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Objective: Transient global amnesia (TGA) is defined by an acute memory disturbance of
unclear etiology for a period of <24 h. Several studies showed differences in vascular risk
factors between TGA compared to transient ischemic attack (TIA) or healthy controls with
varying results. This retrospective and cross-sectional study compares the cardiovascular
risk profile of TGA patients with that of acute stroke patients.

Methods: Cardiovascular risk profile and MR imaging of 277 TGA patients was
retrospectively analyzed and compared to 216 acute ischemic stroke patients (26% TIA).

Results: TGA patients were significantly younger and predominantly female compared
to stroke patients. A total of 90.6% of TGA patients underwent MRI, and 53% of
those showed hippocampal diffusion-weighted imaging (DWI) lesions. Scores for cerebral
microangiopathy were lower in TGA patients compared to stroke patients. After statistical
correction for age, TGA patients had higher systolic and diastolic blood pressure,
higher cholesterol levels, lower HbA1c, as well as blood glucose levels, and lower
CHA2DS,-VASC scores. Stroke patients initially displayed higher CRP levels than TIA
and TGA patients. TGA patients without DWI lesions were older and showed higher
CHA,DS,-VASCc scores compared to TGA patients with DWI lesions.

Conclusion: This study revealed significant differences between TGA and stroke
patients in regard to the cardiovascular risk profile. Our main findings show a strong
association between acute hypertensive peaks and TGA in patients not adapted to
chronic hypertension, indicating a vascular cause of the disease.

Keywords: transient global amnesia, stroke, risk factors, hypertensive crisis, diffusion-weighted MRI,
hypertension

INTRODUCTION

Transient global amnesia (TGA) is an acute disturbance of episodic memory for a period of
<24h that usually occurs in middle-aged and elderly individuals. During this phase, anterograde
amnesia, and aspects of retrograde amnesia exist without further cognitive impairment or focal
neurologic symptoms. The syndrome was first described in 1956 (1). Various aetiologic factors
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such as spreading-depression caused by migraine, epilepsy,
cerebral ischemia, and venous flow anomalies have been
discussed as potential cause of the disease (2), but the exact
pathophysiological mechanism remains unknown. The annual
TGA incidence ranges from 3.4 to 10.4 per 100.000 increasing
to 32 per 100.000 in individuals above the age of 50 (3, 4).

Based on the clinical syndrome, an affection of the mediobasal
temporal lobes including the hippocampi was assumed, since
these structures are involved in both memory consolidation and
memory recall (5). Studies using diffusion-weighted imaging
(DWI) confirmed this hypothesis by demonstrating hippocampal
DWI lesions in more than half of the patients with an acute TGA
in the time window up to 48 h after symptom onset (6-11). Such
focal, punctate diffusion lesions are detected both unilaterally
(in both hemispheres) as well as bilaterally. Interestingly, TGA-
patients with and without DWT lesions do not differ in clinical
symptoms and cognitive functions in the long term (12).
Although, no permanent lesions could be shown by MRI (8, 12),
electrophysiological abnormalities in event-related potentials
could prove prolonged effects even after 17 months (13). These
observations may suggest permanent functional damage within
the hippocampal structures and its neuronal networks, although,
confirmation of this long-term memory impairment has not yet
been published.

Due to the well-described occurrence of DWI lesions within
the first days following TGA onset, a vascular genesis of
the syndrome was intensively discussed. Several studies reveal
neither a conspicuous association to cardiovascular risk factors
nor an accumulation of previous or future cerebral infarctions in
TGA-patients (14-17), whereas other studies reported differences
in vascular risk factors between TGA patients and TIA patients or
normal controls (15, 18-22).

Therefore, the aim of our study was to assess clinical
characteristics, neuroimaging findings, and comorbidities in
TGA-patients with a focus on cardiovascular risk factors.

METHODS

Patients

We conducted a cross-sectional study via retrospective analysis
of patient records. A total of 277 patients diagnosed with TGA,
according to the criteria defined by Hodges and Warlow (1990)
(23), from one German hospital were recruited between January
1, 2013, and December 31, 2019. As a reference condition, 216
consecutive patients of our Stroke Unit with acute ischemic
stroke or transient ischemic attack were included; these data were
collected between November 24, 2018, and June 3, 2019.

Procedure

Patient characteristics were evaluated including demographics,
cardiovascular risk factors, and imaging findings (MRI or CT
scan, ultrasound, echocardiography).

Abbreviations: DWI, diffusion-weighted imaging; TGA-patients, patients with
transient global amnesia; AIS-patients, patients with acute ischemic stroke
(completed stroke as well as TIA); TIA-patients, patients with transient ischemic
attack; CS-patients, patients with completed stroke; HC, healthy controls; SBP,
systolic blood pressure; DBP, diastolic blood pressure.

MRI scans were evaluated to disclose stroke and to
detect hippocampal DWI lesions. The extent of cerebral
microangiopathy was assessed using Fazekas' score (0-3).
The presence of cerebrovascular stenosis was assessed using
ultrasound. Blood pressure on admission and laboratory
parameters (cholesterol level, glucose level, HbAlc, CRP) were
obtained from emergency room records. Echocardiography
was evaluated for left ventricular ejection fraction and septal
hypertrophy. Septal hypertrophy as a possible indicator for
chronic hypertension has been defined as the presence of
increased septal thickness (women > 9mm, men > 10 mm)
(24). In addition, CHA,DS,-VASc scores were determined for all
patients at the time of current admission. This means that in the
group of stroke patients, the current stroke was not yet included,
but a previous stroke event was considered.

ACUTE HYPERTENSION VS. CHRONIC
HYPERTENSION/HYPERTENSIVE CRISIS

Blood pressure values on admission were recorded and evaluated
as single blood pressure values. Chronic hypertension was
assumed if antihypertensive medication was required during the
hospital stay and at discharge.

In general, hypertensive crises are defined as an increase in
systolic blood pressure >179 mm Hg or diastolic blood pressure
>109mm Hg (25). There is a strong association with the
occurrence of end-organ damage, with the brain being an elective
and early target. In this context, hypertensive encephalopathy
represents typical hypertensive sequelae of brain damage. It is
known that previously normotensive individuals can develop
signs of encephalopathy as a result of failure of the upper limit of
cerebral vascular autoregulation (autoregulation breakthrough)
at blood pressures as low as 160/100 mm Hg, whereas individuals
with chronic hypertension may not do so until the blood
pressure rises to 220/110 mm Hg or greater (26). Therefore, we
defined hypertensive crisis on admission as the following: (1)
in chronic hypertensive patients (= antihypertensive medication
was required during hospital stay and at discharge), systolic blood
pressure value > 179 mm Hg and/or diastolic blood pressure
value > 109mm Hg, and (2) in normotensive patients (no
antihypertensive medication was required after day of admission
and at discharge), systolic blood pressure value > 159 mm Hg,
and/or diastolic blood pressure value > 99 mm Hg.

Data Analyses
Statistical analysis of the data was carried out using the
Statistical Package for the Social Sciences (SPSS) version 25
(IBM, 2018). Descriptive statistics were displayed as mean =+
standard deviation for continuous data and frequencies with
percentages for categorical variables. Normal distribution was
assessed via Shapiro-Wilk test with p < 0.05 indicating non-
normal distribution, and homoscedasticity was assessed visually
via q-q-plots.

The profile of cardiovascular risk factors was compared
between TGA-patients and patients with acute ischemic stroke
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(AIS-patients) with parametric ¢-tests or non-parametric Mann-
Whitney U-tests, depending on normal distribution. In these
comparisons, patients with completed stroke (CS-patients) and
transient ischemic attack (TIA-patients) were analyzed together
as AIS-patients without differentiating between these two groups
(Figure 1A). Secondary analyses were conducted between TGA-
patients, CS-patients, and TIA-patients using ANOVAs or non-
parametric Kruskal-Wallis-tests. Post-hoc tests were conducted
using parametric t-tests (ANOVA) or non-parametric Mann-
Whitney U-tests (Kruskal-Wallis tests). Post-hoc p-values were
adjusted via inverse Bonferroni (p,qj = p * k, k being the number
of comparisons) in order to correct for multiple testing and alpha
error accumulation.

Data displayed demographic differences between the three
conditions; therefore, exploratory analyses separated by age
and gender were carried out to correct this influence. More
sophisticated approaches, e.g., via MANCOVAs or (logistic)
regression analyses, were not feasible due to skewed data
that led to severe requirement violations. Additional MRI
and hippocampal lesion comparisons were conducted using
parametric f-tests and non-parametric Mann-Whitney-U and
Kruskal-Wallis tests.

Effect sizes were calculated as Cohen’s r (r = z/,/N) with
r >.10 as a small effect, r >.30 as a moderate effect, and r
>.50 as a large effect. Missing data were excluded pairwise from
the analyses.

RESULTS
Primary Analysis: TGA vs. AlIS Patients

Demographic Characteristics

In total, 277 TGA-patients and 216 AIS-patients were analyzed
in this study. Mean age was 67.1 & 10.3 years in TGA-patients
and 70.6 £ 14.9 years in AlIS-patients. TGA-patients were
significantly younger than AIS-patients. In addition, statistically
significant differences were observed for gender, with a higher
percentage of women in TGA-patients than in AIS-patients
(TGA: 61%, AIS: 44%). Further demographic characteristics are
presented in Tables 1, 2.

Vascular Risk Factors

Differences in vascular risk factors between TGA-patients and
AlS-patients were analyzed using Mann-Whitney-U test due to
non-normal distribution of the data. In the first analysis, all
AlS-patients were included (N = 216), without differentiating
between those with CS and TIA. When compared to AIS-
patients, TGA-patients had significantly higher systolic blood
pressure (SBP) and diastolic blood pressure (DBP), higher
cholesterol levels, lower HbAlc as well as glucose levels, lower
CRP values, and lower CHA,;DS,-VASc scores (see Figure 2A).
The mean values of the previously mentioned cardiovascular
risk factors and the statistical differences between the groups
are shown in Table2. At discharge, TGA-patients had less
frequently antihypertensive therapy compared to AIS-patients.
TGA patients were significantly more likely to have hypertensive
crises on admission compared to AIS patients (Table 2). The
presence of cardiovascular risk factors is also shown in Table 2
including absolute and relative frequencies as well as statistical

group differences. Patients with AIS were significantly more
likely to have septal hypertrophy compared with TGA patients
and were more likely to require antihypertensive medication
at discharge.

Secondary Analysis: TGA vs. CS vs. TIA
Demographic Characteristics

After confirming the differences between TGA-patients and
AlS-patients, a more in-depth comparison of TGA-patients
(N =277), CS-patients (N = 160), and TIA-patients (N = 56) was
conducted. Kruskal-Wallis tests revealed significant differences
regarding age, with younger TGA-patients and TIA-patients
(69.4 &+ 14.7 years) and older CS-patients (71.1 £ 13.9 years).
Post-hoc tests showed that only the age of TGA-patients and
CS-patients differed significantly, while TIA-patients did not
differ from either TGA-patients or AIS-patients. Statistically
significant differences were also observed for gender, with a
higher percentage of women in TGA-patients (61.0%) compared
to CS-patients (45.0%) and TTA-patients (41.1%).

Vascular Risk Factors

Differences in vascular risk profile between patient groups
were calculated using Kruskal-Wallis tests, due to non-normal
distribution in at least one of the three groups as well as
heteroscedasticity. When compared to both TIA-patients as well
as CS-patients, TGA-patients had significantly higher SBP and
DBP, higher cholesterol levels, lower glucose levels, and lower
CHA,DS;-VASc scores (see Figure 2B and Table 2). HbAlc was
higher exclusively in CS-patients compared to TGA-patients.
CRP levels were higher in CS-patients compared to TGA-patients
and TTIA-patients. At discharge, antihypertensive therapy was
less common in TGA-patients than in TIA-patients or CS-
patients. In addition, TGA patients were less likely to have septal
hypertrophy compared with CS and TIA patients. In contrast,
TGA patients were significantly more likely to have hypertensive
crises on admission compared to TGA-patients and TIA-patients
(Table 2).

EXPLORATORY ANALYSIS:
AGE-DEPENDENT COMPARISONS
BETWEEN TGA-PATIENTS AND
AIS-PATIENTS

Exploratory analyses were conducted in different age groups to
assess possible age dependency of the effects, using the median
as a cut-off value (<69 vs. >69 years). Preliminary analyses
showed that older patients had significantly lower DBP, lower
cholesterol, and higher CHA;DS,-VASc scores compared to
younger patients; the SBP did not differ. The age-dependent
comparisons of TGA-patients and AIS-patients still revealed a
higher DBP (younger patients: t = 92.337, p < 0.001; older
patients: t = 82.029, p < 0.001), increased cholesterol levels
(younger patients: t = 77.291, p < 0.001; older patients:
U = 4,000.500, z = —4.313, p < 0.001) and elevated CHA,DS,-
VASc scores (younger patients: U = 12,848.000, z = 9.539,
p < 0.001; older patients: U = 11,977.000, z = 9.407, p < 0.001)
in AIS-patients vs. TGA-patients, regardless of age. Hence,
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FIGURE 1 | (A) Presentation of patient groups and analyses. (B) Severity distribution of cerebral microangiopathy using Fazekas’ score in patients with stroke (gray)
and TGA (black). Patients with TGA are more likely to have no or mild microangiopathy, while moderate or severe microangiopathy is more common in stroke patients.
(C) Distribution of hippocampal DWI lesions in patients with TGA. (D) Presence of septal hypertrophy in transthoracic echocardiography as a potential sign of chronic
hypertension in patients with AIS (gray bar) vs. TGA patients (black bar). Patients with AIS displayed septal hypertrophy more frequently (o < 0.001).
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the differences between the cardiovascular risk factors could
not be explained by the age differences between TGA-patients
and AIS-patients.

EXPLORATORY ANALYSIS:
GENDER-DEPENDENT COMPARISONS
BETWEEN TGA AND ALL STROKE
PATIENTS

Gender-specific analyses were carried out to assess possible
influences of different gender distributions on vascular risk
factors in TGA-patients and AIS-patients. Cholesterol levels
and CHA,DS,-VASc scores were significantly higher in women
compared to men. Other vascular risk factors (SBP, DBP, HbAlc,
glucose, CRP) did not differ between women and men. Both
male TGA-patients (Student’s ¢-test: t = 4.314, p < 0.001) and
female TGA-patients (U = 5,252.000, z = —3.374, p = 0.001)
had higher cholesterol levels compared to AIS-patients of the
same gender. Analysis of CHA,;DS,-VASc scores revealed that
both male (U = 11,197.500, z = 9.423, p < 0.001), and female
(U = 14,056.000, z = 10.254, p < 0.001) AIS-patients showed
higher CHA,DS,-VASc scores compared to TGA-patients of the
same gender. Therefore, the differences between AIS-patients
and TGA-patients could not be explained by previous gender
differences in the two groups.

MR IMAGING ABNORMALITIES

A total of 251 TGA-patients underwent MRI. They were
compared to 118 AlS-patients. Extent of the cerebral
microangiopathy was evaluated using the Fazekas’ score in
available MRI images. No cerebral microangiopathy (Fazekas’
score 0) was found in 35.1% of TGA-patients (25.4% of AIS-
patients), mild microangiopathy (score 1) in 52.6% (28.8%),
moderate microangiopathy (score 2) in 9.6% (22.9%), and
severe microangiopathy (score 3) in 2.8% (22.9%). Distribution
of microangiopathic lesions using Fazekas score in TGA-
patients and AIS-patients is displayed in Figure 1B. Using
Mann-Whitney-U test, the degree of microangiopathy (ranked
from 0 = none to 3 = severe) was significantly higher in AIS-
patients compared to TGA-patients (U = 19,502.500, z = 5.257,
p < 0.001). The effect size according to Cohen was r = 0.27
corresponding to a small effect with a trend toward medium
effect size.

Supplementary analysis using the Kruskal-Wallis test (y2
30.339, p < 0.001, df = 2) between the three groups (TGA,
CS, TIA) showed that this effect was due to higher severity
of microangiopathy in CS-patients compared to TGA-patients
(z = —5.402, p < 0.001). The extent of microangiopathy in
TIA-patients compared to TGA-patients (z = 2.011, p = 0.133)
and CS-patients (z = —1.644, p = 0.301) did not show
significant differences.
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TABLE 1 | Baseline characteristics of TGA patients (N = 277).

Age 67.1 £ 10.3 years [20; 90]

Male 39%

Presence/side of DWI lesion

No lesion 119 (43.0%)

Left hippocampus 51 (18.4%)

Right hippocampus 52 (18.8%)

Bilateral hippocampus 29 (10.5%)

No MRI scan 26 (9.4%)

Risk factors

Hypertension 200 (73.3%)
Systolic pressure at admission 170 £ 23mm Hg
Diastolic pressure at admission 92 + 183 mm Hg

Diabetes mellitus 13 (4.7%)
Serum glucose level at admission 117.3 £ 20.9 mg/dl
HbA1c level at admission 5.5+ 0.6%

Hypercholesterolemia (Serum cholesterol > 200 mg/dl) 88/248 (35.5%)

Serum cholesterol level at admission 216.9 + 41.7 mg/di

Atrial fibrillation 19 (6.9%)
CHA,>DS,-VASC score 29+ 1.61[0;7]
Former stroke 38 (13.7%)

Cerebral stenosis 18/266 (6.8%)
Inflammation

CRP level at admission
LVEF < 50%

Septal hypertrophy (women > 9mm, men > 10mm)

21+ 3.4mg/l

3/135 (2.2%)
87/128 (68.0%)
Cerebral microangiopathy (MRI or CT scan)

No microangiopathy 98 (35.4%)
Mild (Fazekas’ score 1) 138 (49.8%)
Moderate (Fazekas’ score 2) 26 (9.4%)
Severe (Fazekas’ score 3) 12 (4.3%)
No image 3(1.1%)
Treatment at discharge
Antiplatelet therapy 170 (61.4%)
Oral anticoagulation 19 (6.9%)
Statin therapy 160 (57.8%)
Antihypertensive therapy 201 (72.6%)

HIPPOCAMPAL LESIONS IN
TGA-PATIENTS

Of 251 TGA-patients undergoing MRI scan, 132 (52.6%) showed
typical hippocampal DWI lesions. In 29 patients (11.6%),
bilateral DWT lesions were observed. In TGA-patients with one-
sided DWI lesion, the sides were evenly distributed (left N = 51,
20.3%, and right N = 52, 20.7%). The frequency of hippocampal
DWTI lesions in TGA-patients is displayed in Figure 1C. Gender
did not differ between TGA-patients with (62.1% female) and
without (61.2% female) DWI lesion (%2 0.000, p=0.992).
Analyses of age and cardiovascular risk factors in TGA-
patients with and without hippocampal lesion were carried
out. Non-parametric tests revealed that TGA-patients without

DWTI lesion were older (median age 68 years) than TGA-
patients with DWT lesion (median age 66 years) (U = 6,662.000,
z = —2.077, p = 0.038) and had higher CHA;DS;-VASc
scores (mean 3.1 + 1.6 vs. 26 = 1.5, U = 6,495.500,
z = —2.411, p = 0.016). HbAlc, glucose level, and CRP level did
not differ significantly between both groups. Correspondingly,
normally distributed parameters (SBP, DBP, cholesterol level) did
not provide statistically significant results either. Interestingly,
patients without DWI lesion more frequently showed septal
hypertrophy (>11 mm) on transthoracic echocardiography (40.0
vs. 22.9%, x2 = 4.082, p = 0.043) (see Figure 1D). However,
according to a predefined increased septal thickness (women
> 9mm, men > 10mm) (24), the measured values did not
reach significance. Neither the presence of DWI lesions nor
the severity of cerebral microangiopathy were significantly
associated with reduced left ventricular ejection fraction <50%
in transthoracic echocardiography.

DISCUSSION

TGA-patients in our collective were significantly younger and
predominantly female when compared to AIS-patients. 90.6% of
TGA-patients received an MRI, 53% of those undergoing MRI
scan displayed a hippocampal DW1I lesion. TGA-patients without
DWTI lesions were older and showed higher CHA;DS,-VASc
scores compared to TGA-patients with DWI lesions.

The extent of cerebral microangiopathy in TGA-patients
was lower compared to AIS-patients. TGA-patients showed less
frequently septal hypertrophy in transthoracic echocardiography
as a potential sign of chronic hypertensive heart disease (27)
and required less frequently antihypertensive medication at
discharge compared to AIS-patients. In contrast, TGA-patients
showed a significantly higher blood pressure at symptom onset.
Cholesterol levels in these patients were also higher compared to
AlS-patients. As expected, TGA-patients displayed lower HbAlc
levels, blood glucose levels, and CHA,DS,-VASc scores, whereas,
CS-patients initially had increased CRP levels compared to TIA-
patients and TGA-patients.

HYPERTENSION AND CEREBRAL
MICROANGIOPATHY

The most intriguing and important finding of our study was the
hypertensively dysregulated blood pressure at symptom onset,
being significantly higher compared to CS-patients and TIA-
patients. Yet, at discharge TGA-patients had less frequently
antihypertensive therapy compared to TIA-patients and CS-
patients. Antihypertensive medication at discharge is used as
a marker for chronic hypertension in this context. Septal
hypertrophy as another possible marker of chronic hypertension
also persists less frequently in TGA patients. These observations
suggest an acute dysregulation of blood pressure in the acute
phase of the disease. TGA-patients were obviously not adapted
to high blood pressure episodes, which may act as a possible
trigger for metabolic stress in the vulnerable hippocampal
region causing TGA. The CA1 sector of the hippocampal cornu
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TABLE 2 | Comparison of TGA patient characteristics with AIS patients (columns 2—4) and comparison of TGA patient characteristics with CS-patients and TIA-patients (columns 5-9).

TGA patients AIS patients Comparisons TGA patients CS patients (N = 160) TIA patients Comparisons TGA Post-hoc tests
(N =277) (N = 216) TGA vs. AIS (N =277) (N = 56) vs. CSvs. TIA TGA vs. CSvs. TIA
Age 67.1 £10.3 70.3+14.8 U = 35,904.500, 67.1 £10.3 711 +13.9 69.4 +£14.7 ¥? 16.169, p < 0.001, TGA < CS
277/277 216/216 z=23.817,p < 0.001? 277/277 160/160 56/56 df =24 (z=-4.002,
p < 0.001)°
Male 39.0% 56.0% ¥? =14.149, 39.0% 55.0% 58.9% Y2 = 14.407, TGA
108/277 121/216 p < 0.0012 108/277 88/160 33/56 p =0.001, df = 29 (z=-8.762,
p < 0.001)°
CHA,DS,-VASC score on 29+16 3.7+£17 U = 21,823.000, 29+16 3.7+£17 35+1.7 %2 27.620, p < 0.001, CS > TGA
admission® 277/277 216/216 z=5.241,p < 0.001° 277/277 160/160 56/56 df = 2d (z=—-4.947,
p < 0.001)°
TIA > TGA
(z =2.946,
p =0.010) ¢
Diabetes mellitus 4.7% 20.4% x? =29.011, 4.7% 20.0% 21.4% ¥? =29.093, df = 2, TGA
13/276 44/216 p < 0.0012 13/276 32/160 12/56 p < 0.001° (z= —5.386,
p < 0.001)°
CS (z=4.049,
p < 0.001)¢
Antihypertensive therapy at 73.3% 90.7% ¥? = 23.926, 73.3% 91.3% 89.3% ¥? = 25.676, df = 2, TGA
discharge 200/273 196/216 p < 0.0012 200/273 146/160 50/56 p < 0.001° (z=-4.891,
p < 0.001)°
CS
(z=4.035,
p < 0.001)¢
LVEF < 50% 2.2% 5.3% %2 = 1.901, 2.2% 7.1% 0% ¥2 =6.796, df = 2, n.s.
3/135 10/190 p =0.1682 3/135 10/140 0/50 p = 0.033
Septal hypertrophy (women 68.0% 84.6% 2 =12.177, 68.0% 87.7% 76.0% ¥? =15.081, df = 2, TGA
> 9mm, 87/128 159/188 p < 0.0012 87/128 121/138 38/50 p =0.0012 (z =3.490, p = 0.002)¢
men > 10mm)
CS
(z=-8.706,
p =0.001)¢
Cerebral stenosis 6.8% 19.0% ¥? = 16.556, 6.8% 23.1% 71% ¥? =26.419, df = 2, TGA
18/266 41/216 p < 0.0012 18/266 37/160 4/56 p < 0.0012 (z=—4.069,
p < 0.001)
CS
(z=15.139,
p =0.004) 9
Atrial fibrillation 6.9% 18.1% ¥2 = 14.429, 6.9% 19.4% 14.3% ¥? = 15.460, df = 2, TGA
19/275 39/216 p < 0.0012 19/275 31/160 8/56 p < 0.0012 (z=-8.799,
p < 0.001)
CS
(z=3.610,
p =0.004) 9
(Continued)
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TABLE 2 | Continued

TGA patients AIS patients Comparisons TGA patients CS patients (N = 160) TIA patients Comparisons TGA Post-hoc tests
(N =277) (N = 216) TGA vs. AIS (N =277) (N = 56) vs.CSvs. TIA TGA vs. CSvs. TIA
Cholesterol serum level on 216.9 £ 41.7 191.9 + 48.1 U = 17,355.000, 216.9 £ 41.7 191.7 £ 481 192.6 + 48.4 X2 37.624, p < 0.001, TGA > TIA
admission 248/277 214/216 z=-38.837,p 248/277 158/160 56/56 df =2¢ (z=-8.573,
<0.001° p = 0.001)
TGA > CS
(z=5.760,
p < 0.001)9
Serum glucose level on 117.3 £ 20.9 134.1 £ 47.6 U = 34,350.500, 117.3 £ 20.9 132.6 + 44.4 138.5 + 56.1 x2 14.233, p = 0.001, TGA < TIA
admission 269/277 213/216 z=23,755, p < 0.001° 269/277 158/160 55/56 df =2¢ z=2.611,p=0.027)
TGA < CS
(z=-38.291,
p =0.003) ¢
HbA1c on admission 5.49 4+ 0.62 6.00 +1.13 U = 32,179.000, 5.49 4+ 0.62 6.00 & 1.08 5.99 +1.25 ¥? 22.968, p < 0.001, CS > TGA
243/277 212/216 z=4.601, p < 0.001° 243/277 156/160 56/56 df =2¢ (z=—4.753,
p < 0.001)d
CRP on admission 21+34 111 +£247 U = 38,497.000, 21+34 181 +£27.5 54+125 x2 42.826, p < 0.001, CS > TGA
275/277 216/216 z=5.641,p < 0.001° 275/277 160/160 56/56 df =2¢ (z=—6.501,
p < 0.001)
CS > TIA
(z=-3.318,
p = 0.003) ¢
Systolic blood pressure 170.0 £ 23.3 162.0 + 26.4 U = 18,941.000, 170.0 £ 23.3 162.8 + 27.0 169.8 + 24.8 X2 12.509, p = 0.002, TGA > TIA
(SBP) on admission 237/277 196/216 z=-38.306, p 237/277 141/160 55/56 df =2¢ (z=-8.092,
=0.001° p = 0.006)
TGA > CS
(z=12.475,p =0.04)¢
Diastolic blood pressure 92.24+13.0 87.14+17.3 U = 17,355.000, 92.2 4+ 13.0 87.44+17.6 86.4 +16.5 ¥2 14.722, p = 0.001, TGA > TIA
(DBP) on admission 226/277 196/216 z=-3.837,p 226/277 141/160 55/56 df =2° (z=-2.497,
< 0.001° p = 0.038)¢
TGA > CS
(z = 3.486,
p =0.001)9
Hypertensive crisis on 72.2% 57.7% ¥2 =9.992, 72.2% 60.3% 50.1% ¥? = 11.533, TGA
admission' 171/237 113/196 p = 0.0022 171/237 85/141 28/55 p =0.0032 (z=-8.161,
p = 0.007)

aChi square.
b\ann-Whitney-U-Test.

CKruskal-Wallis test used as appropriate. Post-hoc p-values were adjusted via.

dinverse Bonferroni (Pagj = P * K, k being the number of comparisons) in order to correct for multiple testing and alpha error accumulation. n.s., not significant.
©CHA2DS»-VASc score on admission: for AIS-Patients, the current stroke event was not included, but a previous stroke event was considered.

"Definition of hypertensive crisis on admission: (1) in chronic hypertensive patients (= antihypertensive medication was required during hospital stay and at discharge), systolic blood pressure value > 179 mm Hg and/or diastolic blood
pressure value > 109 mm Hg, and (2) in normotensive patients (no antihypertensive medication was required after day of admission and at discharge), systolic blood pressure value > 159 mm Hg and/or diastolic blood pressure value

> 99 mm Hg.
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FIGURE 2 | (A) Comparison of the parameters of the vascular risk profile between patients with stroke (AlS-patients, white) and TGA (TGA-patients, gray) using
boxplots. *p < 0.05; **p < 0.001. In this figure, stroke patients include patients with transient ischemic attack (TIA) and completed stroke (CS). (B) Comparison of the
parameters of the vascular risk profile between patients with TIA (TIA-patients, dark gray; left boxplots), completed stroke (CS-patients, white, middle boxplots), and

ammonis is known to show a selective vulnerability to metabolic
and oxidative stress caused by hypoxaemia, 3-amyloid-induced
neurotoxicity, and ischaemia mediated by glutamate overload
and calcium influx (9, 28). Several studies have described
emotional, physical, and behavioral stress situations preceding
the onset of TGA (9).

The brain is protected from extremes of blood pressure by
an autoregulation system that ensures constant perfusion over a
wide range of systemic pressures. In normotensive individuals,
cerebral blood flow remains unchanged between mean blood
pressures of ~60 and 150mm Hg. At pressures above the
upper limit of autoregulation, hypertensive encephalopathy may
occur (29). Our data present acute hypertensive peaks as a
possible trigger for TGA, especially in patients not adapted
to hypertension. The bilateral occurrence of DWI lesions in
a number of patients further supports this hypothesis (as
opposed to microembolic infarcts). This theory is fundamentally
supported by the observation that AIS-patients in our study
had a significantly higher incidence of microangiopathic lesions,
which in turn is indicative of cerebrovascular risk factors,
such as chronic hypertension (30). Patients with chronic
hypertension suffer from hypertrophy of the arterioles, which
reduces the transmission of blood pressure to the capillary
region. Thus, hypertensive emergencies occur only at higher

blood pressure levels. However, the acute phase of TGA may
be considered as a form of hypertensive encephalopathy that
goes beyond an isolated hypertensive urgency due to the
neurological symptoms.

The observation of higher blood pressure values in TIA-
patients compared to TGA-patients has been described before
(21, 31) but was never assessed systematically in the acute phase
of the syndrome in a representative patient cohort. Several
studies investigated the association with chronic hypertension
(16, 21, 31). In contrast, in our study we analyzed blood pressure
values in the initial phase after symptom onset. The only study
which reported elevated SBP values in the acute phase was
by Nedelmann et al. (32). In this study, 21 of 22 patients
with TGA showed elevated mean pressure 3h after onset of
symptoms (180.9/98.3 mmHg), and one-third of patients had
SPB values above 200 mmHg. In our study we can systematically
demonstrate a relevant influence of blood pressure dysregulation
in the acute phase of TGA in a larger cohort and in comparison
to stroke patients.

Regarding microangiopathy, the study by Enzinger et al.
showed no significant difference in the extent of microangiopathy
between TGA-patients and HC (16). Another study showed a
similar prevalence of cerebral microangiopathy compared to our
study (33).
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HIPPOCAMPAL DWI LESION

MRI reveals typical DWTI lesions with corresponding T2-lesions
in the CAl region of the hippocampus 24-72h after TGA,
which are detectable for 10-14 days (8). An analysis of 17
studies showed that in more than half of TGA-patients DWI
lesions in the hippocampus are detectable if appropriate imaging
techniques are applied (7). These lesions are more often unilateral
but can also occur bilaterally. If no hippocampal lesions are
encountered, first of all technical aspects (timing, acquisition
protocol) should be considered and carefully be reviewed.
Frequently, MRI scan is performed early to disclose AIS. In
these cases, a repeated MRI scan within the appropriate time
window for proof of TGA lesions might be indicated. Yet,
absence of characteristic DWI lesions does not rule out TGA,
i.e., clinical TGA criteria do not require a confirmation by MRI.
In our TGA population, MRI was not performed exclusively to
detect typical hippocampal DWT lesions, but rather frequently to
disclose a stroke.

In our study, TGA-patients without DWI lesions were older
and had a higher CHA;DS;-VASc score. Interestingly, patients
without DWI lesions showed more septal hypertrophy (>11 mm)
in transthoracic echocardiography as a potential sign of chronic
hypertensive heart disease. However, according to a predefined
increased septal thickness (women > 9 mm, men > 10 mm) (24),
the measured values did not reach significance, so this cannot be
considered a robust finding but merely an indication of possible
chronic hypertension. Furthermore, septal hypertrophy is not
specific evidence of hypertensive heart disease and may have
other causes (27).

In previous studies, the vascular risk profile of TGA-patients
and concomitant changes on brain MRI did not show significant
differences between DWI-positive and DWI-negative subjects
(16). Winbeck et al. (7) described that TGA-patients with DWI
lesions had a more pronounced vascular risk profile and were
significantly more likely to have carotid atherosclerosis than
DWI-negative TGA-patients.

In contrast, our data suggest that the detection of DWI
lesions could also be a sign of lack of adaptation to the trigger
hypertensive dysregulation. The higher CHA;DS,-VASc score
and more frequently detected septal hypertrophy are signs of a
possible adaptation to hypertension.

OTHER RISK FACTORS

Our study suggests a gender distribution of 61% women and
39% men. Although, other studies reported also a female
predominance (3, 14, 18, 34), a meta-analysis revealed no
significant gender difference (46.4% men and 53.6% women;
x> = 0.48, p = 0.49) between the 1,333 patients collected from
52 published case series (n = 91) and 34 published group studies
(n = 1,171) (34). More recent studies published after this meta-
analysis also reported a female predominance (14, 33). A possible
explanation could be the frequent diagnosis of stroke mimics in
women despite similar symptoms compared to men (35).

The current study showed a significant age difference between
TGA-patients and AIS-patients. The mean age of our TGA
population was in line with the mean age of many other reported

study populations (14, 20, 21, 31, 33, 36). Furthermore, the age of
our AIS-patients was consistent with other large stroke cohorts
(37, 38) in previous studies.

The current study showed a higher prevalence of
hyperlipidemia on admission in TGA-patients compared to
AlS-patients. This observation was also reported in a previous
study by Jang et al. (21). Other studies demonstrated lower
lipid levels in TGA-patients compared to TTA-patients (18). In
the reported study (21), the proportion of TGA-patients who
had previously received lipid-lowering therapy was significantly
lower than that of TIA-patients or HC. The authors concluded
that the number of patients first diagnosed with hyperlipidemia
was higher when evaluated for TGA than those of TIA-patients
or HC.

A decreased prevalence of diabetes mellitus in TGA-patients
compared to TTA-patients was previously reported (7, 18, 20, 21),
which is in line with our findings, where blood glucose levels were
lower in TGA-patients compared to AIS-patients. These figures
might indicate a less pronounced cardiovascular risk profile.

Regarding inflammation, elevated levels of C-reactive protein
(CRP) are present among patients at risk for first-ever myocardial
infarction and stroke (39). Furthermore, elevated CRP levels
independently predict the risk of future stroke and transient
ischemic attack in the elderly (40). To our knowledge, systematic
investigation of CRP levels in TGA-patients has not yet been
published. Our study showed significantly lower CRP levels
in TGA-patients.

An age-matched analysis by Lauria et al. found that
TGA-patients had a significantly lower prevalence of atrial
fibrillation than TIA-patients (20). These data are consistent
with our observation that TGA-patients have lower CHA,DS,-
VASc scores.

Due to the retrospective study design, the exact time of
symptom onset and the resulting time interval between symptom
onset and the MRI examination could not be clearly ascertained
in all cases. Furthermore, in many cases, the retrospective
study design did not allow tracking of prior lipid-lowering
medication. Thus, the evidence of a higher prevalence of
hypercholesterolemia may be related to lipid-lowering therapy in
stroke patients.

CONCLUSION

In conclusion, our data support the observation of significant
differences in the vascular risk profile between TGA-patients
and AIS-patients. TGA-patients are younger, more often female,
have higher prevalence of hyperlipidemia, lower blood glucose
levels, lower CRP levels, and lower CHA,DS,-VASc scores
compared to AIS-patients. TGA-patients are less likely to
have chronic hypertension, which is reflected in lower levels
of consecutive hypertensive disorders such as the extent of
cerebral microangiopathy and septal hypertrophy. However,
TGA-patients have higher blood pressure values on admission
compared to TIA-patients as well as CS-patients. This may be
explained by the fact that patients with chronic hypertension
have the opportunity to get adapted to hypertensive blood
pressure values, but carry in the long run a higher risk of
secondary diseases such as heart attack and stroke. Patients
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without chronic hypertension seem to be more sensitive to
hypertensive peaks and are more likely to suffer TGA as a
result of these acute dysregulation causing metabolic stress in the
vulnerable hippocampal CA1 sector.

Our study design do not allow us to prove a causal
relationship, but the observation of an increased risk of TGA
during physical exercise, Valsalva maneuvers, as well as coitus
support the observation that blood pressure peaks may play an
important role in the pathophysiology of TGA.
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