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A b s t r a c t

Aim of the study: Migraine is considered not only as a separate clinical entity but also as a symptom of various brain 
disorders, including cerebral small vessel diseases. Since cerebral small vessel diseases are usually general angiopathies, 
evaluation of biopsy material other than brain tissue may help in their diagnosis in vivo. In patients with migraine, brain 
magnetic resonance imaging (MRI) often shows hyperintense changes in the cerebral white matter. Such changes may 
indicate the symptomatic nature of migraine and coexisting structural or biochemical vascular abnormalities.
Material and methods: To verify the hypothesis of the symptomatic nature of migraine in patients with abnormal 
brain neuroimaging, we performed an ultrastructural examination of skin and skeletal muscle vessels in biopsy mate-
rial from 40 patients with clinically diagnosed migraine and hyperintense white matter lesions on MRI.
Results: In 80% of the examined patients, ultrastructural examination showed various pathological changes in the 
microvessels including abnormalities characteristic of cerebral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy (CADASIL) and elastin disorders, as well as less specific changes such as thicken-
ing of the basal lamina, narrowing of the vessel lumen, degeneration of the vessel wall cells, endothelial activation, 
oncosis-like changes, and the presence of various types of deposits in the vessel wall. In 20% of the examined cases, 
ultrastructural examination of the vessels was normal.
Conclusions: Patients with migraine and hyperintense cerebral white matter changes on MRI have an increased risk 
of concomitant microangiopathy. In this group of patients, skin-muscle biopsy allows the identification of cases with 
coexisting vessel abnormalities.
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Introduction 

Many epidemiological studies suggest that migraine 
is associated with  disorders  of the cerebral, coronary, 
retinal, dermal, and peripheral vasculature. Migraine 
correlates with a  higher risk for myocardial infarction 

and ischaemic stroke [4], and is one of the prominent 
features of some genetic cerebral small vessel diseas-
es including cerebral autosomal dominant arteriopa-
thy with subcortical infarcts and leukoencephalopathy 
(CADASIL), retinal vasculopathy with cerebral leuko-
dystrophy (RVCL), hereditary infantile hemiparesis, 
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retinal arteriolar tortuosity and leukoencephalopathy 
(HIHRATL), or the recently discovered cathepsin-A-relat-
ed arteriopathy with strokes and leukoencephalopathy 
(CARASAL) [10,18]. Migraine is also a  common symp-
tom of mitochondrial diseases such as Leigh-syndrome, 
Alpers-Huttenlocher disease, MELAS (mitochondrial 
encephalopathy, lactic acidosis, and stroke-like episodes) 
syndrome, MERRF (myoclonic epilepsy with ragged red 
fibres) syndrome, mitochondrial recessive ataxia syn-
drome, chronic progressive external ophthalmoplegia 
(CPEO), and others (references in [11]). Because many 
diseases of small cerebral vessels are generalized 
angiopathies, introducing skin or skeletal muscle biopsy 
into their diagnostics allows their early detection. 

In brain magnetic resonance imaging (MRI) scans 
of migraineurs, cerebral white matter often shows 
hyperintense changes in the T2-weighted images or 
the FLAIR image. These confluent or multiple punc-
tate hyperintensities are known as white matter 
lesions (WMLs), which are seen in the deep or peri-
vascular white matter. WMLs are common in the gen-
eral population, reaching approximately 10% in the 
fourth decade of life [9], but their prevalence in pa  -  
tients with migraine is higher and reaches up to 
40% [8,12]. While some authors deny the correla-
tion between migraine and WML, others suggest 
that disorders leading to migraine may also be 
responsible for microstructural changes and micro-
angiopathy [1]. Although the aetiology of WML is 
unclear, one possible explanation for their presence 
is ischaemic damage caused by prolonged hypoper-

fusion during a migraine attack [3]. There are some 
speculations that in migraineurs, blood vessels may 
show primary or secondary structural abnormalities 
to migraine, and therefore migraine may be a mirror 
of the vessel wall state [2]. To verify this hypothesis, 
we performed an ultrastructural assessment of ves-
sels in migraineurs.

Material and methods

The study group consisted of 40 patients with 
migraine and hyperintense white matter chang-
es in MRI scans (Fig. 1) but without risk factors for 
cerebral vascular diseases such as hypertension, 
diabetes, and dyslipidaemia. The group consisted 
of 30 women and 10 men aged 8-58 years (mean 
age 41). In the examined cases, 24 patients had only 
migraine (group 1 – isolated migraine). Group 2, 
called “migraine plus”, consisted of 16 patients who, 
in addition to the migraine, later developed other 
comorbidities such as transient ischaemic attacks, 
dementia, epilepsy, or various neurological deficits. 
The clinical characteristics of the examined popula-
tion are presented in Table I. 

Migraine was diagnosed according to the Inter-
national Headache Society criteria based on the  
3rd beta [22] and verified in the 3rd edition from 
2018 [23]. The duration of the disease ranged 
between 1 and 33 years. The frequency of migraine 
attacks ranged from 1 attack per week to 1 attack 
per 6 months (mean frequency 1 attack per month). 
All patients underwent routine brain MRI, which 

Fig. 1. Different types of hyperintense changes in the cerebral white matter on MRI. A) Periventricular 
hyperintensities, patient No. 27, B) scattered round foci on a background of confluent white matter hyper-
intensities, patient No. 6, C) subcortical festoon-like strong signal, patient No. 22.
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Table I. Clinical and ultrastructural characteristics of the studied material

Group 1: Isolated migraine

No. Sex/age Main microvascular ultrastructural changes 

1 F/37 Characteristic of CADASIL

2 F/27 Thickened multilayer basal lamina, intra- and extracellular isomorphic deposits of compact material, 
swelling of endothelial cells 

3 M/34 Thickened multilayer basal lamina, endothelial activation, narrow and irregular vessel lumen

4 F/38 Thickened basal lamina

5 F/58 Elastinopathy (dark deposits within elastin), thickened multilayer basal lamina

6 F/39 Elastinopathy (lack of elastin)

7 F/24 Elastinopathy (dark deposits within elastin)

8 F/36 Elastinopathy (dark deposits within elastin), atypical lobular endothelial nuclei

9 F/46 Swelling of endothelial cells and pericytes, extracellular vesicular structures

10 F/31 Swelling of endothelial cells and pericytes, extracellular vesicular structures

11 F/58 Swelling of endothelial cells and pericytes, endothelial activation, narrow and irregular vessel lumen, 
intracellular deposits of osmiophilic compact material

12 F/42 Swelling of endothelial cells and pericytes, endothelial activation, narrow and irregular vessel lumen, 
intracellular deposits of osmiophilic compact material

13 F/56 Endothelial activation, narrow and irregular vessel lumen, intracellular opalizing inclusions

14 F/29 Endothelial activation

15 M/52 Endothelial activation

16 F/57 Endothelial activation

17 F/46 Narrow and irregular vessel lumen

18 F/45 Deposits of osmiophilic material in VSMC, extracellular vesicular structures and vacuoles

19 F/35 Normal

20 F/38 Normal

21 F/29 Normal

22 F/46 Normal

23 F/25 Normal

24 M/29 Normal

Group 2: Migraine plus

No. Sex/age Additional symptoms and signs Main microvascular ultrastructural changes

25 M/57 Progressing dementia, Babinski sign Characteristic of CADASIL 

26 F/42 TIA Characteristic of CADASIL

27 M/54 Since 50 y.o. progressing dementia Characteristic of CADASIL

28 M/57 Pyramidal-extrapyramidal syndrome Characteristic of CADASIL

29 M/8 FHM, epilepsy Severe, oncosis-like cell swelling 

30 M/36 FHM Severe, oncosis-like cell swelling 

31 M/46 Memory disturbances Swelling of endothelial cells and pericytes

32 F/45 TIA Endothelial cell swelling, intracellular opalizing inclusions

33 F/34 Epilepsy Endothelial activation, intracellular opalizing inclusions

34 F/43 Epilepsy Endothelial activation, bright VSMC, extracellular 
vesicular structures and vacuoles

35 F/36 Subjective memory problems, 
psychoneurological tests normal

Swelling of endothelial cells and pericytes, intracellular 
osmiophilic compact deposits

36 F/53 Depression Cell swelling, narrow and irregular vessel lumen 
endothelial activation

37 F/48 Depressive-delusional syndrome, progressive 
spastic tetraparesis 

Endothelial activation, enlarged mitochondria, 
cytoplasmic vacuoles in pericytes and VSMC 

38 F/54 Brisk right tendon reflexes, right Babinski sign Enlarged mitochondria, cytoplasmic vacuoles  
in endothelial cells and pericytes

39 M/38 Ischaemic stroke at the age of 35 years 
(persistent foramen ovale)

Normal

40 F/32 Minimal left pyramidal syndrome Normal

FHM – familial hemiplegic migraine, TIA – transient ischaemic attack, VSMC – vascular smooth muscle cell
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revealed an increased signal in the cerebral white 
matter. Echocardiography and Doppler ultrasound 
examination of the carotid and vertebral arteries 
were performed to rule out cardioembolic causes of 
these hyperintensities. Skin and muscle biopsy was 
performed in the studied patients due to suspected 
vasculitis or CADASIL. Tissue samples were prepared 
for ultrastructural examination according to routine 
procedures, and they were assessed using a  Jeol 
1400 Plus electron microscope.

The control group consisted of 20 skin and mus-
cle biopsies from age-matched patients with sus-
pected myopathy and without typical risk factors for 
cerebrovascular diseases. 

Results

In 32/40 patients (80%) (p < 0.005) ultrastructur-
al examination revealed various pathological chang-
es in microvessels (Table I) (Fig. 2). 

In 5 cases, changes characteristic of CADASIL 
were found (Fig. 3A). In these patients, microves-
sels revealed degeneration and loss of pericytes or 
vascular smooth muscle cells, as well as deposits of 
granular osmiophilic material (GOM), which were 
pathognomonic for the disease, in the vascular 
media or basal lamina. In all patients with an ultra-

structural picture characteristic of CADASIL, genetic 
tests confirmed the diagnosis.

In the remaining 27 patients with ultrastructural 
microvessel abnormalities, the pathological changes 
were not pathognomonic for any currently known 
angiopathy. The most commonly observed extra-
cellular pathological changes were vesicular struc-
tures (Fig. 3B) or vacuoles (Fig. 3C) in the extracel-
lular matrix. In 6 patients, microvessels showed only 
irregular shape and collapsed vessel lumen (Fig. 3D). 
In 3 cases the basal lamina was thickened (Fig. 3E, F), 
and additionally in 2 of them multiplication of its 
layers was seen. These changes were visible in both 
small arteries (Fig. 3G) and capillaries (Fig. 3H). In 
3 patients isomorphic osmiophilic deposits located 
below the endothelial cells within elastin were noted 
(Fig. 3I, J), and in 1 case instead of elastin a homoge-
nous lucent material was visible (Fig. 3K, L). 

Ultrastructural abnormalities were also observed 
in the vessel wall cells. Endothelial activation was 
seen in 11 cases. Such cells showed an increased 
number and length of filopodia projecting into  
the lumen of the vessel and often constricting it  
(Fig. 4A, B, F). Frequently, erythrocytes adjacent to 
filipodia (Fig. 4B) or paramural accumulation of 
platelets were found in microvessel lumen (Fig. 4C). 
Endothelial cells often had atypical lobular nuclei  
(Fig. 4E, L). Swelling of the cells, sometimes so 
severe that it resembled oncosis, was observed in 
11 pa tients. In 7 cases it was the only ultrastructural 
abnormality, while in 4 cases it coexisted with other 
vascular pathological changes. Swollen endothelial 
cells (Fig. 4D, E), enlarged pericytes, pale cytoplasm 
with numerous vacuoles or multivesicular struc-
tures, and enlarged mitochondria were observed. 
Sometimes, the cytoplasm of such cells contained 
no intracellular organelles, or they were only single. 
Swollen endothelial cells often narrowed or even 
completely occluded the lumen of the microvessels 
(Fig. 4E). 

Numerous vacuoles, sometimes very large and 
with granular material inside (Fig. 4F,G), as well as 
round opalescent homogeneous inclusions (Fig. 4H, I) 
and isomorphic deposits of dark osmiophilic mate-
rial (Fig. 4J, K), were observed in the extracellular 
matrix and in cytoplasm of all types of vessel wall 
cells. In one case, deposits of osmiophilic material in 
vascular myocytes had a different appearance than 
in the others: they were more regular in shape and 
lighter in colour, less compacted or grainy, and with 

Fig. 2. The prevalence of different types of micro-
angiopathies in the studied material (n = 40).
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Basal lamina thickness 
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Elastinopathy 10%
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Cell swelling 18%

Mixed 15%



267Folia Neuropathologica 2021; 59/3

The spectrum of microvascular ultrastructural changes in the subpopulation of patients with migraine and cerebral white matter  
hyperintensities on MRI

Fig. 3. Ultrastructural changes in vessel wall; asterisk marks vessel lumen. A) CADASIL – degeneration of 
pericytes, thinned basal lamina, and pathognomonic GOM deposits (arrows) in capillary vessel; patient 
No. 1; bar 500 nm. B, C) Various types of huge vesicular structures (arrows) in the basal lamina of skin 
arterioles. Some vacuoles contain calcium deposits (C). B – patient No. 34, C – patient No. 18; bar 500 nm. 
D) Irregular shape and “collapsing” of the capillary vessel lumen; patient No. 36; bar 500 nm. E) Three 
capillaries with thickened basal lamina; patient No. 4; bar 500 nm. F) Skin arteriole with thickened basal 
lamina and deposits of osmiophilic grainy material inside it; patient No. 3; bar 500 nm. G, H) Multiplication 
of the basal lamina layers in the thickened arteriole (G – patient No. 2; bar 200 nm) and capillary vessel 
(H – patient No. 3; bar 500 nm). I-L) Elastinopathy; isomorphic osmiophilic deposits within elastin in skin 
small artery (patient No. 7; I – bar 1 µm; J – bar 100 nm); lucent homogenous material in location of elastin 
in skin small artery (patient No. 6; K – bar 1 µm; L – bar 100 nm).
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lamellae along their periphery (Fig. 4M). Enlarged 
mitochondria, often without cristae, and mitochon-
drial conglomerates were often seen in endothelial 
cells, pericytes, and vascular smooth muscle cells 
(Fig. 4N, O).

Discussion

Our study revealed frequent coexistence of 
migraine and microangiopathies. Linkage and genet-
ics studies to date have identified genomic regions, 



Fig. 4. Ultrastructural changes in vessel wall cells. A) Activated endothelial cells with an increased number and length 
of filopodia extending into the lumen of the capillary vessel; patient No. 14; bar 500 nm. B) Erythrocyte adjacent to the 
filopodia of activated endothelial cells (arrows); patient No. 14; bar 500 nm. C) Paramural accumulation of platelets in 
a capillary vessel with activated endothelium; patient No. 15; bar 500 nm. D) Swollen endothelial cell with pale cyto-
plasm containing vesicular structures and enlarged reticular cisterns; patient No. 32; bar 500 nm. E) Capillary vessel with 
lobulated endothelial nucleus and extremely swollen endothelial cell occluding its lumen; patient No. 29; bar 500 nm. 
F, G) Huge vacuoles with granular material in endothelial cells of skeletal muscle capillary vessel (F) and arteriole (G); 
patient No. 10; bar 500 nm. H, I) Round homogenous opalizing inclusions in the endothelial (H) and vascular smooth 
muscle (I) cells; patient No. 33; bar 500 nm. J, K) Isomorphic deposits of osmiophilic compact material in the endothelial 
(J – patient No. 11) and vascular smooth muscle (K – patient No. 12) cells; bar 500 nm. L) Bizarre lobulated endothelial 
nuclei invading into and occluding the vessel lumen; patient No. 8; bar 500 nm. M) Oval deposits of grainy material 
with peripherally located lamellar structures (inserts) in vascular smooth muscle cell; patient No. 18; bar 200 nm.  
N, O) Clusters of enlarged mitochondria in pericyte (N) and endothelial cell of skeletal muscle capillary vessel; patient 
No. 38; bar 500 nm.
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and in some cases even genes that are responsible 
for, or potentially related to, migraine [20,21]. There-
fore, if genetic factors can determine the presence of 
migraine, there can also be genetically conditioned 
biochemical mechanisms or structural disorders 
responsible for the occurrence of migraine. Especial-
ly in the latter case, migraine ceases to be a separate 
disease and becomes a symptom of angiopathy.

When assessing the vessels, we found ultrastruc-
tural changes that allowed us to identify specific 
microangiopathies such as CADASIL, but in most 
cases, vascular abnormalities were not attributed to 
any currently known disease. One such ultrastruc-
tural change was the isolated thickening of the basal 
lamina. The presence of the thickened basal lamina 
suggests disturbances in compounds of the extracel-
lular matrix. It is possible that this group of patients 
will be diagnosed with collagenopathy, laminino- 
pathy, or some other type of “matrixopathy” in the 
future. Also, the presence of irregular osmophilic 
deposits with lamellar structures in myocytes seems 
to be a relatively characteristic abnormality that may 
allow the detection of a new microangiopathies in 
the future. Another characteristic ultrastructural dis-
order we observed was loss of normal elastin and 
the presence of dark or lucent isomorphic deposits 
in the vessel wall. These findings indicate that elast-
inopathy may be present in some migraineurs. 

However, most migraine sufferers have seen 
non-specific ultrastructural changes in the vessels 
such as endothelial activation, pathological mito-
chondrial accumulation, and cell swelling. These 
non-characteristic specific changes are probably 
secondary to other biochemical or functional dis-
turbances. Some of these non-specific abnormali-
ties seem to be the pathomechanism of a particu-
lar disorder. In 2 related patients from group 2 with 
familial hemiplegic migraine with CACNA1A muta-
tion (FHM1), the cell swelling was so severe that it 
resembled oncosis. In oncosis, deregulation of calci-
um currents is responsible for increased calcium con-
centration in the cell, water influx, and cellular swell-
ing preceding cell death [24]. In FHM1, CACNA1A  
mutations change the structure of CaV2.1 calcium 
channels, which open more easily [19], and which in 
turn can lead to oncotic changes in cells [7]. Howev-
er, these potential pathogenetic relationships do not 
contradict the non-specific nature of cell oedema 
and oncosis-like lesions in other disorders. In mito-
chondriopathies, for example, energy deficiency can 

manifest morphologically not only as an increased 
number of enlarged or aggregated mitochondria, but 
also as swelling of vascular wall cells. 

Mitochondriopathies are also important for 
another reason. In mitochondrial diseases, micro-
angiopathy may manifest clinically as migraine-like 
headache, leukoencephalopathy, stroke-like epi-
sodes, or peripheral retinopathy, or may remain sub-
clinical and manifest only as the above-mentioned 
morphological abnormalities in vessel wall cells [6]. 
However, in a  retrospective analysis, it was found 
that migraine is common also in such non-symp-
tomatic patients with mitochondrial microangiopa-
thy [11], and some authors even suggest that aber-
rations in the mitochondrial DNA may contribute to 
the pathogenesis of migraine [13]. 

Recognition of microangiopathy in a  group of 
patients with migraine raises the question whether 
the clinical diagnosis of migraine is correct. Perhaps, 
in such patients, it would be better to diagnose 
migraine-like headaches instead of migraine. How-
ever, re-diagnosis is impossible without the results of 
a morphological examination of the vessels. Identifi-
cation of patients with migraine/migraine-like head-
aches and coexisting microangiopathy is important 
from a practical point of view. Studies showed that 
migraine is associated with an increased risk of cere-
brovascular diseases [16,17], and may be regarded 
as an early marker of some diseases like hereditary 
cerebral amyloid angiopathy, in which migraine pre-
cedes the occurrence of other clinical symptoms by 
several years [15]. Migraine, particularly migraine 
with aura, is also associated with an increased 
risk of cardiovascular events [5,16], and one of 
the plausible mechanisms predisposing individuals 
with migraine to vascular disease is dysfunction of 
peripheral arterial vessels [14]. If migraine itself is 
associated with an increased risk of cardio-cerebral 
vascular disease, then migraine with microangiopa-
thy increases the risk even more. The question arises 
whether the abovementioned vessel abnormalities 
observed in our patients can be markers capable of 
identifying patients with migraine who are more 
prone to vascular events, and how specific and sen-
sitive these markers are. Answers to these questions 
require further investigation. 

In summary, migraineurs should be carefully eval-
uated considering their  vascular  risk assessment. 
Our research has shown that skin and muscle biopsy 
can quickly identify microangiopathy in migraineurs. 
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Isolation of the group of patients with concomitant 
migraine and microangiopathy is of great clinical sig-
nificance because the risk of ischaemic stroke and 
other vascular diseases is higher in this group than 
for migraine alone. Perhaps this group of patients 
should be the target of special therapies and other 
preventive strategies that would prevent vascular 
brain damage.
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