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Abstract

Purpose: Although strict unilaterality is a characteristic of cluster headache (CH), side shift of attacks has been reported. We
aimed to assess the prevalence and patterns of side shifts, as well as their correlations with clinical characteristics and treat-
ment response in CH patients.

Methods: We prospectively recruited and followed up CH patients at a university hospital. Patients with two or more lifetime CH
bouts were interviewed about their side shift history using a structured questionnaire. The demographics and disease charac-
teristics were collected at baseline, and the treatment response at 2- to 4-week follow-up examinations was compared be-
tween patients with versus without side shifts.

Results: Out of 124 CH patients, 26 (21.0%) experienced side shifts. Sixteen (61.5%) experienced shifts between bouts, 13
(50.0%) within a bout, and four (15.4%) within an attack, with none (0%) reporting bilateral pain during an attack. Among pa-
tients who experienced shifts between bouts, six (37.5%) reported a single shift during the entire disease course, while 10
(62.5%) reported multiple shifts between bouts. The demographics, characteristics, and treatment response did not signifi-
cantly differ according to the history of side shift.

Conclusion: In our study, the prevalence and pattern of side shifts were comparable to the results from earlier studies. The
presence of side shifts did not show significant association with a specific clinical profile and their incidence did not impact the
treatment response. These findings suggest that side-shifting CH is not a distinct entity or migraine variant, but rather within
the spectrum of CH.
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INTRODUCTION panied by distinct autonomic symptoms such as tearing,

conjunctival injection, ptosis, miosis, swelling of the eye-
Cluster headache (CH) is a type of headache characterized  lid, rhinorrhea, nasal congestion, and forehead sweating
by unilateral orbital, supraorbital, or temporal pain accom-  on the same side as the headache.' The strict unilaterality,
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often referred to as side-locked headache, is a character-
istic feature of CHs. Some patients may experience a phe-
nomenon known as side shift, where the location of the
headache shifts from one side to the other.

When considering why such side shift occurs in CHs,
one might speculate whether changes in hypothalamic
activation are occurring, and if so, whether they involve
hormonal or structural alterations. According to current
research, activation of the trigeminovascular system alone,
which innervates cranial nerve vessels through divisions
of the trigeminal nerve, cannot fully explain the character-
istic circadian periodicity of CHs. Therefore, the hypothal-
amus, acting as the brain's biological clock, is believed to
function as the generator of CHs. Neuroimaging findings
support this hypothesis.”" For instance, positron emission
tomography scans taken during a patient's acute pain state
have shown activation in the ipsilateral inferior hypotha-
lamic grey matter." However, while alterations in hypotha-
lamic activity on one side are documented, the reasons
behind the phenomenon of side shift in CHs remain un-
clear. Understanding the factors that induce changes in the
hypothalamus or other pain-matrix networks is important
for comprehending the pathogenesis of CHs. Therefore, in-
vestigating the clinical correlates of side shift could provide
further insights. Moreover, if side shift is linked to alter-
ations in hypothalamic activity, a core mechanism of CHs,
it could impact treatment outcomes and disease progres-
sion. Hence, it is reasonable to assume that the presence or
absence of side shift may lead to variations in treatment ef-
ficacy and disease course. Consequently, this study aimed
to explore whether there are disparities in the prevalence
and patterns of side shift among patients and to investigate
any differences in demographics, clinical characteristics,
and treatment response based on the presence or absence
of side shift.

MATERIALS AND METHODS
1. Ethics approval and consent to participate

Written informed consent forms were obtained from all
patients included and this study was approved by the In-
stitutional Review Board (IRB) of Samsung Medical Center
(IRB #2018-10-029).

2. Study design and participants

Patients with CH who experienced two or more lifetime
CH bouts were prospectively recruited at Samsung Medi-
cal Center and followed up from October 2016 to Decem-
ber 2021. The diagnosis of CH was made by neurologists
with headache expertise according to International Classi-
fication of Headache Disorders-3 (ICHD-3) criteria.’

3. Prevalence and patterns of side shifts

Side shift was defined as unilateral headache occurring in
CH where pain had switched to the other side, whenever it
happens. When patients were asked on which side the pain
had occurred, they were also asked to answer if the pain
had ever switched sides and if the pain had ever occurred
bilaterally, as well. This question was asked for the current
and all the previous bouts. If the patient answered that the
side of pain had switched during the disease course, they
were further asked whether the pain remained on one side
after the switch or if it shifted multiple times, whether the
pain was bilateral, whether shifts occurred within a bout,
and if shifts only occur in different bouts. They were al-
lowed to answer ‘yes’ to more than one answer. With the
answers to the above questions, side shift patterns that the
patients experienced were classified into three categories:
shifts occurring between bouts, within a bout, or within
an attack, where one can experience more than one side
shift pattern. If side shift occurred between bouts, patients
were asked whether the shift occurred only once or more
than once, occurring multiple times. In patients who ex-
perienced shifts during an attack, whether bilateral pain
occurred was also examined.

4. Data collection and assessment

Data were collected on patients’ demographics, including
age, sex, body mass index, and smoking history, disease
characteristics at baseline, characteristics of the current
bout, and treatment response to acute and preventive
medications. The data collected on patients’ disease char-
acteristics included onset age, disease duration (years),
average cluster and remission periods (in weeks and in
months, respectively), the total number of bouts, diurnal
and seasonal rhythmicity, comorbid migraine, and the re-
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currence pattern (regular vs. irregular). Data regarding the
current bout were also collected, including the frequency,
intensity, and duration of attacks and the duration of the
current bout. Data on treatment responses were followed
up after 2-4 weeks. Treatment response was defined as
>50% reduction in headache frequency for preventive
medications and 250% reduction in pain intensity for acute
medication.

5. Statistical analysis

Categorical data are presented as numbers (percentages)
and continuous variables are presented as median (inter-
quartile range). Prevalence of side shifts were determined.
In patients with side shifts, the percentage of those who
experienced shifts between bouts, within a bout, and with-
in an attack were analyzed, and in those who experienced
between-bout shifts, side shift pattern during a bout was
also analyzed (strictly unilateral vs. alternating in a single
bout). Because not all patients have responded on the
treatment response, the number of patients who have an-
swered to have had treatment response and the percentage
of patients with treatment response among those who have
responded were presented as number (%). Demographic
data, baseline clinical characteristics of attacks and bouts,
and treatment response of preventive and acute medica-
tions were compared between CH patients with and with-
out side shifts using Student t-test or Fisher’s exact test.
Treatment response was also compared between patients
with and without side shifts. All statistical analyses were
done using SPSS version 27 software (IBM Corp.).

RESULTS
1. Demographics and disease characteristics

Out of 124 patients enrolled in the study, 106 (85.5%) were
male and 18 (14.5%) were female, resulting in a male to
female ratio of 5.9:1, reflecting the male predominance of
CH. Only one patient had chronic CH.

No significant difference was observed between CH pa-
tients with and without side shifts regarding age, sex, body
mass index, smoking habits, onset age, years after CH
onset, average cluster period, average remission period,
total number of bouts, the presence of diurnal or seasonal
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rhythmicity, comorbidity of migraine, and the recurrence
pattern, whether it was regular or irregular (Table 1). With
regards to the characteristics of the current bout, statisti-
cally significant difference between attack frequency, in-
tensity, and duration, and duration of cluster period was
not observed (p=0.193, 0.696, 0.842, and 0.675, respective-
ly).

Out of 98 patients without side shift, 65 (66.3%) and 33
patients (33.7%) answered to have pain on the right and
the left side, respectively, in the current bout. Among 26
patients who answered to have had experienced side shifts,
the pain was on the right side in 10 patients (38.5%), on the
left side in seven (26.9%), and on both sides in nine (34.6%)
during the current bout.

2. Side shift: prevalence and patterns

A total of 26 patients (21.0%) have experienced side shifts
(Figure 1). Regarding the side shift patterns among 26 pa-
tients who have experienced side shifts, 16 (61.5%) have
experienced between-bouts shifts, 13 patients (50.0%) have
experienced shifts within a bout, and four (15.4%) during
an attack (Figure 2A). Patients who had experienced be-
tween-bouts side shifts

were asked on the unilaterality of the pain, and six
(37.5%) responded that the pain strictly remained on the
same side once a side shift occurred and 10 (62.5%) re-
sponded that the side of the pain alternated between bouts
(Figure 2B). None of the patients responded that they had
experienced bilateral pain during an attack (Figure 2).

3. Treatment response: with side shift vs. without
side shift

No significant difference was observed in the treatment
response of preventive medications (oral prednisone, ve-
rapamil, and lithium) between patients with and without
side shift (p=0.399, 0.154, and 0.173, respectively) (Table 2).
In the comparison of treatment responses of acute medica-
tions (nonsteroidal anti-inflammatory drugs and triptan),
no significant difference was found between those with
and without side shift (p>0.999 and =0.649, respectively)
(Table 2).
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Table 1. Demographics and clinical characteristics of participants

Side shift
p-value
Absent (n=98) Present (n=26)
Demographics
Age (yr) 35.5 (27.5-43.0) 35.0 (27.0-43.5) 0.927
Female 12 (15.0) 6 (28.6) 0.198
Body mass index (kg/m?) 24.3 (22.0-26.8) 23.5(20.1-26.2) 0.225
Smoking 0.188
Current smoker 31 (38.8) 8(38.1)
Ex-smoker 21(26.2) 2 (9.5)
Never 28 (35.0) 11 (52.4)
Clinical characteristics
Onset age (yr) 23.50 (17.00-32.75) 21.00 (17.00-29.00) 0.574
Years after CH onset 9 (5-14) 9 (5-14) 0.508
Average cluster period (wk) 0 (3.0-7.0) 0 (2.5-7.0) 0.505
Average remission period (mo) 11 (9-12) 11 (10-23) 0.217
Total number of bouts 0 (4.0-12.0) 0(4.0-13.5) 0.889
Diurnal rhythmicity 37 (46.8) 2 (57.1) 0.401
Seasonal rhythmicity 9 (50.0) 2 (57.1) 0.561
Migraine 7(8.8) 3(14.3) 0.430
Regular recurrence pattern 5 (68.8) 2 (60.0) 0.457
Irregular recurrence pattern 5(31.3) 8 (40.0) 0.457
Attack frequency per day (times) 1.00 (1.00-2.00) 1.50 (1.00-3.25) 0.193
Attack intensity, NRS 5 (8.5-10.0) 5(9.0-10.0) 0.696
Attack duration (min) 90.0 (60.0-150.0) 90.0 (42.5-150.0) 0.842
Duration of current cluster bout (day) 38.5(22.8-60.3) 48.0 (25.0-74.0) 0.675

Values are presented as median (interquartile range) or number (%). Not all patients answered all questions in the survey, so each may not add up to

100%.
CH, cluster headache; NRS, numerical rating scale.

B With side shift
[J Without side shift

98 (79.0%)

Figure 1. Prevalence of side shifts in patients with cluster head-
ache (CH). Out of 124 CH patients, 26 (21.0%) experienced side
shifts.

DISCUSSION

The major findings of this study are as follows. 1) About 1/5
of CH patients had experienced at least one type of side
shift, 2) Side shift occurred between bouts, within a bout,
or during an attack. 3) Side shifts were not associated with
distinct clinical profile or treatment response.

While CH typically exhibits a strictly unilateral pain pat-
tern, studies suggest that side shifts occur in 14.0%-23.5%
of CH cases, consistent with our findings.”'' For instance,
a German study found that 33 out of 209 patients (15.8%)
experienced side shifts during their CH disease.’ A Nordic
multicenter study from 2009 reported that 55 out of 383
CH patients (14.0%) had encountered pain side shifts.”
Additionally, a prospective study in Greece by Vikelis and
Rapoport'' indicated that 12.6% of 302 CH patients had en-
countered some form of side shift. In a Danish cross-sec-
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Figure 2. Patterns of side shift. Among 26 patients who experienced side shifts, (A) 16 patients (61.5%) experienced shifts between
bouts, 13 (50.0%) experienced shifts within a bout, and four (15.4%) experienced shifts during an attack. (B) In patients who expe-
rienced between-bout side shifts, six (37.5%) stated that the pain remained strictly on the same side once a between-bout side shift
occurred, while 10 (62.5%) answered that the pain side changed between bouts. (C) None of the patients who experienced side shifts
during an attack stated that they had experienced bilateral pain during an attack.

Table 2. Comparison of acute and preventive medication treatment responses

Side shift
Total (n=124) p-value
Absent (n=98) Present (n=26)
Preventive medication
Oral prednisone 34 (97.1) 9 (90.0) 43 (95.6) 0.399
Verapamil 38(86.4) 9 (69.2) 47 (82.5) 0.154
Lithium 23(88.5) 3(60.0) 26 (83.9) 0.173
Acute medication
NSAIDs 35(85.4) 7 (87.5) 42 (85.7) >0.999
Triptan 39 (81.3) 6 (75.0) 45 (80.4) 0.649

Values are presented as number (%). Not all patients answered all questions in the survey, so each may not add up to 100%.

NSAID, nonsteroidal anti-inflammatory drug.

tional cohort study involving 540 CH patients investigating
factors associated with the transition between chronic and
episodic phenotypes, 127 patients (23.5%) reported shift-
ing sides of attacks.'’ These various international studies
collectively challenge the notion of the strict unilateral na-
ture of pain in CH patients.

We found that side shifts occur between bouts, during
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bouts, and during attacks. Between-bout shift was the
most common type, then within a bout, and then during
an attack. This aligns with findings from Bahra et al.,” who
reported that 8.6% of CH patients experienced side shifts
between or within bouts and 1.9% during an attack. Rozen
and Fishman’ found that 31.0% of CH patients had side
shifts between bouts or attacks within a bout, and 8.0% re-
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ported side shifts during an attack. In a study by Vikelis and
Rapoport,'' side shifts occurred most frequently between
bouts, followed by within bouts and within attacks (9.0%,
3.0%, 1.7%, respectively), consistent with our study results.
Seborg et al." reported side shifts in 23.5% of patients, with
8.7% occurring between bouts, 8.1% during a bout, and
5.2% during attacks in episodic CH patients, which resem-
bles the results observed in our study. A study in China
has shown the prevalence of side shift to be 30.8%,'* and
as our current study is the first report on the prevalence
and side shift patterns in Koreans, side shift patterns seem
to be similar in different ethnicities, although further pro-
spective studies in many more diverse populations will be
needed. However, a cohort study in Germany by Schiirks
et al.” showed some diversity, with 18.7% of 246 patients
indicating a change in the side of pain, and 2.8% reporting
bilateral pain during an attack, in contrast to our study
where none reported experiencing bilateral pain during
an attack. Thus, further studies on side shift patterns in
various populations may contribute to predicting disease
course and treatment responses according to side shift
patterns in different ethnicities.

The occurrence of side shifts was not found to be linked
to a distinct clinical profile. Previous studies focused on
the association between side shift and disease subtype.”"
Meyer et al.” reported that the prevalence of pain side shifts
did not exhibit a significant difference between individuals
with chronic and episodic CH (13.0% vs. 15.0%). Seborg
et al."’ found that the prevalence of side shifts at any time
point was highest in secondary chronic CH patients com-
pared to primary episodic patients (33.3% vs. 19.1%).
Although our study included a very small proportion of
patients with chronic CH, a longitudinal data might be
required in the future to validate previous study findings
on the prognosis of CH patients with side shift. Our study
is the first comprehensive examination of clinical profiles
comparing patients with and without side shift. Moreover,
side shifts were not associated with treatment response
to acute or preventive medications. Taken together, our
finding indicates that CH with side shift is not a clinically
distinct entity, and this may suggest that side shift does not
reflect a different pathophysiology.

The strength of this study is that the patients included in
the study were diagnosed with CH according to the ICHD-
3 criteria and were interviewed with detailed question-

naires made by an experienced headache specialist. Also,
not many studies analyzed many aspects of CH in correla-
tion with the presence of side shift, including treatment
response. This study analyzed the preventive and acute
treatment response of CH patients, including the relation-
ship between treatment response and the presence of side
shifts, which to our knowledge is the first time and has not
been evaluated in previous studies.

This study has several limitations. Because the patients
were asked to respond to questionnaires about all the past
bouts and attacks, the possibility of recall bias exists. It
would have been helpful if data on onset of the first side
shift was also collected and analyzed. As chronic CH is
known to be rare in Asian populations compared to Eu-
rope and the United States,"’ chronic CH is also rare in Ko-
rea,’’ and comprehensive comparison between episodic
and chronic CH was not done because only one patient
had chronic CH in this study. Only <1% of patients had
chronic CH in our study, which is even lower than 5.3% re-
ported in previous Korean data.'’ This might be attributed
to differences in study design and setting. More data on the
chronic CH will be needed to test if there is a difference in
side shift patterns between episodic and chronic CH. Also,
among patients who had answered that they have experi-
enced side shifts, not all patients answered the pattern of
the side shift, so the prevalence of each side shift pattern
may not be complete.

Understanding this side shifting phenomenon to be a
spectrum of CH is important because this may lead to mis-
diagnosis of CH as migraine and lead to delayed diagnosis
and appropriate treatment.
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