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Abstract: We treated a 51-year-old woman with refractory Complex Regional Pain Syndrome type I
(CRPS-I) involving her left hand and forearm with subcutaneous injections of BoNT/A. The injections
were performed every 3 months, with a total of six treatments. Each treatment was able to effectively
improve pain and motor impairment; however, the duration of the effect was limited to only a few
months. BoNT/A could improve patients’ quality of life with CRPS; however, extensive clinical
studies are needed to determine its role in clinical practice.

Keywords: CRPS; subcutaneous injection; botulinum toxin; pain; disability

Key Contribution: Subcutaneous injections of BoNT/A could be effective in the management of
CRPS.

1. Introduction

Complex Regional Pain Syndrome (CRPS) is characterized by chronic regional pain,
typically distal and disproportionate to the degree of the noxious insult, associated with
abnormal skin tropism, motor, sensory, and vasomotor findings of the affected limb on
physical examination [1]. Frequent relapses and the lack of an effective therapy lead to
impaired quality of life and persistent disability in the affected patients.

In patients with CPRS-I, it is not possible to demonstrate a nerve injury, whereas
patients with CRPS-II have a specific nerve injury identified. Although the exact patho-
physiology of the syndrome is not known, many findings suggest the involvement of
small nerve fibers (A-delta and C fibers). Quantitative sensory testing (QST), laser-evoked
potentials (LEP), and skin biopsy are frequently altered in these patients [2,3].

Botulinum toxin type A (BoNT/A) has been demonstrated to be effective in improving
pain in many different neuropathic pain syndromes refractory to conventional treatment [4]
even though chronic migraine pain is the only approved indication in such contexts [5]; in
other cases of neuropathic pain, BoNT/A is suggested as a third-line therapy [6].

In the context of CRPS, very few patients have been treated with BoNT/A, with
different approaches such as intramuscular injections [7,8], intra-articular injections [9],
and lumbar sympathetic blocks [10], with some degree of improvement in pain. Other
studies reported mixed results with subcutaneous injections of BoNT/A [11–13]. Here, we
report a single case of CRPS-I with almost complete motor impairment and intractable pain
successfully treated with subcutaneous injections of BoNT/A.

Case Report

In 2016, a 51-year-old woman came to the neurologist with a complaint of severe
burning, stabbing, and persistent pain in her left hand, associated with intermittent swelling,
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tingling, hyperhidrosis, and motor dysfunction; cold temperature triggered or exacerbated
the symptoms.

Her medical history included chronic migraine and temporal lobe pharmaco-resistant
epilepsy. No abnormalities were seen on an MRI of the brain. Her past medication history
included gabapentin, carbamazepine, oxcarbazepine, sodium valproate, lacosamide, and
levetiracetam. Chronic migraine developed before the onset of CRPS and was treated with
flunarizine, amitriptyline, topiramate, and bilateral great occipital nerve anesthetic blocks,
with only partial benefit. Three years before the CRPS symptoms, rounds of botulinum
toxin therapy permitted optimal control of the migraine.

Her epilepsy therapy remained unchanged in the prior three years: levetiracetam
1000 mg BID, lacosamide 200 mg BID, and topiramate 50 mg BID.

The patient was diagnosed with CRPS-I according to the Budapest criteria [14] and
started therapy with 1 mg/kg of prednisone for 2 months, with subsequent tapering
and 300 mg/die of pregabalin with poor benefit. Conventional pain medications (FANS,
lidocaine patches, duloxetine, and opioids) were also ineffective. In 2016, she performed
three anesthetic blocks with lidocaine of the left ulnar nerve, with pain relief lasting only
one week; at the end of 2016, she was treated with two courses of pulsed radiofrequency of
the left ulnar nerve, with pain improvement that lasted one month after each attempt.

During 2016 and 2017, she performed physiotherapy cycles without significant im-
provement, and, in the last months of 2017, she was treated with two anesthetic brachial
plexus blocks with partial control of the pain that lasted until the end of 2019; unfortu-
nately, these blocks triggered a seizure immediately and the patient refused to perform
the procedure again. In the first months of 2020, the pain worsened progressively, and we
decided to treat the patient with subcutaneous injections of botulinum toxin, considering
the evidence of its efficacy in neuropathic pain [4].

Upon a neurological examination, the left hand was cold, cyanotic, and swollen with
hypoesthesia and allodynia, predominantly in the territory of the ulnar nerve in the hand
and of the medial antebrachial nerve in the forearm. She denied any trauma in the previous
months and organic causes were excluded.

Thermal quantitative sensory testing (QST) and laser-evoked potentials (LEP) were
altered in the affected limb (see Figures 1 and 2).

Figure 1. Warm and cold sensation thresholds, in our patient, showed mild small-fibers impairment
while cold and heat pain thresholds were significantly lowered, consistently with thermal hyperalgesia.
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The vertical axis shows temperature (◦C). The horizontal axis shows the temperature at which the
patient refers to, from the left to the right, cold sensation (blue), warm sensation (red), cold pain
(blue), and heat pain (red); the exclamation point “!” means the temperature sensation is over the
normality threshold. The mean value for the cold sensation threshold: 28.3 ◦C; The mean value for
the warm sensation threshold: 35.4 ◦C. The mean value for cold pain: 29.8 ◦C; The mean value for
heat pain: 35.9 ◦C.

Figure 2. Left hand averaged LEP of our patient: latency of N2 = 329 m; latency of P2 = 427 ms. The N2-P2
vertex complex (which is the most common waveform complex used to assess LEP) is clearly altered
(latency normative values for solid-state lasers [15]: N2 < 252 ms; P2 < 415 ms) and detectable from the
background noise.

Nerve conduction studies were normal but sympathetic skin response was abnormal in
her left hand (amplitude was reduced by more than 60% in comparison to the healthy side; see
Figure 3). An ulnar nerve anesthetic block (1 cc of bupivacaine 2.5 mg/mL) brought significant
pain relief along with trophic skin abnormality improvement for a week.

Figure 3. Electric SSR from upper limbs of our patient; this test evaluates the integrity of the sudomotor
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cholinergic postganglionic fibers. The test is pathological when there is an absent response or when
there are clear asymmetries [16]. From top to bottom: the first two traces show right-hand responses.
After median nerve stimulation: latency = 2459 ms; amplitude = 1.03 mV; after ulnar nerve stimula-
tion: latency = 2452 ms; amplitude = 0.43 mV. The last two traces show left-hand responses. After
median nerve stimulation: latency = 2649 ms; amplitude = 0.26 mV. After ulnar nerve stimulation:
latency = 2710 ms; amplitude = 0.19 mV. The response is present bilaterally but the traces in the left hand
are slightly prolonged and the amplitudes are reduced in comparison with the right hand.

2. Results

Improvement of pain and limb motor impairment occurred after one week in all six
treatments of BONT/A injections. After the first treatment, the duration of the benefit
lasted about 20 days while, after the following injections, it lasted for about two and a half
months, with the greatest benefit in the first month and gradual loss of benefit. From the
second injection, and in the following treatments, pain and allodynia were greatly reduced
as well as the motor impairment of her left limb; in fact, during the first month, the patient
was able to carry out almost all the activities of daily life that she used to do before the
disease and the only limitations she had were in gardening and repetitive strain activities.
Only moderate to severe exposure to cold and intense pressure could provoke her typical
pain, although in reduced severity; spontaneous pain was absent and abnormal sensation
was greatly reduced or absent. During the second month, the improvement started to
slowly fade with a gradual reappearance/worsening of allodynia, trophic abnormalities,
and pain. No side effects were reported. Three months after each treatment, the pain and
the limb disability returned to the baseline.

The details of clinical scale scores before and after each treatment are reported in
Table 1.

Table 1. Six treatments were performed. Legend: BoNTA, Botulinum Toxin type A; T0, assessment
at the moment of BoNT/A injection; T1, assessment one month after BoNT/A injection; NPSI,
neuropathic pain symptom inventory; DASH, disability of the arm, shoulder, and hand; PGIC,
patients’ global impression of change.

BoNT/A Injections Assessment NPSI VAS DASH PGIC Duration (Days) Side Effects

1st Treatment T0 80 95 96.7%

T1 26 60 56.7% 4 20 None

2nd Treatment T0 75 90 87.5%

T1 11 30 28.3% 5 65 None

3rd treatment T0 67 90 85.8%

T1 3 11 7.5% 6 70 None

4th Treatment T0 62 90 87.5%

T1 16 13 15% 6 60 None

5th Treatment T0 63 87 96.7%

T1 8 13 8.3% 6 65 None

6th Treatment T0 70 89 87.5%

T1 9 11 7.5% 6 70 None

3. Discussion

Few reports are available regarding the use of subcutaneous BoNT/A in patients
with CRPS.

In 2010 [11], an interesting randomized double-blind, placebo-controlled crossover
with 8 (out of 14) CRPS patients treated with subcutaneous and intradermal injections of
BoNT/A did not show significant improvement regarding allodynia. However, this study
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was conducted in advanced forms of CRPS, the injections were intolerable, and the sites of
the injections and the limb they treated were not reported.

A case report in 2012 [12] demonstrated an improvement in joint range of movement
and pain in a patient with CRPS-I after subcutaneous injection of BoNT/A in the dorsum
of her hand.

In 2020 [13], a CRPS-II patient was treated with subcutaneous injections of BoNT/A
in the palm with significant pain improvement.

Our patient was treated in the left hand, both palm and dorsum, and in the ventral
aspect of the forearm, with effective control over pain and allodynia; the treatment was
effective in improving motor impairment as well, as assessed with the DASH score. The
patient was satisfied with the treatment (see PGIC, Table 1) and was able to conduct
most of her daily activities after each treatment. Spontaneous pain was almost abolished
and provoked pain occurred only after moderate–severe cold exposure, but the intensity
was mild.

The duration and the intensity of the effect of BoNT/A seem to be related to the dose
but also the sites of injection. The dose, dilution, and injected volume are important factors
for the local spreading of botulinum toxin and it is suggested to dilute the botulinum toxin
according to the area of interest [17,18]. BoNT/A dilution in a higher volume of saline
determines a higher fluid load and probably a larger spreading remote from the site of
inoculation and reduces the unit loss in the hub of the needle [17,19].

The thinly unmyelinated fibers mainly involved in CRPS (A-delta and C fibers) have
receptive fields that innervate structures outside the traditional dermatomes [20] and their
axon terminals can be electrically coupled with adjacent fibers [21], permitting commu-
nication between them. In addition, central sensitization in chronic neuropathic pain is
involved in the spreading over of mechanical dynamic allodynia and hyperalgesia into
the adjacent areas from the primary zone of injury [22]. BoNT/A efficacy could be greater
in treating the adjacent nerve territories and not only focusing on the region of allodynia
and pain.

BoNT/A exerts its functions on modulating neuropathic pain by inhibiting the release
of neurotransmitters involved in peripheric and central sensitization, in particular CGRP
and substance P [23–26], but not the release of GABA [27]. It interferes with the plasma
membrane expression of TRPV1 in sensory fibers, the sensory surface of neuronal ganglia,
and beyond the ganglia in the central nervous system [28,29], probably due to axonal
retrograde transport and trans-synaptic transport [29–31]; BoNT/A has proven to enhance
the segmental dorsal horn and brainstem endogenous opioid and GABA inhibitory sys-
tems [32,33] and attenuate microglia activation [34,35]. Furthermore, BoNT/A has shown
selectivity for TRPV1-expressing afferents, such as nociceptive C fibers [36,37], involved in
pain and mechanical stimulation but not in other sensory modalities.

In the first round of injections, we treated only the ulnar territory, while in the following
rounds, we decided to apply a more widespread approach with an improvement of the efficacy
on the pain and disability as well as a longer duration of the benefit; in fact, low doses of
BoNT/A are insufficient for the spreading into the central nervous system [36,38]. Regarding
the efficacy of BoNT/A in neuropathic pain, a recent meta-analysis of randomized controlled
studies reported greater efficacy of BoNT/A in reducing pain than placebo [39]. In the context
of CRPS, a meta-analysis of placebo responses in long-standing CRPS patients reported no
evidence of placebo response [40], but there were no studies regarding therapy with BoNT/A.
The placebo effect could play an important role in CRPS and BoNT/A therapy; however, large
multicentric studies are needed to determine its contribution in this setting. Further research
and extensive clinical studies are needed to determine the most efficient injection technique
with BoNT/A in patients with CRPS.

4. Materials and Methods

The patient gave her informed consent for the treatment with botulinum toxin and for
her images and other clinical information to be reported in the journal. The patient did not
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take any pain medications at the baseline assessment and during the follow-up period; the
patient continued her therapy for epilepsy and botulinum toxin for chronic migraine.

Injections of BoNT/A and clinical examination were performed every 3 months.
Pain and disability assessments were performed at the time of the treatment and

1 month later by the means of VAS; disability of the arm, shoulder, and hand (DASH) [41];
and neuropathic pain symptoms inventory (NPSI) [42]. The patients’ global impression of
change (PGIC) [43] scale was assessed 1 month after every session.

Treatment was performed with subcutaneous injections of botulinum toxin type A
(BOTOX®) using a 27-gauge × 12.5 mm needle. Local lidocaine 5% pomade was applied
for local anesthesia. For subcutaneous injections, we gently grasped the area of the skin
surrounding the injection site to separate it from the muscular layer; then, we thrust the
needle, with an injection angle of 30◦, into the subcutis. This procedure was easy to perform
in the forearm and the dorsum of the hand; in the palm, we treated the areas where
the skin had better mobility against the underlying layers and better pinching to avoid
intramuscular injections. Ultrasound guidance was not used; it could be possible that a
minimum amount of BoNT/A IU reached the deep fascia and then the muscular layer
beneath; however, the patient did not develop muscular weakness at the visits that were
one month after each round of injections.

In the first session with BoNT/A, a 100 IU vial was diluted with 2 mL of 0.9% sodium
chloride; 25 IU were injected in the left hand into the ventral and dorsal aspects of the IV
and V fingers at 10 sites (2.5 IU per site) and 25 IU were injected into the ventral aspect of
the left forearm, within the territory of the medial antebrachial cutaneous nerve at 5 sites
also (5 IU per site).

During the following sessions, we decided to modify the dilution with 0.9% sodium
chloride to enhance the diffusion in the hand as follows: 2 mL for the forearm and 4 mL
for the hand of 0.9% sodium chloride; 40 IU were injected into the ventral aspect of the
forearm into the medial and lateral antebrachial nerve territories at 16 sites (2.5 IU per site)
and 40 IU were injected into the dorsal and ventral aspects of the hand at 32 sites (1.25 IU
per site). The procedures were performed without any side effects and the injection pain
was sufficiently tolerated by the patient. The precise sites treated are shown in Figure 4.
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Figure 4. The upper half of the figure shows the sites treated with 50 IU of BoNT/A with 2 mL of
0.9% sodium chloride dilution in the first session; 2.5 IU per site in the hand and 5 IU per site in the
forearm. The lower half of the figure shows the sites treated with 80 IU of BoNT/A with 2 mL of 0.9%
sodium chloride dilution for the forearm and 4 mL for the hand in the following session; 2.5 IU per
site in the forearm and 1.25 IU per site in the hand. The red dots indicate the sites of the injections.

Author Contributions: Conceptualization, Y.T., C.L. and C.D.T.; methodology, Y.T, C.D.T. and C.L.;
validation, G.L.G., E.B. and M.V.; investigation, Y.T.; resources, M.V. and G.L.G.; data curation, Y.T.;
writing—original draft preparation, Y.T.; writing—review and editing, Y.T., C.L., E.B., C.D.T. and
G.L.G.; supervision, G.L.G., E.B. and M.V.; project administration: Y.T.; funding acquisition: G.L.G.
and M.V. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. Ethical review and approval were waived for this study because the Ethics Committee
of Friuli Venezia Giulia (Comitato Etico Unico Regionale; CEUR) does not require submission for
approval of case reports and the responsibility for case reports is therefore entirely in the hands of the
authors (statement of 3 December 2021).

Informed Consent Statement: Written informed consent has been obtained from the patient to
publish this paper. The patient was informed of the off-label nature of the treatment.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Toxins 2022, 14, 411 8 of 9

References
1. Oaklander, A.L.; Horowitz, S.H. The Complex Regional Pain Syndrome. Handb. Clin. Neurol. 2015, 131, 481–503. [CrossRef]

[PubMed]
2. Oaklander, A.L.; Rissmiller, J.G.; Gelman, L.B.; Zheng, L.; Chang, Y.; Gott, R. Evidence of Focal Small-Fiber Axonal Degeneration

in Complex Regional Pain Syndrome-I (Reflex Sympathetic Dystrophy). Pain 2006, 120, 235–243. [CrossRef] [PubMed]
3. Maier, C.; Baron, R.; Tölle, T.R.; Binder, A.; Birbaumer, N.; Birklein, F.; Gierthmühlen, J.; Flor, H.; Geber, C.; Huge, V.; et al.

Quantitative Sensory Testing in the German Research Network on Neuropathic Pain (DFNS): Somatosensory Abnormalities in
1236 Patients with Different Neuropathic Pain Syndromes. Pain 2010, 150, 439–450. [CrossRef] [PubMed]

4. Safarpour, Y.; Jabbari, B. Botulinum Toxin Treatment of Pain Syndromes -an Evidence Based Review. Toxicon 2018, 147, 120–128.
[CrossRef]

5. Dodick, D.W.; Turkel, C.C.; DeGryse, R.E.; Aurora, S.K.; Silberstein, S.D.; Lipton, R.B.; Diener, H.-C.; Brin, M.F. Onabotulinumtox-
inA for Treatment of Chronic Migraine: Pooled Results from the Double-Blind, Randomized, Placebo-Controlled Phases of the
PREEMPT Clinical Program. Headache 2010, 50, 921–936. [CrossRef]

6. Finnerup, N.B.; Attal, N.; Haroutounian, S.; McNicol, E.; Baron, R.; Dworkin, R.H.; Gilron, I.; Haanpää, M.; Hansson, P.;
Jensen, T.S.; et al. Pharmacotherapy for Neuropathic Pain in Adults: A Systematic Review and Meta-Analysis. Lancet Neurol.
2015, 14, 162–173. [CrossRef]

7. Kharkar, S.; Ambady, P.; Yedatore, V.; Schwartzman, R.J. Intramuscular Botulinum Toxin A (BtxA) in Complex Regional Pain
Syndrome. Pain Physician 2011, 14, 311–316.

8. Safarpour, D.; Jabbari, B. Botulinum Toxin A (Botox) for Treatment of Proximal Myofascial Pain in Complex Regional Pain
Syndrome: Two Cases. Pain Med. 2010, 11, 1415–1418. [CrossRef]

9. Bellon, G.; Venturin, A.; Masiero, S.; Del Felice, A. Intra-Articular Botulinum Toxin Injection in Complex Regional Pain Syndrome:
Case Report and Review of the Literature. Toxicon 2019, 159, 41–44. [CrossRef]

10. Lee, Y.; Lee, C.J.; Choi, E.; Lee, P.B.; Lee, H.-J.; Nahm, F.S. Lumbar Sympathetic Block with Botulinum Toxin Type A and Type B
for the Complex Regional Pain Syndrome. Toxins 2018, 10, 164. [CrossRef]

11. Safarpour, D.; Salardini, A.; Richardson, D.; Jabbari, B. Botulinum Toxin A for Treatment of Allodynia of Complex Regional Pain
Syndrome: A Pilot Study. Pain Med. 2010, 11, 1411–1414. [CrossRef] [PubMed]

12. Birthi, P.; Sloan, P.; Salles, S. Subcutaneous Botulinum Toxin A for the Treatment of Refractory Complex Regional Pain Syndrome.
PM&R 2012, 4, 446–449. [CrossRef]

13. Kwak, H.; Koh, J.; Min, K. Botulinum Toxin Treatment for Intractable Allodynia in a Patient with Complex Regional Pain
Syndrome: A Case Report. Neurol. Asia 2020, 25, 215–219.

14. Harden, N.R.; Bruehl, S.; Perez, R.S.G.M.; Birklein, F.; Marinus, J.; Maihofner, C.; Lubenow, T.; Buvanendran, A.; Mackey, S.;
Graciosa, J.; et al. Validation of Proposed Diagnostic Criteria (the “Budapest Criteria”) for Complex Regional Pain Syndrome.
Pain 2010, 150, 268–274. [CrossRef]

15. Cruccu, G.; Aminoff, M.J.; Curio, G.; Guerit, J.M.; Kakigi, R.; Mauguiere, F.; Rossini, P.M.; Treede, R.-D.; Garcia-Larrea, L.
Recommendations for the Clinical Use of Somatosensory-Evoked Potentials. Clin. Neurophysiol. Off. J. Int. Fed. Clin. Neurophysiol.
2008, 119, 1705–1719. [CrossRef]

16. Kucera, P.; Goldenberg, Z.; Kurca, E. Sympathetic Skin Response: Review of the Method and Its Clinical Use. Bratisl. Lekárske
Listy 2004, 105, 108–116.

17. Kutschenko, A.; Manig, A.; Reinert, M.-C.; Mönnich, A.; Liebetanz, D. In-Vivo Comparison of the Neurotoxic Potencies of
IncobotulinumtoxinA, OnabotulinumtoxinA, and AbobotulinumtoxinA. Neurosci. Lett. 2016, 627, 216–221. [CrossRef]

18. Pirazzini, M.; Rossetto, O.; Eleopra, R.; Montecucco, C. Botulinum Neurotoxins: Biology, Pharmacology, and Toxicology. Pharmacol.
Rev. 2017, 69, 200–235. [CrossRef]
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