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The development of complex regional pain syndrome
(CRPS) is not an uncommon complication after Du-
puytren’s surgery. Despite increasing research interest,
little is known regarding which patients are at increased
risk for developing CRPS and what is the optimal periop-
erative treatment strategy for preventing the occurrence
of this disease after surgery. We prospectively evaluated
the use of four anesthetic techniques (general anesthesia,
axillary block, and IV regional anesthesia [IVRA] with li-
docaine with or without clonidine) for patients undergo-
ing fasciectomy for Dupuytren’s contracture. All patients
were followed in the Pain Management Center at 1, 3, and

12 mo postoperatively by a blinded physician to evaluate
the presence of CRPS. Significantly (P � 0.01) more pa-
tients developed postoperative CRPS in the general anes-
thesia group (n � 25; 24%) and the IVRA lidocaine group
(n � 12; 25%) compared with either the axillary block
group (n � 5; 5%) or the IVRA lidocaine and clonidine
group (n � 3; 6%). We conclude that axillary block or
IVRA with clonidine offers a significant advantage for de-
creasing the incidence of CRPS compared with either
IVRA with lidocaine alone or general anesthesia for pa-
tients undergoing Dupuytren’s surgery.

(Anesth Analg 2006;102:499–503)

C omplex regional pain syndrome (CRPS), previ-
ously known as “reflex sympathetic dystrophy,”
is used to describe a syndrome of pain, sudo-

motor, and/or vasomotor instability (1). This pain
usually has an initiating noxious event in the periph-
ery, is not limited to the distribution of a single nerve,
and is disproportionate to the inciting event (1–3). The
Consensus Conference of the International Associa-
tion for the Study of Pain (IASP) has subdivided CRPS
into two forms: CRPS type I (formerly reflex sympa-
thetic dystrophy) and CRPS II (formerly causalgia) (4).
According to the IASP, the diagnosis of CRPS I re-
quires 1) continuing pain, allodynia, or hyperalgesia
disproportionate to the injury; 2) evidence at some
time of edema, changes in skin blood flow, or abnor-
mal sudomotor activity in the region of pain; and 3) no

other conditions that would otherwise account for the
degree of pain and dysfunction (2). Motor distur-
bances and trophic changes, such as altered nail and
hair growth, may be observed in some cases. CRPS II
is a pain syndrome that starts after a nerve injury and
is not necessarily limited to the distribution of the
injured nerve (5). The diagnostic criteria are the same
as those of CRPS I. Patients with CRPS I or CRPS II can
have sympathetically maintained pain or sympatheti-
cally independent pain. “Sympathetically maintained
pain,” a term introduced in 1986 by Roberts (6), is
pathologic pain that is supported by sympathetic ef-
ferent activity, circulating catecholamines, and/or
increased sensitivity of �-adrenergic receptors.
Sympathetically maintained pain is identified by the
ability to lessen the pain by sympatholytic blocks or
interventions. Sympathetically independent pain
has components of pain from sources other than
sympathetic innervation and is believed to be most
commonly observed in advanced cases of CRPS that
do not respond to sympathetic blocks (6). Patients
with CRPS may present with components only of
sympathetically maintained pain or sympathetically in-
dependent pain, or, more commonly, a combination of
pain from each (7).
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Despite increasing research interest, little is known
regarding which patients are at increased risk for de-
veloping CRPS or what might be the optimal periop-
erative treatment strategy for preventing the occur-
rence of this disease after surgery (8,9). The
development of CRPS is not an uncommon complica-
tion after orthopedic surgery. CRPS after fasciectomy
for Dupuytren’s contracture has been reported to oc-
cur in 4.5% to 40% of patients (10–14).

It has been reported that regional anesthesia, by
allowing the preoperative onset of sympathetic block-
ade, may be a more appropriate anesthetic choice for
preventing the development of postoperative CRPS
(15,16). Further, it has been proposed that sympathet-
ically maintained pain may be rekindled by surgery
performed under general anesthesia (17). However, no
previous study has validated the appropriate anesthetic
technique for preventing CRPS. Currently, we perform
Dupuytren’s surgery using either general anesthesia, ax-
illary brachial plexus block, or IV regional anesthesia
(IVRA) with or without clonidine. The goal of this pro-
spective study was to assess the incidence of postoper-
ative CRPS using one of these four anesthetic techniques
for surgical correction of Dupuytren’s contracture.

Methods
Between 2001 and 2004, 300 consecutive ASA physical
status I–III patients undergoing fasciectomy for Du-
puytren’s contracture gave written informed consent
for this prospective study, which was approved by
our IRB. All patients participating in this investigation
had not participated in other CRPS studies at our
institution and there was no cross-over of patients
from one study to another. All procedures were per-
formed with the use of a pneumatic tourniquet under
general anesthesia (n � 106), axillary brachial plexus
block (n � 96), IVRA with lidocaine (IVRA-L) (n � 48),
or IVRA with lidocaine and clonidine (IVRA-C) (n �
50). The anesthetic technique used was based on sur-
geon, anesthesiologist, and/or patient preference. Pa-
tients receiving general anesthesia were administered
propofol (2 mg/kg) for induction and 30%–50% N2O
in O2, fentanyl (2–3 �g/kg), and sevoflurane 1%–2%
end-tidal concentration delivered via laryngeal mask
airway. For brachial plexus anesthesia, axillary block-
ade was performed with the patient in the supine
position and the upper arm abducted 90° and the
elbow flexed at 110°. The axillary artery was palpated
and a 22-gauge 5-cm Stimuplex needle (B Braun, Beth-
lehem, PA) connected to a nerve stimulator was in-
serted into the proximal part of the axilla. The needle
was considered to be placed correctly when contrac-
tion of the biceps or muscle groups in the forearm was
seen in response to stimuli of �0.5 mA. All patients
received a 40 mL injection containing 20 mL 2.0%

lidocaine with epinephrine 5 �g/mL and 20 mL 0.5%
bupivacaine. For patients receiving IVRA, a 14-cm
double tourniquet positioned on the upper operative
arm was used. The operative extremity was exsangui-
nated by elevating and wrapping it with a 10-cm
Esmarch bandage. The proximal tourniquet was in-
flated to 100 mm Hg more than the systolic blood
pressure to a minimum of 250 mm Hg, and the Es-
march bandage was removed. Circulatory isolation of
the operative arm was confirmed by inspection of the
hand and by absence of the radial pulse. IVRA was
established using 40 mL 0.5% lidocaine with or with-
out clonidine 1 �g/kg administered over 2–3 min.

All patients were followed in the Pain Management
Center at 1, 3, and 12 mo postoperatively by a blinded
physician to determine the presence of CRPS. The
diagnosis of CRPS was based on the IASP criteria (2),
as summarized in Table 1. All patients presented with
spontaneous or evoked pain out of proportion to the
surgical procedure. In addition, at least 4 of the 6
following signs or symptoms were present: sensory
changes including allodynia and hyperesthesia, vaso-
motor changes, sudomotor changes, temperature dif-
ference (�1°C) between upper extremities, diffuse
edema, and limited active range of motion. Cutaneous
temperature was measured on both the first digit of the
affected and contralateral extremity using a YSI 4000 A
temperature probe (Yellow Springs Instrument Corpo-
ration, Yellow Springs, OH). These symptoms should
increase in severity with use of the affected extremity. In
addition, these symptoms should be present in an area
that is larger than the area of the operation.

All data were entered into an Microsoft Excel (Red-
mond, WA) database and converted to a SAS file (SAS
Institute Inc., Cary, NC) for statistical analysis. Demo-
graphic data, surgical procedures, duration of surgery,
and tourniquet time were analyzed by analysis of
variance. The incidence of CRPS was evaluated with the
�2 test. Bonferroni corrections for multiple comparisons

Table 1. Diagnostic Criteria for Complex Regional Pain
Syndrome

1. Spontaneous or evoked pain out of proportion to
the surgical procedure

2. At least 4 of the following signs or symptoms:
•Sensory changes, including allodynia and

hyperesthesia
•Vasomotor changes
•Sudomotor changes
•Temperature difference (� 1°C) between

extremities
•Diffuse edema
•Limited active range of motion

3. Occurrence or increase of above signs or
symptoms after use of the arm

4. Above signs or symptoms present in an area
much larger than the area of operation
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were used where applicable. Differences were consid-
ered significant at P � 0.05. For the frequency of CRPS,
a sample size of 40 patients for each group was deter-
mined by a power analysis based on the following as-
sumptions: 1) 40% of the patients would experience
CRPS under general anesthesia (8,13); 2) a decrease of
20% (e.g., from 40% to 20%) would be considered of
clinical importance; and 3) � � 0.05 and � � 0.20.

Results
There were no differences in demographic variables,
procedures, or tourniquet times among the four
groups (Table 2). Four patients in the IVRA-L group
required conversion to general anesthesia because of
intolerable tourniquet pain. The results of these four
patients are included in the data analysis for the
IVRA-L group. Five patients developed postoperative
complications, including four hematomas and one in-
fection. Two patients who developed a hematoma re-
ceived IVRA-C, one patient received general anesthe-
sia, and one patient had an axillary block. The only
patient who developed a postoperative infection re-
ceived general anesthesia. All five of these patients
later developed CRPS. Significantly (P � 0.01) more
patients developed postoperative CRPS in the general
anesthesia group (n � 25; 24%) and IVRA-L group
(n � 12; 25%) compared with either the axillary block
group (n � 5; 5%) or the IVRA-C group (n � 3; 6%).

Discussion
The development of CRPS after fasciectomy for treat-
ment of Dupuytren’s disease is a common complica-
tion (10–14). Although it has been reported that re-
gional anesthesia may be the most effective technique
for preventing the occurrence of CRPS after orthope-
dic surgery (15,16) and that general anesthesia should
be avoided (17), no previous study has validated this
practice. Our work clearly demonstrates an advantage
to performing either axillary blockade or IVRA with
clonidine for patients undergoing Dupuytren’s sur-
gery. There was at least a fourfold reduction in the
incidence of CRPS with the use of either of these two
regional anesthetic techniques. In contrast, the use of

IVRA with lidocaine alone provided no beneficial ef-
fect in reducing the incidence of CRPS compared with
general anesthesia.

Although IVRA is considered a �regional anesthetic�
technique, it does not provide for a perioperative sym-
pathectomy and, therefore, may not prevent the de-
velopment of CRPS. For those patients undergoing
Dupuytren’s surgery under IVRA it may be beneficial
to perform a perioperative stellate ganglion block or
add clonidine to the local anesthetic solution. We have
previously demonstrated that using a perioperative
stellate ganglion block in patients undergoing upper
extremity surgery under IVRA and with a history of
CRPS can significantly reduce the incidence of this
disease (18). In that study, 100 CRPS patients under-
going surgery on the affected extremity either re-
ceived a stellate ganglion block (n � 50) or no inter-
vention (n � 50). The recurrence of CRPS was
significantly less in those patients receiving a periop-
erative stellate ganglion block (n � 5; 10%) compared
with those receiving no intervention (n � 36; 72%). No
study has examined the efficacy of administering a
stellate ganglion block to patients undergoing Du-
puytren’s surgery without a history of CRPS.

Although the regional sympatholysis provided by a
stellate ganglion block may be beneficial in reducing
CRPS, it requires clinical expertise and may result in
significant morbidity, including vertebral artery injec-
tion, subarachnoid, or epidural block, and pneumo-
thorax (19). Further, stellate ganglion blocks fre-
quently do not produce complete sympathetic
interruption of the ipsilateral upper extremity (20). We
believe IV regional blocks with clonidine may offer an
advantage in the perioperative management of pa-
tients undergoing fasciectomy for Dupuytren’s con-
tracture. Prospective, randomized, controlled clinical
trials have examined the efficacy of IV regional blocks
with guanethidine, reserpine, droperidol, atropine,
bretyllium, and ketanserin in the management of
CRPS (21–23). Critical reviews (21–23) of these con-
trolled clinical trials have suggested that there was
limited support of analgesic effectiveness of IV re-
gional blocks with bretyllium and ketanserin, consis-
tent data indicating guanethidine and reserpine IV
regional blocks were ineffective, and limited data in-
dicating that droperidol and atropine IV regional

Table 2. Patient Demographics and Surgical Data

General Anesthesia Axillary Block IVRA Lidocaine IVRA Clonidine

Number 106 96 48 50
Gender (M/F) 74/32 70/26 35/13 38/12
Age (yr) 61 � 12 63 � 19 65 � 16 66 � 17
Weight (kg) 79 � 15 75 � 19 81 � 18 78 � 16
Duration of surgery (min) 75 � 17 72 � 15 69 � 16 70 � 18
Tourniquet time (min) 80 � 16 83 � 14 81 � 15 79 � 16

Data are presented as mean � sd. There were no statistical differences among the four groups. IVRA � intravenous regional anesthesia.
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blocks were ineffective. We have previously shown
that IVRA with lidocaine and the �2-adrenergic ago-
nist, clonidine (1 �g/kg), is an effective technique for
managing both acute postoperative pain (24) and
symptoms of CRPS (25). Based on these studies
(24,25), we have found the complications of IVRA
with clonidine are infrequent, and this technique is
technically easier to perform than a stellate ganglion
block. We recently evaluated the effectiveness of IVRA
with lidocaine and clonidine in preventing the recur-
rence of CRPS after hand surgery (26). In this prospec-
tive, randomized, double-blind study, 84 patients with
a history of CRPS received either IVRA-L or IVRA-C
(1 �g/kg) for anesthesia during hand surgery. The
recurrence rate of CRPS was significantly less in those
patients receiving IVRA-C (10%) compared with those
patients receiving IVRA-L (74%). Clonidine has pe-
ripheral analgesic properties in patients with sympa-
thetically maintained pain, possibly because it reduces
the release of norepinephrine from prejunctional �2-
adrenoceptors in the periphery (27). Data from several
clinical investigations support the importance of pe-
ripheral adrenergic receptors in the maintenance of
sympathetically maintained pain. First, �-adrenergic
blockade with IV administered phentolamine (28),
phenoxybenzamine (29), or prazosin (30) reduces
pain. Second, IVRA with guanethidine depletes pe-
ripheral catecholamines and can relieve sympatheti-
cally maintained pain (31). Third, intradermal injec-
tion of norepinephrine rekindles sympathetically
maintained pain in patients who have previously un-
dergone a sympathectomy (32). Fourth, topical appli-
cation of clonidine has been shown to eliminate hy-
peralgesia at the site of drug application only. This
hyperalgesia was later rekindled by the intradermal
injection of norepinephrine or phenylephrine (33).

IV regional blocks with guanethidine have been
studied as a method of decreasing the postoperative
incidence of CRPS after Dupuytren’s surgery (34). IV
regional blocks with guanethidine, which deplete nor-
epinephrine in post-ganglionic adrenergic nerves,
were first described in 1974 by Hannington-Kiff (35) as
a potential treatment modality for CRPS patients. Senn-
wald (13) later advocated the perioperative prophy-
lactic use of IV regional blocks with guanethidine in
female patients undergoing fasciectomy for Du-
puytren’s disease because he observed a 40% inci-
dence of CRPS in this surgical population. However,
this practice could not be validated in a prospective,
randomized, double-blind study of 71 patients under-
going fasciectomy (34). Patients were randomized to
receive either IV regional blocks containing 20 mg of
guanethidine or placebo. This study revealed that 7
patients developed CRPS; 5 in the guanethidine group
and 2 in the placebo group. The authors concluded
that IV regional blocks with guanethidine were an
ineffective modality in the prevention of CRPS. These

findings are consistent with the other data showing a
lack of efficacy for IV regional blocks with guanethi-
dine in the management of CRPS (21–23). However,
because of the infrequent incidence of postoperative
CRPS (10%) observed in this IV regional block
guanethidine study (34), it may have been insuffi-
ciently powered to demonstrate significant differences
between the two treatment groups. Many more pa-
tients would have to have been enrolled in this clinical
trial before statements pertaining to analgesic efficacy
could be made. The infrequent incidence of CRPS may
have resulted from the use of brachial plexus block as
the primary anesthetic technique (90%) in this study.
We have shown in the present study, as has been
suggested by other investigators (15), that brachial
plexus block may reduce the incidence of postopera-
tive CRPS. This reduction in CRPS with axillary block-
ade may be attributable to the preoperative onset of
sympathetic blockade or prolonged postoperative
pain relief. Both of these factors play an integral role in
the development of postoperative CRPS (8).

Axillary block may be a suitable alternative anes-
thetic technique for those patients with Dupuytren’s
contracture in whom IVRA is either contraindicated or
cannot be tolerated. Tourniquet pain is often a limiting
factor in the use of IVRA and its onset can vary ac-
cording to the clinical situation. Clinical investigations
involving unmedicated volunteers have shown that
upper extremity tourniquet inflation can be tolerated
for only 29–47 minutes (36–38). The majority of cases
in the present study exceeded this time interval, ne-
cessitating tourniquet rotation and/or intraoperative
administration of supplemental opioids. In addition, 4
of 48 (8.3%) patients in the IVRA-L group required
conversion to general anesthesia because of unbear-
able tourniquet pain. Although not specifically inves-
tigated in the present study, we have previously ob-
served that many patients are able to better tolerate
tourniquet pain under axillary block compared with
IVRA.

Interestingly, all 5 patients who developed post-
operative complications (hematoma or infection)
were later diagnosed with CRPS. Although acute
surgical pain declines rapidly over the first few days
postoperatively, both infection and hematoma have
the capacity to produce persistent pain states (39).
This continuing postoperative pain may have pre-
disposed patients to more frequent CRPS. It has
been hypothesized that one of the pathophysiolog-
ical mechanisms of CRPS is a continuing barrage of
nociceptive input from the peripheral to the central
nervous system leading to a state of central hyper-
excitability (40 – 42). Therefore, in addition to per-
forming Dupuytren’s surgery under axillary block
or IVRA with clonidine, careful attention to improv-
ing postoperative pain control and avoiding surgi-
cal complications of the affected extremity may play
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an important role in reducing the incidence of post-
operative CRPS (8).

In conclusion, axillary block or IVRA with clonidine
offers a significant advantage for decreasing the inci-
dence of CRPS compared with either IVRA-L or gen-
eral anesthesia for patients undergoing Dupuytren’s
surgery. Because of improved tolerance to tourniquet
pain, axillary block may be considered the regional
anesthetic technique of choice for this surgical proce-
dure.
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