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Case Report
Pulsed radiofrequency applied to the dorsal root
ganglia for treatment of post-stroke complex
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Abstract
Study objective: Complex regional pain syndrome is a painful and disabling syndrome where the patient
presents with neuropathic pain, edema, or vasomotor or pseudomotor abnormalities that are often refractory
to treatment. Complex regional pain syndrome type 1 may occurs in stroke patients. Radiofrequency is a
therapeutic modality that has been used for years for diseases associated with neuropathic pain.
Design: Case series report.
Setting: Selcuk University Hospital.
Patients: A 69-year-old woman and a 48-year-old women who suffered post-stroke complex regional pain
syndrome type 1.
Interventions: Pulsed radiofrequency current application to the cervical dorsal root ganglia.
Measurements: Pain reduction.
Main results: The patients had complete resolution of their symptoms, which was maintained at 10 and
5 months of follow-up.
Conclusıons: These cases illustrates that pulsed radiofrequency applied to cervical dorsal root gangliamight play
a significant role in multi-modal approach of complex regional pain syndrome type 1 management after stroke.
Further randomized, controlled studies are needed to support this argument.
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1. Introduction

Complex regional pain syndrome (CRPS) is a painful and
disabling syndrome where the patient presents with neuropathic
pain, edema, or vasomotor or pseudomotor abnormalities.
CRPS type 1 occurs up to 48% of patients suffering from stroke
[1]. Little is known about the etiology, diagnosis, and treatment
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of CRPS, which is a complex syndrome. It usually develops
within 2 weeks to 3 months after a stroke and rarely one year
later [2]. In cases with CRPS resistant to medical therapy,
invasive approaches from repeated sympathetic blocks [3] to
spinal cord stimulation [4] is reached.

Radiofrequency is a therapeutic modality that has been
used for years for diseases associated with neuropathic pain
[5,6]. Recently, the application of pulsed radiofrequency
(PRF) to the dorsal root ganglia (DRG), as a non- or minimally
neurodestructive technique, has been used effectively to
produce long-term pain relief for neuropathic pain modalities
and has been proposed as an alternative to heat lesion radiofre-
quency [7,8].

We present 2 cases that suffered from CRPS type 1 after
stroke and were successfully treated with PRF current applica-
tion to the cervical DRGs.
2. Cases

2.1. Case 1

A 69-year-old woman was hospitalized in the physical
medicine and rehabilitation department with a diagnosis of
left-sided weakness and hypoestesia, which developed follow-
ing ischemic stroke that she has suffered 9 months previously.
A detailed history revealed that this was her first stroke and she
had weakness in the lower and upper left side of her body and
pain in her left shoulder and left wrist, which worsened with
movement; she was ambulatory with the use of a single crutch.
The patient had hypertension and diabetes mellitus and had
received dipyridamole 225 mg/day for the past 9 months.
Fig. 1 Edema and color change in the
In the physical evaluation of the patient, the muscle
strength of the left upper extremity was 2/5, the muscle
strength of the left lower extremity was 3/5, and a spasticity
score of 1 was observed in the left hip adductor muscles ac-
cording to the ambulatory Modified Ashworth Scale (MAS)
[9]. The motor recovery was stage 2 for the left upper extrem-
ity, stage 2 for the left hand, and stage 3 for the left lower ex-
tremity according to the Brunnstrom recovery stage (BRS)
[10]. The patient was able to walk by use of a single crutch.
She had edema, color change (in comparison to the right upper
extremity), allodynia, and hyperalgesia in the left upper ex-
tremity, and the skin temperature of the left upper extremity
was warmer than that of the contralateral upper extremity
(Fig. 1). Her signs and symptoms were not suggested cervical
spinal nerve radiculopathy. The pain score in the left upper ex-
tremity during movement was 80 as assessed using a Visual
Analogue Scale (VAS; 0, no pain, 100, intolerable severe
pain). The range of motion (ROM) of the left shoulder and left
wrist joints were limited both during passive and active move-
ments (a universal full-circle goniometer was used to evaluate
the ROM of these joints) (Table). Radiography of the left
shoulder did not show subluxation. MRI scan of the left shoul-
der was recommended to exclude other pathologies relevant to
the left shoulder, but the patient refused the procedure. Based
on these findings, she was diagnosed with left hemiplegia
and CRPS type 1 according to the Budapest diagnostic criteria
for CRPS [11].

A neurological rehabilitation program was scheduled for
the patient including ROM exercises, strengthening exercises
for the left upper and lower extremities, proprioceptive neuro-
muscular facilitation exercises, and stretching exercises for the
left hip adductor muscles. Transcutanosis electrical neuronal
stimulation and contrast bath therapy were applied to the left
left hand of the hemiplegic patient.



Table Degrees of ROM for the left shoulder and left wrist joints and VAS scores after PRF during the follow-up visits for Case 1 and Case 2.

1st day of rehabilitation Before PRF 3rd days after PRF 2nd months after PRF ⁎Last follow-up visits

Case 1 VAS 80 80 30 20 20
Active movement (shoulder)
Flexion 30° 30° 110° 120° 140°
Extension 20° 20° 40° 60° 60°
Abduction 20° 30° 110° 120° 140°
Adduction 20° 20° 30° 40° 40°
Internal rotation 10° 10° 20° 30° 40°
Eksternal rotation 10° 10° 20° 30° 40°

Active movement (wrist)
Flexion 10° 15° 30° 50° 60°
Extension 10° 15° 40° 50° 60°

Case 2 VAS 100 100 30 20 10
Active movement (shoulder)
Flexion 20° 30° 130° 130° 160°
Extension 20° 20° 50° 60° 60°
Abduction 20° 30° 120° 130° 160°
Adduction 10° 10° 30° 40° 40°
Internal rotation 10° 10° 30° 30° 40°
Eksternal rotation 10° 10° 30° 30° 40°

Active movement (wrist)
Flexion 10° 15° 40° 60° 70°
Extension 5° 15° 40° 60° 65°

ROM: Range of motion, PRF: Pulsed radiofrequency, VAS: Visual analogue scala.
⁎ 10 months after RFT in Case 1 and 5 months after PRF in Case 2.
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upper extremity. For medical therapy to treat CRPS, naproxen
750 mg/day and pregabalin 150 mg twice daily were started.

The patient was given 16 sessions of rehabilitation and
medical therapy using this treatment protocol. Her muscle
strength of the left lower extremity improved to 4/5 and to
stage 4 for the left lower extremity according to the BRS.
However, there was no improvement in the muscle strength,
ROM of the affected joints, edema, or pain for the left upper
extremity. The severity of her pain during movement was 80
by VAS. She exhibited inadequate compliance to the rehabili-
tation program due to severe pain.

Since no improvement could be achieved in CRPS with the
combined use of medical therapy, physical therapy, and the re-
habilitation program, the pain clinic consulted with the patient.
PRF application to the left cervical 5 (C5) and cervical 6 (C6)
DRG was scheduled. Dipyridamole was discontinued, with
initiation of enoxaparin 120 mg/day 1 week before the proce-
dure to eliminate the potential risk of bleeding. At the end of 1
week, the patient was transferred to the operating room. The
PRF technique was explained to the patient and informed con-
sent was obtained before undertaking the procedure. Aseptic
techniques were applied by an experienced anesthetist in car-
rying out PRF treatment. The patient was laid in a supine po-
sition under fluoroscopy using a C-arm (Siemens, Erlangen,
Germany), and a 22-gauge cannula (OWL RF cannula
54 mmwith 4 mm active tip, Diros Technology Inc., Canada)
was placed around the C5 and C6 DRG. The cannula was
inserted in the direction of the radiation beam. The sensory
stimulation test was carried out using an RF generator
(Neuroterm 1100, MA, USA). Before applying PRF, tissue
impedance and sensory testswere checked,which showed imped-
ance b600 Ω and a sensory response obtained 0.6 V and
0.7 V in the C5 DRG and C6 DRG, respectively. The loca-
tions of the left C5 and C6 DRGs were confirmed via admin-
istration of contrast material (Fig. 2). This technique similar to
the one for performing dorsal root ganglion blocks was used
for the interventions [12,13]. This technique was chosen to
avoid possible injection into the vertebral artery, which runs
anterior to the ventral part of the foramen. The PRF treatment
consisted of passage of PRF currents of 2 Hz at 45 V with
20 m/s active and 480 m/second silent periods. PRF currents
were then applied for 120 seconds with the endpoint being
an electrode tip temperature not exceeding 42 °C.

Immediately and the day after the PRF current, the maximum
pain score was 30 [14]. No complications were observed in the
patient and dipyridamole was started at the previous dosage
one day later. Medical therapy and the rehabilitation program
were continued after the PRF. Twenty-one days after PRF,
the patient was given a home exercise program and dis-
charged. In the physical examination conducted on the 1 day
of rehabilitation, before PPR, 3 days after PRF, 2 months after
PRF, and 10 months after PRF are shown in Table.

2.2. Case 2

A 48-year-old woman was hospitalized in the physical
medicine and rehabilitation department with a diagnosis
of left-sided weakness and hypoestesia, which developed



Fig. 2 The location of left C5-C6 DRG was confirmed by admin-
istration of contrast material.
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following ischemic stroke that she has suffered two months
previously. A detailed history revealed that this was her first
stroke and she had weakness in the lower and upper left side
of her body and pain in her left shoulder and left wrist, which
worsened withmovement; she was unable to walk. The patient
did not have systemic illnesses and had received dipyridamole
225 mg/day for the past 2 months.

In the physical evaluation of the patient, the muscle
strength of the left upper extremity was 2/5, the muscle
strength of the left lower extremity was 2/5, score 1 spasticity
at left biceps muscle according to MAS and score 1 spasticity
at left quadriceps and hamstring muscles according to MAS
[9]. Motor recovery was stage 2 for the left upper extremity,
stage 1 for left hand and stage 2 for the left lower extremity
according to the BRS [10]. The patient was able to sit without
assistance but could not walk. She had edema, color change [in
comparison to the right upper extremity], allodynia, and
hyperalgesia in the left upper extremity, and the skin tempera-
ture of the left upper extremity was warmer than that of the
contralateral upper extremity. Her signs and symptoms were
not suggested cervical spinal nerve radiculopathy. The pain
score in the left upper extremity during movement was 100
as assessed using a VAS. ROM of the left shoulder and left
wrist joints were limited both during passive and active move-
ments (a universal full-circle goniometer was used to evaluate
the ROM of these joints) (Table). Based on these findings, she
was diagnosed with left hemiplegia and CRPS type 1 accord-
ing to the Budapest diagnostic criteria for CRPS [11].

A neurological rehabilitation program was scheduled for
the patient. ROM exercises, strengthening exercises for the left
upper and lower extremities, proprioceptive neuromuscular
facilitation exercises, stretching exercises for left biceps,
gastrosoleus and hamstring muscles and walking training were
initiated. Transcutanosis electrical neuronal stimulation and
contrast bath therapy were applied to the left upper extremity.
For medical therapy to treat CRPS, naproxen 750 mg/day and
pregabalin 150 mg twice daily were started.

The patient was given 16 sessions of rehabilitation and
medical therapy using this treatment protocol. Her muscle
strength of the left lower extremity improved to 4/5 and to
stage 4 for the left lower extremity according to the BRS; the
patient reached ambulatory stage by use of a single crutch.
However, there was no improvement in the muscle strength,
ROM of the affected joints, edema, or pain for the left upper
extremity. The severity of her pain during movement was
100 by VAS. She exhibited inadequate compliance to the
rehabilitation program due to severe pain.

Since no improvement could be achieved in CRPS with the
combined use of medical therapy, physical therapy, and the
rehabilitation program, the pain clinic consulted with the
patient. PRF application to the left C5 and C6 DRG was
performed using with the same technique with Case 1
[12,13]. Before applying PRF, tissue impedance and sensory tests
were checked, which showed impedance b600Ω and a sensory
response obtained 0.7 V in both the C5 DRG and C6 DRG.

Immediately and the day after the PRF current, the maxi-
mum pain score was 30 [14]. No complications were observed
in the patient and dipyridamole was started at the previous
dosage one day later. Medical therapy and the rehabilitation
program were continued after the PRF. Twenty-one days after
PRF, the patient was given a home exercise program and
discharged. In the physical examination conducted on the
1 day of rehabilitation, before PPR, 3 days after PRF,
2 months after PRF, 5 months after PRF are shown in Table.
3. Discussion

To our best knowledge, this is the first case series report in
the literature on the application of a PRF current to DRG for
the treatment of CRPS type 1 after stroke. These cases
suggest that PRF applied to the C5 DRG and C6 DRG might
play a significant role in a multi-modal approach to CRPS type
1 management after stroke.

Many common diseases, injuries, and interventions cause
neuropathic pain by producing lesions in the somatosensory
pathways in the peripheral or central nervous system [15].
The management of patients with chronic neuropathic pain
can be complex, and many patients do not respond to treat-
ment, obtain only partial relief from their pain, or experience
intolerable adverse effects [16]. The efficacy of pharmacolog-
ical (nonsteroidal antiinflammatory drugs [17]), nonpharma-
cological (transcutaneous electrical nerve stimulation and
cognitive-behavioral therapy, physical medicine, and rehabili-
tation techniques) and interventional treatment (sympathetic
blockade [3], radiofrequency application on sympathetic
ganglia [6], spinal cord stimulation [4,18], stimulation of
DRG with neurostimulation system [19], intrathecal baclofen
application) has not been well studied in terms of neuropathic
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pain, and the role of such treatment in patient management
therefore remains unclear.

Sympathectomy using with local anesthetics is one of
the most used invasive therapies for CRPS [3]. A Cochrane
database review, however, showed that sympathetic nerve
blockade was inefficient when local anesthetic agents or intra-
venous guanethidine were used [20]. Recently, Kastler et al.
[21] showed that radiofrequency neurolysis of the stellate gan-
glion is more effective than stellate ganglion blockade in the
management of chronic refractory type 1 CRPS. In their retro-
spective study, 50% of patients benefited from a radiofrequen-
cy neurolysis. However, these methods are also associated
with brachial plexus injury, Horner syndrome, and data on
their long-term efficacy are still controversial.

PRF, in which short bursts of radiofrequency energy are ap-
plied to the nerve, is thought to be a safer alternative treatment
to radiofrequency neurolysis due to its somewhat less invasive
nature and the lesion produced by a PRF current is controllable
and limited [7]. Moreover, the targets of PRF are DRG [22].
Shanthanna et al [23] showed that clinical improvements with
PRF DRG as reflected in the VAS score are small in patients
with chronic radicular pain. The biological effects of PRF
currents are selective for A-delta and C fibers and do not
involve a thermal effect [24]. PRF is considered to be a safe
and effective method for treatment of patients with neuropath-
ic pain, especially when other therapeutic options fail to
provide any improvement [8,22]. In our experience with re-
fractory CRPS type 1, patients presenting to us in the past 2
years have been treated with the application of PRF to DRG.
Before doing the treatment we must know which nerve to treat
best. This is done by so-called diagnostic blocks. We did not
perform diagnostic block both of this 2 patient mainly follow-
ing reason. First, C5 and C6 DRGs mainly innervate shoulder
[25], hence we choose these ganglions to apply radiofrequency
without diagnostic block. Second, the mechanism of radiofre-
quency is completely different from the mechanisms of local
anesthesia therefore the block does not predict what the result
of treatment will be and last, needle insertion to cervical DRG
s for provide diagnostic block may also cause complication.

The present 2 cases suggest that, PRF is an option that
should be considered for the treatment of therapy-resistant
CRPS type 1 patients and to increase the effectiveness of con-
servative therapy and treatment compliance. Further random-
ized, controlled studies are needed to obtain conclusive
evidence for its use in post-stroke CRPS patients.
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