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Abstract

Background Purpose Although many studies have investigated the relationship between transient global amnesia (TGA)
and migraine, to date, no meta-analysis has confirmed the existence and size of their association.

Methodology Literature search involved MEDLINE, EMBASE, CENTRAL and PsycINFO. Observational controlled studies
including TGA patients (Caplan, Hodges and Warlow) were retrieved. Quality evaluation was based on the Newcastle-Ottawa
scale. The prevalence of migraine was compared in TGA patients vs. healthy controls (HC), as well as in TGA against TIA
individuals. Data from case-control, cross-sectional and cohort studies were pooled separately.

Results Literature search yielded 1178 articles, 12 of which were included in the present meta-analysis. Results from
case-control (ten), cohort (one) and cross-sectional (one) studies were compatible with an association between TGA and
migraine. The nationwide inpatient cross-sectional study was of lesser value due to its inpatient orientation. The high-quality,
population-based, retrospective cohort (158,301 participants per group) determined a higher relative-risk (RR) of TGA for
migraine vs. non-migraine individuals [RR =2.48, 95%confidence-interval (95% CI)=(1.32, 4.87)]. Sensitivity testing based
on stricter diagnostic criteria strengthened the estimated association [RR =3.84, 95% CI=(1.57, 9.38)]. Additionally, pooled
data from eight case—control studies (700 TGA, 746 HC) yielded similar results [Odds-Ratio, OR=2.51, 95% CI=(1.85,
3.41)], with the association mainly driven by the three high-quality studies, rather than the five articles of moderate quality.
Finally, pooled findings from four case—control studies of moderate-quality revealed a higher prevalence of migraine among
TGA compared to TIA patients [OR=1.82,95% CI=(1.22, 2.73)].

Conclusions A significant association between TGA and migraine was established. The underlying connecting mechanism
remains undetermined, yet.

Keywords Migraine - Aura - Transient ischemic attack - Transient global amnesia

Introduction

Transient global amnesia (TGA) constitutes an enigmatic
Supplementary Information The online version contains amnestic syndrome characterized by temporary memory
supplementary material available at https://doi.org/10.1007/s0041 dysfunction of abrupt onset and total resolution within
5-020-10363-y. 24 h from emergence [1, 2]. Anterograde memory is more
severely affected, while retrograde memory presents a
variable level of dysfunction [1, 2]. The clinical diagnosis
of TGA is based on the criteria of Hodges and Warlow as
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amnesia (i.e., no aphasia, apraxia, etc.) (4) there should be
no accompanying focal neurological symptom during the
attack and no significant neurological sign afterward; (5)
epileptic features must be absent; (6) attack must resolve
within 24 h; and (7) patients with a recent head injury
or active epilepsy (i.e., patients who have continued to
receive medication or have had one seizure in the past
2 years) are excluded.

Although clinical and neuroimaging evidence is sugges-
tive of an underlying hippocampal (and most notably cornu
ammonis -CA1- located) dysfunction [5-7], the aetiology of
TGA has yet to be determined. Soon after the introduction
of the term TGA by Fisher and Adams, the hypothesis of an
underlying epileptic mechanism was formulated [8, 9]. How-
ever, the performance of electroencephalographic studies on
TGA individuals [10], as well as the low recurrence rate of
the disease [11], led to the progressively declining popular-
ity of this theory. Epileptic amnesia is now considered part
of the differential diagnosis of TGA rather than a possible
underlying mechanism [12].

The acute onset of the disease reasonably generated
postulations about a vascular mechanism leading to focal
ischemia [13]. In this context, the long-term risk of vascular
events in TGA patients has been extensively assessed and
compared to both healthy controls (HC) [14, 15] and indi-
viduals with transient ischemic attacks (TTA) [4, 16-18].
Results were indicative of a long-term vascular risk similar
to HC and lower than patients with TIA. Apart from the
good vascular-related prognosis of the syndrome, follow-
up neuroimaging in TGA patients was compatible with a
reversible nature of magnetic resonance imaging (MRI)
lesions [6], limiting the possibility of an arterial-ischemic
underlying mechanism. Additionally, a venous vascular
mechanism involving internal jugular vein incompetence
and congestion, ultimately leading to transient hippocam-
pal ischemia, has been hypothesized. The existing evidence
for the aforementioned theory [19-21] is complementarily
supported by the multiple recordings of TGA cases trig-
gered by Valsalva manoeuvre-related events [22]. However,
the focal, hippocampal manifestations and imaging findings
of TGA are difficult to associate with the global cerebral
venous congestion.

Finally, the last among the most prevailing theories
implicates migraine and the neurophysiologic substrate of
aura, which is Cortical Spreading Depression (CSD) [7, 12].
CSD consists of a spreading neuronal depolarization fol-
lowed by a suppression of the neuronal activity, with respect
to the clinically (aura-wise) relevant cerebral areas. Based
on experimental data, it has been hypothesized that CSD
extending through the hippocampus may be accountable for
the transient hippocampal dysfunction during TGA [23].
The possible relationship between migraine and TGA has
been investigated by several authors, but to date the only

published meta-analysis (2006) revealed no association
between the two entities [24].

On the grounds of the above-mentioned hypotheses
and the vague pathophysiological background of TGA we
decided to evaluate the existing clinical evidence support-
ing the possible underlying pathophysiological mechanisms
of TGA. In this paper, we focused on one of the previously
described hypotheses, the migraine-related theory. Observa-
tional (case—control, cross-sectional and cohort) controlled
studies assessing the prevalence of a migraine history among
TGA individuals and HC were retrieved for this purpose.
In view of the association between migraine and TIA (as
well as other cerebrovascular events) [25], it was addition-
ally decided to retrieve observational controlled studies that
investigate the prevalence of a migraine history in TGA vs.
TIA patients (the main differential diagnosis of TGA). To
the best of our knowledge, the present article is the first
meta-analysis to systematically evaluate the association
between migraine and TGA since the study of Quinette et al.
2006 [24].

Materials and methods

The present systematic review and meta-analysis adheres
to the MOOSE reporting guidelines [26]. Each step of the
review process was performed by two authors (unblinded to
study information), independently (L.L., A.S.). Discrepancies
were resolved by a third author (E. D.).

Search method

The search strategy is presented in the online resource. The
structured search involved the following databases: MED-
LINE (through PubMed), EMBASE (through Elsevier),
CENTRAL (Cochrane Central Register of Controlled Trials,
the Cochrane Library) and PsycINFO. An additional manual
search involved the references included in the retrieved arti-
cles, as well as all articles that cited the papers retrieved by
the structured literature search (through Google Scholar).
Conference abstracts and abstracts in English from articles
with full texts not published in English would be evalu-
ated in case relevant information was provided. Titles and
abstracts were manually screened for eligibility. Full texts
were retrieved in case of inability to establish the eligibility
of an article.

Eligibility criteria
Inclusion criteria were as follows:

e Studies published between 1985 and Aug 7, 2020, that
is following the introduction of Caplan’s diagnostic cri-
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teria [27], validated by Hodges and Warlow in 1990 [3].
Thereon, the clinical recognition of TGA was based on
these criteria. Hence studies published before that period
(1985) were not considered for inclusion.

e Observational controlled studies (case—control, cross-
sectional, cohort).

e For case control and cross-sectional studies: inclusion
of at least two groups of participants (outcome-wise).
TGA patients constituted the first group and either HC
(without a history of TGA) and/or individuals with TIA
consisted the control group. Migraine was evaluated as
part of the exposures. Any other CNS (Central Nervous
System) disease-specific control group, e.g., patients with
stroke, epilepsy, encephalitis and so on, was not consid-
ered as an appropriate control group.

e For cohort studies: inclusion of at least two groups of
participants (exposure-wise), subjects with migraine and
HC (without a migraine history). TGA was assessed as
part of the investigated outcomes.

Exclusion Criteria were as follows:

e Studies implementing non-validated diagnostic criteria

e Uncontrolled studies. Case—control and cross-sectional
studies involving control groups other than HC and TIA
were excluded. Cohort studies not assessing migraine vs.
healthy individuals were excluded

e Controlled studies not assessing the parameters of inter-
est

e Studies (all types) with equal or less than 10 participants
per group

e Studies other than observational, including Reviews,
Meta-analyses, Case reports, Editorials-Commentaries-
viewpoints, and so on

e Study protocols

e Book chapters-reviews

e Studies not published in English. In case a study abstract
was available in English it was evaluated for inclusion (as
part of the grey literature)

Data extraction—quality assessment

The following data were extracted according to data extrac-
tion forms: first author, year of publication, study design
and data collection process, country of origin and settings,
set of diagnostic criteria and definitions for TGA, TIA and
migraine, number of participants, age and sex distribution,
as well as obtained results.

Case—control and cohort studies were assessed accord-
ing to the Newcastle-Ottawa Scale (NOS) [28], while cross
sectional studies were evaluated based on a modified ver-
sion of the NOS, adapted to the context of our study (http://
www.ohri.ca/programs/clinical_epidemiology/oxford.asp

@ Springer

and online resource). NOS evaluates nine methodological
items and their reporting (participant selection, comparabil-
ity of groups and ascertainment of exposure/outcome), with
values > 7 compatible with a good study quality, between
2 and 7 with a moderate study quality and <2 with a poor
study quality. Modified NOS evaluates eight methodologi-
cal items and their reporting (adapted from the initial NOS),
with values > 6 consistent with a good study quality, between
2 and 6 with a moderate study quality and <2 with a poor
study quality.

Statistical analysis

Statistical analyses were conducted using RevMan 5.4 statis-
tical software [29]. A two-tailed p-value < 0.05 was used for
the determination of statistical significance. Effect-sizes and
their precision [95% confidence intervals (95% Cls)] were
estimated using as weights the inverse variance of individ-
ual effects. Case—control (Odds-Ratio, OR), cross-sectional
(OR) and cohort studies (Risk Ratio, RR, cumulative inci-
dences would not be meta-analysed) investigating the associ-
ation between migraine and TGA were separately analysed.
Statistical heterogeneity was estimated by the calculation of
the Q and I” statistics (homogeneity accepted if both Py>0.1
and I <30%). In the absence of statistical heterogeneity,
fixed effects (FE) model was utilized, otherwise, random
effects (RE) model was implemented. ORs and 95%Cls were
illustrated with forest plots. In case of ten or more studies
(rule of thumb) being combined, funnel plots were created
for the determination of potential publication bias.

Two separate analyses were planned, TGA vs. HC and
TGA vs. TIA. Subgroup analyses according to the type of
migraine (with or without aura) were prespecified. Methodo-
logical flaws were statistically addressed with the stratifica-
tion of the results according to the methodological quality
of the retrieved studies based on the NOS (high, moderate,
low), so that the quality of studies accountable for the exist-
ence and size of the association would be revealed.

Results

The structured literature search provided 1178 studies
(MEDLINE; 901, EMBASE; 243, CENTRAL; 25 and
PsycINFO; 9), while the manual search retrieved seven
additional articles. After the manual screening of titles and
abstracts, 97 full texts were evaluated for inclusion and,
finally, 12 papers were involved in the present systematic
review and meta-analysis [4, 14, 17, 18, 30-38]. Among
the retrieved studies one was a retrospective cross-sectional
study based on an inpatient database [30], one was designed
as a retrospective cohort study based on a National Health
Insurance database [32] and 10 were case—control studies
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with retrospective, prospective or mixed data collection.
Among conference abstracts and abstracts in English from
articles not published in English, none presented adequate
reporting to be included in the present systematic review
and meta-analysis (as part of the grey literature). The lit-
erature search is depicted in Fig. 1. Excluded studies with
corresponding reasons are presented in the online resource.
Table 1 summarizes the characteristics of the retrieved arti-
cles, while Table 2 summarizes the quality evaluation based
on the NOS. For the comparison of TGA vs. HC, among the
included papers, five recorded a moderate quality [4, 31, 33,
35, 36], whereas the rest registered a good methodological
quality [14, 18, 30, 32, 34, 37]. For the comparison of TGA
vs. TIA, all of the retrieved papers (n =4) were appraised as
of moderate quality [4, 17, 18, 34].

TGA vs. HC

Yi et al. performed the only cross-sectional study using data
from the Nationwide Inpatient Sample (NIS), which repre-
sents 20% of the U.S. community hospitals [30]. A fraction
of the participants in the control group (inpatient database)
corresponded to patients with other CNS diseases. Moreo-
ver, the data collection process was based on record linkage
(it was not reported if diagnoses established by non-special-
ists, that is non-neurologists, were considered acceptable,
claims data are generally susceptible to coding deviations)
and each patient discharge was considered as the unit of

analysis (it was assumed that each discharge appeared once
per patient, probable overlap was not addressed). Further-
more, the demographic characteristics of the two groups pre-
sented significant differences both in terms of sex and age
(Table 1, the majority of the controls belonged to a younger
age group in which TGA is extremely rare, future appearance
of the disease cannot be ruled out). Despite the aforemen-
tioned very serious limitations, in view of the unprecedented
numerical power of the study we decided to present obtained
results. It was determined that individuals with TGA head-
ache presented with six-fold greater odds [OR=5.98, 95%
CI=(5.42, 6.60)] of migraine headache compared with
non-TGA patients (socio-demographic factors along with
comorbidities were adjusted in the context of the statistical
analysis). Nevertheless, the prevalence of migraine in both
groups (0.76% in the non-TGA group and 4.94% in the TGA
group) is much lower than the established prevalence in the
general population [38] indicating a substantial underestima-
tion in both groups (probably due to the focus on inpatient
evaluations). Therefore, although the overall study quality
was good (Table 2), the innate inpatient orientation of the
NIS database substantially limited its value in the investiga-
tion of the association between migraine and TGA.

Lin et al. conducted the only cohort study (of high qual-
ity) using data from Taiwan’s National Health Insurance
program which covers approximately 98% of Taiwan’s
residents [32]. The data collection process was based on
record linkage. Migraine diagnosis was ascertained if coded

Fig. 1 Flow chart of the litera-
ture search

MEDLINE (901), EMBASE (243), CENTRAL (25), PsycINFO

7 additional
9) candidates emerged
from the manual
n=1178 search

| |
v

Records excluded

n=919

Records after duplicates removed

n=1,016

-irrelevant (198)

-reviews, meta-
analyses (65)
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\ 4

-editorial,commentary
,viewpoint (47)

-case reports (494)
-book chapter (13)
-book review (2)

Records after assessment of titles
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and abstracts -uncontrolled (3)
-non-validated

n=97 diagnostic criteria (6)

-study protocol (1)
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» comorbidities (4)
. -same set of

-not English (16)
-no control group (78)

Records after the assessment of

participants analyzed
elsewhere (2)
-parameters of
interest unavailable
for both groups (70)

full texts (included in the
systematic review)

n=12
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Table 1 (continued)

Age (years)

Sex (male/female)

Participants Total N

Settings Diagnostic criteria-definitions

First author (year) Design

TIA Migraine

TGA

59.8+10.5

NA IHS lIstedition TGA 5126/25

Caplan

Portugal, one university

Case—control (1 case/2

Melo (1992)

102 Matched for age + 5 years and sex
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T s

practice (HC)

prospective data col-

lection

62.3+8.5
62.4+8.8

114 69/45
212122/90
109 70/39

TGA
TIA
HC

NP

©)

UK, one university Hodges and Warlow

Case—control (1 case/2

Hodges (1990)

65.4+8.5

neurology department
(cases), one general
hospital (TIA), two
general practices

(controls)

TIA/1 HC matched for

age+2 years and sex),

retrospective-prospec-
tive data collection

ninth revision,

N number, TGA transient global amnesia, HC healthy controls, TIA transient ischemic attack, NP not provided, NA not applicable, /CD-9 International classification of diseases

IHS International headache society

TIA was defined (1) according to the classification of the National Institute of Neurological Disorders and Stroke Ad Hoc Committee (1975) (2) as brief reversible episodes of focal, ischaemic
neurological disturbance and duration less than 24 h (3) as an acute loss of focal cerebral or ocular function, with symptoms lasting less than 24 h and which after adequate investigation was

thought to be due to embolic or thrombotic vascular disease (Warlow and Morris, 1982)

Table 2 Quality assessment according to the Newcastle-Ottawa scale
(NOS)

Study (year) Selection Comparability Outcome NOS score

Yi 20182 ok ok ot 6/7
Arena 2017° ot ok ok 7/8
Jovanovic 20176 ok * 5/9
Baracchini 2014¢  * ok 3/9
Lin 2014° stk ok * 719
Pantoni 2005° ot ok ok 5/8
Akkawi 20038 e ok * 719, 5/8
Sander 2000" ok ok 4/9
Schmidtke 1998" ok 4/9
Zorzon 1995/ sk ok * 719, 5/8
Melo 1992¢ st ok * 719
Hodges 1990' stk ok 6/9, 4/8

The number of * corresponds to the number of items assessed posi-
tively in each category. The studies of Hodges et al., Zorzon et al. and
Akkawi et al. were assessed in the context of both comparisons (TGA
vs. HC and TGA vs. TIA). Therefore, two NOS values were attrib-
uted to each of these studies (one for each comparison, in view of the
different methodological features). The values for the comparison
of TGA vs. HC are presented on the left side of the column, while
for TGA vs. TIA on the right side of the column. Selection of com-
munity controls was not applicable for the TGA vs. TIA comparison
(assessed according to an 8-item NOS). Patients with history of vas-
cular disease (e.g., stroke) were not excluded from the studies (n=4)
involving TIA participants; therefore, a one * penalty was set for the
selection process. The rest of the methodological or reporting flaws of
each study are listed below

#Response rate was not applicable (medical records), the unit of anal-
ysis was each hospital discharge rather than each individual patient;
therefore, misclassification of the participants could not be ruled out
with certainty

"The control group comprised of patients from both outpatient and
inpatient settings, response rate was not applicable (medical records)

“The control group comprised of inpatients with diseases of the
peripheral nervous system, potential representativeness of cases was
not described, exposure was ascertained by an interview not-blinded
to the case—control status, response rate was not described at all

4The origin of the control group was not reported, potential represent-
ativeness of cases was not described, potential inclusion of controls
with a history of TGA could not be ruled out (data collection pro-
cess — retrospective or prospective — was not described, method for
confirmation and exclusion of individuals with TGA history was not
reported), the method for exposure ascertainment was not reported,
response rate was not reported

®The length of follow up was very short (mean years + standard devi-
ation; migraine: 3.00+1.51, HC 3.09+ 1.52) especially when con-
sidering the mean age of the participants (migraine: 40.3 years, HC:
40.2 years), loss to follow-up was not described at all

Response rate was not reported

SExposure was ascertained by an interview not-blinded to the case—
control status, response rate was not reported

"Potential representativeness of cases was not described, poten-
tial inclusion of controls with a history of TGA could not be ruled
out (data collection process — retrospective or prospective — was not
described, method for confirmation and exclusion of individuals with
TGA history was not reported), ascertainment of exposure was not
described at all, response rate was not reported
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Table 2 (continued)

"The control group comprised of patients who were seen for periph-
eral nerve or spinal disc problems, potential misclassification of the
participants could not be ruled out (method for confirmation and
exclusion of individuals with a TGA history was not reported in the
context of the retrospective data collection process), exposure was
ascertained by reviewing medical records or by an interview not-
blinded to the case—control status, response rate was only partially
described for the TGA group

iExposure was ascertained by an interview not-blinded to the case—
control status, response rate was reported solely for the control group

XExposure was ascertained by an interview not-blinded to the case—
control status, response rate was not reported

'Exposure was ascertained either by reviewing medical records (a
fraction of the cases, TIA controls) or by an interview not-blinded
to the case—control status (a fraction of the cases, healthy controls),
response rate was only reported for the healthy control group

by a neurologist during the study period (treatment-seeking
individuals were included in the migraine group, parallel
misclassification of non-treatment seeking individuals with
migraine in the control group was possible). Antecedent
TGA, cerebrovascular disease or epilepsy diagnoses led
to the exclusion of candidates from both groups. Two dif-
ferent approaches were implemented for the diagnosis of
TGA. A primary approach included all TGA cases coded
by neurologists, as well as non-specialists, and a sensitiv-
ity approach involved only cases diagnosed by neurologists
and having undergone neuroimaging within 1 month from
coding (coding deviations were less probable with the lat-
ter approach). Despite the relatively young mean age of the

participants and the short follow-up period, the migraine
cohort presented a significantly higher TGA risk than the
(age, sex, vascular comorbidity and Charlson score matched)
HC cohort [primary analysis: RR =2.48, 95% CI=(1.32,
4.87), sensitivity analysis: RR=3.84, 95% CI=(1.57, 9.38)].
Notably the above-mentioned effect was driven by the sub-
group of 40-60-year-old female individuals. Similarly,
adjusted cumulative rates of TGA were determined higher
in the migraine cohort (relevant figures were not provided),
with no apparent difference in the TGA incidence between
aura and non-aura individuals.

The majority of the retrieved articles followed a case—con-
trol design. For the comparison of TGA cases with HC, the
results from eight articles were pooled (700 TGA patients
and 746 HC). Retrospective, prospective and mixed data col-
lection strategies were implemented (Table 1). Claims data
were not used in any of the studies; therefore, an accurate
diagnosis is more probable even in the context of retrospec-
tive studies (direct evaluation of medical records). Only the
paper of Akkawi et al. (high-quality) did not match cases
with controls for sex (age-matching was performed, the rest
of the studies reported both age and sex matching) during the
study design (statistical analysis was adjusted) [33]. Pooled
results were indicative of a significantly higher migraine his-
tory in the TGA group [OR=2.51, 95% CI=(1.85, 3.41),
P,=0.33, P=13%] (Fig. 2). A stronger association between
migraine and TGA was determined by the high-quality
case control studies [OR=3.48, 95% CI=(2.13, 5.71),
PQ=O.32, = 11%] [14, 18, 34] in comparison with the

TGA HC Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
1.1.1 High-quality studies
Akkawi 2003 9 48 6 48 7.4% 1.62([0.53,4.96) —
Arena 2017 42 221 12 221 206% 4.09[2.09,8.00 ——
Zorzon 1995 15 64 7 108 101% 4.42[1.69, 11.53) —_———
Subtotal (95% CI) 333 377 38.0% 3.48[2.13,5.71] ’
Total events 66 25
Heterogeneity: Chi*=2.26,df=2 (P=0.32), F=11%
Test for overall effect: Z= 4.95 (P < 0.00001)
1.1.2 Moderate-quality studies
Jovanovic 2017 9 100 5 50 7.0% 0.89[0.28, 2.81) e
Sander 2000 7 21 5 21 51% 1.60[0.41,6.19) —
Hodges 1990 34 114 19 109 229% 2.01[1.06,3.81] —
Baracchini 2014 22 75 10 75 134% 2.70[1.18,6.19] —_—
Schmidtke 1998 15 57 13 114 136% 2.77[1.22,6.33) _—
Subtotal (95% CI) 367 369 62.0% 2.06 [1.40,3.03] E
Total events 87 52
Heterogeneity: Chi*= 3.09, df=4 (P=0.54), F=0%
Test for overall effect: Z= 3.66 (P = 0.0003)
Total (95% CI) 700 746 100.0% 2.51[1.85,3.41] L3
Total events 153 77

T 2 o - - Il 4 4 Il
Heterogeneity: Chi*=8.04, df=7 (P=0.33), F=13% 005 02 : 20

Test for overall effect: Z=5.93 (P < 0.00001)

Lowerin TGA Higherin TGA

Test for subgroup differences: Chi*= 2.69, df=1 (P=0.10), F=62.9%

Fig.2 Prevalence of migraine in patients with transient global amnesia (TGA) vs. healthy controls (HC)

@ Springer



Journal of Neurology (2022) 269:184-196

191

moderate-quality articles [OR =2.06, 95%CI=(1.40, 3.03),
P,=0.54, P=0%] [4, 31, 33, 35, 36]. The study of Melo
et al. (high quality) provided results indicative of a more
common history of migraine in TGA patients compared to
HC [OR =8.67, 95% CI=(2.66, 44.6)], but absolute values
were not provided for both groups, impeding its inclusion
in the meta-analysis. Finally, the association of migraine
according to the presence of aura or not was examined only
in the classic case—control study of Hodges et al. [4], with
obtained results suggestive of an increased prevalence of a
migraine history among TGA individuals (Fig. 3).

TGAvs.TIA

Among the retrieved papers, only four case—control stud-
ies of moderate quality evaluated the prevalence of a posi-
tive migraine history between TGA and TIA individuals [4,
17, 33, 36]. The article of Melo et al. [37] contained a TIA
group, but relevant figures (Effect size with 95% CI) were
provided only for the TGA and HC groups. Vascular comor-
bidities were generally more common (significantly in the
case of two studies [4, 17]) in the TIA groups. Despite the
long-established relationship between migraine (especially

with aura) and vascular comorbidities (TIA included) [25,
39, 40], pooled results were compatible with a higher prev-
alence of migraine in TGA individuals compared to TIA
patients [P,=0.71, ’=0%, OR=1.82, 95% CI=(1.22,
2.73)] (Fig. 4). The studies of Zorzon et al. and Hodges et al.
recruited matched cases and controls for the parameters of
age and sex [4, 36] (the other two studies addressed demo-
graphical differences during statistical analyses). Finally, the
association of migraine according to the presence of aura or
not was examined only in two case—control studies [4, 17],
with obtained evidence suggestive of no difference in the
prevalence of migraine history between the TGA and TIA
groups (Fig. 3).

Discussion

The purpose of the present systematic review and meta-
analysis was to evaluate the clinical association between
migraine and TGA. Results from case—control (ten), cohort
(one) and cross-sectional (one) studies were in accordance
with an existing relationship between the two entities. The
previous findings of the only other published meta-analysis

Migraine Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
3.1.1 Migraine with aura vs. HC
Hodges 1990 26 114 12109 100.0% 2.39[1.14, 5.0 i
Subtotal (95% CI) 114 109 100.0% 2.39 [1.14, 5.02]
Total events 26 12
Heterogeneity: Mot applicable
Test for overall effect: Z=2.30 (P=0.02)
3.1.2 Migraine with aura vs. TIA
Hodges 1990 26 114 M N2 946%  1.73[0.97 3.08] —.—
FPantoni 2005 2 48 1 42 54% 1.78[0.16, 20.39]
Subtotal {95% CI) 162 254 100.0% 1.73[0.98, 3.04] oo
Total events 28 32
Heterogeneity: Chi*=0.00, df=1 (P = 0.98), F= 0%
Test for overall effect: Z=1.90 (P = 0.06)
3.1.3 Migraine without aura vs. HC
Hodges 1990 a 114 7109 1000% 1.10([0.38, 3.14] i
Subtotal {(95% CI) 114 109 100.0% 1.10 [0.38, 3.14]
Total events 8 7
Heterogeneity: Mot applicahle
Test for overall effect: Z=0.18 (P = 0.86)
3.1.4 Migraine without aura vs. TIA
Pantoni 2005 7 43 G 42 381%  1.02[0.32, 3.33]
Hodges 19490 a 114 12 212 B1.8% 1.26[0.50 3.17] ?
Subtotal {95% CI) 162 254 100.0% 1.16 [0.56, 2.41]
Total events 15 18

Heterogeneity: Chi*= 007, df=1 (P=0.79); F=0%
Test for overall effect: Z=0.41 (P = 0.68)

Test for subgroup differences: Chi*=2.42 df=3(P=049), F=0%

02 5
Lowerin TGA Higherin TGA

0.05

Fig.3 Prevalence of migraine in patients with transient global amnesia (TGA) vs. either healthy controls (HC) or patients with transient

ischemic attacks (TIA), according to the presence or not of aura
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TGA TIA Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Pantoni 2005 ] 51 7 51 14.2% 1.35[0.46, 3.94]
Hodges 1980 34 114 43 212 59.8% 1.67([0.99, 282 —i—
Akkawi 2003 ] 48 4 42 103% 219[062,7.73]
Zarzon 1985 15 64 ] 64 157% 2.96[1.07 8.21] —
Total (95% CI) 277 369 100.0% 1.82[1.22,2.73] B
Total events 67 60
Heterogeneity: Chi*=1.36, df=3(P=071), F=0% TR 0’5 1 ; 0

Testfor overall effect: 2= 2.91 (P =0.004)

Lowerin TGA Higherin TGA

Fig.4 Prevalence of migraine in patients with transient global amnesia (TGA) vs. patients with transient ischemic attacks (TIA)

(2006), involving only five of the twelve retrieved articles
failed to reach similar conclusions [24]. In the present meta-
analysis, migraine was determined more common among
TGA patients in comparison with HC (2 to 3.5-fold, accord-
ing to both case—control and cohort studies with higher
figures generated in the context of higher-quality studies),
as well as TIA individuals (less than two-fold, based on
case—control studies), a group of patients that have already
been associated with a personal history of migraine (there-
fore, an attenuated association was anticipated) [25]. High-
quality evidence originated principally from case—control
and cohort studies, whereas the single cross-sectional study
was appraised as of limited value due to its inpatient ori-
entation. Unfortunately, the association between TGA and
the presence of aura was poorly studied; therefore, a safe
conclusion cannot be reached.

Migraine has been, additionally, investigated as a poten-
tial risk factor contributing to the recurrence of TGA. Four
recent articles focused on the examination of the parameters
conferring a risk for recurrence. The study of Morris et al.,
a retrospective cohort based on the medical records of the
Mayo Clinic (Rochester, Minnesota), reviewed a total of
1044 cases among which 143 suffered from recurrent TGA
[11]. Recurrent episodes were significantly associated with
both a personal and a family history of migraine headache.
Similarly, the retrospective cohort of Alessandro et al. (203
TGA individuals, 16 with recurrent episodes) obtained
results suggestive of a significantly increased tendency for
recurrence in migraine patients compared to individuals free
of migraine [41], whereas the prospective cohort of Tynas
et al. (93 cases, 15 with recurrent disease), as well as the ret-
rospective cohort of Oliveira et al. (70 patients with TGA, 19
with recurrent disease) did not provide evidence indicative
of an association between migraine and recurrence (although
absolute numbers for migraine were higher in the recurrent
TGA groups) [42, 43]. Despite the non-significant results
of the latter studies it is apparent that a history of migraine
may assume a role in the recurrence of the disease, which is
of probably affinity to our results suggesting an association
between migraine and TGA in general (unique as well as
recurrent).

@ Springer

The retrospective cohort of Lin et al. provided comple-
mentary evidence for the relationship between migraine
and TGA, by examining the effect of a positive migraine
history on the age of TGA onset [31]. Among individuals
developing TGA after the age of 40, those with a migraine
history presented a significantly younger age of onset (mean
age 56.6 years) against those without a history of the dis-
ease (mean age 61.4 years). In addition to that, the associa-
tion between migraine and TGA was mainly driven by the
group of 40—-60-year-old female individuals. Morris et al.
supported these results with similar findings (mean age of
onset for migraine patients 61.1 years vs. 65.4 years for non-
migraine controls) [11]. Finally, a previous hierarchical clus-
tering analysis of TGA cases classified the characteristics of
a younger age of TGA onset (<56 years) and a history of
migraine together, proposing that migraine may represent a
risk factor for TGA in younger individuals [24]. Taking all
the aforementioned evidence into consideration, it is prob-
able that migraine is not only associated with an overall ele-
vated risk of TGA (and probably of the recurrent form of the
disease as well), but also with an earlier age of TGA onset.
Given this background, the latent effect of migraine might
be accountable for the association between a younger age
of onset with recurrent episodes of TGA (mean age of onset
for recurrent TGA 58.8 years vs. mean age for unique TGA
65.2 years [11]), a theory which is based on the relationship
of migraine with both of the aforementioned parameters.
Overall, it could be argued that in a hypothetical continuum
of clinical severity, a positive history of migraine appears
to be associated with a more severe form of TGA (younger
onset, recurrent disease).

As mentioned earlier, migraine-related theories regard-
ing the underlying pathophysiological mechanisms of TGA
are among the most prevalent ones. CSD extending through
the hippocampus has been proposed as the missing link
that unifies the two entities [44]. CSD has been associated
with the presence of aura [45, 46] (despite a relatively few
exceptions for migraine without aura [47, 48]). Therefore,
the limited evidence with respect to the association of TGA
with the presence of aura comes in contradiction with this
theory. Intriguingly, our findings demonstrated that migraine
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is even more common among TGA individuals compared
to TIA patients. TIAs [25], as well as vascular events in
general, have been associated with a history of migraine,
an association which is stronger in the presence of aura [39,
40]. Additionally, individuals with aura demonstrate a more
prominent prothrombotic predisposition compared to those
without aura [49, 50]. Given the above-mentioned knowl-
edge, as well as the benign vascular sequelae after a TGA
episode, the association of TGA with migraine might lie in
aura-irrelevant parameters. In addition to the above, hip-
pocampal CSD is triggered at a higher threshold compared
to other cortical areas suggesting that concomitant aura man-
ifestations ought to be present during a TGA episode [7].
However, although migraine episodes have been recorded
as possible triggers of TGA [51], TGA episodes are not con-
sistently accompanied by aura or headache manifestations,
while a positive history of migraine appears to contribute
a risk towards TGA regardless of the status of the disease:
active or inactive migraine [7].

At this point, it is prudent to point-out the complex
neurohormonal-metabolic background of migraine [52-54]
and subsequently the multiple possible pathophysiological
pathways that may be implicated and shared in both entities.
Inferentially, migraine and TGA may be linked by multiple
underlying mechanisms other than CSD. Of note, there is
accumulating evidence indicative of an association between
migraine and cerebral energy, as well as oxidative mismatch
[52]. Interventions that ameliorate the mitochondrial func-
tion and present anti-oxidative properties appear to exert a
prophylactic effect against migraine [49, 54]. Considering
the selective sensitivity of the CA-1 region of the hippocam-
pus to oxidative and metabolic stress, migraine could create
a local energy and oxidative disequilibrium that facilitates
the emergence of TGA [55-57]. The alternative scenario
that the relationship between migraine and TGA is no more
than an indirect association between the two entities may,
also, be the case. For example, a relatively more recent TGA
theory suggests that psychological disorders could lead to
the induction of brain metabolism disturbances, which in
turn may lead to transient amnesia [58]. The psychologi-
cal burden of migraine individuals is well recognized [59].
Herein the shared affinity of both diseases with psychologi-
cal disorders, may provide the missing link between the two
entities. Finally, a positive family history of migraine has
been associated with recurrences, a finding that might imply
the existence of a genetic predisposition towards TGA [11].

Intriguingly, TGA presents many similarities with
a migrainous syndrome defined as late onset migraine
accompaniments (LOMAs). Epidemiological evidence
suggests that TGA does not affect individuals younger than
50 years [60]. On the other hand, migraine attacks tend to
decrease in frequency and severity among patients older than
50 years; headaches are generally milder with less important

functional consequences [61]. However, typical aura without
headache and even without a prior history of migraine can
occur at any age and are relatively more common among
patients over the age of 50 (mainly with visual manifesta-
tions that last for several minutes) [62, 63]. These symp-
toms, termed as LOMAS, mimic the presentation of tran-
sient ischemic phenomena and seizures, but their prognosis
is considered benign [61]. Consequently, LOMAs and TGA
present several similarities, regarding their demographics,
as well as their transient-reversible nature and benign prog-
nosis. Nonetheless, the stereotypic recurrences, along with
the focal neurological (or retinal) deficits accompanying the
former offer a clear distinction between the two entities.

The present study has several limitations. First of all, the
presence of aura was poorly studied by the retrieved articles
and, therefore, concluding evidence for an existing asso-
ciation was not obtained. Secondly, TGA was diagnosed
according to the long-established clinical criteria of Caplan
and Hodges and Warlow. Published evidence suggests that
a clinical diagnosis may not always be accurate (ischemic
amnesia could mimic this condition [64, 65]) and, occasion-
ally, might be compromised even after neuroimaging inves-
tigations [66]. Therefore, the presence of ascertainment bias
cannot be ruled out, especially in the context of retrospective
data collection that additionally includes a risk for informa-
tion bias (TGA diagnosis based on medical records). On the
grounds of the recognized increased prevalence of migraine
in stroke patients, the misclassification of individuals with
stroke in the TGA group may be accountable for the higher
frequency of migraine compared to HC [39, 40]. However,
sensitivity analysis based on stricter diagnostic criteria
(involving neuroimaging), performed in the retrospective
cohort of Lin et al., strengthened the estimated association
between TGA and migraine [32]. Finally, the majority of
the retrieved case—control studies were performed in tertiary
neurological department settings (except for Arena et al.)
and, therefore, are prone to referral and Berkson’s (hospi-
talization) biases, with cases presenting more important
comorbidities being involved in these studies. Nevertheless,
the population-based retrospective cohort of Lin et al. deter-
mined a similar size of association with the pooled results of
the retrieved case—control studies [32].

In conclusion, existing evidence is suggestive of a
potential association between TGA and migraine. Addi-
tional high-quality studies are warranted for the acquisi-
tion of more robust conclusions with respect to the rela-
tive importance of aura in this association. To delve into
the relationship between TGA and migraine, it would be of
value if future research applied clustering approaches that
will give prominence to the parameters closely related with
migraine in TGA individuals. In this way the latent under-
lying component of migraine headache and TGA may be,
ultimately, revealed. Future studies should always conform
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to the reporting guidelines to ensure the capitalization of the
obtained results [67, 68].
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