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Intravenous or Epidural Clonidine for Intra- and

Postoperative Analgesia

M. De Kock, M.D.,* B. Crochet, M.D.,t C. Morimont, M.D.,t J-L. Scholtes, M.D.}

Background: Intravenous and epidural clonidine both pro-
duce postoperative analgesia. Several experimental reports
demonstrate a spinal site of action for the analgesic effects of
this a,-adrenoceptor agonist. Therefore, the authors evaluated
the clinical analgesic benefits of using clonidine, both intra-
and postoperatively, by the epidural or the intravenous route.

Methods: Using a randomized prospective double-blind study
design, 40 patients, between 18 and 50 yr of age, undergoing
intestinal surgery under general propofol/nitrous oxide
anesthesia, were enrolled. Before anesthesia, an epidural
catheter was inserted at the L1-L2 interspace. At induction, a
clonidine infusion was started at the doses of 4 pg/kg in 10
ml during 20 min, followed by 2 ug-kg™ +h™* (5 ml/h) during
12 h, either by the epidural (group 1) or by the intravenous
(group 2) route. Intraoperatively, increased blood pressure
and heart rate not responding to additional propofol bolus
(0.5 mg/kg) was treated with a bolus of alfentanil (7 ug/kg).
Postoperatively, morphine boluses (1.5 mg) were given
through a PCA device according to the patient’s need. Intra-
operative analgesia was assessed by the alfentanil require-
ments. Postoperative analgesia was assessed by recording the
morphine requirements, the visual analogue scale (VAS) at
rest and after mobilization, and the patients’ analgesia scale
at 0, 3, 6, 12, 18, 24, and 36 postoperative hours. Sedation
analogue scale and side effects were also recorded. Heart rate
and blood pressure were particularly detailed during the first
2 h of the clonidine infusion. Plasma clonidine concentrations
were measured after 20 min and 6, 12, and 24 h.

Results: Epidural clonidine significantly reduced the intra-
operative alfentanil requirements (0.93 + 1.2 in group 1 vs.
2.4 + 1.8 mg in group 2). The postoperative morphine require-
ments were also reduced during the first 6 h (8.3 + 5.8 in
group 1 vs. 17.8 * 13.4 mg in group 2). The VAS were com-
parable in both groups, despite the better patients’ analgesia
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score reported in the epidural group during the first 12 h.
There was no difference in sedation score at any time interval
considered. Epidural and intravenous clonidine reduced heart
rate and blood pressure to the same extent. The plasma clo-
nidine concentrations were less in the epidural group only
after the loading doses.

Conclusions: Epidural clonidine reduces the intra- and early
postoperative analgesic requirements when compared with
the same dose given by the intravenous route. The side effects
were similar with the two routes of administration. (Key
words: Analgesia, epidural, parenteral: clonidine. Anesthetics,
gases: nitrous oxide. Anesthetics, intravenous: alfentanil.
Pharmacology: clonidine. Sympathetic nervous system, a,-ad-
renergic agonist: clonidine.)

EPIDURAL and intravenous clonidine produce post-
operative analgesia.'~*§ Several experimental reports
have demonstrated a spinal site of action for the anal-
gesic effects of this «y-adrenoceptor agonist.” In the
spinal dorsal horn, a,-adrenoceptor agonists depress
the activity of the wide dynamic range neurons and
depress the release of substance P.>¢ A segmental spinal
effect has been demonstrated, both in animals and hu-
mans.”® For these reasons, it could be hypothesized
that epidural clonidine is more effective than is intra-
venous clonidine in relieving intra- and postoperative
pain. The current clinical investigation has been per-
formed to test this hypothesis.

Materials and Methods

This double-blind study was approved by the Insti-
tutional Ethics Committee, and all subjects gave in-
formed consent. Forty adult patients between 18 and
50 yr of age scheduled for extensive intestinal resection
for inflammatory bowel disease or second-stage rean-
astomosis participated in this study. Exclusion criteria
were: chronic use of any antiinflammatory, cardiovas-
cular, or psychotropic medications, including benzo-
diazepines; any renal or hepatic dysfunction; acute in-
flammatory bowel process at the time of surgery; in-
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ability to understand the study protocol; and a history
of allergic reaction to any of the study drugs. A previous
abdominal procedure was a required inclusion criteria.

The day before surgery, the study protocol was ex-
plained to the patients. They were asked to push the
analgesic demand button of the PCA device (Abbott
LifeCare 4200, Chicago, IL) any time they experienced
pain and until pain was relieved. The pain VAS was
clearly explained. Arterial blood pressure and heart rate
at rest were recorded.

The night before surgery, all patients received 2 mg
lormetazepam. Another 2 mg were given sublingually
1 h before the procedure, followed, 30 min later, by
7 ug/kg atropine intramuscularly.

Once in the operating theater, an epidural catheter
was inserted in all patients vig the L1-L2 interspace
using the loss-of-resistance technique (no local anes-
thetic test dose was used). At this time, patients were
randomly assigned to receive either epidural clonidine
and intravenous saline (group 1) or intravenous clo-
nidine and epidural saline (group 2). In both groups,
clonidine was given in 20 min at the dose of 4 ug/kg
in 10 ml, followed immediately by a continuous in-
fusion of 2 ug-kg™' +h™' (5 ml/h) during 12 h. The
saline solution was infused using the same volume and
pattern. The induction of anesthesia began at the end
of the loading dose.

Intraoperative monitoring included an intraarterial
catheter for systemic blood pressure monitoring, a
central venous catheter for CVP monitoring, ECG lcads
V5 and 11 (Datex Cardiocap; Datex Capnograph, Hel-
sinki, Finland) for analysis of expiratory CO, and in-
spiratory O; and N,O, an esophageal temperature mon-
itor, and a pulse oximeter for measurement of periph-
cral hemoglobin oxygen saturation (Spo,).

Anesthetic management consisted of 7 ug/kg alfen-
tanil, propofol titrated until there was loss of the eyelid
reflex(+£2mg/kg),andatracurium (0.5mg/kg) forinduc-
tion. Anesthesia was maintained with a propofol infu-
sion of 2 mg-kg™' +h™' and 50% nitrous oxide in ox-
ygen. Neuromuscular blockade was maintained with a
continuous infusion of atracurium (5 ug- kg™ - min™").

Additional doses of propofol were given in response
toa 20% increase of the mean arterial pressure or heart
rate recorded at the end of the loading dose of clonidine
and before skin incision (clonidine baseline). The ab-
sence of return to this clonidine baseline after 3 min
prompted the injection of a bolus of 7 ug/kg alfentanil.

The atracurium infusion was discontinued at the be-
ginning of the closure of the peritoneum. The propofol
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infusion and nitrous oxide were discontinued at the
last skin suture.

The following assessments were made:

1. Intraoperative anesthetic (propofol) and analgesic
(alfentanil) requirements according to the hemo-
dynamic parameters were recorded.

2. Intraoperative hemodynamics were monitored
continuously throughout the study period, and,
during the first 2 h following the initiation of the
clonidine infusion values, were recorded at 2 min
intervals.

3. Time to awakening from anesthesia was determined
as the time from discontinuation of the nitrous oxide
and propofol until the time the patients first opened
their eyes in response to verbal command.

4. Arterial pH, po,, and Pco, were measured (Corning
blood gas analyzer, Medfield, MA) at arrival in the
recovery room and 3 h after tracheal extubation.

5. Degree of postoperative sedation was determined
according to a four-point sedation scale at 0, 1.5,
3, 6, 12, 18, 24, and 36 postoperative hours. The
scale was as follows: 0 = alert; 1 = drowsy but easily
aroused to an alert state by verbal command; 2 =
sleeping and arousable by verbal command; and 3
= sleeping not arousable by verbal stimuli, but
arousable to a drowsy state by tactile stimulation.

6. Postoperative analgesic requirements were assessed
using a patient-controlled analgesic delivery system
that the patient activated to deliver a preset bolus
of 2 mg/ml morphine. The PCA settings were mor-
phine bolus dose, 1.5 mg, at a lockout interval of
7 min, with a 4-h limit of 30 mg. Both the met and
unmet demands were noted.

7. Pain was evaluated by an observer unaware of the
routes of clonidine injection, using a 10-cm VAS (0
= no pain, 10 = maximum pain) at rest after 3, 6,
12, 18, 24, and 36 h and during mobilization from
the supine position in bed to the sitting position in
the armchair at 12, 18, 24, and 36 postoperative
hours. A verbal rating score (0 = no pain; 1 = mod-
erate abdominal pain but good control with the PCA
pain therapy; 2 = moderate to severe abdominal
pain and poor control with the PCA; and 3 = un-
bearable pain) was also used immediately after tra-
cheal extubation and at 3, 6, 12, 18, 24, and 36
postoperative hours. After 48 h, patients were asked
to evaluate their postoperative pain management
using a three-point scale (1 = bad, 2 = simply good,
and 3 = better than expected).
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8. Plasma clonidine concentrations were determined
in 20 patients (10 in each group, randomly sampled
from the entire group) using a radioimmunoassay
method on blood sampled after the loading dose,
6 h after the start, at the end of the continuous in-
fusion, and 12 h later. The sensitivity of this assay
was 0.1 ng/ml with a coefficient of variation of less
than 15%.

9. Perioperative complications were recorded (e.g.,
heart block, intraoperative hypotension, awareness,
orthostatic hypotension, rebound hypertension, and
nausea and vomiting.)

Statistical comparisons of independent variables were
based on £ test. Analysis of variables over time was eval-
uated by one-way univariate ANOVA with repeated
measures (CSS statistica; Statsoft, Tulsa, OK). When
applicable, intergroup differences were analyzed by
Tukey’s least significant differences test.

Nonparametric categorical variables were analyzed
by Kruskal-Wallis ANOVA by ranks test. A P value <
0.05 was considered statistically significant.

Results

The demographic data of the patients who partici-
pated in the study are summarized in table 1. There
was no significant difference between the two clonidine
groups with respect to age, gender, weight, height, ASA
physical status, and duration of surgery. The placement
of the epidural catheter was easy and successful at the
first attempt in all of the patients.

Anestbesia and Intraoperative Analgesia

(Table 2)

The dose of propofol required to induce anesthesia
was the same in both groups (124 = 29.7 mg in the

Table 1. Demographic Data

Epidural Intravenous

Clonidine Clonidine

(Group 1, {Group 2,

n = 20) n = 20)
Age (yr} 34276 36.8 +10.7
Weight (kg) 67.6 + 13.1 59.6 = 16.2
Height (cm) 175.8 + 8.9 169.8 + 9.3
Male/female 13/7 1877
Previous abdominal procedure (n) 201 22+07

Results are mean = SD. No statistically significant differences were noted be-
tween the two groups.
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Table 2. Intraoperative Anesthetic and
Analgesic Requirements

Epidural Intravenous
Clonidine Clonidine
(Group 1, (Group 2,
n = 20) P n = 20)
Duration of anesthesia
(min) 294 + 84 3156 £70
Propofol
Induction dose (mg) 124 + 30 NS 129 + 44
Reinjections
N 3.2 +3.1 <0.01 74 %49
Dose (mg) 9756942 <0.01 216.4+141.2
Total dose (mg)
(including infusion) 858 + 281 NS 964 + 388
Alfentanil
Induction dose (mg) 050 NS 0.53 = 0.1
Reinjections
N 19+25 <0.01 47 £ 3.5
Dose {(mg) 093+1.2 <0.01 24+18
Total dose (mg) 14+1.4 <0.05 29+18

Results are mean + SD.

epidural group vs. 129 + 44.1 mg in the intravenous
group). More anesthetic reinjections, according to the
hemodynamic parameters, were required in patients of
group 2 (7.4t 4.9vs. 3.2+ 3.1ingroup 1; P<0.01).

Additional alfentanil boluses were administered 1.9
+ 2.5 times in group 1 versus 4.7 £ 3.5 in group 2 (P
< 0.01). The total doses of alfentanil administered were
1.7 £ 1.7 mg in group 1 versus 2.9 = 1.8 mg in group
2 (P = 0.03). Patients in group 1 recovered sooner
than patients in group 2 (11 £ 2.9 min vs. 14 + 3.9
min; P < 0.01). The values of the arterial blood gases
were comparable in both groups.

At arrival in the recovery room, pH was 7.33 % 0.03
versus 7.34 + 0.02, po, (Fip, 0.4) 182 *+ 21 versus
190 = 21 mmHg, and p¢o, 40 *+ 3 versus 40 = 3 mmHg
in groups 1 and 2, respectively.

After 3 h, pH was 7.36 £ 0.03 versus 7.35 £ 0.02,
Po, (Flp, 0.21) 96 = 8 versus 100 + 21 mmHg, and
Pco, 39 = 2 versus 39 + 2 mmHg in groups 1 and 2,
respectively.

Postoperative Analgesia

At the time of tracheal extubation, one patient in the
epidural group complained of moderate abdominal
pain, versus four patients in the intravenous group (P
= 0.04). The first analgesic demand occurred 103 *
115 min after tracheal extubation in the epidural group
and 83 = 106 min in the intravenous group (P = 0.57).
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Fig. 1. Postoperative morphine requirements (mg) in patients
having received epidural (group 1; n = 20) or intravenous
(group 2; n = 20) clonidine at different postoperative times.
Results are mean + SD. *P < 0.001 (comparison between group
1 and group 2).

Epidural clonidine (group 1) reduced the morphine
requirements during the first 6 postoperative hours (P
<0.001; fig. 1). The number of analgesic demands was
also fewer at this time (P < 0.01; fig. 2).

After completion of surgery, but still during the in-
fusion of clonidine, less morphine was required in the
epidural group (6 + 3.7 vs 12.4 £ 9.5 mg p < 0.01).

A comparable level of pain at rest and after mobili-
zation was demonstrated by the VAS in both groups at
the different postoperative time (fig. 3). Patients in the
epidural group reported better pain scores (P < 0.05)
during the first 12 postoperative hours.

% ERl metgrt
R unmel.grt
7ZA metgrz
[ unmet.gr2

Number of demands

7

18-24 hours

0-6 hours 6-12 hours 12-18 hours

Fig. 2. Analgesic demands (both met and unmet) of the patients
having received epidural clonidine (group 1; n = 20) or intra-
venous (n = 20) clonidine at different postoperative times.
Results are mean  SD. The difference between the two groups
is significant (P < 0.01) only during the first period (0-6 h).
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Fig. 3. Changes in VAS score in patients having received epi-
dural (group 1; n = 20) or intravenous (group 2; n = 20) clo-
nidine at different postoperative times.

The majority of the subjects were satisfied with their
postoperative pain management. Thirty-cight patients
rated their analgesia as better than expected, and two
patients rated it as good (one in each group).

There was no difference in the sedation scales be-
tween the two groups at any time interval considered.
No patients received a score of 4 (fig. 4).

Hemodynamic values at rest the day before surgery
were comparable in the two groups. Preinduction heart
rate was significantly higher in the epidural group (P
< 0.05). Intravenous and epidural clonidine given
during the induction of anesthesia significantly reduced
the preinduction values of heart rate and mean arterial
blood pressure to the same extent (P < 0.01, 10 min
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Fig. 4. Sedation scores at the arrival in the recovery room
(RR1) and after 1.5 (RR2), 3, 6, 12, 18, 24, and 36 postoperative
hours in patients having received epidural (group 1; n = 20)
or intravenous (group 2; n = 20) clonidine. Score 0 = alert;
Score 1 = drowsy but easily arousable to an alert state by
verbal command; Score 2 = sleeping and arousable by verbal
command; and Score 3 = sleeping and not arousable by verbal
stimuli, but arousable to a drowsy state by tactile stimulation.
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Fig. 5. Changes in heart rate after epidural (group 1) or intra-
venous (group 2) clonidine. Results are expressed as mean *
SD. Based on the preinduction values (—4 to 0), heart rate
decreased significantly in both groups (P < 0.01) from 10 min
after clonidine administration. The dashed line represents the
values at rest the day before surgery. None of the hemody-
namic values presented are significantly reduced compared
with these values.

after the start of the infusion). Minimum heart rate and
mean arterial blood pressure occurred approximately
10 min after the end of the loading dose in both groups.
None of the hemodynamic values considered were sig-
nificantly reduced compared with the values taken at
rest the day before surgery (figs. 5 and 6).

In none of the patients considered was bradycardia
or hypotension sufficient to require a specific interven-
tion during the observation period. The plasma levels
of clonidine were comparable in the two groups, ex-
cept at the end of the loading dose, when higher cir-
culating levels were measured after intravenous injec-
tion (fig. 7).

The frequency of side effects was low in both groups
of patients. Specifically, none of the patients experi-
enced nausea or vomiting. The most frequent side effect
was xerostomia. None of the patients developed re-
bound hypertension during the first postoperative
wecek. The postoperative course was uneventful for all
of the patients, except for one subject in the epidural
group, who developed a severe depression requiring
management with specific drugs.

Discussion

Clonidine, an imidazolin a,-adrenoceptor agonist,
reduces both intra- and postoperative analgesic re-
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Fig. 6. Changes in mean arterial blood pressure after epidural
(group 1) or intravenous (group 2) clonidine. Results are ex-
pressed as mean * SD. Based on the preinduction values (—4
to 0), mean arterial blood pressure decreased significantly in
both groups (P < 0.01) from 10 min after clonidine adminis-
tration. The dashed line represents the values at rest the day
before surgery. None of the hemodynamic values presented
are significantly reduced compared with these values.

quirements.®"'! These effects are obtained using the
systemic or epidural route, and there is some debate
regarding the most efficient route.®!?

In our group of patients, all of whom had had pre-
vious postoperative pain experience, a slight but sig-
nificant analgesic advantage was demonstrated using
the epidural versus the intravenous route. In contrast,
however, Bonnet et al. observed no difference when
comparing the postoperative analgesic effects of a bolus
of 2 ug/kg clonidine given by the epidural or the in-
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Fig. 7. Plasma clonidine concentrations after epidural (group
1; n = 10) and intravenous (group 2; n = 10) administration.
Each point represents the mean value * SD. *P < 0.01.
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tramuscular route.'* The major explanation for the dif-
ference may be in the amount of clonidine used.

The intravenous loading dose and continuous infu-
sion chosen in the current study were reported to im-
prove postoperative analgesia after abdominal surgery
when compared with classic opioid management.'' The
same dose and pattern of infusion were chosen for the
epidural infusion. Epidural clonic'ine has a relatively
high CSF bioavailability and produces postoperative
analgesia at doses greater than 3 pg/kg.? Despite a
plasma elimination half life of 3-6 h, the analgesic
effect of epidurally injected clonidine is short lived,
and a continuous infusion is required for a sustained
effect.®'? In volunteers in whom experimental pain is
produced with cold immersion, a linear inverse cor-
relation of CSF clonidine to VAS pain was found with
maximal reduction in VAS pain at concentrations
greater than 100 ng/ml.* Glynn obtained some pain
relief in six patients suffering deafferentation pain, after
epidural injection of 150 ug clonidine reaching a max-
imum mean CSF concentration of 228 + 56 ng/ml; in
these patients, the mean CSF elimination half life was
66 + 2 min." Keeping in mind that the epidural site
acts as a “depot” for the lipophilic drugs,'® the high
dose of clonidine used in the current study, and the
clevated plasma levels found after epidural infusion,
indicate that such a CSF concentration was most cer-
tainly reached. It may account for the differential an-
algesic effect demonstrated between the two routes.

Several experimental data, and a receat human vol-
unteer study, support a primary spinal mechanism for
the antinociceptive effects of the ay-adrenergic ago-
nists.">*'5 A local anesthetic action was also described
on isolated C-fiber afferents.'® In the current study, the
reduced opioid requirements was observed only during
the epidural infusion and, despite similar plasma levels
of clonidine, are in accordance with this hypothesis.
However, the clinical effects observed after systemic
administration of clonidine give an idea of the relative
importance of its spinal, in comparison with its supra-
spinal, action. Although conflicting results were dem-
onstrated after its administration to certain brainstem
sites,'”'® clonidine produces analgesia when directly
injected at the locus coeruleus,'? the site of origin of
the noradrenergic axons to the dorsal horn.?° Lesions
to this nucleus attenuate the antinociceptive effect of
systemically administered clonidine.?' It is documented
that systemic clonidine elicits antinociception in
rodents® and humans,? but does not easily penetrate
the CSF.'*'* Because of its lipophilicity, it reaches su-
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praspinal centers, where it mimics the postsynaptic ac-
tions of noradrenaline released at bulbospinal path-
ways.

The current study was not designed to evaluate the
efficacy of clonidine administered in the perioperative
period. The analgesic effects of this drug may be sus-
pected when referring to our previous studies in ab-
dominal surgery. In a control group of 15 patients, the
morphine requirements during the first 6 postoperative
hours were 20.3 * 10.4 mg. But doses of 1,168 + 624
ug fentanyl were used intraoperatively. There were 40
analgesic demands, and the pain was reported as un-
bearable or severe in 5 patients.>® In a control series
of 91 patients in which no clonidine was given, the
morphine requirements at 12 postoperative hours were
27.6 *+ 18.1 mg, and the intraoperative dose of fentanyl
was 1,050 =+ 735 ug. At the same time, more than 40
analgesic demands were recorded, and the pain was
reported as absent or moderate by a minority of the
population.'!

A synergistic analgesic action between the opioids
and the az-adrenergic agonists is demonstrated at spinal
and supraspinal levels.?"?*> The current results do not
allow us to differentiate between a pure analgesic effect
of the a;-adrenergic agonists and a possible potentiation
of the opioid analgesia.

It is unlikely that a pharmacokinetic interaction be-
tween alfentanil and clonidine can explain, by itself,
the intraoperative analgesic-sparing effect of clonidine.
This possibility was suggested by Segal et al., based on
alfentanil plasma levels after oral-transdermal cloni-
dine.*® The doses of alfentanil used in Segal’s study
were more than three times greater than the doses used
in the current study, and were given by continuous
infusion. In the postoperative period, a clonidine-in-
duced interference with the biodisposition of morphine
is also unlikely.

In the current study, the timing and magnitude of the
reduction in blood pressure were comparable by the
two routes of administration. A systemic effect may be
postulated, despite the lower plasma levels of clonidine
measured after the loading dose in the epidural group.
It is likely that clonidine induces hypotension by stim-
ulation of the imidazolin-preferring receptors at the
nucleus reticularis lateralis.?” Lower doses of clonidine
seem to be required to trigger the imidazolin-preferring
receptors’ mediated effects than the a,-adrenergic re-
ceptors’ mediated effects.*® Under the current condi-
tions, the central hypotensive effect of clonidine may
have been counterbalanced by a direct peripheral va-
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soconstrictive effect. This mechanism was already sug-
gested by Eisenach et al. to explain why large doses of
epidural clonidine induced less hypotension than lower
doses injected at the same site.?

In conclusion, epidural clonidine reduced the intra-
and postoperative analgesic requirements compared
with the same dose given by the intravenous route.
However, considering the absence of important side
effects, particularly in the intravenous group, the ad-
vantage of decreased opioid requirements seen in those
receiving the epidural clonidine has to be weighed
against possible problems related to the placement of
the epidural catheter.

In addition, the results obtained cannot discern be-
tween a spinal or supraspinal analgesic effect of epi-
dural clonidine, considering the fact that a profound
supraspinal action was described to follow the in-
trathecal or epidural administration of this a-adren-
ergic agonist. 2%
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