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Abstract

Purpose of Review This review presents a critical appraisal of the treatment strategies for
short-lasting unilateral neuralgiform headache attacks (SUNHA), paroxysmal hemicrania
(PH), and hemicrania continua (HC). We assess the available, though sparse, evidence on
both medical and surgical treatments. In addition, we present estimated pooled analyses
of the most common treatments and emphasize recent promising findings.
Recent Findings The majority of literature available on the treatment of these rare
trigeminal autonomic cephalalgias are small open-label observational studies and case
reports. Pooled analyses reveal that lamotrigine for SUNHA and indomethacin for PH and
HC are the preventative treatments of choice. Second-line choices include topiramate,
gabapentin, and carbamazepine for SUNHA; verapamil for PH; and cyclooxygenase-2
inhibitors and gabapentin for HC. Parenteral lidocaine is highly effective as a transitional
treatment for SUNHA. Novel therapeutic strategies such as non-invasive neurostimulation,
targeted nerve and ganglion blockades, and invasive neurostimulation, including
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implanted occipital nerve stimulators and deep brain stimulation, appears to be promising
options.
Summary At present, lamotrigine as a prophylactic and parenteral lidocaine as transitional
treatment remain the therapies of choice for SUNHA. While, by definition, both PH and CH
respond exquisitely to indomethacin, evidence for other prophylactics is less convincing.
Evidence for the novel emerging therapies is limited, though promising.

Introduction

Short-lasting unilateral neuralgiform headache attacks
(SUNHA), paroxysmal hemicrania (PH), and
hemicrania continua (HC) are all classified as trigeminal
autonomic cephalalgias (TACs) by the International
Classification of Headache Disorders [1]. TACs are
mainly characterized by unilateral trigeminal distribu-
tion pain that occurs in association with ipsilateral cra-
nial autonomic features [2]. SUNHA and PH are charac-
terized by short-lasting intense headache attacks, with
their main difference being in attack duration and fre-
quency as well as the response to therapy. In contrast,
HC is a continuous headache that waxes and wanes in

intensity. PH and HC are characterized by absolute re-
sponsiveness to indomethacin.

These disorders are rare, but highly disabling, and
management can be challenging. A plethora of pharma-
cological and surgical therapies has been tried, mainly in
open-label observational studies and case reports. A few
of these treatments emerge as being more promising
than others. This review provides a short phenotypic
description of these disorders (overview in Table 1), a
brief description of the pathophysiology, and an update
on the treatment options, including estimated weighted
pooled analyses of themost commonly used treatments.

Methods

Baraldi et al. [3••] recently conducted an excellent systematic review of published
literature up to 2017. We constructed a literature base from their reference list,
combined with an updated literature search. We searched MEDLINE with fol-
lowing three search queries from 2017 to 7 April 2020: (1) “SUNCT”OR “SUNA”
OR “short lasting unilateral neuralgiform headache attacks with conjunctival
injection and tearing”OR “short lasting unilateral neuralgiform headache attacks
with autonomic symptoms”; (2) “paroxysmal hemicrania”; and (3) “hemicrania
continua.” In addition, we hand-searched the reference lists of reviews on TACs.

Treatments with two or more reports of at least five patients were included in
pooled single-arm meta-analyses. Reports were not required to be controlled
intervention trials as these are non-existent for these rare disorders. Studies in
which a defined response to a treatment was an inclusion criterion were not
considered. We calculated responder proportion with 95% confidence intervals
(CI) using a fixed-effects inverse variance model with a double arcsine transfor-
mation [4]. This model weights larger studies more than small studies and is
applicable when there is no comparison group. Due to varying reporting, the
respective reports’ definition of clinically meaningful response was used to define
treatment response. SUNCT and SUNA were considered as one entity for pooled
analyses. All analyses were made using R 3.6.0 (The R Foundation for Statistical
Computing) with the open-source package meta v.4.11-0. Clearly ineffective
treatments used by less than five participants were not included in the review.
Larger studies or studies of special interest were emphasized in more detail.
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The literature search for SUNHA yielded 147 records. Six reports of five
cohorts [5–9, 10•] (n = 154) with five or more patients were included in the
pooled analyses. The literature search for PH yielded 40 records. Thirteen
studies [11–23] (n = 189) with five or more patients were included in pooled
analyses. The literature search for HC yielded 48 records. Ten studies [13, 17,
22–29] with a total of 131 patients were included in the pooled analyses.

Pathophysiology and indomethacin response

Currently, the most widely accepted pathophysiological construct is that an
abnormality in the posterior hypothalamus leads to an activation of the trigem-
inal autonomic reflex—the phenomenon in which trigeminal nociceptive

Table 1. Clinical characteristics of short-lasting unilateral neuralgiform headache attacks, paroxysmal hemicrania, and
hemicrania continua

SUNHA Paroxysmal
hemicrania

Hemicrania continua

Sex (female:male) 1:1.5 to 1:0.58 1:1 to 2.36:1 2:1

Age of onset 35 to 65 34 to 41 Adulthood (5 to 67)

Laterality Unilateral Strictly unilateral,
very rarely
side-shifting

Unilateral, very rarely
side-shifting, or bilateral

Quality Sharp, stabbing, burning,
or electrical shocks

Sharp, stabbing,
throbbing,
shooting, burning,
or boring

Dull, aching, or pressing;
but also sharp, burning,
aching, or stabbing

Severity Severe to excruciating Excruciating Mild to severe

Site Orbital, frontal, temporal;
other trigeminal
distributions

Orbital, frontal, and
temporal

Orbital, frontal, temporal,
and sometimes occipital

Attack frequency 1 to 100 per day 2 to 50 per day Fluctuating continuous
pain with exacerbations

Attack duration 1 to 600 s 2 to 30 min Months to years

Cranial autonomic symptoms Yes. Conjunctival
injection and
lacrimation with
SUNCT. At least one
CAS, but not both
conjunctival injection
and lacrimation

Yes Yes

Restlessness and/or agitation 30% 80% 90%

Migrainous features (nausea,
photophobia, or phonophobia)

Rare Yes Frequent

Indomethacin effect None Absolute Absolute

CAS, cranial autonomic symptom
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stimulation may elicit cranial parasympathetic outflow [30]. Activation of the
reflex is best explained by an abnormality in the posterior hypothalamic gray
matter [31], possibly via central disinhibition and a trigeminal-hypothalamic
pathway [32]. This evidence stems from functional imaging studies and deep
brain stimulation studies revealing activation of the posterior hypothalamus in
TACs [33–36], otherwise not seen with experimentally induced forehead pain
[37]. The pain is likely mediated by activation of the trigeminovascular noci-
ceptive afferents from the peripheral cranium leading to the trigeminal nucleus
caudalis (TNC) [38]. From the TNC, nociceptive pathways project to higher
centers involved in pain processing, but there is also a reflex connection to the
superior salivatory nucleus [39]. This reflex connection mediates the parasym-
pathetic outflow via the sphenopalatine ganglion (SPG) and the facial nerve,
explaining the autonomic symptoms [40].

Themechanism for the unique effect of indomethacin in PH andHChas not
yet been clearly identified [41]. To date, the most valid theory involves nitric
oxide–induced vasodilation. Indomethacin appears to inhibit the production
of nitric oxide, distinguishing it from other non-steroidal anti-inflammatory
drugs (NSAID), and thereby inhibit neurogenic-induced vasodilatation activat-
ing nociceptive trigeminovascular nerve fibers [42]. It is therefore believed that
indomethacin may antagonize the nitric oxide pathway occurring in the para-
sympathetic outflow ganglia and SPG, and through this mechanism exert its
effect on headache syndromes characterized by activation of the trigeminal
autonomic reflex [43].

Short-lasting unilateral neuralgiform headache attacks

The first case of SUNHA was described in 1978 [44]. SUNHA is
subgrouped into short-lasting unilateral neuralgiform headache attacks
with conjunctival injection and tearing (SUNCT), and short-lasting uni-
lateral neuralgiform headache attacks with autonomic symptoms (SUNA)
[1]. They present with a slightly different clinical picture, but a recent
large cohort suggest they should be considered the same entity [45].
Both headache syndromes are rare. One study from Australia reported
the prevalence of SUNHA to be 6.6 per 100,000 [6]. The mean age of
onset is estimated to 44 years (range 13–76) [45], and studies have
reported both female and male preponderances [45, 46].

Clinical characteristics
The pain in SUNCT and SUNA is unilateral, typically located in the
ophthalmic area, but also maxillary and mandibular area, of the trigem-
inal nerve [45]. It is described as sharp, stabbing, burning, or electrical
shocks [47]. The temporal profile of attacks can be categorized as one or
more of the following: single stab with a duration of 1–600 s; groups of
stabs with a duration of 10–200 s; or “saw-tooth” attacks of continuous
pain with superimposed peaks with a duration of 5–12,000 s [45, 47].
The attack frequency is highly variable, usually 1 to 100 attacks per day
(median 20 for SUNA, 30 for SUNCT) [45], but may be as high as 600
[47]. The attacks are always accompanied by ipsilateral, and sometimes
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bilateral, cranial autonomic symptoms [45]. SUNCT has to have both
conjunctival injection and lacrimation, whereas SUNA occurs in associ-
ation with at least one cranial autonomic symptom but not both lacri-
mation and conjunctival injection. In addition, one may see nasal
congestion, rhinorrhea, miosis, ptosis, eyelid edema, or facial sweating/
flushing during attacks [46].

Current treatment

Preventative treatment

Lamotrigine

Lamotrigine appears to be the most effective pharmacologic pro-
phylaxis for SUNHA. In the largest available study, comprising 102
SUNHA patients [10•], a total of 18/29 SUNCT patients and 5/16
SUNA patients reported effect of the drug. In another series 11/19
patients experienced a 50% or greater reduction in headache fre-
quency and/or severity [6]. Pooled analyses of lamotrigine in 82
patients [6–8, 10•] showed a responder proportion of 0.58 (95% CI
0.47 to 0.70). Lamotrigine is usually started at 25 mg daily for
2 weeks before increasing to 50 mg daily in weeks 3 and 4. The
dose is thereafter titrated to effect and tolerance up to 400 mg daily.
Common adverse events include skin rash and nausea; serious ad-
verse events include Steven Johnson syndrome and toxic epidermal
necrolysis [48]. Lamotrigine is glucuronidated in its metabolic path-
way and care must be taken if co-administering drugs that induce or
inhibit glucuronidation [49].

Topiramate

A crossover trial of five patients reported response in two of five on
topiramate and one of five on placebo [50]. In addition, an open-label
study [10•] found treatment response 14/36 patients. Pooled analyses of
topiramate in 42 patients [6, 10•] showed a responder proportion of 0.35
(95% CI 0.20 to 0.51). The usual treatment regimen is to start with 15–
25 mg daily and titrate up in steps of 25–50 mg to a maximum dose of
400 mg daily.

Gabapentin

Gabapentin may also be effective as preventative treatment for
SUNHA. In the largest available dataset, gabapentin was effective in
11/29 SUNCT patients and in 7/18 SUNA patients [10•]. Pooled
analyses of gabapentin in 63 patients [6, 9, 10•] showed a re-
sponder proportion of 0.44 (95% CI 0.31 to 0.57). The initial dose
is usually 300 mg which is increased in 300 mg increments up to a
total of 3600 mg divided on three daily doses. The most common
adverse events are dizziness and somnolence [51].
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Carbamazepine

Carbamazepine is reported to be beneficial preventative treatment in a
small proportion of SUNHA patients. In the largest study, carbamazepine
was effective 20/63 patients [10•]. Pooled analyses of carbamazepine in 77
patients [6, 10•] showed a responder proportion of 0.29 (95% CI 0.18 to
0.40).

Verapamil

Verapamil appears to be a poor choice as preventative treatment for
SUNHA. Baraldi et al. [3••] and a more recent open-label study [10•]
found verapamil effective in 2/6 and 2/21 patients, respectively.

Botulinum toxin

There are two case reports of positive response to botulinum toxin injec-
tions [52, 53]. The effect of botulinum toxin should be considered uncer-
tain until more evidence is gathered.

Non-invasive vagus nerve stimulation

A series looking at primary chronic headaches found non-invasive
vagus nerve stimulation to be ineffective in the two SUNA patients
included [54].

Transitional treatments

Parenteral lidocaine

Parenteral lidocaine has been tried in several patients [6, 47], but
never in controlled trials. Baraldi et al. [3••] found lidocaine to be
effective in 94% of patients, and a study with 102 patients found
intravenous lidocaine to be effective in 15/15 SUNCT patients and
8/9 SUNA patients [10•]. Pooled analyses of lidocaine in 38 patients
[6, 10•] showed a responder proportion of 0.91 (95% CI 0.79 to
0.99). Lidocaine may be administered both intravenously (dose:
1.5–3.5 mg/kg/h) and subcutaneously, and there is no evidence for
the superiority of either [6]. Treatment effect usually persists a few
weeks, but has been observed up to 6 months [47]. Lidocaine is
particularly useful as a transitional treatment for patients with status-
like attacks with frequent, easily triggered, and high intensity pain
[55]. In the summary of available reports from 2017, adverse events
(AE) occurred in 54% of patients [3••]. Potential AEs include de-
pressed mood, vivid dreams, and seizures [6].

Corticosteroids

Corticosteroids, administered both perorally and intravenously, are gener-
ally less effective than lidocaine. A trial from 2017 found high-dose
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corticosteroids to be effective in 2/20 patients [10•], whereas the case
summaries by Baraldi et al. found prednisone effective in 6/11 patients and
methylprednisolone effective in 5/7 patients [3••].

Intravenous dihydroergotamine

Intravenous dihydroergotamine administered over 5 days was inef-
fective in five patients [10•]. Moreover, a retrospective case review of
26 patients found a paradoxical effect with marked worsening in five
patients [56].

Nerve blockades

In one case series, using lidocaine and methylprednisolone greater
occipital nerve block (GONB), improvement was seen in 6/12
SUNCT patients and 3/4 SUNA patients [10•]. On the other hand,
in a recent study, most patients had no positive effect of GONB, but
multiple cranial nerve blocks (MCNB) was associated with a positive
outcome in 9/16 patients [57•].

Surgery and invasive treatments

Sphenopalatine ganglion procedures

SPG-pulsed radiofrequency has been attempted in nine patients in a pro-
spective case series [58]. At 30 months follow-up, seven patients were
considered responders.

Trigeminal procedures

In 2018, a summary of 19 cases, whereof ten case reports and a case series of
nine patients, found that trigeminal microvascular decompression (MVD)
was effective in 63% of cases at a median follow-up of 14 months [59]. In
addition, a recent case report found trigeminal MVD to be effective in two
patients with confirmed ipsilateral neurovascular conflict where ONS and
deep brain stimulation had failed [60]. Trigeminal MVD should be con-
sidered in patients with aberrant vascular loops impinging on the ipsilateral
trigeminal nerve, where medical treatments have failed.

Occipital nerve stimulation

Implantation of occipital nerve stimulators (ONS) has been performed in a
study of 31 patients in which the mean daily attack frequency was reduced
by 69% at median follow-up of 45 months [61•].

Deep brain stimulation

In one open-label study, 11 patients were treated with ventral tegmental
area deep brain stimulation (DBS). Participants experienced a median
attack frequency reduction of 78% [62]. Because of the invasiveness of the
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procedure, DBS should only be considered when all other options have
failed [63].

Paroxysmal hemicrania

PH was first described by Sjaastad and Dale in 1974 [64] and entitled “chronic
paroxysmal hemicrania” a few years later. The exact incidence and prevalence is
not known. Some authors suggest a prevalence equal to 1–3% of cluster
headache [65], corresponding to an overall prevalence of 1 per 25,000. Several
studies have found a female preponderance [18, 65]. However, a more recent
prospective study found a sex ratio of 1:1 [15]. The mean age of onset ranges
from 34 to 41 years [15, 18, 65].

Diagnostic evaluation
The pain in PH is strictly unilateral and without side shift in more than 95% of
cases [15]. The pain is usually ophthalmic trigeminal distributed and described
as sharp, stabbing, throbbing, shooting, burning, or boring [15]. The attack
duration is usually 2–30 min (range 2–120), with an estimated daily mean
attack frequency of 6 to 14 (range 2–50) [15, 18, 65, 66]. PHmay be episodic or
chronic, where the chronic form has no remission periods for at least a year, or
the remission periods last less than 3 months [1]. The attacks are typically
associated with ipsilateral cranial autonomic features, where lacrimation, con-
junctival injection, rhinorrhea, nasal congestion, ptosis, and facial flushing are
the most common [15]. Attacks are often associated with agitation or restless-
ness [15, 65]. A trial of oral indomethacin, as described below, should be
initiated to confirm the diagnosis. Alternatively, an intramuscular “indotest”
may establish the diagnosis faster [22].

Current treatment

Abortive treatment

Sumatriptan

Baraldi et al. [3••] found that 5/24 patients experienced attack relief with
sumatriptan. Pooled analysis of three studies [13, 15, 19] with a total of 26
patients showed a responder proportion of 0.13 (95% CI 0.01 to 0.30).

Preventative treatment

Indomethacin

By definition, PH responds to indomethacin [1]. There are, however, re-
ports of patients with clinical symptoms consistent with PH where indo-
methacin is not effective [18, 67]. In the largest prospective study of 31 PH
patients, 30 could tolerate indomethacin and all had an effect [15]. On the

42 Page 8 of 21 Curr Treat Options Neurol (2020) 22: 42



other hand, a retrospective study of likely PH cases found a consistent
response to indomethacin in 30/40 patients [18]. In the latter, it should be
noted that several of the patients with an inconsistent response did not
strictly meet PH criteria. Our pooled analyses of indomethacin in 135
patients [11, 12, 14–19, 22] showed a responder proportion of 0.97 (95%
CI 0.93 to 1.00). Of note, this analysis includes the study with 30/40
responders, lump adults, and children, and includes studies where an
inclusion criterion was response to indomethacin. The starting dose for
indomethacin is 75 mg daily in three divided doses. Onset of effect is
usually prompt, occurring within 1 to 2 days of administering the effective
dose. The dose is increased to 150 mg divided by three daily doses after
3 days in the absence of response. This dose should be continued for up to
10 days as we have observed a patient that required 10 days to respond
completely. The dose should be further increased to 225 mg, or even
300 mg daily, in three divided doses in cases of partial response or high
suspicion. In the absence of response, the diagnosis should be
reconsidered. The maintenance dose of indomethacin is usually 25 to
100 mg daily but may be as high as 300 mg daily. Cases that require
escalating doses or become refractory should raise suspicion of a secondary
cause [68]. Adverse events are the same as for commonly used NSAIDs, and
approximately 25% of PH patient on indomethacin seems to develop
gastrointestinal side effects [17].

Other non-steroidal anti-inflammatory drugs

Several other NSAIDs including aspirin [19, 65, 69], ibuprofen [19],
naproxen [19, 70–72], diclofenac [19, 73], ketoprofen [65], and piroxicam
[74] have been tried in case reports. However, none of these display the
same consistent and absolute effect as indomethacin. In addition, there are
some reports of effect with cyclooxygenase-2 (COX-2) inhibitors [75–77],
but several of these are associated with increased risk of ischemic cardio-
vascular disease and should be prescribed with great caution.

Verapamil

Verapamil is generally considered the best alternative when treatment with
indomethacin is not possible. Baraldi et al. found verapamil to be effective
in 14/30 cases [3••]. Pooled analysis of two studies [14, 19] with a total of
16 patients showed a responder proportion of 0.44 (95% CI 0.19 to 0.70).
Verapamil is usually started in doses of 160 to 240 mg and titrated up as
needed and tolerated to 960 mg daily. Of note, other calcium channel
antagonists, including flunarizine and nicardipine, have also been reported
to be effective for PH [19, 78].

Topiramate

Baraldi et al. [3••] found that 9/15 patients experienced treatment response
on topiramate.
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Carbamazepine

Baraldi et al. [3••] found that 3/15 patients experienced treatment response
on carbamazepine.

Non-invasive vagus nerve stimulation

Percutaneous vagus nerve stimulation has been reported to be effective in
observational studies [20•, 21•]. In the first study, 4/6 PH patient reported a
treatment benefit. In the second study, treatment responsewas observed in 6/8
patients and the mean monthly headache frequency was reduced by 75% at
6months follow-up. Pooled analysis of the two studies [20•, 21•], with a total
of 14 patients, showed a responder proportion of 0.72 (95%CI 0.43 to 0.94).

Transitional treatment

Nerve blockades

Local anesthetic blockade with lidocaine of the greater occipital nerve,
supraorbital nerve, and lesser occipital nerve have generally been ineffective
[23, 57•, 79]. However, two cases of complete response to GONB [80] and
repeated C7 sympathetic chain block [81] has been reported. The latter
became pain-free after a stellate ganglionectomy. In a larger series of dif-
ferent chronic headaches that had failed GONB, response to MCNB was
seen in 1/4 PH patients [57•].

Surgery and invasive treatments
Surgical procedures, including infraorbital nerve section, superficial petrosal
nerve section, trigeminal root section, and SPG ganglionectomy, have largely
been ineffective [65, 81]. However, there are case reports of effective surgical
treatment with occipital nerve stimulation [82•], posterior hypothalamic DBS
[83], and the above-mentioned stellate ganglionectomy [81].

Hemicrania continua

HC was likely first described by Diamond and Medina in 1981 [84], but the
term “hemicrania continua”was coined by Sjaastad and colleagues 3 years later
[85]. Since then, over thousand cases have been reported. The true prevalence is
unknown. Though originally believed to be rare, some research suggests that
HC is more common than suspected, with identification of large number of
cases at single sites within a few years [86]. HC appears to have a female
preponderance, with a female-to-male ratio of 2:1, and the typical age of onset
is in adulthood (range 5–67) [86].

Diagnostic evaluation
HC is characterized by a continuous unilateral headache, associatedwith cranial
autonomic symptoms, restlessness during exacerbations, and responsiveness to
indomethacin. Most patients with HC has unremitting pain, but up to 20% of
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cases have pain-free periods from 1 day to several months [26]. The pain is
usually side-locked unilateral, but there are cases of alternating sides [26, 87],
and even bilateral pain [88]. The pain is typically located around the orbit,
frontal region, and temporal region, but also occipital and neck pain has been
described [26, 89]. The continuous pain fluctuates in intensity and is
superimposed by severe attacks. These attacks usually last from minutes to
several days. During the exacerbations, there are usually associated cranial
autonomic symptoms [90]. Similarly to PH, the diagnosis should be confirmed
with a trial of oral indomethacin or the “indotest.”

Current treatment

Abortive treatment

Sumatriptan

Two studies [13, 26] of 7 and 25 patients, respectively, had no responders
on sumatriptan. Pooled analyses of the two studies resulted in a responder
proportion of 0.00 (95% CI 0.00 to 0.05).

Preventative treatment

Indomethacin

Similar to PH, HC responds, by definition, to indomethacin. Baraldi et al.
[3••] found indomethacin to be effective in 157/159 patients. These findings
aremainly based on case reports and case series, but a few larger studies have
been conducted. Three reports of 11, 16, and 39 patients respectively,
showed a treatment response in all patients on indomethacin [17, 26, 27]. In
the first series, all patients experienced pain relief within 24 h at doses 25–
150 mg [27]. In the second series, the mean effective dose was 78 mg [17].
Pooled analysis of four studies [17, 24, 26, 27] with a total of 82 participants
showed a responder proportion of 1.0 (95%CI 0.98 to 1.00). After achieving
headache relief, it is often advisable to find the lowestmaintenance dose [17,
27]. This will lower discontinuation rate due to intolerance. As for PH, there
are reports on cases of HC that are indomethacin-insensitive [91, 92].
Adverse events and treatment precautions are the same as discussed for PH.

Cyclooxygenase-2 inhibitors

In a case series of 14 patients, 6 responded completely to COX-2 [29]. In
another larger clinical study, only 2/14 participants using COX-2 inhibitors
had a response. Another case series of four patients found complete response
to celecoxib in all [93]. In addition, there are both positive [94] and negative
[95] case reports. Pooled analysis of two studies [26, 29] with a total of 28
patients showed a responder proportion of 0.28 (95% CI 0.12 to 0.46).
Likewise, as for PH, long-term use of COX-2 inhibitors is associated with
increased risk of ischemic cardiovascular disease and should be prescribed
with great caution.
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Gabapentin

Baraldi et al. [3••] found response on gabapentin in 11/13 patients. How-
ever, our pooled analysis of two studies [25, 26] with a total of 22 patients
showed a responder proportion of 0.22 (95%CI 0.06 to 0.43). It should be
noted that Baraldi et al. [3••] included neither of these two studies in their
summary of gabapentin.

Topiramate

Baraldi et al. [3••] found that 11/13 patients experienced treatment
response on topiramate. Moreover, a case report of two patients
from 2019 suggests that topiramate may have an indomethacin-
sparing effect [96].

Verapamil

Baraldi et al. [3••] found that 3/8 patients experienced treatment response
on verapamil.

Melatonin

Baraldi et al. [3••] found that 9/17 patients experienced treatment response
on melatonin.

Botulinum toxin

In a case series of nine patients treated with botulinum toxin, five patients
demonstrated a 50% or more reduction in moderate to severe headache
days [97]. The median duration of response was 11 weeks.

Non-invasive vagus nerve stimulation

In a retrospective series of seven HC patients, non-invasive vagus
nerve stimulation provided reduction in severity of continuous pain
in all patients, and reduction in exacerbation intensity in two pa-
tients [20•].

Transitional treatment

Nerve blockades

There are several reports of extracranial nerve blockades in HC. A
series of seven HC patients found reduction in pain intensity with
superior orbital nerve blockades (SONB) with lidocaine [23], but no
pain relief for any of the patients with GONB. In another study,
nine patients with palpation tenderness over the greater occipital
nerve, superior orbital nerve, or trochlear area were treated with one
or more blockades to the tender areas, and complete pain relief was
found in five patients and partial relief in four patients. Finally, a
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larger series including six HC patients, who all had failed GONB,
found a good response to MCNB in five patients [57]. Pooled
analyses of two studies [23, 26] with a total of 30 participants
showed a responder proportion on GONB of 0.23 (95% CI 0.09 to
0.41), while pooled analyses of two studies [23, 28] with a total of
13 participants showed a responder proportion on SONB of 0.83
(95% CI 0.55 to 1.00). At present MCNB and SONB seems to be
superior to GONB, but findings must be confirmed in larger trials.

Surgery and invasive treatments

Supraorbital nerve radiofrequency ablation

Radiofrequency ablation of the superior orbital nerve has been effective in a
case series of three patients [98].

Sphenopalatine ganglion procedures

In a case report, repetitive SPG block with bupivacaine was effective [99].
SPG radiofrequency ablation was also effective in another case report [100].

Occipital nerve stimulation

In a series of 16 patients with implanted bilateral ONS, a mean monthly
reduction in moderate-to-severe headache by 48.9% was observed [101].
ONS has also been found to be effective in 2/2 [102], 6/6 [103], and 2/4
patients [54] in case series and open-label studies.

Conclusion

SUNHA, PH, and HC are rare headache syndromes that can be difficult
to diagnose and treat correctly. All the reviewed treatments are summa-
rized in Table 2. At present, SUNHA should preferably be treated with
lamotrigine as a prophylactic, while topiramate, gabapentin, and carba-
mazepine are reasonable secondary options. Parenteral lidocaine is use-
ful when a transitional treatment is required. Invasive therapies such as
ONS, trigeminal surgical procedures, and ventral tegmental area DBS are
promising options for refractory patients. PH and HC can usually be
readily treated with indomethacin when tolerated, but some patients
will require other treatments. Even though there is a scarcity of other
effective preventatives, verapamil may be tried in PH and COX-2 inhib-
itors and gabapentin may be tried in HC. Peripheral cranial nerve
blockades are often ineffective, except for SONB and MCNB in HC. In
addition, non-invasive vagus nerve stimulation is emerging as a promis-
ing and readily accessible prophylactic for both PH and HC. Finally, a
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Table 2. Overview of reviewed treatments for SUNHA, PH, and CH

Treatment Pooled weighted
responder proportion
(95% CI)

Comment

SUNHA

Abortive treatments

- - Abortive treatment not feasible for
the short attacks of SUNHA.

Preventative treatments

Oral Lamotrigine 0.58 (0.47 to 0.70). Should be considered first-line pre-
ventative treatment.

Topiramate 0.35 (0.20 to 0.51). Variable effect in case reports and
observational studies.

Gabapentin 0.44 (0.31 to 0.57). Variable effect in case reports and
observational studies.

Carbamazepine 0.29 (0.18 to 0.40) Variable effect in case reports and
observational studies.

Verapamil - Rarely effective in case reports and
observational studies.

Injectable Botulinum toxin - Effective in a few case reports.

Non-invasive
neurostimulation

Vagus nerve
stimulation

- Ineffective in on observational
study.

Transitional treatments

Parenteral lidocaine 0.91 (0.79 to 0.99) Should be considered first-line tran-
sitional treatment.

Corticosteroids - Rarely effective in case reports and
observational studies.

GONB - Variable effect in case reports and
observational studies.

MCNB - Variable effect in case reports and
observational studies.

Intravenous dihydroergotamine -
Paradoxical effect with
worsening in several
patients.

Invasive treatments ONS - Promising effect in one
observational study.

SPG pulsed
radiofrequency

- Promising effect in one prospective
study.

Trigeminal
microvascular
decompression

- Effective in patients with confirmed
trigemino-neurovascular conflict.

Ventral tegmental
area DBS

- Promising effect in one
observational study.
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Table 2. (Continued)

Treatment Pooled weighted
responder proportion
(95% CI)

Comment

Paroxysmal hemicrania

Abortive treatments

Sumatriptan 0.10 (0.00 to 0.34). Appears to be largely ineffective.

Preventative treatments

Oral Indomethacin 0.97 (0.92 to 1.00). Effective. First-line treatment.

Other NSAIDs
(including COX-2
inhibitors)

- Generally, less effective than
indomethacin.

Verapamil 0.44 (0.19 to 0.70). Variable effect in case reports and
observational studies.

Topiramate - Variable effect in case reports and
observational studies.

Carbamazepine - Rarely effective in case reports and
observational studies.

Non-invasive
neurostimulation

Vagus nerve
stimulation

0.72 (0.43 to 0.94) Promising effect in two
observational studies.

Transitional treatments

GONB - Appears to be largely ineffective.

MCNB - Appears to be largely ineffective.

Invasive treatments

ONS - Promising effect in one
observational study.

Ventral tegmental
DBS

- Promising effect in one
observational study.

Hemicrania continua

Abortive treatments

Sumatriptan 0.00 (0.00 to 0.05). Appears to be largely ineffective.

Preventative treatments

Oral Indomethacin 1.00 (0.98 to 1.00) Effective. First-line treatment.

COX-2 inhibitors 0.28 (0.12 to 0.46) Generally, less effective than
indomethacin.

Gabapentin 0.22 (0.06 to 0.43) Rarely effective in case reports and
observational studies.

Topiramate - Variable effect in case reports and
observational studies.

Verapamil - Rarely effective in case reports and
observational studies.

Melatonin - Variable effect in case reports and
observational studies.



subset of PH and HC patients may benefit from ONS or invasive SPG
procedures.
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Table 2. (Continued)

Treatment Pooled weighted
responder proportion
(95% CI)

Comment

Injectable Botulinum toxin - Promising effect in one
observational study.

Non-invasive
neurostimulation

Vagus nerve
stimulation

- Promising effect in one
observational study.

Transitional treatments

GONB 0.23 (0.09 to 0.41). Rarely effective in case reports and
observational studies.

SONB 0.83 (0.55 to 1.00). Largely effective in case reports and
observational studies.

MCNB - Variable effect in case reports and
observational studies.

Invasive treatments SON radiofrequency
ablation

- Effective in one case series.

SPG procedures - Effective in two case reports.

ONS - Variable effect in case reports and
observational studies.

Pooled weighted responder proportions with 95% confidence intervals (CI) are provided for treatments with more than two reports of at least
five patients available. GONB, greater occipital nerve blockade; MCNB, multiple cranial nerve blockades; ONS, occipital nerve stimulator; SPG,
sphenopalatine ganglion; DBS, deep brain stimulation; NSAID, non-steroidal anti-inflammatory drugs; COX-2, cyclooxygenase-2; SONB,
supraorbital nerve blockade; SON, supraorbital nerve
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