5 with 5 ml of
toluene. After agitation and centrifugation,
the organic phase was taken off and
evaporated to dryness. The residue was
reconstituted in 50 l-ll of mobile phase and
injected into the HPLC column. The HPLC
conditions of this assay were the same as
reported before (l3). The drug was detected
connecting the HPLC (Waters 590 U.S.A.)
to an ECD (Waters 460) with 2 electrodes.
The working electrode was set at a potential
of 0.5 V and the second electrode was a
reference electrode.

Data on EN plasma concentration of
each sample was integrated using a
computer based data station integrator.
Areas of peak interest were collected from
the data station. Calculation was done by
PC-AT 286 Computer. The correlation
between concentration and area was
statistically evaluated. The detection limit
of EN plasma concentration \Vas 0.03 ng/ml
with correlation coefficient (r) more than
0.99 per cent.

Pharmacokinetic analysis: Pharmac
akinetic variables were estimated by
standard non linear least square regression.
Unbound drug plasma levels were fitted to
a sum of exponential curves using the
computer programme 'Pharmkit' based on a
stripping method.

Statistical analysis: All values are
expressed as mean % SEM. The paired 't'
test with Bonferroni correction was applied
to determine which time points were
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TABLE I : Demographic data (Mean :t SEM) of patients.

RESULTS
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Fig. 1: Unboun04 buprenorphine plillma conc:entnHion (Mean
:t SEM) after 10 pglkg iv bolul in patients undergoing
coronary artery byp8.11 lurgery (n '" 6).

-Indicatet tignil'icance from baseline (i.e. 5 min)
concentration uting t-tests with Bonferroni
correction.

Drugs such as BN have limited efficacy
and should be regarded as partial ~ opioid
agonist (14). BN also binds to other receptor
subtypes. Indeed, occupancy of low affinity
receptors at high concentrations may cause
antagonism of ~ mediated analgesia.
Keeping this in mind, this study was
designed to look at the pharmacokinetics

The plasma-concentration-time curve
fitted into a biexponential decay except in
one patient (patient 5) where it fitted to a
mono-exponential curve. Since the
difference was small, a biexponential
analysis was used on this data also. The
pharmacokinetic parameters are given in
Table III.

DISCUSSION

indicating that the plasma concentrations
rcmained adequately stable during CPB.
The concentrations in the post bypass period
declined slowly into the post-operative
period and was significantly lower from pre
CPB levels only from 380 min.

6

59 :t 9.83

All males

65.8 :t 5.7

165.4 :t 3.2

1.67 :t 0.2

10

No. of patientl

Age in yura

So.

Weight in kg

Height in cm

Surface area (M2)

DOle (pgfkg. iv)

significant in relation to baseline (time 5
min) and significance validated at P<0.05.

The BN plasma-concentrations (all
concentrations refer to unbound fractions)
at the various time points obtained in the
individual patients and the mean ± SEM
are shown in Table II and Fig.I. 5 min after
BN 10 ~gfkg, iv, the plasma concentration
in most patients (5 out of 6) were below 2
ng/m!. In one patient, the concentration was
higher, viz. 3.02 ng/ml (patient 1). The mean
± SEM concentration at this time point was
1.69 ± 0.29 ng/mt. The plasma concentration
declined gradually as expected over the first
65 min (pre bypass period). After initiation
of CPB there was a fa.irly rapid decline from
65 min to 125 min in all patients, the time
corresponding to mid bypass; the value at
mid bypass being 47.4% lower than pre
bypass level. By the end of bypass (l85 min)
the drug concentration rose to higher than
levels at mid bypass, though they failed to
attain pre bypass concentrations. None of
these changes werc statistically significant

The mean demographic data for the six
patients are shown in Table I. There were
no significant differences between any of
these patients for any of the variables.
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TABLE II : Unbound buprenorphine plasma concentration ng/ml
(Mean ± SEM) for patient! undergoing CABG.

Patients 1 2 3 , 5 6 (Mean ± SEM)

Control a a a a a a
5 1.50 3.02 1.90 lAO 1.28 1.05 1.69 1. 0.29

35 1.26 1.82 1.25 1.10 1.24 0.88 1.251.0.12

65 0.72 1.82 0.82 0.77 0.89 0.82 0.971.0.16

125 0.54 0.63 0.41 0.57 0.44 0.49 0.51 1. 0.03

185 0.66 0.72 0.82 0.64 0.55 0.57 0.66 ± 0.04

320 0.57 0.76 0.76 0.42 0.'11 0.49 0.56 ± 0.06

380 0.33 0.36 0.58 0.32 0.24 0.45 0.38 ± 0.04

800 0.27 0.30 0.28 0.32 0.03 0.21 0.23 :t 0.04

TABLE III ; Buprenorphine pharmacokinetic parameters after
10 ~g/kg bolus dose for 6 patients undergoing CABG.

PotienlS '''. ,,, Vd CI e..... AUC.,
number (min) (min) (litre) mllmin nglml nglmllllr

I 36.15 496.12 812.99 1135.80 1.25 581.07
2 56.93 532.17 658,06 857.40 2.87 758.37
3 16.26 630.48 818.04 899.00 2.39 744.98, 35.60 682.80 785.11 796.85 1.46 12.55
5 140.00 425.'12 2105.82 1.35 289.61
6 41.30 414.59 919.16 1536.40 0.97 494.56

Mean 37.24 482.69 736.46 1221.97 1.71 480.19
:tSEM 1.6.53 :t79.17 :t71.25 1.209.42 :to.30 ±117.77

Abbreviation: tY.r:.= Distribution half life; t'h.1 = EliminatiQn half life; Vd = Volume of distribution; Cl = Total
body clearance; C... = Maximum concentration; AUC = Area under concentration versus time curve.

TABLE IV : Comparative pharmacokinetic parameters of buprenorphine
(Mean) with those reported in literature.

Porometerll Present study Bullingllom et of. Hand et 0/. Hand et 01.
Ref. 17 Ref. 20 Ref. 20

Type of patientll Anaesthetised Anaestbetised Anaesthetised Ans.esthetised
(CPB) (Healthy) (Healthy) (Renal failure)

Age (yrs) 59.0 64.0 49.0 34.7
Weight (kg) 65.8 67.7 61.8 62.0
No. of ptll. 6 2' 6 9
M:F M 14 : 10 1 : 5 5 :4
t'h. (min) 37.24 11.2
tY.r:el (min) 482.69 139.6 397.7 239.2
Vd (L) 736.46 97.3 312.7 200.5
Clearance 1221.97 901.3 650.5 987.6
mUmin

Abbreviation: t'h. '"' distribution half-life; t'h.1 ~ elimination half-life;
Vd = Volume of distribution: Ciltotal = Total body clearance.
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After intravenous injection of a drug, the
arterial plasma concentration rises to a peak
within one circulation time, with the rise
time dependent on the degree of pulmonary
uptake. In case of lipophilic drugs like
opioids uptake into lung tissue is a major
factor, with approximately 75% of the dose
extracted during the first phase (15) B
appears to behave similar to other opioids.

The percentage free base is the
unionised fraction in a protein free aqueous
solution at pH 7.4 (16), the unbound fraction
is the unbound drug in plasma at pH 7.4
expressed as a percentage. The diffusible
fraction is the percentage of total drug in
plasma which is both unbound and
unionised at pH 7.4. Unbound and unionised
drug is the form that readily diffuses across
cell membranes and the free drug in the
tissues will easily equilibrate with free drug
in the plasma. Since BN is 96%- bound to
plasma proteins. only the free fraction would
show changes during and post CPS without
any detectable change in total
concentration. Hence in this study only free
fraction of BN was estimated.

and dose
undergoing
anaesthesia.

requirement for patients
CABG to provide stress free

did not measure the actual concentration of
free BN in the first 5 min after bolus
injection, we cannot compare our values
with this earlier report. On initiation of
CPS, BN concentration fell by about 47.4'1:
at mid bypass which is similar to the reports
on fentanyl, alfentanil, and sufentanil (9)
wherein concentrations were found to fall
to between 30-60<A. of pre CPB levels. The
reasons explained for this decline during
CPB arc haemodilution, hypothermia,
hydrophobic sequestration on to CPB tubing
(18). Inspite of the fall in BN plasma
concentrations to 0.51 ± 0.03 nglml, at mid
bypass none of our patients complained of
awareness during surgery indicating that
the concentration achieved is adequate for
the maintenance of analgesia and
anaesthesia during CPB. At the end of CPB
(185 min) plasma levels rose to 0.66 ± 0.04
nglml, a concentration higher than at mid
bypass but slightly lower than pre bypass
levels, which shows that very little drug was
lost in CPS circuit or due to metabolism
and thal the levels remain adequately stable
during CPB. The decay in the post bypass
period was slow and significantly lower
levels from baseline were noted only after
380 millS, indicating that the analgesic
effect was prolonged.

The changes in plasma BN concentrations
followed a biexponential pattern as reported
by Bullingham et al (17). Following a bolus
iv injection of 10 pg/kg BN, the mean
concentration change in the pre bypass
period was from 1.69 ± 0.29 nglml rrt 5 min
to 0.97 ± 0.12 nglml at 65 min. The plasma
level of B declines very rapidly with a
distribution half·life of 2 min as expected
for this very lipophilic drug (17). Since we

Though haemodynamic parameters of
BN in cardiac patients have been reported
earlier (19), the pharmacokinetic parameters
of BN in CABG has not been studied before,
hence we cannot compare our findings with
any similar study. However, the
pharmacokinetic parameters obtained in this
study are compared to kinetics obtained by
previous investigators on normal healthy
volunteers (17) and subjects with normal
and impaired renol function undergoing
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surgery (Table IV). In our study the
distribution H~ (37.24 ± 6.53 min) was
longer than that reported by Bullingham et
al (17). The elimination tlh in our study is
482.69 ± 79.17 min and is comparable to
that reported in anaesthetised patients (20).
Bullingham et al (17) however, reported
shorter tY.! in a similar group. The volume
of distribution in our study which is 736.46
± 71.25 L is much larger than that reported
by the others (17, 20). The total clearance
in this study is 1221.97 ± 209.42 is similar
to that in healthy human subjects (17),
while different from that reported by Hand
et al (20) in anaesthetised patients. These
differences may be due to different surgical
conditions, age and calculation of the kinetic
parameters based on the free fraction in this
study, while others seem to have based their
calculation on total plasma concentration
and also the technique used to measure
the drug concentrations. We have used
HPLC/ECD while others have used
Radioimmunoassay techniques.

Despite the limitations imposed by the
fewer number of blood samples in our study,
the concentrations and kinetics do not vary
much in comparison to the other most
commonly used narcotics like fentanyl,
sufcntanil or alfentanil during CABG.
Buprcllorphine 10 J.lg/ml has been reported
to be a good anaesthetic and analgesic for
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abdominal surgery, in fact it was found to
be better than fentanyl (21). In our study a
concentration of 0.51 ng/ml produced good
analgesia and no respiratory depression.
Because the decay is prolonged and since it
is our practice to ventilate all the patients
in the post CPB period, we find BN a safe
and very good alternative to other narcotics.
Moreover, unlike the other narcotics, muscle
rigidity, intraoperative awareness (except
one patient # 457 in the series) were not
present.
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