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Hypereosinophilic syndrome (HES) is characterized by an 

increase in the number of circulating eosinophils [1]. Pa-

tients with HES may present with various combinations of 

symptoms and signs of organ damage mediated by eosino-

phils, including dermatological, pulmonary, gastrointestinal, 

cardiac, and neurologic dysfunctions [2]. Four percent of all 

HES patients experience neurological manifestations, and 

peripheral polyneuropathy (PN) accounts for approximately 

half of these neurologic manifestations. Peripheral neuropa-

thy can be classified into various types. For example, they 

can be symmetric or asymmetric, involve sensory nerves 

with or without involvement of motor nerves, and can cause 

mononeuritis multiplex or radiculopathy [3]. However, the 

pathophysiology of PN in patients with HES remains un-

clear. Therefore, there is no specific treatment for PN in pa-
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tients with HES. Transcutaneous neurostimulatory treat-

ment (TNT), of which scrambler therapy® (ST) is the most 

well-known, has been used to treat chronic pain syndrome 

since 2003, when Marineo [4] suggested that ST was effective 

in patients with terminal cancer pain. The mechanism of 

TNT involves the production of 16 different electrical cur-

rents that stimulate normal nerve action potentials and re-

place “pain” with “non-pain” signals via noninvasive elec-

trodes placed around the surface of painful areas [5]. This 

treatment has been utilized for the treatment of chronic in-

tractable pain syndromes such as chemotherapy-induced 

neuropathy, postsurgical pain syndrome, or postherpetic 

neuralgia [6–8]. We recently experienced a case of successful 

treatment with Pain Block® (PB) (Koibig Inc., Korea) for TNT 

in a HES patient with peripheral polyneuropathy. Prior to 
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this case, there were no reports of TNT in patients with HES. 

CASE REPORT 

Written informed consent was ob tained from the patient 

for the publication of this case. 

A 47-year-old female patient (height, 164 cm; and weight, 

60 kg) visited our pain clinic for pain in both calves. She had 

been diagnosed with HES four years ago. She was referred 

from the hemato-oncology clinic because her pain was un-

controlled with pharmacological treatment, despite contin-

uous treatment for a few years. She had no medical history 

except for HES and denied smoking or alcohol history. The 

degree of pain on the 1–10 numeric rating scale (NRS) was 

eight. She complained that she experienced several daily ep-

isodes of breakthrough pain increasing to NRS values of 

9–10, and described the pain as a continuously tingling and 

stabbing pain. She did not have any motor weakness or par-

esthesia. Her Neuropathic Pain Scale (NPS) score was 61.0, 

and she had uncontrolled, severe neuropathic pain. 

The location of the pain did not follow specific der-

matomes, and it was expressed from both knees to the tip of 

the feet, entirely. Magnetic resonance imaging was per-

formed to differentiate it from other diseases. However, she 

had only mild Achilles paratenonitis on both sides with no 

other specific lesions. Both calf muscle biopsies showed fo-

cal mixed inflammatory cell infiltration into the endomysi-

um, forming inflamed granulation tissue with many eosino-

phils. At the first visit to our pain clinic, the patient had been 

administered oxycodone 5 mg bid, pregabalin 300 mg tid, 

acetaminophen 325 mg bid, tramadol 37.5 mg bid, and ami-

triptyline 10 mg qd. Tapentadol IR 50 mg was administered 

as rescue medication. However, she complained that the 

medication had an insufficient effect on her severe pain, and 

that she could not sleep very well at night. Therefore, we 

concluded that the patient needed additional treatment, and 

TNT was planned. 

According to our hospital Institutional Review Board (IRB) 

regulation, Case report is not reviewed by IRB committee. As 

the patient’s pain was located below the knees, the PB elec-

trodes were attached from both knees to the soles. (Figs. 1, 2) 

The detailed protocol is as follows: First, we clearly defined 

the area of pain on the patient before the start of TNT. Next, 

electrodes were attached to the areas proximal and distal to 

the margin of the area of pain. The PB was then turned on, 

and the electrode intensity was increased to the maximum 

tolerated intensity. Each session lasted for 40 min, and the 

entire treatment lasted for 15 consecutive sessions. However, 

a two-day interruption was considered acceptable. The dial 

of the PB can be adjusted from 0% to 100%. At the highest 

setting of 100% on the dial of PB, the amperage is 4.9–9.1 mA 

and the voltage is 7.4–13.8 V. In the case of this patient, a dial 

value of 35–50% was applied. 

During PB treatment, the NRS score decreased to 0 or 1. 

The NRS score was maintained at 3 between visits to the 

pain clinic. The patient received a total of 15 sessions of PB 

treatment for five weeks. The area of pain did not decrease, 

but she reported disappearance of the breakthrough pain as 

well as NRS scores of 0 or 1 during treatment and 3 or 4 at 

home. Pharmacologic treatment was continued without a 

change in dosage but the patient did not take further rescue 

medication. The pain alleviation effect from the PB treat-

ment continued for 2 months, during which breakthrough 

pain did not develop (Table 1). Her NPS score lowered to 

16.0; however, during the third month after treatment, the 

pain recurred in the same area. She complained of an NRS 

Fig. 1. 4 channel electrodes for attachment of TNT. TNT: transcutaneous 
neurostimulatory treatment.

Fig. 2. Pain Block® (Koibig Inc., Korea) machine consisting of 4 channel 
electrodes and a control board.
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score of 6, which was lower than that before the initial treat-

ment. She has been receiving the previous PB treatment 

again, and her NRS score has decreased to 2. 

DISCUSSION 

HES is a group of disorders marked by the sustained over-

production of eosinophils, in which eosinophilic infiltration 

and mediator release cause damage to multiple organs [9]. 

Blood eosinophilia is defined as an absolute eosinophil 

count of >  1.5 ×  109/L, and HES is defined as a consistent 

blood eosinophilia and subsequent end organ dysfunction 

without evidence of an underlying cause. HES is initially 

treated with glucocorticoids. If the patient is steroid-unre-

sponsive or has a special type of HES with Fip1-like 1-plate-

let-derived growth factor receptor alpha, imatinib mesylate 

may be administered [9,10]. 

In this case, TNT with PB is an effective treatment for PN 

induced by HES that does not respond to pharmacological 

treatment. HES is a very rare disease and its prevalence is 

not well known. In a study analyzing the database of the Sur-

veillance, Epidemiology, and End Result program for cancer, 

the estimated prevalence was between 0.36–6.3 per 100,000 

[11]. The mechanism by which PN appears in HES is still un-

clear, but it is thought that eosinophil deposition plays a ma-

jor role in other complications and causes axonal degenera-

tion with neurogenic atrophy of muscle [12]. As far as we 

know, there have been no reports on the specific treatment 

for PN induced by HES. Therefore, we suggest that the appli-

cation of TNT could be expected to be effective, as in this 

case, where there are repetitive complaints or retractable PN 

despite pharmacological treatment. 

Conventional treatments for peripheral polyneuropathy 

include pharmacologic treatment, such as anticonvulsants 

and antidepressants, and nerve blocks including central or 

peripheral nerve block. However, in this patient, pharmaco-

logic treatment was not effective, and we did not consider 

nerve block because the patient’s symptoms did not follow a 

specific dermatome nor were they limited to the innervation 

area of a specific peripheral nerve. Although there have been 

no randomized controlled trials for the treatment of periph-

eral polyneuropathy, several studies have reported effective 

treatments for PN induced by chemotherapy or diabetes 

mellitus. As in our case, those studies showed that applica-

tion of TNT to patients with PN was effective in relieving 

their pain, and they showed successful results during the 

application of TNT and in the follow-up period [13–15]. 

The mechanism underlying TNT is not clearly under-

stood. According to Marineo [4], TNT provides “non-pain” 

information to the peripheral sensory nerve receptors, 

which is conveyed to the central nervous system through 

C-fibers and Aδ-fibers. Subsequently, it reduces pain [4,14]. 

Fig. 1 demonstrates the basic application of TNT in a patient. 

Before the first treatment with TNT, the pain area was clearly 

defined, and electrodes were attached to the areas proximal 

and distal to the margins of the pain area. Next, an electrical 

stimulus was applied, and the intensity was slowly increased 

until the patient could not tolerate the pain stimulation. Each 

treatment took approximately 40 min, and all consecutive 

sessions needed to be done approximately 10 to 15 times. 

TNT differs from transcutaneous electrical nerve stimula-

tion (TENS), which is usually used in physical therapy. TENS 

provides an on-off biphasic current without variation, 

whereas TNT provides continuously changing variable non-

linear waveforms. In addition, the pulse rate of TNT is 43–52 

Hz, and the mean energy delivered per second is generally 

less than that of standard TENS devices [6]. 

In TNT, ST is the representative choice ever since Marineo 

[4] first reported its application in a clinical situation. The PB 

used in this case is similar to ST at a pulse rate of 43–52 Hz. 

However, PB differs from ST in its pulse waveform. ST gener-

ates 16 specific types of waveforms, while PB generates a 

random waveform using a random variable program. This 

PB is a TNT product approved by the Korean Ministry of 

Food and Drug Safety for refractory pain, chronic pain, and 

cancer pain. Nevertheless, further prospective studies are 

Table 1. NRS Changes in the Patient

Number of TNT Pre-treatment NRS Post-treatment NRS
1 8 6

2 6 2

3 2 2

4 3 3

5 3 3

6 4 2

7 4 2

8 5 2

9 4 1

10 4 1

11 3 2

12 4 2

13 3 2

14 4 2

15 3 2

NRS: numeric rating scale, TNT: transcutaneous neurostimulatory 
treatment.
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required because the possible differences between the exist-

ing ST and PB in actual clinical situations are not yet known. 

We found TNT to be a clinically useful, non-invasive ther-

apeutic modality. It should be considered as an effective al-

ternative measure for treating PN induced by HES. Further 

studies including randomized controlled trials are needed to 

confirm and generalize our findings. 

CONFLICTS OF INTEREST 

In this case, the medical machine was provided as the 

hospital-based business program. 

DATA AVAILABILITY STATEMENT

Data sharing not applicable to this article as no datasets 

were generated or analyzed during the current study.

AUTHOR CONTRIBUTIONS 

Writing - original draft: Ji Eun Park, Woosoo Park, Teakseon 

Lee. Writing - review & editing: Kihyug Kwon. Investigation: 

Woosoo Park, Teakseon Lee. Supervision: Kihyug Kwon. 

ORCID 

Kihyug Kwon, https://orcid.org/0000-0001-7766-7178 

Ji Eun Park, https://orcid.org/0000-0002-2466-7040 

Woosoo Park, https://orcid.org/0000-0001-9451-0017  

Teakseon Lee, https://orcid.org/0000-0002-8098-1341 

REFERENCES 

1. Bell D, Mackay IG, Pentland B. Hypereosinophilic syndrome 

presenting as peripheral neuropathy. Postgrad Med J 1985; 61: 

429-32. 

2. Ogbogu PU, Bochner BS, Butterfield JH, Gleich GJ, Huss-Marp 

J, Kahn JE, et al. Hypereosinophilic syndrome: a multicenter, 

retrospective analysis of clinical characteristics and response 

to therapy. J Allergy Clin Immunol 2009 124: 1319-25. e3. 

3. Moore PM, Harley JB, Fauci AS. Neurologic dysfunction in the 

idiopathic hypereosinophilic syndrome. Ann Intern Med 1985; 

102: 109-14. 

4. Marineo G. Untreatable pain resulting from abdominal cancer: 

new hope from biophysics? JOP 2003; 4: 1-10. 

5. Pachman DR, Weisbrod BL, Seisler DK, Barton DL, Fee-Schro-

eder KC, Smith TJ, et al. Pilot evaluation of Scrambler therapy 

for the treatment of chemotherapy-induced peripheral neu-

ropathy. Support Care Cancer 2015; 23: 943-51. 

6. Marineo G, Iorno V, Gandini C, Moschini V, Smith TJ. Scram-

bler therapy may relieve chronic neuropathic pain more effec-

tively than guideline-based drug management: results of a pi-

lot, randomized, controlled trial. J Pain Symptom Manage 

2012; 43: 87-95. 

7. Loprinzi C, Le-Rademacher JG, Majithia N, McMurray RP, 

O’Neill CR, Bendel MA, et al. Scrambler therapy for chemo-

therapy neuropathy: a randomized phase II pilot trial. Support 

Care Cancer 2020; 28: 1183-97. 

8. Marineo G. Inside the Scrambler therapy, a noninvasive treat-

ment of chronic neuropathic and cancer pain: from the gate 

control theory to the active principle of information. Integr 

Cancer Ther 2019; 18: 1534735419845143. 

9. Curtis C, Ogbogu P. Hypereosinophilic syndrome. Clin Rev Al-

lergy Immunol 2016; 50: 240-51. 

10. Klion AD. How I treat hypereosinophilic syndromes. Blood 

2015; 126: 1069-77. 

11. Crane MM, Chang CM, Kobayashi MG, Weller PF. Incidence of 

myeloproliferative hypereosinophilic syndrome in the United 

States and an estimate of all hypereosinophilic syndrome inci-

dence. J Allergy Clin Immunol 2010; 126: 179-81. 

12. Dorfman LJ, Ransom BR, Forno LS, Kelts A. Neuropathy in the 

hypereosinophilic syndrome. Muscle Nerve 1983; 6: 291-8. 

13. Lee YS, Park MK, Park HS, Kim WJ. Scrambler therapy for the 

treatment of diabetic peripheral neuropathy pain: a case re-

port. Medicine (Baltimore) 2019; 98: e15695. 

14. Park HS, Sin WK, Kim HY, Moon JY, Park SY, Kim YC, et al. 

Scrambler therapy for patients with cancer pain - case series -. 

Korean J Pain 2013; 26: 65-71. 

15. Ahuja D, Bharati SJ, Gupta N, Kumar V, Bhatnagar S. Scrambler 

therapy: a ray of hope for refractory chemotherapy-induced 

peripheral neuropathy. Indian J Cancer 2020; 57: 93-7. 

298 www.anesth-pain-med.org

Anesth Pain Med Vol. 16 No. 3

http://orcid.org/0000-0001-7766-7178
http://orcid.org/0000-0002-2466-7040
http://orcid.org/0000-0001-9451-0017
https://doi.org/10.1136/pgmj.61.715.429
https://doi.org/10.1136/pgmj.61.715.429
https://doi.org/10.1136/pgmj.61.715.429
https://doi.org/10.1016/j.jaci.2009.09.022
https://doi.org/10.1016/j.jaci.2009.09.022
https://doi.org/10.1016/j.jaci.2009.09.022
https://doi.org/10.1016/j.jaci.2009.09.022
https://doi.org/10.7326/0003-4819-102-1-109
https://doi.org/10.7326/0003-4819-102-1-109
https://doi.org/10.7326/0003-4819-102-1-109
https://www.ncbi.nlm.nih.gov/pubmed/12555009
https://www.ncbi.nlm.nih.gov/pubmed/12555009
https://doi.org/10.1007/s00520-014-2424-8
https://doi.org/10.1007/s00520-014-2424-8
https://doi.org/10.1007/s00520-014-2424-8
https://doi.org/10.1007/s00520-014-2424-8
https://doi.org/10.1016/j.jpainsymman.2011.03.015
https://doi.org/10.1016/j.jpainsymman.2011.03.015
https://doi.org/10.1016/j.jpainsymman.2011.03.015
https://doi.org/10.1016/j.jpainsymman.2011.03.015
https://doi.org/10.1007/s00520-019-04881-3
https://doi.org/10.1007/s00520-019-04881-3
https://doi.org/10.1007/s00520-019-04881-3
https://doi.org/10.1007/s00520-019-04881-3
https://doi.org/10.1177/1534735419845143
https://doi.org/10.1177/1534735419845143
https://doi.org/10.1177/1534735419845143
https://doi.org/10.1177/1534735419845143
https://doi.org/10.1007/s12016-015-8506-7
https://doi.org/10.1007/s12016-015-8506-7
https://doi.org/10.1182/blood-2014-11-551614
https://doi.org/10.1182/blood-2014-11-551614
https://doi.org/10.1016/j.jaci.2010.03.035
https://doi.org/10.1016/j.jaci.2010.03.035
https://doi.org/10.1016/j.jaci.2010.03.035
https://doi.org/10.1016/j.jaci.2010.03.035
https://doi.org/10.1002/mus.880060408
https://doi.org/10.1002/mus.880060408
https://doi.org/10.1097/md.0000000000015695
https://doi.org/10.1097/md.0000000000015695
https://doi.org/10.1097/md.0000000000015695
https://doi.org/10.3344/kjp.2013.26.1.65
https://doi.org/10.3344/kjp.2013.26.1.65
https://doi.org/10.3344/kjp.2013.26.1.65
https://doi.org/10.4103/ijc.ijc_361_18
https://doi.org/10.4103/ijc.ijc_361_18
https://doi.org/10.4103/ijc.ijc_361_18

	CASE REPORT
	DISCUSSION
	CONFLICTS OF INTEREST 
	DATA AVAILABILITY STATEMENT
	AUTHOR CONTRIBUTIONS 
	ORCID
	REFERENCES

