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Outcomes of Children With Complex Regional Pain
Syndrome After Intensive Inpatient Rehabilitation

Valerie Brooke, MD, Steven Janselewitz, MD
Objective: To examine the effectiveness of an inpatient treatment program on eliminat-
ing pain and increasing function for children with complex regional pain syndrome.
Design: A retrospective chart review and follow-up telephone survey.
Setting: A tertiary care hospital.
Patients: Retrospective chart review of 32 children admitted for treatment of complex
regional pain syndrome. Nineteen completed the telephone survey.
Intervention: Intensive inpatient physical and occupation therapy in conjunction with
psychological counseling, art therapy, recreational therapy, and child life specialists who
focused on improving physical function and conditioning, stress management, and the
development of self-efficacy related to pain and stress.
Main Outcome Measurements: Resolution of pain and restoration of full function
by patient or family report.
Results: All the children had failed various prior treatment approaches: 34% had resolu-
tion at the time of discharge; 78% of admissions and 89% of those with follow-up had
eventual resolution of pain; and 95% had full restoration of physical function at a median
time from start of treatment of 2 months. Seven had recurrence and 5 were able to resolve
the recurrence without further intervention from the medical community.
Conclusions: Intensive inpatient rehabilitation is effective for children with complex
regional pain syndrome. Additional studies are necessary to compare this treatment with
other approaches.
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INTRODUCTION

Children with pain out of proportion to any initiating injury, or amplified pain, can pose
both a diagnostic and a therapeutic challenge for physicians. Some children have autonomic
signs such as swelling or changes in skin temperature or color, which lead to a diagnosis of
complex regional pain syndrome type 1 (CRPS-1), formerly referred to as reflex sympathetic
dystrophy (RSD) [1]. Other physicians have also used the term reflex neurovascular

ystrophy (RND) [2-7]. Pain conditions in children without autonomic signs have been
eferred to as diffuse idiopathic pain syndrome, localized idiopathic pain syndrome,
sychogenic pain, psychosomatic pain, pseudodystrophy, growing pains, primary fibromy-
lgia syndrome, or fibromyalgia [7-15].

Many different treatment approaches have been attempted for these pain conditions in
hildren, including nonsteroidal anti-inflammatory drugs [16-20], steroids [16,19,21-23],

prostacyclin analog [12], pamidronate infusion [24], splinting or immobilization
[18,20,25,26], transcutaneous electrical nerve stimulation (TENS) [17-19,26-30], sympa-
thetic nerve blocks [6,19,22,25,26,30,31], and spinal cord stimulation [14], all with
varying degrees of pain resolution and functional restoration. The most commonly used
treatment for children with CRPS-1 is physical therapy (PT). A few studies show the effects
of a single treatment modality for the treatment of these pain conditions. Frequently,
multiple modalities are used simultaneously, which make it difficult to determine the
effectiveness of any single treatment.

The few previous studies of children treated primarily with inpatient or outpatient

therapy show rates of long-term full resolution that ranged from 60% to 100% [2,32-34].
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Bernstein et al [2] reviewed charts of 23 children with RSD
who had been treated with intensive outpatient PT of 2 to 3
PT sessions per day. Twelve patients had resolution of their
pain, and 20 patients had full functional restoration after a
mean follow-up time of 2.4 years. Blau [32] indicated full
esolution of pain and function in 10 children with RSD after
T, with no patient spending more than 2 days in the hospi-
al. The mean follow-up time was 1.1 years.

Sherry et al [33] studied children with CRPS-1 with either
ome-based exercises or inpatient therapy. Outcomes after a
ean of 5.25 years showed pain resolution in 88% and

unctional restoration in 98%. Sherry did not elaborate on
ow many patients received inpatient versus outpatient ther-
py and drew no conclusion as to whether one was better
han the other. A later study by Sherry [10] also included
hildren with more diffuse musculoskeletal pain as well as
atients with CRPS-1. Treatment consisted of an average of 2
eeks of intensive inpatient or outpatient PT, followed by a
-hour daily home program performed for another 2-8
eeks. He reported that 80% of children had no pain and
ere fully functional after 1 month of treatment, with 15%
aving some pain but full function, and 5% with no improve-
ent at all. At the 5-year follow-up, 90% of patients were free

f pain and fully functional.
Lee et al [34] provided treatment of 1-hour weekly outpa-

tient PT with cognitive behavioral therapy for 6 weeks or 3
hours of outpatient PT per week with cognitive behavioral
therapy for 6 weeks. At follow-up, both groups had improve-
ments in pain and function, with no significant difference
between the groups, which suggests that more hours of PT
may not improve outcomes. All the patients contacted at a
mean follow-up of 2.5 years had resolution of their pain and
restoration of function.

Although some of these studies used inpatient treatment,
the studies did not look at this treatment approach exclu-
sively. The aim of our study was specifically to evaluate the
outcome of an inpatient rehabilitation treatment program of
intensive rehabilitation therapies followed by a home pro-
gram for children with complex regional pain syndrome.

METHODS

After institutional review board approval was obtained, a
retrospective chart review included 33 admissions for inpa-
tient treatment of complex regional pain syndrome at a
tertiary care hospital between February 2007 and July 2010.
Exclusion criteria limited data collection to first-time admis-
sions, which eliminated 1 repeat admission for a total of 32
unique admissions and subjects for this study.

The diagnosis of CRPS-1 was made by 1 of 3 pediatric
physiatrists working at the clinic and hospital with experi-
ence in diagnosing and treating children with CRPS-1. The
diagnosis was based on symptoms of pain, focal or diffuse,

hyperesthesia or allodynia, swelling, changes in skin color or
temperature, decreased mobility or function, effects of prior
treatment approaches, and lack of other diagnoses. These
signs and symptoms form the basis for the diagnosis of
pediatric CRPS-1 as suggested by Stanton et al [20], which
include pain out of proportion to the inciting event combined
with evidence of neurovascular dysfunction as manifested by
dependent edema, dependent rubor, skin mottling, hyper-
sensitivity to light touch, skin temperature changes, altered
perspiration, and/or changes in patterns of hair growth.
Patients were admitted for treatment based on diagnosis,
patient and family willingness to enter treatment, and appro-
val from insurance.

Admission and discharge data for pain and functional
status were obtained by chart review. Pain was rated on a
0-10 numerical rating scale, with 0 being no pain and 10
being the worst possible pain. Data on long-term outcomes
were obtained by a follow-up telephone survey completed 6
months or more after discharge. The telephone questionnaire
included questions regarding the number of recurrences,
resolution methods for any recurrences, any further treat-
ment provided after discharge, and pain and functional levels
on the day of the telephone interview. The parents were
interviewed, unless the child was older than age 18 years at
the time of the telephone interview, in which case the patient
was interviewed.

Treatment

Inpatient lengths of stay varied depending upon the needs of
the child and response to treatment, but all children partici-
pated in 5 hours of therapy per day, 5 days per week. The 3
hours of daily PT included timed, high-intensity aerobic
activities, lower and upper extremity strengthening, core
strengthening, stretching or yoga, and balance or coordi-
nation activities. Aerobic activities included the treadmill,
stationary bike, step-ups on a bench, sprints, and various
nontypical mobility activities. The patients were required to
beat the previous day’s timed aerobic activities by 1 second
before moving to the next activity. Daily occupational ther-
apy included 2 hours of exercises such as push-ups, sit-ups,
plank exercises, or using an upper extremity bike. Desensiti-
zation exercises, such as brushing, toweling, lotion rubbing,
or fluidotherapy, were performed on the affected extremity
for 15 minutes twice a day. Also, during the weekdays, the
patients performed school activities for 30 minutes, had
psychological counseling that taught stress management and
pain coping skills, and had 30 minutes of self-directed PT on
their own in the evenings. Additional services included art
therapy, recreational therapy, and child life therapy. A few
children were referred for a psychiatric consultation. Week-
end therapy included 2.5 hours of PT and occupational
therapy on Saturday, plus 45 minutes of self-directed therapy
on both weekend days. Family visitation was limited. Each

patient was given an individualized home therapy program
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after discharge, with the expectation to perform 45 minutes
each weekday, and 90 minutes on each weekend day, until
full functional activity was established.

Either before or shortly after admission, the patients were
weaned off any medications being taken for CRPS-1. The
patients were allowed to take acetaminophen or ibuprofen
for headaches or soreness. The patients were discharged once
they had reached their best performance on the above activ-
ities and demonstrated an ability to perform their home
program.

RESULTS

Patient characteristics are depicted in Table 1. The mental
health diagnoses at admission included depression (6 chil-
dren), anxiety (9), attention-deficit/hyperactivity disorder
(3), somatization or conversion disorder (2), eating disorder
(1), and posttraumatic stress disorder (2). An additional 4
children were seen by a psychiatrist during their inpatient
treatment and were diagnosed with general anxiety disorder
(3), dysthymia (2), and depression (2). School absences were
recorded for 28 children (88%), which ranged from missing
several days due to the pain, to being home schooled second-
ary to pain and immobility. Five children (16%) had a
previous diagnosis of chronic headaches or migraines.

Signs and symptoms on the day of admission, location of
pain, and previous treatments are listed in Tables 2, 3, and 4,
respectively. All the children had at least 1 prior treatment
approach, although typically more, Functionally, 8 children
(25%) required the use of crutches for ambulation, and 4
(13%) used a wheelchair, and 3 (9%) were non–weight-
bearing secondary to pain. The admission median pain rating
was 8.5 (range, 5-10). The average length of stay was 19 days,
with a range of 8-32 days.

Table 1. Patient characteristics

Girls, n (%) 26 (81)
Boys, n (%) 6 (19)
Mean age (range), y 14.3 (8-18)
Mean duration of symptoms before

treatment (range), mo
9 (0.5-48)

History of injury or trauma, n (%) 17 (53)
History of psychological diagnosis, n (%) 14 (44)
Perfectionist or overachiever personality

traits, n (%)
16 (50)

Table 2. Signs and symptoms on day of admission

n (%)

ain 32 (100)
yperesthesia 27 (84)
kin color changes 15 (47)
emperature changes: hot or cold 13 (40)

welling 5 (16) E
All the children completed inpatient treatment. At dis-
charge, the pain rating dropped to a median of 2 (range,
0-10). Eleven children (34%) had complete resolution of
their pain at discharge (Figure 1). No child required the use
f crutches or wheelchairs, although 5 (16%) were unable to
articipate in physical or sports activities. One of these 5 had

imitations secondary to focal atrophy, not due to pain, and
ne had limitations due to hemiplegic cerebral palsy. Nine-
een families (59%) were successfully contacted for the fol-
ow-up telephone survey. The remaining 13 families were
ost to follow-up due to disconnected telephone numbers (3),
ailure to answer telephone calls (6), or nonresponse to
essages (4). The average time to survey follow-up was 21
onths, with a range of 6-43 months.
Of the 21 children who continued to have pain on dis-

harge, 14 (67%) had resolution of their pain at a median of
months (range, 1-11 months) (Figure 1). Four who had

ain on discharge were lost to follow-up. Of the 19 children
ho participated in the follow-up telephone survey, 3 never
ad pain resolution, with 2 reported a current pain level of 2,
nd one reported a level of 6. These ratings were less than
heir admission ratings, with reductions of 7, 3, and 2.
verall, 25 children had resolution of their pain. This is 78%
f admissions and 89% of those with known outcomes.

Relapses occurred in 7 children (37%), including 1 re-
apse, or flare, in a patient whose pain improved but did not
esolve after treatment. Six patients achieved full resolution
f the recurrence. Five achieved resolution with home-based
xercises learned during their inpatient treatment. One pa-
ient required additional outpatient therapy. The child with
he flare was admitted for a second intensive therapy pro-
ram, which resulted in reduction of the pain but still failed

able 3. Pain location

n (%)

ower extremity only involved 14 (44)
eck, back, abdomen, or torso involvement 10 (31)
pper extremity only involved 5 (16)
oth upper and lower extremity involved 3 (9)

able 4. Previous treatments

n (%)

onsteroidal anti-inflammatory drugs 21 (66)
utpatient physical therapy 20 (63)
piates 17 (53)
ntidepressants 16 (50)
abapentin 13 (41)

enzodiazepines 10 (31)
ast or splint of extremity 5 (16)
uscle relaxants 5 (16)
ral steroids 3 (9)

ocal injections 2 (6)
ympathetic nerve block 2 (6)

pidural injection 1 (3)
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to achieve resolution. Although counseling was recom-
mended for nearly all the children after discharge, only 5
participated, all of whom had eventual resolution of their
pain.

Three children had additional treatment for their CRPS-1
after discharge. One child began with a personal trainer after
discharge as well as treatment by a naturopath and an acu-
puncturist, with eventual full resolution of pain. Two chil-
dren saw other allopathic physicians after discharge for their
pain. One child had full resolution of pain 11 months after
discharge and after seeing a pediatric rheumatologist who
used the same therapeutic techniques as in this study. The
other child saw a pain center physician, attempted biofeed-
back with no resolution of pain, received a diagnosis of
nonepileptic seizures, and never had pain resolution. One
child continued with outpatient PT after discharge for focal
muscle atrophy. Of the 5 children who reported functional
limitations on the day of discharge, 3 children continued to
report physical activity limitations on the day of the fol-
low-up survey. However, one was due to hemiplegic cerebral
palsy, one to new knee instability, and one to CRPS-1.

DISCUSSION

CRPS-1 occurs in both the adult and pediatric populations,
but it differs in several respects. Pediatric CRPS has a 6-7:1
female:male ratio, whereas adults have a female predomi-
nance of 2-4:1 [14,35]. Children also tend to have symptoms
in the lower extremities 3-6 times more frequently than in the
upper limbs, whereas adults more frequently have upper
extremity involvement [14,35]. In addition, children tend to
have less-pronounced neurologic or sympathetic symptoms
[35]. In our experience, children have not developed nail or
hair growth changes. Adults have quite variable rates of
recovery and frequently have long-term disability, whereas
children are more likely to have complete resolution.

Many of our pediatric patient characteristics follow the

Figure 1. Resolution of pain over time. Bars indicate number of
patients with unresolved pain at each time interval.
pattern of previous reports and studies of children with p
complex regional pain syndrome, including the female pre-
dominance of patients [2,4-6,13,15,16,19,20,23,31-34,36-
38], lower extremity involvement greater than upper extrem-
ity [2,5,8,13,15,18-20,23,33,34,36,37,39], and not always

aving an inciting event or trauma [2,3,5,6,15-17,20,23,
1,33,34,36,38,39]. Previous reports showed an average age
f 10.7 years at onset of CRPS-1 symptoms, whereas others
eported median ages of 12, 13, or 14 years [4,23,33,38].
revious reviews also reported an average duration of
RPS-1 before treatment of 6.3 months, or medians of 2, 4, 5,
nd 12 months [4,17,20,33,38]. In our sample population,
he average age of onset of CRPS-1 was 13.3 years, and the
edian number of months before inpatient treatment was 9
onths, both of which were higher than most previous
ublished reports. The higher duration of symptoms before

npatient treatment could be explained by a delay in diagno-
is, attempts at other treatments, or a delay in getting ap-
roval for inpatient treatment.

Our pain resolution rate is similar to prior studies on
utpatient and inpatient therapy intervention, which ranged
rom 60%-100% [2,32-34]. Our high functional restoration
ate is also similar to these studies but lacks a validated and
horough measure. We found a median time to resolution of
ain of 2 months (range, 1-11 months) (Figure 1). For
tudies that reported time to resolution, the range was 2
eeks to 2.5 years [16,17,20,21,25-29,31,36,40,41,42].
Recurrences of CRPS-1 symptoms occurred in 7 of the 19

hildren contacted for follow-up in this study. This percent-
ge of recurrences (37%) is not uncommon, and falls within

similar percentage range reported in previous studies
2,3,5,6,10,17,20,26,30,33,36-38,41,42]. Recurrences were
ound to occur either in the original area or the limb, or
ccasionally occurred in a new location. Regardless, the skills
earned in inpatient rehabilitation were effective in resolving
ain and dysfunction in 5 recurrences and kept these chil-
ren from having to seek out further medical interventions.

Many researchers in previous studies have suggested that
here is a strong psychological association in children who
ave complex regional pain syndrome [2,4,20,23,30,32,37-
9]. Despite this association, causality cannot be substanti-
ted, for several reasons. As noted by Bruehl and Carlson [43]
nd Lynch [44], the previous studies were not prospective
rials, and they lacked control groups, had small sample sizes,
nd did not always have valid Diagnostic and Statistical
anual of Mental Disorders—III (DSM-III) diagnoses, which

elied instead on statements of personality characteristics.
ur study found the same associations but also had the same

imitations. It also was difficult to make any assumptions
egarding the relationship of mental health to complex re-
ional pain syndrome, because depression and anxiety can
ccur as a result of chronic pain. Sherry et al [38] notes this in
heir reviews, with understanding that a preceding depres-
ion can lead to chronic pain or that the distress of a chronic

ain syndrome can lead to depression. The high prevalence
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of psychological diagnoses in children with CRPS-1 require
skilled professionals to treat the mental issues at the same
time the therapy is working to decrease pain and increase
function.

Three children in our study with known outcomes did not
resolve their pain, which limits the ability to compare them
with the children who did resolve their pain. However, it is
interesting to note the characteristics of the 3 children who
seemed to have failed our inpatient treatment program. First,
these children had unusual pain distributions. The first one
with diffuse pain covering the face, chest, back, and bilateral
legs, as well as complaints of chronic fatigue. She had no
initiating injury, no known history of a psychiatric diagnosis
but did have a history of hyperflexibility. At discharge, this
child reported a change in pain rating from 5 to 2, and, at
follow-up, a pain rating of 2, which suggests at least an initial
response to treatment. At follow-up, she also continued to
report functional limitations, including an inability to sit or
move for long periods of time.

The second child had right upper quadrant abdominal
pain after a resection of a local nodular hepatic hyperplasia.
In addition, this child also had autonomic changes in her feet,
as well as numbness on her abdomen. She went on to receive
treatment at another clinic and was subsequently found to
have nonepileptic seizures. Unlike the first patient, she did
not report any immediate decrease in her pain; she reported
both an admission and discharge pain rating of 8. At long-
term follow-up, her pain rating had decreased to 6, although
she continued to miss school and participated in very limited
physical activities. The third child had back and bilateral
posterior leg pain with significant headaches. His back and
leg pain, but not his headaches, improved after treatment,
with a reported change from 9 to 2. However, his pain did not
resolve, and he was readmitted for a second inpatient stay
after injury resulted in worsened CRPS-1. His pain improved
after the second stay but did not fully resolve.

The limitations of our study are similar to those in earlier
studies on children with CRPS-1. The number of study
participants is small; there are no control groups for compar-
ison; and not all children participated in the follow-up sur-
vey. Even though our rates of resolution of pain and restora-
tion of full function are encouraging, further study is
required to determine whether outpatient therapy is more or
less effective than intensive inpatient therapy or other treat-
ment approaches.

CONCLUSION

The results of our study suggest that intensive inpatient
rehabilitation, which consists of physical, occupational, and
psychological therapy, without the use of other medical
intervention and followed by a home program, is effective for
children with complex regional pain syndrome even when
other approaches have failed. Additional studies are neces-

sary to compare this treatment with other approaches.
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