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The Natural History of Complex Regional Pain Syndrome

Robert J. Schwartzman, MD, Kirsten L. Erwin, BS, and Guillermo M. Alexander, PhD

Objective: Complex regional pain syndrome (CRPS) is a severe
chronic pain condition characterized by sensory, autonomic,
motor, and dystrophic signs and symptoms. This study was
undertaken to expand our current knowledge of the evolution of
CRPS signs and symptoms with duration of disease.

Method: This was a retrospective, cross-sectional analysis using
data extracted from a patient questionnaire to evaluate the clinical
characteristics of CRPS at different time points of disease
progression. Data from the questionnaire included pain character-
istics and associated symptoms. It also included autonomic, motor,
and dystrophic symptoms and also initiating events, ameliorating
and aggravating factors, quality of life, work status, comorbid
conditions, pattern of pain spread, family history, and demo-
graphics. Comparisons were made of different parameters as they
varied with disease duration.

Results: A total of 656 patients with CRPS of at least 1-year
duration were evaluated. The average age of all participants was
37.5 years, with disease duration varying from 1 to 46 years. The
majority of participants were white (96%). A total of 80.3% were
females. None of the patients in this study demonstrated
spontaneous remission of their symptoms. The pain in these
patients was refractory showing only modest improvement with
most current therapies.

Discussion: This study shows that although CRPS is a progressive
disease, after 1 year, the majority of the signs and symptoms were
well developed and although many variables worsen over the
course of the illness, the majority demonstrated only moderate
increases with disease duration.
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Complex regional pain syndrome (CRPS) is a condition
that usually results from an injury or a surgical
procedure. However, in some cases, no precipitating event
can be identified. CRPS is now generally regarded as a
systemic condition that involves both central and peripheral
components of the neuraxis'? and interactions between the
immune and nervous systems.>* Factor analysis reveals
that the signs and symptoms in CRPS patients cluster into 4
distinct subgroups: (1) abnormalities in pain processing; (2)
skin color and temperature changes; (3) edema, vasomotor,
and sudomotor abnormalities; and (4) motor dysfunction
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and trophic changes.>® The recent Budapest consensus
panel proposed diagnostic criteria for CRPS requires at
least 1 symptom in each of the 4 factors and 1 sign in at
least 2 of the 4 factors. It also requires that there be
no other diagnosis that better explain these signs and
symptoms.’

The reported incidence of CRPS after injuries is highly
variable.®~'4 Some of the variability is due to the fact that in
some studies, patients were evaluated early in the disease
process (weeks to months) whereas in others they were seen
after prolonged illness. Bickerstaff and Kanis'> report an
incidence of CRPS of 28% after Colles fracture. However,
the percent of patients with CRPS symptoms decreased to
1% to 2% after 1 year, which may account for the much
lower incidence of CRPS after Colles fracture in their series
than that quoted in the literature. Similarly Zyluk!'®
reported that 87% of his patients resolved at 1 year after
radial fracture.

There is also variability in the few population-based
studies on the incidence of CRPS. However, there is
agreement that the incidence of CRPS in females is greater
than in males. A resent population-based study from the
Netherlands reports an incidence of 40.4 for females and
11.9 for males per 100,000 person years at risk.!” An earlier
population-based study from Olmsted County, Minnesota
report a much lower incidence of 8.57 for females and 2.16
for males per 100,000 person years at risk.!® The earlier
study also reported that the majority of CRPS patients
underwent resolution of their symptoms, often sponta-
neously, and in only a minority of patients the disease
became chronic.!® This study was undertaken to expand
our current knowledge of the natural history of refractory
CRPS. Comparisons were made of the factors validated for
CRPS.7

METHODS

A questionnaire was developed in 1995 and given to all
of the patients referred to the pain clinic of Drexel
University College of Medicine. The data presented in this
study was derived from patients seen between July 1995 and
January 2006. All of the patients who completed the
questionnaire were examined by the same neurologist
(R.J.S.). In some cases, the patients had been seen regularly
by Robert J. Schwartzman for over 20 years (33 patients).
All of the data for this study were derived from the patient
responses to the questionnaire. Data from the questionnaire
were entered in a relational database (Microsoft Access).
Data analysis was performed by means of Structured Query
Language queries from the database tables. Comparisons
were made of different parameters as they varied with
disease duration. The natural history was determined not
by following any 1 patient over time, but by evaluating the
response of many patients with varying durations of
disease. This retrospective study was approved by the
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Drexel University College of Medicine Institutional Review
Board.

Inclusion Criteria

Patients who met the diagnostic criterion for CRPS’
with disease duration greater than 1 year were included
in this study. This entry point was chosen to allow
for spontaneous resolution of any inciting event such
as fracture, nerve injury, or surgical procedure. No
distinction was made between CRPS I and II.

Sample Size and Duration of the Study

There were 844 patients seen at the pain clinic of
Drexel University College of Medicine between July 1995
and December of 2006 who met the diagnostic criteria for
CRPS. Six hundred fifty-six patients had CRPS duration of
greater than 1 year and completed the questionnaire to a
sufficient degree to be included in this study. The 656
patients included in this study were afflicted with CRPS for
periods between 1 and 46 years. The number of CRPS
patients included in this study at different years of disease
duration is shown in Table 1.

Statistical Analysis

Relations between any of the response variables and
duration of disease were examined by regression analysis
with the statistical data analysis software, SYSTAT version
11 (SYSTAT Software Inc, Richmond, CA).

RESULTS

Demographics

There were 656 patients with CRPS of at least
1-year duration, 129 males and 527 females. Males made
up 19.7% of the patients, their age at onset varied from 10
to 69 years with an average ( % standard deviation)
of 37.8 £ 12.3 years. Females made up 80.3% of the
patients, their age at onset varied from 7 to 74 years with an

TABLE 1. Number of Questionnaires Completed for Each Year
of Disease Duration

Duration of CRPS (y)

No. Completed Questionnaires

1 81
2 78
3 79
4 70
5 44
6 44
7 39
8 36
9 14
10 21
11 18
12 12
13 10
14 14
15 14
16 14
17 8
18 15
19 12
>20 33

CRPS indicates complex regional pain syndrome.
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FIGURE 1. Complex regional pain syndrome patient distribution
by age and sex.

average age of 36.7 £ 12.1 years (Fig. 1). Most of the
patients were white (96%), there were 2.5% African
Americans, 1% Hispanics, and 0.5% Asians.

Initiating Event

Injuries were listed as the initiating event of their pain
problem by 77.6% of the respondents. In 11.5% of the
patients, surgery was listed as the initiating event, 1.0%
listed stroke, 7.8% could not identify the initiating event,
and 1% of the patients did not answer the question. The
most common causes of the injuries were motor vehicle
accidents 23.6%, falls 14.6%, struck by object 3.4%, lifting
heavy objects 3.2%, assault 2.2%, and medical procedures
1.6%. In 10% of the patients, a surgical procedure was
performed after their injury. These patients could not
discriminate whether the injury or the surgery initiated their
pain problem. The most common injuries were bone
fractures, sprains, blunt trauma (struck by objects), or
lacerating trauma (knife stabbing, gunshot wounds, animal
bites). Fifty percent of the patients who listed an injury as
the initiating event had their extremity immobilized after
the injury. In general, the patient’s initial pain problems
were slightly more prevalent in the upper part of the body
(53%) (arms, neck, and shoulders) than the lower parts
(47%) (legs, hips, and lower back). There was also a small
preponderance for the right side of the body (54%) versus
the left (46%).

Pain Intensity

Patients were asked to enter the overall intensity of
their pain based on a 0 to 10 numerical rating scale (NRS)
where 0 was no pain and 10 was unbearable pain. The
average pain intensity for each year after the initiating
event varied between 6.53 and 8.75 with a mean £
standard deviation of 7.33 £ 0.6. During the first 5 years,
the average pain was 6.91 &£ 0.5 and it increased to
7.92 + 0.6 after 15 years (Fig. 2). The overall pain intensity
demonstrated a statistical significant increase with disease
duration (r=0.60, P = 0.005). Early in the disease a
smaller percent of patients (87%) reported continuous
pain, which increased to 98% after 15 years. In contrast to
average pain intensity, the increase in percent of patients
reporting continuous pain did not show a statistically
significant correlation with progression of disease
(r=0.258, P =0.273). When asked to select the time of
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FIGURE 2. Variations in the intensity of overall pain ona 0 to 10
numerical rating scale versus duration of disease. The intensity of
overall pain demonstrated a statistically significant positive
correlation with progression of disease (r=0.60, P=0.005).

the day that their pain was worse (morning, afternoon,
evening, or night), approximately one-third of the patients
selected all 4 periods. The majority of the remaining
patients selected night and evening as the most painful part
of the day.

The Short Form McGill Pain Questionnaire in
CRPS

The responses to the short form of the McGill pain
questionnaire'® were tabulated by year from the onset of
CRPS. The average total pain score was 23.47 for the
sensory component, 7.41 for the affective component with
an average total score of 30.88. Neither the sensory
component nor the affective component demonstrated a
statistically significant positive correlation with progression
of disease. The sensory descriptors with the greatest values
were hot burning and aching. Those with the lowest values
were splitting, gnawing, and cramping. Most of the sensory
descriptors demonstrated a trend toward higher scores as
the disease progressed, however in only gnawing (r = 0.57,
P <0.01) and splitting descriptors (r = 0.45, P < 0.05) were
the positive correlation statistically significant. None of the
affective components of the McGill questionnaire showed a
statistically significant correlation with progression of
disease. The affective descriptor with the highest score
was tiring and exhausting and the one with the lowest score
was fearful.

Pain Processing

There were several questions that evaluated whether
nonpainful mechanical stimuli were perceived as pain
(allodynia): (1) Do you feel pain now or within the last
month when touched or lightly brushed (touch allodynia)?
(2) Do you feel pain now or within the last month when
light pressure is applied to a limb or a joint (static
mechanoallodynia)? In addition, the patients were asked
to rate the severity or intensity of the pain on a 0 to 10 NRS
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scale with zero being no pain and a 10 representing
unbearable pain. The percent of patients that reported
touch allodynia did not demonstrate a statistically sig-
nificant positive correlation with progression of disease.
During the first 5 years, 84% of all patients reported touch
allodynia and after 15 years, the percent was greater than
90%. The severity of touch allodynia increased from
6.1 &+ 0.4 during the first 5 years to 7.1 + 0.5 after 15 years.
The severity of touch allodynia demonstrated a statistically
significant positive correlation with progression of disease
(r=10.46, P = 0.04).

As with touch allodynia, the percent of patients that
reported static mechanoallodynia did not demonstrate a
statistically significant positive correlation with progression
of disease. During the first 5 years, 91% of all patients
reported dynamic mechanoallodynia and after year 15, the
percent was greater than 96%. An increase in the severity of
the static mechanoallodynia was statistically significant
during progression of disease (r = 0.495, P = 0.026) in-
creasing from 6.8 + 0.3 during the first 5 years to 8.1 + 1.1
after 15 years.

The patients were also asked if they felt internal organ
(visceral) pain. Early in the disease, during the first 5 years,
47% of the patients reported visceral pain and after year 15,
the percent increased to 62%. The severity of the visceral
pain increased from 3.0 £ 0.6 during the first 5 years to
4.2 £ 0.8 after 15 years. Both the percent of patients
reporting visceral pain (r = 0.57, P <0.01) and its severity
(r =0.54, P <0.05) demonstrated a statistically significant
positive correlation with disease duration.

Patterns of Pain Spread

When asked if their pain spread over time, 31.1% of
the patients reported spread to areas contiguous to the
initial injury, 11.5% to the same extremity on the
contralateral side of the body in a mirror pattern (ie, right
arm to left arm), 10.8% to the other extremity on the
ipsilateral side (ie, right arm to right leg), and 11.3% to the
other extremity on the opposite side (ie, right arm to left
leg). Thirty-five percent of the patients reported that their
pain had spread to their whole body and 8% did not answer
the question. At least 92% of the respondents had spread of
their pain in some pattern (it cannot be assumed that the
8% who did not respond demonstrated no spread).
Although all of the different types of spread occurred
throughout the disease process, the following patterns
emerged. Contiguous spread occurred in most patients
early (1 to 2y) and remained the most common type of
spread during the first 10 years. Spread to other extremities
occurred throughout the disease process with no specific
pattern whereas generalized (all extremities) spread was
most prominent late in the disease process (after 15y).

Ameliorating Factors

Patients were asked to list all things that made their
pain better. The major relieving factors for CRPS pain
were: medication (50%), rest (42%), hot weather (12%),
and hot or warm water (11%). Elevation of the affected
extremity was helpful to 7.6% of patients. Massage and
physical therapy were equally effective aiding 5.8% of
patients. Biofeedback, dorsal column stimulators, medita-
tion, and acupuncture were considered effective by less than
5% of patients. Fifteen percent of the patients reported that
“nothing made their pain better.”
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Medications

The patients were asked to list all of the medications,
therapies, or devices that they had used for the treatment of
their CRPS. All of the patients were taking (or had taken)
multiple medications during treatment of their CRPS. The
percent of patients taking the following class of medications
were: narcotics (74.7%), anticonvulsants (68.8%), nonster-
oidal anti-inflammatory drugs (60.0%), antidepressants
(52.8%), antianxiety agents (15.3%), sleeping pills (11.5%),
and steroids (11.3%). A large percent of patients (66.4%)
underwent blocks (sympathetic, somatic, or trigger point),
18.6% had spinal cord stimulators implanted, and approxi-
mately 7% of the patients were implanted with intrathecal
pumps for the delivery of baclophen or morphine. When
asked, on a scale of 0% to 100%, how much relief these
medications provided, the average response was 33.2%
with little variation with duration of disease.

Aggravating Factors

When asked to list all things that made their pain
worse, cold weather (48.2%) and physical activity (37.0%)
were the most common items listed. Within the physical
activity category, 17.3% of the patients noted that walking
increased their pain. Specific categories of movement such
as standing for too long (15.4%), holding the arms above
the shoulders (12.9%), hand activity (8.7%), driving or
riding in a car (5.4%), and repetitive movements (4.0%)
were listed as aggravating factors. Stress was a significant
aggravating factor in 12.3% of the respondents.

Skin Color and Temperature Changes

In response to the following questions: (1) Have you
experienced skin color changes within the last month; and
(2) Have you experienced temperature changes within the
last month? Early in the disease, the first 5 years, 71% of
the patients reported skin color changes and 83% reported
temperature changes. After year 15, the percent of patients
reporting skin color changes increased to 81% and to 95%
for those reporting temperature changes. The percent of
patients reporting skin color changes (r = 0.46, P = 0.041)
and temperature changes (r = 0.44, P = 0.050) demonstrated
a statistically significant positive correlation with duration
of disease.

Swelling and Sweating

In response to the question: Have you experienced
swelling within the last month? Swelling was noted by 75%
of respondents at 1 year. It worsened over time and was
reported by 90% of patients after 15 years. The percent of
patients reporting swelling demonstrated a statistically
significant (r = 0.50, P = 0.024) positive correlation with
duration of disease. When asked to list other symptoms,
40% of the patients listed increased sweating. Increased
sweating was reported by 33% of patients during the first 5
years and by 4 4% of patients after 15 years. The percent of
patients reporting increased sweating was not statistically
significant (r = 0.174, P = 0.463) with duration of disease.

Motor Dysfunction

The questions posed to patients were: (1) Are you
experiencing loss of strength now or within the last month?;
(2) Are you experiencing difficulty initiating movement now
or within the last month?; (3) Are you experiencing
abnormal hand or foot posture now or within the last
month?; (4) Are you experiencing muscle spasms now or
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within the last month?; and (5) Are you experiencing
spontaneous falls now or within the last month?

Loss of strength was reported by the majority of the
patients and varied little throughout the course of the
illness. It was reported by 93% of patients during the first 5
years and by 94% of the patients after 10 years of illness.
Loss of strength did not demonstrate a statistically
significant correlation with duration of disease (r = 0.22,
P = 0.340). The percent of patients reporting difficulty in
initiating movement increased slightly throughout the
course of the illness. It was reported by 88% of the patients
during the first 5 years and by 94% of the patients after 10
years, which was not statically significant with disease
duration (r = 0.22, P = 0.353).

Abnormal limb posture was noted in 57% of patients
at year 1 and increased to 80% of the patients after 10
years. Abnormal limb posture demonstrated a statistically
significant increase with disease duration (r = 0.52,
P =0.018). The percent of patients reporting muscle
spasms varied little throughout the course of the illness. It
was reported by 84% of patients during the first 5 years of
illness and increased to 93% of patients by year 10, it did
not demonstrate a statistically significant correlation with
disease duration (r = 0.342, P = 0.14).

The percent of patients reporting spontaneous falls
increased slightly throughout the course of the illness. It
was reported by 27% of patients during the first 5 years of
illness and increased to 35% of patients by year 10. This
increase was not statistically significant with duration of
disease (r = 0.154, P = 0.519).

Medical History

The CRPS patients were asked to list, besides their
pain, other symptoms or medical conditions. The following
medical conditions (including the percent afflicted if > 1%)
were reported by the respondents: cardiovascular disease
(25%), anxiety (13.3%), depression (10.8%), arthritis
(8.5%), high cholesterol (5.8%), thyroid problems (5.4%),
esophageal reflux disease (5.1%), Raynaud syndrome
(4.9%), asthma (4.3%), diabetes (2.8%), seizures (2.8%),
and cancer (1.3%).

Other Symptoms

In addition to the medical conditions listed above,
patients reported a number of other symptoms. The
symptoms reported by more than 10% of the respondents
are tabulated in Table 2. The table includes: (1) the reported
symptoms in descending order (most frequently reported to
least frequently reported); (2) the percent of patients that
reported the symptom; and (3) the correlation coefficient
(r), the probability (P), and the slope (the average percent
change per year) were listed if the symptom demonstrated a
correlation with duration of disease with a P value less than
or equal to 0.05. Figure 3 illustrates the changes with
disease duration in 2 categories. The first variable, tired-
ness, was reported by 68.5% of the patients and demon-
strated a statistically significant positive correlation with
duration of disease (r = 0.47, P = 0.036) with an average
increase of 1.0% per year. The second variable, weakness,
was reported by 64.7% of the patients and did not show a
statistical change with duration of disease (r = 0.015,
P =0.951).
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TABLE 2. List of Other Symptoms and Percent Affected in

Descending Order Reported by More Than 10% of Respondents.

The Correlation Coefficient (r), Probability (P), and Slope are
Listed for Symptoms That Demonstrated Significant (P<0.05)

Changes With Disease Duration

Other Symptoms

Affected Correlation Probability Slope

Symptom % r) (P) %
Difficulty sleeping 71.9
Tiredness 68.5 0.475 0.036 1.0
Weakness 64.7
Headaches 61.5
Memory problems 54.5
Difficulty thinking 52.6
Sweating 48.5
Feeling drowsy 38.9
Constipation 38.9 0.576 0.008 1.4
Dizziness 35.1
Nausea 334
Indigestion 26.6
Lack of appetite 26.6
Urinary problems 24.9 0.572 0.008 1.1
Blurred vision 24.5
Itching 24.5 0.516 0.024 1.0
Weight changes 23.0
Rash 19.5
Diarrhea 17.8 0.552 0.014 0.6
Swallowing 16.9
difficulties
Nightmares 16.3
Difficulty breathing  15.7 0.638 0.006 1.0
Vomiting 12.0
Depression 10.8

Family History

The following medical conditions (including the
percent afflicted if >2%) were present in the immediate
family of the respondents: cardiovascular disease (70.1%),
arthritis (42.9%), pulmonary disease (26.7%), cancer
(26.7%), diabetes (18.5%), kidney or urinary problems
(10.1%), autoimmune disorders (7.7%), musculoskeletal
disorders (5.3%), gastrointestinal problems (2.6%), mental
illness (2.6%), and thyroid diseases (2.1%).

Social History
Approximately 50% of the patients provided their
cigarette smoking and alcoholic beverage consumption
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FIGURE 3. lllustration of 2 entries (A) Tiredness and (B) Weakness
from the ““Other Symptoms or Medical Problems’” question. The
percent of patients reporting ‘“‘Tiredness”” demonstrated a
statistically significant positive correlation with progression of
disease (r=0.47, P=0.036), whereas the percent reporting
"Weakness’” did not (r=0.015, P=0.951).

Duration (years)
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history. The smoking history of patients revealed that 44%
of the patients never smoked and 2.8% do not smoke but
did not specify if they ever did. The percent of patients that
stopped smoking was 21.9%, some stopped before (15.7%)
and others after (6.2%) being diagnosed with CRPS.
Fourteen percent of the patients reported that they smoked
more, 9.9% the same, and 6.8% less than they did before
being diagnosed with CRPS. The alcoholic beverage
consumption history revealed that 22% of the patients
never drank, 4% do not drink but did not specify if they
ever did, 30% stopped drinking, some before (15.2%) and
others after (14.8%) being diagnosed with CRPS. Four
percent of the patients reported that they drink more, 20%
the same amount, and 21% less than they did before being
diagnosed with CRPS.

Quality of Life

The patients were asked if their pain interfered with
the following categories: their general activity, enjoyment of
life, mood, work (both outside and inside their home),
relationships with others, ability to concentrate, and ability
to sleep. If their pain interfered with a specific category,
they were asked to rate the level of interference on an NRS
scale of 0 to 10. A score of 0 reflected no interference
whereas a score of 10 complete interference. Most of the
respondents (>97%) replied that their pain interfered with
their general activity, enjoyment of life, mood, work, ability
to concentrate, and ability to sleep. The percent of patients
reporting that pain interfered with their relationships with
others was 93%. In all categories, the percent that reported
interference varied little throughout the course of the
illness. The degree of interference on a 0 to 10 NRS scale
followed a similar pattern, with patients reporting average
values between 7.5 and 8.5 for general activity, enjoyment
of life, mood, work, ability to concentrate, and ability to
sleep and 6.5 for interference with their relationships with
others.

Work Status

In response to the queries: (1) Did your pain problem
cause you to stop working?; and (2) If you stopped working
have you been able to return? In 81% of the patients, their
pain problem caused them to stop working whereas the
remaining 19% continued to work. Of the 81% who
stopped working, 27% were able to return to work.

DISCUSSION

The demographic patterns in this natural history study
of refractory CRPS patients are in agreement with the
previous publications in regard to sex. The reported female
to male ratio in CRPS varies from 2:1 to 4:1.!317:18 The
patient population in this study demonstrated a 4:1 female
to male preponderance. The reported average age of onset
is also variable, ranging from 37 to 60 years old.'®?° Our
cohort of patients was at the younger end of this range with
onset at 37 years old. As in previous studies, bone fracture,
sprains, and trauma were the most common initiating
events and the upper body was slightly more involved than
the lower. As previously noted,?' greater than half of the
patients in this study had the affected extremity immobi-
lized after the injury. This study shows that although CRPS
is a progressive disease, after 1 year, most of the signs and
symptoms were well developed and demonstrate only
moderate increases with disease duration.
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The pain intensity reported by the patients in this
study increased with disease duration. However, the percent
of patients reporting continuous pain remained relatively
constant. The data from the McGill questionnaire showed
that many of the sensory components of the score increased
with disease duration whereas the affective components did
not. The majority of the patients reported abnormalities in
pain processing. Dynamic or static mechanoallodynia were
present in more than 90% of patients by 5 years and in 96%
of patients at 15 years. The severity of the pain and its
maintenance in this group of patients may result from
multiple mechanisms that include changes in the peripheral
nervous system,?? active processes involving both the
peripheral nervous system and the central nervous sys-
tem>23; or from a sickness like response involving interac-
tions between the immune and nervous systems.>* These
mechanisms are not mutually exclusive and may act
individually or in concert.?*

Spread of initial pain occurred in 92% of patients
during the course of the illness. Contiguous spread was
most common early (1 to 2y) whereas spread to all
extremities was most often seen after 15 years of illness.
Functional imaging suggests that the spread of symptoms
may be due to the plasticity of the pain system and its
ability to reorganize after injury.>?® Skin color and
temperature changes were prevalent within the first 5 years
and significantly (P < 0.05) increased with disease duration.
Early studies of CRPS patients demonstrated a loss of the
normal vasoconstriction response after a Valsalva maneu-
ver or cold pressor stimulus, and loss of normal sympathe-
tically mediated spontaneous wave-like fluctuations
(vasomotion).?® Recent studies confirm this observation
and also have shown that the reduced vasoconstriction
noted in early CRPS may return to normal with recovery
from acute CRPS.?7-? With disease progression, autonomic
dysregulation seems to become centralized and the affected
body parts become colder.>?° This is possibly related to
sensitization or up-regulation of adrenergic receptors in
injured tissue, which would then become responsive to low
levels of circulating humoral catecholamines.>°

Swelling was noted by 75% of patients by year 1 and
was reported by 90% of patients after 15 years. Several
mechanisms have been proposed including increased
capillary filtration capacity, sympathetic stimulation of
the lymphatics, and neurogenic inflammation.?!-*> The
vasoactive neuropeptide substance P when perfused sub-
cutaneously or released by transcutaneous antidromic
stimulation evokes protein extravasation. This effect has
been reported in the extremities of CRPS patients®>-3* and
may be partially responsible for the increased swelling seen
with disease duration.

Sweating increased from 33% of patients during the
first 5 years to 44% of patients after 15 years. This could
result from an adrenergic sweat response seen in CRPS-
affected limbs rather than the expected response to
cholinergic stimulation, suggesting adrenoreceptor activa-
tion of systems not normally under adrenergic control.?’
Loss of strength and difficulty initiating movement were
reported by approximately 90% of the patients during the
first 5 years and varied little during the duration of the
illness. Ninety-four percent of the patients reported
difficulty in initiating movements at 10 years. Sustained
abnormal limb posture (dystonia) increased from 57% of
patients at 1 year to 80% at 10 years. Muscle spasms were
frequent in 84% of patients during the first 5 years and
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increased to 93% by year 10. Spontaneous falls increased
throughout the course of the illness.

Motor abnormalities have been shown to occur at all
levels of the neuraxis in CRPS. At the spinal level,
substance P and calcitonin gene-related peptide have been
shown to induce prolonged depolarization (in vitro) of
anterior horn cells.3® Nociceptive afferents release these
neuropeptides, which may modulate the gain of nociceptive
flexor withdrawal reflexes.’” Autonomic dysregulation
seems to progress and centralize during the course of
CRPS? and sympathetic effects on motor function may be
substantial as demonstrated by improvement of movement
in some patients after sympathetic blockade.3®

The increase in dystonia seen with disease progression
may result from impaired reciprocal inhibition, a decreased
threshold of tonic and phasic components of the stretch
reflex and failure of dorsal horn interneuronal circuits
that mediate presynaptic inhibition reported in CRPS
patients.>*#% It has been postulated that GABAergic
interneurons, which mediate primary afferent depolari-
zation are impaired in CRPS-induced dystonia.*

Impairment of sensorimotor integration is pivotal in
the movement disorder of CRPS as demonstrated by motor
cortical disinhibition,*' a neglect-like syndrome,*> abnorm-
alities of target reaching and grip analysis,*® and a
mismatch between sensory input and motor output.** It is
clear that motor dysfunction progresses over time with
dystonia increasing to a greater degree than other compo-
nents. The mechanism of increasing falls is probably
multifactorial. Sleeping difficulties were reported by more
than half of the patients early in the disease and increased
to more than 70% with disease duration. Sleeping difficul-
ties have been previously reported in CRPS* and other
chronic pain conditions.*¢47

More than half of the patients in this study reported
cognitive and memory difficulties. Deficits in informa-
tion processing®® and short-term memory*® have been
reported in patients afflicted with chronic pain. Chronic
pain has also been shown to impair working memory>° and
decision-making.’! The disruption of cognitive perfor-
mance in chronic pain patients could result from a number
of factors such as pain medications,>® stress,’? the engage-
ment of the prefrontal cortex by chronic pain,>! and the fact
that pain may act as a distractor resulting in impaired
working memory.>® Pain alleviation in CRPS treated by
ketamine coma has been shown to result in a significant
improvement in attention and information processing.>?
The quality of life and work history component of the
questionnaire demonstrate the great social and employment
disruption caused by refractory CRPS.

Weaknesses of the study are that it is retrospective
with inherent amnestic errors, some ambiguities of the
queries, and that not all responses were evaluated with
patients at each return visit. Its strength is its relatively
large size, the very strict inclusion criteria, and that the
same neurologist followed all patients over the course of
the study.

None of the patients in this study demonstrated
spontaneous remission of their symptoms. The pain in
these patients was refractory showing only modest im-
provement with most current therapies. However, there are
new treatments that show promise in the management of
CRPS. The use of the N-methyl p-aspartate receptor
antagonist ketamine in both subanesthetic®*>® and
anesthetic®®>7 doses and also immune modulation with
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thalidomide®®* or lenalidomide®® have been demonstrated
to be effective in patients with short duration disease and
also those who have had it for over 5 years. Our hope is that
the refinements of these novel agents and the development
of more selective drugs will lead to better therapies for this
very severe life-altering illness.

20.

21.

22.

23.

REFERENCES

. Schwartzman RJ, Grothusen J, Kiefer TR, et al. Neuropathic

central pain: epidemiology, etiology, and treatment options.
Arch Neurol. 2001;58:1547—-1550.

. Janig W, Baron R. Complex regional pain syndrome: mystery

explained? Lancet Neurol. 2003;2:687—-697.

. Marchand F, Perretti M, McMahon SB. Role of the immune

system in chronic pain. Nat Rev Neurosci. 2005;6:521-532.

. Watkins LR, Maier SF. Immune regulation of central nervous

system functions: from sickness responses to pathological pain.
J Intern Med. 2005;257:139-155.

. Harden RN, Bruehl S, Galer BS, et al. Complex regional pain

syndrome: are the IASP diagnostic criteria valid and suffi-
ciently comprehensive? Pain. 1999;83:211-219.

. Bruehl S, Harden RN, Galer BS, et al. External validation of

IASP diagnostic criteria for Complex Regional Pain Syndrome
and proposed research diagnostic criteria. International
Association for the Study of Pain. Pain. 1999;81:147-154.

. Harden NR, Bruehl S. Diagnostic criteria: the statistical

derivation of the four criterion factors. In: Wilson PR, Stanton-
Hicks MD, Harden RN, eds. CRPS: Current Diagnosis and
Therapy. Seattle, Washington: IASP Press; 2005:45-58.

. Orner GC, Thomas MS. Treatment of causalgia. Tex Med.

1971;67:93-96.

. Bohm E. Das Sudecksche Syndrome. Hefte zur Unfallheilk-

unde. 1985;174:241-250.

. Atkins RM, Duckworth T, Karis JA. Features of algodystro-

phy after Colles’ fracture. J Bone Joint Surg. 1990;72:105-110.

. Veldman PH, Reynen HM, Arntz IE, et al. Signs and

symptoms of reflex sympathetic dystrophy: prospective study
of 829 patients. Lancet. 1993;342:1012-1016.

. Stanton-Hicks M, Jinig W, Hassenbusch S, et al. Reflex

sympathetic dystrophy: changing concepts and taxonomy.
Pain. 1995;63:127-133.

. Birklein F, Riedl B, Sieweke N, et al. Neurological findings in

complex regional pain syndromes—analysis of 145 cases. Acta
Neurol Scand. 2000;101:262-269.

. Dijkstra PU, Groothoff JW, ten Duis HJ, et al. Incidence of

complex regional pain syndrome type I after fractures of the
distal radius. Eur J Pain. 2003;7:457-462.

. Bickerstaff DR, Kanis JA. Algodystrophy: an under-recog-

nized complication of minor trauma. Br J Rheumatol. 1994;33:
240-248.

. Zyluk A. The natural history of post-traumatic reflex

sympathetic dystrophy. J Hand Surg. 1998;23:20-23.

. de Mos M, de Bruijn AG, Huygen FJ, et al. The incidence of

complex regional pain syndrome: a population-based study.
Pain. 2007;129:12-20.

. Sandroni P, Berud-Larson L, McClelland RL, et al. Complex

regional pain syndrome type I: incidence and prevalence in Olm-
sted County, a population-based study. Pain. 2003;103:199-207.

. Melzack R. The short-form McGill Pain Questionnaire. Pain.

1987;30:191-197.

Allen G, Galer BS, Schwartz L. Epidemiology of complex
regional pain syndrome: a retrospective chart review of 134
patients. Pain. 1999;80:539-544.

Schwartzman RJ, McLellan TL. Reflex sympathetic dystrophy.
A review. Arch Neurol. 1987;44:555-561.

Waxman SG, Dib-Hajj S, Cummins TR, et al. Sodium
channels and pain. Proc Natl Acad Sci USA. 1999;96:
7635-7639.

Woolf CJ, Salter MW. Neuronal plasticity: increasing the gain
in pain. Science. 2000;288:1765-1769.

© 2009 Lippincott Williams & Wilkins

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Schwartzman RJ, Alexander GM, Grothusen J. Pathophysiol-
ogy of complex regional pain syndrome. Expert Rev Neurother.
2006;6:669-681.

Birklein F, Rowbotham MC. Does pain change the brain?
Neurology. 2005;65:666—-667.

Bej MD, Schwartzman RJ. Abnormalities of cutaneous blood
flow regulation in patients with reflex sympathetic dystrophy as
measured by laser Doppler fluxmetry. Arch Neurol. 1991;48:
912-915.

Schurmann M, Gradl G, Andress HJ, et al. Assessment of
peripheral sympathetic nervous function for diagnosing early
post-traumatic complex regional pain syndrome type 1. Pain.
1999;80:149-159.

Wasner G, Heckmann K, Maier C, et al. Vascular abnorm-
alities in acute reflex sympathetic dystrophy (CRPS I):
complete inhibition of sympathetic nerve activity with recov-
ery. Arch Neurol. 1999;56:613-620.

Wasner G, Baron R. Factor II: vasomotor changes, pathophi-
siology and measurement. In: Wilson PR, Stanton-Hicks R,
Harden N, eds. CRPS: Current Diagnosis and Therapy.
Progress in Pain Research and Management, v32. Seattle: IASP
Press; 2005.

Wasner G, Schattschneider J, Heckmann K, et al. Vascular
abnormalities in reflex sympathetic dystrophy (CRPS I):
mechanisms and diagnostic value. Brain. 2001;124:587-599.
Howarth D, Burstal R, Hayes C, et al. Autonomic regulation
of lymphatic flow in the lower extremity demonstrated on
lymphoscintigraphy in patients with reflex sympathetic dystro-
phy. Clin Nucl Med. 1999;24:383-387.

Schurmann M, Zaspel J, Gradl G, et al. Assessment of the
peripheral microcirculation using computer-assisted venous
congestion plethysmography in post-traumatic complex regio-
nal pain syndrome type 1. J Vasc Res. 2001;38:453-461.
Weber M, Birklein F, Neundorfer B, et al. Facilitated
neurogenic inflammation in complex regional pain syndrome.
Pain. 2001;91:251-257.

Leis S, Weber M, Isselmann A, et al. Substance-P-induced
protein extravasation is bilaterally increased in complex
regional pain syndrome. Exp Neurol. 2003;183:197-204.
Chemali KR, Gorodeski R, Chelimsky TC. Alpha-adrenergic
supersensitivity of the sudomotor nerve in complex regional
pain syndrome. Ann Neurol. 2001;49:453-459.

Saito K, Konishi S, Otsuka M. Antagonism between Lioresal
and substance P in rat spinal cord. Brain Res. 1975;97:177-180.
Woolf C, Wiesenfeld-Hallin Z. Substance P and calcitonin
gene-related peptide synergistically modulate the gain of the
nociceptive flexor withdrawal reflex in the rat. Neurosci Lett.
1986;66:226-230.

Price DD, Long S, Wilsey B, et al. Analysis of peak magnitude
and duration of analgesia produced by local anesthetics
injected into sympathetic ganglia of complex regional pain
syndrome patients. Clin J Pain. 1998;14:216-226.

van de Beek WIJ, Vein A, Hilgevoord AA, et al. Neurophy-
siologic aspects of patients with generalized or multifocal tonic
dystonia of reflex sympathetic dystrophy. J Clin Neurophysiol.
2002;19:77-83.

van Hilten JJ, Blumberg H, Schwartzman RJ. Factor IV:
movement disorders and dystophy-pathophysiology and mea-
surement. In: Wilson PR, Stanton-Hicks R, Harden N, eds.
CRPS: Current Diagnosis and Therapy. Progress in Pain
Research and Management; v32. Seattle: IASP press; 2005.
Schwenkreis P, Janssen F, Rommel O, et al. Bilateral motor
cortex disinhibition in complex regional pain syndrome
(CRPS) type I of the hand. Neurology. 2003;61:515-519.
Galer BS, Jensen M. Neglect-like symptoms in complex
regional pain syndrome: results of a self-administered survey.
J Pain Symptom Manage. 1999;18:213-217.

Schattschneider J, Wenzelburger R, Deuschl G, et al. Kine-
matic analysis of the upper extremity in CRPS. In: Harden
RN, Baron R, Janig W, eds. Complex Regional Pain Syndrome,
Progress in Pain Research and Management, v22. Seattle: IASP
Press; 2001.

www.clinicalpain.com | 279



Schwartzman et al

Clin | Pain * Volume 25, Number 4, May 2009

44,

45.

46.

47.

48.

49.

50.

S1.

52.

McCabe CS, Haigh RC, Ring EF, et al. A controlled pilot
study of the utility of mirror visual feedback in the treatment of
complex regional pain syndrome (type 1). Rheumatology
(Oxford). 2003;42:97-101.

Galer BS, Henderson J, Perander J, et al. Course of symptoms
and quality of life measurement in Complex Regional Pain Syn-
drome: a pilot survey. J Pain Symptom Manage. 2000;20:
286-292.

Tang NK, Wright KJ, Salkovskis PM. Prevalence and
correlates of clinical insomnia co-occurring with chronic back
pain. J Sleep Res. 2007;16:85-95.

Naughton F, Ashworth P, Skevington SM. Does sleep quality
predict pain-related disability in chronic pain patients? The
mediating roles of depression and pain severity 1. Pain. 2007,
127:243-252.

Grigsby J, Rosenberg NL, Busenbark D. Chronic pain is
associated with deficits in information processing. Percept Mot
Skills. 1995;81:403-410.

Ling J, Campbell C, Heffernan TM, et al. Short-term
prospective memory deficits in chronic back pain patients.
Psychosom Med. 2007;69:144—148.

Dick BD, Rashiq S. Disruption of attention and working
memory traces in individuals with chronic pain. Anesth Analg.
2007;104:1223-1229.

Apkarian AV, Sosa Y, Krauss BR, et al. Chronic pain patients
are impaired on an emotional decision-making task. Pain.
2004;108:129-136.

Patil PG, Apfelbaum JL, Zacny JP. Effects of a cold-water
stressor on psychomotor and cognitive functioning in humans.
Physiol Behav. 1995;58:1281-1286.

280 | www.clinicalpain.com

53.

54.

55.

56.

57.

58.

59.

60.

Koffler SP, Hampstead BM, Irani F, et al. The neurocognitive
effects of 5 day anesthetic ketamine for the treatment of
refractory complex regional pain syndrome. Arch Clin Neu-
ropsychol. 2007;22:719-729.

Correll GE, Maleki J, Gracely EJ, et al. Subanesthetic
ketamine infusion therapy: a retrospective analysis of a novel
therapeutic approach to complex regional pain syndrome. Pain
Med. 2004;5:263-275.

Goldberg ME, Domsky R, Scaringe D, et al. Multi-day low
dose ketamine infusion for the treatment of complex regional
pain syndrome. Pain Physician. 2005;8:175-179.

Kiefer RT, Rohr P, Ploppa A, et al. Complete recovery from
intractable complex regional pain syndrome, CRPS-type I,
following anesthetic ketamine and midazolam. Pain Pract.
2007;7:147-150.

Kiefer RT, Rohr P, Ploppa A, et al. Efficacy of ketamine in
anesthetic dosage for the treatment of refractory Complex
Regional Pain Syndrome (CRPS). Pain Med. 2008. [Feb 5
Epub ahead of print]. PMID: 18266808.

Rajkumar SV, Fonseca R, Witzig TE. Complete resolution of
reflex sympathetic dystrophy with thalidomide treatment. Arch
Intern Med. 2001;161:2502-2503.

Schwartzman RJ, Chevlen E, Bengtson K. Thalidomide has
activity in treating complex regional pain syndrome. Arch
Intern Med. 2003;163:1487—1488.

Schwartzman RJ, Irving G, Wallace M, et al. A Multicenter,
Open Label, 12 Week Study With Extension to Evaluate the
Safety and Efficacy of Lenalidomide (CC5013) in the Treatment
of Complex Regional Pain Syndrome type-1. Abstract: 11th
World Congress on Pain. Seattle: IASP Press; 2005:580.

© 2009 Lippincott Williams & Wilkins



