Premedication with Clonidine Does Not Attenuate
Suppression of Certain Lymphocyte Subsets After Surgery
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Sixty-four patients undergoing elective major surgery
were randomly assigned into a double-blinded,
placebo-controlled, clinical trial to test the hypothesis
that premedication with clonidine would attenuate
postoperative reductions in circulating lymphocytes.
The treatment group (1 = 28) received a clonidine skin
patch (0.3 mg/d) and a 0.6-mg oral loading dose 60—
90 min before surgery. The control group (n = 36) re-
ceived placebo patches and pills. Absolute blood levels
of the following lymphocyte subsets were measured be-
fore induction of a standardized general anesthetic
(baseline) and the morning after surgery: CD2, CD3,
CD4, CD8, CD20, CD56, and the CD4:CDS8 ratio. Signif-
icant decreases in lymphocyte subsets CD2, CD3, and
CD4 were found in both groups; CD56 was significantly
decreased only in the placebo group. However, the ex-
tent of lymphocyte depletion from baseline to Postop-
erative Day 1 between the clonidine and placebo
groups was not different. Plasma concentrations of

epinephrine, norepinephrine, and cortisol were meas-
ured from blood samples drawn at 8:00 aM on Postop-
erative Day 1. Plasma norepinephrine levels were
significantly lower among patients who received
clonidine. However, no significant differences were
found in plasma epinephrine or cortisol levels between
the clonidine and placebo groups. With a clinical dose,
clonidine did not prevent postoperative lymphocyte
depletion. a,-Agonists may not suppress adrenocorti-
cal stress responses sufficiently to prevent postopera-
tive immune suppression. Implications: Lymphocyte
(white blood cell) counts often decrease after major sur-
gery. We hypothesized that clonidine would reduce
hormonal stress and blunt reductions in lymphocytes
after major surgery. In a randomized trial, we found no
differences from placebo in cortisol levels or lympho-
cyte changes. Lymphocyte levels did not predict infec-
tious complications.

(Anesth Analg 1998;87:1426-30)

of patients after major surgery, when infectious

complications are common and their progression
may be fatal. Inmune suppression also may be asso-
ciated with tumor metastasis after cancer surgery (1).
Postoperative perturbations of the immune system
may be caused by a generalized endocrine stress re-
sponse (2), transfusion (3), hypothermia (4,5), or en-
dotoxemia (6). Lymphopenia is also common in pa-
tients admitted to intensive care units (ICUs) (7).
Surgery performed under general anesthesia is asso-
ciated with a marked decrease in the numbers of both
B- and T-lymphocyte subpopulations (8). Decrements
in circulating lymphocyte populations and function,
as well as the normally increased endocrine stress

I mmunosuppression may complicate the recovery
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response associated with major surgery, can be pre-
vented with epidural anesthetic techniques (9).

Maze and Tranquilli (10) focused on the use of
a,-agonists as anesthetic adjuvants. These compounds
produce sedation and analgesia and reduce the post-
operative adrenergic response to surgery performed
under general anesthesia (11). However, the effects of
a,-agonist-mediated sympatholysis on the immune
status of surgical patients is unknown. We therefore
designed this trial to test the hypothesis that premed-
ication with clinical doses of the a,-agonist clonidine
would attenuate postoperative lymphopenia.

Methods

After obtaining institutional review board approval
and individual written, informed consent, 64 patients
aged 69 = 94 yr (mean * sp) undergoing major
noncardiac surgery were randomly allocated in a
double-blinded trial to receive a placebo (n = 36) or
clonidine (n = 28) before surgery. Operations per-
formed included 45 vascular, 5 orthopedic, and 14
other (Table 1). These patients were part of a larger
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Table 1. Patient Demographics
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Placebo Clonidine P value

n 36 28

Age (yr) 74 (63.00, 76.75) 69.5 (63.25, 72.75) 0.18
Weight (kg) 74 (63.50, 83.50) 78 (66.00, 87.00) 0.64
Women 19 (52.8) 8 (28.6) 0.052
Black 16 (44.4) 12 (42.9) 0.90
Vascular/orthopedic/other operations 26/2/8 19/3/6 0.75
Patients with cancer 6 (16.7) 1 (3.6) 0.10
Patients taking B-adrenergic blockers 7 (19.4) 3 (10.7) 0.34
Patients taking NSAIDs 7 (19.4) 7 (25.0) 0.59
Patients taking steroids 0 2 (73) 0.10

Values are median (interquartile range) or n (%).
NSAIDs = nonsteroidal antiinflammatory drugs.

study examining cardiac outcomes in patients with cor-
onary artery disease or at least two of the following risk
factors: age >70 yr, previous vascular surgery, hyperten-
sion, abnormal electrocardiogram, diabetes, or cigarette
smoking. Exclusion criteria included the following: the
presence of bundle branch block, plasma creatinine level
>3.0 mg/dL, planned carotid or thoracic surgery, elec-
trocardiogram with PR interval >240 ms, heart rate
<50 bpm, long-term clonidine treatment, or diabetes
with symptomatic hypoglycemia.

Patients in the treatment group received a clonidine
skin patch (0.3 mg/d) and a clonidine 0.6-mg oral
loading dose 60-90 min before surgery. The control
group received placebo patches and pills. The
clonidine skin patch was removed 72 h after applica-
tion, unless hypotension (systolic blood pressure
<90 mm Hg unresponsive to fluid challenge) or a
major complication (myocardial infarction, cardiac ar-
rest) ensued; in such cases, the patch, whether active
or placebo, was immediately removed.

Patients received morphine premedication (0.1 mg/kg
IM) and any chronic cardiac and antihypertensive med-
ications 60 min before surgery. Midazolam 1-2 mg IV
was administered to facilitate arterial line placement.
Balanced general anesthesia was induced with sufen-
tanil (0.5 ug/kg), thiamylal (50-mg increments to a max-
imum of 5.0 mg/kg), and vecuronium (0.1 mg/kg). Af-
ter endotracheal intubation, anesthesia was maintained
with enflurane (=2.0% inspired) in 50% N,O. All pa-
tients received postoperative care in an ICU setting until
at least 8:00 aM on Postoperative Day 1. Patients were
assessed daily while in the hospital for infections or
other complications.

To determine lymphocyte levels, citrated blood
samples were collected from an indwelling arterial
line 10 min before the induction of anesthesia (base-
line) and between 7:00 am and 9:00 am on Postoper-
ative Day 1. Absolute levels of the following lympho-
cyte subsets were measured using fluorescence-
activated flow cytometry (12): total B cells (CD20),
total T cells (CD2), mature T cells (CD3), helper cells

(CD4), suppressor/cytotoxic cells (CD8), natural killer
cells (CD56), and the CD4:CD8 ratio.

To determine plasma catecholamine levels, three
separate heparinized blood samples were collected
from an indwelling arterial line at 30-min intervals
between 7:00 am and 9:00 aM on Postoperative Day 1.
Plasma norepinephrine and epinephrine levels were
measured using high-performance liquid chromatog-
raphy by solid-state extraction (13). The detection limit
was 20 pg/mL for norepinephrine and 25 pg/mL for
epinephrine. The average value of the measured nor-
epinephrine and epinephrine concentrations from
three blood samples was used for final statistical anal-
ysis. Plasma cortisol levels were determined by a ra-
dioimmunoassay technique from the final blood sam-
ple (14) Blood samples were obtained at a relatively
constant time of day, although surgery may disrupt
normal circadian hormonal rhythms (15)

All continuous data were analyzed using the Wil-
coxon rank-sum test of medians. Categorical data
were analyzed using Fisher’s exact test or the x* test of
independence. P < 0.05 was considered significant.

Results

There were no significant differences in the medians of
Iymphocyte subsets compared at baseline and on Post-
operative Day 1 between the placebo and clonidine
groups (Table 2). There was a significant decrease
from baseline in CD2, CD3, and CD4 lymphocyte sub-
sets in both the placebo and clonidine groups. Within
the placebo group, there was also a significant de-
crease in the number of CD56 lymphocytes from base-
line to Postoperative Day 1. However, compared
across the two groups, no significant difference was
found in the extent of postoperative lymphocyte re-
duction (Table 3). Plasma norepinephrine levels were
significantly lower among patients who received
clonidine. However, plasma epinephrine and cortisol
levels were not significantly different between the pla-
cebo and clonidine groups (Table 4).
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Table 2. Baseline Lymphocyte Counts and Change on Postoperative Day 1

Cell type Baseline level (cells/mm?) Change in median cell count (%) P value” P value®
CD2
Clonidine 1269.0 (927.0, 1722.0) —24.1 0.36 0.032
Placebo 1385.0 (1069.0, 1838.0) -29.6 0.006
CD3
Clonidine 1212.0 (882.0, 1646.0) -39.5 0.57 0.011
Placebo 1230.0 (973.0, 1658.0) —26.7 0.014
CD4
Clonidine 736.0 (533.7, 972.5) -27.3 0.37 0.004
Placebo 838.0 (630.0, 1049.0) —29.6 0.005
CD8
Clonidine 345.5(251.5, 584.7) -10.7 0.30 0.240
Placebo 426.0 (316.0, 590.0) -29.3 0.053
CD20
Clonidine 236.5 (113.3, 387.2) 8.5 0.46 0.840
Placebo 188 (117.0,302.0) 30.0 0.260
CD56
Clonidine 149.5 (78.7, 206.8) -293 0.40 0.280
Placebo 176.0 (93.0, 251.0) —51.1 0.007
Values are median (interquartile range) or %.
“Clonidine versus placebo group at baseline.
® Change from baseline to Postoperative Day 1.
Table 3. Median Change in Lymphocyte Levels from Baseline to Postoperative Day 1
Cell type Placebo (cells/mm?) Clonidine (cells/mm?) P value
CD2 —240 (—641.8, —65.3) =270 (—840, —15) 0.85
CD3 —154 (—634.5, —16.5) —233 (—828, —92) 0.28
CD4 -145 (—432.0,26.2) —149 (—557, —8) 0.35
CD8 —-66 (—172.3,-4.2) —78 (—203.5,30.8) 0.94
CD20 12 (—27.3,1217) -15(-57.2,76.2) 0.45
CD56 —48.5(-121.3, -7.8) —44.5 (—102.3, 35) 0.42
Values are median (interquartile range).
Table 4. Catecholamine and Cortisol Levels on Postoperative Day 1
Placebo Clonidine P value
Epinephrine (pg/mL) 72.7 (414,140.8) 62.1 (32.7,87.8) 0.14
Norepinephrine (pg/mL) 657.7 (416.5,1074.0) 300.3 (202, 530) 0.0004
Cortisol (ug/dL) 16.00 (12.40, 18.80) 17.55 (15.25, 23.92) 0.17

Values are median (interquartile range).

Infectious complications occurred in seven patients
and included three urinary tract infections, four cases
of pneumonia, two wound infections, two cases of
cellulitis, and one case of parotiditis. Infections were
not significantly different between the clonidine (5 of
28, 17.9%) and placebo (2 of 36, 5.6%) groups (P =
0.118). Additional factors that were not predictive of
infection on univariate analysis included cancer sta-
tus, type of operation, and use of nonsteroidal antiin-
flammatory drugs. However, gender had an associa-
tion with infection in this cohort; all seven patients
with infections were male (P = 0.017). Neither post-
operative lymphocyte depletion nor median epineph-
rine, norepinephrine, or cortisol levels were different
between patients with and without infections after
surgery (Table 5).

Discussion

With the emergence of acquired immunodeficiency
syndrome, aggressive medical and surgical therapy of
malignancies, and a growing elderly population, in-
creasing numbers of patients with preexisting immu-
nodeficiency present for major surgery. Effective
methods to facilitate recovery of postoperative im-
mune status in such high-risk patients should be iden-
tified. In the present series, we were unable to show
that perioperative clonidine therapy could reduce
postoperative lymphocyte depletion.

The exact mechanisms by which anesthesia, opera-
tive trauma, and other interventions impair the im-
mune system are complex and poorly defined. Al-
though volatile anesthetics (16) and endogenous
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Table 5. Relationship of Stress Hormones and Percentage
Change in Median Lymphocyte Levels on Postoperative
Day 1 to Infectious Complications

Infection No infection P value
Epinephrine 69.0 66.7 0.88
(pg/mL)
Norepinephrine 465.5 534.0 0.66
(pg/mlL)
Cortisol 17.2 16.2 0.76
(ug/dL)
cD2 —23.3% ~23.9% 0.70
CD3 —37.7% ~22.3% 0.51
CD4 —37.7% ~22.4% 0.59
CDs8 —35.7% ~21.9% 0.40
CD20 11.5% 9.3% 0.89
CD56 —9% ~34.8% 0.19

cytokines (17) also suppress immune function, in-
creasing levels of surgical stress also affect the degree
of immune suppression in patients after major surgery
(18). Regional anesthetic techniques seem to block
both adrenergic and cortisol responses, as well as lym-
phocyte depletion after major surgery (8). The litera-
ture suggests that the cortisol stress response may be
the dominant inhibitory mechanism responsible for
mediating postoperative lymphopenia. The link be-
tween hyperadrenergic states and immune suppres-
sion may be more tenuous. However, when an
etomidate-based anesthetic is used for cardiac sur-
gery, lymphopenia may result even when cortisol
elaboration is delayed (19). Increased plasma catechol-
amine levels do follow surgical trauma; their associa-
tion with decreased perioperative immune status is
unclear. The experimental infusion of inotropic med-
ication in humans can have varying effects, increasing
CD3, CD4, and CD8 after an epinephrine infusion but
decreasing them after the administration of dobut-
amine and dopexamine (20). Other experimental stud-
ies in humans suggest that CD3 and CD4 T cells
decrease significantly 5-60 min after an injection of
adrenaline (21). We believe that the relationship be-
tween surgical stress and immune function is complex
and not fully understood.

There are several limitations to our study. First, we
measured circulating T-cell populations, but not their
functional activity. In animal studies, lymphopenia
after surgery may represent a redistribution of lym-
phocytes from peripheral blood to lymphatic tissues,
rather than a true absence of cells (22,23). Second, we
only measured stress hormones on the first postoper-
ative day and therefore cannot comment on the rela-
tive time course of stress hormone elaboration and
lymphopenia. Third, we used a fixed dose of oral and
transdermal clonidine; administering larger doses of
clonidine or the more specific a,-agonist dexmedeto-
midine parenterally may provide superior sympa-
tholysis. Indeed, using our regimen, we were able to
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demonstrate reductions only in norepinephrine, but
not in epinephrine or cortisol. However, other studies
by our group (11) have shown a significant decrease in
both epinephrine and norepinephrine levels using this
same regimen of clonidine. The large statistical varia-
tion in catecholamine levels in humans often requires
relatively large numbers of patients to show signifi-
cant differences.

Power analysis for this study is illustrated by the
CD3 population. The point estimate for the difference
in median postoperative decrease between the placebo
and clonidine groups is 100 cells/mm®. Power calcu-
lations indicate that if the actual difference had been
100 cells/mm?, the power with the number of patients
enrolled in this trial would be 40%; to reach 80%
power, we estimate than 70 patients would have had
to been enrolled in each group. As designed, the study
(64 patients) had 80% power to detect a difference of
167 cells/mm”.

Two gender differences are to be noted in this
study. The study was double-blinded, with group as-
signment determined from random number tables af-
ter patient enrollment. Despite this, women seemed
more likely to be assigned to the placebo group. Sim-
ilarly, we cannot explain why all of the patients with
infectious complications were men; this may deserve
further study. We did not find any difference in
T-lymphocyte populations in those patients with and
without infectious complications (Table 5); similar
findings have been found in ICU patients.

It is not surprising that clonidine therapy did not
result in differences in postoperative cortisol levels.
Other studies have shown that clonidine may increase
cortisol secretion in humans under normal conditions
but may decrease it or produce no changes in humans
under stressful conditions (24-26). Because increased
cortisol levels are associated with immune suppres-
sion in other studies (2), clonidine may not be ex-
pected to suppress cortisol-related responses. The
stress reduction provided by regional anesthetic tech-
niques, however, consistently reduces the adrenocor-
tical and adrenergic responses to surgery.

In our study, a clinical dose of clonidine de-
creased norepinephrine levels but did not signifi-
cantly reduce cortisol levels or postoperative lym-
phocyte depletion. Further investigations that
include analysis of both lymphocyte function and
the time course of changes in immune status are
required to fully assess any effects of a,-agonists on
postoperative immunosuppression.

We acknowledge the important contributions of Dr. Scott Laff to
data collection for this study. In addition, we acknowledge Ms. Sally
Kozlik for her editorial assistance.
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