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Objective : Peripheral nerve injury often leads to neuropathic pain, which is characterized by burning pain, allodynia, and hyperalgesia. The role
of the sympathetic nervous system in neuropathic pain is a complex and controversial issue. It is generally accepted that the alpha adrenoreceptor
(AR) in sympathetic nerve system plays a significant role in the maintenance of pain. Among alpha adrenoreceptor, alpha-1 receptors play a
major role in the sympathetic mediated pain. The primary goal of this study is to test the hypothesis that sympathetically maintained pain involves
peripheral alpha-2 receptors in human.
Methods : The study was a randomized, prospective, double-blinded, crossover study involving twenty patients. The treatments were :
Yohimbine (30 mg mixed in 500 mL normal saline), and Phentolamine (1 mg/kg in 500 mL normal saline) in 500 mL normal saline at 70 mL/hr
initially then titrated. The patients underwent infusions on three different appointments, at least one month apart. Thus, all patients received all
2 treatments. Pain measurement was by visual analogue scale, neuropathic pain questionnaire, and McGill pain questionnaire.
Results : There were significant decreases in the visual analogue scale, neuropathic score, McGill pain score of yohimnine, and phentolamine. 
Conclusion : We conclude that alpha-2 adrenoreceptor, along with alpha-2 adrenoreceptor, may be play role in sympathetically maintained pain in
human. 
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INTRODUCTION

Sympathetically maintained pain (SMP) refers to pain
which is dependent upon sympathetic efferent activity or
humoral sympathetic mediators reaching the affected region.
Standard diagnosis and treatment protocol for SMP involve
blockade of sympathetic activity to the painful region. Pre-
vious studies suggest that alpha-adrenergic receptors (AR)
play a significant role in the maintenance of pain16). The
intravenous administration of the nonspecific alpha-blocker
phentolamine can result in similar pain relief as that of
blockade of the sympathetic ganglion (e.g., stellate ganglion
or lumbar sympathetic ganglia)9,16,21).  Hence, it was pre-
sumed that alpha-1 receptors play a major role in the SMP.
However, in an animal model18), following nerve injury,

there appears to be an increase in alpha-2 like AR sites at
peripheral sensory neurons. We hypothesize that SMP in
human results in increased numbers of alpha-2 like adre-
nergic receptors; therefore a specific alpha-2 blocker such as
yohimbine may be useful as diagnostic or therapeutic agent. 

The aim of the present study is to determine whether
SMP in humans is based on proliferation or upregulation
of alpha-2 receptors on nerve terminals.  

MATERIALS AND METHODS

We performed a randomized, prospective, double-blinded,
crossover study involving twenty patients and two treat-
ments). The study was conducted with the full approval of
the Institutional Review Board. Inclusion criteria were : 1)
all patients had clinical evidence of SMP. In practical terms,
this would mean pain symptoms in an appropriate distri-
bution characterized by burning, shooting, or stabbing pain
after injury, associated with allodynia, hyperpathia, edema,
trophic changes, or alterations in temperature or color; 2)
> 50% pain relief from sympathetic blockade (stellate gan-
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glion block for upper extremity, lumbar sympathetic block
for lower extremity); and 3) ages greater than 18. The exclu-
sion criteria were patients with history of gastric or duodenal
ulcer, vascular disease, arrhythmia, ischemic heart disease, or
renal insufficiency. No pregnant or breast feeding patients
enrolled in this study. For women of childbearing age, serum
pregnancy test was performed at beginning of the study.  

The patient received an intravenous infusion of either :
Yohimbine (Y, 30 mg mixed in 500 mL normal saline), or
Phentolamine (P, 1 mg/kg) in 500 mL normal saline in 500
mL normal saline at 70 mL/hr initially then titrate to keep
heart rate <130 rate/min or 160 rate/min > systolic blood
pressure > 85 mmHg.  

The patient underwent infusions on three different days,
at least one month apart. Each day, the subject received one
of the two infusions in randomized order. Both the patient
and person doing the pain evaluations were blinded to the
drug infused. Pain measurement was based on a visual anal-
ogue scale (VAS) score, neuropathic pain questionnaire,
short-form McGill pain questionnaire. The baseline pain
score was recorded for spontaneous pain as well as pain elicit-
ed by moving or touching the affected extremity. The sub-
jects were asked to answer pain questionnaire before and
after the infusion and to provide a log of their pain symp-
toms for 24 hours following each infusion. Blood pressure
was recorded every 5 minutes. Electrocardiography (ECG)
was monitored continuously. Sympathetic block was assess-
ed through cutaneous vasodilatation and nasal stiffness.
Following the completion of the study, all patients received
a one month follow-up.  

The effect for each infusion was estimated as the change
in pain score from before to after the infusion (change after
Y, and P). Then the differences between effects of treatments
were calculated as the differences between pairs of these
pre-to-post change scores (change after Y minus change
after P, etc.) The significance of both sets of differences was
tested with Wilcoxon signed rank tests. The effect of pati-
ent gender on the differences between treatment effects was
tested with Wilcoxon rank sum tests, and the effects of pa-
tient age and pre-treatment duration of pain on the differ-
ences between treatment effects was tested with Spearman
correlation tests. Non-parametric statistical tests were used
due to the expected non-normal distribution of change scores. 

Type I error rate < 0.05 was considered significant. No
correction was made for multiple comparisons. In a follow
up analysis, the method of generalized estimating equations
with unstructured correlation structure was used to test ef-
fects of carry-over and treatment period (1st, 2nd, or 3rd)22).
The sample size of 20 was specified in advance to provide
90% power to detect a difference in the amount of change

in pain score between treatments of at least 2.8. 

RESULTS

Twenty patients completed the study. Thirteen (65%)
were female. The painful location was in the upper extre-
mities in 12 patients, in the lower extremities in 8. Descrip-
tive statistics on the amount of change in pain scores from
before to after infusion, and on differences between treat-
ments in amount of change, are shown in Table 1. For two
treatments, changes from before to after infusions were signi-
ficant in almost all measures and sub-tests of pain (p < 0.05)
except affective scores of phentolamine. However, the amo-
unt of change was not significantly different between two
active treatments themselves, for any of the pain responses
(Table 1). No significant effect of gender, age, or pre-infusion
duration of pain on difference between treatments was seen
(Table 2). No effect of carry-over or treatment period on
response was found to be significant.

DISCUSSION

In this study, we found the amount of change was not stati-
stically significant different between yohimbine and phento-
lamine. The main results indicate that alpha-1 and/or alpha-
2 AR involved SMP, and unknown mechanism might exist. 
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Table 1. Descriptive statistics on amount of change pre-post treatment
and differences between treatments in amount of change

Mean ± SD p value

VAS

Phen Pre-Post -1.4 ± 2.2 0.0186

Yoh Pre-Post -1.9 ± 2.3 0.0010

Yoh vs. Phen -0.6 ± 3.1 0.5504

Neuropathic pain score

Phen Pre-Post   -1.2 ± 2.0 0.0186

Yoh Pre-Post -1.9 ± 2.5 0.0039

Yoh vs. Phen -0.7 ± 3.1 0.5054

McGill 

Total survey

Phen Pre-Post -9.6 ± 15.1 0.0070

Yoh Pre-Post -14.0 ± 22.8 0.0070

Yoh vs. Phen -4.4 ± 29.5 0.8082

Sensory sub-test

Phen Pre-Post -4.7 ± 7.8 0.0181

Yoh Pre-Post -7.3 ± 12.1 0.0106

Yoh vs. Phen -2.6 ± 15.5 0.7378

Affective sub-test

Phen Pre-Post -1.0 ± 2.6 0.1367

Yoh Pre-Post -2.6 ± 4.5 0.0137

Yoh vs. Phen -1.6 ± 5.3 0.2261

Phen : phentolamine, Post : posttreatment, Pre : pretreatment, VAS : visual 
analogue scale, Yoh : yohimbine



Peripheral nerve injuries sometimes create ectopic alpha
AR that render them sensitive to sympathetic activity2,12)

and lead to neuropathic pain, including such symptoms as
spontaneous burning pain, hyperalgesia and allodynia1).
This is often referred to as SMP. It is generally accepted that
the alpha AR plays a significant role in the maintenance of
pain. The intravenous administration of the nonspecific
alpha-blocker phentolamine can result in similar pain relief
as that of blockade of the sympathetic ganglion16). Hence, it
was presumed that alpha-1 AR play a major role in the
SMP13,17). However, in an animal model19) following nerve
injury, there appears to be an increase in alpha-2 like AR
sites at peripheral sensory neurons and cutaneous nociceptor
in rabbit become sensitive to adrenergic agonist. And also
chronic inflammation initiates circumstances in which alpha-
2 AR-mediated sympathetic activity excites some nocicep-
tor20). Some studies demonstrated that alpha-2 AR is more
important in neuropathic pain3,11,14,18,26,29,31).

We have shown that yohimbine relieves pain. After a
chronic nerve constriction, the dorsal root ganglion becomes
a source of abnormal activity modulated by sympathetically
released norepinephrine acting on alpha-2 AR in dorsal root
ganglion somata. This neuropathic activity may contribute
to cutaneous pain and hyperalgesia31). About 40% of the
nociceptive C fibers developed an evoked response to close
arterial injection of norepinephrine (NE) after a partial in-
jury of the great auricular nerve in the rabbit. The adrener-
gic sensitivity of cutaneous nociceptors developed as early as
7 days after partial nerve injury18). Thus, the increased sensi-
tivity of cutaneous nociceptors to NE may contribute to the
hyperalgesia in the early stages of the nerve injury26). Later,
more alpha-2 AR will be expressed in the dorsal root gan-
glion cells that will induce NE sensitivity and possibly con-
tribute to hyperalgesia and ongoing pain. This effect was
blocked by yohimbine and we obtained the same result. 

Yohimbine produces antinociception4,15,20). Shannon and

Lutz20) demonstrated that yohimbine produces dose-related
antinociception in formalin test in rats which is mediated
in part by agonistic action at 5-HT1A receptor. The affi-
nity for serotonin receptor is only approximately twofold
lower than its affinity alpha-2 receptor30). In contrast, yohim-
bine does not produce antinociception23,25) or systemic admi-
nistration of alpha-1 antagonist attenuated cold allodynia,
where alpha-2 antagonist exacerbates it10).    

Yohimbine administed intravenously can induce transient
moderate increases in blood pressure and heart rate6). Syste-
mic administration of yohimbine augments sympathoad-
renal outflow and blocks presynaptic alpha-2 AR, releasing
neurotransmitter norepinephrine into blood stream5,24). Dose
dependent adverse reactions from yohimbine reported previ-
ously by Guthrie et al.7) include tachycardia, elevation of
blood pressure, nausea, vomiting, and anxiety. To mini-
mize the cardiovascular effects of yohimbine, we used 30
mg yohimbine mixed 500 mL saline by basal infusion 70
mL/hr. We experienced one patient who developed severe
tachycardia after 50 mg yohimbine infusion with 500 mL
saline. After that, we reduced the yohimbine dose to 30
mg. Also, patients were kept supine.        

These results were similar to the extent that phentola-
mine reduced pain. Phentolamine is mixed alpha-1/alpha-2
AR antagonist. Raja et al.16) demonstrated that intravenous
phentolamine achieved pain relief in 20 patients with pain
and hyperalgesia to mechanical and cooling stimuli in
extremity and was a sensitive alternative test to identify
sympathetic ganglion block. Tracey et al.26) found that
subcutaneous injection of phentolamineinto affected hid
paw eliminated mechanical hyperalgesia. But, Verdugo and
Ochoa28) reported that rate of pain reduction was 9.2% (7
in 77) during phentolamine infusion. The pharmacological
manipulation of the alpha-1 AR by either agonist or antago-
nist drugs does not influence neuropathic pain28). In this
study, phentolamine was infused 1 mg/kg. By preparing
these drugs in 500 mL volume, patient safety is enhanced
by infusing a more diluted solution. The risk of volume
overload is minimal, since yohimbine, phentolamine, and
nitroglycerin cause direct peripheral vasodilation. The vital
signs (blood pressure, heart rate, and oxygen saturation) and
visual analog pain score were documented every 5 minutes
during the infusion and up to 60 min after completion of
the infusion. Due to the short half life of intravenous phen-
tolamine, yohimbine, and nitroglycerin, 60 minutes of
post-infusion monitoring period is considered adequate. 

The side effects often associated with the phentolamine
administration are tachycardia, nausea, vomiting, headache,
dizziness, nasal stuffiness, and hypotension. Rare side effects of
phentolamine include cardiac arrhythmias, angina, abdomi-
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Table 2. Tests for effect of Covariables on pain measure differences :
testing effect of single covariable on difference between yohimbine and
phentalamine in response to treatment (pre-post change)

p value

p* p�

Gender Age Duration

VAS 0.0662 0.6099 0.8497

Neuropathic pain score 0.161 0.6617 0.9085

McGill

Total 0.0801 0.2168 0.8106

Sensory 0.074 0.4043 0.947

Affective 0.1516 0.2172 0.3907

*p value from Wilcoxon rank-sum test of gender groups.�p value from Spe-
arman correlation test. Phen : phentolamine, Post : posttreatment, Pre :
pretreatment, VAS : visual analogue scale, Yoh : yohimbine 



nal pain, diarrhea, and exacerbation of peptic ulcer disease.
Hord et al.8) reported that both alpha-1 and alpha-2 AR

are involved in thermal hyperalgegia caused by chronic con-
striction injury. And, α1 and mixed alpha-1/alpha-2 recep-
tor antagonists have been used in human to treat RSD, drugs
that are highly specific postjunctional alpha-2 antagonists
may also be useful in the treatment of sympathetically me-
diated pain. Our result did not show differenence between
yohimbine and phentolamine. A alpha-2 receptor is located
on the primary afferent terminal and an several brains-
tem27). After systemic injection of drug, all these sites were
involved. The type of pain, and animal strain may have
played for the  different results.

CONCLUSION

In present study, the patients’ pain was relieved by alpha-1
and alpha-2 AR antagonist. Therefore, results of the pre-
sent study indicate that SMP is thought to be mediated by
alpha-1 or alpha-2 AR, or both in humans. However, the
reason for similar efficacy of both antagonists and the rea-
son for efficacy of placebo are unknown.
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