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Abstract
Background Pre-cluster symptoms (PCSs) are symptoms preceding cluster bouts and might have implications for 
the treatment of cluster headache (CH). This study investigated the prevalence of PCSs, and their utility in predicting 
upcoming bouts as well as the associations with therapeutic efficacy.

Methods We prospectively collected data from patients with CH. Each patient received a structured interview 
and completed questionnaire surveys during CH bouts. In sub-study 1, we cross-sectionally analyzed the 
prevalence, symptomatology, and predictability of upcoming bouts. Overall, 34 PCSs, divided into seven 
categories, were queried, including head and neck pain, cranial autonomic symptoms, restlessness, fatigue or 
mood changes, sleep alterations, constitutional symptoms, and generalized pain. In sub-study 2, we recorded 
the weekly frequency of CH attacks after the initiation of verapamil concurrently with a 14-day transitional 
therapy based on the patients’ headache diary. A responder to verapamil was defined as a patient who have 
a reduction from baseline of at least 50% in the weekly frequency of CH attacks 4 weeks after the initiation of 
verapamil.

Results A total of 168 CH patients (women/men: 39/129) completed the study. In sub-study 1, we found 149 
(88.7%) experienced PCSs, with a median of 24 (IQR 18 to 72) hours before the bouts. Up to 57.7% of patients 
with PCS reported that they could predict upcoming bouts. Among the seven categories of PCSs, head and neck 
pain was the most common (81.0%) and was associated with a higher predictability of upcoming bouts (odds 
ratio [OR] = 4.0; 95% confidence interval [CI] 1.7–9.6). In sub-study 2, we found two categories of PCSs were 
associated with the response to verapamil: sleep alteration (OR = 2.5 [95% CI = 1.3–4.8], p = 0.004) and ≥ 1 cranial 
autonomic symptoms (OR = 2.7 [95% CI = 1.4–5.1], p = 0.003).

Conclusion PCSs were very common in CH and could be used to predict upcoming bouts. Different symptom 
categories of PCSs may have different clinical implications.
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Introduction
Cluster headache (CH) is one of the most severe and dis-
abling pain disorders [1], characterized as strictly uni-
lateral severe or very severe pain in the periorbital or 
temporal regions that is accompanied by ipsilateral cra-
nial autonomic symptoms or restlessness [2, 3]. Addi-
tionally, CH is linked to various comorbidities, such as 
sleep disturbances, depressive states, and a heightened 
risk of suicidality [4–6]. One important characteristic 
of CH is its temporal profile of attacks; patients usually 
experience frequent headache attacks during ‘cluster 
bouts’, which last several weeks or months, separated by 
pain-free remission periods [3, 7]. Recently, there has 
been increasing recognition of the symptoms within one 
week preceding the upcoming bouts, namely, pre-cluster 
symptoms (PCSs) [8]. Also, another group of symptoms 
that preceding each CH attacks, which called pre-attack 
symptoms (usually lasting 10 min according to previous 
studies), has also received increased attention [9, 10]. The 
prevalence of PCSs varies among different cohorts [8, 
11–13]. For example, a Danish study revealed that 86% of 
CH patients had PCSs, and 57% of patients could predict 
upcoming cluster bouts [8]. On the other hand, a recent 
Korean study revealed that only 35.3% of CH patients 
could predict upcoming bouts based on their PCSs [11]. 
The discrepancy in study findings suggests that PCSs 
might differ among CH patients from various regions or 
different methodology of studies. Hence, further research 
into their prevalence, symptomatology, and temporal 
profiles in Asian CH patients is needed.

Currently, there are practice gaps in the treatments for 
CH. First, CH patients usually seek medical treatment 
after unbearable CH bouts begin. The recognition of 
PCSs may help predict upcoming cluster bouts and pro-
vide patients with a therapeutic time window to obtain 
treatment earlier [8]. As recent studies demonstrated that 
ubrogepant, when taken during the prodrome phase of 
migraine, was effective to reduce the occurrence of mod-
erate to severe headache attacks, similar early treatment 
opportunities could be explored for CH with more recog-
nition of PCS [14]. Second, there are limited clinical pre-
dictors of response to preventive therapies for CH [15, 
16]. Hence, there is a need to identify clinical features, 
such as PCSs, that might help to distinguish patients who 
are more likely to respond to one preventive therapy than 
to others. In this study, we aimed to investigate the fol-
lowing: (1) the prevalence and symptomatology of PCSs 
and their predictability of upcoming cluster bouts; and 
(2) the association between PCSs and treatment efficacy.

Methods
Study population
We prospectively recruited consecutive patients with CH 
from the Headache Clinic of the Taipei Veterans General 

Hospital between December 2021 and December 2023. 
All CH patients were diagnosed according to the Interna-
tional Classification of Headache Disorders, 3rd edition 
(ICHD-3) [17] by neurologists with an interest in head-
ache medicine. All patients completed the questionnaire 
survey during cluster bouts, which included questions 
about CH symptomatology, severity, and PCSs (Fig. 1). In 
addition, we obtained information on the efficacy of vera-
pamil as a preventive treatment based on record of the 
frequency and duration of CH attacks during the follow-
up visits.

Inclusion and exclusion criteria for CH patients
The inclusion criteria for CH patients were as follows: 
(1) patients were diagnosed to have episodic CH (3.1.1) 
or chronic CH (3.1.2) according to the ICHD-3 diagnos-
tic criteria; (2) patients were between 20 and 65 years of 
age; (3) patients had experienced ≥ 3 cluster bouts that 
received treatment in Headache Clinic of the Taipei Vet-
erans General Hospital, and the most recent CH bout 
onset time was less than one month prior to the question-
naire survey; and (4) the therapeutic efficacy of verapamil 
was recorded during follow-up appointments. Criterion 
3 was to ensure the validity of PCS symptomatology and 
minimize recall bias. In this study, the exclusion criteria 
for the CH patients were as follows: (1) patients who were 
unable to complete the questionnaire survey. (2) patients 
who could not distinguish CH features from other pri-
mary or secondary headache disorders according to the 
ICHD-3 criteria. In fact, patients with other primary 
headache disorders, such as migraine, could be included 
in the study if they were able to distinguish CH attacks, 
CH bouts, and symptoms that preceded CH bouts from 
other headache disorders. (3) Patients with chronic CH 
without remission were excluded from this study, as it 
would be impossible to identify PCSs. On the other hand, 
the diagnosis of chronic CH in ICHD-3 also includes 
patients with remissions lasting < 3 months for at least 1 
year. Hence, chronic CH patients who had a remission ≥ 1 
month, and who could clearly distinguish between remis-
sion and bout periods, were allowed to enter this study.

Sub-study 1: questionnaire
In this study, all patients completed questionnaire sur-
veys and received a structured interview during CH bouts 
by neurologists specializing in CH (JWW and SJW). The 
questionnaire was designed by a panel of headache spe-
cialists (JWW, SJW, CCC) and a psychologist (SYT), and 
items on the survey included questions on CH symptom-
atology, CH severity, and PCSs. The Cluster Headache 
Severity Scale (CHSS) was used to assess CH severity, 
including three parameters: CH attack duration, number 
of CH attacks per day, and the bout duration [18]. The 
scale ranges from 3 to 12, and CHSS score ≥ 9 indicates 
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severe CH [18]. In the questionnaire, we also recorded 
the presence of circadian rhythmicity of CH attacks (the 
CH attacks always at the same specific circadian times 
by 1-hour blocks) and seasonal rhythmicity of CH bouts 
(the CH bouts always occur at the same season(s) of the 
year) [19, 20].

To clarify the presence of PCS, we first asked patients, 
‘Have you experienced symptoms before the onset of a 
CH bout?’ If the answer was ‘yes,’ we further asked, ‘Did 
you experience the symptoms just before the CH bouts, 
not before each CH attack’ To distinguish PCS from 
pre-attack symptoms, only patients who answered ‘yes’ 
to both questions were recorded as having PCS [9, 10]. 
For PCSs, we incorporated 34 symptoms and divided 
them into seven categories that were adopted from previ-
ous studies, which is helpful for comparison [8, 11]. The 
seven PCS categories were as follows: 1). head and neck 
(localized) pain symptoms, 2). cranial autonomic symp-
toms, 3). a sense of restlessness, 4). fatigue and mood 
symptoms, 5). sleep alterations, 6). constitutional symp-
toms, and 7). generalized pain symptoms [21, 22].

Sub-study 2: response to preventive treatment (verapamil 
with short-term transitional therapy)
In this study, we recorded the response to verapamil 
(120–720  mg/day) because it is the first-line preventive 
treatment according to Taiwan’s treatment guideline 
for CH, and it is the most commonly used preventives 
in other studies [10, 16, 23, 24]. During the treatment 

period, no concomitant preventive medications for CH 
were permitted, except the transitional therapy as an 
add-on to verapamil [16, 25]. Transitional therapy with 
short-term steroids (oral prednisolone) was initiated con-
currently with verapamil. According to Taiwan’s guideline 
for CH, the transitional therapy included prednisone at 
5 mg/kg/day orally for 7 days, administered in the morn-
ing along with famotidine to prevent gastric side effects 
[16]. This was followed by a tapering dose, reducing by 
10 mg every 2 days for an additional 7 days [16, 24].

Also, we asked the patient to keep a headache diary 
throughout the verapamil treatment period during CH 
bouts, and we recorded the weekly frequency of CH 
attacks without preventive treatment as the baseline 
[26]. During the follow-up visits, a neurologist (J. W. 
Wu) recorded the efficacy of verapamil as a preventive 
treatment by cross-referencing both clinical records and 
headache diaries. A responder to verapamil was defined 
as a patient who has a reduction from baseline of at least 
50% in the weekly frequency of CH attacks 4 weeks after 
the initiation of verapamil [26]. The timeline for record-
ing treatment response is illustrated in Fig. 1.

Statistical analysis
SPSS version 22.0 (SPSS Inc., Chicago, Illinois, USA) 
was used for the data analyses. The demographic and 
clinical profile data of the CH patients were presented as 
the means and standard deviations (SDs), and the non-
normally distributed continuous variables are expressed 

Fig. 1 The study design and the recording of treatment efficacy
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as medians and interquartile ranges (IQRs). The associa-
tions between the demographic and clinical profile data 
and the ability to predict upcoming bouts were analyzed 
by using t tests and chi-square tests, as appropriate, and 
p < 0.05 was considered statistically significant. Also, 
Mann‒Whitney U test was used to compare nonnormally 
distributed continuous variables, and p < 0.05 was consid-
ered statistically significant.

In this study, the associations between PCS catego-
ries and the predictability of upcoming bouts were ana-
lyzed by the chi-square test, Bonferroni’s corrections 
for multiple comparisons were applied, and p < 0.0071 
was considered significant (corrected for seven pair-
wise comparisons: p = 0.05/7 tests = 0.0071). Regarding 
the response to verapamil treatment, the associations 
between PCS categories and the response to verapamil 
treatment were analyzed by the chi-square test, Bonfer-
roni correction for multiple comparisons was applied, 
and p < 0.0071 was considered significant (corrected for 
seven pairwise comparisons: p = 0.05/7 tests = 0.0071). In 
the exploratory analyses of this study, we further investi-
gated the associations between each PCS and the predict-
ability of upcoming bouts, and p < 0.05 was considered 
statistically significant.

Standard protocol approvals, registrations, and patient 
consent
The protocol of this study was approved by the Institu-
tional Review Board of the Taipei Veterans General Hos-
pital (2021-04-008CC). All the participants provided 
written consent before the study.

Results
Patients
During the study period, a total of 205 CH patients were 
invited to participate this study. After exclusion, 168 con-
secutive CH patients (women/men: 39/129) completed 
the study (Fig.  2) (Table  1). The mean (SD) age of the 
CH patients was 38.5 (11.0) years with a male predomi-
nance (76.8%). Most of the CH patients had episodic 
CH (n = 164, 97.6%), and only four patients had chronic 
CH (2.4%). Thirty-four CH patients (20.2%) had comor-
bid migraine. The median (IQR) disease duration was 10 
(5–17) years. Patients experienced a median (IQR) of 8.5 
(5–14) CH bouts, and 131 (78.0%) patients had ≥ 5 CH 
bouts. Additionally, the median (IQR) duration of CH 
bouts was 1.5 (1.0–2.0) months. The mean (SD) Cluster 
Headache Severity Scale (CHSS) was 6.0 (1.3). In our CH 
population, 62.5% of patients had a circadian rhythmic-
ity of CH attacks, and 75.6% of patients had a seasonal 
rhythmicity of their CH bouts.

Sub-study 1
Prevalence, temporal profile, and predictability of upcoming 
bouts by PCSs
Among all CH patients, 149 (88.7%) experienced PCS 
before the upcoming bouts. Among patients with PCS 
(n = 149), 86 (57.7%) were able to predict upcoming 
bouts. The median duration of PCSs was 24 (IQR 18 to 
72) hours (range 12 h-20 days) before CH bouts, and 50 
(33.6%) patients had duration of PCS ≥ 3 days. Among 
chronic CH patients (n = 4), the duration of remission 
ranged from 1.5 to 2.5 months, and only 1 had PCSs 
with a duration of 2 days before the CH bouts. Also, 
patients who could predict CH bouts tended to have a 
longer duration of PCSs (able vs. unable to predict: 48 
[24–72] vs. 18 [12-42] hours, p < 0.001; Mann‒Whitney U 
test). The temporal distribution of the duration of PCSs 
is shown in Fig. 3. Moreover, patients who were able to 
predict the upcoming bout were more likely to have a 
circadian rhythmicity of CH attacks (able vs. unable to 
predict: 72.1% vs. 53.4%, p = 0.009). Sex, age, presence of 
comorbid migraine, disease duration, number of experi-
enced bouts, seasonal rhythmicity, or CHSS score were 
not associated with the predictability of upcoming CH 
bouts (Table 1).

Symptomatology of PCSs and the predictability of 
upcoming bouts
Among the seven PCS categories, head and neck pain 
symptoms were most common (81.0%), followed by con-
stitutional symptoms (77.4%), fatigue or mood changes 
(69.0%), cranial autonomic symptoms (62.5%), sense of 
restlessness (48.8%), sleep alterations (39.3%), and gener-
alized pain symptoms (12.5%) (Fig.  4A). Head and neck 
pain symptoms (odds ratio [OR] = 4.0 [95% CI = 1.7–9.6], 
p = 0.001), a sense of restlessness (OR = 3.3 [95% CI = 1.7–
6.1], p < 0.001), and generalized pain (OR = 4.8 [95% 
CI = 1.5–15.0], p = 0.004) were associated with the pre-
dictability of upcoming bouts (Fig. 4A).

The associations between 34 individual PCSs and pre-
dictability were also explored. Among the category of 
head and neck pain symptoms, dull sensation (OR = 3.1 
[95% CI = 1.6–5.8], p < 0.001) and pain in the same area as 
subsequent attacks (OR = 3.1 [95% CI = 1.6-6.0], p = 0.001) 
were more likely to predict upcoming bouts (Fig. 4B). Six 
out of eight cranial autonomic symptoms, namely, con-
junctival injection (OR = 2.6 [95% CI = 1.4–4.8], p = 0.003), 
lacrimation (OR = 3.1 [95% CI = 1.6–5.8], p < 0.001), rhi-
norrhea (OR = 2.7 [95% CI = 1.4–5.1], p = 0.002), fore-
head and facial sweating (OR = 2.6 [95% CI = 1.3–5.5], 
p = 0.006), ptosis (OR = 3.2 [95% CI = 1.6–6.5], p = 0.001) 
and eyelid edema (OR = 3.0 [95% CI = 1.4–6.3], p = 0.003), 
were more likely to predict upcoming bouts (Fig. 4B). The 
associations between each PCS and the predictability of 
upcoming bouts are shown in Table 2; Fig. 4B.
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Sub-study 2: PCSs and response to verapamil (with short-
term transitional therapy)
In this study, 81 (48.2%) patients were responders to vera-
pamil (patients with a reduction from baseline of ≥ 50% in 
the weekly frequency of CH attacks 4 weeks after the ini-
tiation of verapamil). Among all CH patients, 149 (88.7%) 
patients received transitional therapy with short-term 
oral prednisolone. Reasons for not using transitional 
therapy (oral prednisolone) included contraindications 

due to underlying diseases (n = 4) and a history of side 
effects (n = 15). However, there were no significant dif-
ferences in the use of transitional therapy between vera-
pamil responders and non-responders (88.9% vs. 88.5%, 
p = 0.938). In all participants (n = 168), CH patients 
with PCS categories of sleep alteration (OR = 2.5 [95% 
CI = 1.3–4.8], p = 0.004) and ≥ 1 cranial autonomic symp-
tom (OR = 2.7 [95% CI = 1.4–5.1], p = 0.003) were associ-
ated with response to verapamil (Fig. 5). After excluded 

Fig. 2 Study schematic flow chart
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Table 1 The demographics and clinical profile data of all CH patients
Total
N = 168

Ability to predict the upcoming CH bouts p value*
Yes
N = 86 (51.2%)

No
N = 82 (48.8%)

Female sex, N (%) 39 (23.2%) 19 (22.1%) 20 (24.4%) 0.724 #

Age, mean (SD), years 38.5 (11.0) 37.9 (10.1) 39.1 (11.9) 0.492§

Disease duration, median (IQR), years 10 (5.0–17.0) 12 (6.8–18) 10 (4.0-15.3) 0.073###

Total experienced CH bouts, median (IQR) 8.5 (5.0–14.0) 8.5 (6.0–14.0) 8.5 (3.0–14.0) 0.287###

Duration of bout, median (IQR), months 1.5 (1.0–2.0) 1.8 (1.0-2.1) 1.5 (1.0–2.0) 0.078###

Attacks per day in bout, mean (SD) 2.1 (1.5) 2.0 (1.2) 2.1 (1.7) 0.504§

Attack duration without treatment, mean (SD), mins 118.0 (160.5) 112.2 (157.5) 124.2 (164.4) 0.632§

CHSS score, mean (SD) 5.96 (1.32) 5.92 (1.27) 6.00 (1.37) 0.690§

Circadian rhythmicity of CH attacks, % 105 (62.5%) 62 (72.1%) 43 (53.4%) 0.009# *

Seasonal rhythmicity of CH bouts, % 127 (75.6%) 64 (74.4%) 63 (76.8%) 0.716#

Comorbid migraine, n (%) 34 (20.2%) 21 (24.4%) 13 (15.9%) 0.167#

Out-of-bout shadow attacks, n (%) 58 (34.5%) 36 (41.9%) 22 (26.8%) 0.041 #*

CHSS: Cluster Headache Severity Scale

* p < 0.05 was considered to indicate statistical significance
# The differences in these categorical variables between patients who were able and unable to predict upcoming bouts were analyzed by the chi-square test
## The differences in these categorical variables between patients who were able and unable to predict upcoming bouts were

analyzed by Fisher’s exact test
### The Mann‒Whitney U test was used to compare nonnormally distributed continuous variables, and p < 0.05 was

considered to indicate statistical significance

§ The differences in these continuous variables between patients who were able and unable to predict upcoming bouts were

analyzed by t tests

Fig. 3 The duration of PCSs and the predictability of CH bouts
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patients not received transitional therapy, CH patients 
(n = 149) with PCS categories of sleep alteration (OR = 2.6 
[95% CI = 1.3–5.1], p = 0.005) and ≥ 1 cranial autonomic 
symptom (OR = 2.8 [95% CI = 1.4–5.5], p = 0.004) were 
still associated with response to verapamil.

Discussion
In this study, we found that 88.7% (149/168) of CH 
patients reported having PCS. Among them, 57.7% 
(86/149) of patients could predict upcoming bouts. 
Head and neck pain was the most common category of 
PCS and was associated with the highest predictability 
of CH bouts. The median duration of PCSs was one day 
before the cluster bout, and about one-third of patients 

Fig. 4 The predictability of upcoming bouts of CH by PCSs: (a). by seven categories of PCSs and (b). by each PCS
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had a duration of PCSs ≥ 3 days. Moreover, we found 
that the presence of sleep alterations or ≥ 1 cranial auto-
nomic symptom during the pre-cluster stage was associ-
ated with positive treatment response to verapamil. As 
demonstrated by the PRODROME study, recognizing 
the prodrome symptoms of migraine has led to a sig-
nificant shift in treatment strategies, moving the timing 
of acute intervention from the onset of the headache 

to the prodrome phase [14]. Our study highlights the 
importance of identifying PCS, as they are predictive of 
impending cluster bouts and are associated with treat-
ment response to verapamil.

The present study had two strengths. First, we studied 
PCSs in a large and consecutive cohort of CH patients in 
Taiwan, and this would be helpful to compare the clinical 
characteristics of CH between different populations [27]. 

Table 2 The prevalence of each PCS and its ability to predict upcoming CH bouts
Symptoms Total

(n = 168)
Ability to predict the upcoming CH bouts p value#

Yes
N = 86 (51.2%)

No
N = 82 (48.8%)

Head and neck pain symptoms
 Localized and painful symptoms, n (%) 58 (34.5%) 36 (41.9%) 22 (26.8%) 0.041*
 Pain in the same area as the subsequent attack, n (%) 63 (37.5%) 43 (50.0%) 20 (24.4%) 0.001*
 Pre-cluster stage shadow attacks, n (%) 83 (49.4%) 51 (59.3%) 32 (39.0%) 0.009*
 Shooting pain/stabbing, n (%) 52 (31.0%) 33 (38.4%) 19 (23.2%) 0.033*
 Dull sensation, n (%) 85 (50.6%) 55 (64.0%) 30 (36.6%) < 0.001*
 Neck pain, n (%) 52 (31.0%) 30 (34.9%) 22 (26.8%) 0.259
 Increased sensation of the skin, n (%) 45 (26.8%) 28 (32.6%) 17 (20.7%) 0.084
Cranial autonomic symptoms
 Conjunctival injection, n (%) 77 (45.8%) 49 (57.0%) 28 (34.1%) 0.003*
 Lacrimation, n (%) 89 (53.0%) 57 (66.3%) 32 (39.0%) < 0.001*
 Rhinorrhea, n (%) 76 (45.2%) 49 (57.0%) 27 (32.9%) 0.002*
 Nasal congestion, n (%) 67 (39.9%) 37 (43.0%) 30 (36.6%) 0.394
 Forehead and facial sweating, n (%) 54 (32.1%) 36 (41.9%) 18 (22.0%) 0.006*
 Ptosis, n (%) 51 (30.4%) 36 (41.9%) 15 (18.3%) 0.001*
 Miosis, n (%) 21 (12.5%) 12 (14.0%) 9 (11.0%) 0.560
 Eyelid edema, n (%) 44 (26.2%) 31 (36.0%) 13 (15.9%) 0.003*
Restlessness, n (%) 82 (48.8%) 54 (62.8%) 28 (34.1%) < 0.001*
 Fatigue and mood symptoms
 Fatigue, n (%) 94 (56.0%) 52 (60.5%) 42 (51.2%) 0.228
 Euphoria, n (%) 3 (1.8%) 2 (2.3%) 1 (1.2%) 0.588
 Depression, n (%) 94 (56.0%) 61 (70.9%) 33 (40.2%) < 0.001*
Sleep alteration
 Sleep issues, n (%) 66 (39.3%) 37 (43.0%) 29 (35.4%) 0.310
Constitutional symptoms
 Yawning, n (%) 45 (26.8%) 23 (26.7%) 22 (26.8%) 0.990
 Difficulty concentrating, n (%) 94 (56.0%) 59 (68.6%) 35 (42.7%) 0.001*
 Increased appetite, n (%) 3 (1.8%) 3 (3.5%) 0 (0.0%) 0.088
 Decreased appetite, n (%) 64 (38.1%) 42 (48.8%) 22 (26.8%) 0.003*
 Urinary frequency, n (%) 14 (8.3%) 7 (8.1%) 7 (8.5%) 0.926
 Constipation, n (%) 14 (8.3%) 7 (8.1%) 7 (8.5%) 0.926
 Nausea, n (%) 57 (33.9%) 36 (41.9%) 21 (25.6%) 0.026*
 Vomiting, n (%) 56 (33.3%) 37 (43.0%) 19 (23.2%) 0.006*
 Photophobia, n (%) 74 (44.0%) 44 (51.2%) 30 (36.6%) 0.057
 Phonophobia, n (%) 85 (50.6%) 56 (65.1%) 29 (35.4%) < 0.001*
 Osmophobia, n (%) 31 (18.5%) 20 (23.3%) 11 (13.4%) 0.100
 Dizziness or lightheadedness, n (%) 84 (50.0%) 53 (61.6%) 31 (37.8%) 0.002*
 General sweating, n (%) 50 (29.8%) 31 (36.0%) 19 (23.2%) 0.068
Generalized pain symptoms, n (%) 21 (12.5%) 17 (19.8%) 4 (4.9%) 0.004*
* The analyses of the associations between each PCS symptom and the predictability of upcoming bouts were exploratory, and p < 0.05 was considered to indicate 
statistical significance

# The differences in these categorical variables between patients who were able to predict upcoming bouts and those who were unable to predict upcoming bouts 
were analyzed by the chi-square test
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Second, our inclusion criteria were stricter to minimize 
recall bias: patients (1) had experienced ≥ 3 CH bouts 
and (2) had a short time interval (< 1 month) between the 
onset of CH bouts and the completion of the question-
naire survey. Our study revealed that PCSs are common 
in CH patients in Taiwan, as also shown in a recently pub-
lished Danish study (88.7% and 86.0%, respectively), but 
this percentage is much higher than that reported in one 
earlier study in the United Kingdom (9.8%) [8, 13]. On 
the other hand, the prevalence of PCSs was 35.5% in one 
recent Korean study [11], but the definition of PCSs in 
that study required a prerequisite that patients were able 
to predict the CH bouts based on the symptom(s), which 
is different from the Danish and the present studies [8, 
11]. The reason for separating the concepts of ‘presence 
of PCSs’ and ‘ability to predict the upcoming bout’ in the 
present study is that some patients might have various 
symptoms before the CH bouts but could not accurately 
predict the upcoming bout. Another Chinese study (Li 
et al.) with a large sample size (n = 327) reported a lower 
prevalence of PCSs (20.8%) [12]. This discrepancy in the 
prevalence of PCSs may also be attributed to differences 
in methodology. In Li et al., PCSs were analyzed using 
open-ended questions, with symptoms described by the 
patients and recorded by the doctors [12]. In contrast, 
the present study utilized questionnaire surveys with 
closed-ended questions to assess symptoms. Despite the 
different methodologies and definitions for analyzing 
PCSs, almost all studies have shown a high prevalence of 
head and neck pain-related symptoms [8, 11, 12]. How-
ever, there were also differences in symptomatology and 
predictability between studies on PCSs. For example, dull 
sensation and shadow attacks were common (62% and 
60%, respectively) in the Danish study but were slightly 

less common in the present study (50.6% and 49.4%, 
respectively) [8]. Conversely, the present study revealed 
more constitutional symptoms, fatigue or mood changes, 
and cranial autonomic symptoms than did the Danish 
study [8]. Contrary to the present study and the Danish 
study, the Korean study showed a lower predictability of 
cluster bouts (35.3%) [8, 11]. The differences in the pre-
dictability among studies might be related to the disease 
duration and the number of experienced CH bouts [11]. 
For example, both the Danish and Korean studies found 
that patients who experienced more CH bouts were more 
capable of predicting upcoming bouts [8, 11]. In the pres-
ent study, the reason for the greater predictability than in 
the Korean study might be that our study was based on a 
group of patients who experienced more CH bouts (≥ 5 
CH bouts: present study 78.0% vs. Koran study 60.9%) 
and thus were more able to predict upcoming bouts [8]. 
Other factors contributing to these differences include 
ethnicity and climate. For instance, the climates of Den-
mark and Korea are temperate, which is different from 
the subtropical low-altitude weather of Taiwan [27]. 
These factors might have substantial impacts on the clini-
cal features of CH, a pain disorder with strong chrono-
biological features [27].

Our study on the clinical profiles of PCSs sheds light on 
their pathophysiology and the potential for early inter-
vention before CH bouts. Approximately one-third of 
patients had at least a three-day duration of PCSs, which 
provides a suitable time window for future preemptive 
treatment strategies. Additionally, as in previous studies, 
we found that head and neck pain symptoms (i.e., dull-
ness and pain in the same area as the subsequent attack) 
were the most common symptoms and the best predictor 
of cluster bouts [8, 11]. These localized pain symptoms 

Fig. 5 The associations between PCSs and the response to verapamil treatment
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are less intense than CH attacks; thus, patients could eas-
ily differentiate these pain-related PCSs from CH attacks 
[8]. These localized sensitization or pain symptoms 
might be explained by the ‘threshold hypothesis’ [28, 
29]. According to this hypothesis, patients with CH have 
fluctuating rhythmicity with active and inactive periods 
[28]. The onset of CH bouts is determined by disease 
activity exceeding the threshold, which is modulated by 
several environmental as well as physical or hormonal 
factors [28]. Therefore, the pathophysiology underlying 
these localized pain symptoms preceding the upcoming 
bouts is the transitional state from below to above this 
threshold [28]. In addition, our study revealed that con-
stitutional symptoms, mood changes, and fatigue, which 
are commonly reported during the premonitory phase 
of migraine, are also common in patients with PCSs [22, 
30, 31]. Thus, the hypothalamus, limbic system, and tri-
geminocervical complex might be the neurological sub-
strates for PCSs [22, 30]. This hypothesis is in line with 
several neuroimaging studies with findings suggesting 
the importance of altered hypothalamic function in the 
development of CH bouts [32, 33].

Moreover, our study revealed novel findings regarding 
the association between the symptomatology of PCSs 
and treatment response. We found that sleep alterations 
in patients with PCSs or the presence of ≥ 1 cranial auto-
nomic symptom were associated with greater response 
rates to verapamil. The mechanisms underlying this find-
ing are unknown. We propose the following hypotheses. 
First, the association between the presence of cranial 
autonomic symptoms before the upcoming bouts and 
response to verapamil may be linked to the inhibitory 
effect of calcium channel blockers on calcitonin gene-
related peptide (CGRP) release from trigeminal presyn-
aptic terminals [34]. However, this peripheral mechanism 
cannot explain the association of response to verapamil 
to the central symptoms of PCSs [22]. Second, the asso-
ciation between sleep alterations before CH bouts and 
response to verapamil might be due to the chronobio-
logical modulatory property of verapamil, which has 
been demonstrated in an animal study [35]. Verapamil 
is an L-type calcium channel blocker that has additional 
effects on T- and P-type calcium channels [36, 37]. The 
L-type calcium channel Cav1.2 is associated with the 
modulation of the circadian rhythm at night [34, 38]. In 
CH, one study revealed that patients taking verapamil 
could delay nocturnal attacks, suggesting a role of vera-
pamil in modulating the temporal pattern of CH attacks 
[39]. Patients with sleep alterations during the pre-cluster 
stage might have more profound chronobiological dys-
regulation [30], and this subgroup of CH patients might 
be more responsive to verapamil.

Our study has some limitations. First, the predictabil-
ity of upcoming bouts was based on patients’ self-reports 

rather than prospective observation. To ensure the reli-
ability of patients-reported predictability, only patients 
who experienced ≥ 3 CH bouts that received treatment 
in our institution were eligible to participate in this 
study. This allowed us to cross-reference past medi-
cal records to verify the patients’ self-reported ability to 
forecast impending bouts. To minimize recall bias, we 
conducted our survey during the CH bout, and the time 
interval between the onset of CH bouts and the survey 
was less than one month. Second, responder status was 
determined by clinical history records with reference to 
headache diary data. Unlike a typical clinical trial, we did 
not include a placebo arm in our study; therefore, pla-
cebo effects may have confounded treatment response 
data [40, 41]. Third, the present study did not exclude 
the usage of transitional therapy along with verapamil. 
However, there were no significant differences in the per-
centage of patients using transitional therapy between 
verapamil responders and non-responders (88.9% vs. 
88.5%, p = 0.938), indicating that the use of transitional 
therapy is not likely to affect the categorization of CH 
patients as verapamil responders or non-responders. 
Additionally, observational studies analyzing the effi-
cacy of CH preventive treatments typically allow the 
concomitant use of transitional and preventive therapies 
[42–44]. Considering the unbearable CH attacks, our 
research protocol followed Taiwan’s treatment guideline, 
providing prevention verapamil with add-on transitional 
therapy with a standardized dosing schedule for patients 
[16]. Fourth, we did not analyze the association between 
PCSs and preventive treatments other than verapamil in 
this study. The reason for not exploring other preventive 
options is that patients in our institution usually begin 
other medications (e.g., topiramate, lithium, or galcane-
zumab) after failing or being intolerant to verapamil [16]. 
Hence, based on our study population and the response 
rate data, patients receiving preventive treatments other 
than verapamil might represent a subgroup of patients 
more refractory to treatment. Therefore, further studies 
are needed to analyze the associations between PCSs and 
other preventive treatment options. Lastly, we included 
only Taiwanese CH patients in our study, which may 
limit the generalizability of our results to patients from 
other ethnic backgrounds.

Conclusions
PCSs are common and might be used to predict impend-
ing CH bouts. Our findings on the use of certain PCSs 
for treatment response prediction suggest the existence 
of distinct CH phenotypes, which may correspond to dif-
ferent underlying pathophysiologies.
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