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Abstract Complex regional pain. syndrome {(CRPS)
generally remains restricted to one limb but occasionally
may spread to other limbs. Knowledge of the spreading
pattern of CRPS may lead to hypotheses about underlying
mechanisms but to date little is known about this process.
The objective is to study patterns of spread of CRPS from a

.first to a second limb and the factors associated with this

process. One hundred and eighty-five CRPS patients were

“retrospectively evaluated. Cox’s proportional hazards
model was used to evaluate factors that influenced spread
of CRPS symptoms. Eighty-nine patients exhibited CRPS

in muttiple limbs. In 72 patients spread from a first to a

second limb occurred showing a contralateral pattern in -
49%, ip'silateral pattern in 30% and diagonal pattern in

14%. Atrauma preceded the onset in the second limb in 37,
44 and 91%, respectively. The hazard of spread of CRPS
increased with the number of limbs affected. Compared to
patients with CRPS in one limb, patients with CRPS in
multiple limbs were on average 7 years younger and more

-often had movement disorders. In patients with CRPS in

multiple limbs, spontaneous spread of symptoms generally
follows a contralateral or ipsilateral - pattern whereas
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. diagonal spread is rare and generally preceded by a new

trauma. Spread is associated with a younger age at onset
and a more severely affected. phenotype. We argue that
processes in the spinal cord as well as supraspinal changes
are responsible for spontaneous spread in CRPS.

Keywords CRPS » Spread * Multiple « Peripheral

-trauma « TREND Study

Entr_oduction

Complex regional pain syndrome (CRPS) is characterized
by various combinations of sensory, autonomic and motor
disturbances, and. is usually preceded by & minor to severe

trauma affecting a limb (Allen et al. 1999; Merskey and

Bogduk 1994; Veldman et al. 1993). CRPS usually remains
restricted to one limb, but it can spread to other body parts
(Maleki et al. 2000; Veldman and Goris 1996). Although
several small studies have reported spread of specific
sensory, autonomic or motor features of the syndrome, the
overall picture remains unclear (Bhatia et al. 1993; Maleki
et al. 2000; van Hilten et al. 2001; Veldman and Goris
1996). CRPS in one limb may extend to another limb either
as a result of a new trauma to a previously unaffected limb,
or because the syndrome spreads spontaneously. Although
different causes of spontaneous spread have been proposed,
including genetic predisposition, aberrant regulation of
neurogenic inflammation and maladaptive neuronal plas-
ticity, the underlying mechanisms have not been elucidated
(Maleki et al. 2000; van Rijn et al. 2007; Veldman and
Goris 1996).

As a tertiary care center for CRPS we were able to
characterize a large sample of patients in whom CRPS in
one limb spread into. involve another limh. We were

n3
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. particularty interested in patients .in whomn spreading

occurred spontaneously (i.e., without a new trauma),
because this may reflect true spread of the disorder, which
might provide important informiation about the mecha-
nisms behind this process. For example, if systemic factors
underpin spontaneous spread, then one would expect an
indiscriminate pattern of spread; if :cortical mechanisms

underpin spontaneous spread, then one would expect an

ipsifateral pattern, and if spinal mechanisms underpin
spontaneous spread, then one would expect a contralateral
pattern. o

The present study aims to evaluate patterns of spread of
CRPS from one to-a second limb and consider potential

‘mechanisms that could explain this process. In addition,

factors that are associated with the occurrence of spread are
studied. ' '

Methods

~ Patients

All patients who visited the outpatient movement disorders

clinic of the Department of Neurology of the Leiden Uni-

.versity Medical Center from January 1998 to April 2004
- were considered for inclusion in the study. Patients were

eligible if they met-the CRPS criteria of the International
Association for the Study of Pain (IASP), either at the time

- of disease onset or at the time of presentation at the clinic.

The IASP criteria include the combination of: (1) the

presence of an initiating noxious event or a-cause of

immobilization, (2} continuing pain, allodynia or hyper-
algesia with which the pain is. disproportionate to any
inciting event, (3) evidence at some time of ederna, changes
in skin blood flow or abriormal sudomotor activity in the
region of the pain and {4) absence of a condition that would
otherwise account for the degree of pain and dysfunction.
Although only criteria 2-4 have to be satisfied (Merskey

and Bogduk 1994), we only included patients who identi-

fied an initiating noxious event in the first affected limb.
Data collection

Dates of onset of CRPS signs or symptoms for every
involved limb were obtained -from the patient’s history.
Medical records were reviewed to verify data wherever
possible. Sensory features that were recorded included

" pain, hypoalgesia, hyperalgeéia and allodynia. Hypoalge-

sia, hyperalgesia and allodynia were assessed by testing
sensitivity to light touch and pinprick. Recorded autonomic
features involved oedema, temperature changes, colour
changes, hyper- or hypohidrosis and changes in nail and

- hair growth. Recorded movement disorders included

n3

dystonia, tremor and myoclonus. We did not consider
muscle weakness a movement disorder as this could result
from pain or oedema. For all affected limbs we evaluated if
the symptoms and signs fulfilled the |ASP criteria for
CRPS. Age at onset in the first limb and length of interval
to onset of symptoms in subsequent limbs were calculated.
The presence and type of traumas (soft tissue injury,
fracture, surgery) preceding CRPS were registered. We
categorized patients according to three criteria. First, if
CRPS was present in one limb, patients were categorized as
‘Single-CRPS’. if CRPS was present in more than one
limb, they were categorized as 'Multiple-CRPS'. Second,
Muitiple-CRPS cases were categorized according to whe-
ther spread was associated with a separate trauma to the
limb. If not, patients were categorized as 'Spontaneous
spread’. If so, they were categorized as 'Separate trauma’.
Third, Multiple-CRPS cases were categorized according to
which limb was subsequently affected: *Contralateral’ (e.g.
left hand to right hand), ‘lpsilateral’ (e.g. left hand to left -
leg) or ‘Diagonal’ {e.g. left hand to right leg).

Statistical analysis

~ The independent-samples 't test was used to assess differ-

ences between groups in normally distributed continuous

- data, while non-parametric tests were used to assess dif-

ferences in non-normally distributed continuous or cate-
gorical data. Baseline differences in disease duration were
taken into-account and analyzed with analysis of covari-
ance. The time from onset of initial symptoms to extension
to other limbs was calculated for each limb, where time to

-spread was censored at the time of last assessment. In

patients who showed spontaneous spread of symptoms to

- subsequent limbs, a wultivariate analysis of factors asso-

ciated with spread of symptoms was carried out with Cox’s
proportionial hazards model. This analysis involves a -
regression model to quantify the relationships between one
or ‘more factors of interest and ‘survival’ (time to the
occurrence of spread). At any point in time, an individual
has an instantaneous risk (“hazard") to reach the endpoint

- (in our study defined as “spread to a second limb"). The

hazard ratio presents the increased or decreased risk on
reaching the endpoint at any point in time (compared to a
reference value}, adjusted for other potential ly confounding
variables in the model. Patients with a simultaneous onset
of symptoms in more than one limb or with simultaneous
spread from one affected limb to more than one subsequent
limb were excluded from this analysis. The hazard of
spread was estimated while several variables were
accounted for, inciuding traurmna characteristics, location of .
initial symptoms. presence of movement disorders and
patient characteristics. The probabilities of spread to other

limbs were calculated as cumulative incidences (competing
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risks) (Putter et al. 2007). For the analysis of rate of spread

comparing the presence of one, two or three affected limbs,
the variance of the estimated coefficients was adjusted
using a sandwich estimator, accounting for possible- cor--

relations of event times within patients (Lin and Wei

- 2009). P values B 0.05 were considered significant. ‘All
statistical analyses were performed with SPSS (version -
14.0), except for the survival analyses, which were per- -

formed with the statistical program R (version 2.0.1).

‘Results

One-hundred and eighty-five patients were included in the
study (Table 1, Fig. 1). During assessment, 96 patients
(52%) had- a single affected limb, whereas 88 (48%) had
multiple affected limbs. The signs and symptoms are pre-
sented in Table 2. In the Multiple-CRPS group, the syn-
drome started in 1 limb in 78 patients (i.e. 88%), a
simultaneous start in 2 limbs in 10 patients (11%) and a
simuitaneous start in 4 limbs in 1 patient (1%).

| Spread of CRPS from one to two limbs

CRPS had spread to another limb in 78 patients. Spread
occurred simultaneously from one to three limbs in five
patients and from one to four limbs in one patlent {Fig. 1,

section A). The severity of CRPS symptoms in the second -

Table 1 Demographics of 185 patients with CRPS

_ Characteristic _ . _ Value
" Females: no. (%) 160 (86.5)
Disease duration, mean (SD}) (years) 6.0 (6.0)
" Age at assessment, mean (SD) (years) 435 (14.8)
Age at onset of CRPS, mean (SD) (years) 37.5.(15.4)
' Preceding trauma; no. (%) -
Soft tissue inhjury 92 (19.7)
Fracture 48 (25.9)
Surgery - 45 (24.3)
CRPS involvement, no. (%) )
Single limb’ 96 (51.9)
Muitiple limbs . 89 (48.1) -
Affected limbs at initial CRPS onset, no. (%) ) '
1 . _ 18 (87.6)
2 ' _ R 10(11.2)
3 . , ’ 0
4 - ' (1)
Affected limbs at assessment, no. (%) ‘
2 : _ 45 (50.6)
3 R 18 (20.2)

4 _ S a 26 (29.2)

limb dld not differ significantly from that in the first limb
(Table 2). CRPS spread from 1 to 2 limbs in 72 patients
according to the following patterns (Table 3): contralateral
pattern in 38 patients (53%; 22 arm to arm, 16 leg to leg);
ipsilaterat pattern in 23 patients {32%; 12 arm to leg, 11 leg
to arm) and diagonal pattern in 11 patients (15%). New
trauma preceded the onset of CRPS in the second limb .in
37% of the patients with contralateral spread, in 44% of the

_ patients with ipsilateral spread and in 91% of the patients

with diagonal spread, which indicates that diagonal
spreading is almost always associated with a new trauma.-
Patient characteristics did not - differ between the three
types of spread. -

Spontaneous spread versus spread after
separate trauma

-~ In 38 patients who showed spontaneous spread of CRPS

from a first to a second limb, contralateral spread occurred
im 24 patients (63%, 11 arm to arm and 13 leg to leg)
(Table 3). Ipsilateral spread occurred in 13 (34%, 8 arm to
leg and 5 leg to arm) and diagonal spread occurred in 1

- patient (3%). In 34 patients who showed spread afier a

separate trauma of -the second limb, contralateral spread .
occurred in 14 (41%, 11 arm to arm and 3 leg to leg)
patierits. Ipsilatera! spread occurred in 10 (29%, 4 arm to
leg arid 6 leg to arm) and.diagonal spread occurred in 10
(29%, 4 arm to leg and 6 leg to arm). Patterns of spread
were significantly different between patients with sponta-
neous spread and spread after a separate trauma

WH2) =102, P = 0.006).' Patient characteristics (includ- -

ing symptom severity) did not differ significantly between
patients who spread spontaneously and those who spread
after a separate trauma. Patients in whom . spreading
occurred‘spontaneously showed a non-random pattern of
spread, so further analyses were performed on data from
thls subgroup

Characteristics of spontaneous spread -

. The median interval between the occurrence in the first and

second limb was 21 months (n = 24, range 2-95) for
contralatéral spread, 19 months (n = 13, range 3-58) for-
ipsilateral spread and 10 months (n = 1) for diagonal
spread. The difference in intervals between contralateral
and |ps:lateral pattern was not S|gn|f' cant (Mann-Whitney
U test; P = 0.16).

Next, the hazard of the different types of spontaneous
spread was calculated {Table 4). Compared to patients with
contralateral pattern (reference value of 1.00) the hazard of
ipsilateral spread was 0.44 (95% C!: 0.22-0.89), whereas
the hazard of diagonal spread was 0.04 {Cl 0.005-0.30)

. (Fig. 2). Age at onset, sex, or onset of symptoms in arm or

n3
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Fig. 1- Flow diagram of
. patients included in the study.
Section A shows the included
patients in which CRPS .

185 CRPS patients

. symptoms spread from one to
two limbs and who were

h

3

~ evaluated for different patterns
of spread. Section B-shows the
included patients with multiple

96 single affected limb

89 multiple affected limbs

and single affected limbs that

were compared. for differences
in clinical characteristics

¥y -

b 4

11 oriset'ZZ limbs _

78 onset in 1 limb

6 spread from 110 3 or 4 limbs

A

72 spread from 1-to 2 limbs

34 separate trauma of 2nd limb

38 without trauma of 2nd limb

14 contralateral
10 ipsilateral
10 diagonal -

Pattern of spread:

el
- Pattern of spread: :
24 contralateral
13 ipsilateral

T diagonal

leg, or in left or right sided limbs, did not affect the hazard.

Compared to the presence of CRPS in one limb, the pres-

ence in two limbs increased the hazard of spread of CRPS

to a third limb with 2.19 (95% CI: 1.35-3.57). CRPS in’
three limbs increased the hazard of spread to a fourth limb

to 3.75. (95% CIl: 1.92-7.32). The hazard of spread in

. patients with onset of CRPS on the left side was 1.46 (95%

~ Cl: 1.00-2.11, P = 0.047) compared to patients with right-

sided onset, indicating a somewhat higher risk of spread of-
CRPS symptoms in patients with left sided onset.

‘Comparison of Single- and Multiple-CRPS patients

Ninety-six patients with Sirigle-CRPS were compared with
89 patients with Multiple-CRPS (Fig. 1, section B).
Patients with Multiple-CRPS had longer disease duration,
‘and were significantly younger at onset, than patients with
Single-CRPS (Table 5). Additional analyses with adjust-

ment for. differences in disease duration. showed that -

n3
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patients with Multiple:CRPS were 6.7 years younger (95%
Cl: 6.3-7.1). There was no significant difference in the type
of trauma (v’(2) =567, P = 0.06) between groups.
Movement disorder was more comrmon in- those with
Multiple-CRPS than it was in thase with Single-CRPS

- [718% vs. 54%, mean (95% CI) difference = 23%

(10-37%]]. No difference between the groups was found in
the type of sensory symptoms (v¥(2) = 0.73; P = 0.69).
Patienis with spontaneous spread had. a shorter disease
duration than those with secondary trauma-related spread
(6.4 vs. 9.6 years, mean difference 3.2 years, 95% Cl:
0.4~5.8) but there were no other differences between these

two groups.

3 Discussion’

" We set out to determine patterns of spread of CRPS and the .
Factors that are associated with spread. Our results show
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Table 2 Signs and symptoms of CRPS in affected limbs

Variable Af_fectéd limb
‘ First {n = 185) - Second (n = 89) Third {n = 44) ‘Fourth (n = 26)
" Pain . o
. Present/absentfunknown, no. 185/0/0 '89/0f0 -44/0/0 26/0/0
Hyperalgesia/al lodynia ' . A
Present/absent/unknown, no. 101/78/6 40/4811 19/2411 -, 10/16/0
" Hypoalgesia o N
Presentlabsentlﬁnknown, no. 15213013 2110 39/5/0 23/3/0
Edema - ' . ]
Present/absent/unknown, no. 168/9/8 - 6712002 rA kI 17/811
“Temperature changes . h ‘
Present/absent/unknown, no. 165/9/11 73/9/7 /2N 21141
Color changes : R
Present/absent/unknown, no. 1761316 821512 33/74 2412{0
Hyper/hypohidrosis . . _
Present/absent/unkndwn, no. 122144119 59/27/3 26/15/3 131211
Hair and nail growth changes '
Present/absent/unknown, no. 134/42/9/ 5213215 2111314 18171
Movement disorders® ' ‘
Present/absent/unknown, na. 115/70/0 67/22/0 36/8/0. 251110 -

Variables were deerned to be present if a s‘ymptom, a sign or both were reported or observed

? Recorded movement disorders were dystonia, tremor and myoclonus

Table 3 Patterns of spread in 72 patients who spread from one to two limbs spontansously or after a separate trauma of the second extremitj

Pattern of spread® Total (N = 72) Spontaneous spread: (N = 38) Separaté trauma (N = 34)
Contralateral, no. {%) 38 (53 24 (63) 14 (41) '
Ipsilateral, no. (%) 23 (32) 13 (34) - 10(29) .

. Diagonal, no. (%) 11 (15) 1(3) 10 (29)

" * Patterns of spread were sugnlf cantly different between patlents -with spontaneous spread and spread after a separate trauma, v2(2) =10.2;

P = 0.006

that CRPS usually affects one limb but in some cases it
‘spreads to another limb, most often in a contralateral (53%)
or ipsilateral (32%) pattern and usually without secondary

" . trauma. A diagonal pattern of spread was nearly always

_ triggered by a new trauma. Spontaneous spread and spread
after-a separate trauma followed different patterns.

The mechanism underlying spontaneous spread of CRPS
to other limbs is unclear. Common patterns of spontaneous
" spread of CRPS may hint at the origin of the pattern.
Spread after a separate trauma followed no-particular pat-
tern, which strongly suggests that CRPS in one limb does
riot specifically predispose a particular other limb to CRPS
‘and supports the idea that these patients have multiple
CRPS rather than CRPS of multiple limbs. In contrast,
spontaneous spread to the contralateral limb was 2.3 times
more likely that spread to the ipsilateral limb and 25 times

_maore likely than diagonal spréad, Thié_ result casts light on

previous reports of similar rates of ipsilateral and diagonal
spread (Veldman and Goris 1996) because that work did
not differentiate between spontaneous and second trauma-
related spread. -
Patients with a spontaneous onset or who have a familial
form of CRPS develop the syndrome at a younger age and
are more likely to have a more severe phenctype (de Rooij
et al. 2009a). Additionally, CRPS patients younger than 50
have an increased risk of having siblings with CRPS

- (de Rooij et al. 2009b). in line with these studies, patients

with Muitiple-CRPS more often. exhibited movement
disorders and also had a significantly younger age at onset
of CRPS than patients with Single-CRPS. Collectively,
these findings indicate that in patients with a younger onset
of CRPS, genetlc factors may play a role in the onset or

3
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model )
Variable . Hazard ratio © 95% Cl
Fattern of spread to second affected limb
Mirror-image S
Ipsilateral . 044 o 0.22-0.89
Diagonal . 0.04 © 0.005-0.30
- Onset in limb
Right sided 1 _
Left sided _ 146 : 1.00-2.11 .
Number of limbs already affected by CRPS
1 ' 1 ' ‘
2 219 © 1.356-3.57-
3 - 3.75 ' 1.92-7.32
? Regression coefficient with 95% CI
_ = P =0.001
‘ -§ @
£ .
g Contralatera)
3
=
g <
a8 ©
o o
s Ipsilateral
=
E o
¢ < ”
o
e I
£ .
II_'J ' ' Diagonal
a | - O PN st e
L] .

0 12 24 3 48 B T2 84 %6
Months since first symptorms

Fig. 2 The probahility of spread of CRPS. The prdbability on the

accurrence of different types of spread in CRPS patients since the
onset of symptoms in the first limb, In this multivariate model
differences in patient characteristics were accounted for

 chronicity of the syndrome. A genetic predlsposmon is also

suggested by associations that were found with different

human leukocyte antigen {HL.A) class 1 and 1l factors (de -

Roojj et al. 2009¢; Kemler et al. 1999; van Hilten et al.

2000; Vaneker et al. 2002). Interestingly, HLA class |

molecules - have been implicated in non-immune roles
including neurbplastic_ity (Corriveau et al. 1998; Goddard
et al. 2007).

The dominant patterns of spontaneous spread observed
here strongly suggest that CRPS does not spread according

to some systemic vulnerability, but is more likely to spread

via spmal or cortical Iy mediated mechamsms

73

Tab!e 4 Hazard on spread of CRPS-—Muitlvanate Cox regressmn

Pain that spreads contralaterally has been reported in
CRPS and other chronic pain conditions, such as atypical
factal pain (Woda and Pionchon 2000), phantom limb pain
(Pohjolainen 1991) and repetitive strain injury (Miller and

~ Topliss 1988). Several animal models of neuropathic pain

and CRPS have reported contralateral spread of symptoms -
after nerve lesions or inflammation {Coderre et al. 2004;

“Coderre and Melzack 1992; Koltzenburg et al. 1999). In a

recent rat model of CRPS, 57% of the animals exhibited

.contralateral hindpaw mechanical hypersensitivity after
~ unilateral needle stick distal nerve injury (Siegel et al.
© 2007). Following an- intradermal injection of capsaicin,

human subjects developed contralateral hyperalgesia anc
allodynia (Shenker et al. 2008). The etiology behind the
contralateral spread of pdin is largely unknown; however,
increasing evidence -from-experimental studies on neuro-

~ pathic pain suggests that contralateral changes arise via

altered spinal processing of incoming sensory information
{Koltzenburg et al. 1999; Watkins and Maier 2002). This
may be mediated by growth factors via commissural
interneurons in the spinal cord and brainstern. In addition,
spinal glia cells and pro-inflammatory cytokines have been
documented as important factors behind the contralateral
spread of symptoms (Hatashlta et aI 2008; Mllllgan et al,
2003) ,
“In contrast to the number of studles on contralateral :
spread, data on mechanisms underlying spread of symp-
toms to the ipsilateral limb are scarce. Axial spread of
disease along the spinal cord is well documented for

* degenerative diseases such as amyotrophic lateral sclerosis

and infectious agents such as the poliovirus (Brooks 1991).

It is conceivable that glial mediated-changes at one seg-

ment. of the spinal cord can reach remote segments by
axonal transport via descending or ascending fibre tracts. .

This is also suggested by a recent autopsy paper on a

patient with longstanding CRPS that started in the left leg,
but eventually spread to all limbs (Del Valle &t al. 2009)..
The researchers demonstrated a significant loss of posterior
homn cells and activation of both microglia and asirocytes
not only at the site of the initial injury, but also extending

_ throughout the entire length of the spinal cord. These dif-

fuse alterations may support the hypothesis that segmental -
changes in the spinal cord induced by CRPS-in one limh,
may not only spread to the contralateral side but can also
extend more rostrally and caudally from the initially
affected segment. Interestingly, this fatter study (Del Valle
et al. 2009) also reported that the greatest degree of mi-
croglial cel! activation in the spinal cord was seen in the
left lumbar segmenis and the least in the right cervical
cord, which suggests that ispilateral changes are induced
more easily than diagonal changes.

Another explanation for the spread of symptoms may be
found at the supraspinal -level. Rommel et al. (1999)
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Table 5 Comparison of characteristics of CRPS patients with single and multiple affected limbs

_ Parameter ‘Total (N = 185) Single (N = 96) Multiple (N = 89) Difference in % (95% CI)
Female—no. (%) 160 (86.5) 84 (87.5) 76 (85.4) 2.1 (-10.6:14.8)
First aff. limb arm—no. (%) n = 174 91 (52.3) 50 (52.1) 41 (52.6) ' 0.5 (-14.4;15.4)
Disease duration—mean {SD) yr 6.0°(6.0) 41 (4.7) 8.1(6.6) 4.0 (2.3-7)

Age at onset CRPS—mean (SD)- year C - 315(15.4) 40.7 (14.7) '34.0 (14.7) 6.7 (6.3;7.1)
Kind -of trauma—no. (%) _ '
Soft tissue injury 92 (49.7) . 43 (44.8) - 49 (55.1) V2 (df = 2) = 5.67
Fracture limbfother "48 (25.9) 32 (33.3) 16 (18.0) P = 0.06
Operation limblother 45 (24.3) 21 (21.9) . 24 (27.0) ‘ _
Movement disorders—no. (%) 121 (65.4) 52 (54.2) 69 (77.5) . 23.3(10.1;36.9)°
Type sensory symptoms—no. (%) n = 165 ' , o
Hypaesthesia/hypalgesia 81 (49.1) 43 (52.4) 38 (45.8), vE{df = 2) = 0.73
Hyperaesthesiafhyperalgesia/aliodynia 41 (24.8) 18 (23.2) " 22 (26.5) ‘P =069
23.(27.7)

~ Both © O 43(26.1)

20 (24.4)

* Adjusted for disease duration

showed Hemisensory impairment in CRPS patients with
only one affected limb, and that this was more common in
those with left-sided CRPS. They proposed that the result
may reflect functional alterations in the thalamus. Relevant
to this is the recent discovery of space-based, but not arm-
based shift in tactile processing in people with CRPS of
one arm (Moseley et al. 2009). Of further relevance here is

the observation that left-sided CRPS is' associated with a
" higher hazard of spontaneous spread-space-based tactile
neglect after stroke commonly involves the left side of the
body, consequent to right sided brain damage (BlSlach
et al. 1979).

Contralateral spread probably mvolves different supra-

spinal mechanisms. Noxious stimuli activate bilateral

regions of the brain associated with descending control
“pathways including the thalamus and rostral ventral

medulla, which suggests one putative mechanism for-

mediating altered spinal gating contralaterally (Bantick
et al. 2002; Urban and Gebhart 1999). Additionally, the
growing body of data implicating cortical changes in CRPS
(see Swart et al. 2009 for review), offer potential mecha-
nisms. For example, watching the mirror-image of the
unaffected limb being touched elicits pain on the affected
- side (Acerra and Moseley 2005) and referred sensations of
a tactile or painful stimulus.were also experienced outside
its expected somatic territory (McCabe et at. 2003). Forrs
et al. (2005) describe a patient with chronic CRPS type-1in

whom pain and motor symptoms spread to the contralateral '
arm, and whole-head-magnetoencephaloghy demonstrated -

abnormal bitateral activation in the primary somatosensory
cortices to unilateral tactile stimuli, which suggests that
interhemispheric spread of cortical activation may con-
tribute” to’ contralateral spread. . Furthermore, supraspinal

. may be incorrectly labeled as

- glia and glial-derived proinflammatory cytokines may play

a role in spread of symptoms as well as their major influ-
ence on pain modulation (Watkins and Maier  2002),
Whether these 'supras_pinal changes can initiate spread of
CRPS symptoms or if they are secondary to peripheral or
spinal processes remains to be elucidated.-
Our study démonstrates that if CRPS develops sponta-
neously in more than one limb, there is a greater risk of
spread to subsequent limbs without the requirement of a
new trauma. This accelerated occurrence has been docu-
mented for clinical manifestations of other diseases and
probably reflects changes in the central nervous system,
perhaps in an attempt to adapt to the altered condition by
remodelling of neuronal contacts and circuits, a process also

‘known as-neuronal plasticity (Harrison 1999; Linazasoro

2005; Sutufa 2004; Woolf and Salter 2000). -
Interpretation of our results should consider some
methodological issues and limitations. A retrospective
design.is less accurate than prospective designs and may
result in incomplete data, although such issues would seem
unlikely to bias the results in one direction over another.-
Furthermore, follow-up data were not available and Single-
CRPS patients had shorter disease duration than patients
with Multiple-CRPS, which raises the possibility that some
Single-CRPS patients would have ultimately developed -
Multiple-CRPS if we left ‘it longer to find out. We
addressed this issue by controlling for disease duration in
the analysis. As it is likely that major traumas are better
recalled than minor ones, the frequency of minor trauma
may be underestimated. One can argue that these patients
“spontaneous spread”.
However, to address the objective of this study we felt it

was best to-use a clear definition of trauma (soft tissue
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injury, fracture, surgery)' that does not inclutle. “micro-

traumata”. Notably, this study was performed in a tertiary
center for movement disorders which may lead to over-

_ representation of patients with severe or muitiple CRPS,

- However, the objective of this study was to evaluate the

~ spread of symptoms and not the prevalence of multifocal
CRPS. Finally, we are aware that this is a descriptive study,
and that the pathophysiological aspects we discussed have
not been tested.

In conclusion, this study shows that spread of CRPS

. symptoms often occurs spontaneously and contralateral
spread is twice as likely as ipsilateral spread, but diagonal

spread is rare. We contend that these patterns of spread

implicate spinal cord and/or supraspinal mechanisms rather
than systemic mechanisms, although further work is
required to elucidate them in detail.
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We have demonstrated that subjects with complex re-
gional pain syndrome (CRPS) have asymmetric venous
pool plasma concentrations of narepinephrine .{NE)
when affected and unaffected limbs are compared, with

most demonstrating decreased NE levels in the affected -

limb. This pilot study explored whether systemic ve-
nous plasma catecholamine levels in CRPS subjects
with sympathetically maintained pain (SMP) differ
from those found in healthy volunteers. We also ex-

plored whether catecholamine levels were correlated-

with scores on psychometric measures of depression,

anxiety, and persenality. Venous blood samples from.

33 CRPS/SMP patients (from unaffected limbs) and

+ 30healthy control subjects were assayed for plasma NE
and epinephrine (E) concentrations. Plasma NE levels
were significantly higher inthe CRPS group (P+ 0.007).
Statistical comparisons of E levelsacross groups did not

‘achieve significance (P+ 0.06), although 52% of CRPS/

SMP patients had E levels exceeding the 95%. confi-
dence interval based on control data. Significant posi-

tive correlations were found between E levels and
scores on the Beck Depression Inventoryand Scales 1, 3,

and 6 on the Minnesota. Multiphasic Personality

Inventory-2 (all P« 0.05). Thiis preliminary work sug-

gests that increased NE and E levels in CRPS/SMP pa-

tients may result from the pain of CRPS, consequent

affective distress, or both: Alternatively, our findings

could reflect premorbid adrenergic - hyperactivity

caused- by affective, endocrine, or cother pathology,

which might predispose these individuals to develop

the syndrome. Definitive studies are needed to examine

these hypotheses in detail.

(Anesth Analg 2004;99:1478-85)

ing ‘'of pain pathophysiology, complex regional

D espite considerable advances in our understand-
pain syndrome (CRPS) (1} remains a challenging

and enigmatic disorder. The processes underlying’

CRPS remain incompletely understood and are the
focus of intense research. Numerous precipitating
events, most involving physical trauma or prolonged
immobilization, have been identified (2), but why only
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a small subset of individuals develop CRPS after com-
mon traumas remains a mystery.

~ CRPS is often associated with apparent dysfunction
in the sympathetic nervous system; it clinically pre-

- sents as dysautonomic changes (e.g., edema, increased
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sweating, and decreased temperature) in the affected
limbs, which superficially appear to reflect a state of
chronic sympathetic hyperactivity. However, sympa-
tholytic treatments such as nerve blocks (3) and sur-
gical sympathectomies often have incomplete or tem-
porary effects, and a significant ‘portion of CRPS

‘patients do not respond fo them at all. Raja et al. (4)

classify these nonrespenders as having sympathetically

independent pain (SIP), whereas those whose symptoms

improve after chemical or surgica['sympatholysis have
sympathetlcally maintained pain (SMP) G
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0003-2989/04
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If the §ympathetic-nerv0us system is not “over-

driven,” then the dysautonomia so prominent in’

chronic CRPS may suggest some form of -adrenergic
supersensitivity {6,7). Studies using models of periph-

" eral nerve injury (8,9) support this concept, suggesting

that tissue injury can trigger adrenosensitivity in in-

. jured afferent axons and surrounding vessels indepen- .

~-dently of sympathetic activity. Therefore, after nerve
injury, circulating catechclamines may directly trigger

- nociceptive firing (10) and the vasomotor changes

characteristic of the syndrome (6.7). Drummond et al.
{11} found that CRPS patients experience more pain

during states of sympathetic arousal, lending further -

support to this hypothesis. - .
We previously compared venous pool plasma cate-

cholamine levels between. affected and unaffected .

limbs of CRPS patients with SMP, all of whom mani-
fested the dysautonomic changes classic in this syn-
droime, and we observed a small but significant de-
crease in venous plasma norepinephrine {NE} on the
affected side (7). Drummond et al. (6) reported similar
findings. Afthough the reasons for the decrease re-
quire further exploratian, these results further contra-
dict the hypothesis that the dysautonomla of CRPS is
mediated by sympathetic hyperactivity in the affected
limb. Instead, the more likely mechanism is peripheral
adrenosensitivity with circulating catecholamines
causing an exaggerated perlpheral autonomic re-
sponse {6.7).

In this previous work, we noted that many CRPS
patients had systemic plasma NE and epinephrine (E)

. levels in excess of prototypical normal ranges (derived

from only five contral subjects in that study} (7). In
individuals without chronic pain, plasma NE and E

" levels increase during dysphoric emotional states such

as anxiety, hostility, and depression (12,13) and may
be reduced by relaxation techniques (14). Depression

and anxiety are reported to be increased in CRPS
patients (15), and these individuals’ increased: sys- -

temic NE and E may be a consequence of the.painor
the affective distress accompanying the syndrome. In
a patient with peripheral adrenosensitivity in the af-
fected limb, increased plasma NE and E would be

_expected to result in dysautonomla and, hypotheti-

cally, pain.

No study has formally compared systemic plasma
catecholamine levels in CRPS patients with those in
healthy controls, which is the purpose of this pilot
work, CRPS patients with SMP were specifically cho-

sen - because their responsiveness  to sympathetic:

blockade suggested direct or indirect involvement of
sympathetic nervous system function in the produc-
tion or maintenance of symptoms. This study also
reports our preliminary investigation of interactions
between psychological variables and plasma catechol-
amine levels with a series of standardized psychomet-

‘ric tests. If affective distress is positively correlated
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with catecholamine levels in CRPS patients and if our
hypothesis that chronic CRPS subjects have peripheral
adrenosensitivity is correct, then this relationship
would suggest one mechanism by which psychologi--
cal factors might influence the development, mainte-
nance, and exacerbation of the syndrome..

Methods

"~ The study protocol was reviewed and approved by

the Northwestern University and Medical University

- of South Carolina {MUSC) IRBs. All subjects provided

informed consent after thorough explanation of the
protocol, potential risks, and potential benefits.
Thirty-three individuals with upper limb CRPS
were recruited from among the patients enrolled in
the MUSC chronic pain treatment program. Each met
published International Association for the Study of
Pain (IASP) criteria for CRPS (1). All patients were
dlso classified as having SMP, as indicated by at least
a 50% decrease in visual analog pain ratings in re-
sponse to paravertebral sympathetic ganglion block-
ade. All subjects were at least 1 wk out from their last
block. This response to block was required for inclu-
sion in the data set, with the assumption that this
defined a more homogeneous group than the IASP
diagnostic criteria alone—a group that was responsive

) gross sympathetic manipulation and therefore ex-

emplary of the hypothesis. The study was not de-
signed to assess the effect of sympathetic blockade on
pain, affect, or catecholamine levels, Twenty-three pa-
tients were subjects in ‘our previous catecholamine.
investigation (7). In this pilot study, no attempt was

" made to control for medications.

Control subjects were 30 healthy volunteers who-
were recrujted from the faculty and support staff of
MUSC and the Rehabilitation Institute of Chicago.
Criteria for inclusion as a control were 1) absence of
any major physical or psychiatric disorder (by bedside
history/assessment); 2) no regular psychoactive, en-
docrine, or antihypertensive medication (diuretics
were permissible); 3)- no known allergy or sensitivity
to heparin; 4) age between 18 and 70 yr; 5) no history
of exaggerated bleeding tendency or thrombocytope-.
nia; and 6) ability to provide informed consent. Efforts
were made to match ages of patients and control sub-
jects, but these attempts were limited by control sub-
ject availability.

Subjects were asked to refrain from using any med-

_ ication or caffeine on the day of blood collection and to

refrain from smoking for 4 h before collection time.
For patients, the limb affected by CRPS was identified,
and blood was drawn from the contralateral limb.
Twenty-three of the patients were preparing to un-
dergo therapeutic IV regional (Bier) block of the af-
fected limb, ‘as previously described (7). For control
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subjects, limb laterality for blood collection was deter-
mined by subject preference.

An |V catheter was started by using ‘sterile tech-
nigue in a distal vein of the chosen limb, usually in the
dorsal venous arch of the hand or wrist. After confir-
mation of catheter placement by observation of blood
return, an intermittent infusion cap was attached, and
the catheter was flushed once with heparin sodium

(100 U in 1 mL of solution) to malntam catheter
© patency.

Efforts were made to minimize the noxious or visual
effects of stimuli related to blood collection that m|ght
artificially increase plasma catecholamine levels. To

reduce the immediate effects of pain and anxiety sur--

rounding the needlestick, each subject rested alone in
the supine position in a quiet, dimly lit room for
30 min after 1V insertion. The investigator then re-
entered the room and asked each subject to remain

supine, facing away from the IV site. The infusion lock

was removed, and 3 mL’ of blood was withdrawn
through the IV and discarded to minimize the risk of
heparin contamination. A second syringe was-used 10
draw an additional 10 mL of blood for analysis. Either
the 1V catheter was then maintained for access during

-the Bier block, or it was removed and a sterile dressing

was applied.

The 10 mL of blood was 1mmed1ately transferred
into 2 sterile 5-mL vacuum collection tubes containing
EDTA., The tubes were labeled with patient initials
and the date of collection and were immediately trans-
ported on-ice to a centrifuge, where plasma was sep-
arated, extracted, and stored at « 70°C.-

~ A subset of 18 CRPS patients completed standard-
ized psychometric questionnaires before blood collec-

tion. Instruments included the Beck Depression Inven-
tory {BDI) (16) and Beck Anxiety Inventory (BAI) (17),
which are well validated measures of depression
and anxiety states, respectively, and the Minnesota
Multiphasic Personality Inventory-2 (MMPI-2) (18),

" an extensively validated measure of personahty :

functioning.

Frozen plasma sampEes were transported on dry ice
1o the MUSC chemistry. laboratory for analysis. NE
and E were extracted from plasma onto activated alu-

mina and assayed with high-pressure liquid chroma--

tography with electrochemical detection, with dihy-
droxybenzylamine as the internal standard. The
sensitivity of the assay was 15 pg/mL.for both com-

pounds. NE levels were determined on all samples .

submitted for analysis. £ levels were determined for
25 (83%) of 30 controls and for-30 {31%) of 33 patients.

_ Al analyses were conducted with SPSS statistical -
.software (SPSS Inc., Chicago, IL). Age matching be-

tween groups was tested with an_independent-

. samples Student's t-test. Sex matching was tested with

nonparametric 2 »+ 2 «2 analysis. Control ranges for
plasma NE and E were calculated on the ba5|s of the
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upper and lower limits of the 95% confidence interval
for the control sample. Because NE values were nor-

-mally distributed, control and patient plasma NE dis-

tributions were compared by using simple factorial
analysis of variance. E values did not approach a
normal distribution in either patients or controls;
groups were therefore compared by using the non-
parametric Mann-Whitney U-test. '
Although the available sample size was small, we
were able to conduct a preliminary test of the relation-

~ ships between catecholamine levels and scores on the

BDI, BAI, and MMPI-2. NE distribution was normal
within the subset of CRPS patients who completed
psychometric instruments; although the distribution
of E was nonnormal. Therefore, correlations between
the psychometric measures and NE levels were exam-
ined by using parametric correlations {Pearson’s r),
whereas correlations with E levels were analyzed with
nonparametric correlations (Spearman’s ). _

‘Fourteen (47%) of 30 CRPS patients and 14 (56%) of
25 controls had E concentrations less than the lower
limit of detection of the assay, and these were coded as
0 for statistical analyses. Sample sizes for analyses of
psychometric measures in this pilot study varied be-
cause of missing data (ranging from 12 for the BDI and .
BAIl to 16 for the MMPI-2). The maximum number of
subjects available for each variable was used in all
analyses. -

A priori directional hypotheses regarding refationships
between depression/anxiety and catecholamines were
tested by using one-tailed probability values to increase
statistical power, given the limited sample size for these
variables. Probability values for all other analyses were

two talled

Results

Group demographics are summarized in Table ‘l
Seventy-three percent of the CRPS patients and 50% of
control - subjects were female. The sex ratio across
groups approached but did not reach, statistical sig-
nificance (Pearson «2+ 3.442; P+ 0.08). Age distribu-
tions across the two groups were not significantly
different (P + 0.10). Within-group analyses indicated
that mean age was. not significantly different across
sexes in either the CRPS or control groups (P« 0.10).

The 95% confidence intervals for the control group
were used to define “normal” catecholamine ranges.
Results for NE are summarized in Table 2. Seventy-
eight percent of CRPS patients had NE levels more
than the upper limit (210 pg/mL) of the control range.
The largest NE concentration seen in the CRPS group
(932 pg/mL.) was more than fourfold larger than this

~upper limit. Not surprisingly, analysis of variance

demonstrated significantly larger NE concentrations

for the patient group compared with controls (F; 57 *
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- Table 1.'Demograp'hics'for Co'mplex Region.al Péin
Syndrome {CRPS) Patients and Control. Subjects

Mean age

. Sex n - yr) - sd
CRPS patients - ' '

Male - 9 41.4 - 11.9

Female = 24 42.6 14.1

Total 33 42.3 13.4
Controls :
- Male : 15 - 31.4 73

Female 15 0.5 - 11.2

Total 30° 359 10.4

14.82; P « 0.001), and this difference was not ex-

plained by between-group differences in age or sex

distribution {(analysis of covarlance Fis7* 1143, P
0.001).

Results for E are summanzed in Table 3. Fifty-two
percent of CRPS patients had levels more than the
upper limit (26 pg/mL) of the control range, and the

" highest patient E value (2370 pg/mL) was approxi-

mately 90 times the upper normal limit. Nonparamet-
ric analysis of E data indicated a trend for larger
plasma E concentrations in the CRPS group than in
cantrols; the difference approached, but did not reach,
statistical significance {(Mann-Whitney U-test, 259.0; P
» 0.06). There was no significant correfation between
plasma NE and E levels among CRPS patients (Spear-
man’'s « = 0.05; P+ 0.10) or controls (Spearman's « »

+.0.04; P+ 0.10). , _

Among CRPS patients, plasma NE was unrelated to
sex, but men displayed significantly higher levels of E
(*s7 ¢+ * 041 P+ 0.05). In contrast, there was a
- significant. refationship between NE and sex among
controls, with higher plasma NE levels in female pa-
tients (= 3 » 0.64; P » 0.001). Male controls displayed

a trend toward higher E levels, but this did not reach -

statistical significance (=5, + = 0.38; P+ 0.1). Grossly,
no significant differences were found between men
and women on any of the psychometric tests (P« 0.1);
~ however, this sample was too small to make any de-
- finitive statements-as to sex/ psy(ihometric effects.

Age and E were 5|gn|f|cantly related in the control

group, with higher E levels in younger individuals

(Spearman «,; « « 0:46, P+ 0.05). In contrast, neither

~ NE hor E was significantly correlated-with age inthe
. CRPS group (all correlations: P+ 0.10).

Table 4 presents exploratory correlations between
* psychometric measures (BDI, BAI, and MMPI-2) and
plasma E and NE levels for a-subset of CRPS patients.
Because correlations were not based on a specific di-

rectional hypothesis, P values are given strictly for

descriptive reasons. Plasma NE was not significantly
correlated with any of the psychometric scores. How-
ever, several significant relationships were observed
between' psychometric results and plasma E levels,
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Despite the small sample size, a significant positive
relationship was observed between plasma E and de-
pression scores on the BDI. Similar significant positive
relationships were noted between E levels and Scales
1, 3, and 6 on the MMPI-2. Scale 1 measures an indi-
vidual's tendency toward denial of good health and
admission of a variety of somatic symptoms (somatic
focus). Scale 3 reflects denial of psychalogical and
emotional problems, discomfort in seccial situations, .
and a general denial of physical health {avoidance or
denial/suppression as a copmg style}. Scale 6 reflects
social sensitivity, suspiciousness,. rigid oplnlons and
attitudes, and ideas of reference. (This scale is some-
times called the paranoia subscale, but in the context of
these findings, it may best be understood as reflecting
a sensitive, suspicious or hostile attitude toward the
world.}

Given the small sample size available for this anal
ysis, we considered the possibility that extreme cases
could bias the results. However, exclusion of statistical
outliers for both E and NE did not appreciably alter
the pattern of significant relationships observed. ‘

Discussion

Research has increased our understandmg of the patho-
genesis of neuropathic pain states, including CRPS. His--
tochemical studies in animal models suggest that cat-
echolamines are .involved in the pathophysiology of’
some types of neuropathic pain (10,19,20). Acute tissue
injury is accompanied by the local release of multiple
compounds, including neuropeptides (21), which ulti-
mately sensitize peripheral afferent nerve endings (both
nociceptors and nonnociceptive terminals) to usually in-
nocuous stimuli. One mechanism for this sensitization is
the upregulation of excitatory receptors, including NE
receptors, at the terminals of injured nociceptive and
nonnociceptive - afferents (9,22). New axonal sprouts
from injured afferents develop abnormal, painful sensi-

* tivity to-both NE (23) and E (24,25). This hypersensitivity

io catecholamines can develop in the absence of post-
ganglionic sympathetic input (8) and may be the result of
catecholaminergic receptor upregulation (26). Sensitized
nerve terminals may produce spentaneous discharges
even in the absence of external stimulation (27). Taken
together, these findings suggest that exposure of injured
tissue to mrculatmg NE and E may contribute to the
spentaneous pain and allodynia of CRPS. :

The original theoretical concept of reflex sympa-
thetic dystrophy (also known as CRPS) implicated
sympathetic nervous hyperactivity. in the.-affected
limb as the mechanism driving the syndrome. How-
ever, current research indicates that regional venous

~ plasma NE (and, indirectly, sympathetic function)

may be decreased in the affected limb relative to the
contralateral unaffected limb (6,7). If tissue injury sen-
sitizes peripheral nociceptors to catecholamines, then
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Table 2. Plasma Norepinephrine (NE) Levels in Complex Regional Pain Syndromg Patients and Controls

NE (pg/mL) Mean-centered
\ariable n {mean) sd SEM Range CV (interassay}
Controls '
All ] 30 189.6 55.1 10.1 104-326 029
Women . - 15 224.5 521 134 141-326 023 -
Men ) - 15 1547 3.3 8.1 ©104<210 0.20
Patients (unaffected side) : : , :
All - ©33 326.8 187.4 326 76-932 0.57
Women : . 24 3246 162.2 331 98-836 0.500 .
Men. , 9 84.8 76-932 0.76

332.8

Cv « coefficient of variability. )
Control group 95% confidence interval for plasma NE: 168-210 pg/mL.

254.5

Table 3. Plasma Epinephrine {E) Levels in Complex Regional Pain Syndrome-Patients and Controls

. Median E {pg/mL) _ Mean:centered
Variable n score {mean) sd sem Range CV (interassay)
Controls ) ' ' S _

- All 25 0 15.8 245 ) 4.9 '0-93 1.55
Women 14 -0 . 76 J6.0° 43 0-52 210
. Men - 1 23 26.1 300 9.0. 0-93 . . 1.15
Patients ‘ .
All 30 23 - 207.7 500.1 91.3 .0-2370 241
Women 21 ] 73 - 171.6 374 0-626 2.41
526.1 818.6 2729 1.56

Men 9 17

0-2370

CV = coefficient of variability. .
Control group 95% confidence interval for plasma E: 5-26 pg/mL.

Table 4. Correlations Between Psychometric Measures
and Plasma Catecholamine Levels

Variable - . E? NEF -
BDI 0.52* 0.13.
BAI 0.34. 0.12
MMPE L scale 0.24 = 010
MMPE F scale o 811 - - 004
MMPE K scale - = 0.01 0.15
-MMPI Scale 1 0.54* + 0.06
MMPI Scale 2 0.31 + 0.04
MMPI Scale 3 0.55* » (.25
MMPI Scale 4 0.10 0.22
MMPI Scale 5 -0.09 -0.29
MMPI Scale 6 0.54" 0.00
MMPI Scale 7 0.35 014
MMPI Scale 8 0.39 0.15
MMPI Scale 9 . <007 0.22
MMPI Scale 0 Coom 0.01

BDI* Beck Depression (nventory (16); BAI - BeckAhxietylnventory a7

MNE « norepinephrire.
 ®Spearman’s -
B Pgarson’s r.
*Pe 005

MMP1 « Minnesota Multiphasic Personality tnventory (18} E « epinephring;

the pain and dysautonomic phenomena seen in CRPS
could be caused by normal {or high) systemic levels of
- catecholamines affecting supersensitive tissue, rather
than by high regional levels of catecholamines pro-

duced by an overactive sympathetic system (8,7). In- -

deed, the decrease in NE seen in CRPS patients may

actually reflect local sympathetic. hypofunction that is
perhaps related to damage to sympathetic efferents
(7). and this is consistent with the clinical observation
that many patients go through a period of apparent
sympathetic hypofunction acutely (hot, red, and dry)
before developing the characteristic chronic presenta-
tion (cold, blue, and sweaty) (7).

Although the sympathetic nervous system efferents
may not be overdriven in CRPS, experimental evi-
dence does suggest functional sympathetic/sensory
coupling at the dorsal root ganglion (DRG) in animal

models of neuropathic pain. The nociceptive barrage -

of pain signals from sensitized afferent terminals in-
duces windup of wide dynamic range neurons in the
DRG, manifested by increased firing frequency-and
decreased discrimination hetween noxious and nor-
mally innocuous stimuli (28). Postganglionic sympa-
thetic activation has been shown to potentiate ectopic
discharges from primary DRG neurons during

~windup (29). This relationship may have a structural

basis; sympathetic postganglionic axons form basket-
like skeins around -the somata of DRG sensory neu-
rons in.animal and human neuropathic pain states
(30). There are thus sound arguments for both periph-
-eral. noradrenergic sensitization (8,9) and for direct
sympathetic nervous involvement (31) in the mainte-
nance of neuropathic pain states, Both mechanisms
may be involved in CRPS to varying degrees,
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In this pilotl study we found that levels of circulating
NE were higher than normal control levels in 78% of

_our CRPS sample, a statistically significant difference.
If CRPS patients are regionally sensitized to NE at the -

tissue level and if upregulation of peripheral NE re-
ceptors is tied to abnormal nociception and vasomotor
function, then increased circulating NE levels would
have marked clinical significance. Patients with high

~ plasma NE would be expected to experience greater

regional pain and manifest increased edema, vasocon-
striction, and other hyperadrenergic manifestations of
CRPS. Subsequent investigations should assess these
variables and correlate them with NE levels.

- This finding raises questions about the clinical dis-
tinction between SMP and SIP (4,32). Patients with

SMP respond to sympatholytic therapies, whereas SIP

patients do not. This difference in response could re-
flect differing regional or circulating NE levels, -differ-
ing tissue sensitivities to NE, or both. All CRPS pa-
tients involved in this study had documented SMP.
Further résearch comparing SMP and SIP patients and
the relationship of these subsets of CRPS to catechol-

amine levels, clinical presentation, and psychometrlc_

testmg is.indicated.

We found levels of circulating E. to be hlgher than
normal control values in 52% of CRPS patients, with
concentrations up to 90 times larger than normal in

-one patient. {None of the individuals with increased E -

levels had known pheachromocytomas or other endo-

~crine, gastrointestinal (GI), or kidney pathology, nor

were any found on subsequent workup.) However,
the difference. in plasma E levels between groups was

" not statistically significant. Whether the marked E in-

creases in certain individuals reflect preexisting emg-

tional distress, anxiety over the sampling technigue, -

some other premorbid or comorbid hyperadrenergic
state, or another process entirely (such as an artifact) is

- unexplained. One source of variance not controlled for

in-this pilot study was the fact that some of the sub-
Jjects were taking antidepressant drugs for pain or

depression, and these drugs theoretically may influ-.
ence blood catecholamine levels. This factor should be

considered in a definitive trial, :
One might hypothesize that increased E and.NE
levels in CRPS are a consequence of the pain and

distress that accompany the syndrome, rather than a.

manifestation of endocrine pathology or an autonomic
or psychological state peculiar to CRPS. For this hy-

pothesis to be correct, chronic pain patients as a group
would be expected to have increased catecholamine -
- levels. A review of the literature fails to support this

hypothesis. NE and E levels are similar to control
values in patients with fibromyalgia (32,33), painful
diabetic neuropathy (34), and cluster headaches (35).

‘Plasma NE was less than control levels in patients
with migraine {36), and concentrations of NE, E, and
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- dopamine were decreased in patients with tension-
type headaches (37). The only studied pain ‘states be-

sides CRPS that were accompamed by increases of
plasma NE and E were acute pain conditions, i.e.

venipuncture (34) and early myocard;al infarction :

(38,39). Please note.our efforts to minimize the acute

- effect of venipuncture, in the Methods section.

As noted, one possible reason for plasma NE and E
increases is affective distress. The mechanisms under-

‘lying this relationship include both central activation

of the sympathetic nervous system (primarily account-
ing for systemic NE) and pituitary/adrenal activation

(primarily accounting for E). Several studies suggest
that CRPS patients may have more emotional distress

than patients with other types of chronic pain condi-
tions (15,40-45), but they also may experience “more”
pain. Of course, there is no way to compare absolute

~ pain levels across diagnoses.

Anxiety, stress, and pain all increase cnrculatlng cat-
echolamine levels (34,46—48). In our small sample, we
found that plasma E was positively correlated with
scores on psychometric measures that reflected: de-
pression, high somatic focus, avoidant coping style,
and emotional sens;tuwty/suspmousness ("paranoia/
hostility”). Our findings support the hHypothesis that

psychological .distress and increased plasma cat- -
echolamines are related in CRPS patients (41,49-57),
although no causal connection with CRPS develop-

ment can be assumed, given the correlational nature of
these data and the-small sample size. We did not
correlate pain severity with depression, anxiety, or E

levels, and these relationships should be explored‘
. carefully in future- investigations.

- The kidneys and G| tract are also significant sources

of peripheral circulating NE and E. The differential .

contribution of various organs to circulating NE and E
was not addressed.in this pilot investigation.

By contrast, no significant correlations were demon-
strated between NE levels and psychomaetric scores,

and the concentration of one measured catecholamine '

did not predict that of the other. These were unex-
pected findings; one possible explanatlcm is separate
roles for E and NE in the development or'maintenance
of CRPS. Whereas NE has been experimentally linked
to peripheral sensitization, atlodynia, and hyperalge-

~ sia, E.may be more involved in the realm of emotional

distress and the stress response to pain. Further invés-
tigation is necessary to clarify these relationships. -
Do increased E and NE levels predispose individu-

" als to develop CRPS (52)7 Our data provide no ready

answers. Whether increased NE and E predate the
development of CRPS is unknown. No published
studies have documented psychological status and
catecholamine levels before the onset of the syndrome.

" Whatever the ultimate cause of CRPS, our findings are

consistent with the theoretical effects of many of the
treatments recommended for the syndrome (53). Early
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and aggressive treatment of stress, anxiety, and de-
pression by methods such as relaxation training (14)
may reduce plasma NE and E levels, theoretically
decreasing peripheral sensitization and pain and

thereby alleviating emotional distress: Pharmacologic-

‘management of pain, depression, and anxiety may
also help to reduce affective distress, the adrenergic
stress response, and circulating catecholamine Ievels
leading to further beneficial effects.

The connection between plasma catechdlamines,
‘psychological state,-and CRPS certainly deserves ex-
ploration beyond this pilot study. A group of patients
with SIP should be studied and compared with SMP
patients to. examine any differences in plasma cate-
cholamine levels or psychometric scores. Enlargement

- of sample size, expansion of the psychometric battery,
and use of a control group (perhaps one with a differ-
ent chronic pain condition) will increase the statistical
power and robustness of the study. We did not control
for the duration of CRPS symptoms, time since-the last
sympathetic block (except-that there was at least one

week since the last block), type of block, comorbid

medical conditions, or the roles of any long-acting
medications taken by the patients on the days before
sampling. These variables must be consudered in fur-
~ ther investigations.

Even as we understand more about the complex _
pathophysiology of neuropathic pain, many aspects of
CRPS remain a mystery, and each new piece of knowl-

edge tends to raise more questions. The exact role of
catecholamines_in the genesis and maintenance of
CRPS is still incompletely understood. In this study,
CRPS patients with SMP demonstrated increases .in
plasma NE and (to a lesser extent) E compared with
normal control subjects, and increased E was corre-
lated with psychometric scores that indicated affective

-distress and certain - personality -characteristics.
Whether these psychological characteristics originated
before or after the onset of CRPS remains unclear.
Further investigation may lead us toward techniques
for the identification of individuals at high risk for
CRPS and may eventually lead to effective preventive
measures and more effective treatments.

The authors gratefully acknowledge the Su'pport and assistance of
the following individuals: Felice Barisy Rudin, PhD, for critical
review of the manuscript; and John Cate for the use of the MUSC
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