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Effect of Epidural Clonidine on Analgesia and Pharmacokinetics

of Epidural Fentanyl in Postoperative Patients

Sylvie Rostaing, M.D.,* Francis Bonnet, M.D.,t Jean Claude Levron, Ph.D.,} Jocelyne Vodinh, M.D.,*
Frédéric Pluskwa, M.D.,* Michel Saada, M.D.*

Epidural clonidine produces postoperative analgesia in patients
and potentiates opioid analgesia in animals. The aim of the current
study was to assess the effect of epidural clonidine on the plasma
concentrations and analgesic effect of fentanyl after epidural ad-
ministration. Twenty ASA physical status 2 or 3 patients recovering
from abdominal surgery were allocated randomly to receive either
epidural fentanyl (100 pg in 10 ml isotonic saline; EF group) or
epidural fentanyl (same dose) plus epidural clonidine (150 pg; EF+C
group) in isotonic saline solution. Analgesia was assessed over a
period of 12 h after epidural injection. Venous samples were obtained
until 360 min after epidural injection for radioimmunoassay deter-
mination of plasma fentanyl concentration. Onset of analgesia was
similar in the two groups of patients (136 and 13:t3 min, respec-
tively, after injection), but duration was more than doubled in the
patients receiving clonidine (543183 s. 250::64 min). Peak plasma
fentanyl concentrations (F.,,) and the time to reach Cy, (Tuax) Were
comparable in the two groups (0.29 + 0.15 ng-ml™! at 16.2 + 14.8
min in the EF group and 0.27 + 0.11 ng-ml™" at 8.3 + 5.5 min in
the EF+C group), as were plasma concentrations at each definite
time of measurement. Drowsiness and hypotension were noticed in
the EF+C group. Thus, epidural clonidine appears to prolong epi-
dural fentanyl analgesia without affecting its plasma concentration.
(Key words: Analgesics: opioids; fentanyl. Anesthetic techniques:
epidural. Sympathetic nervous system, ay-adrenergic agonist: clo-
nidine.)

EPIDURAL CLONIDINE produces effective analgesia in
postoperative patients.' Nevertheless, the duration of
action of clonidine is limited, and side effects such as
drowsiness and hypotension are common.!~® Spinal clo-
nidine enhances opioid-induced analgesia in laboratory
animals.®® Therefore, the combination of spinal or epi-
dural opioid with clonidine may be an attractive alter-
native for postoperative analgesia. It is well documented
that the agonist action of clonidine on a5 adrenergic re-
ceptors of the spinal cord is responsible for its analgesic
effect.®!? In addition, as agonist agents are able to induce
vasoconstriction.!! When administered epidurally, clo-
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nidine may enhance the effect of epidural fentanyl by one
or both of these two mechanisms. Therefore, the current
study was designed to assess the analgesic effect of epidural
clonidine combined with epidural fentanyl and to evaluate
the consequences of epidural administration of clonidine
on plasma fentanyl concentrations.

Materials and Methods

Informed consent and approval from our institutional
Ethics Committee were obtained. Twenty ASA physical
status 2 or 3 patients recovering from abdominal aorta
surgery were included in the study. Surgery was per-
formed under epidural anesthesia combined with general
anesthesia. Epidural catheters were inserted at the T12~
L1 or L1-L2 level. The anesthetic agents administered
were 0.5% bupivacaine, thiopental, nitrous oxide 50% in
oxygen, and isoflurane. Fentanyl 100 pg was injected in-
travenously before orotracheal intubation; no additional
opioid was given thereafter. Postoperatively, patients’ vital
signs were monitored in an intensive care unit. Before
the study was begun, patients had recovered fully from
the bupivacaine-induced sensory and motor blockade. We
considered recovery complete when no fade in tactile
sensation could be discerned and when patients moved
their lower limbs freely. Patients were fully consciousand
were breathing spontaneously when the study began. In
all patients a nasogastric tube and a bladder catheter had
been inserted.

At the first complaint of pain during recovery from
blockade, each patient rated his or her pain on a visual
analog scale (VAS) graded from 0 (no pain) to 10 (max-
imum pain).'? Patients were randomly assigned to receive
an epidural injection of 100 ug fentanyl (EF group) in a
10 pg-ml! isotonic saline solution administered in 2-3
min or 100 pg fentanyl plus 150 ug clonidine in an equiv-
alent volume of isotonic saline (EF+C group). The pain
score was assessed by an independent observer and re-
corded every 5 min for 15 min and every 15 min for 1 h
after epidural fentany! or fentanyl plus clonidine injection
and then every 30 min for 11 h.

At the first complaint of pain after injection of fentanyl
or fentanyl plus clonidine, patients were given an intra-
venous injection of 1 g paracetamol. Pain scores after par-
acetamol were not included in analysis.

To measure the analgesic effects in each patient by the
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percent reduction in pain after epidural fentanyl or fen-
tanyl plus clonidine injection, we used the equation'®:

Pain reduction (%)

_ initial VAS score — EF or EF+C VAS score
initial VAS score

X 100

where the initial VAS score is the value recorded before
injection of fentanyl or fentanyl plus clonidine, and the
EF or EF+C VAS score represents the pain score for each
patient after administration of fentanyl or fentanyl plus
clonidine. We considered the duration of analgesia to be
the time elapsed between drug administration and the
first paracetamol injection.

Patients received a 5-ml/min Ringer’s lactate infusion
during the study. We measured arterial blood pressure
and heart rate before and every 5 min during the study
with an automatic blood cuff (Dinamap,® Critikon). Hy-
potension was treated by intravenous colloid infusion and
then by intravenous ephedrine bolus when mean arterial
blood pressure decreased by more than 25% of control
value or when systolic arterial pressure was lower than
90 mmHg. We also monitored expired carbon dioxide
partial pressure and respiratory rate with a capnograph
(Capnomac,® Datex) connected to a nasopharyngeal can-
nula and arterial hemoglobin saturation (Spo,) with a pulse
oximeter (Nellcor 200®) for 360 min. If Spo, became
< 93%, 3 1-min~' oxygen was administered via a pha-
ryngeal cannula and the corresponding values of expired
carbon dioxide pressure were not included in analysis.

Blood samples for determination of plasma fentanyl

concentrations were collected in heparin tubes via a ve-
nous catheter immediately before and at 5, 10, 15, 20,
25, 30, 40, 60, 90, 120, 180, 240, and 360 min after
epidural fentanyl! injection. Blood samples were centri-
fuged at 4° Cand 3,000 rpm and plasma frozenat —30° C
before analysis. Fentanyl concentrations were determined
by radioimmunoassay technique'*'® (developed in the
Department of Biochemistry and Medical Chemistry,
Janssen) with a minimum detected concentration of 0.1
ng/ml. The intra- and interassay coefficients of variance
were 3%. We plotted plasma concentration versus time
for each sampling interval. Peak plasma fentanyl concen-
trations were identified as Fqx and the time to reach peak
concentrations as Ty y.

TABLE 1. Patient Characteristics
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TABLE 2. Features of Epidural Fentanyl Analgesia

Pain Assessment before
Clonidine Administration | Maxi Pain Duration of
Group (VAS score) Relief (%) Action (min)
Epidural fentanyl 6.0+ 1.0 93 £ 15 | 250 + 64*
Epidural fentanyl
+ clonidine 6.1 +1.2 85 +22 | 543 £ 183*

Data are means + SEM.
* P < 0.05, intergroup comparison.

Whenever homogeneous variance between the groups
was not verified, a nonparametric analysis (the Mann-
Whitney test) was performed for comparing the two
groups. Mean arterial blood pressure, heart rate, respi-
ratory rate, expired carbon dioxide concentrations, and
Spo, data were analyzed using a two-way analysis of vari-
ance for repeated measurements and Student’s ¢ test. VAS
scores were analyzed using a Mann-Whitney test. Dura-
tions of analgesia in the two groups were compared using
the Kaplan-Meier method and a log-rank test. Differences
were considered significant when P < 0.05.

Results

Our study groups were similar in age, weight, height,
and sex ratio (table 1). The study was conducted on the
first postoperative day. VAS scores before epidural fen-
tanyl administration were high (table 2). Epidural fentanyl
administration was performed 645 = 85 and 690 + 105
min after the end of surgery in the EF and the EF+C
groups, respectively. Onset of analgesia was apparent after
13 £+ 6 min in the EF patients and after 13 = 3 min in
the EF+C patients (figs. 1 and 2). The maximum reduc-
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Sex Weight
Group (M/W) Age (yr) (kg) Height (cm)
Epidural fentanyl 9/0 6311 | 6913 167 £ 8
Epidural fentanyl
+ clonidine 6/3 63415 | 67 £17 164 £ 5

Data are means + SEM.
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FiG. 1. Changes in VAS score until 700 min after epidural fentanyl
of fentanyl plus clonidine. After 360 min, all patients of the epidural

fentanyl group had received paracetamol; their scores after 360 min
were deleted from analysis.
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FIG. 2. Percentage reduction in VAS pain score obtained in the two
study groups after epidural fentanyl or fentany! plus clonidine injection.

tion in VAS pain score ranged from 57 to 100% in EF
patients and from 40 to 100% in EF+C patients (figs. 1
and 2 and table 2) and occurred 35 = 25 and 45 * 25
min after the epidural injection in groups EF and EF+C,
respectively (P not significant). The duration of analgesia
was significantly longer in the EF+C group (table 2 and
fig. 3). At 360 min all the patients of the EF group but
only 1 of the patients of the EF+C group had received
paracetamol. The actual time elapsed between fentanyl
and the first paracetamol injection was 261 % 59 min in
EF patients and 576 + 184 min in EF+C patients (P
< 0.01) (table 2).

We obtained plasma fentanyl concentration versus time
curves in nine EF and nine EF+C patients. In none of
the patients was the plasma concentration of fentanyl de-
tectable before epidural injection. There was marked
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FIG. 3. Percentage of patients not requesting analgesia after epidural
fentanyl or fentanyl plus clonidine. At the first request for additional
analgesia, study of the individual patient was terminated. A log-rank
test indicates that the two curves representing the epidural fentanyl
and fentanyl plus clonidine groups are significantly different.
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variability among patients of both groups in plasma con-
centration versus time (fig. 4). Values of Cpax and Ty
were comparable in the two groups: Ciax was 0.29 = 0.15
in the EF group and 0.27 + 0.11 ng+17! in the EF+C
group, and Ty was 16.2 + 14.8 min in the EF group
and 8.3 # 5.5 min in the EF+C group.

Arterial blood pressure decreased in both groups (fig.
5). The maximum decrease in systolic pressure was 15.5
% 17.9% in the EF group and 35.5 % 13.3% in the EF+C
group (P < 0.05), and the maximum decrease in diastolic
pressure was 12.0 *+ 16.3% in the EF group and 30.4
+ 10.7% in the EF+C group (P < 0.05). Eight patients
required an intravenous colloid infusion (656 + 132 ml),
and of these eight, three in the EF+C group received
ephedrine for hypotension (lowest limit 89/57 mmHg).
Heart rate also decreased significantly (P < 0.05) but
transiently (120 min) in both groups; there was no sig-
nificant difference between groups. We detected brady-
cardia (heart rate < 50 beats per min) in one EF+C pa-
tient.

Respiratory rate decreased slightly but significantly in
both groups (from 20.7 * 4.0 to 18.3 =+ 4.3 breaths per
min at 60 min in the EF group [P < 0.05] and from 20.8
+ 5.8 to 18.1 = 3.6 breaths per min at 60 min in the
EF+C group [P < 0.05]), but no difference was found
between groups. Expired carbon dioxide partial pressure
increased similarly in the two groups (from 39.4 = 3.6 to
42.2 + 3.9 mmHg at 120 min in the EF group [P < 0.05]
and from 35.6 + 5.8 to 37.4 = 5.1 mmHg at 90 min in
the EF+C group [P < 0.05]). Spo, < 93% was noted at
least once in three patients in the EF group and in four
in the EF+C group and was treated with oxygen through
a nasal cannula; these patients were deleted from carbon

dioxide data analysis. All patients after EF+C adminis-
tration were sedated, i.e. asleep most of the time. Sedation
lasted 128 * 66 min (range 30-225 min) in this group.
In the EF group patients were occasionally drowsy or were
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F1G. 4. Measured plasma fentanyl concentrations after epidural ad-
ministration. Each point represents the mean value &= SEM.

20z ludy 01 uo 3sanb Aq ypd°20000-000601 66 1-Z¥S0000/9818€9/0Z/€/G L/}Pd-01o11e/AB0|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Anesthesiology
V 75, No 8, Sep 1991

MEAN ARTERIAL PRESSURE
10

mmHg
100 L O -0
H ST
N et
g Y 1 ! |
9% LY 0 —{O— fentany
\ L1 - —f— {enlanyl+clonidine
L]
A
80
)
70 \\
time {min)
60 1] T T T 1
100 200 300 400
HEART RATE
100
bimin-1

90 A

80

—A— lentanyl
—&— fenlanylsclonidine

time {min)

T T T 1
0 100 200 300 400

FIG. 5. Changes in mean arterial pressure and heart rate in the two
groups of patients. Values are given every 15 min after 60 min. In the
fentanyl plus clonidine group, mean arterial pressure was significantly
lower than the control value (P < 0.05) and than the corresponding
value in the fentanyl group (P < 0.05) from 5 to 360 min after the
epidural injection. In the fentanyl group, mean arterial pressure was
significantly lower than the control value at 45 and 60 min. Heart rate
did not differ significantly between the two groups but was lower than
the control value (P < 0.05) at 20, 25, and 30 min in the fentanyl plus
clonidine group and at 40 min in the fentanyl group.

sleeping intermittently. No patient complained of pruri-
tus. Since all patients had a bladder catheter, no urinary
retention was observed.

Discussion

This study demonstrates that epidural clonidine mark-
edly prolongs the analgesic effect of epidural fentanyl.
The combination of opioid and clonidine has been assessed
in humans in previous studies. Eisenach et al. documented
that epidural clonidine decreased intravenous morphine
requirements provided by patient-controlled analgesia in
postoperative patients as well as in cancer patients.*'® In
addition, systemically administered clonidine enhanced
postoperative analgesia provided by epidural morphine
or alfentanil.!”!8 In one study, spinal clonidine was com-
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bined with spinal morphine and decreased the patient-
controlled morphine requirements without decreasing
significantly pain intensity.§ In another study, epidural
clonidine was combined with epidural sufentanil.'® In that
study,'? the maximum pain relief was not different be-
tween patients who received epidural sufentanil alone and
those who received epidural sufentanil plus clonidine. The
duration of analgesia was significantly prolonged in those
who received epidural clonidine even though they re-
ceived only half the epidural sufentanil dose of the other
group. In the current study, epidural clonidine also sig-
nificantly prolonged the duration of analgesia induced by
epidural fentanyl, and the degree of pain relief and the
onset of action were unchanged. The analgesic effect of
epidural fentanyl also appears to be prolonged when in
combination of epidural clonidine, in comparison to pre-
vious studies.2’-*? In addition, analgesia induced by epi-
dural clonidine plus fentanyl appears to last longer than
that induced by epidural clonidine as the sole agent, as
observed in previous studies in which a 200-210-min du-
ration of action was noted.*®

Numerous laboratory reports support an ag-adrenergic
mediation of the analgesic effect of clonidine at the spinal
cord level.”!° In addition, low doses of intrathecal clo-
nidine and morphine, each unable by itself to suppress
the activity of wide—dynamic-range neurons of the spinal
dorsal horn, have a significant effect when combined.” In
other laboratory studies intrathecal clonidine allowed a
reduction of the dose of morphine that produces an an-
algesic effect.52*

Plasma concentrations of fentanyl, Fp.y, and Trax were
comparable in the two groups of patients.

Segal et al. reported that plasma alfentanil concentra-
tions were greater in patients who received transdermal
clonidine.!” This result is not at variance with our own,
because the routes of administration were different. In-
deed, in this previous study,'” parenteral clonidine might
have impaired the elimination of parenteral alfentanil by
a decrease in cardiac output and hepatic blood flow.*
This hypothesis has also been suggested to explain the
higher peak plasma concentrations after epidural admin-
istration of lidocaine with clonidine as compared to the
peak concentration after lidocaine plain solution.?® Our
study cannot demonstrate differences in plasma fentanyl
concentrations when epidural clonidine is administered.
Nevertheless, one cannot exclude that a decrease in fen-
tanyl vascular uptake related to a vasoconstrictive effect
of clonidine on the epidural venous plexus* might have
counterbalanced its possible effect on fentanyl elimination.

§ Coombs DW, Jensen LB, Murphy C. Microdose intrathecal mor-
phine for postoperative analgesia (abstract). ANESTHESIOLOGY 67:
A238, 1987,
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Administration of clonidine via the epidural or par-
enteral route is responsible for the side effects, such as
sedation and hypotension, demonstrated in this study as
well as in previous studies.'™® Sedation is related to a su-
praspinal effect of clonidine after its vascular absorp-
tion.28?7 Hypotension has been reported to be maximum
after a 400-600-ug epidural dose of clonidine but was
less marked after injection of lower doses*!” or of higher
doses, because of the vasoconstrictive effect of the drug.*
In previous studies conducted in ASA physical status 1
patients, hypotension was mild and well tolerated,*® but
in the current study, conducted after major abdominal
surgery, hypotension required treatment in 8 of 10 pa-
tients in the clonidine group, as in two previous reports.*1
The site of the injection also may have been an important
factor related to hypotension: Kubo et al. demonstrated
that spinal injection at the T6-T7 level resulted in more
pronounced hypotension than did cervical injection, sug-
gesting that the blockade of the intermediolateral cell col-
umn, the main site of origin of the sympathetic pregan-
glionic neurons, is an important mechanism of action of
clonidine.?® Although hypotension responded readily to
treatment, it appears to be a limitation in the use of epi-
dural bolus doses of clonidine in postoperative patients.

Respiratory depression is a common feature of epidural
opioids.2*? Epidural fentanyl has been documented to
decrease respiratory rate, to increase arterial carbon
dioxide tension,?’ and to depress the slope of the venti-
latory response to carbon dioxide.*® Accuracy of moni-
toring expired carbon dioxide pressure from a pharyngeal
or nasal cannula is controversial but may indicate a trend,
if no flow of oxygen is administered.?® Although this study
was not designed to assess ventilatory control after epi-
dural analgesia, respiratory depression was not more
marked when patients had received epidural clonidine.
Similarly, it has been demonstrated recently that clonidine
did not induce respiratory depression in healthy volun-
teers.?!

In conclusion, this study demonstrates that epidural
clonidine markedly prolongs the analgesic effect of epi-
dural fentanyl in postoperative patients. Epidural bolus
administration of clonidine results in side effects such as
sedation and hypotension. Whether epidural infusion of
small doses of clonidine and opioid produces analgesia
with fewer side effects is the now being investigated.

{ Petit ], Oksenhendler G, Colas G, Danays T, Leroy A, Winckler
C. Pharmacokinetics and effects of epidural clonidine in acute post
operative pain (abstract). Regional Anesthesia 14(suppl):543, 1989
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