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Abstract

Objective: There is an unmet need for new efficacious, well-tolerated, acute treatments for 

migraine in adolescents. Remote electrical neuromodulation (REN) is a novel, non-

pharmacological treatment, that provides significant symptom relief with good tolerability. The 

current post-hoc analysis compared the efficacy of REN to that of standard-care medications, for 

the acute treatment of migraine in adolescents.

Design: Within-participant post-hoc analysis of data from a clinical trial. 

Setting: Data from a clinical trial.

Subjects: Data from 35 adolescent participants was analyzed. 

Methods: Efficacy was compared between a run-in phase in which attacks were treated with 

standard-care medications (triptans or over-the-counter medications), and an intervention phase in 

which attacks were treated with REN. Efficacy was compared within-participant using McNemar’s 

test, at four endpoints (two hours post-treatment): single-treatment pain freedom and pain relief, 

and consistency of pain freedom and pain relief (defined as response in at least 50% of the available 

first four treatments).

Results: At two hours post-treatment, pain freedom was achieved by 37.1% of the participants 

with REN, vs. 8.6% of the participants with medications (p=0.004). Pain relief was achieved by 

71.4% with REN, vs. 57.1% with medications (p=0.225). Consistency of pain freedom was 

achieved by 40% with REN, vs. 8.6% with medications (p<0.001). Consistency of pain relief was 

achieved by 80.0% with REN, vs. 57.2% with medications (p=0.033)
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Conclusions: Our results suggest that REN may have higher efficacy than certain standard-care 

medications for the acute treatment of migraine in adolescents. A larger scale, blinded, 

comparative effectiveness and tolerability study is needed.

Keywords

Migraine, Headache, Adolescents, Treatment, Nerivio, REN.

Page 4 of 22

Official Journal of the American Academy of Pain Medicine

Pain Medicine

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/advance-article/doi/10.1093/pm
/pnab197/6311270 by  aloni@

theranica.com
 on 30 June 2021



5

Introduction

Migraine is a prevalent and debilitating disease, affecting approximately 9% of children and 

adolescents worldwide (1). Migraine prevalence increases during adolescence (2), and is 

associated with poorer academic performance (3), reduced school attendance (4), and a negative 

effect on social interactions and quality of life (5).

Current acute treatments for adolescents with migraine are mostly pharmacological (6). These 

treatments may cause side effects, and their frequent ruse may potentially lead to medication 

overuse headache (7,8) and migraine chronification to the point of chronic migraine (9). 

Additionally, their efficacy may be variable or inadequate (10). Thus, there is a great unmet need 

for new safe and effective acute treatments for adolescents with migraine headaches.

Recently, several non-pharmacological, non-invasive neuromodulatory approaches were 

introduced for the treatment of migraine (11). Remote Electrical Neuromodulation (REN) 

stimulates nociceptive nerve fibers in the upper arm to activate an endogenous descending pain 

inhibition mechanism termed Conditioned Pain Modulation (CPM) (12-14), see figure 1. A 

recent open-label multicenter study has demonstrated that REN provides clinically meaningful 

relief of migraine pain in adolescents (15). That study joins previous efficacy studies that have 

demonstrated that REN is safe and clinically beneficial for the acute treatment of the attacks of 

migraine in adults with both episodic and chronic migraine (16–21). Additionally, a recent meta-

analysis found REN to be the only migraine neuromodulation intervention for which there is 

sufficient high-quality research, and thus the only one for which efficacy was well established 

(22).

The current post hoc analysis aims to compare the efficacy of REN for the acute treatment of 

attacks in adolescents with migraine, to that of contemporary standard-care medications; oral 
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triptans and over the counter (OTC) analgesic medications. For that purpose, a within-

participant, post-hoc analysis was performed, based on data from the aforementioned clinical 

trial (ClinicalTrials.gov NCT04089761), which examined REN’s efficacy for treating attacks of 

migraine in adolescents (15).

Methods

Dataset

This post-hoc analysis was conducted on data from an open-label, multi-center clinical trial, which 

evaluated the safety and efficacy of REN as an acute migraine attack treatment in adolescents (15). 

The first phase of that study was a four-week run-in phase (“medication phase”). In that phase, 

participants were instructed to properly treat their migraine attacks with their usual over the counter 

or prescription medications. Participants were asked to report their symptoms immediately before 

the treatment, two hours post treatment, and 24 hours post treatment, for each treatment session 

(using an electronic diary). In the REN treatment phase (“REN phase”), participants received a 

REN device (Nerivio®, Theranica Bio-electronics Ltd., Israel) and were instructed to treat their 

attacks only with the device, and refrain from any acute medications for at least 2 hours, while 

continuing to report their symptoms and treatment results (as in the medication phase). Of the 39 

participants who used the REN to treat an attack in the REN phase, 35 used migraine medications 

during the run-in phase. The electronic-diary reports of these 35 participants (from both phases) 

comprise the dataset for the current analysis.

For all pain reports in the electronic diary a four-level scale of pain intensity was used: no pain, 

mild, moderate or severe. All analyzed treatments were preceded by at least 24 hours of headache 

freedom (as reported by participants).

The current study is a post-hoc analysis of a clinical study (ClinicalTrials.gov NCT04089761). 
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The clinical study was approved by Western Institutional Review Board (WIRB; approval number 

20192678) and was conducted in accordance with the Declaration of Helsinki. Written informed 

consent was obtained from all the participants prior to the start of the study. 

Endpoints

Four efficacy endpoints were tested: pain freedom and pain relief (severe to mild or no pain, or 

moderate to no pain – 2 step improvement) following a single treatment, and pain freedom and 

pain relief consistency across treatments. All endpoints refer to two hours post treatment.

For the single treatment endpoints, the analyzed test-treatment for REN was defined as the first 

REN treatment following a training treatment, and the test-treatment for medications was defined 

as the first treatment in the run-in phase in which medication was used.

For the consistency endpoints, consistent response was defined as response (pain freedom or relief) 

in at least 50% of the first four treatments. All participants had completed four evaluable REN 

treatments. The number of medication treatments varied between participants, and consistency was 

calculated based on all available data (up to four treatments) for each participant.

Data analysis

Efficacy outcomes were calculated using McNemar’s test, comparing contingency data for 

matched pairs nominal (yes/no) values. The odds ratio (O.R.) between the two phases, and the 

estimated differences between the paired proportion were calculated using Fisher’s confidence 

interval (C.I.). All statistical tests were two-tailed, with statistical significance set to p<0.05. No 

adjustments were made for multiple comparisons. Tests were conducted using SPSS Statistics 

v27.0 (IBM corporation), and WinPepi v11.65 (Abramson 2016).
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Results

Participants

Of the 35 participants in this post-hoc analysis, 26 (74.2%) were girls. The average age was 15.6 

±1.8 years old. Thirty-one participants (88.5%) were White, three (8.6%) were African 

American, and one (2.9%) was Hispanic. Five of the participants (14.2%) had chronic migraine, 

while the remainder had less than 15 headache days per month - 30 (85.8%). Twenty participants 

(57.1%) were on a stable preventive medication for migraine prior to enrollment.

During the medication phase, 8 participants (22.8%) used oral triptans only (5 rizatriptan, 1 

eletriptan, 1 zolmitriptan, 1 sumatriptan), 2 participants (5.7%) alternated between oral triptans 

and OTC analgesics, and 26 participants (71.4%) used OTC analgesics only (11 ibuprofen, 7 

naproxen sodium, 5 acetaminophen, 3 acetaminophen-aspirin-caffeine combination). 

Baseline characteristics of migraine attacks

The baseline characteristics of the attacks in the medication phase and the REN phase are presented 

in Table 1. The characteristics of the test treatment in the two phases were not statistically different 

with respect to pain severity, photophobia, phonophobia, and nausea. The characteristics of the 

treated attacks in both phases were similar to those reported in previous studies of migraine (23–

25) and are consistent with those of the target population (26).

Efficacy results  

Single treatment: 

Pain freedom in REN phase was reported by 37.1% (13/35) of the participants, vs. 8.6% (3/35) in 

the medication phase, with a statistically significant difference: p=0.004 (O.R.=11.0, 95% C.I. 

1.60-473). 
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Pain relief in the REN phase was reported by 71.4% (25/35) of the participants, vs. 57.1% (20/35) 

in the medication phase, p=0.225 (O.R.=1.83, 95% C.I. 0.62-6.04).

The single-treatment results are depicted in Figure 2.

Consistent efficacy: 

Consistent pain freedom in REN phase was reported by 40.0% (14/35) of the participants, vs. 8.6% 

(3/35) in the medication phase, with a statistically significant difference: p<0.001 (proportion 

difference= 0.314, 0.144-0.473). O.R. was not applicable due to zero participants in the group that 

achieved pain freedom with medications but not with REN, thus the paired proportion difference 

was estimated instead.

Consistent pain relief in the REN phase was reported by 80.0% (28/35) of the participants, vs. 

57.1% (20/35) in the medication phase, with a statistically significant difference: p=0.033 

(O.R.=3.67, 95% C.I.  0.97-20.47).

The consistency results are depicted in Figure 3.

Response rates by medication class

Response rates were sub-analyzed by medication class. Statistical comparison was not performed 

to due sample size limitation of the sub-groups, and response rates are presented for reporting 

purposes only. Twenty-six participants used OTC analgesic medications, of whom 38.4% (10/26) 

achieved pain freedom with REN, vs. 11.5 % (3/26) with medications. Pain relief was achieved by 

76.9% (20/26) with REN, vs. 65.3% (17/26) with medications. Nine participants used oral triptans, 

of whom 33.3% (3/9) achieved pain freedom with REN, vs. 0% (0/9) with medications. Pain relief 

with REN was achieved by 55.5% (5/9), vs. 33.3% (3/9) with medications.
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Adverse events

Eight participants (22.9%) reported adverse events in the REN phase. There was one mild device-

related adverse event reported (2.9%), in which a temporary feeling of pain in the arm was felt but 

resolved after the treatment without requiring intervention. The other adverse events were deemed 

unrelated to the device: common cold (1), chest congestion (2), influenza (2), leg pain (1), 

streptococcus pharyngitis (1), upper respiratory infection (1), and worsened migraine (1). There 

were no device-related serious adverse events and none of the participants withdrew from the study 

due to device-related adverse events.

Discussion

The results of the current analysis suggest that REN may be more effective for the acute treatment 

of migraine in adolescents compared to certain standard-care medications. Specifically, REN was 

found to be superior to the tested medications (oral triptans and OTC analgesic medications) in 

pain freedom following a single treatment, pain freedom consistency across treatments, and pain 

relief consistency across treatments. REN and medications were similarly effective for pain relief 

following a single treatment.

This analysis joins previous findings from a similar post-hoc analysis in adults with migraine 

(19,20). Taken together, the current preliminary results suggest that REN may provide a non-

pharmacological treatment option for adolescents with migraine, which may be more effective 

than certain common pharmacological treatments, with a favorable side effect profile.

The pain freedom rate with medications was low in comparison to the few previous studies that 
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tested migraine pain freedom as a primary endpoint in adolescents for oral triptans (e.g. (27,28) - 

age range 12-17) and ibuprofen (29)- age range 6-12). This could potentially raise the question of 

whether the sample tested in the current study did not represent the population of adolescents with 

migraine (e.g., patients seeking alternate treatment due to insufficient response to medications). 

However, unlike pain freedom, the rate of pain relief with medications in our study is comparable 

to results reported in those very same studies (27,28, 29) suggesting that that the samples are 

otherwise comparable in terms of treatment response. Additionally, none of the participants took 

a triptan-NSAID (Nonsteroidal anti-inflammatory drugs) combination, known to have a relatively 

high response rate (30,31). 

The current study has several limitations. First, the small sample size limits the generalization of 

the results. While corroboration is needed in a larger sample, statistically significant differences 

were found even within the limited sample size, suggesting a true difference. The sample size also 

curtails a sub-analysis of the efficacy by medication type. Indeed, no conclusions can be drawn 

from the current analysis regarding the specific efficacy comparison with either triptans or OTC 

alone. However, the comparability of the medication classes is supported by a review indicating 

that in a clinical trial setting, the efficacy of specific and non-specific migraine acute mediations 

(including NSAIDs, acetaminophen, and triptans) is comparable (32). Furthermore, we provide 

response rates by medication class that show that in all instances REN had a (qualitatively) higher 

number of participants that achieved response. Finally, consistency analysis of the medication data 

was performed on naturalistic observational data (i.e., participants were instructed to continue their 

usual care during the run-in phase). It thus includes in some cases different pharmacological 

treatments by the same participant, as well as instances where less than four pharmacological 

treatments were available for the consistency analysis (in which case consistency was calculated 

Page 11 of 22

Official Journal of the American Academy of Pain Medicine

Pain Medicine

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/advance-article/doi/10.1093/pm
/pnab197/6311270 by  aloni@

theranica.com
 on 30 June 2021



12

based on all available treatments). While introducing variability into the data, these individual 

differences may better reflect real-world migraine management, which varies across attacks.

It should also be noted that different treatment modalities have been shown to have a different 

rates of placebo response (33), and in the case of pharmaceuticals and medical device this could 

also not be ruled out. 

Conclusions

The current post-hoc analysis of data from a clinical trial provides preliminary indication that REN 

may be as effective, if not more effective than certain standard-care medications in adolescents 

with migraine. Combined with its low rate of side effects, REN may thus offer a novel alternative 

for current pharmacological treatments for teenagers with migraine.

Page 12 of 22

Official Journal of the American Academy of Pain Medicine

Pain Medicine

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/advance-article/doi/10.1093/pm
/pnab197/6311270 by  aloni@

theranica.com
 on 30 June 2021



13

Acknowledgements

We thank the participants in this trial and the investigators and site personnel. We also 

acknowledge Lonnie Zeltzer, MD, PhD, who served as the chair of the DSMB in the study, Dr. 

Nira Morag for statistical consultation and analyses, and FlaskData.IO (Modi’in, Israel) for the 

electronic data collection system used in this study.

Page 13 of 22

Official Journal of the American Academy of Pain Medicine

Pain Medicine

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/advance-article/doi/10.1093/pm
/pnab197/6311270 by  aloni@

theranica.com
 on 30 June 2021



14

References 

1. Wöber-Bingöl Ç. Epidemiology of Migraine and Headache in Children and Adolescents. 
Curr Pain Headache Rep. 2013;17(6):1-11. doi:10.1007/s11916-013-0341-z

2. Victor T, Hu X, Campbell J, Buse D, Lipton R. Migraine prevalence by age and sex in the 
United States: A life-span study. Cephalalgia. 2010;30(9):1065-1072. 
doi:10.1177/0333102409355601

3. Arruda MA, Bigal ME. Migraine and migraine subtypes in preadolescent children 
Association with school performance. Neurology. 2012;79(18):1881-1888.

4. Stang PE, Osterhaus JT. Impact of migraine in the United States: data from the National 
Health Interview Survey. Headache J Head Face Pain. 1993;33(1):29-35.

5. Powers SW, Patton SR, Hommel KA, Hershey AD. Quality of life in childhood migraines: 
clinical impact and comparison to other chronic illnesses. Pediatrics. 2003;112(1):e1-e5.

6. Richer L, Billinghurst L, Linsdell MA, et al. Drugs for the acute treatment of migraine in 
children and adolescents. Cochrane Database Syst Rev. 2016;(4).

7. Goadsby PJ, Sprenger T. Current practice and future directions in the prevention and acute 
management of migraine. Lancet Neurol. 2010;9(3):285-298.

8. Diener H-C, Holle D, Solbach K, Gaul C. Medication-overuse headache: risk factors, 
pathophysiology and management. Nat Rev Neurol. 2016;12(10):575-583. 
doi:10.1038/nrneurol.2016.124

9. Bigal ME, Lipton RB. Overuse of acute migraine medications and migraine chronification. 
Curr Pain Headache Rep. 2009;13(4):301-307. doi:10.1007/s11916-009-0048-3

10. Johnson HF, Goadsby PJ, Gelfand AA. Predictors of triptan response in pediatric migraine. 
Pediatr Neurol. 2016;58:37-40.

11. Hou AY, Chen AY, Yuan H, Silberstein SD. Peripheral neuromodulation for the treatment 
of migraine and headache: recent advances. Bioelectron Med. 2019;2(4):151-162. 
doi:10.2217/bem-2019-0024

12. Nir RR, Yarnitsky D. Conditioned pain modulation. Curr Opin Support Palliat Care. 
2015;9(2):131-137.

13. Nirl R-R, Granovskyl Y, Yarnitskyl D, Sprecherl E, Granotl M. A psychophysical study of 
endogenous analgesia: the role of the conditioning pain in the induction and magnitude of 
conditioned pain modulation. Eur J Pain. 2011;15(5):491-497.

14. Yarnitsky D, Granot M, Nahman-Averbuch H, Khamaisi M, Granovsky Y. Conditioned 
pain modulation predicts duloxetine efficacy in painful diabetic neuropathy. Pain. 
2012;153(6):1193-1198. doi:10.1016/j.pain.2012.02.021

Page 14 of 22

Official Journal of the American Academy of Pain Medicine

Pain Medicine

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/advance-article/doi/10.1093/pm
/pnab197/6311270 by  aloni@

theranica.com
 on 30 June 2021



15

15. Hershey AD, Lin T, Gruper Y, et al. Remote electrical neuromodulation for acute treatment 
of migraine in adolescents. Headache J Head Face Pain. 2020.

16. Yarnitsky D, Volokh L, Ironi A, et al. Nonpainful remote electrical stimulation alleviates 
episodic migraine pain. Neurology. 2017;88(13):1250-1255.

17. Yarnitsky D, Dodick DW, Grosberg BM, et al. Remote Electrical Neuromodulation (REN) 
Relieves Acute Migraine: A Randomized, Double-Blind, Placebo-Controlled, Multicenter 
Trial. Headache J Head Face Pain. 2019;59(8):1240-1252. doi:10.1111/head.13551

18. Rapoport AM, Lin T. Device profile of the NerivioTM for acute migraine treatment: 
overview of its efficacy and safety. Expert Rev Med Devices. 2019;16(12):1017-1023. 
doi:10.1080/17434440.2019.1695599

19. Marmura MJ, Lin T, Harris D, Ironi A, Rosen NL. Incorporating Remote Electrical 
Neuromodulation (REN) Into Usual Care Reduces Acute Migraine Medication Use: An 
Open-Label Extension Study. Front Neurol. 2020;11. doi:10.3389/fneur.2020.00226

20. Rapoport AM, Bonner JH, Lin T, et al. Remote electrical neuromodulation (REN) in the 
acute treatment of migraine: a comparison with usual care and acute migraine medications. 
J Headache Pain. 2019;20(1):83.

21. Tepper SJ, Lin T, Montal T, Ironi A, Dougherty C. Real-world Experience with Remote 
Electrical Neuromodulation in the Acute Treatment of Migraine. Pain Med. 
doi:10.1093/pm/pnaa299

22. Moisset X, Pereira B, Ciampi de Andrade D, Fontaine D, Lantéri-Minet M, Mawet J. 
Neuromodulation techniques for acute and preventive migraine treatment: a systematic 
review and meta-analysis of randomized controlled trials. J Headache Pain. 
2020;21(1):142. doi:10.1186/s10194-020-01204-4

23. Tassorelli C, Grazzi L, De Tommaso M, et al. Randomized Controlled Study of Non-
Invasive Vagus Nerve Stimulation (NVNS) for the Acute Treatment of Migraine: The 
PRESTO Trial (S43. 005). AAN Enterprises; 2018.

24. Spierings EL, Brandes JL, Kudrow DB, et al. Randomized, double-blind, placebo-
controlled, parallel-group, multi-center study of the safety and efficacy of ADAM 
zolmitriptan for the acute treatment of migraine. Cephalalgia. 2018;38(2):215-224.

25. Diener H-C, Barbanti P, Dahlöf C, Reuter U, Habeck J, Podhorna J. BI 44370 TA, an oral 
CGRP antagonist for the treatment of acute migraine attacks: Results from a phase II study: 
Cephalalgia. 2010;31(5):573-584. doi:10.1177/0333102410388435

26. Kelman L. Pain Characteristics of the Acute Migraine Attack. Headache J Head Face Pain. 
2006;46(6):942-953. doi:10.1111/j.1526-4610.2006.00443.x

27. Ho TW, Pearlman E, Lewis D, et al. Efficacy and tolerability of rizatriptan in pediatric 
migraineurs: Results from a randomized, double-blind, placebo-controlled trial using a 

Page 15 of 22

Official Journal of the American Academy of Pain Medicine

Pain Medicine

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/advance-article/doi/10.1093/pm
/pnab197/6311270 by  aloni@

theranica.com
 on 30 June 2021



16

novel adaptive enrichment design. Cephalalgia. 2012;32(10):750-765. 
doi:10.1177/0333102412451358

28. Winner P, Lewis D, Visser WH, et al. Rizatriptan 5 mg for the Acute Treatment of 
Migraine in Adolescents: A Randomized, Double-Blind, Placebo-Controlled Study. 
Headache J Head Face Pain. 2002;42(1):49-55. doi:https://doi.org/10.1046/j.1526-
4610.2002.02013.x

29. Lewis DW, Kellstein D, Dahl G, et al. Children’s Ibuprofen Suspension for the Acute 
Treatment of Pediatric Migraine. Headache J Head Face Pain. 2002;42(8):780-786. 
doi:https://doi.org/10.1046/j.1526-4610.2002.02180.x

30. McDonald SA, Hershey AD, Pearlman E, et al. Long-Term Evaluation of Sumatriptan and 
Naproxen Sodium for the Acute Treatment of Migraine in Adolescents. Headache J Head 
Face Pain. 2011;51(9):1374-1387. doi:https://doi.org/10.1111/j.1526-4610.2011.01965.x

31. Winner P, Linder S, Hershey AD. Consistency of Response to Sumatriptan/Naproxen 
Sodium in a Randomized Placebo-Controlled, Cross-Over Study for the Acute Treatment of 
Migraine in Adolescence. Headache J Head Face Pain. 2015;55(4):519-528. 
doi:10.1111/head.12555

32. Lipton R, Bigal M, Goadsby P. Double-Blind Clinical Trials of Oral Triptans Vs Other 
Classes of Acute Migraine Medication — A Review. Cephalalgia. 2004;24(5):321-332. 
doi:10.1111/j.1468-2982.2003.00690.x

33. Meissner K, Fässler M, Rücker G, et al. Differential effectiveness of placebo treatments: a 
systematic review of migraine prophylaxis. JAMA Intern Med. 2013;173(21):1941-1951.

Page 16 of 22

Official Journal of the American Academy of Pain Medicine

Pain Medicine

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/advance-article/doi/10.1093/pm
/pnab197/6311270 by  aloni@

theranica.com
 on 30 June 2021



17

Figures’ captions

Figure 1:

A- Schematic illustration of the principle of operation of REN 
(modified with permission from Yarnitsky et al, 2019; Headache). 
The device stimulates C and Aδ noxious sensory fibers of the upper arm above their depolarization 
threshold yet below the perceived pain threshold. The noxious information reaches the brainstem 
through the ascending pain pathway (black). This information activates the descending pain inhibitory 
pathway (green), involving the brainstem pain regulation center (which includes the PAG, RVM, and 
SRD), that inhibit incoming messages of pain in the trigeminal cervical complex (TCC) that occur during a 
headache of a migraine attack (red). 

PAG = periaqueductal gray; RVM = rostral ventromedial medulla; SRD = subnucleus reticularis dorsalis; 
TCC = trigeminal cervical complex.

B- An image of the device as it is worn on the arm during treatment.

Figure 2:

Title: Pain response - single treatment 

Legend: 

Efficacy comparison of pain response in a single treatment (two hours post treatment).

P values represent McNemar’s results  

* indicates statistical significance

Figure 3:

Title: Pain response - consistency across treatments

Legend: 

Efficacy comparison of pain response consistency (response in at least 50% of treatments).
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P values represent McNemar’s results  

* indicates statistical significance
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Figure 1

A- Schematic illustration of the principle of operation of REN (modified with permission from Yarnitsky 
et al, 2019; Headache). 
The device stimulates C and Aδ noxious sensory fibers of the upper arm above their depolarization 
threshold yet below the perceived pain threshold. The noxious information reaches the brainstem 
through the ascending pain pathway (black). This information activates the descending pain inhibitory 
pathway (green), involving the brainstem pain regulation center (which includes the PAG, RVM, and 
SRD), that inhibit incoming messages of pain in the trigeminal cervical complex (TCC) that occur during a 
headache of a migraine attack (red). 

PAG = periaqueductal gray; RVM = rostral ventromedial medulla; SRD = subnucleus reticularis dorsalis; 
TCC = trigeminal cervical complex.

B- An image of the device as it is worn on the arm during treatment.
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Table 1. Baseline characteristics of the treated attacks 

Characteristic
1st treatment in 

medication phase

1st treatment in

RENa phase

Chi-square

significance

Baseline pain severity, % (n/N)

    Mild 14.3% (5/35) 17.1% (6/35) p=0.74

    Moderate 51.4% (18/35) 48.5% (17/35) p=0.81

    Severe 34.3% (12/35) 34.3% (12/35) p = 1.0

Presence of baseline associated symptoms, % (n/N)

    Nausea 57.1% (20/35) 51.4% (18/35) p=0.63

    Photophobia 85.7% (30/35) 77.1% (27/35) p=0.36

    Phonophobia 62.8% (22/35) 62.8% (22/35) p = 1.0

aREN – remote electrical neuromodulation
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