Comprehensive magnetic resonance imaging evaluation
in a cohort of 145 patients with Takayasu’s arteritis.
Proposal for a standardised and systematic reporting format

M.E. Soto', G. Meléndez-Ramirez?, M.C. Herrera Zarza?, A. Meave?,
M_.A. Cruz Marmolejo?, A. Mendez—DomingueZ3, J.S. Arias-Fernandez?,
M.A. Aguirre-Delfin*

'Research Direction, Instituto Nacional de Cardiologia Ignacio Chdvez and American British
Cowdray Hospital Center, Mexico City; *Magnetic Resonance Department, Instituto Nacional
de Cardiologia Ignacio Chdvez, Mexico City; *Neurology Outpatient Clinic, Mexico City;
“Social Service of Investigation, Universidad Nacional Auténoma de México, Mexico City, Mexico.

Abstract
Objective
Takayasu'’s arteritis (TAK) is a rare disease affecting the aorta and its branches. Magnetic resonance imaging (MRI)
can assess vascular lesions, disease progression, activity, and the impact on different organs. Comprehensive MRI
study including whole-body angiography (WBA) and target-organ assessment is not performed in all patients with
suspected TAK. The aim of this study is to evaluate vascular and organic lesions in a cohort of patients with TAK
who underwent MRI and to propose a standardised and systematic reporting format of the findings.

Methods
Patients with =4 TAK criteria who underwent MRI between 2003-2024, were included. With a standardised format,
angiographic analysis of the presence and type of vascular lesion by segment was performed, including cerebral,
cardiac, lower limbs, and visceral arteries, as well as the impact on the target organ.

Results
A total of 145 patients with mean age 36+15 years, 128 (88%) women were included. Type V of the angiographic
classification was the most frequent. Involvement of cerebral 27 (18%), coronary 12 (8.2%), pulmonary 25 (17%),
right renal 50 (34%) and left 42 (39%), lower limb arteries 48 (33%), stroke 27 (19%) was found. Cardiac MRI was
done in 108 patients, any cardiac abnormality 70 (65%), myocardial infarction 10 (9.3 %), aortic regurgitation
26 (17%), mitral regurgitation 14 (8.3%) and complete AV-Block 1 (0.7%) was found.

Conclusion
Comprehensive assessment of patients with TAK by MRI with a standardised and systematic reporting format is
a tool that may allow better interdisciplinary communication in the study of this vasculitis.

Key words
Takayasu’s arteritis, systematic report of images, magnetic resonance comprehensive approach, organ damage

Clinical and Experimental Rheumatology 2026; 44: 695-707.



Comprehensive MRI in TAK / ML.E. Soto et al.

Maria Elena Soto, MD, MSc, PhD
Gabriela Meléndez-Ramirez, MD, MSc, PhD
Mary Carmen Herrera Zarza, MD
Aloha Meave, MD

Miguel Angel Cruz Marmolejo, MD
Aurelio Mendez-Dominguez, MD

Juan Salvador Arias-Fernandez, MD
Miguel Angel Aguirre-Delfin, MD
Please address correspondence to:
Gabriela Meléndez-Ramirez

Magnetic Resonance Department,
Instituto Nacional de Cardiologia
Ignacio Chdvez,

Juan Badiano 1, Col. Seccion XVI,
Tlalpan, México City 14080, México.
E-mail: gabrielamelram@yahoo.com.mx

Received on February 2, 2025, accepted
in revised form on June 18, 2025.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2026.

Funding: Open Access funding for this
article was supported by Instituto Nacional
de Cardiologia Ignacio Chdvez.

Competing interests: none declared.

696

Introduction

Takayasu’s arteritis (TAK) is a rare
chronic inflammatory disease, charac-
terised by the development of progres-
sive granulomatous arteritis, which
mainly affects the aorta and its branch-
es (1, 2). TAK is more frequent in the
Asian continent, although in Latin
American countries its diagnosis is
increasing (3-5). Annual incidence of
TAK in North America is 2.6 cases per
million (6). In Mexico TAK is a com-
mon vasculitis, although its actual inci-
dence is unknown. Between 80—90% of
TAK patients are women, most of them
in the second or third decade of life, al-
though it can also affect the paediatric
population (3, 7-9).

The aetiology is still unknown, howev-
er, in genetically predisposed individu-
als a chronic inflammatory process is
present, probably secondary to antigen
deposition in the arterial wall (10, 11).
The adventitia shows the earliest histo-
logical changes, progressing to panarte-
ritis, with mononuclear infiltration and
granulomas, proliferation of the intima,
as well as fibrosis and vascularisation
of the media with rupture and degen-
eration of the internal elastic lamina.
These alterations lead to the develop-
ment of different types of arterial lesion
(12-14).

Initial symptoms are non-specific and
correspond to the inflammatory phase
(15), posteriorly symptoms depend on
the involved artery and the type of lesion
(stenosis, occlusion and/or dilatation).
State of the art of non-invasive imaging
techniques, including ultrasound, com-
puted tomography angiography (CTA),
FDG-18 PET-CT and magnetic reso-
nance imaging (MRI) (16, 17), are used
for integral diagnosis and follow up in
TAK patients.

MR characterises the different types
of vascular lesion, its progression, as
well as the thickening of the vascular
wall, allowing to evaluate the activity
of the disease, as well as the treatment
response (17, 18). In addition, MRI can
assess the repercussion of the vascular
injury on the different organs (heart,
brain, kidney, etc). Cardiac MR (CMR)
assesses the cardiac chamber diameters
and volumes, wall thickness, segmental
systolic thickening, systolic function,

and the presence and type of late en-
hancement (LE).

Some authors have described the find-
ings of MR angiography and its correla-
tion with disease activity (19,20). How-
ever, few studies include information
on vascular and non-vascular damage.
Current guidelines, evaluated through
systematic reviews, provide informa-
tion on treatment and ideal follow-up
imaging studies. However, some pa-
tients present with organic damage in
the brain, heart, or lower extremities.
The arteries supplying these organs are
not considered to be fully evaluated
from the early stages of the disease.
Thus, when an ischaemic or haemor-
rhagic cerebral event occurs, or cardiac
or severe damage to the lower extremi-
ties occurs, it is unknown whether the
condition of the arterial supplying them
has been progressive or is of recent
onset. It is highly likely that if a com-
prehensive magnetic resonance study
is available from the onset of the dis-
ease when the diagnosis is made, this
could allow us to elucidate whether the
changes occurred acutely or are chroni-
cally progressive over time (21, 22).
This study aimed to describe the find-
ings of vascular and organic lesions
using a standardised and systematic
reporting format in patients with TAK
and to propose the worldwide use of
this tool to allow effective communica-
tion between all professionals involved
in the evaluation, treatment, follow-up
and research of this vasculitis.

Methods

This prospective study of a cohort with
TAK who underwent MRI between
January 2003 and September 2024, at
the request of their treating physician.
All patients fulfil = 4 criteria of the
American College of Rheumatology
(ACR) classification (23). In the case
of paediatric patients, PRINTO cri-
teria were used (24). All patients also
fulfil absolute requirements of the
2022 ACR/European Alliance of As-
sociations for Rheumatology (EULAR)
Classification criteria for TAK (25).
Patients were evaluated by a rheuma-
tologist in order to assess these criteria
as well as activity according to Kerr
and Dabague (26). Cardiovascular risk
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Fig. 1. Localisation and type of lesion. Volumetric reconstructions of angio-resonance, in (a) from the cerebral to the femoral arteries and in (b) from the bi-
furcation of the aorta to the distal segments of the lower limb’s arteries. 1) Right subclavian; 2) Right vertebral; 3) Right common carotid; 4) Brachiocephalic
trunk; 5) Left common carotid; 6) Left vertebral; 7) Left subclavian; 8) Ascending aorta; 9) Aortic arch 10) Descending thoracic aorta; 11) Pulmonary artery;
12) Supra renal abdominal aorta; 13) Infra renal abdominal aorta; 14) Right renal artery; 15) Left renal artery; 16) Celiac trunk; 17) Superior mesenteric;
18) Inferior mesenteric; 19) Right iliac artery; 20) Right femoral; 21) Right popliteal; 22) Right tibial/peroneal; 23) Left iliac artery; 24) Left femoral; 25)
Left popliteal; 26) Left tibial/peroneal (Table II).

Images c-h are axial (c) and volumetric reconstructions showing the different types of arterial lesions. Wall thickening (c) of the ascending aorta (arrow).
d) Non-significant stenosis (<50%) of the left common carotid artery (arrow). In (e) and (f) significant stenosis (=50%): in e) the arrowheads indicate the
significant stenosis of both subclavian arteries and in (f) of both pulmonary branches. In g) occlusion of the right subclavian artery (dashed arrow) and in

h) dilatation (*) of the right subclavian artery.

factors and symptoms or signs of or-
gan involvement were obtained from
medical records. Exclusion criteria
were contraindications to MRI (unsafe
pacemaker or implantable cardioverter
defibrillator, claustrophobia, etc.) or an
estimated glomerular filtration rate <30
mL/min/1.73 m> BSA.

This study was approved by the medi-
cal data authority through the Research
and Ethics Committee of the National
Institute of Cardiology Ignacio Chavez,
with number 13-800.

Study population

This prospective, dynamic cohort study
included male and female patients any
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age, all diagnosed with TAK, regard-
less of disease duration. The Research
Committee approved the study to eval-
uate outcomes over time. Regardless of
the time of diagnosis, patients who ex-
perienced acute or recent symptoms of
ischaemic or haemorrhagic cerebrovas-
cular disease, as well as angina or acute
myocardial infarction, were included.
The study was performed based on the
ordering physician’s recommendation.
In some patients, in addition to brain or
cardiac imaging, a complete MRI was
also considered to assess the patient’s
overall condition.

The diagnosis of cerebral ischaemic or
haemorrhagic events was determined

and evaluated by a neurologist and
classified by imaging. Typical angina
is present if patients report precordial
chest pain or discomfort; caused by ex-
ertion or emotional stress; and relieved
with rest and/or nitro-glycerine. Atypi-
cal angina was defined if the patient
had chest pain or discomfort lacking
one of the characteristics of typical an-
gina (27).

The time of evolution refers to the
time elapsed between symptom onset
and the MRI. This prospective study
included only MRI studies ordered
during the study period. These stud-
ies could be the first or consecutive.
When more than one was ordered, the
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Fig. 2. Comprehensive MRI evaluation in patients with TAK shows a standardised and systematic reporting format that should include the presence and
type of arterial lesion in each segment, listed in this chart and identified in Figure 1. Classify them as nonsignificant and significant (<50% and =50%),
occlusion (total stenosis of 100%) and dilation (when increase =50% of normal diameter); as well as wall thickness at different levels of the aorta (in mm).
The complete MRI should include the status of the cerebral, coronary, renal, and limb arteries.

one that included the greatest number
of regions with arterial damage was
considered.

Magnetic resonance

MR studies were performed on 1.5
Tesla MR system (Magnetom Sonata
and Magnetom Avanto Siemens Medi-
cal Solutions, Erlangen, Germany). In
cases where whole body angiography
(WBA) was requested, the acquisi-
tion included from the cerebral to the
tibial arteries. Imaging was performed
using phased-array head, neck, chest,
abdominal and extremity coils. MR an-
giography (MRA) was acquired after
the administration of gadolinium-based
contrast (0.15 mmol/kg, Gadovist,
Bayer Schering Pharma) followed by
20 mL of saline chaser, both at a rate

698

of 3 mL/s). Images were acquired in
breath-hold in two blocks, 10 seconds
for thorax and 12 seconds for abdomen
and lower extremities. The parameters
were as follow: TR/TE 2.6/0.8, flip an-
gle 25°, FOV 500x320 mm, acquisition
matrix 448x140, reconstruction matrix
670, acquisition voxel size 2.2 x 1.1 x
1.6 mm, slice thickness 1.5 mm. In cas-
es of thoracic-abdominal angiography
only chest and abdominal coils were
used. Axial T1 weighted fat saturated
post contrast images were acquired to
measure wall thickness.

The CMR protocol included functional
study using ECG-triggered breath-hold
segmented steady-state free precession
(SSFP) cine images in long and short
axis views, with the following parame-
ters: TR 62 msec, TE 1.2 msec, flip angle

55°, slice thickness of 8 mm, between 25
and 30 frames per cycle. In order to as-
sess LE, breath-hold ECG-triggered 2D
inversion-recovery (I-R) gradient echo
sequences (TR 880 mseg/TE 1.1 msec;
flip angle 40°) were acquired between
10 and 15 min after the administration
of gadolinium in the long and short-axis
projections according to the standard-
ised protocols (28, 29).

Brain MRI protocol at our institution
consists of T1, T2, FLAIR, T2*, time
of flight MR angiography (MRA) to
evaluate the intracranial circulation,
and diffusion weighted (DWI) se-
quences (30).

In 68 patients (46.8%) WBA, cardiac
and brain MR were done, in 40 (27.6%)
thoraco-abdominal MRA and CMR, 26
(17.9%) thoracic and abdominal angi-
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ography and 11 (7.6%) brain and tho-
racic-abdominal angiography.

Image analysis

Evaluation of the aorta and its main
branches, including lower limbs arter-
ies was performed. These were report-
ed as 26 different segments (Fig. 1).
According to the angiography results,
each segment was classified as with or
without lesion. Vascular lesion includ-
ed, wall thickening (wall thickness >3
mm) (20) non-significant and signifi-
cant stenosis (<50% and =50%), occlu-
sion and dilatation (increase = 50% of
normal diameter) (Fig. 1). When more
than one type of lesion was found in a
segment, the one with the greatest re-
percussion was recorded (occlusion on
significant stenosis).

According to magnetic resonance an-
giography findings, patients were cat-
egorised using the Hata angiographic
classification (31). Coronary involve-
ment was recorded when it had been
documented by invasive angiography
or computed tomography, or when
magnetic resonance imaging showed
LE with an ischaemic pattern.

Cardiac functional parameters and
mass were calculated using a special-
ised software (Leonardo and Argus,
Siemens Medical Systems, Erlangen,
Germany). The analysis of the left ven-
tricle (LV) was done using the Ameri-
can Heart Association’s segmentation
(32). The presence of any myocardial
LE was visually determined and the
predominant pattern was recorded as
follows: 1) subendocardial, 2) trans-
mural (=50% wall thickness, involving
the endocardium) 3) mid wall <50%
wall thickness, 4) mid wall =50% wall
thickness or 5) subepicardial (33).

MR images were evaluated by consen-
sus by a cardiologist and a radiologist
with 9 years of experience in cardio-
vascular imaging, unaware of patient
clinical information. Al CMR meas-
urements were done according to the
current guidelines. (34, 35).

If a stroke was detected, the report in-
cluded whether it was acute or chronic,
as well as the affected vascular terri-
tory (36).

Figure 2 shows a proposal for the com-
prehensive evaluation of MRI in pa-
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tients with TAK through a standardised
and systematic report format.

Statistical analysis

Continuous variables were expressed
as mean = SD or as median and inter-
quartile range (according to their dis-
tribution) and categorical variables as
percentages for descriptive variables.
This study does not require compara-
tive tests or optimal scaling studies
such as logistic or multivariate regres-
sion. Statistical analysis was performed
using SPSS version 22.0 (SPSS, Inc.,
Chicago, IL).

Results

A total of 145 patients were included,
128 (88%) were women, the mean age
was 36x15 years. Demographic and
clinical data are shown in Table I. Hy-
pertension was the most frequent co-
morbidity while claudication and head-
ache were the most frequent symptoms.
Whole-body angiography (WBA)
included all blood vessels from the
brain to the extremities, and cardiac
and brain magnetic resonance imaging
(MRI) was performed in 68 patients
(46.8%). Thoracoabdominal angiogra-
phy and cardiac MRI were performed
in 40 patients (27.6%).

Therefore, we were able to study 108
patients with CMR, as the two previous
studies included evaluation of this region.
Thoracic and abdominal angiography
was performed in 26 patients (17.9%),
and cerebral and thoracoabdominal an-
giography in 11 (7.6%). Thus, we were
able to evaluate the brain in 79 patients:
the 68 who underwent WBA and the
11 patients who underwent thoracoab-
dominal angiography and brain MRI.
The percentage of patients with arte-
rial or target organ abnormalities not
included in the guide was high: in the
brain 27 of 79 (34%), in the heart 34 of
108 (31%) and in lower limb arteries
48 of 68 (70%).

According to the angiographic classi-
fication, type V was the most frequent
(67% isolated or combined). Coronary
and pulmonary involvement was docu-
mented in 12 (8%) and 25 (17%) of the
patients, respectively.

Table II shows presence and type of
arterial lesion. The arteries most fre-

Table I. Demographic and clinical charac-
teristics n=145.

Age (years) 36+ 15

Female gender (%) 128 (88)
Hypertension (%) 77 (53)
Renal failure (%) 18 (12)
Stroke (%) 27 (19)
Myocardial infarction (%) 10 (7)

Symptoms

Headache (%) 67 (46)
Angiodynia (%) 35 (24)
Cataract (%) 7 (5)

Amaurosis (%) 24 (17)
Dizziness (%) 45 (31)
Claudication (%) 66 (46)
Upper limbs (%) 46 (32)
Lower limbs (%) 53 (37)

Angiographic classification (Hata)?’

I 15 (10)
I+P 2.
[+P+C 1 (0.7)
Ila+P 4 (2.8)
Ma+C 1.(0.7)
IIb 8 (5.5)
ITb+P 312
111 1 (0.7)
v 11 (8)
A 75 (52)
V+P 13 (9)
V+C 9 (6.2)
V+P+C 1 (0.7)

C: coronary involvement (12 patients); P: pulmo-
nary involvement (25 patients).

quently involved were the subclavian,
with occlusion as the most common
type of lesion in these vessels. Glob-
ally, non-significant stenosis and oc-
clusion were the most frequent types
of lesions. Dilation affected 97 (2.6%)
segments, mainly the brachiocephalic
trunk and ascending aorta. Wall thick-
ening was found mainly in the ascend-
ing aorta, aortic arch and descending
thoracic aorta.

Forty-eight patients out of 68 patients
(70%) in whom lower limb angiogra-
phy was performed had at least one af-
fected lower limb artery, with a median
age of 40 years (13-64) and a time of
evolution of the disease of 14 years
(2-46) (Table III). Of the 48 patients,
37 had single vessel involvement: ili-
ac, femoral or tibial (unilateral or bi-
lateral). In 11 patients, more than one
site was affected (Fig. 3e). Lesions that
affected the distal arteries, without af-
fecting the iliac were observed in 9 pa-
tients.

Twenty-seven out of 79 (34%) in
whom brain MRI was performed had
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Table II. Frequencies and type of arterial lesion in the aorta and its main branches.

Arterial lesion Without lesion ~ With lesion  Non-significant Significant Occlusion Dilatation Wall
stenosis stenosis thickening

1) Right subclavian 70 (48) 75 (52) 15 (10) 15 (10) 34 (23) 10 (7) 1 (0.7)
2) Right vertebral 129 (89) 16 (11) 534 32 6 (4) 2 (14) -

3) Right common carotid 82 (57) 63 (43) 11 (8) 19 (13) 20 (14) 8 (5) 5 (3)
4) Brachiocephalic trunk 74 (51) 71 (49) 14 (9.5) 19 (13) 16 (11) 20 (14) 2 (14)
5) Left common carotid 75 (52) 70 (48) 23 (16) 21 (14.5) 19 (13) 2(14) 5 (34)
6) Left vertebral 124 (86) 21 (14) 9 (6.2) 32 8 (5.5) 1(0.7) -

7) Left subclavian 46 (32) 99 (68) 21 (14) 21 (14) 52 (36) 4 (3) 1 (0.7)
8) Ascending aorta 105 (72) 40 (28) 5034 1(0.7) - 15 (10) 19 (13)
9) Aortic arch 111 (77) 34 (23) 7 (4.8) - - 6 4) 21 (15)
10) Descending thoracic aorta 93 (64) 52 (36) 19 (13) 5034 3(2) 7(5) 18 (12)
11) Pulmonary artery 120 (83) 25 (17) 11 (7.6) 10 (6.9) 1(0.7) 3.0 -

12) Supra renal abdominal Ao. 95 (65) 50 (35) 23 (16) 534 2(14) 7 (4.8) 13 9)
13) Infra renal aorta 83 (57) 62 (43) 31 (21) 11 (7.6) 6 (4.1) 4(2.8) 10 (6.9)
14) Right renal artery 95 (66) 50 (34) 17 (12) 27 (19) 6 (4) - -

15) Left renal artery 103 (71) 42 (39) 9 (6) 22 (15) 10 (7) 1(0.7) -

16) Celiac trunk 115 (79) 30 (21) 13 (9) 8 (5.5) 5 (3.4) 4 (3) -

17) Superior mesenteric 119 (82) 26 (18) 4 (3) 12 (8) 10 (7) - -

18) Inferior mesenteric 144 (99) 1 (1) - - - 1(0.7) -

19) Right iliac artery 111 (77) 34 (23) 15 (10.3) 8 (5.5) 11 (8) - -

20) Right femoral 132 (91) 13 (9) 2.(1) 6 (4) 5(3) - -

21) Right popliteal 141 (97) 4 (3) - 2(14) 2 (14) - -

22) Right tibial/peroneal 141 97) 4 (3) 1(0.7) 1(0.7) 2 (14) - -

23) Left iliac artery 115 (79) 30 (21) 11 (7.6) 7 (4.8) 11 (7.6) 1(0.7) -

24) Left femoral 135 (93) 10 (7) 1 (0.7) 4(2.8) 4(2.8) 1 (0.7) -

25) Left popliteal 143 (99) 2 (1) - 1(0.7) 1(0.7) - -

26) Left tibial/peroneal 141 (97) 4 (3) 1 (0.7) 2(14) 1 (0.7) - -
Total 2842 (75) 928 (25) 268 (7.1) 233 (6.1) 235 (6.2) 97 (2.6) 95(2.5)

Table III. Frequency of arterial injury in lower limbs with lesion in one or more vessels.

Angiographic classification (Hata)

Type of injury Age Evolution 1 I+P  1+P+C Ila+P Ila+C IIb IIb+P III IV 1v+P V V+P V+C V+P+C Total
in lower limbs years

Iliac (I) 40 (13-59) 13 (2-46) - - -- -- -- 1 1 4 1 16 5 2 - 30
Femoral (F) 21 (15-37) 12 (10-22) 1 -- - - - -- -- - 1 - 2 - - - 4
Tibial (T) 40 (35-50) 19 (18-23) -- 1 - -- - -- -- -- -- -- 1 - -- 1 3
One vessel 37
I+F+Poplitea (P) 64 10 - - -- -- -- - - -- -- - 1 -- - - 1
I+F 45 (18-61) 16 (7-30) 1 -- - -- - -- -- -- - -- 3 2 1 -- 7
F+P+T 41 (41-42) 3 (3-3) 1 -- - -- - -- -- -- -- -- 1 - -- -- 2
I+F+T 42 24 -- -- - -- - -- -- -- -- -- - - 1 -- 1
More than one vessel 11
Total 40 (13-64) 14 (2-46) 3 1 -- -- -- 1 1 -- 5 1 24 7 4 1 48

stroke (Table IV), 17 of the 66 women
(25.7%) and 10 of the 13 men (76.9
%), the median age and time of evo-
lution was 31 years (ICR 24-44) and
15 months (ICR 6-26 months) respec-
tively. Stroke as the first manifestation
of TAK occurred in 8 (29.6%) patients.
Nineteen (70%) of the patients with
stroke had a type V lesion of the angio-
graphic classification; 3 type I, 2 type
IIa and 2 IIb; only 1 patient had type
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IV lesion with involvement of the right
middle cerebral artery. In 5 of the 27
patients (19%) direct involvement of
the cerebral arteries was documented
(Fig. 3 a-c).

In 70 out of the 108 (65%) patients in
whom CMR was performed at least
one cardiac abnormality was found
(Table V, Fig. 3f, 4d, 4g).

Thirty-four patients had alteration in
cardiac geometry, twenty-three pa-

tients had LV systolic dysfunction of
which 6 had myocardial infarction, and
8 ventricular dilatation.

Thirty-eight patients had valvular le-
sion, most of them (30/38) affecting
only one valve. Regurgitation was
the most common valvular lesion, in-
volving the aortic valve in 24 patients
(22.2%) (Fig. 4d), two more patients
had double lesion. Isolated mitral re-
gurgitation was documented in 12 pa-

Clinical and Experimental Rheumatology 2026
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Fig. 3. 29-year-old male with type IV TAK of the angiographic classification. DWI sequence (a) and T1 (b), show an area of encephalomalacia adjacent
to the left lateral ventricle corresponding to a chronic ischaemic vascular event. The cerebral MRA(c) shows lack of signal from the left middle cerebral
artery (black arrow). Angiographic reconstructions (d, ) show normal diameter and morphology of the thoracic-abdominal aorta and supra-aortic vessels.
The right renal artery (arrowhead) is not observed with corresponding renal atrophy. Occlusion of the left common iliac artery and right external iliac ar-
tery (white dashed arrow and arrow). True FISP sequence in 4 chambers in systole (f) showing concentric hypertrophy and systolic dysfunction of the left

ventricle. LVEF 36% and mitral regurgitation.

tients (11%) and tricuspid regurgitation
in 9 patients.

Aortic dilatation was more frequent in
patients who presented moderate or se-
vere aortic regurgitation than in those
who did not, this showed significant
statistical differences 9/10 (90%) ver-
sus 7/94 (7 %) (p=0.0001). Thirteen of
the 16 (81%) patients with moderate
or severe aortic regurgitation had wall
thickening, versus 47/94 (62%) those
without regurgitation (p=0.16).
Pericardial effusion was documented in
8 patients and one patient had complete
A-V block as a first manifestation (37).
Inversion recovery sequence was per-
formed in 83 patients, LE was dem-
onstrated in 46 (55%); 9 patients with
transmural LE (ischaemic pattern) and
mid-wall LE in 37 (80%) (Table V, Fig.

4g).

Clinical and Experimental Rheumatology 2026

According to Kerr criteria activity was
found in 76% of the patients and by
MRI (wall thickening >3 mm) in 59%,
with concordance between them of
50% (p=0.001).

Discussion

Comprehensive imaging evaluation is
essential in patients with TAK since
this pathology can affect not only ves-
sels but also several organs. Therefore,
it is essential to systematise the acqui-
sition and analysis of images since the
diagnosis.

Angiography

This prospective study included 145
Mexican patients with TAK; according
to the angiographic classification, we
found that most of patients were type
V and the supra-aortic vessels, mainly

the subclavian arteries, were the most
affected, which is similar to that found
in the Chinese population (38).

The prevalence of brachiocephalic
trunk affection ranges from 8.8 to
46.8% (20, 39-44). In our study 49%
of patients had any type of the lesion
of this vessel with dilatation in 14%.
Superior mesenteric artery (SMA) in-
volvement was 18%. Patients with
TAK may complain of non-specific
abdominal pain, which is a challenge
for the physician, the differential diag-
nosis should include the possibility of
an occlusive mesenteric event where
imaging findings would allow prompt
diagnosis and improve the prognosis
(44-46). In the Mirouse study (47),
mesenteric ischaemia was the cause of
4 of the 16 deaths (25%).

In our series the involvement in renal
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Table IV. Clinical and arterial characteristics of patients with stroke.

Age Time Hata Arterial lesion Stroke location
years months
Occlusion Significative Non significative Wall Dilatation
stenosis stenosis thickening

1 16 2 1Ib Left vertebral, middle Left, common Left basal nuclei and

cerebral artery carotid (CC), caudate nucleus.
descending thoracic
aorta (DTA)

2 17 5 V* Right, CC Right and Left CC, right renal, Lacunar infarction in right
Left Subclavian (SC)  Celiac trunk centrum semiovale

3 19 14 v Left SC Right SC Right CC, DTA Right parietal lobe.

Right and left renal

4 21 6 1Ib Supra diaphragmatic Left subclavian artery Basilar artery Right putamen.
Ao aneurysm.

5 22 10 V+P  Left CC Left Pulmonary, Right CC, SC, DTA Left insular cortex.

Left renal celiac trunk

6 23 5 1 Right and Left CC Left middle cerebral Right SC Left parieto-temporal

artery

7 24 26  V+C+LL Right and left SC Right and left Vertebral, DTA, right renal Brachiocephalic Left occipital lobe.

Right CC, iliac, femoral, trunk (BCT)
Left Tibial
8 25 8 \Y Right and left CC, left Left middle cerebral artery
Vertebral, left SC, territory.
suprarenal aorta.
9 26 7 \% Left SC Left renal, celiac trunk  Right renal Ascending  Aortic root Left parietal lobe and
Aorta external capsule

10 28 15 I+LL Rightand left CC, Left SC, vertebral Right frontal and parietal
right SC, right femoral. and femoral infarct.

11 29 2 IV (iliac) Right renal, right and Right frontal and left
left iliac, right mid. parietal lobes.
cerebral.

12 30 72 \'% Right CC, left SC, Abdominal Aorta Right basal nuclei.
Celiac trunk, left renal

13 30 30 \Y% Supra-renal aorta Right renal BCT, right SC Right internal capsule.

14 31 10 \% Left SC Left CC Right SC and carotid, Left temporal, parietal,

abdominal Ao and frontal lobes.

15 31 15  V+P+LL Right and left CC, Left SC, Right frontal and

right SC, desc. Thoracic Abdominal Aorta parietal lobes.
Ao, right iliac, left
pulmonary

16 33 156 \Y Right CC Aortic Arch, Infra- Right frontal, parietal and

renal Ao. temporal lobes.

17 34 16 Ila+P Right and left CC, Right and left Left frontal lobe.
right and left SC pulmonary

18 34 24 \Y Left renal Aortic root, Right parietal lobe.

Ascending aorta,
aortic Arch, DTA,
supra-renal Aorta,
BCT and left SC
19 40 27 V+LL Right SC Right Infra-renal Ao. and left Right femoral, Inferior mesenteric, Bilateral parietal lobes.
tibial and popliteal renal artery Celiac Trunk, right and left
superior Mesenteric, pulmonary
right renal
20 41 18 v Left CC BCT, right CC, Infra-renal Aorta Right SC Right frontal and parietal,

right renal

Left parietal lobes.
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Age G Time Hata Arterial lesion Stroke location
years months
Occlusion Significative Non significative Wall Dilatation
stenosis stenosis thickening
21 44 F 15 Ila+P  Left CC and right Left SC Right Abdominal aorta, Left temporal lobe.
pulmonary BCT
22 50 F 25 1 Right CC, right and Right frontal, parietal and
left SC temporal lobes.
23 52 M 40 \% BCT, right and left Descending thoracic Left vertebral Cerebellum.
CC, right and left SC, Ao
Infra-renal aorta
24 53 F 1 V+LL Left SC, left renal, Ascending Right and left parietal
right and left iliac Aorta lobes.
25 59 F 5 V+P+LL Right SC, desc T Multiple lacunar infarcts.

Ao, Ab. Ao left
renal, left pulmo-
nary left iliac.

26 60 M 20  V+C+LL Middle cerebral,

Infra-renal Aorta, left
renal, right, superior

mesenteric, right and
left iliac, left femoral

Right frontal lobe.

27 66 F 51 \Y Right and left CC

left SC

Right renal

Infra-renal BCT and right SC

Right occipital lobe.

Aorta

Ao: aorta; BCT: brachiocephalic trunk; CC: common carotid; C-T: celiac-trunk; DTA: descending thoracic aorta; F: female; G: gender; L: lower limb; M: male; SC: subclavian.

arteries was observed in 34% and 39%
(right and left respectively), with sig-
nificant stenosis as the most frequent
type of lesion. According to the study
by Chen et al., the involvement of the
renal arteries confers higher risk of
severe cardiac and renal dysfunction
compared to those without (48).

Pulmonary artery affection sometimes
is the initial and the only manifestation
in TAK patients, which makes the early
diagnosis difficult (49, 50). In this se-
ries the involvement of the pulmonary
arteries was documented in 17% of the
patients. In the literature, the results
are highly variable, which could be ex-
plained by the imaging methods used
(CT angiography or MRA), as well as
if the study is only requested in patients
with pulmonary symptoms (51).

Claudication is one of the classifica-
tion criteria for TAK and traditionally
it is attributed to aortic and/or iliac af-
fection, the peripheral vessels are not
routinely assessed, despite the fact that
catastrophic cases have been docu-
mented (52). In our study affection of
lower limb arteries, was found in 48 out
of 145 patients (33%), with a predomi-
nance in the female gender and median
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age of 40 years, claudication was found
in 49% of them. The majority were type
V of the angiographic classification;
however, lower limb affection was also
found in cases with type I and II, due to
the systemic nature of this disease. The
most frequently affected vessels were
the iliac arteries, with a higher percent-
age than that reported in the literature
(53). In 9 patients, peripheral lesions
without iliac involvement were found,
so the conventional MRA field of view
that includes the supra-aortic vessels
to the common iliac might not detect
them.

Our findings in relation to lower limb
lesions show that they are not neces-
sarily exclusive of older patients or
the time of evolution. In patients with
TAK and claudication, it is important
to determine if this is due to direct ste-
nosis and/or occlusion of the periph-
eral vessels to define the treatment and
improve the patient’s symptoms and to
avoid fatal outcomes.

Evaluation of wall thickness as a sur-
rogate of activity has already been pro-
posed, in this study we found a good
concordance between the presence of
wall thickening and the NIH activity

criteria. Wall thickness at different lev-
els of the aorta should be reported (in
mm) which will allow the comparison
in follow up studies and detect activ-
ity. Thickening of the arterial wall as
the only finding that should alert in the
diagnosis of TAK in the early stages
even without occlusive involvement of
the lumen of the vessel.

Brain

In our series stroke was found in 27
(19%) of the patients, which is higher
than previously reported (54), with an
increased proportion in men and also
being the initial symptom in 30% of the
cases. Most of the patients were type V
of the angiographic classification, how-
ever one patient had type IV with right
middle cerebral artery lesion. Direct in-
volvement of the cerebral arteries was
documented in 18% of the cases which
is lower than that reported by Hwang et
al. (36) who found intracranial artery
stenosis in 11 (52%) of 21 patients with
stroke suggesting that haemodynamic
compromise in large-artery stenosis
and thromboembolic mechanisms play
significant roles in ischaemic stroke as-
sociated with TAK.
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Table V. Cardiac abnormalities.

n=108 Age (years) Female Angiographic classification 2’

I (n=11) Ia (n=5) IIb (n=11) I ( n=1) IV (n=5) V (n=75)
Cardiac abnormality 70 (65%) 33 (23.7-46.2) 60 (85.7) 343 4 (5.7) 8 (11.4) 1 (14) 343 51 (72.9)
Alteration in cardiac geometry n=34/108
Concentric remodelling 4 (3.7) 53 (31.5-61) 4 (100) 1 (25 - 1(25) -- - 2 (50)
Concentric hypertrophy 7 (6.5) 21 (13-36) 4 (57.1%) 1 (14.3) 1 .(14.3) - 2 (28.6) 3 (42.9)
Eccentric hypertrophy 3(2.8) 38 (23-44) 3 (100) 1(333) 1(333) -- - 1 (33.3)
LV dilatation 12 (11.1) 255 (18.2-30) 10 (83.3) - - 1 (83) - 11 (91.7)
RV dilatation 7 (6.5) 34 (29-44) 7 (100) 1 (14.3) - 4 (57.1) -- - 2 (28.6)
Biventricular hypertrophy 1 (0.9) 62 1 -- - - - -- 1
Systolic disfunction
LV Mild (47-56) 6 (5.6) 25.5 (18-36.5) 5 (83) - - -- - 6 (100)
LV Moderate (37-46) 7 (6.5) 30 (25-56) 4 (57.1) - -- -- 1 (14.3) 6 (85.7)
LV Severe (<36) 10 28 (11-38) 7 (70) - 1 (10) - 1 (10) 8 (80)
Right Ventricle 6 33.5 (24.7-47) 6 (100) - 4 (66.7) -- - 2 (33.3)
Biventricular 3 19 (8-55) 3 (100) - - - -- 3 (100)
Myocardial infarction 10 (9.3) 34.5 (23.5-49) 7 (70%) - -- -- - 10 (100)
Aortic regurgitation n= 26 (24)
Mild 8 (74) 37 (18-78) 7 (87.5%) 1 (125) 1 (125) - - 6 (75)
Moderate 7(65) 27 (18-55) 7 (100) 1.(14.3) 1 (143) -- -- - 5(714)
Severe 9 (8.3) 28 (9-38) 7 (77.8) - - - - - 9 (100)
Double lesion 2 (1.8) 2 (100) - -- -- - -100
Mitral regurgitation n=14(12.9)
Mild 4(3.7) 52 (8-61) 4 (100) -- -- -- - 4 (100)
Moderate 4 (3.7 33 (26-38) 2 (50) 1 (25) -- -- 1 (25) 2 (50)
Severe Mitral 4 (3.7) 33 (24-41) 4 (100) - -- -- -- - 4 (100)
Double lesion 2 (1.8) 2 (100) - - -- -- - 2 (100)
Tricuspid regurgitation n=9 (8.3)
Mild 5 (4.6) 55 (22-63) 5 (100) - 1 (20) 1 (20) -- 3 (60)
Moderate 327 43 (26-78) 3 (100) -- - 1 (33.3) - 2 (66.7)
Severe 1 (0.9 44 1 (100) 1 (100) -- -- -- -
Pericardial effusion
Mild 7 (6.5) 34 (13-59) 7 - 1 (143) 2 (28.6) - - 4 (57.1)
Severe 1 (0.9 43 1 - -- 1 (100) - - 0
A-V block 1(09) 38 1 (100) - 1 - - - -
Late enhancement
Transmural 9 (8.3) 6 (66.7) -- -- - - 1 (11.1) 8 (88.9)
Mild wall < 50% 31 (28.7) 30 (96.8) 1 (32 4 (12.9) 4 (129 -- 132 21 (67.7)
Mid wall > 50% 6 (5.5) 5 (83.3) -- -- 2 (33.3) - - 4 (66.7)

Heart

Cardiovascular compromise was fre-
quent, at least one cardiac abnormal-
ity was found in 65% of the patients in
whom CMR was performed. Previous
echocardiographic studies found that
between 8.6 and 64.7% of TAK patients
have cardiac involvement (55, 56).
Alterations in LV geometry were fre-
quent and could be explained by sys-
tolic overload caused by stenosis in the
aorta and its branches, valvular, and/or
coronary involvement (56).

RV dilatation was found in 7 patients,
secondary to left ventricular disease
and/or direct involvement of the pul-
monary arteries. Twenty percent of
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the patients had LV disfunction which
is higher than that reported by Yang et
al. (57) who in a retrospective echocar-
diographic study found left ventricu-
lar ejection fraction (LVEF) <50% in
11.6% of 493 patients.

The prevalence of valve damage ranges
between 30 and 64% (55, 56). We found
that 38% of patients had some type of
valvular injury, aortic regurgitation was
the most common, which was similar to
other series (56). Moderate- severe aor-
tic regurgitation was found in 16 out of
108 patients (15%) in our cohort.
Pericardial effusion was documented in
8 patients (7%) which was less than that
reported by Li et al. (56). Exudative

pericarditis is an extremely rare mani-
festation, but it has been reported as the
first clinical manifestation of TAK (58).
LE was frequent (46 out of 108 pa-
tients), with non-ischaemic pattern
(mid wall involved <50% of wall thick-
ness) in 31 patients and 9 with ischae-
mic pattern. One of the explanations of
the prevalence of mid wall LE could be
the systolic overload due to aortic and/
or its main branches involvement. The
most frequent type of LE from our se-
ries differs to that reported in the litera-
ture (59).

Complete A-V block as the initial
manifestation of TAK is rare and only
isolated cases have been reported. De-
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Fig. 4. In a-d a 47-year-old female with Numano type V TAK. MRA (a, b and c) shows dilation of the right subclavian (arrow), non-significant stenosis
in the proximal segment of the left subclavian (arrowhead), as well as irregularity of the wall and decreased calibre of the aorta supradiaphragmatic and
infrarenal (*), with dilatation of the distal aorta (®). Significant stenosis of the (c) celiac trunk and superior mesenteric artery (black arrows) TRUE FISP
sequence in 3 chambers (d) show severe aortic regurgitation (dashed arrow). In e-g) 26-year-old male with Takayasu arteritis type V. In (e-f) angiographic
reconstructions show occlusion of the left common carotid artery (arrow), significant middle segment stenosis of the right subclavian artery (arrowhead).
Both renal arteries with lack of signal (*) due to presence of stents with distal flow. In the inversion recovery sequences in 2 chambers (g) there is anterior
transmural LGE in the middle and apical third and apex (black arrows). Dilated left ventricle, with mild systolic dysfunction (LVEF 49%).

generative cause of a complete A-V
block in young people is rare and TAK
should be considered in the differential
diagnosis. In our series one patient had
complete A-V block as a first manifes-
tation (37).

TAK is considered the great mimicker,
due to the insidious symptoms and
variable progression, and frequently its
diagnosis is delayed with catastrophic
outcomes in some young patients.

In this series of TAK patients undergo-
ing MRI the damage is extensive, and
this is what we documented since we
found that the injuries involve vessels
that are not included in the current clas-
sification, such as the brain, heart (my-
ocardium, valves, and conduction sys-
tems), visceral arteries and lower limb
arteries. These findings are relevant
based on the fact that it has been found
that in patients with TAK, manifesta-
tions of organic damage may be the
initial symptom, such as the presence
of stroke (60), AMI (61), heart failure

Clinical and Experimental Rheumatology 2026

(62) and necrosis in the lower limbs
(63), without it being known whether
the affectation of intracerebral, coro-
nary or extremity vessels began at the
same time as the aorta and its main
branches or even they were the first af-
fected site.

We propose that in patients with TAK
a complete MRI study be performed at
the first evaluation, with a systematic
report that includes the location and
type of vascular lesion, wall thickness,
as well as cerebral, cardiac, and vis-
ceral findings.

This initial study will allow the most
exact comparison with the follow-
up studies that are carried out, which
should be requested according to the
symptoms that the patients present dur-
ing the evolution of the disease.

This is one of the first prospective stud-
ies on this rare disease. Imaging stud-
ies performed on them using complete
magnetic resonance imaging showed
that in some patients during their evo-

lution of the disease they had arterial
involvement in organs that were not in-
itially evaluated, in which it is not pos-
sible to define whether the arterial le-
sion was of recent onset or this had al-
ready progressed chronically. This sug-
gests that the arterial damage in these
patients could have arterial damage in
other sites in addition to that specifical-
ly suspected by the treating physician
at the time of requesting an imaging
study. Therefore, our proposal is that
reports of arterial damage in TAK by
MRI should be complete and also use
a systematised format for reporting the
damage, which could support the phy-
sician in timely therapeutic decisions
in this vasculitis and improve quality
of patient care. On the other hand, it
could lead to benefit in research among
centres that treat TAK.

Limitations

Although the number of patients in-
cluded may seem a limitation, TAK
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is a rare disease and few centres have
larger sample sizes. Our findings could
be strengthened by increasing the num-
ber of patients with a multicentre study.

Conclusion

The comprehensive evaluation of pa-
tients with TAK by MRI, using a stand-
ardised and systematic reporting format
that describes the findings of vascular
and organ lesions, is a tool that could
facilitate better interdisciplinary com-
munication in the study of this vascu-
litis. The usefulness of systematic re-
porting could have a global benefit that
should be defined by its use through
reproducibility by other groups.

The findings show that in patients with
TAK, performing a complete imaging
study from the moment of diagnosis
will allow for timely follow-up during
the course of the disease and establish
disease surveillance with effective and
timely therapy. The use of the format
will establish comparisons between pa-
tients and between studies of other pop-
ulations, with a precision that should be
evaluated in future multicentre studies.
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