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Abstract: This report presents the case of a female patient diagnosed with Takayasu arteritis from
childhood, with severe, refractory coronary involvement, leading to two acute coronary syndromes
and multiple anginous episodes. Consequently, the patient suffered aorto-bicarotid bypass two
times, multiple interventional procedures with stent implantation, balloon angioplasty, and up to ten
repeated in-stent restenosis that required reinterventions, despite being on maximal immunosup-
pressive treatment. In recent years, various studies have been reported that aim to best characterize
this particular type of vascular damage and to indicate optimal therapeutic options for treatment.
The latter should be based on the activity of the underlying disease; however, no reliable markers
are available in TA. The management of TA patients with coronary involvement continues to be a
challenge and requires both drug and interventional techniques to avoid life-threatening events.

Keywords: Takayasu’s arteritis; angina pectoris; coronary involvement; myocardial infarction;
angioplasty; in-stent restenosis; revascularization techniques

1. Introduction

Takayasu’s arteritis (TA) is a rare large vessel vasculitis, mainly affecting the aorta
and its branches. It is a chronic granulomatous-type inflammation that increases patients’
morbimortality through occlusive or aneurysmal lesions.

The diagnosis of TA can sometimes be challenging in the absence of specific biomark-
ers, but it is based on a thorough patient medical history and clinical examination, inflam-
matory markers like erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP),
and imaging techniques to detect vessel inflammation [1].

The updated 2022 American College of Rheumatology ACR/EULAR classification
criteria for TA includes as mandatory the age of the patient to be under 60 and the evidence
of vasculitis on imaging while adding points for clinical or imaging criteria. The clinical
domain counts one point for the female gender and a difference of over 20 mmHg in systolic
blood pressure between arms as well as two points for each of the following: angina or
ischemic heart pain, limb claudication, vascular bruit at auscultation, reduced or no pulse
in upper limbs, pulse abnormalities or tenderness of the carotid arteries. The imaging
criteria account for points depending on the number of involved arterial sites (one, two,
three, or more), symmetric arterial involvement, abdominal aorta, and renal or mesenteric
injury. A score of a minimum of five points is required for TA classification [2].
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The use of imaging for aiding TA diagnosis has been recently proposed in European
recommendations, and that is because in TA-suspected patients, the magnetic resonance
imaging (MRI) is the optimal tool to assess mural inflammation or changes in the vessel
lumen. This technique is preferred since it has no irradiation risks for the young TA
population, and it can be reliable to detect wall active inflammation. An alternative to
MRI is the use of positron emission tomography (PET), computed tomography (CT), or
ultrasound. However, the latter is of limited use for the investigation of the thoracic
aortic segment. Conventional angiography is no longer a preferred method for diagnosis
because of the risks and invasiveness of the procedure. Imaging can also be used to assess
TA activity in case of disease flares, but it is not routinely recommended if remission is
stable [3].

TA can be identified in both adults and children with different disease patterns and
vascular distribution. TA typically affects young patients, under the age of 40, with a
predominance of female gender that have a dominant involvement of the thoracic aorta as
opposed to males that display inflammation of the abdominal aorta and branches. TA is
significantly more frequent in Asia and Japan has the highest reported prevalence of up to
40 million. In Europe, the prevalence is estimated between 4.7–33 per million [4].

The pathogenesis is yet not fully understood but the latest publications indicate that a
mixture of cytotoxic lymphocytes and mast cells are dominant in the granulomatous inflam-
matory infiltrate that is responsible for vessel lesions in TA by first damaging the media
and then forming a reparatory fibrotic tissue [5]. The pathogenic process firsts targets the
vasa vasorum of the adventitia with the formation of the inflammatory infiltrate due to the
activation of innate (dendritic cells, natural T killer cells) and adaptative immunity (T and
B lymphocytes). Along with the cell gathering, pro-inflammatory mediators (interleukins
IL-6,8,9,18,19, tumor necrosis factor TNF) are increased in TA patients, both in serum and
vascular tissues and it appears their levels are higher during active phases of the disease.
Environmental factors, such as molecular mimicry for certain microorganisms, also play a
key role in TA but the mechanism is yet not fully understood [6].

The inflammatory process in TA causes the intimal layer of the vessel to become
hyperplastic and the adventitia to thicken, leading to ischemia due to tissue perfusion
impairment. The distribution of the inflammation is usually segmental but rarely it can
damage the entire vessel wall, leading to stenosis, occlusion, or consequent dilation. These
changes are distributed on the subclavian arteries, brachiocephalic trunk, and carotid or
vertebral arteries, but territories of the abdominal aorta can also be affected [7]. Coronary
artery involvement is rarely noted in TA, with a frequency estimated at 9–11%, with the
coronary ostia being the dominantly affected site. In patients with life-threatening vasculitis,
the treatment aims at reducing inflammation through corticosteroids, immunosuppressants,
and interventional or surgical treatment. Despite the latter, up to one-fifth of TA patients
exhibit a refractory form of the disease with critical vascular lesions [8].

The localization and degree of arterial inflammation in TA vary widely. Until recently,
the Numano classification based on angiographic findings was able to identify six TA
subgroups (aortic arch, ascending, thoracic or descending aorta, abdominal aorta or renal
vessels, and combined subtype) [9]. More recently, another classification divided patients
into clusters, as follows: cluster 1 includes the involvement of the abdominal aorta and
branches, cluster 2 aortic arch and branches, and cluster 3 asymmetric and lesser arterial
injury [6].

In several cases, the diagnosis of TA is set when vascular damage is already present,
thus treatment results can be suboptimal.

Treatment in TA includes two dimensions: agents that can rapidly reduce systemic
inflammation to present vessel damage and remodeling and interventional procedures that can
resolve consequences of disease like thrombus formation, tissue hypoperfusion, or ischemia.

Current standard-of-care in TA is the initiation of glucocorticoids 40–60 mg daily
with progressive tapering within one year and the addition of a conventional synthetic
antirheumatic drug like methotrexate, azathioprine, leflunomide, or mycophenolate mofetil,
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and in case they fail, cyclophosphamide can be an option. If the disease is still active, refrac-
tory, or has flares, glucocorticoid dose can be adjusted, and biological therapy (tocilizumab
or anti-TNF drugs) can be attempted. Interventional procedures are indicated in case
vascular inflammation leads to persistent symptoms or it can cause complications, but the
time and type of intervention depend on the arterial site, disease activity at the time of
intervention, involved organs, and other potential risk factors [10].

We present a case of a female patient diagnosed with TA from childhood, with re-
fractory coronary involvement, suffering aorto-bicarotid bypass two times, and multiple
interventional procedures with stent implantation, balloon angioplasty, and up to ten re-
peated intrastent restenosis that required reinterventions, while being on maximal immuno-
suppressive treatment. We aim to disseminate essential information on the importance of
coronary site involvement in large vessel vasculitis and raise awareness among clinicians of
the need to investigate in case of a patient’s evocative symptoms, so that prompt therapeutic
decision can be made.

Taking into consideration the scarcity of data regarding coronary site involvement in
TA, we performed an overview of the literature to better define this finding. Knowledge
about refractory TA cases will further increase the chance for optimized management in
future patients.

2. Case Presentation

We present the case of a 26-year-old female patient who is under rheumatology follow-
up since 2015 when she was referred to our department after recent cardiology management
of an anterior myocardial infarction with ST segment elevation (STEMI), as suspected on
an initial electrocardiogram (Figure 1). A 90% stenosis of the anterior descending coronary
artery (LAD) was identified for which an angioplasty was performed per primam with
bare-metal stent (BMS) placement. Four months later, the patient developed angina for
which a 70% intrastent restenosis was incriminated, so that a drug-eluting stent (DES) was
implanted. A year later, the latter was reoccluded, so that a balloon angioplasty was made
(Figure 2). Dual antiplatelet therapy (DAPT) was recommended after testing for aspirin
and clopidogrel response.

The arteriographic examination of the aortic arch showed occlusion of the brachio-
cephalic trunk from its origin, and occlusion of the subclavian arteries but permeable renal
arteries. Repeated venous Doppler ultrasound showed no abnormal findings.

A thorough anamnesis revealed that the patient was diagnosed with type I Takayasu
arteritis (TA) at the age of 13 when she was admitted for fatigue, weight loss, and persistent
headache. At the time, she had no pulse in her axillary, brachial, and radial arteries, a
blood pressure difference of over 30 mmHg between upper limbs, and vascular bruits
confirmed during auscultation of her carotid, subclavian, and renal arteries. She displayed
no inflammatory syndrome. After ruling out infectious, congenital, or miscellaneous
diseases, the diagnosis of Takayasu was established, according to pediatric TA classification
criteria. Patient had no evocative family history or prior medical events. Due to subclavian
arterial occlusion, significant stenosis of the left common carotid artery, brachiocephalic
trunk, and vertebral vessels, and an aortic bicarotid bypass with Gore-Tex was performed
at her juvenile age. Corticosteroids and cyclophosphamide (six cycles of intravenous
treatment followed by oral administration) were initiated given the severity of vessel
involvement, but later disrupted because of apparent disease remission.

At the age of 20, she delivered a healthy baby through C-section, with no further
complications during pregnancy and no chronic immunosuppressive treatment at the time.

After only six months from her 2015 evaluation, the patient was readmitted to the cardi-
ology department for effort angina and a non-ST elevation myocardial infarction (NSTEMI)
was confirmed, leading to pharmacologically active intrastent balloon angioplasty.

Two years later, the patient displayed chest pain upon small effort and the exercise
stress echocardiography was positive for ischemia in the LAD territory, with hypokinesia
of the interventricular septum. After three months, another intrastent restenosis was
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identified on coronarography and balloon angioplasty was again performed. Moreover,
the examination added the presence of an atheromatous plaque on the circumflex artery.
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Figure 2. First patient restenosis treated with a drug-eluting stent in a bare-metal stent (A) Drug-
eluting stent implantation after bare-metal stent restenosis. (B) Right anterior oblique cranial angu-
lation view: in-stent restenosis on the descending anterior artery; patent left main and circumflex
artery.

During the following year, the patient had negative tests for ischemia, including elec-
trocardiographic (EKG) exercise stress tests, and no dyskinesia or arrhythmia on cardiac
ultrasound.

In 2019, the patient underwent another pharmacologically active balloon angioplasty
for focal 90% restenosis on LAD. However, stress tests (clinical, EKG, echocardiogram)
were positive eight months later in the LAD territory, with apex hypokinesia and intense
precordial pain. Two months later, another intervention was necessary for the same
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intrastent re-occlusion and the placement of two pharmacologically active stents on the
LAD I and LAD II segments (Figure 3).
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for in-stent restenosis.

A year later, in 2020, the patient suffered from another NSTEMI through 80% restenosis
of the LAD II stent, and further on, multiple episodes of unstable angina due to serial
70% restenosis of the LAD I, for which non-compliant and pharmacologically active bal-
loon angioplasty was managed. Five months later, the patient underwent surgery for
aortocoronary bypass, respectively, left anterior descending artery (LAD) and aorta with
inversed independent saphenous venous grafts (Figure 4). The patient was discharged
with favorable postoperative evolution and up to present disease has been controlled, with
no additional ischemic events.
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Figure 4. Aortography of the ascending aorta and aortic arch. Anteroposterior projection: occlusion
of the right and left subclavian artery, occlusion of the left common artery, patent-bi-carotid bypass
with 50% stenosis of the right branch proximal.

Cardiological treatment was stable since 2015 and included beta-blockers, angiotensin-
enzyme converting inhibitors, diuretics, DAPT, statin, and later add-on ezetimibe. Under
this chronic treatment, patient had controlled blood pressure values upon regular check-ups
in the rheumatology ward (systolic blood pressure under 130 mmHg measured in both
lower limbs).

The patient’s cardiological sequence of interventions is briefly summarized in a graphic
view in Figure 5.
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Figure 5. Chronological synopsis of patient’s cardiac events and consequent interventions.

Starting at the age of 26, in 2015, the patient was under continuous rheumatological
follow-up and received corticosteroids (prednisone 1 mg/kg body weight equivalent) and
immunosuppressants, namely cyclophosphamide, adding four more intravenous cycles.
However, ischemic events while on treatment, led to switching the patient to azathioprine
with a gradual dose increase until 2018. Persistent vascular manifestations imposed the
initiation of methotrexate for two more years, which was later changed with mycophenolate
mofetil up to 3 g daily in 2020 when surgery was undergone.

During these years, the patient was on variable corticosteroid doses, depending on
her cardiac symptoms and follow-up. She was started on intravenous cyclophosphamide,
adding up to ten cycles, followed by oral azathioprine 150 mg daily. Non-response led
to the initiation of methotrexate 15 mg weekly, rapidly switching to mycophenolate 2.5 g
under which remission was attained. Considering the severity of the disease with vital
organ involvement, biological therapy was discussed as an off-label option, but the patient
was unwilling to initiate treatment.

Upon regular rheumatological monitoring, biological investigations, namely inflam-
matory markers like erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP),
were repeated, with no increase of the reference value levels during active phases of the
disease. The renal and hepatic functions were normal, and so was the blood count. Optimal
laboratory values were maintained following the CABG procedure.

Up to the present, the patient had no novel cardiac symptoms, and follow-up revealed
a stable vascular state with no need for further interventional procedures. She is currently
under a stable dose of corticosteroids and mycophenolate mofetil.

3. Materials and Methods

A literature search was done to capture the relevant data about several areas of
interest associated with Takayasu arteritis (TA). Medical subject headings (MeSH) terms
like “Takayasu arteritis”, “coronary arteries”, “angina pectoris”, “myocardial infarction”,
“angioplasty”, and “in-stent restenosis” were used. The search was performed in PubMed
and Cochrane Library, where two independent observers identified relevant sources for
this review from 2000–2023 (Figure 6).

Titles and abstracts were screened first. The articles that depicted cases related to
Takayasu in child or adolescent populations, did not match at least two keywords, or used
languages other than English were excluded. The lists of these articles were checked for
additional records.

After an abstract selection, the corresponding full-text article was evaluated, and
selected to be used if eligible. The eligibility was determined based on references to
Takayasu arteritis with a specific focus, namely coronary artery damage associated with
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TA, the frequency of disease onset with symptoms such as angina or myocardial infarction,
and the different techniques of interventional or surgical revascularization.
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4. Results

The selected literature was represented by case reports (38.46%) and studies (61.53%),
suggesting increased interest in understanding the involvement of the coronary arteries
within TA as well as in choosing an appropriate treatment to improve clinical outcomes of
this specific category of patients.

Firstly, it has been observed that coronary artery involvement is quite common in
TA [2,7]. Secondly, most of the papers show that the election site of involvement in TA is
the coronary ostium. Depending on the type of lesion, three types of involvement have
been noted in the autopsies of TA patients: occlusion or stenosis of the coronary ostia and
the proximal segments (type 1), focal or diffuse coronary arteritis, in the form of “skip”
lesions or can spread diffusely to all epicardial branches (type 2), and coronary aneurysms
(type 3) [11]. The most encountered lesion is type 1.

Regarding the cardiac symptoms of TA with coronary artery involvement, stable/unstable
angina pectoris [12–14], dyspnea on exertion [14,15], and retrosternal chest pain that indicates
the presence of acute myocardial infarction [13,16–18] have been identified in the literature.

Regarding inflammatory markers used in TA to assess disease activity and dictate
treatment options, erythrocyte sedimentation rate (ESR) and high-sensitivity C-reactive
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protein (hsCRP) are most commonly used. Furthermore, one study showed that hsCRP can
predict adverse cardiovascular events in patients with TA with coronary artery involve-
ment [19]. One retrospective analysis showed that biological inflammation at the time
of revascularization increases the risk of vascular complications that warrant reinterven-
tions [20].

The treatment of patients with coronary artery stenosis associated with TA is indi-
vidualized depending on the disease activity and the severity of cardiac manifestations
that can be vital. Thereby, optimal management requires immunosuppressive treatment
and various revascularization techniques. If active inflammation is identified, preferably
on imaging, patients should receive immunosuppressive therapy before revascularization
except in cases of emergency surgery. Corticosteroids are the first-line treatment to control
active inflammation, with suggested initial dosages of 0.5–1 mg/kg/day. If necessary,
corticosteroids are used in combination with immunosuppressants, usually methotrex-
ate [21]. Concerning revascularization techniques for coronary stenosis secondary to TA,
the most used are PCI, PCI with drug-eluting stents, and CABG [22]. PCI is to be elected as
a revascularization strategy over CABG in poor surgical candidates or patients who prefer
a nonsurgical treatment. Drug-eluting stents are considered more effective compared with
bare-metal stents. For the latter, a consistent number of studies report a lower incidence
of reocclusion of the coronary artery [15]. However, despite the procedure, coronary an-
gioplasty and drug-eluting stent insertion are followed by a high rate of restenosis [23].
One study indicates that CABG is an option to choose in patients who require emergency
revascularization. Otherwise, PCI may be an alternative to CABG after patients reach
remission of the disease with medical therapy [24]. After the revascularization interven-
tion, restenosis may occur even in the absence of clinical symptoms, thereby follow-up is
crucial [25,26].

5. Discussion

Takayasu arteritis (TA) is described as a large vessel vasculitis, targeting the aorta and
its branches. The case depicts a young female patient diagnosed with TA from childhood,
complicated with a challenging coronary artery involvement within her vasculitis that
required several interventions and adjustment of immunosuppressive therapy. Although
coronary artery damage seemed to be a rather rare site involved in TA [15], some articles
described the opposite [11,22].

The coronary arteries are estimated to be affected in up to a third of TA patients
by developing stenosis, but even a higher percentage can display valvular dilatation or
regurgitation. TA with coronary involvement leads to a poorer prognosis because of the
non-specificity of symptoms and delay in diagnosis. Patients can display dyspnea upon
effort, angina, heart palpitation, myocardial infarction, or even death. In adults, coronary
involvement appears to be linked to age at disease onset and its duration, but also with the
atherogenic profile of patients, such as triglycerides, cholesterol fractions, and homocysteine.
Traditional cardiovascular risks of TA patients also contribute to atherosclerosis [27]. It
appears that the mechanism is multicausal since coronary vessels suffer from the process
of chronic inflammation and vasculitis but also from early atherosclerosis. Vessel stenosis
occurs when the inflammation of the intimal layer progresses and causes hyperplasia,
and there is a contraction of the aorta media and adventitia tunics. Later on, thrombosis
formation either from inflammation or atherosclerosis is favored, increasing the risk for
myocardial infarction. The percentage of coronary lesions in pediatric TA is significantly
higher than in the adult population, ranging from 39–55%, and the vessel injury can be
indolent with no clinical symptoms or electrocardiographic changes, only identifiable by
ultrasound [28].

Similar to the presented case that involved the proximal part of the left coronary artery,
literature data related to the results of angiography also suggest that the most frequent sites
involved are represented by the coronary ostium and the proximal segment of the coronary
arteries [29]. Although in some articles, left main coronary artery (LMCA) appears to
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be the most commonly affected location [15,22], a recent systematic review describes the
right coronary as the most commonly affected [25]. Type 1 lesion, namely the coronary
ostia and proximal coronary segments, is the most frequent. In addition to the chronic
inflammatory process, an important factor in the etiology of lesions is also played by
premature atherosclerosis as in the case described above [11].

Regarding gender distribution in coronary artery involvement among TA, although
women are predominantly affected, males tend to have more severe coronary stenosis and
a higher risk for long-term mortality than females [30].

Cardiac symptoms are always present; however, a retrospective study shows that
angina pectoris is the most common initial symptom and for this reason, coronary artery in-
volvement should be suspected especially in young women with TA [31]. Acute myocardial
infarction is a rare form of presentation [17].

Assessing the disease activity is challenging, since no tool has been standardized in TA.
Disease activity is an important prognostic factor in patients with TA and coronary stenosis
because it is associated with progression [32]. It involves the evaluation of signs and
symptoms, biological inflammatory syndrome and imaging monitoring (digital subtraction
angiography (DSA), computed tomography angiography (CTA), magnetic resonance imag-
ing (MRI), ultrasonography, and positron emission tomography with radio-labeled glucose
(FDG-PET).

Imaging plays an important role in monitoring disease evolution, especially in cases
where biochemical inflammation is absent. Available recommendations state that non-
invasive imaging is preferred to catheter angiography for disease activity monitoring and
therapeutic decisions and should be done regularly, in addition to clinical evaluation.
CT/MRI angiography or FDG-PET are routinely recommended for identifying vessel
extension. Still, no clear indication is given for coronary artery evaluation [33]. Recent
data suggests the use of PET/MRI to better describe vessel wall inflammation and disease
remission, progression, relapses in a non-irradiating way [34]. Moreover, it appears that
future somatostatin receptor (SST2) PET/MRI will offer more accurate details on arterial
inflammation and atherosclerotic lesions, since it can detect macrophages, pericytes, and
adipocytes involved in the inflammation [35].

In the absence of high inflammatory markers, the presented patient still developed
in-stent restenosis and de novo myocardial infarction, thus, therapeutic decisions were
guided upon clinical manifestations or positive cardiological tests confirming ischemic
events. Nevertheless, assessment remains a challenge because of the scarcity of clinical
symptoms in some patients and the fact that evidence suggests that inflammatory markers
(ESR, hsCRP) cannot reliably distinguish active from inactive disease. For this reason, the
use of these markers during asymptomatic periods can lead to the false assumption that the
patient is in remission while there is ongoing active fibrosis and progressive stenosis [36].
Their lack of specificity led to the need to identify novel biomarkers like interleukin (IL)-6,
-8, -18, and tumor necrosis factor (TNF)-alpha. Higher levels of IL-6 and IL-18 have been
found in active TA patients, displaying a higher risk for restenosis. Moreover, determining
interleukin levels might be useful when initiating biological therapy such as tocilizumab,
an anti-IL-6 agent [37].

The alternative to using inflammatory markers for assessing disease activity in TA is
angiography, but the main concern is related to being an invasive and irradiating proce-
dure [36].

Regarding the treatment of coronary artery stenosis associated with TA, the optimal
method has yet to be determined. The 2018 EULAR update on large vessel vasculitis empha-
sizes the use of corticosteroids which can be associated with drug-modifying antirheumatic
drugs (DMARDs) like methotrexate, azathioprine, leflunomide, or cyclophosphamide in
non-responders [10,21,27]. Biological treatments like tocilizumab or anti-TNF agents are
recommended in refractory forms of TA, with results coming from two randomized con-
trolled trials. However, their use in regard to cardiological interventions, surgery, or specific
points to consider in vital coronary involvement has not yet been published. In 2021, the
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American College of Rheumatology (ACR) published evidence-based recommendations
for large vessel vasculitis, including TA. ACR expert opinion states the need for high-dose
glucocorticoids upon diagnosis, favoring the oral route in adult TA patients. If disease
activity is maintained despite glucocorticoids, immunosuppressive agents can be added
and, if required, anti-TNFs. The latter have a stronger recommendation than anti-IL-6
agents due to higher clinical experience.

Regarding monitoring disease activity and vascular involvement, the ACR recom-
mends evaluating inflammatory markers and regular monitoring. However, if novel
progression of vascular lesion occurs or if inflammatory markers increase with no evidence
of clinical activity, monitoring is preferred to augmentation of immunosuppression [33].

One of the ACR recommendations states that if signs of organ suffering are present,
escalation of immunosuppressants is the first step to take. However, specific mention goes
to coronary artery involvement that urges prompt surgical intervention to prevent tissue
necrosis. No indication of a specific revascularization technique for coronary involvement
is mentioned in the ACR guidelines [33].

The most used revascularization techniques for coronary stenosis secondary to TA
are PCI, PCI with drug-eluting stents, and CABG [22,32]. PCI may be a more beneficial
revascularization strategy than CABG for poor surgical candidates or patients who prefer a
nonsurgical treatment. Drug-eluting stents are being considered more effective compared
with bare-metal stents, with many studies reporting a lower incidence of restenosis in the
coronary artery [15]. However, coronary angioplasty and drug-eluting stent insertion are
affected by a high rate of restenosis. A study has shown that arterial stiffness measured
through brachial–ankle pulse wave velocity can identify TA patients with DES who have a
high risk for in-stent restenosis and Major Adverse Cardiovascular Events (MACE) [23].
CABG in patients with TA brings many difficulties because the internal mammary artery
used successfully in patients with coronary stenosis of atherosclerotic etiology can develop
vasculitis and graft stenosis in TA patients, thus, vein grafts (saphenous vein grafts) are
more preferred to arterial grafts [25]. A multicenter study that followed up patients with
coronary artery involved in TA who underwent either PCI or CABG showed that PCI group
had a significantly higher incidence of restenosis (63.2%) vs. (25%) during the median
follow-up of 101 months. It also showed that PCI had a very high rate of in-stent restenosis
in patients without corticosteroids and CABG may be a preferred treatment option [31].

Disease activity has a great influence in terms of revascularization techniques. Coro-
nary intervention should be avoided during the active phase of the disease unless the
presence of an acute life-threatening condition outweighs the risk of intervention. Re-
revascularization rate was lower in patients who underwent revascularization after the
disease was stabilized [32].

Regarding the choice of the revascularization procedure in patients with active disease,
one study indicates that CABG is an option to choose in the case of patients who require
emergency revascularization. Otherwise, PCI may be an alternative to CABG after the
patients reach the remission state with drug therapy [24]. Another option in the case
of patients with an uncontrolled inflammatory TA disease awaiting revascularization is
represented by drug-eluting stents; these stents can function as a bridge therapy until
the disease is controlled, possibly improving patency rates of future definite vascular
interventions [11]. More insight is needed on when to perform revascularization techniques
and a comparison between procedures.

Using PCI for the aortic lesions led to optimal results and rupture avoidance due to
cover stent use, and so were the iliac arteries. For mesenteric and renal arteries, covered
stents are also beneficial. However, coronary lesions were not successful with PCI and
bypass surgery needs to be considered if restenosis occurs.

Very few recent publications aimed at assessing outcomes of percutaneous intervention
in 942 patients with TA, summing 2450 arterial lesions, most of them stenotic or occlusive
(2365) followed by aneurysms or dissections (85). Results are more than encouraging
for PCI, showing it is safe and durable in most TA lesions. Early success was reached
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in more than 90% of lesions, late success in 84.5% within 50 months of follow-up, and
only 17% of lesions suffered complications that were resolved. Post-PCI occlusion appears
more frequent than after surgical bypass, but repeated PCI was able to resolve the lesion
in the cohort of the abovementioned study. Revascularization through repetitive PCI is
considered safer since it is a minor intervention usually through the same site as opposed
to the bypass graft that needs to be reassessed for qualitative perfusion. It is not uncommon
for the first PCI to lead to a restenosis; thus, patients should be informed that multiple
similar processes might be required. This study brings forward a rather individualized
choice when using balloon angioplasty of stenting, as follows: balloon angioplasty should
be used per primam in young patients with recent disease when lesions are expected to be
soft, with no significant vascular remodeling and with a non-ostial location. An elective
stent can be preferred in older patients with a chronic injury where arteries have significant
mural thickening or are located at the ostial area or the aorta. The present study indicated
that CBAG is less safe in TA because of potential dissection, rupture, or pseudoaneurysm
formation [38].

Main results of selected review publications are summarized in Table 1.
Joseph et al. propose an approach to PCI in TA, depending on the type and site of

lesion and disease activity, summarized below in Figure 7 [38]:
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Figure 7. Approach to PCI in TA, adapted from Joseph et al.

The incidence of major adverse cardiovascular events in TA patients who underwent
revascularization at the active stage was higher in the PCI group than in the CABG group
during a median of 41.0 months follow-up. For patients in an active stage, the risk of MACE
was significantly lower in patients than those without therapy with prednisone [24].

There is limited data about dietary intake and interventions as adjuvant therapies in
connective tissue disorders, mainly on n-3 polyunsaturated and short-chain fatty acids,
taking into consideration comorbidities that characterize these conditions [39]. Other
macronutrients, such as proteins in the pediatric population, showed no implication in
vasculitis recurrence [40,41], although they are important modulators of growth and in-
flammation [42,43].

A summary of all the studies and case reports discussed previously according to the
publication domain is shown in Table 1.

In the presented patient, the aorto-carotid bypass was the only remaining option
and was only possible by using venous grafts, given that the mammary arteries were
unavailable due to subclavian arteries occlusion. In a non-TA patient, the patency of
venous bypass is estimated at five years [44], so she will need close monitoring to check for
functionality. In four out of ten interventions, the patient remained asymptomatic, with no
angina or dyspnea prior to hospitalization. The follow-up is crucial after revascularization
procedures because many cases of coronary artery restenosis in Takayasu’s arteritis occur
without detectable cardiac symptoms [25,26].
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Table 1. Summary of main results in selected review publications.

Publication Domain Author, Year Article Type (Case
Report /Study) Summary

Clinical

Grayson P. C. et al., 2012, 2022 [2,7]
Acha M. R et al., 2007 [11]

Study
Study

Coronary artery involvement is common
in TA
Types of involvement: occlusion or
stenosis of the coronary ostia and the
proximal segments (type 1), focal or
diffuse coronary arteritis (type 2) and
coronary aneurysms (type 3)

Sun T. et al., 2013 [29] Study
The most frequent sites involved are the
coronary ostium and the proximal
segment of the coronary arteries

Yang Y. et al., 2017 [31] Study
Males tend to have more severe coronary
stenosis and a higher risk for long-term
mortality

Cobilinschi C. et al., 2021 [27] Case report Coronary involvement is linked the
atherogenic profile of patients

Xu Y. et al., 2023 [28] Study
The percentage of coronary lesions is
pediatric TA is significantly higher than
in the adult population

Park J.S. et al., 2009 [12]
Yokota K. et al., 2012 [13]
Soni M. R. et al., 2012 [14]
Lee H.K. et al., 2011 [15]
Zhou S. et al., 2021 [16]
Zhang T. et al., 2019 [17]
Mihailovici A.R et al., 2018 [18]

Case report
Case report
Case report
Case report
Case report
Case report
Case report

Common symptoms in TA with coronary
involvement: angina pectoris, dyspnea
on exertion, retrosternal chest pain as
acute myocardial infarction

Biological
Wang X. et al., 2016 [19] Study

HsCRP can predict adverse
cardiovascular events in TA with
coronary artery involvement

Saadoun D. et al., 2012 [20]
Wang H. et al., 2020 [32]

Study
Study

Biological inflammation at
revascularization increases the risk of
vascular complications with
reinterventions
Disease activity predicts progression in
patients with TA and coronary stenosis

O’Connor T.E. et al., 2014 [33] Study Inflammatory markers are not reliable to
distinguish active from inactive disease

Drug therapy Huang Z. et al., 2021 [21] Study
Corticosteroids are used in combination
with immunosuppressants, preferably
before revascularization

Surgical therapy

Kuijer A. et al., 2015 [22]
Wang X et al., 2015 [23]
Wang X et al., 2017 [24]

Case report
Study
Study

Revascularization techniques for
coronary stenosis are PCI, PCI with
drug-eluting stents and CABG
Coronary angioplasty and drug-eluting
stent insertion have a high risk of
restenosis
PCI is an alternative to CABG after
patients reach remission of the disease
with medical therapy

Yuan S. M., 2020 [25]
Al-Hulaimi N. et al., 2001 [26]

Study
Case report

Restenosis may occur even in the absence
of clinical symptoms

Ci W. et al., 2022 [30]
Pathadan A.P et al., 2021 [34]

Study
Study

Determining interleukin levels can be of
use when initiating biological therapy
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The presented case is an exhibit that TA can involve life-threatening vascular territo-
ries that need prompt therapeutic action, including aggressive immunosuppression and
interventional revascularization techniques to limit disease damage accrual.

Multidisciplinarity plays an essential role in TA detection, investigation, and treatment
since patients can have a display of multiorgan involvement depending on the affected arte-
rial territories. Rheumatologists, pediatricians, radiologists, cardiologists, and interventional
physicians should collaborate to follow standard-of-care in TA patients to improve long-
term outcomes. Since TA affects young patients, including pediatric populations, regular
and lengthy follow-up is mandatory. The latter is significantly more useful since in some
cases there is a quiescent disease progression in the absence of symptoms of biochemical
inflammation that clinicians should identify and halter before vascular damage arises.

6. Conclusions

Takayasu arteritis can become a life-threatening vasculitis when affecting coronary
arteries, leading to a poor patient outcome. The case depicts a unique TA patient who
suffered from ten successful in-stent restenosis and double bypass, given her severe, refrac-
tory disease. Screening for risk factors for coronary involvement together with methods of
prevention and control can improve patients’ outcomes. A proactive type of monitoring is
essential even in pseudo-asymptomatic patients, given that inflammatory markers do not
accurately correlate to disease activity. The therapeutic approach in TA includes optimal
immunosuppression as well as interventional and surgical techniques in order to limit
further vascular damage. Critical vascular involvement in TA requires prompt diagnosis
and multidisciplinary management.

Author Contributions: Conceptualization, C.O.C. and E.G.; methodology, E.G., C.O.C. and I.S.;
software, E.G. and S.C.; writing—original draft preparation, C.O.C., E.G. and N.C.; writing—review
and editing, C.O.C., E.G., N.C. and S.C.; supervision, A.R.B. and D.O.-B. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to
publish this paper.

Data Availability Statement: Not applicable.

Acknowledgments: Publication of this paper was supported by the University of Medicine and
Pharmacy Carol Davila, through the institutional program Publish not Perish.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Recent Advances in the Diagnosis and Therapy of Large Vessel Vasculitis. Available online: https://www.mp.pl/paim/issue/

article/16272 (accessed on 8 May 2023).
2. Ponte, C.; Grayson, P.C.; Robson, J.C.; Suppiah, R.; Gribbons, K.B.; Judge, A.; Craven, A.; Khalid, S.; Hutchings, A.; Watts, R.A.;

et al. 2022 American College of Rheumatology/EULAR classification criteria for Takayasu arteritis. Ann. Rheum. Dis. 2022, 81,
1647–1653. Available online: https://ard.bmj.com/content/81/12/1654 (accessed on 27 February 2023). [CrossRef] [PubMed]

3. Dejaco, C.; Ramiro, S.; Duftner, C.; Besson, F.L.; Bley, T.A.; Blockmans, D.; Brouwer, E.; Cimmino, M.A.; Clark, E.; Dasgupta, B.;
et al. EULAR recommendations for the use of imaging in large vessel vasculitis in clinical practice. Ann. Rheum. Dis. 2018, 77,
636–643. [CrossRef] [PubMed]

4. Gloor, A.D.; Chollet, L.; Christ, L.A.; Cullmann, J.L.; Bonel, H.M.; Villiger, P.M. Takayasu arteritis: Prevalence and Clinical
Presentation in Switzerland. PLoS ONE 2021, 16, e0250025. Available online: https://journals.plos.org/plosone/article?id=10.137
1/journal.pone.0250025 (accessed on 8 May 2023). [CrossRef] [PubMed]

5. Le Joncour, A.; Desbois, A.-C.; Leroyer, A.S.; Tellier, E.; Régnier, P.; Maciejewski-Duval, A.; Comarmond, C.; Barete, S.; Arock, M.;
Bruneval, P.; et al. Mast cells drive pathologic vascular lesions in Takayasu arteritis. J. Allergy Clin. Immunol. 2022, 149, 292–301.e3.
[CrossRef]

https://www.mp.pl/paim/issue/article/16272
https://www.mp.pl/paim/issue/article/16272
https://ard.bmj.com/content/81/12/1654
https://doi.org/10.1136/ard-2022-223480
https://www.ncbi.nlm.nih.gov/pubmed/36351706
https://doi.org/10.1136/annrheumdis-2017-212649
https://www.ncbi.nlm.nih.gov/pubmed/29358285
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0250025
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0250025
https://doi.org/10.1371/journal.pone.0250025
https://www.ncbi.nlm.nih.gov/pubmed/34143786
https://doi.org/10.1016/j.jaci.2021.05.003


J. Clin. Med. 2023, 12, 4394 14 of 15

6. Danda, D.P.; Manikuppam, P.; Tian, X.; Harigai, M. Advances in Takayasu arteritis: An Asia Pacific perspective. Front. Med.
2023, 9, 2022. Available online: https://www.frontiersin.org/articles/10.3389/fmed.2022.952972 (accessed on 27 February 2023).
[CrossRef]

7. Grayson, P.C.; Maksimowicz-McKinnon, K.; Clark, T.M.; Tomasson, G.; Cuthbertson, D.; Carette, S.; A Khalidi, N.; A Langford,
C.; Monach, P.; Seo, P.; et al. Distribution of arterial lesions in Takayasu’s arteritis and giant cell arteritis. Ann. Rheum. Dis. 2012,
71, 1329–1334. [CrossRef]

8. Kumar, G.V.R.; Agarwal, N.B.; Javali, S.; Patwardhan, A.M. Takayasu’s arteritis with ostial and left main coronary artery stenosis.
Tex. Heart Inst. J. 2007, 34, 470–474.

9. Joseph, G.; Goel, R.; Thomson, V.S.; Joseph, E.; Danda, D. Takayasu Arteritis. J. Am. Coll. Cardiol. 2023, 81, 172–186. [CrossRef]
10. Hellmich, B.; Agueda, A.; Monti, S.; Buttgereit, F.; De Boysson, H.; Brouwer, E.; Cassie, R.; Cid, M.C.; Dasgupta, B.; Dejaco, C.;

et al. Update of the EULAR Recommendations for the Management of Large Vessel Vasculitis. Ann. Rheum. Dis. 2020, 71, 19–30.
Available online: https://ard.bmj.com/content/79/1/19 (accessed on 3 March 2023). [CrossRef]

11. Rav-Acha, M.; Plot, L.; Peled, N.; Amital, H. Coronary involvement in Takayasu’s arteritis. Autoimmun. Rev. 2007, 6, 566–571.
[CrossRef]

12. Park, J.-S.; Lee, H.C.; Lee, S.K.; Kim, S.P.; Kim, Y.D.; Ahn, M.S.; Hong, T.J. Takayasu’s Arteritis Involving the Ostia of Three Large
Coronary Arteries. Korean Circ. J. 2009, 39, 551–555. Available online: https://www.semanticscholar.org/paper/Takayasu%27
s-Arteritis-Involving-the-Ostia-of-Three-Park-Lee/6bb22fcfc85cd3eaff7a8fe3ff5ff8500d1a511f (accessed on 11 February 2023).
[CrossRef]

13. Yokota, K.; Shimpo, M.; Iwata, T.; Hirose, M.; Ikemoto, T.; Ohya, K.-I.; Katsuki, T.; Shimada, K.; Kario, K. A Case of Takayasu Ar-
teritis with Repeated Coronary Artery Restenosis after Drug-Eluting Stent Implantation Successfully Treated with a Combination
of Steroids. Intern. Med. 2012, 51, 739–743. [CrossRef]

14. Soni, M.R.; Bohara, A.D.; Mahajan, U.A.; Nathani, J.P. Everolimus eluting stent for critical left main stenosis in Takayasu arteritis.
J. Indian Coll. Cardiol. 2012, 2, 93–96. [CrossRef]

15. Lee, H.K.; Namgung, J.; Choi, W.-H.; Choe, H.; Kwon, S.U.; Doh, J.H.; Lee, S.Y.; Lee, W.R. Stenting of the Left Main Coronary
Artery in a Patient with Takayasu’s Arteritis. Korean Circ. J. 2011, 41, 34–37. [CrossRef]

16. Zhou, S.; Gao, C.; Li, F. Acute myocardial infarction with left main coronary artery ostial negative remodelling as the first
manifestation of Takayasu arteritis: A case report. BMC Cardiovasc. Disord. 2021, 21, 560. [CrossRef]

17. Zhang, T.; Peng, B.; Tu, X.; Zhang, S.; Zhong, S.; Cao, W. Acute myocardial infarction as the first manifestation of Takayasu
arteritis. Medicine 2019, 98, e15143. [CrossRef]

18. Mihailovici, A.; Donoiu, I. A Case of Severe Advanced Takayasu Arteritis with Acute Myocardial Infarction as First Manifestation.
Curr. Health Sci. J. 2018, 44, 80–84. [CrossRef]

19. Wang, X.; Dang, A.; Lv, N.; Liu, Q.; Chen, B. High-sensitivity C-reactive protein predicts adverse cardiovascular events in patients
with Takayasu arteritis with coronary artery involvement. Clin. Rheumatol. 2015, 35, 679–684. [CrossRef]

20. Saadoun, D.; Lambert, M.; Mirault, T.; Resche-Rigon, M.; Koskas, F.; Cluzel, P.; Mignot, C.; Schoindre, Y.; Chiche, L.; Hatron, P.-Y.;
et al. Retrospective Analysis of Surgery Versus Endovascular Intervention in Takayasu Arteritis. Circulation 2012, 125, 813–819.
[CrossRef]

21. Huang, Z.; Zhang, H.; Wang, M.; Yang, W.; Qiao, S.; Hu, F. Revascularization Versus Medical Therapy in Takayasu’s Arteritis
Patients with Coronary Artery Involvement. Rheumatol. Ther. 2020, 8, 119–133. [CrossRef]

22. Kuijer, A.; Van Oosterhout, M.F.M.; Kloppenburg, G.T.L.; Morshuis, W.J. Coronary artery bypass grafting in Takayasu’s disease—
Importance of the proximal anastomosis: A case report. J. Med. Case Rep. 2015, 9, 283. [CrossRef] [PubMed]

23. Wang, X.; Dang, A. Prognostic Value of Brachial-Ankle Pulse Wave Velocity in Patients with Takayasu Arteritis with Drug-Eluting
Stent Implantation. Arthritis Care Res. 2015, 67, 1150–1157. [CrossRef] [PubMed]

24. Wang, X.; Dang, A.; Lv, N.; Cheng, N.; Cheng, X.; Yang, Y.; Song, Y. Long-term outcomes of coronary artery bypass grafting
versus percutaneous coronary intervention for Takayasu arteritis patients with coronary artery involvement. Semin. Arthritis
Rheum. 2017, 47, 247–252. [CrossRef] [PubMed]

25. Yuan, S.-M.; Lin, H.-Z. Coronary artery involvements in Takayasu arteritis: Systematic review of reports. Gen. Thorac. Cardiovasc.
Surg. 2020, 68, 883–904. [CrossRef]

26. Al-Hulaimi, N.; Al-Saileek, A.; Ahmed, T.; Al-Zaibag, M.; Pai, R.G.; El-Widaa, H. Mixed aneurysmal and obstructive coronary
artery disease causing acute myocardial infarction in a young woman with Takayasu’s arteritis. Can. J. Cardiol. 2001, 17, 602–605.

27. Cobilinschi, C.; Cobilinschi, C.; Constantinescu, A.; Draniceanu, I.; Ionescu, R. New-Onset ANCA-Associated Vasculitis in a
Patient with SARS-COV. Balk. Med. J. 2021, 38, 318–320. [CrossRef]

28. Xu, Y.; Luo, L.; Su, G.; Zhu, J.; Kang, M.; Zhang, D.; Lai, J.; Li, X. Clinical characteristics and risk factors of coronary artery lesions
in Chinese pediatric Takayasu arteritis patients: A retrospective study. Pediatr. Rheumatol. 2023, 21, 42. [CrossRef]

29. Sun, T.; Zhang, H.; Ma, W.; Yang, L.; Jiang, X.; Wu, H.; Hui, R.; Zheng, D. Coronary Artery Involvement in Takayasu Arteritis in
45 Chinese Patients. J. Rheumatol. 2013, 40, 493–497. [CrossRef]

30. Ci, W.; Zhao, Y.; Bi, T. Male Patients with Takayasu Arteritis and Coronary Artery Involvement are Prone to have Serious
Coronary Stenosis and High Mortality. Curr. Vasc. Pharmacol. 2021, 20, 62–68. [CrossRef]

31. Yang, Y.; Tian, T.; Yang, K.; Zhang, Y.; Meng, X.; Fan, P.; Feng, L.; Mu, C.; Gao, L.; Zhou, X. Outcomes of percutaneous coronary
intervention and coronary artery bypass grafting in patients with Takayasu arteritis. Int. J. Cardiol. 2017, 241, 64–69. [CrossRef]

https://www.frontiersin.org/articles/10.3389/fmed.2022.952972
https://doi.org/10.3389/fmed.2022.952972
https://doi.org/10.1136/annrheumdis-2011-200795
https://doi.org/10.1016/j.jacc.2022.09.051
https://ard.bmj.com/content/79/1/19
https://doi.org/10.1136/annrheumdis-2019-215672
https://doi.org/10.1016/j.autrev.2007.04.001
https://www.semanticscholar.org/paper/Takayasu%27s-Arteritis-Involving-the-Ostia-of-Three-Park-Lee/6bb22fcfc85cd3eaff7a8fe3ff5ff8500d1a511f
https://www.semanticscholar.org/paper/Takayasu%27s-Arteritis-Involving-the-Ostia-of-Three-Park-Lee/6bb22fcfc85cd3eaff7a8fe3ff5ff8500d1a511f
https://doi.org/10.4070/kcj.2009.39.12.551
https://doi.org/10.2169/internalmedicine.51.6344
https://doi.org/10.1016/S1561-8811(12)80018-6
https://doi.org/10.4070/kcj.2011.41.1.34
https://doi.org/10.1186/s12872-021-02376-w
https://doi.org/10.1097/MD.0000000000015143
https://doi.org/10.12865/CHSJ.44.01.14
https://doi.org/10.1007/s10067-015-2873-6
https://doi.org/10.1161/CIRCULATIONAHA.111.058032
https://doi.org/10.1007/s40744-020-00251-2
https://doi.org/10.1186/s13256-015-0767-5
https://www.ncbi.nlm.nih.gov/pubmed/26666882
https://doi.org/10.1002/acr.22563
https://www.ncbi.nlm.nih.gov/pubmed/25708244
https://doi.org/10.1016/j.semarthrit.2017.03.009
https://www.ncbi.nlm.nih.gov/pubmed/28457530
https://doi.org/10.1007/s11748-020-01378-3
https://doi.org/10.5152/balkanmedj.2021.21129
https://doi.org/10.1186/s12969-023-00820-z
https://doi.org/10.3899/jrheum.120813
https://doi.org/10.2174/1570161119666210720114939
https://doi.org/10.1016/j.ijcard.2017.02.041


J. Clin. Med. 2023, 12, 4394 15 of 15

32. Wang, H.; Zhang, Y.; Shen, Z.; Fang, L.; Liu, Z.; Zhang, S. Comparing the effects of different management strategies on long-term
outcomes for significant coronary stenosis in patients with Takayasu arteritis. Int. J. Cardiol. 2020, 306, 1–7. [CrossRef]

33. Maz, M.; Chung, S.A.; Abril, A.; Langford, C.A.; Gorelik, M.; Guyatt, G.; Archer, A.M.; Conn, D.L.; Full, K.A.; Grayson, P.C.; et al.
American College of Rheumatology/Vasculitis Foundation Guideline for the Management of Giant Cell Arteritis and Takayasu
Arteritis. Arthritis Rheumatol. 2021, 73, 1349–1365. [CrossRef]

34. Laurent, C.; Ricard, L.; Fain, O.; Buvat, I.; Adedjouma, A.; Soussan, M.; Mekinian, A. PET/MRI in Large-Vessel Vasculitis: Clinical
Value for diagnosis and Assessment of Disease Activity. Sci. Rep. 2019, 9, 12388. Available online: https://www.nature.com/
articles/s41598-019-48709-w (accessed on 21 June 2023). [CrossRef]
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