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Abstract: Takayasu’s arteritis (TAK) is known to be a unique, rare, and chronic vasculitis disease that affects large elastic arteries 
such as aorta and its major branches. TAK is characterized by adventitial thickening, weak pulses and ocular disturbances. The 
prognosis and diagnosis of TAK are challenging due to the non-specific, silent, or paucisymptomatic presentation of the disease. The 
effective understanding of TAK lies with the timely recognition of the symptoms and a rapid diagnosis of the disease. Point-of-care 
testing (POCT) is vital for the quick and reliable detection of parameters near bedside for disease diagnosis, assessment, monitoring, 
and therapeutics management. Ultrasonography is the most reliable POCT technique. Moreover, erythrocyte sedimentation rate 
and C-reactive protein assay are the two most valuable non-imaging POCT tests used to determine inflammation and onset of 
the disease. Other potential biomarkers such as matrix metalloproteinases, soluble receptor for advanced glycation end products, 
interleukin (IL)-6, and IL-18 have also been advocated for tracking the progression of TAK. Furthermore, vasculitis associated-
anti-neutrophil cytoplasmic antibodies have also been reported to reflect the inflammatory phase of the disease. Therefore, the 
development of POCT based on these blood-based biomarkers may help in quick clinical decision-making for early diagnosis of 
TAK and targeted therapeutics to improve clinical outcome in patients suffering from this debilitating disease.
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1 Takayasu arteritis

Takayasu’s arteritis (TAK) is recognized as a 
rare and chronic inflammatory vasculitis that 
affects large arterial blood vessels and its main 
branch arteries [1,2]. TAK is basically a form of 
granulomatous arteritis which is characterized by 
weak pulses and ocular disturbances [3]. TAK 
is commonly referred to as a pulseless disease 
and non-specific aortic arteritis. The Chapel Hill 
Consensus Conference (1994) defined TAK as 
“granulomatous inflammation of the aorta and its 

major branches” based on the Nomenclature of 
Systemic Vasculitis [4].

TAK was first reported in a 21-year-old female 
as “coronary anastomosis,” characterized by an 
arteriovenous anastomosis around the papilla in 
the retina in 1908 by Mikito Takayasu, a Japanese 
ophthalmologist at Kanazawa University [5]. 
The impaired vision of this patient was described 
as “a case of peculiar changes in the central 
retinal vessels” [5]. In the same year, Onishi 
and Kagoshima presented similar cases and 
mentioned that the pulse became non-palpable 
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in the radial arteries of the patients [6]. Yasuzo 
Shinmi coined the term “Takayasu’s arteritis” for 
the first time in 1929 [7]. In the natural course of 
TAK, the patient experiences cycles of active and 
remission phases that reflect different inflammatory 
states of the arterial lesions [3,8]. Later in 1990, 
the classification criteria were published by the 
American College of Rheumatology (ACR criteria) 
and the proposed name “Takayasu’s arteritis” was 
accepted worldwide [9].

According to the epidemiological data, the 
prevalence of TAK is highly gender-biased. It 
predominantly occurs in adolescent girls and young 
women between the age of 10 and 30 years, with 
the female-to-male ratio of 2.1:1 in India [10,11]. 
TAK is associated with >35% of mortality rate 
among children of both sexes [12]. Approximately 
2/1,000,000 people per year suffer from TAK [10]. 
Major geographical variation in the prevalence of 
TAK is observed in Japan, China, India, and other 
Asian countries [13].

Ample number of experimental and clinical 
studies have been conducted in the past years 
but the etiopathogenesis of TAK still remains 
enigmatic. Indian and Japanese workers suggested 
TAK as a possible outcome of hypersensitivity to 
Mycobacterium tuberculosis with a likelihood of 
positive tuberculin skin test in TAK patients [14,15]. 
Various markers and immunogenic components 
that interlink TAK with tuberculosis have been 
identified. However, both TAK and tuberculosis 
presented weak association according to the 
previous studies [14-16].

Besides, Sagar et al. tested blast transformation 
to various antigens in TAK patients and reported a 
significant blast transformation by purified human 
aortic antigen, implying the role of autoimmunity 
in the pathogenesis of TAK [17]. However, the 
findings obtained from a series of experimental and 
histopathological studies in this direction suggested 
that cell-mediated immunity, rather than humoral 
autoimmune mechanisms, may play a role in TAK 
pathophysiology.

To summarize the etiopathogenesis of TAK, 
the onset of TAK may occur due to the exposure 
of an unknown antigen that may lead to an 
immune response targeting the arterial vessel 
wall. The association between TAK and human 
immune response genes, including HLA genes was 

studied, and it was believed that HLA molecules 
have a significant role in the pathogenesis of the 
disease [18,19]. So far, HLA-B*52 is the only HLA 
allele that shows the consistent association with 
TAK. Numerous cohort studies have been carried 
out in various ethnic groups and the findings 
showed that the prevalence of TAK is directly 
proportional to the frequency of HLA-B*52 in 
the population. The association between TAK and 
HLA-B*52 frequency was confirmed in a study 
by Sahin et al. that screened 330 Turkish patients 
with TAK for the presence of HLA-B*52 [20]. In 
addition, the presence of HLA-B*52 was found to 
be decreased in late-onset patients, aged >40 years 
and angiographic type  I disease patients with 
limited aortic involvement (ACR criteria) [9,20]. 
This well-recognized association has also been 
reported in Japanese, Korean, Thai, Indian, and 
European-American populations. Moreover, the 
association between HLA-B*52 and TAK is highly 
based on the TAK clinical features, including 
aortic regurgitation, early age onset, congestive 
heart failure, and non-type  I disease with limited 
aortic involvement, which makes TAK diagnosis 
cumbersome. In addition to HLA genes, the 
genetic variants in non-HLA genes encoding pro-
inflammatory cytokines and immune response 
mediators have been reported for their association 
with TAK progression [20].

Pathophysiologically and histopathologically, 
the earliest changes in TAK consist of a 
granulomatous inflammation and thickening in 
the adventitia, followed by cellular infiltration 
of smooth muscles cells and elastin in the 
tunica media of the affected arterial vessel wall, 
leading to pathogenic T-lymphocyte response 
[3,21,22]. TAK may lead to stenosis, blockages, 
thrombosis, and aneurysms. TAK is a persistently 
active vasculitis disease, but may allow silent 
damage accrual [23]. The clinical manifestations 
of TAK are dependent on two stages of the 
disease – systemic phase and occlusive phase. In 
systemic phase which is the first stage of active 
inflammatory illness, several symptoms such as 
fatigue, unintended weight loss, aches, and pains, 
or mild fever may occur. Most patients show 
elevations in the erythrocyte sedimentation rate 
(ESR) during this phase. The occlusive phase 
is succeeded by the systemic phase. During 
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the second stage of pulseless phase, decreased 
pulse, high blood pressure, anemia, chest pains, 
bruits, claudication, shortness of breath, or 
memory problems may be visualized as the 
major signs of TAK due to narrowing of affected 
arteries [3,10,23-25]. The effective treatment of 
TAK lies with timely recognition of the symptoms 
and a rapid diagnosis of the disease to prevent the 
development of obstructive lesions [24].

Attaining proper diagnosis of TAK is a 
major milestone due to overlapping clinical 
and pathological features, and lack of definitive 
evidence of the disease. Thus, the diagnostic 
and classification criteria are established for the 
identification of systemic vasculitis and are useful 
in clinical practice. These criteria help distinguish 
the TAK patients from healthy individuals and 
patients with similar conditions, and also rule out 
the different forms of vasculitis or diseases that 
resemble TAK, including giant cell vasculitis. 
Depending on different sets of diagnostic 
classifications, various TAK classification criteria 
have been proposed, which are summarized as:

1.1 Ishikawa diagnostic criteria (1988)

Ishikawa diagnostic criteria are the most widely 
used criteria for the diagnosis of TAK. It was 
first developed on the basis of observation in 
108 Japanese patients with TAK. The criteria are 
based on three major and ten minor factors along 
with proposed angiography imaging technique to 
confirm the involvement of large vessel [25]. The 
major factors of proposed criteria include <40 years 
of age, presentation of signs, and symptoms of 
1-month duration and lesions in the left and right 
mid-subclavian artery. On the other hand, the minor 
factors include high ESR, hypertension, tenderness, 
and different arterial lesions. The criterion was later 
modified by Sharma et al. (1995) – to familiarize 
in Indian patients with TAK, resulted in 92.5% 
sensitivity and 95% specificity which were higher 
than the original Ishikawa’s criteria, underscoring 
the usefulness of the modified criteria for under-
diagnosed TAK patient [26].

1.2 ACR classification criteria (1990)

ACR classification criteria were developed 
specifically for adult TAK patients to differentiate 
TAK from other forms of vasculitis. The 

classification was based on the observations 
obtained by comparing 63 TAK patients and 
744  patients suffering from other vasculitis. The 
six chosen criteria for the traditional classification 
of TAK were based on the demographic, historical 
and physical examination. The sole demographic 
criterion was onset of the disease at age of <40 years 
and the historical criterion include claudication 
of the extremities. Three findings based on the 
physical examination include decreased pulse, 
difference in systolic blood pressure of >10 mm Hg 
between the arms, and the presence of bruits over 
one or both subclavian arteries and abdominal 
arteries. The sixth criterion was arteriographic 
evidence of narrowing or occlusion of aorta and its 
branches. Classification based on any three out of 
the six criteria demonstrated 90.5% sensitivity and 
97.8% specificity. Hence, these suggested factors 
are recommended as diagnostic criteria [9].

1.3 EULAR/PRINTO/PRES criteria (2005)

The European League Against Rheumatism 
(EULAR)/the Pediatric Rheumatology European 
Society (PRES)/the Pediatric Rheumatology 
International Trials Organization (PRINTO) 
(EULAR/PRINTO/PRES) classification criteria 
were developed for identifying childhood TAK 
in patients of <18  years of age. The mandatory 
criterion of this classification involves angiographic 
abnormality of the aorta and its branches along 
with one of the factors such as hypertension, 
increase in systolic blood pressure of >10 
mm  Hg in all four limbs, the presence of bruits, 
claudication due to physical activity, and increased 
acute phase reactants (ESR and C-reactive protein 
[CRP]) [27,28].

2 Concept of point-of-care testing (POCT)

POCT is defined as a medical diagnostic testing at 
bedside of the patient, i.e., at the time and place of 
patient care. POCT is vital for quick and reliable 
detection of parameters near bedside for diagnosis, 
assessment, and monitoring of the disease as well 
as for therapeutics management [29]. Usually, 
laboratory tests would take hours to days to reveal 
the test results. The whole process of testing 
involves collection of samples, sending the sample 
to the laboratory, performing the test, and analyzing 
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results. These diagnostic and care protocols are 
complex and time-consuming, and require essential 
health information about the patient [30]. In contrast 
to the conventional laboratory tests, POCTs are 
simple tests that can be performed in minimal time 
with minimal discomfort to the patients.

The driving concept behind POCT is to perform 
the test immediately near the patient to expedite 
clinical decisions. POCT involves the usage of 
portable, transportable, and handheld instruments 
and test kits. Most of the POCT technology 
systems are membrane-based strips enclosed in a 
test cassette. These tests are usually cost-effective, 
less time-consuming, and reliable. The results 
can be obtained in real time, thereby speeding 
up processes to obtain diagnosis and prognosis 
results [29-31].

Ideally, a POCT platform is a mobile device 
that is placed at the bedside of the patient, and 
relevant tests can be performed in real time to 
reduce the interruptions during examination and 
treatment. POCT provides relevant information 
needed on bedside, without any delay in sample 
processing, central laboratory testing procedures, 
and results analysis [32]. Furthermore, POCT 
has many advantages, such as the tests can be 
performed by the same person who is also treating 
the patient, simple test procedures, low sample 
volumes required for analysis, and mobility of the 
equipment [31].

A wide range of POC assays and analyzers 
have been established so far for the quantitative 
determination of biomarkers related to the 
disease. Numerous POCT technologies that help 
in the diagnosis of various conditions are being 
used worldwide, such as blood glucose meter, 
pregnancy detection kit, and urinalysis. [32] These 
complementary technologies also lend themselves 
useful to health-conscious people for monitoring 
and managing their health [31,32]. Hence, POCT 
becomes instrumental in improving the quality 
of medical care and aiding effective medical 
treatments, without causing further delay.

3 Diagnostic techniques and disease assessment 
of TAK

To date, there is no single test for determining the 
onset and progression of TAK. Furthermore, the 
lack of definitive presentation of the disease poses 

a challenge to the diagnosis of TAK. The diagnosis 
of TAK is based on a number of factors, including 
symptoms, clinical history, physical examination, 
laboratory testing, and imaging techniques [27].

3.1 Diagnostic techniques of TAK

3.1.1 Physical examination

TAK is referred to as a pulseless disease [1]. Clinical 
examination includes absence of pulse, high blood 
pressure, and abnormal sounds of blood through 
narrowed blood vessels called “bruits” or abnormal 
pulsation of blood vessels heard using stethoscope.

3.1.2 Blood tests

ESR and CRP assay are the two most valuable 
non-imaging tests to date used to determine 
inflammation and onset of the disease [27,33].

3.1.3 Imaging techniques

The diagnosis of TAK is highly based on the evaluation 
of lesions in the aorta or its major branches by 
performing the following imaging techniques [27,34]. 
The advantages and disadvantages of these imaging 
techniques are listed in Table 1.

3.1.3.1 Angiography

Digital subtraction angiography (DSA) technique 
is a widely used method to evaluate the arterial tree 
in TAK patients. During angiography, a flexible 
catheter is inserted into a large artery and a special 
contrast dye is injected into the bloodstream through 
the catheter. X-rays are taken as the dye fills the 
arteries to observe the normal or interrupted flow 
of blood due to stenosis of a blood vessel. A person 
with TAK generally presents with several narrowed 
arteries [27]. This method is considered the best 
technique for the assessment of vessel lumen but it 
is invasive. Due to radiation-related complication 
risks and invasive nature, this method has been 
replaced by other reliable techniques.

3.1.3.2 Magnetic resonance angiography (MRA)

The accuracy and sensitivity of MRA are 
comparable to DSA. It is a non-invasive technique 
and does not require radiation exposure. The radio 
waves are passed in a strong magnetic field to create 
the detailed pictures of vessels on a computer [34-
36] so that thorough information of the lesions in 
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the aorta and complete arterial anatomy, including 
thickness and edema, can be provided. MRA is 
better than DSA for monitoring inflammation and 
disease activity in TAK patients to differentiate 
active and non-active phase of the disease and 
lesion development. This technique is extensively 
used in children nowadays [27].

3.1.3.3 Computerized tomography (CT) 
angiography

CT angiography is a non-invasive form of 
angiography that combines computerized analysis 
of X-ray images with the use of intravenous contrast 
dye to visualize the structure of the aorta and its 
major branches. This imaging technique can also 
monitor blood flow [37]. CT angiography provides 
better resolution and detailed three-dimensional 
images of arterial anatomy. Similar to MRA, the 
specificity and sensitivity of CT angiography are 

excellent, and this method can be used to monitor 
vascular inflammation and disease activity in 
TAK patients. CT angiography may be used as 
a substitute of MRA for one-time assessment 
and diagnostic purpose [27]. The involvement of 
high radiation exposure is a major drawback of 
CT angiography, and thus, this technique is not 
appropriate for follow-up assessments.

3.1.3.4 Positron emission tomography (PET)

PET is a new imaging technique for the assessment 
and evaluation of TAK. 18F-fluoro-deoxy-
glucose-PET is an example of PET that utilizes 
a radiotracer for monitoring the disease. PET is 
a non-invasive technique that determines arterial 
metabolic activity with lumenography, anatomical 
abnormalities, and morphological changes in the 
arterial vessel wall. In PET, it is necessary to inject 
a radiotracer into an artery to visualize the areas 

Table 1. Advantages and disadvantages of imaging techniques
Imaging techniques Advantages Disadvantages
Angiography Gold standard • Invasive 

• Expensive
• Involving radiation exposure
• Time-consuming
• Empty stomach and other conditions required
• �Involving sophisticated equipment that 

requires complex procedures
MRA • Painless

• No radiation exposure
• Expensive
• Time consuming process
• �Involving sophisticated equipment that 

requires complex procedures
• �Diminished picture quality due to 

unrestricted movements of the patient
• Inability to capture small vessels

CT angiography Suitable for the evaluation of anatomic 
details

• Expensive
• Involving radiation exposure
• Requires intravenous (I/V) contrast
• �Involving sophisticated equipment that 

requires complex procedures
PET Provide valuable information about 

cellular activity within inflamed arterial 
wall

• Expensive
• Involving radiation exposure
• Requires sedation for young children.
• �Involving sophisticated equipment that 

requires complex procedures
Ultrasonography (POCT 
device)

• No radiation exposure
• Painless
• Sensitive
• Portable

• �Images obtained are dependent on the 
expertise of sonographer

MRA: Magnetic resonance angiography; CT: Computerized tomography; PET: Positron emission tomography
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of decreased blood flow [38]. The TAK patient 
is exposed to high dose of radiation when this 
imaging test is performed in combination with 
CT or magnetic resonance imaging. On the basis 
of the contrasting reports, this technique is found 
to be clinically controversial with respect to the 
specificity, sensitivity, and assessment of TAK 
disease activity [38].

3.1.3.5 Ultrasonography

Doppler ultrasound is a sophisticated version of 
the common ultrasound with the ability to produce 
high-resolution images of the morphology of the 
arteries. It is a non-invasive technique, and radiation 
exposure is not required. Doppler ultrasound can 
also be used to detect subtle changes in these 
arteries, inflammatory or non-inflammatory stages, 
thrombosis, and aneurysms [39]. It is a valuable 
technique for the follow-up assessments of TAK 
disease. It is important to note that the quality of 
results generated using this technique is operator-
dependent, and it is also unable to assess disease 
activity [40].

3.2 Assessment of disease activity

Characteristic malformations of blood vessels that 
occur in advanced cases of TAK can be detected 
by imaging techniques [34-39]. However, accurate 
methods of monitoring the disease activity in TAK 
patients are lacking. At present, no gold standard 
methods are present to monitor the disease activity 
of TAK. Thus, physicians and health-care personnel 
have to rely on a combination of clinical features, 
the presence of signs and symptoms, blood-based 
inflammatory markers, any vascular complaints, 
and results of imaging modalities to estimate 
disease activity of TAK. To distinguish the active 
and non-active phase of the disease and assess 
disease activity, numerous approaches have been 
proposed [23-27,41]:

3.2.1 US National Institute of Health (NIH) 
approach

The US NIH has proposed an approach for the 
assessment of disease activity in adult TAK patients 
which one of the most commonly adopted approach 
worldwide. Still, this approach has not been 
validated in pediatric TAK patients. The approach 
is based on three qualitative aspects of the disease 

such as clinical features, laboratory parameters, and 
angiographical examination of large vessel [2,8].

The NIH approach was proposed in 1994 after 
a prospective study with a follow-up period of 
5.3  years on 60 TAK patients. The NIH defined 
“active disease” as the onset of the disease 
or worsening of two or more factors, such as 
constitutional symptoms of systematic phase 
(i.e.,  fever, and pain), elevated ESR (an acute 
phase reactant), occlusive phase symptoms 
(bruits, claudication, etc.), and imaging diagnostic 
examination for new vesicular lesion [10].

3.2.2 Birmingham vasculitis activity score 
(BVAS)

BVAS is considered as a validated approach for the 
assessment of TAK disease activity, particularly 
in small-  and medium-vessel vasculitis. This 
approach has been used in both adult and pediatric 
TAK patient cohorts. There are three versions of 
BVAS system and the third version, i.e., BVAS for 
Wegener’s granulomatosis, is clinically used. The 
score system comprised 56 items representative 
of nine organ systems for the assessment of 
vasculitic manifestations. Nonetheless, this 
approach underestimates the cardiovascular events 
and findings, which are the prominent features 
of TAK. Moreover, it does not include imaging 
techniques for vessel examination, which is a major 
drawback [2,23-25].

3.2.3 Disease extent index for TAK (DEI-Tak)

DEI-Tak was proposed in 2005 for the follow-
up of TAK patients and this index has also been 
extended for use in large-vessel vasculitis. This 
tool is an extension of BVAS and comprised 59 
clinical components without involving imaging 
techniques for the detection of symptoms present 
in the 6 months before the onset of the disease. This 
approach was designed to evaluate both disease 
activity and damage. Regardless of that, it is not 
able to differentiate active and remission phases of 
the disease [8,24].

3.2.4 Indian Takayasu clinical activity score 
(ITAS)

ITAS2010 is the first validated score system that 
was derived from DEI-Tak approach which assesses 
disease activity based on the symptoms in the 
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4 weeks before the onset of the disease. ITAS2010 
is a six-organ-based system which is comprised of 
44 items in which 33 items are based specifically on 
cardiovascular symptoms with a maximum score of 
51. ITAS2010 is able to grade disease activity and 
has been validated in adult TAK patients. ITAS-A 
is a modified version of ITAS2010 that combines 
the score of ITAS2010 with acute phase reactants 
(ESR and CRP). ITAS2010 is a very sensitive 
tool because little changes may result in different 
results. Several studies based on the ITAS2010 
system have been carried out, including cohort 
study in TAK patients in India, open-label study 
of mycophenolate mofetil in TAK, and translation 
and validation of ITAS2010 for the Brazilian 
Portuguese-speaking TAK patients [27,41].

3.2.5 Pediatric vasculitis activity score (PVAS)

PVAS is also based on BVAS approach. It is a 
validated tool for the assessment of disease activity 
among children with primary vasculitis. PVAS is 
used to assess the onset or worsening of symptoms 
lasting for at least 4  weeks and persistent for a 
maximum of 3 months. This score system comprises 
of nine sections with a total score of 63 [10,41].

3.2.6 Pediatric vasculitis damage index (PVDI)

PVDI is a generic score system developed for the 
assessment of childhood TAK and is based on 
adult VDI. This score system considers symptoms 
present for more than 3 months and disease-related 
damages [26,41].

Despite the advances in the clinical field, there 
is still a lack of tool for assessing the onset and 
progression of TAK to achieve timely diagnosis 
and effective treatment. In addition, lack of specific 
biomarkers or laboratory tests to determine and 
assess the onset or progression of TAK would also 
contribute to delayed diagnosis and treatment [42]. 
The TAK patients need comprehensive disease 
assessment and treatment plan that involves 
recognition of the symptoms at the earliest followed 
by tests and therapeutics (imaging techniques, 
clinical tests, and therapeutic treatment) [2,42]. Due 
to the silent behavior of TAK, it is quite difficult to 
diagnose the onset of disease, not to mention the 
use of time-consuming detection techniques could 
delay the diagnosis and worsen the condition. 
Therefore, in this context, POCT gains relevance 

and is required for the management of TAK at the 
earliest.

4 Challenges to the diagnosis and prognosis of 
TAK

With the increasing incidence of TAK in youngsters 
and children, there is an urgent need of POCT for 
timely diagnosis and treatment of the disease. 
A previous study by Kerr et al (2011) has shown 
that juveniles with TAK were 4 times more likely 
to have a delayed diagnosis relative to their adult 
counterparts [1]. Therefore, early diagnosis 
and proper treatment in affected individuals are 
required to improve survival rates, especially for 
patients with major complications. However, 
certain characteristics of TAK pose a challenge to 
the diagnosis and prognosis of TAK.

4.1 Non-specific signs and symptoms

The most common feature of TAK is the 
perpetual inflammation in a suppressed state in 
the vasculature, and therefore, shows non-specific 
symptoms of systemic phase of the illness. The 
non-specific signs unfortunately lead to a delay in 
diagnosis for months or even years. Even in case 
of timely diagnosis, it is difficult to distinguish 
between the active phase or the stenotic phase of 
the illness due to their non-specificity. The two 
phases of the disease may not always be distinct, 
i.e.,  TAK patient may show the features of both 
the phases at a single point of time. Thus, it is 
imperative to determine disease activity because 
immunosuppressive treatments are not effective in 
the late stage of the disease [1-3].

4.2 Uncertainty in disease onset and progression

The management of TAK patients is highly 
problematic. The onset and progression course 
of TAK disease remains uncertain due to 
poor correlation between clinical features, 
disease activity, and the lack of blood-based 
biomarkers [1,8-10].

4.3 Silent behavior

The majority of patients do not show any symptoms 
until complications, including stroke and dilation of 
aorta with stretching, occur [1,10]. The occurrence 
of complication is usually the time when a proper 
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diagnosis is considered necessary. As a result, the 
silent behavior of TAK causes delayed diagnosis of 
the disease.

4.4 Paucisymptomatic presentation of the 
disease

Paucity of specific symptoms makes the disease 
unrecognized for so long. It is also very difficult to 
predict the disease activity in such cases [27].

4.5 Similarity with giant cell arteritis (GCA)

Both GCA and TAK are two forms of large vessel 
vasculitis which affect the aorta and its branches. 
Both diseases share the common features, including 
clinical symptoms, systemic inflammation, and 
aortic abnormalities on imaging. The major 
difference between GCA and TAK is the age of 
the affected patients. TAK affects younger patients 
who are generally <40 years of age, whereas GCA 
affects older people who are usually >50 years of 
age [1-3].

4.6 Delayed diagnosis

Delayed diagnosis is associated with worse 
repercussions [29]. In therapeutics, “time-
outcome” relationship is a major limitation. The 
success of most therapeutic approaches majorly 
depends on a timely diagnosis [30]. In a recent 
pediatric classification criteria study, the authors 
observed that the mean time from the onset of 
symptoms of TAK disease to its diagnosis was 1.3 
± 1.6 years. Furthermore, Watson et al. presented 
a pediatric case which linked delayed diagnosis 
with fatal outcome in a 14-year-old male child with 
vasculitis [43]. This indicates that TAK demands 
timely attention.

Taking the above-mentioned characteristics 
into consideration, timely diagnosis is essential 
for the treatment of TAK. Therefore, POCT for 
the diagnosis and assessment of TAK in adults and 
children is very much required.

5 Applications of POCT in TAK

The greatest challenge in the medical field is to 
identify the risk of an active disease prevailing in the 
patients. This explains why diagnostic techniques 
that could help in quick recognition of the disease 
are essential. The major driver of diagnosis is 

the assessment and detection of disease-related 
markers, generally known as biomarkers in the 
clinical field [29,30]. Biomarkers are basically 
defined as the biological parameters or “molecular 
signatures” in the biological fluids, such as blood 
and urine that may serve as the indicators or 
predictors of health and disease [44]. Identifying 
the best candidate markers as stage-specific 
biomarkers (onset and progression) may assist the 
practitioners in designing the best personalized 
therapeutic modalities. The use of biomarkers, 
mobile devices (onset and progression), and 
diagnostic applications that incorporate the concept 
of POCT for determining the onset and monitoring 
the progression of TAK is described as follows:

5.1 Biomarkers for determining TAK onset

On the basis of different criteria and approaches 
proposed for the assessment of TAK, the acute phase 
reactants, such as ESR and CRP, are advocated 
as the principal biomarkers of TAK onset. The 
examination of these biomarkers is important for 
the determination of the inflammation and onset 
of the disease [42,44]. These biomarkers can 
positively correlate with disease activity of TAK.

5.1.1 ESR

The major challenge of TAK is to monitor its disease 
activity. ESR remains the probable and reliable 
marker of disease activity. ESR is a measure of 
the degree of inflammatory activity or acute phase 
response in the patient’s body [42]. A  previous 
study showed that ESR was elevated in almost 
three quarters of the active TAK patients [27]. 
However, elevated blood pressure and ESR which 
are the most common clinical manifestations of 
TAK are very helpful in diagnosis of TAK because 
these manifestations are distinctly uncommon in 
children [43]. Therefore, the physical and clinical 
examination, including blood pressure, pulse rate, 
and bruits, along with a POCT device that can 
measure ESR would be beneficial in the quick 
diagnosis of the disease.

5.1.2 CRP

CRP is another vital parameter to assess the 
inflammation and onset of TAK. Several 
manufactures have developed POCT device for 
CRP assay as an additional diagnostic tool. For 
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instance, a portable reader for the measurement 
of CRP based on a capillary mechanism has been 
developed by Siemens Healthcare Diagnostics 
(Munich, Germany) as a POCT device [44]. This 
device offers high sensitivity and is also able to detect 
small elevations in CRP levels. Another example is 
NeoMedica NW-37 protein analyzer (NeoMedica 
Bioscience Technology, Niš, Serbia) which 
measures CRP based on immunochromatography 
principle. The device requires only 5 µl of blood 
sample obtained from a finger prick, and the result 
can be obtained in <7 s and the whole procedure 
can be completed in <3 min. These POCT devices 
are cost-effective, less time-consuming and precise. 
POCT-based CRP tests such as Eurolyser CRP assay 
(Eurolyser Diagnostica, Salzburg, Austria), cobas 
POC CRP Test (Roche Diagnostics International 
Ltd., Rotkreuz, Switzerland), QuikRead go CRP 
(Aidian, Espoo, Finland), Afinion™ CRP (Abbott, 
Oslo, Norway), and Suresign Finecare CRP (CIGA 
Healthcare, Ballymena, UK) are already in the 
market. POCT for CRP is an important tool for 
the rapid diagnosis of TAK which would help in 
decision making in primary care considered along 
with clinical history of the patient [44].

5.2 Progression markers

5.2.1 Interleukin (IL)-6

IL-6 is a well-known pro-inflammatory cytokine 
that is released near the onset of inflammation, and 
it correlates well with the progression of TAK [45]. 
Similar to the manufacturers of POCT-based CRP 
tests, numerous manufacturers have developed 
POC assays for IL-6, such as IL-6 assay for Proxim 
POCT (Proxim Diagnostics Corp, Santa Clara, 
CA, USA), Elecsys® IL-6 (Roche Diagnostics, 
Basel, Switzerland), Nori Human Il-6 POCT 
systems (Genorise Scientific Inc., PA, USA), 
ADVIA Centaur IL-6 assay (Siemens Healthineers, 
Erlangen, Germany), etc. These tests are based 
on various principles such as those in lateral flow 
immunoassay, and densitometric-based assay. For 
instance, the Milenia QuickLine IL-6 immunoassay 
(Milenia Biotec, Gieβen, Germany) can be used for 
the measurement of IL-6 levels that would help 
in the quick diagnosis of TAK. The underlying 
principle of this test is based on the binding of IL-
6 to the gold particles-conjugated IL-6 antibody. 
The complexes of IL-6 and its antibodies diffuse 

through the membrane coated with secondary 
antibody. As the fluid overflows, a colored band 
appears. The color intensity of the band is directly 
proportional to the levels of IL-6 in the test sample. 
IL-6 is a promising marker for early diagnosis in 
TAK patients [42,45,46].

5.2.2 Anti-neutrophil cytoplasmic antibodies 
(ANCA)

ANCA are autoantibodies produced by the immune 
system that targets and attacks specific protein 
within the neutrophils. ANCA-associated vasculitis 
(AAV) is an autoimmune disease characterized by 
damage and inflammation in the small vessels. 
AAV occurs when the small and medium vessels 
are attacked by the neutrophils that are attached 
to ANCA. Unlike TAK, AAV is more common in 
older people. The symptoms also vary depending 
on the affected organs. Testing kits, including 
AESKUSLIDES® ANCA (AESKU Diagnostics, 
Wendelsheim, Germany) and ANCA Vasculitides 
test (Quest Diagnostics, New Jersey, USA), are 
used to detect autoantibodies in the blood to 
determine AAV so as to differentiate between TAK 
and AAV [47].

5.3 Cell phone-based POC, Fitbit watch, and 
iWatch

Cell phone-based POC, Fitbit watch (Fitbit, 
San Francisco, CA, USA), and iWatch (Apple 
Inc., Cupertino, CA, USA) are some of the most 
promising technologies for the assessment of basic 
health parameters, including heart rate, pulse rate, 
weight body analysis, blood pressure, and record of 
physical activity. The state-of-art heartbeat sensors 
are an inbuilt feature of Apple iWatch Series 3 
which notifies the user when there is a low or an 
irregular heart rhythm. These technologies have 
become popular in POC diagnostics as they are 
capable of data collection, analysis, and generation 
of precise results. The testing is based on the 
sensors which converts the biological signals into 
electrical signals and does not require any kind of 
human biological sample.

Xu et al. explained the role of and advances 
in smartphone-based POC diagnostics in public 
health, environmental monitoring, and food safety 
analysis [48]. For example, Scully et al. developed 
smartphone-based POC for monitoring various 
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physiological parameters such as cardiac R-R 
interval, breathing rate, and blood oxygen saturation 
from the images of human body, including fingertips, 
eyes, and skin [49]. In addition to physiological 
parameters, smartphone-based pupillometer for 
assessing nervous system functioning, melanoma 
detection technology [50], assessment of fatigue 
status using tongue images (Samsung Electronics, 
Suwon-si, South Korea) [51], spirometer for lung 
function [52], etc., were also developed. These 
technologies will change the face of the current 
health-care practices.

5.4 Point-of-care ultrasonography (POCUS)

POCUS (GE Health care, Chicago, IL, USA) is a 
portable ultrasonography technique which is used 
at the patient’s bedside. It is a non-invasive and 
highly reliable imaging-based POCT technique 
for the detection of TAK. It has the capacity to 
carry out timely diagnosis, improves the patient 
care management and accelerates clinical decision 
making. The major drawback of this technique is 
that it requires skilled sonographer with high level 
of expertise [31].

6 Potential biomarkers of TAK

Other potential biomarkers such as matrix 
metalloproteinases (MMPs), soluble receptor 
for advanced glycation end products (sRAGE), 
and IL-18 have also been demonstrated for the 
link with TAK progression [44-46]. At present, 
however, there are no POCT devices available for 
the assessment of these potential biomarkers.

6.1 MMPs

MMPs are widely associated with various 
inflammatory vascular disorders, and also play a 
significant role in the pathogenesis of TAK. MMPs 
belong to a zinc-containing enzyme family that 
degrades extracellular matrix. The previous studies 
suggested that MMP-2, MMP-3, and MMP-9 
could be the potential biomarkers to predict disease 
activity and imaging outcomes of TAK. In our 
laboratory, extensive work has been carried out 
in this direction that TAK patients demonstrated 
enhanced expression of MMP-1, MMP-3, and 
MMP-9 as compared to controls [53]. Consistent 
with this finding, Matsuyama et al. also reported 

that MMP-2 could be a diagnostic marker, while 
MMP-3 and MMP-9 are relevant biomarkers for 
the assessment of TAK disease activity [54]. These 
MMPs are recognized first as active participants in 
the pathophysiology of TAK and later, as diagnostic 
biomarkers for TAK disease [46,49]. At present, 
there are no specific POCT devices available for 
MMPs.

6.2 sRAGE

Receptor for advanced glycation end products 
(RAGE) is a transmembrane receptor. Soluble 
form of RAGE is referred to as sRAGE. A growing 
number of studies have demonstrated decreased 
levels of sRAGE in a range of diseases. Besides 
that, Mahajan et al. also demonstrated the decreased 
levels of sRAGE in active and remission phases of 
TAK, and the association between decreased levels 
of sRAGE and TAK progression [55]. According to 
this study, sRAGE may also have a role in arterial 
stiffness and its related complications. Collectively, 
sRAGE can be used as a potential biomarker 
for prediction of TAK in routine management. 
However, it is necessary to develop POCT devices 
for the determination of sRAGE levels.

7 Future perspectives

TAK is an idiopathic disease that represents an 
unpredictable disease pattern. Therefore, the 
diagnosis and assessment of disease activity 
are crucial. In general, TAK is assessed with the 
presence of constitutional symptoms, bruits, 
acute phase response, and angiographic features. 
However, there is no single reliable measure for 
disease assessment. Of note, a “Surrogate Markers 
Study” is being conducted by the International 
Network for the Study of Systemic Vasculitides 
(INSSYS) to identify the proteins and other 
molecules that indicate ongoing inflammation from 
the blood samples of patients with vasculitis. The 
INSSYS includes more than 300 investigators and 
experts from more than 50 medical centers across 
the world.

To obtain a confirmed diagnosis, a number of 
blood-based biomarkers testing along with clinical 
and physical examination would be a boon to 
the effective management of TAK [38,39]. There 
is a clear need of developing a diagnostic plan 
to achieve rapid diagnosis with a validated set 
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of outcome measure for TAK for use in clinical 
practice under such cumbersome circumstances. 
A  series of features are required to be assessed 
before a diagnosis is confirmed. Ideally, a diagnosis 
plan based on the physical and clinical examination 
followed by the assessment of a reference biomarker 
selected from a number of disease onset markers 
should be established to improve the detection 
process. The disease onset and progression may also 
be confirmed by using POCUS and by calculating 
ITAS2010 or PVAS score.

As mentioned earlier, various criteria and 
classification systems for the assessment of disease 
activity, damage, and clinical outcomes of TAK are 
currently available. However, it is also imperative 
to develop and establish tools, criteria system 
and diagnostic plan for distinguishing GCA and 
AAV from TAK. Future work should focus on the 
development of disease-specific tools, biomarkers, 
or techniques in this regard.

8 Conclusion

TAK is a rare but potentially life-threatening 
condition which affects young females. Early 
diagnosis and proper management are imperative 
to reduce the risk of morbidity and damage accrual. 
Hypertension, fever, unexplained weight loss, 
fatigue, or arthralgia associated with vascular-
related findings (such as bruits) may help raise 
the suspicion and prompt imaging investigation 
like ultrasonography to reach an early diagnosis, 
which should be made before the occurrence of 
irreversible changes in the affected arteries. The 
assessment of the involvement and extent of disease 
activity is mandatory as part of the management of 
all patients [27]. The use of POCT techniques in the 
diagnosis of the disease is quite promising. POCT-
based assays of classical inflammatory markers 
such as ESR and CRP along with clinical history of 
the patient can be used to achieve timely diagnosis 
and prognosis determination of TAK disease. 
Due to the active and remission cycles of this 
inflammatory disease, the best method to diagnose 
TAK would be adopting an assessment of multiple 
biomarkers [1,3,10]. Improved awareness, timely 
diagnosis and incorporation of effective therapies, 
as well as improved monitoring of the disease 
activity and response to therapy, collectively, 
represent a comprehensive approach to tackling 

this debilitating disease that could result in more 
favorable clinical outcomes.
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