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The vasculitides are a heterogeneous group of relatively rare conditions that can 
occur independently by other conditions (primary vasculitis), or they can represent 
a manifestation of a well-established disease (secondary vasculitis). Vasculitis may 
be localized to a single organ or vascular bed, or, they are, more commonly, general-
ized. The most widely accepted classification system, the 2012 Revised Chapel Hill 
Consensus Conference (2012 CHCC), is based on vessel size predominantly 
involved (large-, medium-, and small-vessel vasculitis) and association with anti-
neutrophil cytoplasmic antibodies (ANCA). (Jennette JC, Falk RJ, Bacon PA, et al. 
2012 revised International Chapel Hill Consensus Conference Nomenclature of 
Vasculitides. Arthritis Rheum. 2013;65(1):1–11). Furthermore, vasculitis affecting 
vessels of variable size and single organ vasculitis are included. According to the 
2012 CHCC definition, single organ vasculitis is a vasculitis involving arteries or 
veins of any size in a single organ without evidences indicating the presence of a 
systemic vasculitis. The involved organ and vessel type should be included in the 
name (e.g., cutaneous small-vessel vasculitis, testicular arteritis, central nervous 
system vasculitis). Vasculitis distribution may be unifocal or multifocal (diffuse) 
within an organ.

This book will provide detailed and updated information on the nosology, pathol-
ogy, pathogenesis, clinical presentation, diagnosis, and treatment of large- and 
medium-sized vessel and single organ vasculitis, critically discussed by the most 
expert physicians and researchers in the field. Among the conditions considered are 
giant cell arteritis, Takayasu arteritis, polyarteritis nodosa, primary central nervous 
system vasculitis, isolated aortitis, isolated gastrointestinal vasculitis, cutaneous 
vasculitis, and isolated genitourinary vasculitis. Finally, arterial and venous involve-
ment in Behcet’s disease will be discussed as well.

The role of histopathology in the diagnosis and prognosis of these vasculitides 
will also be evaluated. The role of imaging studies in diagnosing and monitoring 
these diseases will be addressed and, in particular, indications and limitations of the 
available imaging modalities will be discussed to provide better anatomic and func-
tional information to the referring physicians, which would improve patient care. 
The expanding role of biological agents for the treatment of vasculitides will be 
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addressed, and the current therapeutic approaches to these diseases in clinical prac-
tice will be discussed.

We believe that this book, the first ever published on single organ vasculitis, will 
be a cornerstone for medical practitioners, internists, specialists, researchers, and 
postgraduate students interested in the fields of vasculitis and rare diseases.

Reggio Emilia, Italy Carlo Salvarani
 Luigi Boiardi
 Francesco Muratore
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1Classification Criteria

Fabrizio Cantini and Carlotta Nannini

Abstract

GCA is usually classified according to the American College of Rheumatology 
(ACR) 1990 criteria. This set of criteria were designed to distinguish the differ-
ent types of vasculitides but not to establish a differential diagnosis. Five criteria 
were finally selected and a patient shall be classified as having GCA if at least 3 
of 5 criteria are satisfied. The presence of any 3 or more of the 5 criteria is related 
with a sensitivity of 93.5% and a specificity of 91.2%. The use and the applica-
tion of the criteria set is relatively simple. Biopsy is the only invasive procedure. 
Limitations of temporal artery biopsy lead to develop noninvasive procedures in 
order to detect GCA like ultrasound, MRI, and PET CT. Due to numerous uncer-
tainties regarding the optimal GCA diagnosis based on temporal artery biopsy, 
and the advent of modern vascular imaging techniques prompted different soci-
eties to develop recommendations for GCA management.

Keywords

Classification criteria · Giant cell arteritis · Large vessel vasculitis · Specificity 
Sensitivity · Temporal artery biopsy

Giant cell arteritis (GCA) also known as temporal arteritis is a chronic granuloma-
tous vasculitis of large and medium-sized arteries [1].

GCA is usually classified according to the American College of Rheumatology 
(ACR) 1990 criteria [2].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-67175-4_1&domain=pdf
https://doi.org/10.1007/978-3-030-67175-4_1#DOI
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This set of criteria were designed to distinguish the different types of vasculiti-
des but not to establish a differential diagnosis from other vasculitis disorders. 
Therefore, these criteria should be used for classification purposes rather than for 
diagnosis.

The vasculitis study group developed the traditional format classification and 
the classification tree comparing 214 patients with GCA with 593 controls with 
other forms of vasculitis. Thirty-three variables were selected as potentially impor-
tant discriminators against other forms of vasculitis (Table  1.1). The number of 
cases and controls, the sensitivity and the specificity are reported in Table 1.1.

A “short list” of criteria was created including 3 single items and 7 combined 
items selected among the 33 variables reported in Table 1.1. The “short list” with 10 
variables would have the potential to discriminate GCA cases from controls 
(Table 1.2).

Table 1.1 Variables list. Comparison of the sensitivity and specificity of potential criteria vari-
ables for giant cell arteritisa (adapted from Hunder GG Arthritis and Rheum 1990; 33:1122–1128)

Criterion
No. of pts.
(Min- Max n)

No. of controls
(Min- Max n)

Sensitivity
(Min-Max %)

Specificity
(Min-Max %)

History
[i.e.: age at disease onset 
≥50 yearsb,c,d; headache, new, 
localizedb,c,d; Claudication, 
variablesb,d; Polymyalgia 
rheumaticab…]

210–214 577–593 11.3–98.6 63.8–99.8

Physical
[i.e.: Ischemic optic neuritis; 
visual abnormalityb; amaurosis 
fugax; TA abnormalityb,c,d; 
scalp tenderness or 
nodulesb,d…]

209–214 473–588 4.7–57.3 88.8–99.7

Laboratory
[i.e.: ESR 
(Wetergren) ≥ 50 mm/h b,d; 
serum alkaline phosphatase or 
Aspartate aminotransferase 
>1.5 times normal…]

203–207 439–514 8.4–86.5 47.7–81.1

Arterybiopsy
[i.e.: predominantly 
mononuclear cell infiltration 
with granulomatosus 
inflammation and giant cells; 
Abnormal biopsyb,c,d]

210–211 320–322 84.3–92.9 73.1–88.2

aValues are the number of cases or controls with the variable described or tested. The sensitivity is 
the proportion of cases positive for the variable tested or described. The specificity is the propor-
tion of controls negative for the variable tested or described. TA temporal artery, ESR erythrocyte 
sedimentation rate
bCriterion is one of the final “short list” of variables (n = 10)
cCriterion is used for the traditional format classification
dCriterion is used for the tree classification

F. Cantini and C. Nannini
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Traditional format classification. Five criteria were finally selected among the 
10 variables in the “short list”: age ≥ 50 years at disease onset, new onset of local-
ized headache, temporal artery tenderness or decreased temporal artery pulse, ele-
vated erythrocyte sedimentation rate (according Westergren method) ≥ 50 mm/h, 
and biopsy sample including an artery with necrotizing arteritis characterized by a 
predominance of mononuclear cell infiltrates or a granulomatous process with 
mononucleated giant cells. Table 1.3 records the final sets of criteria with their defi-
nition. A patient shall be classified as having GCA if at least 3 of 5 criteria are satis-
fied. The presence of any 3 or more of the 5 criteria is related with a sensitivity of 
93.5% and a specificity of 91.2%.

Tree classification. Six are the criteria used to build the tree classification, selected 
among the 10 variables in the “short list” (Table 1.2). These criteria are the same as for 
the traditional format except for ESR that is excluded and other two items included: 
scalp tenderness and claudication of the jaw or tongue or on deglutition.

The best of several tree classifications was obtained using the computer program 
CART [3]. Criteria used for the tree classification are reported with their definitions 
in Table 1.4.

Table 1.2 Short list

Criterion history Criterion physical Criterion laboratory
Criterion artery 
biopsy

1.  Age at disease 
onset ≥50 years

2.  Headache, new, 
localized 
(combined items)

3.  Claudication 
(combined item)

4.  Polymialgia 
rheumatica 
(combined item)

5.  Visual 
abnormality 
(combined item)

6.  TA abnormality
(combined item)
7.  Scalp tenderness 

or nodules
(combined item)

8.  ESR ≥ 50 mm/h
9.  Serum alkaline 

phosphatase >1.5 
times normal

10.  Abnorml 
biopsy 
(combined 
item)

Table 1.3 1990 criteria for the classification of giant cell (temporal) arteritis (traditional format)a

Criterion Definition
1.  Age at disease 

onset ≥50 years
Development of symptoms or findings beginning at the age 50 or 
older

2.  New headache New onset or new type of localized pain in the head
3.  Temporal artery 

abnormality
Temporal artery tenderness to palpation or decreased pulsation, 
unrelated to arteriosclerosis of cervical arteries

4.  Elevated 
erythrocyte 
sedimentation rate

Elevated erythrocyte sedimentation rate by the Westergren method 
≥50 mm/h

5.  Abnormal artery 
biopsy

Biopsy specimen with artery showing vasculitis characterized by a 
predominance of mononuclear cell infiltration or granulomatous 
inflammation, usually with mononucleated giant cells

aFor purpose of classification, a patient shall be said to have giant cell (temporal) arteritis if at least 
3 of 5 criteria are present. The presence of any 3 or more criteria yields a sensitivity of 93.5% and 
a specificity of 91.2%

1 Classification Criteria
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Among them, the presence of temporal artery tenderness or decreased pulsation 
recognized cases from controls better than any other criterion. When these items 
were not available, scalp tenderness was used as a surrogate. When biopsy was not 
performed, headache served as a surrogate. The classification tree reached an over-
all sensitivity of 95.3% and specificity of 90.7%.

The use and the application of either criteria set is relatively simple. Biopsy is the 
only invasive procedure even if it is performed with local anesthesia, and it has a 
low morbidity rate. Severe complications can occur occasionally including the 
facial nerve damage, skin necrosis, brow ptosis, removing a vein or nerve by mis-
take and stroke [4]. TAB may require also the anticoagulation interruption with 
possible health issues and organizing challenge [4].

The diagnosis of GCA still continues to require the TAB confirmation since an 
inflammatory infiltrate in the media with the presence of giant cells and elastopha-
gia can be considered characteristic of GCA [5]. These features are not always 
found. An isolated, inflammatory infiltrate in the periadventitia [6] or vasculitis 
(rarely necrotizing) of small vessels surrounding the temporal artery [6] is less com-
mon and may be found in other systemic vasculitis [7, 8].

Moreover, the typical skip lesion of GCA (areas of normal artery alternate to 
inflamed areas) can contribute to the false-negative biopsy in particular in speci-
mens less than 2 cm in length [9, 10].

Bowling and colleagues [11] demonstrated that 80% of the TABs performed at 
their institute were negative and the glucocorticoid regimen was modified only in 
7.8% of the cases.

Therefore, different societies across Europe and the USA suggest to not delay the 
prompt use of corticosteroids in particular in patients at higher risk of neuro- 
ophthalmic complications.

TAB can remain positive for 2–6 weeks after treatment initiation [12–14].

Table 1.4 Criteria and definitions used for the classification of giant cell (temporal) arteritis 
(tree format)

Criterion Definition
1.  Age at disease onset 

≥50 years
Development of symptoms or findings beginning at the age 50 or 
older

2.  New headachea New onset or new type of localized pain in the head
3.  Claudication of jaw, 

tongue, or on 
deglutition

Development or worsening of fatigue or discomfort in muscles of 
mastication, tongue, or swallowing muscle while eating

4.  Temporal artery 
abnormality

Temporal artery tenderness to palpation or decreased pulsation, 
unrelated to arteriosclerosis of cervical arteries

5.  Scalp tenderness or 
nodulesa

Development of tender areas or nodules over the scalp, away from 
the temporal artery or other cranial arteries

6.  Abnormal artery 
biopsy

Biopsy specimen with artery showing vasculitis characterized by a 
predominance of mononuclear cell infiltration or granulomatous 
inflammation, usually with mononucleated giant cells

aUsed as surrogate if artery biopsy is not available (criterion2) or if temporal artery abnormality is 
not present (criterion5)

F. Cantini and C. Nannini
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Additionally, the sensitivity of TAB is lower in patients with GCA with large 
vessel involvement who lack temporal arteritis [4].

Limitations of TA biopsy lead to develop noninvasive procedures in order to 
detect GCA. Schmidt in 1995 reported “hypoechoic halo” as a diagnostic finding of 
GCA on Doppler ultrasound (US) [15], representing inflammation of the vessel 
wall. The reported diagnostic accuracy of the halo sign and the other ultrasono-
graphic findings like stenosis and occlusion vary across the study. Schmidt initially 
reported that all patients with GCA had hypoechoic halo [15], but later the same 
group found that the halo sign had a sensitivity and specificity of 73% and 100%, 
respectively [4].

US evaluation was also compared with physical examination and the results were 
that halo around the temporal artery (any halo or halo 1 mm or greater in thickness) 
modestly increased the probability of biopsy-proven giant cell arteritis, but did not 
improve the diagnostic accuracy of a careful physical examination [16].

A recent meta-analysis of 8 studies and 605 patients found that US had a pooled 
sensitivity and specificity of 77% and 96%, respectively [17].

Due to numerous uncertainties regarded the optimal GCA diagnosis based on 
temporal artery biopsy and the advent of modern vascular imaging techniques, dif-
ferent societies prompted to develop recommendations for GCA management 
[12–14].

The French study group for large vessel vasculitis formulated that GCA should 
be defined as an arteritis of the aorta and/or its branches in a person with 50 years of 
age and older with cranial (clinical or histologic evaluation) or ophthalmic involve-
ment. For research purposes, the ACR classification criteria should be used to clas-
sify a vasculitis as GCA [12].

Temporal artery biopsy (TAB) still remains the gold standard for GCA diagno-
sis with high certainty. Temporal artery imaging with Doppler ultrasonography or 
MRI cannot replace the TAB as a first choice diagnostic evaluation. Angio CT, 
angio MRI, or FDG-PET scan support a clinical diagnosis of extracranial GCA with 
description of arteritis of aorta and its branches, but imaging cannot replace TAB as 
a first choice examination [12].

The Delphi exercise-based EULAR recommendations [13], developed 7 
statements for the management of the large vessel vasculitis. Regarding diagnosis, 
also Eular Committee underlined the importance of TAB performance when GCA 
is suspected and as stated before TAB should not delay the treatment, and a contra-
lateral biopsy is not routinely indicated.

The British society and the British health professionals in Rheumatology 
developed recommendations for GCA diagnosis and management [14]. The 
British groups pointed out that the early recognition and diagnosis is paramount. 
Particular attention should be paid to predictive features of ischemic neuro-
ophthalmic complications. Urgent referral for rheumatologic evaluation is pro-
posed for all patients with GCA.  TAB should be considered when a GCA 
diagnosis is suspected. Imaging techniques demonstrated promising sensitiv-
ity and specificity for the diagnosis and monitoring of GCA, but, to date, can-
not replace TAB.

1 Classification Criteria
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2Epidemiology and Genetics

Fabrizio Cantini and Carlotta Nannini

Abstract

Giant cell arteritis (GCA) is the most frequent primary systemic vasculitis among 
patients ≥50 years of age, peaking in the seventh and eighth decade of life. The 
annual incidence rate of GCA increases with advancing age up to a maximum in 
the 70–79 year age group and then decreases slowly. Women are more affected 
than males with 3:1 ratio. The highest incidence is reported in North European 
countries and in North American population of the same descent with an incidence 
that varies between 32.4/100,000 people, older than 50 years of age in Norway and 
18.9/100,000 people in Olsted County, Minnesota, USA Prevalence in GCA fol-
lows the same latitude distribution of incidence with higher prevalence in the 
Northern hemisphere compared to the Southern Europe and non-European country.

Prevalence study from Mayo Clinic reported that prevalence rate of GCA 
between 1950 and 2009 among women was 304 (95% CI 229–375) and among 
men was 91 (95% CI 46–156) per 100,000 population older than 50 years of age.

Compared with general population, all cause SMR (standardized mortality 
ratio) was not increased in GCA patients (SMR 1.081, 95% CI 0.963–1.214, p = 
0.184) and the stratification by regions showed no significant increase in all cause 
SMR in Europe and the USA. Sex-specific meta-analysis provided by four out of 
eight studies included revealed the pooled SMR for women was 1.046 (95% CI 
0.834–1.314, p = 0.696) and for men was 1.051 (95% CI 0.974–1.133, p = 0.204). 

Female sex is the most important genetic risk factors for GCA as reported above.
Polymorphisms of the HLA II gene in particular the presence of HLA DRB1*04 

alleles (both HLA DRB1*0401 and HLA DRB1*0404) are systematically associ-
ated with GCA supporting the thesis that GCA is driven by an antigen-based 
immune response.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-67175-4_2&domain=pdf
https://doi.org/10.1007/978-3-030-67175-4_2#DOI
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2.1  Epidemiology

Giant cell arteritis (GCA) is the most frequent primary systemic vasculitis among 
patients ≥50 years of age [1], peaking in the seventh and eighth decade of life [2, 3]. 
In Northwestern Spain infact, the annual incidence rate of GCA increased with 
advancing age up to a maximum in the 70–79 year age group and then decreased 
slowly [4]. Similar results were obtained in the Olmsted County Minnesota USA 
population-based study, where the annual incidence increased with advanging age, 
in the 50–59 age groups was 0.6/100,000 population, while in the over 80 age group 
the annual incidence was 73.9/100,000 [5]. GCA mainly affects white individuals 
[6], and it is more common in women than in men [7] with a lifetime risk for GCA 
of 1.0% in female sex and 0.5% in males [1]. In north European countries, 3:1 ratio 
of women to men was detected [8, 9], comparable results were observed in the 
Olmsted County, Minnesota, USA, among 74 patients diagnosed between 2000 and 
2009, 80% were women and 20% were men [5].

A lower female male ratio was observed in Israel and in Southern Europe 
[10, 11].

The incidence of GCA has ranged widely across the world depending on the 
characteristics of population. In Japan, the reported GCA incidence was 1.7/100,000 
[12] while in Gothenburg, Sweden reached 22 per 100,000 [13].

In Olmsted County, Minnesota, USA composed by a predominant white popula-
tion with northern European ancestry, the incidence of GCA is 19.8% per 100,000 
[5]. Few case reports and case series demonstrated that GCA can affect people of 
any racial background such as Indians, Chinese, African, and Latins but the epide-
miological data in these areas are insufficient and incidence/prevalence studies are 
required to a more accurate project of potential global burden of GCA [14]. The 
most recent epidemiologic studies are from Italy, Norway, and the UK [15–17]. 
Table  2.1 summarizes the annual incidence of GCA in the different regions of 
the world.

Most of the studies on GCA published in the last 30 years support the clue of an 
increase evidence of GCA with latitude in the North hemisphere [3]. As Table 2.1 
shows the highest incidence is reported in North European countries and in North 
American population of the same descent with an incidence that varies between 
32.4/100,000 people, older than 50 years of age in Norway [18] and 18.9/100,000 
people in Olsted County, Minnesota, USA [2]. The incidence is markedly reduced 
in the Mediterranean countries and in the Southern Europe with an annual incidence 
that varies between 12.9/100,000 people in Spain [4] and 1.1/100,000 people in 
Turkey [29]. A lower incidence is reported among black people from Tennessee [30] 
with an incidence of 0.4/100,000. Similar results were reported in Japan [12].

F. Cantini and C. Nannini
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Table 2.1 Incidence rates for giant cell arteritis

Study, year
Country
(Region/city)

Method of 
diagnosis Study period

Population 
incidence 
>50 years of age
(per 100,000 
people/year)

Haugeberg et al. 
(2003) [18]

Norway
(North and West)

ACR criteria 1992–1996 32.4

Baldursson et al. 
(1994) [19]

Iceland
(Nationwide)

ACR criteria 1984–1990 27.0

Boesen et al. 
(1987) [8]

Denmark (Danish 
county)

Biopsy proven
Clinical GCA

1982–1985 23.3

Nordborg et al. 
(2003) [20]

Sweden 
(Gothenborg)

Biopsy proven 1976–1995 22.2

Smeeth et al. 
(2006) [17]

UK (Nationwide) Clinical criteria 1990–2001 22.0a

Elling et al. 
(1996) [21]

Denmark 
(Nationwide)

Biopsy proven 1982–1994 20.4

Kermani et al. 
(2010) [2]

USA (Minnesota) ACR criteria 2000–2004 18.9

Salvarani et al. 
(2004) [22]

USA (Minnesota) ACR criteria 1950–1999 18.8

Brekke et al. 
(2017) [16]

Norway (West) ACR criteria 1972–2012 16.7

Gonzalez Gay 
et al. (2007) [4]

Spain (Lugo) Biopsy proven 2001–2005 12.9

Abdul-Rahman 
et al. (2011) [23]

New-Zealand 
(Otago)

Biopsy proven 1996–2005 12.7

Bas-Lando et al. 
(2007) [10]

Israel (Jerusalem) Biopsy proven or 
ACR criteria

1980–2004 11.3

Ramsted and 
Patel (2007) [24]

Canada (Saskatoon) Biopsy proven 1998–2003 9.4

Barrier et al. 
(1982) [25]

France 
(Loire- Atlantique)

Biopsy proven or 
clinical features

1970–1979 9.4b

Pucelj et al. 
(2018) [26]

Slovenia 
(Ljubljana)

Biopsy proven or 
ACR criteria or 
TA CDS

2012–2017 8.7

Salvarani et al. 
(1991) [27]

Italy (Reggio 
Emilia)

Biopsy proven or 
clinical features

1980–1988 6.9

Salvarani et al. 
(2017) [15]

Italy (North) Biopsy proven 1986–2012 5.8

Dunstan et al. 
(2014) [28]

Australia (South) Biopsy proven 1992–2011 3.2

Pamuk et al. 
(2009) [29]

Turkey (Northwest) ACR criteria 2002–2008 1.1

aReported for people over 40 years
bReported for people over 55 years. ACR American college of Rheumatology, TA CDS temporal 
artery color Doppler ultrasonography
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Several epidemiologic studies reported a progressive increase in incidence of 
this vasculitis in particular between 1950 and 1980/1990 [4, 11, 24, 31] but more 
recent reports from Israel and Olmsted County, Minnesota reported the incident 
rates leveled off and remained steady with minimal fluctuations through 2009 
[31, 32].

Fewer are the prevalence studies on GCA.  Table  2.2 summarized these data 
from different regions of the world. Prevalence in GCA follows the same latitude 
distribution of incidence with higher prevalence in the Northern hemisphere com-
pared to the Southern Europe and non-European country. Prevalence study from 
Mayo Clinic [31] reported that prevalence rate of GCA between 1950 and 2009 
among women was 304 (95% CI 229–375) and among men was 91 (95% CI 46–156) 
per 100,000 population older than 50 years of age. The prevalence rate increased 
precipitously from age 50–54 to age 90 in both sexes. Moreover, the authors reported 
that prevalence estimates remained stable over the long period of observation.

Differences in prevalence and incidence reports in these cohorts are most likely 
related to differences in disease classification and diagnostic criteria, temporal 
artery biopsy evaluation, as well as genetic and geographic factors.

The population health burden of these disease among older people continued to 
be substantial. The incident GCA cases will increase secondary to an aging popula-
tion, therfore in projected worldwide disease burden study on GCA was found that 
by 2050 more than three million people will have been diagnosed with GCA in 
Europe, North America, and Oceania [14]. If current treatment will not change, over 
140,000 patients with GCA in the USA will come up with acute visual symptoms 
and receive hospital admission for appropriate treatment with consequent important 
economic impact con sanitary cost. By 2050, in the USA, US$1.3 billion is expected 
to have been spent on inpatient management of visual impairment- associated 
GCA. Moreover, since oral and intravenous corticosteroids still remain the corner-
stone of GCA treatment, the treatment side effects should be considered in the long-
term management of these patients. By 2050, in the USA, around 360,000 patients 
with GCA are expected to develop a steroid-induced fractures, a total amount of 
money to manage this side effect is more than US$6.58 billion.

Several studies have addressed the issue about mortality in patients with 
GCA. However, the conclusions are inconsistent due to the small number of studies, 
their small sample sizes, and the clinical heterogeneity. A recent meta-analysis com-
bined the published data of all cause, sex-specific, region-specific, and cause- 
specific standardized mortality ratios (SMRs) in patients with GCA [39]. Eight 
studies were included and seven analyzed all-cause mortality. Compared with gen-
eral population, all cause SMR was not increased in GCA patients (SMR 1.081, 
95% CI 0.963–1.214, p = 0.184) and the stratification by regions showed no signifi-
cant increase in all cause SMR in Europe and the USA. Sex-specific meta-analysis 
provided by four out of eight studies included revealed the pooled SMR for women 
was 1.046 (95% CI 0.834–1.314, p  =  0.696) and for men was 1.051 (95% CI 
0.974–1.133, p = 0.204); therefore, no sex-specific significant differences in SMR 
were demonstrated. In contrast, the risk of mortality of cardiovascular disease was 
significantly increased with an SMR of 1.312 (95% CI 1.136–1.516, p < 0.001).
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Chazal and colleagues [40] using the death certificates compiled by French 
Epidemiological Centre on Medical Causes of Death for the period 2005 and 2014 
reported the mean age of death was 86 (±6.8) years and the overall age of SMR 
among GCA patients was 7.2 per million people. Throughtout the study period, the 
mean age of death was significantly increased (r = 0.17, p < 0.0001). The most fre-
quent associated diseases were cardiovascular (79%) and infectious (35%).

From the same French death certificate database between 1980 and 2011 Aouba 
and colleagues [41] reported the annual SMR for GCA increased to a peak in 1997 
then decreased in the following years (Spearman’s correlation test, both P < 0.0001). 
GCA deaths were frequently associated with aortic aneurysm and dissection (1.85% 
of death certificates), hypertensive disease (20.78% of death certificates), diabetes 
mellitus (11.27% of death certificates), ischemic disease (16.54% of death certifi-
cates), and infectious and parasitic disease (12.12% of death certificates).

UK-based Clinical Practice Research Datalink between 1990 and 2014 was used 
to identify 9778 newly diagnosed GCA patients [42]. Cases were matched to non- 
vasculitic patients on age, sex, practice, and years of history before cohort entry. 
GCA patients compared with controls had increased mortality during the first year 
following the diagnosis (adjusted HR  =  1.51, 95% CI 1.40–1.64) and slighlty 
increased mortality during the period of 1–5  years after the diagnosis (adjusted 
HR = 1.06, 95% CI 1.00–1.12). The mortality risk differed by age with a greater 
increased 1-year mortality in those with a diagnosis at an age less than 65 years, but 
not by sex or calendar year of the cohort [42].

Survival predictors in giant cell arteritis were evaluated in a recent Italian study 
[43]. Polymyalgia rheumatica (PMR) at diagnosis and the inflammation limited to 
the adventia at the temporal artery biopsy appear to be related to a more benign 
disease, while large vessel involvement at diagnosis is associated with reduced sur-
vival [43].

The role of genetic and environmental factors (including infectious etiology) 
on explanation of geographical differences in GCA epidemiologic studies remains 
unclear [44]. Geographical variations, seasonal fluctuation, and cyclic pattern 
have been observed in the incidence/prevalence of GCA [44].

A temporal cyclic pattern of GCA incidence with recurrent peaks and valleys 
every 7–10  years was demonstrated until 1999  in Mayo Clinic cohort, no peak 
between 2000 and 2009 [5, 22]. Once the hypothesis is the theory of sunlight as a 
risk factor of GCA.  In 1965, Kinmont and McCullum reported 14 patients with 
GCA who experienced serious vascular complication after sun exposure [45]; more-
over, they noticed that the incidence was higher in the summer period. The effect of 
sun on temporal arteries was demonstrated on histologic specimens; in fact, solar 
radiation seemed to destroy the essential supportive elastic framework of arteries 
and since the temporal arteries are superficial on the forehead they resulted vulner-
able to sun damage [46]. In a recent study from Mayo Clinic, the impact of geomag-
netic effects and the solar cycle on GCA incidence was investigated [5].

They reported that GCA rates peaked 0–1 year after strong magnetic activity, 
possibly suggesting that the effect is cumulative or that the latency between environ-
mental exposure and disease manifestation could be related to complex autoim-
mune process [47].
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However, in the same study [5], they calculated the correlation between solar 
extreme ultraviolet radiation and GCA incidence but it didn’t reach the statistical 
significance as the geomagnetic impact [47].

Several studies investigated the seasonality fluctuations of GCA incidence [48], 
but this has been a controversial theory. Few studies reported a significant associa-
tion between the onset of GCA and a specific season or a certain annual fluctuation 
[10, 13, 21, 28, 32], but the trend is not consistent, some found a peak in summer 
some other in winter. A Swedish study described a GCA peak in autumn and winter 
[13] in the UK and Israel studies in spring and summer [10, 32]. There seems to be 
no overall consensus on seasonality and incidence rate of this disease. A possible 
explanation could be that the seasonal variation could be associated with peaks of 
certain infection.

Autoantibodies against various bacterial and/or viral strains (e.g., parainfluenza 
viruses, adenovirus, respiratory syncytial virus, measles virus, herpes virus type 1 
and 2, Epstein–Barr virus and parvovirus B19) have been investigated as possible 
triggers in susceptible hosts but with inconclusive results [49, 50]. Some studies 
using advance DNA sequencing techniques revealed abundant quantity of bacteria 
and viral DNA in the arterial wall of patients with GCA [51]. Genetic material 
from Chlamydia pneumonia [52], from parvovirus B19 [53] as well as Varicella 
Zoster antigen [54] was detected in temporal artery specimens. However, these 
results were not confirmed by other authors [55, 56].

In a US retrospective study, data from Medicare and Truven Analytics 
MarketScan including 16 million individuals reported that previous herpes zoster 
infection was associated to an increased risk of 2.2 times higher to develop GCA. If 
patients had been treated with anti-viral therapy, the risk of GCA decreased even 
below the background risk of the general population (HR0.67 according to 
Medicare data) [57].

Socioeconomic level as well as urban versus rural living have been evaluated 
as possible predictor of GCA development. In a nationwide Swedish study educa-
tional level, family income, marital status, and occupation seemed to have only a 
weak correlation with GCA occurrence [58]. In a British study, a lower socioeco-
nomic status was associated with ischemic symptoms manifestations resulting from 
GCA. The possible explanation was that individuals living in more deprived areas 
do not attend medical out-patient clinic as early and therefore are delayed for diag-
nosis and treatments [59].

Some studies have found a trend, without reaching the statistical significance, 
that urban lifestyle may predispose individuals to develop GCA [58]. In Northern 
and Southern Germany, GCA was significantly more prevalent in urban areas com-
pared to rural areas, and it was not clear if it was related to underdiagnosis of GCA 
in the rural regions due to differences in the healthcare assistance in cities versus 
rural area [60].

In a recent letter, Brekke LK et al. reported that in the 41-year incidence study 
conducted in northwestern Norway a mixed urban and rural area, no difference in 
GCA incidence was detected in urban compared to rural areas [61].
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2.2  Genetics

Female sex is the most important genetic risk factors for GCA as reported above.
Several studies have outlined the implications of genetic variants on immune and 

inflammatory pathways in GCA susceptibility since this vasculitis is a polygenic 
disease [62]. Polymorphisms of the HLA II gene in particular the presence of HLA 
DRB1*04 alleles (both HLA DRB1*0401 and HLA DRB1*0404) are systemati-
cally associated with GCA supporting the thesis that GCA is driven by an antigen- 
based immune response [62]. A recent large-scale genetic analysis on GCA was 
conducted on 1651 case subjects with GCA and 15,306 unrelated control subjects 
form six different countries of European ancestry using Immunochip array [63]. 
The study confirmed the involvement of HLA class II region in the pathophysiology 
of GCA and the association of GCA with HLA DRB1*04 alleles. Moreover, they 
identified HLA-DQA1 as an independent novel susceptibility factor, in particular 
the presence of the classical alleles DQA1*0101, DQA1*0102, and HLA- 
DQA1*03:01. The level of statistical significance found in the HLA region under-
lined the importance of immune system in the boost of GCA [63]. In the same 
study, a test on polymorphic amino acid positions revealed DRB1 13, DQ 47, 56, 
and 76 are relevant for disease occurrence [63].

Mackie SL et al. demonstrated that the susceptibility of HLA DRB1*04 were 
better explained by amino acids risk residues V, H, and H at positions 11, 13, and 33 
[64] in contrast with previous proposal of amino acids in the second hypervariable 
region [65]. The authors also performed a meta-analysis on geographic distribution 
of HLA-DRB1*04 and the frequency of GCA. They reported that GCA incidence 
was independently associated both with the presence of HLA-DRB1*04 and with 
latitude itself, concluding that different HLA-DRB1*04 frequency in the population 
can partially explain variations in GCA incidence.

Association between clinical features of GCA patients and the presence of HLA 
DRB1*04 were reported, in particular higher visual loss and glucocorticoid resis-
tance were documented among GCA patients and the occurrence of HLA DRB1*04 
[66, 67].

Among non-HLA genes, polymorphism of genes that encode for cytokines 
(TNF, IFN-g, IL-10, IL-4, IL-6, IL-18, monocyte chemotactic protein-1, IL-12/
IL-21, and IL-12 receptor bet2), for molecules involved in endothelial function and 
genes of innate immune response have been associated with the appearance or the 
severity of GCA [68].

A recent GWAS analyzed 1,844,133 genetic variants, apart from confirming 
HLA class II as the most important genetic risk factor for GCA, additional genes 
were identified: plasminogen (PLG) and prolyl 4-hydroxylase subunit alpha 2 
(P4HA2) [69]. PLG encodes a secreted blood zymogen involved in angiogenesis 
and in a wide spectrum of physiological process including wound healing, fibrino-
lysis, and lymphocites recruitment. The PLG risk alleles seemed to unbalance the 
metabolism of its encoded proteins leading to the pro-inflammatory features of 
GCA [69].

P4HA2 encodes a protein critical for collagen biosynthesis, and it is considered 
an important hypoxia response gene [69].
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Genetic variants of the protein tyrosine phosphatase, non-receptor type 22 
(PTPN22) are identified as risk factors for GCA [68]. PTPN22 is involved in the 
negative control of T cell receptor signaling and in the response of Th17 cells that 
are considered crucial in the pathogenesis of GCA [70].
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Abstract

Giant cell arteritis (GCA) is an inflammatory disease which mainly affects the 
extracranial branches of the carotid artery, particularly the temporal arteries. The 
onset of GCA requires a breakdown of arterial immunoprivilege with the infiltra-
tion of immune cells, mainly CD4+ T lymphocytes, macrophages, and dendritic 
cells (DCs) across the arterial wall. Local production of cytokines, chemokines, 
growth factors, and enzymes can lead to the amplification of the inflammatory 
responses and to arterial remodeling. The hyperplasia of the intimal layer can 
result in luminal stenosis and ischemic events. The etiology of GCA is unknown. 
However, age-related immune alterations, in genetically predisposed subjects, 
and environmental triggers seem necessary for the development of the disease. In 
addition, the existence of a specific GCA-inducing leukocyte repertoire in 
peripheral blood and the activation of arteries to allow leukocyte entry seem 
required for the development of GCA. Some immune effectors have been dem-
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onstrated to have a role in GCA pathogenesis: the activation of vascular DCs and 
T cells, TLR4, TLR5, Janus kinases 1 and 3, CD28 co-stimulation, NOTCH- 
Jagged pathway, CCR6 expression by T cells, defective PD-1 checkpoint; the 
production of IL-6, VEGF, MMP-9, IFNγ, ET-1, PDGF, IL-12, IL-23, acute- 
phase serum amyloid A.
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3.1  Introduction

Giant cell arteritis (GCA) is characterized by inflammation in the extracranial 
branches of the carotid artery, particularly the temporal arteries. The gold stan-
dard for the diagnosis of GCA is a temporal artery biopsy (TAB) showing infiltra-
tion of immune cells mainly CD4+ T lymphocytes, macrophages, and dendritic 
cells [1, 2]. The causes (etiology) of GCA are currently unknown but the knowl-
edge of the pathways involved in GCA pathogenesis is constantly growing. The 
onset of GCA requires a breakdown of arterial immunoprivilege. It is associated 
with ageing because GCA arises in subjects older than 50 years of age. Overall, 
age-related immune alterations, in genetically predisposed subjects, coupled with 
environmental triggers seem necessary for the development of the disease [3]. The 
evidence that identical T cell clones are present in different arteries affected by 
inflammation and the strong association between GCA and the class II human 
leukocyte antigen (HLA), particularly with the HLA-DRB1*04 alleles, suggest 
that GCA is driven by immune responses to specific locally expressed antigens, 
not yet identified [4, 5].

Experiments performed by Cornelia M. Weyand et al. using human artery-mouse 
chimeras reconstituted with human peripheral blood mononuclear cells (PBMCs) or 
alloreactive T lymphocytes have revealed that the activation of arterial dendritic cell 
(DC) plus a disease-prone repertoire of T cells are both necessary for developing 
GCA. Arterial DCs could support local T cell triggering once T cells with arteritis 
potential are present [6–8]. Indeed, normal arteries engrafted in immunodeficient 
mice can develop arteritis only if they are activated (e.g., with lipopolysaccharide, 
LPS) and alloreactive T cells or PBMCs from GCA patients but not PBMCs from 
healthy subjects are injected (Fig. 3.1). Therefore, two conditions must simultane-
ously occur for the development of GCA: 1) the existence of a GCA-inducing leu-
kocyte repertoire in peripheral blood (systemic component); 2) arterial activation to 
promote leukocyte entry and expansion in the arterial wall (vascular component).

Immune-mediated alterations in arteries can result in arterial remodeling with 
intimal hyperplasia which can lead to luminal stenosis and tissue ischemia. In par-
ticular, the development and the growing of myofibroblasts represents a critical step 
in GCA because it can favor arterial occlusion [9, 10].
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3.2  Model of GCA Pathogenesis

A model of GCA immunopathogenesis based on four phases has been recently pro-
posed. Such phases have been depicted in the manuscript by Samson M et al. [10].

Phase 1: Activation of DCs in the adventitia. Resident immature DCs localized 
in the adventitia act as immune sentinels. After sensing danger signals by means of 
toll-like receptors (TLRs), particularly TLR-2, TLR-4, and TLR-5, they can pro-
duce chemokines and cytokines, present antigens and trigger adaptive immune 
responses. Activated DCs express CD83 and C-C chemokine receptor type 7 
(CCR7), produce T cell-attracting chemokines, such as chemokines (C-C motif) 
ligand 19 (CCL19) and CCL21 and remain trapped in the arteries initiating and 
shaping immune responses. Moreover, adventitial microvessels up-regulate 
Jagged-1 allowing the access to the arterial wall of NOTCH+ leukocytes.

normal human arteries

subcutaneous engraftment

immunodeficient mice

PBS LPS LPS LPS

alloreactive
T cells

alloreactive
T cells

GCA
PBMCs

healthy
control
PBMCs

NO
arteritis

NO
arteritis

YES
arteritis

YES
arteritis

+ + + +

Fig. 3.1 Arterial DC activation plus a GCA-prone repertoire of T cells are necessary for develop-
ing GCA. Results of several experiments performed Cornelia M. Weyand et al. from 2004 to 2019 
are summarized. Artery-mouse chimeras were obtained by implanting pieces of normal arteries 
that were free of any inflammation into immunodeficient mice. 6 days after implantation mice 
were treated with 10 μg lipopolisaccaride (LPS) or control buffer (PBS). 1–2 days later, alloreac-
tive T cells or peripheral blood mononuclear cells (PBMCs) from GCA patients and healthy con-
trols were engrafted in mice. The arterial grafts were recovered 15–18  days after the original 
implantation and analyzed
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Phase 2: Recruitment, activation, and polarization of CD4+ T lymphocytes. The 
cytokine milieu recruits CD4+ T lymphocytes in the arterial wall. In case of antigen 
recognition, CD4+ T lymphocytes are activated, retained in the arterial wall, and 
polarized toward T helper (Th)1, Th9, Th17, Th21, and Th22 subsets. T lympho-
cytes show a restricted oligoclonal repertoire.

Phase 3: Recruitment of monocytes/macrophages and CD8+ T lymphocytes. 
Interleukins produced by CD4+ T lymphocytes, particularly interferon (IFN)γ, 
induce the production of chemokines and cytokines which attract monocytes and 
CD8+ T lymphocytes. Monocytes differentiate in macrophages and form granulo-
mas in the media. Macrophages can secrete matrix metalloproteinases (e.g., MMP-2, 
MMP-9), reactive oxygen species, and nitric oxide leading to lipid peroxidation and 
the destruction of elastic laminae. Besides, CD8+ T lymphocytes can produce fur-
ther cytokines and cytotoxic molecules (granzymes and perforin). Loops of ampli-
fication of the immune responses occur increasing inflammation.

Phase 4: Vascular remodeling. Feedback mechanisms are induced to restore 
homeostasis. Several growth factors including platelet-derived growth factor 
(PDGF), vascular endothelial growth factor (VEGF), fibroblast growth factor 
(FGF), endothelin (ET)-1 and transforming growth factor (TGF)β are produced, 
which can promote the transition of vascular smooth muscle cells from a contractile 
to a secretory phenotype and vascular smooth muscle cell migration to the intima. 
The formation of a neo-intima made of myofibroblasts and extracellular matrix pro-
teins can result in the occlusion of the arterial lumen.

3.3  Role of Infectious Agents

Incidence of GCA has cyclic fluctuations, with peak incidence rates every 5–7 years, 
and seasonal fluctuations, with peaks in late winter and autumn suggesting that 
seasonal infections or solar exposition may be involved in GCA pathogenesis [11]. 
Different infectious agents such as Parvovirus B19 [12], Chlamydia pneumonia 
[13], Epstein–Barr Virus [14], Varicella Zoster Virus [15] have been suggested to be 
involved in the pathogenesis of GCA. Rigorous studies, however, failed in demon-
strating a role of these infectious agents. To be noted, according to the data obtained 
by Weyand CM et al. in human artery-mouse chimeras, any episodes associated to 
the release of LPS (e.g., bacterial infections) might stimulate arterial DCs, laying 
the ground for potential arteritis [7]. Up to now, the presence of infectious agents 
has been searched in the inflamed arteries from GCA patients compared to normal 
arteries. However, infections might favor arteritis through bystander effects, e.g., 
activating vascular DCs, or molecular mimicry, which occur when similarities 
between microbial and self-peptides favor an activation of autoreactive T or B cells 
in susceptible individuals. If molecular mimicry is involved in GCA pathogenesis 
has not been investigated yet.
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3.4  Genetics

GCA has been associated with MHC class II in many independent studies and par-
ticularly with HLA-DRB1*04 alleles [16]. Differently from MHC class II alleles, 
only a weak association has been detected with MHC class I alleles such as HLA- 
A*31, HLA-B*8, HLA-B*15, HLA-Cw3, HLA-Cw6, and MHC class I polypeptide- 
related sequence A (MICA). Outside the HLA region, GCA has been associated 
with loci which include the protein tyrosine phosphatase non-receptor type 22 
(PTPN22), the leucine-rich repeat containing 32 (LRRC32), plasminogen (PLG), 
and prolyl 4-hydroxylase subunit alpha-2 (P4HA2) [17, 18]. Moreover, polymor-
phisms in genes encoding a variety of cytokines and growth factors: tumor necrosis 
factor (TNF)α, interferon (IFN)γ, interleukin (IL)-10, IL-4, IL-6, IL-17, IL-18, 
IL-21, IL-33, monocyte chemoattractant protein-1 (MCP-1), chemokine (C-C 
motif) ligand 5 (CCL5), vascular endothelial growth factor (VEGF), intercellular 
adhesion molecule 1 (ICAM-1), the enzymes metalloproteinase-9 (MMP-9), endo-
thelial nitric oxide synthase (NOS), and myeloperoxidase (MPO), FcγR (Fc frag-
ment of IgG receptor γ), and the pathogen-associated molecular pattern recognition 
receptor toll-like receptor 4 (TLR4) have been reported to contribute to genetic 
susceptibility to GCA [9, 10]. However, the results are not always consistent across 
populations and whether polymorphisms can affect protein activities supporting a 
causative role in GCA pathogenesis is unknown.

3.5  Immune Effectors of Inflammation in Arteries

The immune infiltrate present in the arteries from patients with GCA is mainly 
composed of DCs, T lymphocytes (particularly CD4+), macrophages, and multi-
nucleated giant cells (hence, the name). Giant cells are present in about half of the 
TABs. B lymphocytes and neutrophils are sometimes present in TABs while NK 
cells have not been reported to date [10]. The classic histologic picture of GCA is a 
lymphomononuclear inflammatory cell infiltrate crossing all layers (called “trans-
mural”), with or without giant cells. However, inflammation can also be restricted 
to the adventitia, adventitial vasa vasorum, and/or to the periadventitial small ves-
sels [19, 20].

DCs seem to drive the initiating immunological events in GCA pathogenesis. 
Adventitial DCs are activated by still unknown triggers, remain in the arteries due 
to the expression of CCR7 and its ligands, releasing several chemokines and cyto-
kines such as IL-6, IL-18, IL-23, IL-32, IL-33, CCL18, CCL19, CCL20, and CCL21 
which attract and activate pathogenic T lymphocytes [10].

The majority of arterial-residing lymphocytes are CD4+, often switched to a 
memory phenotype (TRM). Compared with TABs from control subjects, TABs from 
patients with GCA are infiltrated by IFNγ-secreting Th1, IL-9-secreting Th9, 
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IL-17- secreting Th17, IL-21-secreting Th21, and IL-22-secreting Th22 lympho-
cytes [21, 22]. To date, two main pathogenic pathways have been characterized in 
GCA: (i) IL-6/IL-17/Th17 pathway sensitive to the glucocorticoid therapy; (ii) 
IL-12/IFNγ/Th1 pathway that persists despite treatment with glucocorticoids and 
likely underlies the chronic phase of the disease [23]. CD8+ T lymphocytes can also 
infiltrate the arteries. A strong percentage of CD8+ T lymphocyte in TABs is associ-
ated with a more severe disease supporting their pathogenic role [24].

B lymphocytes can be detected in TABs from GCA patients but at a lower degree 
than T lymphocytes. Recently, arterial tertiary lymphoid organs (ATLOs) have been 
detected in TABs from GCA patients in the adventitial and medial layer of inflamed 
arteries, not associated with the age of patients, and/or with the occurrence of ath-
erosclerotic lesions, and independent by the degree of arterial inflammation [25]. 
These ATLOs are formed by B cell aggregates with a follicular dendritic cell net-
work, loosely surrounded by T cells and with high endothelial venules. ATLOs in 
GCA arteries might have a role in the disruption of the arterial immune privilege, 
possibly representing the immune sites where immune responses toward unknown 
arterial wall-derived antigens start.

CD68+ macrophages constitute the major subset of inflammatory cells forming 
the granulomas and can orchestrate both immune cell functions and tissue remodel-
ing. Moreover, multinucleated giant cells are offspring of macrophages. CD68+ 
macrophages are heterogeneous in inflamed arteries: some can secrete pro- 
inflammatory cytokines such as IL-1β and IL-6; others can secrete tissue-degrading 
metalloproteinases and collagenases [26]. Recently, it has been demonstrated that 
most macrophages in TABs from GCA patients have the phenotype of non-classical 
monocytes being CD68+ CD16+ CXCR1+ CCR2neg [27].

Several pro-inflammatory cytokines, chemokines, growth factors, and enzymes 
have been detected up-regulated in the inflamed arteries from patients with GCA 
compared to normal arteries: IL-1β, IL-2, IL-6, IL-7, IL-8, IL-9, IL-12p35, IL-12/
IL-23p40, IL-23p19, IL-17, IL-18, IL-21, IL-22, IL-27, IL-32, IL-33, IFNγ, TNFα, 
TGFβ, PTX-3, CCL2, CCL18, CCL19, CCL20, CCL21, CX3CL1, CXCL9, 
CXCL10, CXCL13, BAFF, APRIL, LT-β, VEGF, FGF, PDGF, NGF, BDNF, ET-1, 
MMP-2, MMP-12, TIMP-1, TIMP-2. They can promote the recruitment of immune 
cells, modulate immune cell survival and proliferation, shape the polarization of 
lymphocyte and monocytes/macrophages, and the phenotype of vascular smooth 
muscle cells and endothelial cells thus contributing to GCA pathogenesis [9, 10].

3.6  Arterial Remodeling

Arterial resident endothelial cells (ECs) and vascular smooth muscle cells (VSMCs) 
are key effectors in GCA pathogenesis being the players of tissue remodeling which 
can lead to lumen occlusion or arterial wall dissection. ECs and VSMCs can respond 
to the inflammatory mediators acquiring pro-inflammatory properties (e.g., the 
expression of adhesion molecules and homing chemokines for leukocytes) and new 
phenotypes (e.g., enhanced proliferation and migratory abilities toward the intima, 
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thus resulting in intimal hyperplasia). ECs of adventitial microvessels and neo- 
vessels of TAB from GCA patients express high levels of adhesion molecules such 
as ICAM-1, ICAM-2, PECAM-1, P-selectin, E-selectin, and VCAM-1, all of which 
are involved in the recruitment of immune cells [10]. In addition, microvascular 
ECs in the adventitial vasa vasorum but not ECs lining the lumen, express Jagged1, 
the Notch ligand [28] which can lead to CD4+ T lymphocyte recruitment and lin-
eage differentiation. In particular, VEGF seems involved in such process of activa-
tion of adventitial ECs to “open the way” for incoming T cells. Another key growth 
factor in GCA is platelet-derived growth factor (PDGF) which can be produced by 
macrophages and giant cells. Multiple arterial stromal cells (e.g., VSMC, fibro-
blasts) express PDGF receptor and respond with proliferation and enhanced migra-
tory ability. Treatment with the drug imatinib mesylate known to inhibit PDGF 
signaling, reduced myointimal cell outgrowth from cultured temporal artery sec-
tions from patients with GCA [29].

3.7  Epigenetics

Temporal arteries from GCA patients have shown hypo- and hypermethylated loci 
compared to normal temporal arteries from control subjects based on a high through-
put study [30]. Deregulation in mechanisms that control DNA methylation can be 
thus involved in GCA pathogenesis contributing to up- and down-regulation of gene 
expression. The most hypomethylated locus was upstream the gene encoding runt- 
related transcription factor 3 (RUNX3) and the most hypermethylated locus was 
located in the body of the gene Schlafen family member 12-like (SLFN12L). To be 
noted, CCR7 was among the most hypomethylated sites in GCA which may reflect 
the presence of mature DCs in inflamed TABs. Hypomethylation of several genetic 
risk loci associated with GCA, such as IFNγ, TNF, NLRP1, and PTPN22, has been 
documented suggesting a possible role for genetic–epigenetic interactions in 
GCA. Moreover, genes encoding cytokines and proteins which promote T cell acti-
vation and differentiation have been found hypomethylated in TABs from patients 
with GCA (CD3E, CD3G, CD3D, CD3Z, CD28, ZAP70, TNF, IL-6. IL-1β). Finally, 
hypomethylation of genes of the calcineurin/nuclear factor of activated T cells 
(NFAT) pathway has suggested that specific inhibitors of this pathway or key down-
stream molecules, such as IL-21/IL-21R and CD40L, might be exploited for the 
development of novel therapies for GCA [30].

3.8  MicroRNA

MicroRNA (miRNA, miR) are small non-coding RNAs which can inhibit expression 
of multiple genes post-transcription. Six miRNA have been detected overexpressed 
in inflamed TABs from GCA patients compared to non-inflamed TABs: miR146b-
5p, −146a, −21, −150, −155, −299- 5p [31]. It is actually unknown whether such 
miRNAs are biomarkers of specific infiltrating immune cell subsets and activated 
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pathways in inflamed temporal arteries and/or have a functional role in GCA patho-
genesis. MiR-146a, −21, −155, and − 150 can be expressed by specific immune cell 
subsets as well as by arterial cells such as VSMCs, ECs, and fibroblasts. MiR-155 is 
mainly a pro-inflammatory miRNA. MiR-21 can have both pro- and anti-inflamma-
tory activities. MiR-146a and miR-150 mainly inhibit inflammation by negative 
feedback circuits. Expression of miR-146b-5p, 146a, −21, and − 155 can be induced 
by the activation of Nuclear Factor-κB (NF-κB), TLRs, and signal transducer, and 
activator of transcription 3 (STAT3), suggesting that these pathways might be 
involved in GCA pathogenesis. Moreover, such miRNAs have been associated to 
cellular senescence and inflammation thus might be linked to immune ageing in 
GCA.  MiR-21 is the only miRNA overexpressed in GCA that has documented 
pathogenic effects on VSMCs, endothelial cells, and adventitial fibroblasts, thus 
emerging as a promising target for the development of novel gene-therapy approaches 
for GCA. MiR-21 has been detected in spindle- shaped cells of the medial layer and 
stellate fibroblasts-like cells of the intimal layer in inflamed TABs from GCA patients 
thus emerging as a potential marker of the phenotypic transition of VSMCs [31].

3.9  Deregulation of the Immune System in Peripheral Blood

GCA is characterized by the hepatic acute-phase response [1, 2]. The laboratory 
hallmarks of active GCA are increased levels of erythrocyte sedimentation rate 
(ESR) and/or C-reactive protein (CRP). Some cytokines have been detected at 
higher concentration in plasma or serum samples from GCA patients compared to 
healthy subjects: IL-6, sIL-6R, IL-10, IL-18, IL-22, IL-23, VEGF, PTX-3, BAFF, 
CXCL9, sIL-2R, granzymes A and B, VEGF, CHI3L1, MMP-1, MMP-9, CXCL5, 
CXCL9, CXCL11, MARCO, M-CSF [32, 33]. GCA patients with very recent optic 
nerve ischemia have significantly higher PTX3 and VEGF levels compared to other 
GCA patients and controls suggesting a role for PTX3 and VEGF [34]. Levels of 
IL-6 and BAFF seem associated with disease activity [35, 36].

In addition, several types of auto-antibodies have been documented in patients 
with GCA, supporting the activation of B cell responses. In particular, anti- 
endothelial cell antibodies may induce EC injury [37].

Changes in the percentages and/or absolute numbers of some immune subsets in 
peripheral blood have also been detected in patients with GCA. The percentages of 
circulating Th17 and Th21 lymphocytes are increased in GCA patients compared 
with healthy controls. The percentages of Th22 lymphocytes are similar whereas 
data on differences in the percentages of Th1 lymphocytes between GCA patients 
and healthy subjects are controversial [21, 22, 38]. Besides, GCA patients have lower 
frequencies of circulating anti-inflammatory regulatory CD4+ and CD8+ T cells [38, 
39] indicating an imbalance between pathogenic and regulatory T cells which is 
likely involved in disease pathogenesis. Higher percentages of circulating cytotoxic 
CD8 T lymphocytes, Tc17, CD63+ CD8+ T cells [24], NKG2D+ CD28+ CD8+ T 
cells, CD3CD4CD28neg and CD3CD8CD28neg T cells have been detected [40]. 
Instead decreased numbers of circulating CD19+ B cells (in particular TNFα+ B 
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cells and not IL-10+ B cells) have been found in the peripheral blood of GCA patients 
[41]. Recently, a reduced expression of the immune checkpoint molecules PD-1 and 
VISTA have been reported in memory and naïve CD4+ T cells from GCA patients 
[42]. Reduced PD-1 and VISTA expression may promote an unopposed expansion of 
Th1 and Th17 responses in GCA patients, strengthening the hypothesis regarding 
defects of immune checkpoints and regulation in GCA development [42, 43].

Regarding innate immune cells, a higher number of circulating neutrophils with 
a classically activated phenotype (CD16hiAnxA1hiCD62LloCD11bhi) has been found 
in GCA patients, suggesting neutrophil involvement in GCA pathogenesis. 
Interestingly, therapy with glucocorticoids can dampen neutrophil activation but 
after 24 weeks of therapy neutrophils can display again an activated phenotype and 
might thus contribute to GCA flares [44]. Increased number of monocytes particu-
larly CD14+ CD16neg classical monocytes has been reported in peripheral blood 
from patients with GCA [27]. Moreover, lower percentages of CD80/CD86+ and 
VISTA+ monocytes have been recently detected in GCA patients compared to 
healthy controls while the frequencies of PD-L1 and PD-L2-expressing monocytes 
were similar [42].

3.10  Pathways Proven to be Involved in GCA Pathogenesis

Finding deregulated immune effectors, molecules, and biomarkers associated with 
a disease does not necessarily mean that they are involved in disease pathogenesis 
and might be targeted in a therapeutic perspective. Functional studies are needed to 
demonstrate their role. Indeed, only some of the deregulated immune pathways 
have been proven to be involved in GCA pathogenesis.

Three preclinical models exist for functional analyses in GCA:

 1. A mouse model in which human temporal arteries are engrafted into immunode-
ficient mice plus/minus transfer of peripheral blood mononuclear cells from 
GCA patients or alloreactive T cells developed by Cornelia Weyand and collabo-
rators [6, 8, 45];

 2. An ex vivo model in which human TAB sections are cultured in matrigel drops 
for 5 days developed by Maria Cinta Cid and collaborators [46];

 3. An ex vivo model in which human TAB sections are cultured for 1 day in serum- 
supplemented medium developed by Eamonn S Molloy and collaborators [47].

Using the mouse model, it has been demonstrated that the activation of vascular 
DCs and T cells [6, 7, 45]; the activation of TLR4 (LPS) and TLR5 (flagellin) [48]; 
the expression of CCR6 by T cells [48]; the activation of NOTCH-Jagged pathway 
[49]; the inhibition of PD-1 checkpoint [43]; the production of VEGF [28] and 
MMP9 [50]; the activation of Janus kinases 1 and 3 [8] and CD28 co-stimulation 
[51] can induce arteritis. Moreover, using the ex vivo models of GCA, a pathogenic 
role for IFNγ, ET-1, PDGF, IL-12, IL-23, acute-phase serum amyloid A (A-SAA) 
has been unveiled [29, 47, 52–54]. Table 3.1 summarizes the results of functional 
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Table 3.1 Functional studies in preclinical models of GCA

Immune intervention Model Effects Reference
T cell depleting antiserum Artery-mouse 

chimeras
↓ IFNγ and IL-1β mRNA [45]

DC depletion with 
anti-CD83 antibodies

Artery-mouse 
chimeras

↓ CD3+ T lymphocytes
↓ IFNγ and IL-1β mRNA

[6]

Activation of TLR4 with 
LPS and TLR5 with 
flagellin

Artery-mouse 
chimeras

TLR4 activation: transmural 
arteritis
TLR5 activation: inflammation 
limited to adventitia

[48]

Depletion of CCR6+ 
lymphocytes with 
anti-CCR6 antibodies

Artery-mouse 
chimeras

↓ Transmural inflammation [48]

Blocking NOTCH—
Jagged1 interaction

Artery-mouse 
chimeras

↓ CD3+ lymphocytes
↓ TCR mRNA
↓ IFNγ, IL-17, CCR6 mRNA
↑ Smoothelin mRNA

[49]

Treatment with VEGF Artery-mouse 
chimeras

↑ Jagged1 by microvascular ECs
↑ CD3+ lymphocytes
↑ IFNγ, IL-17, TNFα, IL-6, T-bet, 
RORγT, CD68 mRNA
Effects reversed by the VEGF 
inhibitor axitinib

[28]

Blockade of PD-1 Artery-mouse 
chimeras

↑ CD3+ lymphocytes
↑ TCR, T-bet, RORC, cytokine, 
and chemokine mRNA
↑ Intima thickness
↑ Microvessels
↑ Endothelial activation
↑ Myofibroblasts

[43]

Inhibition of Janus kinase 
(JAK)1 and 3 with 
tofacitinib

Artery-mouse 
chimeras

↓ CD3+, CD4+, CD8+ 
lymphocytes
↓ CD4 + CD103+ TRM

↓ CD163, TCR, T-bet, RORC, 
BCL6, IFNγ, IL-17, IL-21 mRNA
↓ Proliferation
↓ Intima thickness
↓ Microvessels and PDGF, FGF2, 
VEGF mRNA

[8]

Inhibition of MMP9 with 
anti-MMP9 antibodies

Artery-mouse 
chimeras

↓ Migration of T lymphocytes
↓ CD3+ and CD4+ lymphocytes
↓ TCR, CD163, IL-1β, IL-6, IFNγ, 
IL-21 mRNA
↓ Destruction of the elastic lamina
↓ Intima thickness
↓ Number of microvessels and 
VEGF, PDGF, FGF2 mRNA
Treatment with recombinant 
MMP9 produced opposite effects

[50]
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experiments which prove a role of specific immune pathways in the pathogenesis of 
GCA. These pathways are candidate targets for the development of novel therapies 
for GCA. Besides, a better understanding of the mechanisms at the basis of GCA 
can also derive from patient responses to targeted therapies [55, 56]. Treatment of 
GCA patients with the IL-6 signaling inhibitor tocilizumab and the IL-12/IL-23 
signaling inhibitor ustekinumab have proven effective in vivo in patients with GCA, 
indicating a key role of these cytokines in disease pathogenesis [57, 58].
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Abstract

Giant cell arteritis is a large-vessel vasculitis. It is exceptional before 50 years of 
age, while its incidence increases with advancing age. There is a female pre-
dominance, with females being two to three times more frequently affected than 
males. The hallmark clinical feature of giant cell arteritis is headache. Visual 
loss, related to vasculitis of the posterior ciliary or, less commonly, the retinal 
arteries occurs in about one-sixth of patients with giant cell arteritis, usually 
before treatment with glucocorticoids is started, while jaw claudication is 
described by half of patients. In some patients, systemic symptoms predominate 
and may be the only manifestation.

Blood tests typically reveal an inflammatory status, including an elevated 
erythrocyte sedimentation rate and C-reactive protein; less than 5% of patients 
with giant cell arteritis have normal inflammatory markers. Autoimmune serol-
ogy is typically negative; positive anticardiolipin antibodies can occur, but nor-
malize following treatment.
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4.1  Clinical Manifestations of Giant Cell Arteritis

Giant cell arteritis (GCA) affects patients aged 50 years or older; the onset of the 
disease before such age is exceptional [1], while its incidence progressively 
increases with advancing age [2]. There is a female predominance, with females 
being two to three times more frequently affected than males [2]. GCA is typical of 
Caucasians, especially of Northern European ancestry, and is rare in other ethnici-
ties [2]. GCA is usually classified according to the American College of 
Rheumatology (ACR) criteria [3]. However, these criteria are not meant to be used 
for the purpose of making a diagnosis of GCA in the individual patient.

The hallmark clinical feature of GCA is headache, which is described by two- 
thirds of patients. While typically temporal, headache can also affect other areas of 
the scalp; it is often persistent and poorly responsive to common analgesic drugs [4, 
5]. In patients with pre-existing headache, worsening of pain can be the heralding 
symptom of GCA. Even when not reported by patients with a suspicion of GCA, 
direct questioning should always address whether they have headache. Physical 
examination usually shows tenderness of the temporal arteries and decreased (or 
sometimes) absent pulse. Less frequently, there may be an erythema overlying the 
arteries or nodules [4, 5]. A meta-analysis performed to identify the clinical features 
conducive to a diagnosis of GCA showed that absence of any temporal artery abnor-
mality was the only clinical factor that modestly reduced the likelihood of disease 
with a likelihood ratio of 0.53. In contrast, predictive physical findings included 
temporal artery beading (positive likelihood ratio of 4.6), prominence (positive like-
lihood ratio of 4.3), and tenderness (positive likelihood ratio of 2.6) [1].

In about half of patients, scalp dysesthesia, aggravated by brushing or combing 
the hair, are associated. Pain on chewing (jaw claudication) is another frequent 
symptom, described by 50% of patients [5]. Jaw claudication is thought to be due to 
ischemia of the masseter muscles, and its presence increases the risk for other isch-
emic manifestations, including visual loss [6]. In contrast, a strong clinical and 
laboratory inflammatory response protects against ischemic events [7, 8]. Visual 
loss occurs in about one-sixth of patients with GCA, usually before treatment with 
glucocorticoids is started [9]. It is typically sudden and painless and can involve one 
or both eyes. Transient visual loss, also termed amaurosis fugax, is less common 
(10–15% of cases), but is an ominous sign, since it portends persistent loss of vision 
in around half of the patients if therapy is not promptly commenced. Likewise, uni-
lateral visual loss is a strong risk factor for visual loss in the contralateral eye in 
untreated patients [9, 10]. Other risk factors for visual loss include older age at 
diagnosis and an elevated platelet count at diagnosis [8]. Rarely, visual loss can be 
the only clinical manifestation of GCA, at least at onset of the disease [11]. In most 
cases, visual loss is due to anterior ischemic optic neuropathy (AION) related to 
vasculitis of the posterior ciliary or, less commonly, the retinal arteries. Fundoscopy 
typically shows a chalky white edematous optic disc [12]. Rarely, visual loss may 
be due to posterior ischemic optic neuropathy, caused by ischemia of the retrobulbar 
portion of the optic nerve [9]. Unlike in AION, in posterior ischemic optic neuropa-
thy the appearance of the optic disc on fundoscopy is initially normal, but temporal 
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optic disc pallor develops after a few weeks [9]. Exceptionally, blindness can be 
result of cortical ischemia; in such cases, the optic disc is unremarkable on fundos-
copy [9].

Cranial ischemic events (transient ischemic attacks and stroke) may present early 
on in the disease course like visual loss, but are less common [13]. Cranial ischemic 
events are underscored by carotid or vertebral artery involvement [4, 5], whereas 
intracranial GCA is exceptionally rare [14].

Scalp or lip necrosis are other manifestations attributable to ischemia, but they 
occur only occasionally [15].

Nearly half of patients describe constitutional features such as fever, fatigue, and 
weight loss [4]. The fever is usually modest, but can reach up to 40° [13]. Systemic 
symptoms can be the sole manifestations in about 15% of patients [16].

Musculoskeletal manifestations are frequent in GCA. Polymyalgia rheumatica 
affects 40% of GCA patients, while another quarter of patients may have a benign, 
non-erosive peripheral arthritis, tenosynovitis, and carpal tunnel syndrome 
[4, 5, 17].

GCA may present in some patients with uncommon manifestations. Cough, usu-
ally non-productive in nature, occurs in about 10% of patients, possibly due to isch-
emia of the cough receptors [18]. Atypical, but possible manifestations include 
peripheral neuropathy [4, 5], audiovestibular dysfunction [19], (usually transient) 
diplopia [20], dysarthria [21], Charles–Bonnet syndrome (visual hallucinations) 
[22], facial swelling [23], serosal effusion [24], and myocardial infarction [25]. In 
some cases, histological findings of GCA are the first clue to the disease; they are 
usually found in the breast [26] and in the female genital tract [27].

Manifestations due to large-vessel involvement are usually late complications of 
GCA. Arterial aneurysms (usually of the thoracic, but also of the abdominal aorta), 
or stenoses (often affecting the upper limb arteries) occur in 9%, 7%, and 14% of 
patients, respectively [28]. Arm claudication is a symptom of arterial stenosis or 
occlusion in the upper limbs, whereas thoracic or abdominal pain develops if dissec-
tion of the involved arteries occurs. Physical examination may reveal arterial bruits 
and heart murmurs. An earlier population-based study estimated that patients with 
GCA have a 17-fold and a 2.4-fold increased risk of developing thoracic and 
abdominal aortic aneurysms, respectively [29]. In contrast, a more recent study 
based on a large database in the United Kingdom found that the relative risk of 
developing aortic aneurysms in GCA was only twofold increased compared to 
matched controls [30].

Life expectancy is not [31] or only marginally [32] reduced in GCA, except in 
the subset with large-vessel complications [32].

4.2  Differential Diagnosis of Giant Cell Arteritis

GCA and Takayasu arteritis share a number of features, but GCA occurs almost 
exclusively in subjects aged 50 or older, whether Takayasu arteritis affects younger 
patients. Temporal artery involvement and polymyalgia rheumatica point to GCA; 
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in addition, compared to patients with Takayasu arteritis, patients with GCA have a 
greater prevalence of jaw claudication (GCA 33%, Takayasu arteritis 5%), blurred 
vision (GCA 29%, Takayasu arteritis 8%), diplopia (GCA 9%, Takayasu arteritis 
0%), and blindness (GCA 14%, Takayasu arteritis 0%) [33]. In terms of large-vessel 
involvement, there is more left carotid (37% vs 21%) and mesenteric (36% vs 18%) 
artery disease in Takayasu arteritis and more left and right axillary artery (40% vs 
10%) disease in GCA [34]. At 18F-Fluorodeoxyglucose positron emission tomogra-
phy, 18F-Fluorodeoxyglucose standard uptake max values measured in the arteries 
are significantly higher in GCA compared to Takayasu arteritis, except for the axil-
lary arteries [35].

Other vasculitides, such as eosinophilic granulomatosis with polyangiitis, 
granulomatosis with polyangiitis may occasionally affect the temporal arteries; 
the clinical picture, ANCA status, and the presence of marked fibrinoid necrosis 
in ANCA-associated vasculitis at temporal artery biopsy suggest the correct 
diagnosis [36, 37]. Rarely, amyloidosis may present as GCA/polymyalgia rheu-
matica; the histological features are helpful in clinching the correct diagno-
sis [38].

Visual loss may be due to GCA (AION, anterior ischemic optic neuropathy), but 
is more often non-arteritic in nature (NAION, non-arteritic anterior ischemic optic 
neuropathy). NAION is thought to be related to a lesion to the head of the optic 
nerve caused by hypotension and is more frequent (90% versus 10%) and less severe 
than AION. Fundoscopy can aid in the differential diagnosis by showing in NAION 
a hyperemic edema of the optic disc with a small cap size unlike the “chalky white” 
appearance of the optic disc in GCA. Normal inflammatory markers point also to a 
diagnosis of NAION over that of AION [39].

4.3  Laboratory Markers

The laboratory features of giant cell arteritis (GCA) reflect the systemic inflamma-
tory response. An erythrocyte sedimentation rate (ESR) of 50  mm/1st hour or 
greater is incorporated in the classification criteria of GCA stipulated by the 
American College of Rheumatology (ACR) [3]. However, ESR values lower than 
50 mm/1st hour can also be found in clinical practice [40]. Because the ESR may be 
nonspecifically elevated for causes unrelated to inflammation (e.g., in the presence 
of anemia) [41], it is preferable to rely on the C-reactive protein (CRP), which has 
a higher sensitivity and specificity for active GCA [42]. Both the ESR and CRP 
reflect ongoing inflammation, but they are not per se specific to GCA, so their role 
is more important to rule out GCA when they are normal than to point to GCA when 
they are elevated. In fact, only 4% of patients with GCA have both ESR and CRP in 
the normal range [43]. When the ESR and CRP are discordant, the non-concordance 
is usually due to an association of a normal ESR with a raised CRP, but the finding 
of an elevated ESR with a normal CRP can also be consistent with GCA in the 
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appropriate clinical setting [42]. Serum interleukin-6 (IL-6) is a key molecule that 
drives the inflammatory status, including the elevation of ESR and CRP, and is a 
very sensitive measure of inflammation [4], but is not tested in routine clinical prac-
tice. Other laboratory indices that reflect systemic inflammation are normochromic 
normocytic anemia [44], thrombocytosis [45], as well as an reduced albumin [44] 
and elevated alpha2 fraction at serum protein electrophoresis [46] and a raised 
fibrinogen [47].

A weak inflammatory response with only modestly elevated ESR and CRP 
before the institution of glucocorticoid therapy is considered a risk factor for the 
development of ischemic complications related to GCA [48], but ischemic compli-
cations may also occur in the presence of high inflammatory markers [49].

Patients with GCA may also present with other laboratory changes of various 
types. Liver function tests can be abnormal in one-third to one-fourth of patients, 
with the alkaline phosphatase being affected in most cases [44]. Isoenzyme studies 
confirm the hepatic origin of the alkaline phosphatase. The elevation of alkaline 
phosphatase is usually modest and returns to normal after glucocorticoid treatment 
[44]. Renal parameters are usually within the normal range [44]. Very occasionally, 
microscopic hematuria, minimal proteinuria, or both, have been reported. Marked 
proteinuria is exceptional and warrants investigation for secondary amyloidosis 
[50]. Thyroid function tests are not routinely performed, and changes in such tests 
have rarely been described [51]. Autoimmune serology is typically negative [52], 
whereas positive anticardiolipin antibodies have be found in up to one-half of 
patients. However, positive anticardiolipin antibodies have not been linked to an 
increased thrombotic risk in patients with GCA; moreover, they usually normalize 
following the onset of treatment [53, 54].

Inflammatory indices typically decrease after starting glucocorticoids and are 
used in clinical practice to monitor response to therapy [44]. Disease flares and 
relapses are often preceded by a rise in markers of inflammation [55], but their ele-
vation does not inevitably predict clinical worsening [5]. In active disease, ultra-
sound often shows a hypoechoic halo in the inflamed arteries (“halo sign”), while 
PET shows increased FDG uptake in the inflamed arteries (Figs. 4.1 and 4.2).

Fig. 4.1 Ultrasound of an 
inflamed artery showing a 
hypoechoic halo
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5Histopathology and Imaging

Histological Features of Giant Cell Arteritis

Nicolò Pipitone

Abstract

The gold standard to diagnose giant cell arteritis is temporal artery biopsy. The 
classical histologic picture of GCA is a transmural inflammatory infiltrate com-
prising lymphocytes, macrophages and, in about 50% of cases, giant cells. 
However, in some patients the inflammation may be restricted to the adventitial 
layer, to the vasa vasorum, or to the small vessels that surround the tempo-
ral artery.

Imaging techniques play a pivotal role both in the diagnosis and in the follow-
 up of patients with giant cell arteritis. According to the recommendations by the 
European League Against Rheumatism, imaging procedures should be the first 
diagnostic test, while temporal artery biopsy should be performed when imaging 
findings are not contributory. Color Doppler sonography is the modality of 
choice to image the temporal arteries: inflamed arteries typically show a positive 
“halo sign,” i.e., a hypoechoic (dark) halo around the temporal artery lumen. 
Color Doppler sonography can also be used to examine the superficial large ves-
sels and to define whether there are lumen changes such as stenoses or aneu-
rysms. Deep, large vessels such as the aorta are best imaged by computerized 
tomography or magnetic resonance imaging: signs of vasculitis are increased 
thickness of the vessel wall with enhancement. 18F-Fluorodeoxyglucose positron 
emission tomography can also be used to demonstrate arterial inflammation. 
18F-Fluorodeoxyglucose positron emission tomography can visualize all large 
vessels and is very sensitive: a vascular smooth, linear pattern with Fluorodeoxy-
glucose uptake that affects long segments of the arteries is consistent with vasculi-
tis. Imaging changes tend to improve or resolve the following treatment.
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The gold standard to diagnose GCA is temporal artery biopsy. In clinical practice, 
temporal artery biopsy may be required when the diagnosis of GCA cannot be 
secured on the basis of clinical and imaging findings alone. The procedure is safe in 
experienced hands, carrying a very low rate of complications [1, 2]. It is recom-
mended that an adequate sample of artery be excised in order to avoid to incur in 
false-negative results. In particular, temporal artery biopsies with post-fixation 
length shorter than 5 mm carry an increased biopsy-negative rate. In a review, the 
rate of positive biopsies was only 19% with TAB length of 5  mm or less, but 
increased to 71–79% with TAB lengths of 6–20 mm, and to 89% when TAB length 
was longer than 20 mm [3]. Temporal artery biopsy can also be affected by gluco-
corticoid therapy. In newly diagnosed GCA patients treated with high-dose gluco-
corticoids, temporal artery biopsy is positive in 78% of patients treated for less than 
2 weeks, in 65% of those treated for 2–4 weeks, but only in 40% of those treated for 
longer than 4  weeks [4]. Therefore, while glucocorticoid therapy should not be 
delayed if there is a strong clinical suspicion of GCA, temporal artery biopsy may 
safely be performed up to 2 weeks following the institution of treatment. Temporal 
artery biopsy may also be falsely negative because of sampling error, when an unaf-
fected segment of the artery is excised, because the arteritic lesions of GCA are 
segmental [5]. This risk may be circumvented by obtaining an arterial sample of 
adequate length and performing multiple cuts of the histologic specimen. Finally, in 
some patients with GCA, the temporal arteries may be truly spared; this holds espe-
cially for patients with involvement of the aorta and its major branches and accounts 
for the lower positivity rate of temporal artery biopsy in this patients’ group [6].

In an attempt to increase the sensitivity of temporal artery biopsy, Color Doppler 
sonography-guided biopsy has been investigated in a study on 112 patients with 
suspected GCA.  Fifty patients were randomized to undergo Color Doppler 
sonography- guided temporal artery biopsy and 55 patients to standard biopsy. No 
differences in the rate of positive biopsies were found between the two groups, sug-
gesting that Color Doppler sonography-guided temporal artery biopsy does not 
increase the positive yield of biopsy [7].

The classical histologic picture of GCA is a transmural inflammatory infiltrate 
comprising lymphocytes, macrophages and, in about 50% of cases, giant cells [8] 
(Fig. 5.1). The lesion is often characterized by a thicker inflammatory band that sur-
rounds the external elastic lamina and a thinner band along the internal elastic lam-
ina [8]. The media is often relatively spared, but in particularly severe cases it may 
be damaged by the inflammatory process. Neoangiogenesis is a frequent accompa-
nying feature. Another frequent feature is thickening of the intimal layer, which 
shows a proliferation of myofibroblasts that lead to stenosis or sometimes occlusion 
of the vessel lumen; however, intraluminal thrombosis is rare [8].

While transmural inflammatory infiltrate is the most common pattern observed at 
temporal artery biopsy, in some patients the inflammation may be restricted to the 
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adventitial layer (7% of all cases), to the vasa vasorum (6.5% of all cases), or to the 
small vessels that surround the temporal artery (9% of all cases) [8]. Purely adven-
titial inflammation is characterized by a perivascular inflammatory infiltrate with 
sparing of the media, while vasculitis of the vasa vasorum shows inflammation lim-
ited to the adventitial vessels and small vessel vasculitis shows inflammatory 
changes restricted to the small periadventitial vessels, which have no muscular 
coat [8].

The histological patterns of temporal artery biopsy in GCA have also clinical 
correlates. Specifically, patients with small vessel and vasa vasorum vasculitis, 
compared to those with transmural inflammation, have a significantly lower fre-
quency of cranial manifestations, including headache, jaw claudication, and abnor-
malities of the temporal arteries at physical examination; they are also less likely to 
have a positive ultrasonography (i.e., a positive “halo sign”) at ultrasonography [8]. 
However, polymyalgia rheumatic and visual loss are equally represented in the dif-
ferent subsets, suggesting that limited inflammation does not portend per se a more 
benign prognosis [8].

IEL

Intima 

Media

EEL

Adventitia

Vasa vasorum

Small vessel

a b

Fig. 5.1 (a) Uninflamed temporal artery. An internal elastic lamina (IEL) and a less-evident exter-
nal elastic lamina (EEL) separate intima from media and media from adventitia, respectively. Vasa 
vasorum are localized within adventitia, whereas in the periadventitial tissues there are small ves-
sels devoid of muscular coat. Hematoxylin-Eosin, 40×. (b) A classical example of transmural 
inflammation, with two concentric bands of inflammation, the thickest along the external elastic 
lamina and the thinner along the internal elastic lamina, with a relative sparing of the interposed 
media (“concentric rings” appearance). Hematoxylin-Eosin, 20×. Images courtesy of Dr. Alberto 
Cavazza, Pathology Department, Arcispedale S. M. Nuova, Reggio Emilia
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When no inflammatory infiltrate is detectable at temporal artery biopsy, there are 
no histological features that are specific to GCA, including focal mediointimal scar, 
medial attenuation, intimal hyperplasia, fragmentation of inner elastic lamina, cal-
cification, adventitial fibrosis, and neoangiogenesis [9]. In contrast, a high temporal 
artery expression of phosphorylated ezrin/radixin/moesin (pERM), a downstream 
target and surrogate of rho kinase (an intracellular GTPase that regulates several cell 
processes activated in GCA) has been found in 86% of patients with GCA (includ-
ing 94% of those with a negative temporal artery biopsy), but only 44% of unaf-
fected controls, suggesting that rho kinase activity is increased in the temporal 
arteries of GCA patients irrespective of the presence of standard inflammatory 
changes [10]. Therefore, an increased rho kinase activity at temporal artery biopsy 
could be useful as a diagnostic marker of GCA. However, this test had also a high 
frequency of false-positive findings; in addition, it is not available in clinical 
practice.

5.1  Imaging

Imaging techniques play a pivotal role both in the diagnosis and in the follow-up of 
patients with GCA. According to the recommendations by the European League 
Against Rheumatism, imaging procedures should be the first diagnostic “pit stop,” 
while temporal artery biopsy should be performed when imaging findings are not 
contributory to a diagnosis of GCA [11]. Imaging is the preferred first test because 
is more cost-effective than temporal artery biopsy and can probe more arteries than 
biopsy. Since glucocorticoids can cause false-negative imaging findings, it is rec-
ommended that imaging be performed as early as possible, within 1  week from 
symptoms’ onset [11]. Both the temporal arteries and the large vessels (the aorta 
and its major branches) can be imaged [12].

5.2  Temporal Artery Imaging

Color Doppler sonography is the modality of choice to image the temporal arteries 
in GCA because of its widespread availability, its good visualization of the temporal 
arteries (with a tenfold higher resolution compared to magnetic resonance) and lack 
of exposure to ionizing radiation. High-frequency linear probes (18–22 MHz) are 
best suited to assess the temporal arteries [13]. The classic sign of Color Doppler 
sonography inflammation of the temporal arteries is the “halo sign,” a hypoechoic 
(dark) halo around the temporal artery lumen, which is visible on both transverse 
and longitudinal views. In contrast, stenoses and occlusions are less specific to GCA 
[14] (Fig. 5.2). According to a recent meta-analysis, the “halo sign” has a sensitivity 
of 68% and a specificity of 81% for the diagnosis of GCA [15]; its specificity 
approaches 100% when the halo is bilateral [16]. A positive halo sign can be con-
firmed by a positive “compression test” (pressing with the sonographic probe 
against an inflamed temporal artery does not collapse it, unlike what happens in a 
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normal artery) [17]. The compression test is very easy to perform, even in the 
absence of a specific expertise in vascular ultrasonography, and shows an excellent 
inter-observer agreement [18].

The halo sign usually disappears fairly quickly following the institution of glu-
cocorticoid therapy. In a study, temporal artery Color Doppler sonography per-
formed 0–1 days after onset of glucocorticoid therapy demonstrated 92% sensitivity 
and 57% specificity for GCA, whereas when Color Doppler sonography was per-
formed over 4 days after onset of GC therapy sensitivity and specificity dropped to 
50% and 25%, respectively [19].

1.5 T to 3 T-enhanced magnetic resonance imaging (MRI) is also able to visual-
ize the inflammation in the temporal arteries with roughly the same sensitivity and 
specificity as Color Doppler sonography [20]. The typical MRI sign of temporal 
artery inflammation is edema of the vessel wall around the lumen [20]. In contrast, 
1 T MRI, although equally specific, is much less sensitive (only 28%) to detect 
temporal artery inflammation [21]. Similarly to Color Doppler sonography, MRI 
findings can be affected by glucocorticoid therapy, which leads over time to an 
attenuation of the mural inflammatory signal and eventually to its disappear-
ance [22].

Neither computerized tomography nor 18F-Fluorodeoxyglucose positron emis-
sion tomography have a role in assessing temporal artery inflammation [12].

5.3  Large-Vessel Imaging

There are several imaging modalities that are able to visualize the large arteries. 
Traditionally, digital subtraction angiography was used to detect large-vessel 
changes such as stenoses, occlusions, dilation, and aneurysms. However, digital 
subtraction angiography is unable to depict the arterial wall inflammatory thicken-
ing that occurs early on in GCA, before lumen changes occur. For this reason, 

Fig. 5.2 (a) Longitudinal view of an inflamed common superficial temporal artery with the 
hypoechoic wall swelling. (b) Transverse view of an inflamed common superficial temporal artery 
with the hypoechoic wall swelling. Images courtesy of Dr. Giuseppe Germanò, Rheumatology 
Department, Arcispedale S. M. Nuova, Reggio Emilia
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digital subtraction angiography is not suited to make an early diagnosis of large-
vessel arteritis although it may still have a role in guiding interventional procedures 
such as stenting [12].

Color Doppler sonography can show arterial wall thickening with a halo sign in 
the inflamed arteries [13]. Color Doppler sonography lends itself particularly well 
to depict the superficial epiaortic vessels, where its power of resolution is ten times 
higher than that of MRI. In contrast, Color-Doppler sonography is unable to visual-
ize the thoracic aorta, which is covered by the breast bone, and performs also unsat-
isfactorily in showing inflammatory changes of the abdominal aorta [12]. Color 
Doppler sonography has a role as a first-line screening test in patients with sus-
pected large-vessel GCA. In this contest, a sensitivity of 30% [21] to 54% [23] has 
been reported. However, Color Doppler sonography is less sensitive than 
18F-Fluorodeoxyglucose positron emission tomography for the diagnosis of large- 
vessel GCA.  In a study comparing Color Doppler sonography with 
18F-Fluorodeoxyglucose positron emission tomography, Color Doppler sonogra-
phy was able to detect large-vessel involvement in 80% of patients who had large- 
vessel vasculitis diagnosed according to 18F-Fluorodeoxyglucose positron emission 
tomography, which was the gold standard [24]. Especially, aortic involvement was 
often missed by Color Doppler sonography compared with 18F-Fluorodeoxyglucose 
positron emission tomography.

To study the deep, large vessels such as the thoracic and abdominal aorta com-
puterized tomography (Fig.  5.3) and MRI (or 18F-Fluorodeoxyglucose positron 
emission tomography) (Fig. 5.4) should be used. Early signs of arterial inflamma-
tion are vessel wall thickening and edema, which are best appreciated on contrast- 
enhanced sequences [12]. T2-weighted MRI sequences may also show arterial wall 
edema, but they are less sensitive than post-contrast T1 views, which should thus 
preferentially be used [25]. Computerized tomography angiography and magnetic 
resonance angiography can be performed together with computerized tomography 

Fig. 5.3 CTA, axial view 
of the ascending aorta with 
arterial wall thickening. 
Image courtesy of Dr. 
Lucia Spaggiari, Radiology 
Department, Arcispedale 
S. M. Nuova, 
Reggio Emilia
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and MRI, respectively, to gain information on vessel lumen changes [12, 26]. The 
usefulness of computerized tomography angiography in diagnosing large-vessel 
GCA has been demonstrated by a study in which CTA was able to detect large- 
vessel involvement in 27 out of 40 patients, with the aorta (65% of patients), the 
brachiocephalic trunk (48%), the carotid arteries (35%), and the subclavian arteries 
(43%) being mainly involved [27]. Treatment-naïve patients had a higher frequency 
of large-vessel vasculitis (77% versus 29%), well in keeping with the notion that 
glucocorticoids significantly affect the sensitivity of imaging techniques.

Fig. 5.4 PET coronal 
view showing increased 
(grade 3 on a 0–3 scale) 
18F-FDG uptake by the 
thoracic and abdominal 
aorta as well as by the 
subclavian and the right 
common carotid and 
axillary arteries in a patient 
with GCA involving large 
vessels. Image courtesy of 
Dr. Massimiliano Casali, 
Nuclear Medicine 
Department, Arcispedale 
S. M. Nuova, 
Reggio Emilia
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18F-Fluorodeoxyglucose (FDG) positron emission tomography is a nuclear med-
icine technique that is able to reveal increased FDG uptake by metabolically active 
cells, including arterial wall cells in large-vessel vasculitis [12, 28]. Currently, 
18F-Fluorodeoxyglucose positron emission tomography is often co-registered with 
computerized tomography (PET/CT) and, less commonly, with MRI (PET/MRI) 
[29]. It is debated whether co-registered PET may have an edge over 
18F-Fluorodeoxyglucose positron emission tomography alone [30]; in this regard, 
computerized tomography has been shown to be useful in determining the aortic 
diameter [31]. The intensity of arterial wall FGD uptake is often expressed using a 
0–3 visual scale, where 0 = no uptake, 1 = some uptake but less than that of the liver, 
2 = arterial wall uptake similar to that of the liver, and 3 = arterial uptake greater 
than that of the liver [32]. Alternatively, the intensity of arterial wall uptake can be 
expressed as the ratio of arterial maximum standard uptake value to that of a refer-
ence organ (often the liver) although the optimal cut-off remains debated [33–35]. 
A study comparing visual and semiquantitative scoring methods demonstrated that 
visual methods were only slightly less sensitive and more specific than semiquanti-
tative methods [35]. Currently, the European Association of Nuclear Medicine rec-
ommends the use of the visual scale to diagnose large-vessel vasculitis. In untreated 
patients, PET grades 2 and 3 are considered consistent with possibly positive and 
active large-vessel vasculitis, respectively [34], whereas grade 1 uptake in untreated 
patients can be a sign of atherosclerosis [36]. A vascular smooth, linear pattern with 
FDG uptake that affects long segments of the arteries is consistent with vasculitis 
[37]. A meta-analysis showed that PET had a sensitivity of 90% and a specificity of 
98% for the diagnosis of GCA [38]; these results were basically replicated by a 
more recent meta-analysis, which showed a pooled sensitivity and specificity of 
PET or PET/CT for the diagnosis of GCA of 83% (95% CI 72–91) and 90% (95% 
CI 80–96), respectively [39]. The relevance of 18F-Fluorodeoxyglucose positron 
emission tomography increases the diagnostic accuracy and has an impact on the 
clinical management in a significant proportion of patients with GCA [40]. 
18F-Fluorodeoxyglucose positron emission tomography is particularly valuable in 
the subset of patients that present with less typical clinical features, such as fever of 
unknown origin in the absence of headache [6]. Compared with computerized 
tomography angiography, 18F-Fluorodeoxyglucose positron emission tomography 
has been shown to have a higher positive predictive value for the diagnosis of GCA 
[41]; another study that compared 18F-Fluorodeoxyglucose positron emission 
tomography with magnetic resonance angiography demonstrated that 
18F-Fluorodeoxyglucose positron emission tomography was better suited to assess 
disease activity, while magnetic resonance angiography better captured disease 
extent [42].

Both false-positive and false-negative findings may occur with imaging tech-
niques. Atherosclerosis is the most common cause of false-positive findings (vessel 
wall thickening on morphological imaging and increased 18F-Fluorodeoxyglucose 
vascular uptake with 18F-Fluorodeoxyglucose positron emission tomography). 
However, changes due to atherosclerosis can usually be distinguished from those 
due to vasculitis because the former are characterized by eccentric, asymmetrical 
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vessel wall thickening, compared to the smooth involvement of long arterial seg-
ments observed in vasculitis [12].

False-negative imaging findings are often observed in patients who are on gluco-
corticoid therapy. Sometimes even a few days of treatment, a marked drop in sensi-
tivity is observed; this holds for virtually any imaging technique [19, 40].

Imaging techniques have only a limited predictive role for the development of 
new arterial lesions. In a study on 24 patients with large-vessel vasculitis investi-
gated by MRI, six of sixteen patients had no disease progression despite persistent 
vessel wall edema, while three patients developed new lesions at sites without ves-
sel wall edema [43]. Regarding 18F-Fluorodeoxyglucose positron emission tomog-
raphy, in a study baseline vascular 18F-Fluorodeoxyglucose uptake did not correlate 
with the risk of subsequent relapses [44], whereas uptake in the thoracic aortic was 
only weakly associated with the risk of developing thoracic aortic aneurysms com-
pared to patients without uptake [45]. Another study confirmed that increased vas-
cular 18F-Fluorodeoxyglucose uptake was a risk factor for the subsequent 
development of aortic complications [46].

Inconsistent correlations have been reported between imaging findings and labo-
ratory and clinical indices of disease activity [37, 42].

Serial imaging studies are indicated in patients with arterial lesions at baseline. 
A recent study on 187 patients with GCA demonstrated arterial changes on imaging 
in 66% patients at the first exam. New abnormalities were observed in 33% patients 
by year 2; clinical features of active disease were present at only 50% of these cases, 
suggesting that imaging procedures should be performed even in patients with 
apparently clinically quiescent disease [47]. On morphological imaging, arterial 
wall thickening regresses to a variable degree, but such regression is significantly 
less common in the large vessels than in the temporal arteries [48].
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Abstract

Current evidence suggests that overall mortality is not increased in giant cell 
arteritis (GCA) although cardiovascular complications and comorbidities are 
more frequent than in the general population. This chapter gives an overview on 
current evidence of prognostic risks and biomarkers in GCA, including clinical, 
laboratory, and imaging markers, together with some future perspectives.
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Current evidence suggests that overall mortality is not increased in giant cell arteri-
tis (GCA) [1] although cardiovascular (CV) complications and comorbidities are 
more frequent than in the general population (Tables 6.1 and 6.2).

This chapter gives an overview on current evidence of prognostic risks and bio-
markers in GCA, including clinical, laboratory, and imaging markers, together with 
some future perspectives.

6.1  Risk for Complications and Comorbidities During 
Disease Course

Overviews on the risk of CV complications and other comorbidities are given in 
Tables 6.1 and 6.2. In summary, GCA implies an about twofold increased risk for 
CV disease [2–4], especially for aortic aneurysm, stroke, myocardial infarction, and 
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Table 6.1 Risks of increased cardiovascular complications in GCA patients compared to general 
population (Ranges given in brackets indicate 95% confidence intervals). Studies were excluded if 
not significant or already included in meta-analyses (marked as MA). CerV cerebrovascular, CI 
95% confidence interval, CIC cranial ischemic complication, HR hazard ratio, RaR rate ratio, MA 
meta-analysis, RiR risk ratio, RR relative risk, SHR subhazard ratio

CV complications and comorbidities Risk vs. general population Ref.
CV disease HR 1.49 (1.37–1.62)

HR 2.01 (1.62–2.48)a

HR 3.00 (1.78–5.13)

[2]
[3]
[4]

Arterial hypertension RaR 1.31 (1.17–1.46)
OR 1.12 (1.03–1.21)
HR 1.24 (1.17–1.32)

[7]
[8]
[9]

Atherosclerosis RR 1.44 (1.00–2.07)
HR 3.70 (1.49–9.44)

[9]
[4]

•  Aortic aneurysm HR 1.98 (1.50–2.62)
SHR 1.92 (1.52–2.41)

[9]
[10]

•  CerV accident: Stroke, CIC HR 1.40 (1.27–1.56)
RaR 1.40 (1.12–1.74)
HR stroke + TIA 1.41 (1.29–1.55)

MA [11]
[7]
[9]

•  Coronary artery disease RiR 1.51 (0.88–2.61)
HR 4.9 (1.52–15.77)

MA [12]
[4]

OR 1.25 (1.15–1.36)
HR 1.37 (1.18–1.59)

[8]
[9]

•  Pericarditis OR 1.69 (1.16–2.14) [13]
•  Myocardial infarction
•  Angina pectoris
•  Heart failure
•  Atrial fibrillation

HR 1.57 (1.36–1.82)
HR 1.77 (1.29–2.43)
HR 1.94 (1.39–2.70)a

HR 1.36 (1.17–1.58)
RR 2.40 (1.74–3.32)
HR 1.46 (1.29–1.65)
HR 1.29 (1.19–1.39)

[9]
[14]
[3]
[9]
[15]
[9]
[9]

•  Peripheral vascular disease HR 1.88 (1.04–3.41)
HR 1.75 (1.49–2.06)

MA [16]
[9]

Venous thromboembolic events
•  Venous thromboembolism HR 2.26 (1.38–3.71)

HR 2.49 (1.45–4.30)
HR 2.03 (1.77–2.33)
RR 2.06 (1.75–2.44)

MA [17]
[18]
[9]
[19]

•  Deep venous thrombosis HR 2.70 (1.39–5.54)
HR 1.96 (1.57–2.46)
HR 2.50 (1.62–3.85)

[18]
[19]
[15]

•  Pulmonary embolism HR 2.71 (1.32–5.56)
RR 2.25 (1.78–2.85)

[18]
[19]

aAdjusted for age and sex 

peripheral vascular disease (Table 6.1). Similarly, the prevalence of venous throm-
boembolic events is increased in GCA patients by about twofold (Table 6.1) although 
antiphospholipid syndrome and GCA appear to be different and independent dis-
eases [5]. The use of an immunosuppressant can be considered as a protective factor 
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against new cardiovascular events, suggesting an effect against vascular inflamma-
tion that may favor the new vascular events in GCA [6].

Out of the other non-CV comorbidities, osteoporosis and gastritis are the most 
important risks of GCA patients (Table 6.2). Both these diseases depend on the use 
of glucocorticoids (GCs), which is still the first-line treatment for GCA. As a con-
sequence, these diseases have to be routinely considered for monitoring and possi-
ble adjunctive treatment during follow-up.

In conclusion, GCA is not only affecting the risk for arterial but also for venous 
events, and both of them have to be monitored during disease course. Also, non-CV 
comorbidities should be monitored, especially for osteoporosis and gastritis. As all 
of the risks for CV and other morbidities mentioned above maybe clinically rele-
vant, they should be included into the information for GCA patients and their carers, 
both at diagnosis and regularly during follow-up.

6.2  Risk Factors and Biomarkers for Disease Activity 
in Giant Cell Arteritis

Until today, a single sensitive prognostic clinical parameter or (composite) score to 
assess disease activity during the course of both cranial GCA and the extracranial 
large vessel type of GCA is not available. Prognostic risk factors, both the risk fac-
tors with increased and those with reduced risk for disease activity and CV compli-
cations are separately listed in Tables 6.3 and 6.4. The aim of these tables is to 
increase the awareness for improved patients’ information especially for the factors 
with increased prognostic risk.

Table 6.2 Summary on risks for non-cardiovascular comorbidities in GCA (ordered according to 
amount of risk compared to general population, with highest risk rated on top). The risk of diabetes 
was excluded, as recent data are contradictive [9, 15, 20]. Ranges in brackets indicate 95% confi-
dence interval; HR hazard ratio, MA meta-analysis, OR odds ratio, RaR rate ratio, RiR risk ratio, 
RR relative risk, SHR subhazard ratio

Complication and comorbidity Risk vs. general population Ref.
Osteoporosis
•  Fractures

RR 2.90 (2.35–3.66)
RaR 2.81 (2.33–3.37)
RaR 1.56 (1.31–1.85)

[15]
[7]
[7]

Gastritis and duodenitis RR 2.40 (1.39–4.29) [15]
Thyroid disease
•  Hypothyroidism

RaR 1.55 (1.25–1.91)
OR 1.30 (1.19–1.42)

[7]
[21]

Renal disease, moderate to severe HR 1.32 (1.25–1.39) [9]
Psychiatric disease
•  Depression

RaR 1.28 (1.12–1.46)
HR 1.37 (1.26–1.49)

[7]
[9]

Dyslipidemia HR 1.26 (1.15–1.37) [9]
Obesity HR 1.23 (1.14–1.32) [9]
Malignancy RiR overall 1.14 (1.05–1.22) MA [22]
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Table 6.3 Summary of prognostic factors for increased disease activity and cardiovascular com-
plications in GCA (with 95% confidence intervals given in brackets). Aaneurysm aortic aneurysm, 
Adilatation aortic dilatation, CHADS2 score of congestive heart failure, age > 75 years, diabetes, 
stroke, CIC cranial ischemic complication, CRP C-reactive protein, CV cardiovascular, CEV cere-
brovascular, DAA dissection of AA, ESR erythrocyte sedimentation rate, Hb hemoglobin, IHD 
ischemic heart disease, Ievent ischemic event, RF risk factor, LVI large vessel involvement, OR 
Odds ratio, pts. patients, vs. versus, SHR subhazard ratio

Prognostic factors Effect on course of GCA Ref.
Patients’ characteristics
Age
•  <85 years
•  >77 years

HR malignancy 2.68 (1.87–3.84)
HR CV event (hospitalization) 5.0 
(1.40–17.54)

[29]
[30]
[4]

Male gender OR IHD 2.546 (2.316–2.799)
SHR Aaneurysm 2.10 (1.38–3.19)

[8]
[10]

Body mass index (1 kg/m2 increment) OR IHD 1.011 (1.003–1.018) [8]
Disease characteristics
Large vessel involvement
•  Symptomatic limb involvement HR CV complication 5.73 (2.94–11.28) [31]
•  Jaw claudication OR permanent vision loss 2.11 (1.09–4.10) [30]
CHADS2-score [32]
•  =1
• ≥2

OR permanent vision loss 10.72 (1.23–93.8)
OR permanent vision loss 24.78 
(2.87–213.86)

[33]
[33]

Laboratory parameters
•  Thrombocytosis
•  ESR >100 mm/h, Hb <11 g/dL or 

platelet count >450,000/mm3

OR permanent vision loss 3.1 (1.02–10.14)
HR Aaneurysm 3.71 (1.50–9.19)

[33]
[34]

Imaging findings
•  Inflammation of aorta ± branches
•  Large-artery stenosis at diagnosis

HR CV event 3.42 (2.09–5.83)
HR Adilatation 9.30 (3.74–31.05)
HR new IE 1.86 (1.01–3.59)
HR CV event 2.75 (1.80–4.15)
HR new Ievent 6.08 (3.44–10.87)

[6]
[6]
[6]
[6]
[6]

Exposition and other risk factors
Smoking status:
•  Ex-smoker
•  Current smoker

SHR Aaneurysm 2.20 (1.22–3.98)
OR pericarditis: 1.55 (1.05–2.27)
SHR Aaneurysm 3.79 (2.20–6.53)
OR IHD 1.493 (1.363–1.635)

[10]
[13]
[10]
[8]

Prior antihypertensive treatment
Use of beta blockers

SHR Aaneurysm 1.62 (1.00–2.61)
OR CEV Ievent 4.35 (CI, 1.33–14.2)

[10]
[35]

Comorbidities
•  Diabetes mellitus
•  Arterial hypertension
•  Hyperlipidemia
•  CV comorbidities

OR IHD 1.665 (CI 1.530–1.812)
HR CV event 2.03 (CI 1.14–3.41)
HR new Ievent 3.61 (1.70–7.17)
HR eye symptoms 1.29 (1.10–1.53)
OR IHD 3.025 (2.700–3.394)
HR eye symptoms 1.17 (1.03–1.32)
HR Aaneurysm 4.73 (1.87–11.9)
OR IHD 3.830 (3.291–4.478)
HR CV event 6.20 (2.00–19.24)

[8]
[6]
[6]
[36]
[8]
[34]
[36]
[8]
[4]

•  Previous coronary artery disease HR new Ievent 5.10 (2.02–11.21) [6]
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More biomarkers for assessing disease activity in GCA are under ongoing inves-
tigation. Only a few studies applied scores. The Birmingham Vasculitis Activity 
Score (BVAS), which had been developed for different types of vasculitis, has been 
prospectively evaluated in the follow-up of GCA patients, but showed only limited 
utility in GCA [23]: Patients with active GCA disease could have a BVAS of 0, and 
many important ischemic symptoms attributable to active vasculitis were not 
included in the composite score.

As an important consequence for the clinic, each single sign and symptom has to 
be separately considered as possible marker for disease deterioration or relapse. 
Laboratory and imaging biomarkers may then be helpful to provide additional 
information and support the clinical suspicion or exclusion of GCA disease activity.

From the laboratory perspective, GCA lacks disease-specific serum biomarkers 
for prognostic purposes. Although multiple parameters have been proposed, these 
are all unspecific for GCA and have not been validated for monitoring disease activ-
ity and estimating disease prognosis [24]. It appears that the most promising bio-
markers are serum amyloid A (SAA, 83× > control median values), interleukin-23 
(IL-23, 58×), and interleukin-6 (IL-6, 11×), with changed levels of SAA, C-reactive 
protein (CRP), haptoglobin, erythrocyte sedimentation rate (ESR), MMP-1, 
MMP-2, and TNF-alpha associated with relapse and visual disturbances [24]. In 
patients without cranial involvement, antibodies against ferritin maybe useful activ-
ity markers [25]. For patients treated with tocilizumab (TCZ), CRP is not valid. As 
an alternative, osteopontin was proposed for monitoring of these patients under cur-
rent treatment with tocilizumab [26].

Table 6.4 Summary of positive prognostic factors, indicative for a decreased disease activity and 
cardiovascular complications in GCA (with 95% confidence intervals given in brackets). 
Aaneurysm aortic aneurysm, CI 95% confidence interval, CIC cranial ischemic complication, CV 
cardiovascular, CEV cerebrovascular, DAA dissection of Aaneurysm, HR hazard ratio, Ievent isch-
emic event, OR Odds ratio, SHR subhazard ratio

Prognostic factors Effect on course of GCA Ref.
Patients’ demographics
Age HR DAA 0.27 (0.09–0.86) [29]
Female gender HR eye symptoms 0.71 (0.64–0.79) [36]
Disease characteristics
•  Axillary artery vasculitis OR permanent vision loss 0.08 

(0.03–0.27)
[33]

•  Cranial signs HR CV event 0.64 (0.42–0.98) [6]
•  Fever ≥38 °C OR permanent vision loss 0.30 

(0.14–0.64)
[30]

•  Constitutional symptoms OR permanent vision loss 0.28 
(0.09–0.81)

[33]

Low ESR OR CEV Ievent (0.94–0.99) [35]
Comorbidities and treatment
Prior diabetes mellitus SHR Aaneurysm 0.19 (0.05–0.77) [10]
Low-dose aspirin at follow-up OR CIC 0.2 (0.03–0.7) [37]
Statin use HR CV event 0.993 (0.986–0.999) [4]
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Concerning prognostic imaging biomarkers, the use of sonography, FDG-PET, 
MR, and CT-angiograms has not been studied sufficiently. Although not yet estab-
lished, new imaging scores may become helpful for the future [27]. For assessing 
changes in arterial wall inflammation in response to GCs and methotrexate (MTX), 
the results are mixed and represent only small patient cohorts. In a prospective study 
by Blockmans et al., no difference in the predictive value of FDG uptake was found 
between relapsing and non-relapsing patients [28].

6.3  Additional Biomarkers for Assessment 
of Prognosis-Relevant Comorbidities

Prognosis-relevant comorbidities maybe age-, disease-, and treatment related. For 
clinical follow-up of prognosis-relevant comorbidities, selected parameters rou-
tinely available and usually applied are listed in Table 6.5.

For immune aging with increased risk of infection and malignancies, but also 
with increased risk for CV events, no specific laboratory test has been established so 
far. For experimental purposes, FACS analysis can be performed to evaluate the 
percentage of proinflammatory CD4+CD28− T cells out of the CD3+CD4+ T cells 
[38, 39].

Table 6.5 Summary of prognosis-relevant comorbidities and possible clinical use of biomarkers 
before and during treatment of GCA (including data from [40], modified). GC glucocorticoid, 
CT(A) CT with angiogram, CV cardiovascular, ECG electrocardiogram, GC glucocorticoids, IL6R 
interleukin6-receptor (e.g., with tocilizumab), MR(A) MR with angiogram, MTX methotrexate

Prognosis-relevant comorbidities Biomarkers used in clinical practice
Age-related
•  CV-diseases (e.g., atherosclerosis, myocardial 

infarction)
Sonography, echocardiography, ECG, 
Trop T/Trop I, Myoglobin

•  Immune aging with increased risk of infection 
and malignancies

CRP, procalcitonin

•  Renal dysfunction (e.g., with hyperuricemia) Creatinine
GCA-related
•  Visual deterioration and visual loss Ophthalmological exam
•  GCA-specific CV-diseases (e.g., aortic 

dilatation/aneurysm, arterial stenosis/occlusion)
Chest radiograph, echocardiography, 
sonography, MR(A), CT(A), FDG-PET

Treatment-related
•  Under GCs (e.g., weight gain, arterial 

hypertension, diabetes mellitus, renal 
dysfunction, osteoporosis, peptic ulcer disease, 
glaucoma)

Body weight, blood pressure, HbA1c, 
creatinine, bone density, gastroscopy, 
gonioscopy/tonometry

•  Under IL6R-blockade (e.g., hyperlipidemia, 
neutropenia, elevation of liver enzymes)

Lipids, neutrophils, liver enzymes

•  Under MTX (e.g., leucopenia, elevation of liver 
enzymes)

Blood count, liver enzymes
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7Treatment and Management

Michael Schirmer and Rick McCutchan

Abstract

Treatment and management guidelines for GCA slightly vary between interna-
tional and national task forces. Therefore, this chapter provides an overview on 
currently available recommendations of the EULAR task force last updated in 
2018, the BSR and BHPR guidelines from 2010, the recommendations of the 
French Study Group for Large Vessel Vasculitis from 2016 and the guidelines of 
the Swedish Society of Rheumatology from 2019, which were identified in the 
literature and reviewed for this book chapter. Besides, the relevant EULAR rec-
ommendations for the use of glucocorticoids in rheumatic diseases from 2013 
and for imaging from 2018 together with the interdisciplinary recommendations 
for FDG-PET/CT(A) imaging of the Cardiovascular and Inflammation and 
Infection Committees of the European Association of Nuclear Medicine 
(EANM), the Cardiovascular Council of the Society of Nuclear Medicine and 
Molecular Imaging (SNMMI), and the PET Interest Group (PIG), endorsed by 
the American Society of Nuclear Cardiology (ASNC) from 2018 were assessed 
to summarize current evidence necessary for monitoring of GCA and its 
comorbidities.
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Treatment and management guidelines for GCA slightly vary between interna-
tional and national task forces. Therefore, this chapter provides an overview on 
currently available recommendations of the EULAR task force last updated in 
2018 [1], the BSR and BHPR guidelines from 2010 [2], the recommendations of 
the French Study Group for Large Vessel Vasculitis from 2016 [3] and the guide-
lines of the Swedish Society of Rheumatology from 2019 [4] were identified in 
the literature and reviewed for this book chapter. Besides, the relevant EULAR 
recommendations for the use of glucocorticoids in rheumatic diseases from 2013 
[5] and for imaging from 2018 [6] together with the interdisciplinary recommen-
dations for FDG-PET/CT(A) imaging of the Cardiovascular and Inflammation 
and Infection Committees of the European Association of Nuclear Medicine 
(EANM), the Cardiovascular Council of the Society of Nuclear Medicine and 
Molecular Imaging (SNMMI), and the PET Interest Group (PIG), endorsed by the 
American Society of Nuclear Cardiology (ASNC) from 2018 [7] were assessed to 
summarize current evidence necessary for monitoring of GCA and its 
comorbidities.

7.1  General Aspects

General recommendations can be divided into those for time of diagnosis, for 
monitoring of GCA and those concerning adverse events and comorbidities. 
Details from the above-mentioned recommendations and guidelines for each of 
these situations are summarized in Table 7.1. Although not specified in these rec-
ommendations, the aim of treat-to-target is important for GCA as for other chronic 
rheumatic diseases, too, with remission being defined as lack of disease activity 
as the principal target of disease management. However, an aortic aneurysm may 
develop even without detectable clinical activity, and even years after disease out-
set [8]. Such caveats have to be kept in mind as peculiar issues in the management 
of GCA, arguing for prolonged monitoring even without detectable disease activ-
ity over years.

First, treatment is recommended to be initiated as soon as diagnosis is made to 
prevent further complications. Comorbidities predisposing to an increased risk for 
worse course of the disease or adverse events to medications have to be considered 
before start of treatment (see Chap. 6). Patients and their carers should be fully 
informed about management and risks of treatment.

For monitoring, the EULAR task force recommends assessment of symptoms, 
clinical findings, and erythrocyte sedimentation rate (ESR) and C-reactive protein 
(CRP) levels for monitoring of disease activity ([1] recommendation 10). For clini-
cal examination, monitoring is primarily based on symptoms (like jaw and tongue 
claudication, visual symptoms, vascular claudication of limbs), clinical findings 
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Table 7.1 Summary of general recommendations concerning situation at diagnosis, monitoring 
of GCA for the purpose to optimize treatment, adverse events, and comorbidities. AE adverse 
event, CRP C-reactive protein, CV cardiovascular, ESR erythrocyte sedimentation rate, GC gluco-
corticoid, LoE level of evidence, LoA (0–10), level of agreement

Year Recommendation LoE
LoA 
(0–10) Ref.

At time of diagnosis
2019/R2 It is vital not to delay treatment, for example while 

waiting for a temporal artery biopsy
[4]

2019/R1 GCs remain first line for the treatment [4]
2013/R6 Before starting medium-/high-dose GC treatment 

consider comorbidities predisposing to AEs. These 
include diabetes, glucose intolerance, CV disease, peptic 
ulcer disease, recurrent infections, immune-suppression, 
(risk factors of) glaucoma, and osteoporosis. Patients with 
these comorbidities require tight control to manage the 
risk/benefit ratio

IV [5]

2013/R1 Explain to patients (and their family and/or carers, 
including healthcare professionals) the aim of medium-/
high-dose GC treatment, and the potential risks associated 
with such therapy

III [5]

2013/R2 Discuss measures to mitigate such risks, including diet, 
regular exercise, and appropriate wound care

III/
IV

[5]

2013/R4 Patients and the patients’ treatment teams should receive 
appropriate, practical advice on how to manage with 
GC-induced hypothalamic-pituitary-adrenal axis 
suppression

IV [5]

2016/9b The systematic initiation of treatment with intravenous 
methylprednisolone pulse(s) is not recommended

100 [3]

Monitoring during follow-up
2018/
R10

Regular follow-up and monitoring of disease activity is 
recommended, primarily based on symptoms, clinical 
findings and ESR/CRP levels

3b 9.6 ± 0.6 [1]

2013/R5 Provide an accessible resource to promote best practice in 
the management of patients using medium-/high-dose 
GCs to general practitioners

IV [5]

(continued)

(like bruits and asymmetrical pulses, polymyalgic symptoms, osteoporotic risk fac-
tors and fractures). The UK guidelines add a specific recommendation to pay par-
ticular attention to the predictive features of ischemic neuro-ophthalmic 
complications [2]. Concerning laboratory biomarkers, also the French guidelines do 
explicitly not recommend measuring biomarkers other than C-reactive protein, 
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Year Recommendation LoE
LoA 
(0–10) Ref.

UK2010/
R7a

Monitoring of therapy should be clinical and supported 
by the measurement of inflammatory markers. Patients 
should be monitored for evidence of relapse, disease- 
related complications, and GC-related complications. In 
particular, the following features should be sought: Jaw 
and tongue claudication, visual symptoms, vascular 
claudication of limbs, bruits and asymmetrical pulses, 
polymyalgic symptoms, osteoporotic risk factors and 
fractures, other GC-related complications, other 
symptoms that may suggest an alternative diagnosis
The following investigations should be performed: At 
each visit: full blood count, ESR/CRP, urea and 
electrolytes, glucose. Every 2 years: chest radiograph to 
monitor for aortic aneurysm (echocardiography, PET and 
MRI may also be appropriate). Bone mineral density may 
be required
Routine follow-up should be planned at: Weeks 0, 1, 3, 6, 
then Months 3, 6, 9, 12 in the first year. Later (Month 3 
onwards) follow-up can be undertaken under shared care
Relapse: Disease relapse should be suspected in patients 
with return of symptoms of GCA, ischemic 
complications, unexplained fever, or polymyalgic 
symptoms. All patients in whom relapse is suspected 
should be treated as below, and discussed or referred for 
specialist assessment. Return of headache should be 
treated with the previous higher dose of GC. Symptoms 
of large-vessel disease should prompt further 
investigation with MRI or PET and use of systemic 
vasculitis treatment protocols

C [2]

2016/8a CT or MRI screening for complications of aortitis is 
recommended at GCA diagnosis, then every 2–5 years, 
provided the patient has no contraindications to a 
potential aorta repair

93.8 [3]

2013/R8 Keep the requirement for continuing GC treatment under 
constant review, and titrate the dose against therapeutic 
response, risk of undertreatment, and development of AEs

IV [5]

2016/15c A purely biological “relapse” or “recurrence” does not 
necessarily require GC dose intensification or the 
initiation of adjunctive therapy but should prompt closer 
monitoring

96.8 [3]

2018/
R10

In patients in whom a flare is suspected, imaging might 
be helpful to confirm or exclude it. Imaging is not 
routinely recommended for patients in clinical and 
biochemical remission

5 9.4 ± 0.8 [6]

2016/15a For a first relapse or recurrence, treatment with GCs is 
recommended at a dose that depends on symptom severity 
and by at least returning to the previously effective dose

100 [3]

Table 7.1 (continued)
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Table 7.1 (continued)

Year Recommendation LoE
LoA 
(0–10) Ref.

2018/
R7a

In case of major relapse (either with signs or symptoms of 
ischemia or progressive vascular inflammation), we 
recommend reinstitution or dose escalation of GC therapy 
as recommended for new onset disease
For minor relapses, we recommend an increase in GC 
dose at least to the last effective dose

2b 9.5 ± 1.0 [1]

Adverse events and comorbidities
2013/R3 Patients with, or at risk of, GC-induced osteoporosis 

should receive appropriate preventive/therapeutic 
interventions

IA [5]

2013/
R10

All patients should have appropriate monitoring for 
clinically significant AEs. The treating physician should 
be aware of the possible occurrence of diabetes, 
hypertension, weight gain, infections, osteoporotic 
fractures, osteonecrosis, myopathy, eye problems, skin 
problems, and neuropsychological AEs

IV [5]

2016/11a GCA with uncomplicated and asymptomatic involvement 
of the aorta or its branches can be treated with the GC 
regimen recommended for uncomplicated GCA

90.3 [3]

2016/10b The tapering schedule and duration of glucocorticoid 
treatment for GCA with ophthalmic involvement should 
follow the same regimen as that recommended for 
uncomplicated GCA

96.8 [3]

erythrocyte sedimentation rate, and fibrinogen for monitoring disease activity [3]. 
Additional laboratory biomarkers maybe necessary for monitoring of GCA compli-
cations, comorbidities, and adverse events of GCA-related treatment.

Concerning the imaging biomarkers, the EULAR recommendation for imaging 
states that imaging “might be helpful in patients with suspected flare, especially 
when clinical and laboratory parameters are inconclusive” and that “MRA, CTA 
and/or US may be used for long-term monitoring of structural damage, particularly 
to detect stenosis, occlusion, dilatation and/or aneurysms, on an individual basis” 
([6] recommendation 10 and 11), while the other international consensus on imag-
ing does definitely not support a value of FDG-PET/CT(A) for evaluating response 
to treatment [7]. It is argued that a positive 18F-FDG-PET persists in up to 60% of 
patients in full clinical remission, and using sonography, residual changes often 
remain visible for several months in extracranial arteries.

Important to note, that—if necessary—times of stable remission should be 
selected for elective surgical interventions or reconstructive surgery (recommenda-
tion 9, [1]), while for emergency situations repair of an aortic lesion should be 
scheduled once the systemic inflammatory response has subsided [3].
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7.2  Glucocorticoids as First-Line Treatment

Glucocorticoid (GC) therapy is still considered as first-line therapy in GCA, despite 
their multiple adverse events. GCs should be started immediately after diagnosis 
and information of the patient. If the symptoms of GCA do not respond rapidly to 
high-dose GC treatment, followed by resolution of the inflammatory response, the 
question of an alternative diagnosis should be raised.

Recommendations for optimal dosage and dose reduction of GCs differ between 
EULAR and national guidelines (Tables 7.2 and 7.3). EULAR experts start with 
40–60 mg/day prednisone-equivalent for induction of remission in active GCA and 
recommend tapering the GC dose to a target dose of 15–20  mg/day within 
2–3 months and after 1 year to ≤5 mg/day. In case of signs and symptoms of reac-
tivated disease, the dosage of GCs should be increased to the latest effective dose 
and GC-sparing agents be considered (see Sect. 7.3). Specific recommendations 
with higher dosage regimens apply to ocular and aortic aneurysmatic involvement 
(Table 7.3).

Monitoring is considered essential for treatment adaptions in GCA and includes: 
clinical signs and symptoms of GCA-activity and GCA complications, 

Table 7.2 Recommendations concerning dosage of GCs, with specific recommendation for eye 
involvement. Important aspects are marked in bold letters. GC glucocorticoids

Year Recommendation LoE LoA (0–10) Ref.
EULAR
2018/R4

High-dose GC therapy (40–60 mg/day prednisone- 
equivalent) should be initiated immediately for 
induction of remission in active GCA. Once disease 
is controlled, we recommend tapering the GC dose 
to a target dose of 15–20 mg/day within 2–3 months 
and after 1 year to ≤5 mg/day

4
5

9.8 ± 0.6
9.5 ± 0.9

[1]

2019/R3 The recommended initial dose of prednisolone is 
40–60 mg for 4 weeks, thereafter gradually tapered 
(until ESR and CRP have been normalized, and 
signs and symptoms have improved). Thereafter, 
reduction of the dose by 10 mg every other week to 
20 mg daily. Thereafter, reductions of 2.5 mg with 
2–4 week intervals to 10 mg daily. If there are no 
signs of relapse, the dose may be reduced by 1 mg 
every 1–2 months. After every dose reduction, the 
patient’s ESR and CRP are checked and the return 
of signs and symptoms is also checked. If signs and 
symptoms of active disease return, the dose of 
prednisolone should be increased to the latest 
effective dose

[4]
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Table 7.2 (continued)

Year Recommendation LoE LoA (0–10) Ref.
UK
2010/R4a

High-dose GC therapy should be initiated 
immediately when clinical suspicion of GCA is 
raised. Recommended starting dosages of GC are 
for uncomplicated GCA (no jaw claudication or 
visual disturbance): 40–60 mg prednisolone daily. 
The symptoms of GCA should respond rapidly to 
high-dose GC treatment, followed by resolution of 
the inflammatory response. Failure to do so should 
raise the question of an alternative diagnosis

C [2]

2016/9a We recommend treating uncomplicated GCA with 
oral prednisone at a starting dose of 0.7 mg/kg/day, 
then gradually tapering to reach 15–20 mg/day at 
3 months, 7.5–10 mg/day at 6 months, 5 mg/day at 
12 months and weaning off GCs within 
18–24 months

100 [3]

UK
2010/R4b

GC reduction should be considered only in the 
absence of clinical symptoms, signs, and laboratory 
abnormalities suggestive of active disease. This 
should be balanced against the need to use the 
lowest effective dose, patient wishes, and GC side 
effects. Steroid reduction may also be appropriate if 
the acute-phase response is deemed to be due to 
another cause. Suggested tapering regimen:
•  40–60 mg prednisolone continued until symptoms 

and laboratory abnormalities resolve (at least 
3–4 weeks)

•  then dose is reduced by 10 mg every 2 weeks to 
20 mg

•  then by 2.5 mg every 2–4 weeks to 10 mg
•  then by 1 mg every 1–2 months provided there is 

no relapse
The dose may need adjustment for disease severity, 
comorbid factors, fracture risk, patient wishes, and 
adverse events. There are also some patients who 
will require long-term low-dose GC therapy

C [2]

2016/11b For complicated (dilatation, aortic aneurysm, or 
dissection) or symptomatic (limb claudication or 
ischemia) aortoarteritis at GCA onset, oral 
prednisone at 1 mg/kg/day can be prescribed as a 
starting dose

87.1 [3]

UK
2010/R7b

Relapse:
•  Jaw claudication requires 60 mg prednisolone

C [2]

2018/3 Withdraw or delay GC therapy until after PET, 
unless there is risk of ischemic complications, as in 
the case of GCA with temporal artery involvement. 
FDG-PET within 3 days after start of GC is optional 
as a possible alternative

III B [7]
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treatment- related adverse events, and comorbidities. The schedule for monitoring in 
relation to recommended dosages of GCs is depicted in Fig. 7.1. For monitoring 
after 18 months of disease duration, further clinical schedules depend on residual 
disease activity. Chest radiographs, echocardiography, PET, or MRI are 

40-60mg/ 0.7 mg/kg/day

remission
1 mo

3-4 mo

≤ 5 mg/day

15–20 mg/day

12 mo

Reduction by 10 mg every 2 weeks to 20 mg daily

Reduction by 2.5 mg every 2–4 weeks to 10 mg daily

40-60mg

Reduction by 1 mg every 1-2 months

diagnosis

18-24 mo 0 mg/day
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Fig. 7.1 Summary of GC schemes in recommendations and guidelines together with UK proposal 
for monitoring from 2010 (from Table  7.1). Dosages are given for prednisolone equivalents. 
Reductions of GCs (marked in red) should be recommended only in the absence of any signs and 
symptoms of GCA (recommendation summarized from Table 7.4). Mo months, wk week

Table 7.3 Recommendations concerning dosage of GCs, with specific recommendation for eye 
involvement. Important aspects are marked in bold letters. GC glucocorticoids

Year Recommendation LoE LoA (0–10) Ref.
Eye involvement

Sweden
2019/R4

If vision is impaired or there are other signs of 
serious vascular involvement, intravenous 
methylprednisolone 1000 mg once daily for 3 days 
may be considered, followed by oral treatment as 
above

[4]

UK
2010/R4a

Recommended starting dosages of GC are:
•  Evolving visual loss or amaurosis fugax 

(complicated GCA): 500 mg to 1 g of i.v. 
methylprednisolone for 3 days before oral GCs

•  Established visual loss: 60 mg prednisolone 
daily to protect the contralateral eye

C [2]

2016/10a Suspected GCA with transient or permanent 
ophthalmic involvement should be treated 
immediately with 1 mg/kg/day of oral prednisone 
or 500–1000 mg/day of intravenous 
methylprednisolone for 1–3 days (followed by oral 
prednisone at 1 mg/kg/day), according to regimen 
that can be most rapidly initiated

100 [3]

UK
2010/R7b

Relapse:
•  Eye symptoms need the use of either 60 mg 

prednisolone or i.v. methylprednisolone

C [2]
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recommended for early detection of an aortic aneurysm every 2–5 years, and addi-
tional bone mineral density may be needed.

Unfortunately, literature lays out that relapses of GCA under treatment with GCs 
occur in as many as 47.2% (95% confidence interval 40.0–54.3%) of patients, with 
more relapses reported in randomized-controlled trials (RCTs) than in observational 
studies and under shorter GC regimens (rate decrease of 1.7% for one additional 
month), but independent from initial GC doses (3). As a consequence, GCs alone 
appear to be insufficient for treatment of GCA in many patients, and GC-sparing 
agents may become necessary.

7.3  Glucocorticoid(GC)-Sparing Agents

Because of the wide spectrum of possible GC-related side effects, GC-sparing 
agents have always been considered as an important issue for treatment of 
GCA. Therefore, several synthetic and biological disease-modifying anti-rheumatic 
drugs (DMARDs) have been studied for the GC-sparing effects (Table 7.4). Overall, 
use of a GC-sparing agent beside GCs has been shown to be a protective factor both 
against new CV events (HR 0.44 (95% confidence interval (CI) 0.29–0.66)) as well 
as the development of aortic dilatation (HR 0.43 (CI 0.23–0.77)) [9]. Thus, 
GC-sparing agents should be considered especially for patients with insufficient 
response to GCs alone and patients with pre-existing comorbidities or high risk of 
GC-related side effects.

Recently, a meta-analysis comparing different GC-sparing agents showed that 
the two drugs tocilizumab (TCZ), a biological (b)DMARD, and methotrexate 
(MTX), a conventional (c)DMARD can be considered as GC-sparing agents. Both 
GC-sparing agents resulted in improved likelihoods of being relapse free with rela-
tive risks of 3.54 for TCZ and 1.54 for MTX [10]. At present, the bDMARD TCZ is 
the only FDA- and EMA-approved GC-sparing agent for the treatment of GCA—as 
an IL 6 R antagonist it showed efficacy in induction of sustained remission in both 
a phase II [11] and a phase III study (the GIACTA trial, [12]). The GIACTA trial 
showed that the risk of flares during TCZ treatment weekly and every other week 
decreases compared to the placebo group (HR 0.23 (CI 0.11–0.46) and 0.28 (CI, 
0.12–0.66), respectively). TCZ co-treatment also resulted in lower cumulative pred-
nisolone doses during trial duration (p < 0.001). To be remembered as a challenge 
of monitoring, is the suppressive effect of TCZ especially on the CRP biomarker. 
For monitoring of TCZ, it is important to early detect increased alanine aminotrans-
ferase (ALT) or aspartate aminotransferase (AST) >1.5-fold upper limit of normal, 
absolute neutrophil counts lower than 0.5–1.0 × 109/L, and platelet counts lower 
than 50–100 × 103/μL [13–16]. Blood count, liver function test, and lipid parame-
ters should be evaluated 4–8 weeks after initiation and at 6-month interval thereaf-
ter. Live and live-attenuated vaccines should not be given concurrently with 
TCZ. Although the safety profile of TCZ in GCA appears similar to placebo with 
comparable numbers of adverse events per 100 patient years, longer follow-up peri-
ods in RCT trial are needed to underline its benefit-to-harm ratio [17].
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Table 7.4 Summary of a meta-analysis (MA), a comparative MA (CMA), and additional 
randomized- controlled trials (RCTs, patient number >25) on treatment options for GCA, including 
conventional as well as biological disease-modifying anti-rheumatic drugs (cDMARDs and 
bDMARDs, respectively). ABA Abatacept, ADA Adalimumab, CI 95% confidence interval, 
cDMARD conventional DMARD, bDMARD biological DMARD, ETA etanercept, GC glucocorti-
coid, HR hazard ratio favoring MTX, IFX infliximab, MTX methotrexate, mo months, n.s. not 
significant, Pl placebo, RR relative risk to improve likelihood of being relapse free, TCZ tocili-
zumab, vs versus, wks weeks

Drug
MA/
RCT

Patients total 
[n]

Duration 
[months] Results Ref.

cDMARDs
•  MTX MA 161 55 ± 39 wks HR 1st relapse 0.65 (CI 

0.44–0.98)
HR 2nd relapse 0.49 (CI 
0.27–0.89)

[18]

•  MTX CMA 161 55 ± 39 wks RR 1.54 (CI 1.02–2.30) [10]
bDMARDs
IL6R 
blockade

CMA 281 52 wks RR 3.54 (CI 2.25–5.51) [10]

•  TCZ RCT 251 12 mo Sustained remission 
p ≤ 0.001:
56% (56/100) TCZ weekly
53% (26/49) TCZ every 
other week
14% (7/50) Pl; 26-week GC 
taper
18% (9/51) Pl; 52-week GC 
taper

[12]

•  TCZ RCT 30 12 mo Sustained remission 
p = 0.001:
85% with TCZ (n = 17/20)
20% with GC (n = 2/10)

[11]

CTLA4- 
blockade

CMA 41 12 mo RR 1.50 (CI 0.71–3.17) [10]

•  ABA RCT 41 12 mo Sustained remission 
p = 0.049:
48% with ABA vs. 31% with 
Pl

[20]

TNF- 
blockade

CMA 131 22–52 wks RR 1.12 (0.79–1.58) [10]

•  IFX RCT 44 22 wks. Relapse free p = 0.65:
43% with IFX vs. 50% with 
Pl

[23]

•  ADA RCT 70 6 mo Sustained remission p = 0.46:
20 (59%) with ADA vs. 18 
(50%) with Pl

[24]

•  ETA RCT 17 1 year Controlled disease p = n.s.:
50% ETA and 22.2% placebo 
(n.s.)

[25]
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As a consequence of this high level of evidence, the updated EULAR guide-
lines recommend that “adjunctive therapy should be used in selected patients with 
GCA (refractory or relapsing disease, the presence or an increased risk of 
GC-related adverse events or complications) using TCZ.” MTX is only consid-
ered as an alternative (Table 7.5). MTX is not approved for the treatment of GCA 
and although lower dosages have not been shown to be effective, two independent 
meta-analyses of current literature revealed a beneficial effect of MTX in GCA 
[10, 18].

Only a few other agents have been tested as possible GC-sparing agents so far 
[19]. Although a randomized-controlled trial showed that the bDMARD abatacept 

Table 7.5 Recommendations concerning GC-sparing agents (from EULAR and other national 
taskforces as indicated). Recommendations published before approval of TCZ for the indication of 
GCA are not included into this table. TCZ tocilizumab

Year Recommendation LoE LoA (0–10) Ref.
EULAR
2018/R5

Adjunctive therapy should be used in selected 
patients with GCA (refractory or relapsing disease, 
the presence or an increased risk of GC-related 
adverse effects or complications) using TCZ
MTX may be used as an alternative

1b
1a

9.4 ± 0.8
9.4 ± 0.8

[1]

EULAR
2018/R7b

Initiation or modification of adjunctive therapy 
should be considered particularly after recurrent 
disease relapses

1b 9.6 ± 1.0 [1]

Sweden
2019/R6

In cases of newly diagnosed GCA, TCZ may be 
considered when there is a great risk of future side 
effects of GCs and pronounced clinical and 
laboratory signs of vascular inflammation

[4]

Sweden
2019/R5

The rationale for treating GCA with TCZ is primarily 
its GC-sparing effect over time. TCZ is 
recommended as supplement to prednisolone 
treatment in patients with recurrent or active illness 
during GC treatment, providing the criteria of relapse 
during GC treatment or relapse after completion of 
treatment with GC, large-vessel arteritis verified at 
some point with biopsy or with imaging of large 
vessels (MRI, PET-CT, or CTA), clinically active 
GCA, elevated CRP and ESR or obvious side effects 
of GC treatment or great risk of such side effects 
from future treatment with GCs are met

[4]

Sweden
2019/R7

Treatment with TCZ should be discontinued after 
1 year. Longer periods of treatment cannot be 
recommended with our present state of knowledge. 
If inflammation persists after 1 year of treatment 
with TCZ, an individual assessment must be made 
by the treating physician

[4]
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(ABA), an inhibitor of the T-cell receptor CTLA4, may be useful to maintain 
remission in GCA-patients [20], ABA was not so effective in this trial. Another 
open- label study suggested that the bDMARD ustekinumab, which targets the 
interleukins IL12 and IL23, could be useful for the treatment of patients with 
refractory GCA [21]. In cultured GCA arteries, inhibition of IL-12/IL-23p40 
tended to reduce IFNγ and IL-17 mRNA production and to increase the Th17 
inducers IL-1β and IL-6 [22]. Now, further studies are required to assess whether 
ABA and ustekinumab extend our repertoire of adjunctive therapies to reduce 
relapses or as a GC-sparing agents in GCA. The interleukin-1 binding bDMARD, 
anakinra has been successfully used only in a few patients with refractory 
GCA.  Blockade of TNF-alpha turned out already earlier to be ineffective as a 
GC-sparing approach [23, 24].

7.4  Treatment of Comorbidities/Adjuvant Therapies

Comorbidities may occur as a consequence of higher age, as complications of GCA 
itself and GCA-treatment. For optimal treatment of GCA-patients, all of these 
issues have to be considered, and deterioration of only one of the comorbidities may 
result in severe complications with increased morbidity or even mortality.

Although treatment of comorbidities is essential for the optimal outcome of 
GCA, only a few recommendations refer to comorbidities (Tables 7.6):

 1. Concerning the recommendations on antiplatelet and anticoagulant therapy, low- 
dose aspirin is advised or at least should be considered for GCA-patients without 
contraindication according to national guidelines, but the EULAR task force 
 recommends low-dose aspirin or at least to consider it only for patients with 
other indications or in special situations (Table 7.6).

 2. Bone protection is recommended by the UK guidelines for GCA.
 3. Proton pump inhibitors for gastrointestinal protection should be considered 

according to the UK guidelines for GCA.
 4. The systematic prescription of statins is not recommended by the French guide-

lines for GCA.
 5. Recent evidence confirms the use of GC-sparing agents to reduce GCA-related 

comorbidities (see Sect. 7.3). Besides, monitoring is recommended especially 
for osteoporosis, CV-risk factors (including arterial hypertension and diabetes 
mellitus), and CV disease.

Further recommendations for other comorbidities are not included in the avail-
able EULAR and national GCA-specific recommendations, so that risk and 
comorbidity- specific recommendations have to be adapted for GCA-patients. For 
example, the risk of infections is estimated to be twofold increased in GCA-disease 
[26, 27], with the need of appropriate patients’ information, monitoring and treat-
ment, independent from the GCA-specific recommendations.
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Table 7.6 Recommendations for additional treatments in GCA. LoE level of evidence, LoA level 
of agreement

Year Recommendation LoE LoA (0–10) Ref.
EULAR
2018/R8

Antiplatelet or 
anticoagulant therapy 
should not be routinely 
used unless it is indicated 
for other reasons (e.g., 
coronary heart disease or 
cerebrovascular disease). 
In special situations, such 
as vascular ischemic 
complications or high risk 
of cardiovascular disease, 
these might be considered 
on an individual basis

4 9.4 ± 0.8 [1]

France
2016/14a

Low-dose aspirin 
(75–300 mg/day) should 
be considered for every 
patient with newly 
diagnosed GCA upon 
benefit–risk assessment; 
for GCA with ophthalmic 
involvement, prescribing 
low-dose aspirin should be 
advised

100 [3]

UK
2010/R5

Low-dose aspirin should 
be considered in patients 
with GCA if no 
contraindications exist

C [2]

France
2016/10c

Aspirin (75–300 mg/day) 
should be advised for 
GCA with ophthalmic 
involvement

96.8 [3]

France
2016/14b

The systematic 
prescription of an 
anticoagulant or a statin is 
not recommended

93.5 [3]

UK
2010/R4a

Patients should also 
receive bone protection. 
Proton pump inhibitors for 
gastrointestinal protection 
should be considered

C [2]
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Abstract

Takayasu arteritis (TAK) is a granulomatous large-vessel vasculitis, predomi-
nantly affecting the aorta and/or its major branches. Younger age is often used to 
distinguish it from patients with another form of large-vessel vasculitis, giant cell 
arteritis, but older age at onset has been well recognized. The incidence and 
prevalence of TAK varies by geographic region with the highest estimated preva-
lence in Japan at 40 per million. The strongest genetic susceptibility is with the 
major histocompatibility complex (MHC) Class I allele HLA-B52. The etiology 
of TAK is unknown and the pathogenesis is poorly understood. Histopathology 
of affected vessels show mixed inflammatory infiltrate comprising of macro-
phages with variable amounts of T- and B-lymphocytes and plasma cells. Cell- 
mediated autoimmunity appears to play a major role in TAK with recent studies 
demonstrating the importance of T-helper subsets Th1 and Th17.
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8.1  Classification Criteria

The revised International Chapel Hill Consensus Conference (CHCC) on the 
Nomenclature of Systemic Vasculitides defines Takayasu arteritis (TAK) as “arteri-
tis, often granulomatous, predominantly affecting the aorta and/or its major branches 
[1].” However, this form of large-vessel vasculitis (LVV) can be difficult to distin-
guish from giant cell arteritis (GCA) which is also a granulomatous LVV [1]. Age 
is often used to make the distinction although better classification criteria are being 
developed. The CHCC definition suggests age of onset typically before the age of 
50 years for TAK compared to patients with GCA where onset is usually after age 
50 years [1].

While CHCC provides a definition of TAK, the first diagnostic criteria for TAK 
were proposed in 1988 by Ishikawa [2]. This included the obligatory criterion of age 
≤40 years with the presence of clinical laboratory and imaging parameters grouped 
as 2 major and 9 minor criteria, Table 8.1 [2]. Presence of 2 major criteria, 1 major 
and ≥2 minor criteria or ≥4 minor criteria was highly associated with probability of 
TAK [2]. The sensitivity of the criteria was 84% with the highest sensitivity (96%) 
in patients with active disease [2].

The 1990 American College of Rheumatology (ACR) classification criteria for 
TAK are listed in Table 8.2 [3]. In the data set used to develop these criteria, age at 
disease onset ≤40 years was the single most discriminatory variable in classifying 
patients with TAK from GCA [4]. The ACR classification criteria for giant cell 

Obligatory criteria:
Age at disease onset ≤40 years
Major criteria:
Left mid-subclavian artery lesion
Right mid-subclavian artery lesion
Minor criteria:
Elevated sedimentation rate ≥20 mm/h
Common carotid artery tenderness
Hypertension
Aortic regurgitation or ectasia
Lesionb of:
Pulmonary artery
Left mid common carotid artery
Distal brachiocephalic trunk
Descending thoracic aorta
Abdominal aorta

aTAK highly likely when 2 major criteria, 1 
major and ≥2 minor criteria or ≥4 minor 
criteria
bBased on angiography: abnormalities 
include stenosis, occlusion for the common 
carotid and brachiocephalic trunk, or, nar-
rowing, dilatation, aneurysm, luminal irreg-
ularity for the pulmonary artery or aorta

Table 8.1 Ishikawa 
Diagnostic Criteria for 
Takayasu arteritisa [2]
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arteritis (GCA), which is the other major form of LVV, uses age ≥50 years [5]. The 
classification of patients between 41 and 49 years with LVV remains problematic 
with recent studies suggesting they are more likely late-onset TAK than early onset 
GCA [6]. While the two main forms of LVV share similarities, there are genetic, 
epidemiologic, imaging and pathophysiologic differences between TAK and 
GCA [7].

Classification criteria have been validated for childhood TAK by the European 
League against Rheumatism, the Pediatric Rheumatology International Trials 
Organization, and the Pediatric Rheumatology European Society (EULAR/
PRINTO/PRES) [8]. A diagnosis of TAK requires the presence of angiographic 
abnormalities of the aorta or its main branches and pulmonary arteries (mandatory 
criterion) and at least 1 of the following 5 criteria: (1) pulse deficit or claudication; 
(2) blood pressure discrepancy in any limb; (3) bruits; (4) hypertension; (5) elevated 
acute phase reactant.

The Diagnostic and Classification Criteria in Vasculitis (DCVAS) is a multina-
tional collaborative effort to develop and validate diagnostic criteria, and, to improve 
and validate classification criteria for primary systemic vasculitis including TAK 
[9]. It is anticipated that updated classification criteria based on the DCVAS study 
will be published in the near future.

8.2  Epidemiology and Genetics

8.2.1  Incidence and Prevalence

TAK is an uncommon disease. An autopsy study from Japan found evidence of TAK 
was present in 0.033% cases [10].

Studies evaluating the incidence of TAK are sparse. The incidence varies by 
geographic region with annual estimates ranging from 0.8 to 3.4 per million. The 
reported annual incidences in Israel and the United States are 2.1–2.6 cases per mil-
lion population per year [11, 12]. The lowest reported incidence was from a 
population- based study from the United Kingdom at 0.8 cases per million popula-
tion [13]. A study from Norway found that the incidence of TAK between 1999 and 
2003 was 1 per million/year and increased to 2 per million/year in the period 

Table 8.2 American College 
of Rheumatology 
Classification Criteria for 
Takayasu arteritisa [3]

1.  Age at disease onset <40 years
2.  Claudication of extremities
3.  Decreased brachial artery pulse
4.  Blood pressure difference >10 mmHg 

between arms
5.  Bruit over subclavian arteries or aorta
6.  Arteriogram abnormality

aPresence of three or more of the above crite-
ria has a sensitivity of 90.5% and specificity of 
97.8% for the diagnosis of Takayasu arteritis
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2008–2012. The exact reason for this increase was unclear although the greater 
availability of advanced imaging studies in recent years may have contributed to this 
observation [14]. In a population-based national database from Korea, the estimated 
incidence of TAK was 2.4 per million [15]. Hospital-based studies from Turkey 
have reported incidences ranging from 1.1 to 3.4 per million [16, 17].

Likewise, the prevalence of TAK varies by geographic location. A nationwide 
registry from Japan estimates the prevalence of TAK at >0.004% (40 per million) 
[18]. In Korea, the reported prevalence is 28.2 per million [15]. Studies from Turkey 
estimate the prevalence of TAK between 12.8 and 33 per million [16, 17]. In the 
study from the United Kingdom, the estimated prevalence was 4.7 per million while 
in a recent study from Norway the prevalence ranged from 22 to 25 per million 
(depending on criteria used to define TAK) [13, 14]. Furthermore, in the study from 
Norway, the highest prevalence was noted in residents of Asian and African 
descent [14].

8.2.2  Sex

TAK is a disease that predominantly affects females. In a large study of 1372 cases 
of TAK from the nationwide database in Japan, female:male ratio of 5:1 was 
reported though in a smaller study from Turkey, a female:male ratio as high as 12:1 
was observed [17, 19].

8.2.3  Age at Diagnosis

TAK is a disease that predominantly affects younger individuals with peak onset in 
the second and third decades. Furthermore, criteria from Ishikawa and the ACR use 
a mandatory age ≤40 years for TAK [2, 3]. However, it is being increasingly recog-
nized that TAK can also affect individuals >40 years of age. In clinical series of 
TAK, up to 13–43% of patients were >40 years old at diagnosis [14, 19–24]. In a 
large national registry of 1372 patients from Japan, age at onset >40  years was 
observed in 43% [19]. Furthermore, in this study, a bimodal peak for distribution of 
age at onset was observed with the major peak in the 15- to 29-year age group, and 
a minor broader peak in the 50- to 74-year age groups [19]. The median age at onset 
of male patients (43.5 years) was significantly higher than that of female patients 
(34 years), p < 0.001 [19].

In the nationwide registry from Japan, female patients with late-onset TAK also 
tended to have more coronary artery involvement [19]. In another multiethnic cohort 
of patients with TAK, a greater proportion of patients with TAK >40 years were 
White than non-White [20]. In one study, there was a longer delay in diagnosis of 
TAK in patients >40 years even though they had similar manifestations to those who 
presented at an earlier age [23]. One report found a higher prevalence of 
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dyslipidemia in patients diagnosed with TAK >40 years while two other studies 
including a large national registry from Japan found a higher proportion of patients 
with TAK >40 years had hypertension [19, 23, 25].

8.2.4  Major Histocompatibility Complex

The strongest genetic susceptibility associated with TAK is with the Major 
Histocompatibility Complex (MHC) Class I allele HLA-B*52:01 [26–28]. This has 
been observed in patients with TAK from different ethnicities [29]. Furthermore, it 
is the only HLA-B allele associated with TAK at a genome-wide significance level 
[27, 28]. In patients with TAK, the presence of HLA-B*52:01 has been associated 
with higher risk of aortic regurgitation [30, 31].

Other HLA-B alleles associated with TAK include HLA-B*39 and HLA-B*67 in 
the Japanese population and HLA-B13 in the Turkish and European-American pop-
ulations [27, 32–34]. HLA-Cw*07 also reached genome-wide significance for asso-
ciation in patients with TAK of Japanese, Turkish, and European-American descent, 
but this is possibly dependent on HLA-B*52 with which it is in high linkage dis-
equilibrium [29].

HLA class II alleles HLA-DPB1*09 and HLA-DRB1*15 have been associated 
with TAK in the Japanese population, but this association may be related to HLA- 
B*52 susceptibility due to linkage disequilibrium [29]. Association with HLA- 
DRB1 and HLA-DQB1 was also reported at genome-wide significant levels in a 
study evaluating the Turkish and European-American populations [27]. HLA- 
DRB1*07 was associated with TAK susceptibility in a study from China [35].

Several studies have also found an association of HLA-B/MHC class I chain- 
related (MICA) polymorphisms with TAK [26, 27, 36, 37]. Increased MICA expres-
sion has been reported in aortic tissues from patients with TAK and may contribute 
to the disease pathogenesis [38].

8.2.5  Non-MHC

Interleukin (IL)-12B locus has been associated with TAK in Japanese and Chinese 
populations based on a recent meta-analysis using immunochip data [26, 28, 39]. 
Furthermore, in a study from Japan, IL12B had a synergistic effect on TAK suscep-
tibility in combination with HLA-B*52:01 [28]. Presence of IL12B SNP has been 
associated with age of onset <20 years, relapses and resistance to glucocorticoid 
treatment [40]. IL12 encodes the IL12p40 which is a subunit of IL12 and IL23. IL12 
plays a role in the proliferation of Th1 cells, and IL23 is important for survival and 
activation of Th17 [41]. Th1 and Th17 have been associated with many autoimmune 
diseases including TAK, and therefore this may play an important role in disease 
pathogenesis.
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Fc fragment of IgG receptor IIa/IIa (FCGR2A/3A) has also been associated with 
TAK in a study evaluating Turkish and European-American populations, and, a 
study in the Chinese population [27, 42].

8.3  Pathogenesis

The etiology of TAK is unknown and the pathogenesis remains poorly understood. 
Mycobacterium tuberculosis infection has been proposed as a potential cause given 
the presence of granulomatous inflammation in TAK. In one series of 107 patients, 
48% of patients with TAK had active tuberculosis [43]. Two recent series reported 
the prevalence of tuberculosis in patients with TAK at around 20% which is still 
higher than the general population [44, 45]. A higher frequency of IS6110 (a 
sequence which identifies the Mycobacterium tuberculosis complex), and, the HupB 
(differentiates M. tuberculosis from M. bovis) gene expression was noted in the 
aortic tissues from patients with TAK (70%) and tuberculosis (82%) and in only 
32% of patients with atherosclerosis suggesting a link [46]. However, in other stud-
ies, mycobacterial DNA was not detectable in the peripheral blood and/or arteries 
from patients with TAK [47, 48].

Histopathology of the vessels affected by TAK show granulomatous inflamma-
tion with mixed inflammatory infiltrate comprising of macrophages with variable 
amounts of T- and B-lymphocytes, plasma cells, and eosinophils [49]. Medial 
necrosis may be present [49]. In the late phase of the disease, scarring can be seen 
in the media with disruption and disorganization of the remaining elastic fibers. The 
presence of dense adventitial fibrosis and significant intimal fibrous thickening with 
an overlap of fibroatheromatous plaques give a “tree bark” appearance to the intimal 
surface (Fig. 8.1). As opposed to GCA where the severe inflammation is predomi-
nantly in the inner media, severe adventitial scarring appears more common in 
TAK [49].

Cell-mediated autoimmunity appears to play a major role in TAK with immuno-
histochemical studies showing vascular infiltrates composed of macrophages, CD4+ 
T-cells, CD8+ T-cells, γδ T-cells, neutrophils, and natural killer (NK) cells [50–52]. 
The following sequence of events has been hypothesized in the pathogenesis of 
TAK [52]: An unknown stimulus triggers the expression of the 65 kDA heat-shock 
protein (HSP) in the aortic tissue which induces MICA on vascular cells [52]. The 
γδ T-cells and NK cells expressing NKG2D receptors recognize MICA on smooth 
muscle cells and release perforin causing acute vascular inflammation [52]. The 
release of proinflammatory cytokines causes recruitment of mononuclear cells, 
T-helper (Th)-1 and Th17 cells [52]. Th1 and Th17 pathways appear important in 
the pathogenesis and, have been associated with clinical disease activity in patients 
with TAK [53]. Two recent studies have also implicated the mammalian target of 
rapamycin (mTOR) pathway in the pathogenesis of TAK [54, 55].

The role of B cells in TAK remains controversial. B cells are not abundant in the 
inflammatory infiltrate in TAK lesions [49]. In a small study of seven patients, accu-
mulation of memory/germinal center-like B cells was present in the adventitial layer 
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of aortic specimens from TAK [56]. Higher levels of circulating B-lymphocytes and 
anti-endothelial antibodies have been reported in patients with TAK [57]. Increased 
levels of B cell activating factor (BAFF) have also been reported in TAK in a study 
from Japan though in a study from India, the findings were not replicated [58, 59]. 
There are also reports of response of TAK to treatment with rituximab [60, 61].
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Abstract

As a large-vessel arteritis, Takayasu’s arteritis (TAK) predominantly affects aorta 
and its major branches. Arterial stenosis, occlusion, and aneurysms lead to vari-
ous signs and symptoms such as consitutional features, extremity pain, claudica-
tion, light-headedness, bruits, absent or diminished pulses, and loss of blood 
pressure. As acute-phase reactants, ESR and C-reactive protein are frequently 
advocated for disease assessment of TAK. Recently, a member of pentraxin fam-
ily, PTX-3 was suggested to be a discriminative marker for active disease in 
TAK, with controversial results. Giant-cell arteritis, accelerated atherosclerosis, 
and various non-inflammatory vascular disorders have clinical similarities with 
TAK and should be investigated in the differential diagnosis.
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Takayasu’s arteritis (TAK) is a rare, chronic granulomatous large-vessel arteritis 
that predominantly affects aorta and its major branches which may lead to segmen-
tal stenosis, occlusion, dilatation and/or aneurysm formation. TAK, also known as 
“pulseless disease,” “aortic arch syndrome,” or “occlusive thromboarthropathy,” 
was first described by Mikito Takayasu who is a Japanese ophthalmologist, as a case 
of retinal vasculitis with pulselessness in 1908 [1]. Although all large arteries 
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including pulmonary arteries as well as medium-sized coronary arteries can be 
affected, aorta, subclavian, and carotid arteries are the most commonly involved 
(60–90%) [2, 3].

9.1  Clinical Manifestations

The clinical manifestatations of TAK changes according to the involved arteries 
(Table 9.1). Arterial stenosis, occlusion, and aneurysms lead to various signs and 
symptoms such as extremity pain, claudication, light-headedness, constitutional 
features (such as fever, malaise, anorexia, and weight loss), bruits, absent or dimin-
ished pulses, and loss of blood pressure. TAK generally follows an insidious course 
at onset but presentation with atypical and/or catastrophic disease such as acute 
visual loss or stroke may also occur. Unfortunately, many patients experience con-
siderable delay in diagnosis since there are no specific diagnostic laboratory tests, 
biomarkers, or autoantibodies [4].

The clinical course of TAK generally have three phases. The first phase is char-
acterized with nonspecific constitutional inflammatory symptoms such as fever, 
weight loss, and fatigue. In the second phase, inflammation of arterial walls is prom-
inent, causing carotidynia, neck pain, and sometimes back pain in thoracic and dor-
sal area. The third phase, thought as the late phase of the disease, is characterized 
with bruits, decreased or absence of pulses and blood pressure difference between 
arms and extremity claudication [5]. In an inception cohort from Turkey, signs and 
symptoms of “systemic inflammation” such as carotidynia and claudication were 
found to be more prominent in newly diagnosed TAK patients whereas vascular 

Table 9.1 Symptoms and signs in Takayasu’s arteritis according to involved arteries

Arterial territory Symptoms Signs
Subclavian artery Upper extremity claudication, 

Raynaud phenomenon, 
numbness

Bruit, pulseless, decreased pulse  
and/or blood pressure, muscle 
atrophy compared to contralateral 
extremity

Aorta Chest pain, back pain, dyspnea Bruit, aortic valve insufficiency
Common carotid 
artery

Carotidynia, vertigo, dizziness, 
visual changes, syncope, 
transient schemic attacks, stroke

Bruit, pulseless

Renal artery Hypertension Bruit, rarely renal failure
Vertebral artery Visual changes, dizziness
Celiac/mesenteric 
artery

Abdominal angina, nausea, 
vomiting

Bruit

Common iliac artery Lower extremity claudication, 
numbness

Bruit, pulseless, decreased pulse, 
and/or blood pressure

Pulmonary artery Atypical chest pain, dyspnea, 
rarely hemoptysis

Pulmonary hypertension

Coronary artery Angina, dyspnea Myocardial infarction, congestive 
heart failure
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extent and damage accumulates in retrospectively followed cases during the disease 
course [6] (Table 9.2). During the diagnostic phase, 10–20% of patients with TAK 
are asymptomatic. Those patients were diagnosed as TAK when their abnormal vas-
cular findings such as pulseless and blood pressure difference between arms were 
detected incidentally on examination [2].

Active inflammation in the vessel wall can cause tenderness over the vessel. 
Carotidynia occurs in 2–32% of patients. Stenosis or aneurysm formation as a result 
of vessel inflammation may cause decreased circulation. This manifests as typical 
intermittent claudication in extremities. Vertebral and carotid involvement may be 
asymptomatic or present with transient ischemic attacks, stroke, dizziness, syncope, 
headache, or visual changes. Mesenteric involvement is common, but gastrointesti-
nal symptoms such as nausea, diarrhea, vomiting, and ischemic abdominal pain are 
not seen frequently [7]. Hypertension may be seen due to atypical coarctation of the 
aorta, aortic valve regurgitation related to aortitis or renal artery stenosis [8, 9].

Cardiac involvement is present in about one-third of patients [5, 10]. In a large 
cohort including 411 patients cardiac involvement was present in 39%. Among this 
group, valvular abnormalities were found in 82%, myocardial abnormalities in 
16%, and coronary artery abnormalities in 12% [11]. In a retrospective study of 
1069 patients over 25 years, 70% of patients had aortic regurgitation and nearly half 
had moderate to severe aortic regurgitation [12]. Pulmonary arterial involvement 
may not be clinically apparent, but it ranges among 20–56% in autopsy series [13, 
14]. Pulmonary hypertension due to vasculits is present in 0–42% in different series 
[15] and increases the mortality [11].

Takayasu retinopathy and scleritis are uncommon manifestations of the disease 
[3, 16]. Retinopathy is low in recent series (<10%); however, hypertensive retinopa-
thy associated with poorly regulated hypertension is common as blood pressure 
monitorization is especially difficulty in cases with bilateral subclavian occlusion. 
Cutaneous manifestations range between 3 and 28% of patients, the most common 
one is erythema nodosum. Other skin manifestations such as pyoderma gangreno-
sum, Raynoud’s phenomenon, livedo reticularis, and purpura can be rarely seen in 

Table 9.2 Clinical characteristics of Inception and Retrospective Cohorts from Turkey

Inception cohort
(n = 170)

Retrospective cohort
(Bıçakçıgil et al.)
(n = 248)

Constitutional symptoms 115/165 (69.6%) 163/248 (66%)
Limb claudication 87/131 (66.4%) 119/248 (48%)
Carotidynia 31/130 (18.2%) –
Pulseless 45/130 (34.6%) 218/248 (88%)
Musculoskeletal manifestations 90/163 (52.9%) 104/248 (42%)
Mucocutaneous manifestations 30/162 (17.6%) 22/248 (8.8%)
Respiratory manifestations 47/163 (28.8%) 22/184 (12%)
Neurologic manifestations 69/163 (40.6%) 156/248 (63%)
Cardiac involvement 64/146 (43.8%) 141/248 (57%)
Ophthalmologic involvement 27/166 (16.2%) 57/248 (36%)
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TAK [17, 18]. Joint involvement may present as arthritis and arthralgia in almost 
half of the patients, but it does not have a progressive and destructive pattern [3, 19].

There are an increasing number of studies reporting inflammatory bowel disease 
and other spondyloarthropathy features in TAK [20–22]. In a Turkish study includ-
ing 69 TAK patients, 14 (20.3%) fulfilled the Assessment of Spondyloarthritis inter-
national Society (ASAS) criteria for spondyloarthropathy. Patients having both 
diseases were required more biologic treatments compared to patients having TAK 
alone (64.3% vs 29.1%, p = 0.014) [23]. It seems that the association between TAK 
and spondyloarthropathies is more than a simple coincidence. Further investigations 
are needed focusing on possible shared immuno-pathogenic or genetic processes.

9.2  Physical Examination

Physical examination for new vascular signs is the first step for disease assessment 
in TAK. Palpation of arterial pulses, blood pressure measurements of all extremities 
and cardiac, neck and abdominal auscultation for detecting bruits are crucial parts 
of the physical examination. However, the limitations of physical examination for 
assessing disease extent was shown by Grayson et al. Although abnormal findings 
on vascular physical examination are highly associated with the presence of arterial 
lesions in imaging, at least 30% of arteriographic lesions can be missed with only 
physical examination [24]. In a recent study, a high specificity was detected for 
newly developed clinical symptoms and concurrent vascular imaging findings. 
Vascular imaging abnormalities are often present in a patient presenting with a spe-
cific head, neck, and arm symptom. However, the presence of ischemic symptoms 
or even signs may not always indicate active inflammation of the vessel wall. In this 
context, carotidynia may be considered as a strong indicator of active inflammation 
whereas limb claudication is usually a sign of vasculitis-associated damage in 
TAK [25].

9.3  Laboratory: Role of Acute-Phase Response

Erythrocyte sedimentation rate (ESR) and C-reactive protein are frequently advo-
cated for disease assessment of TAK [26], despite being shown to be neither sensi-
tive nor specific enough to monitor disease activity [27, 28]. In one study, active 
disease was present in the setting of normal laboratory parameters in 23% of patients 
[29]. Similarly, ESR was elevated in only 72% of patients considered to have active 
disease and was still high in 44% of patients considered to be in remission [1]. 
Serum autoantibodies such as anti-aorta or anti-endothelial antibodies [30–32] and 
serum biomarkers such as IL-6, IL-8, IL-18, and BAFF are shown to be elevated in 
TAK, but are not disease specific [33–37].

Pentraxin (PTX) superfamily is a group of proteins recognizing a wide range of 
exogenous pathogenic substances and behaving as acute-phase response mediators 
[38]. PTX-3 was suggested to be a discriminative marker for active disease in TAK 
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[39, 40]. In a Turkish TAK cohort, patients had higher serum PTX-3 levels com-
pared to healthy controls, but PTX-3 levels did not differ between patients in active 
and inactive phases [41]. In an Italian TAK cohort, Tombetti et al. reported that only 
CRP was higher in active disease and PTX-3 levels were similar between active and 
inactive patients, similar to the Turkish study. However, significantly higher PTX-3 
levels were observed in a subset of patients with “detectable signs of vascular 
inflammation” shown with vascular imaging [42]. The results with the PTX-3 for 
activity assessment are controversial and need to be further investigated especially 
longitudinally.

9.4  Differential Diagnosis

Currently, there are no universally accepted diagnostic criteria for systemic vasculi-
tides, including TAK. 1990 American College of Rheumatology (ACR) criteria, the 
most widely used in clinical studies, requires the presence of three of six criteria to 
differentiate TAK from other systemic vasculitis [43] (Table  9.3). However, this 
criteria set mainly covers late stage of disease and includes conventional angiogra-
phy as the only imaging modality. In the presence of typical symptoms and physical 
findings such as loss of pulses and/or decreased arterial blood pressure and elevated 
acute-phase responses, the diagnosis can be confirmed easily by angiographic imag-
ing modalities. In a young patient with unexplained systemic inflammation, nine red 
flags should remind TAK to the clinician (Table 9.4) [44]. When the possibility of 
TAK comes to the mind of the clinician, the diagnosis should be confirmed by the 
imaging methods—discussed and compared with each other in the following sec-
tion. Overall, narrowing or occlusion of the aortic arch and proximal parts of its 
branches is highly suggestive of TAK.  Involvement of subclavian arteries, espe-
cially the left side, and of common/internal carotid arteries are typical for 
TAK. Cluster analysis also revealed that TAK lesions mostly develop in a symmet-
ric manner in paired vascular territories and disease extension is contiguous in the 
aorta [45].

One of the most important disease in differential diagnosis of TAK as a large- 
vessel vasculitis is GCA. There is an ongoing debate whether they are in a spectrum 
of the same large-vessel disease or are different entities. Disease onset in young age 

Table 9.3 1990 criteria for the classification of Takayasu’s arteritis

Age of 40 years or younger at disease onset
Claudication of the extremities
Decreased pulsation of one or both brachial arteries
Difference of at least 10 mmHg in systolic blood pressure between arms
Bruit over one or both subclavian arteries or the abdominal aorta
Arteriographic narrowing or occlusion of the entire aorta, its primary branches, or large 
arteries in the upper or lower extremities that is not due to arteriosclerosis, fibromuscular 
dysplasia, or other causes

At least 3 of 6 criteria are necessary for classification
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(<40), striking female predominence and ethnic discrimination are important dif-
fereneces of TAK. Also, aorta and its main branch involvement is more typical for 
TAK. While internal carotid artery branches are involved mostly by TAK, external 
carotid artery involvement is more typical for GCA [46, 47]. Grayson et al. also 
reported that carotid and mesenteric arterial involvement were more common in 
TAK, whereas axillary disease was more common in GCA.  Subclavian artery 
involvement tended to be asymmetric in TAK with a high frequency of left subcla-
vian artery disease, symmetric subclavian with concomitant axillary involvement 
was observed more frequently in GCA [48].

Differentiation of atherosclerotic vascular lesions from vasculitis is another very 
important problem for the diagnosis of a patient suspected with TAK. Even if imag-
ing modalities may help in discrimination, it is not always possible in especially 
elderly patients having risk factors for atherosclerotic vascular disease. Involvement 
of upper extremity vessels is thought to be more typical for TAK, but it may also be 
observed in atherosclerosis. While the vasculitic involvement is generally located in 
the proximal part of vessels, atherosclerotic lesions are generally located in bifurca-
tion sites and ostia of the vessels. In the vessel wall, vasculitic involvement leads to 
diffuse and homogeneous thickening, whereas atherosclerosis leads more localized, 
irregular and non-homogeneous thickening. Punctate, linear calcification, and 
patchy involvement also suggest atherosclerosis, in contrast to mural and circumfer-
ential calcification suggesting diffuse involvement in vasculitis [49].

In the differential diagnosis of TAK, there are many rare entities leading to aor-
titis. Aortitis can be infectious or non-infectious. The most frequent infectious 
agents are salmonella, staphylococcus aureus, streptococcus pneumonia, mycobac-
terium tuberculosis, human immunodeficiency virus, and rarely Treponema palli-
dum [50]. Non-infectious aortitis may be seen in many inflammatory rheumatologic 
diseases such as Behçet’s disease [51, 52], IgG4-related disease [53], rheumatoid 
arthritis [54], systemic lupus erythematosus [55, 56], Sjögren’s syndrome [57], 
ANCA-associated vasculitides [58], HLA-B27-associated spondyloarthropathies 
[59], psoriatic arthritis [60], sarcoidosis [61], Cogan’s syndrome [62], relapsing 
polychondritis [63], and inflammatory bowel diseases [64, 65]. Isolated inflamma-
tory aortitis should also be thought in the differential diagnosis of TAK if there is 
only aortic involvement. Most of the data for isolated aortitis comes from surgical 
case studies, with a prevalence ranging between 4 and 8%. The isolated aortitis is 
generally seen in males and older patients in contrast to TAK. Aortic arch, thoracic, 
and abdominal aorta are involved in both, but aortic branches are generally spared 
in isolated aortitis [66].

Table 9.4 Red flags to inves-
tigate Takayasu’s arteritis in a 
young patient with otherwise 
unexplained systemic 
inflammation

Carotidynia
Hypertension
Angina pectoris
Vertigo and syncope
Extremity claudication
Absent/weak peripheral pulses
Discrepant blood pressure in the 
upper limbs (>10 mmHg)
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9.5  Large-Vessel Vasculitis Mimickers in the Differential 
Diagnosis of TAK

In a patient presenting with large-vessel vasculitis (LVV) with the history of previ-
ous malignity, it should be kept in mind that radiotherapy can cause damage in 
vascular endothelial cells leading intimal thickening and irregularity with focal 
fibrosis and necrosis [67].

Congenital aortic coarctation may also be in differential diagnosis in a young 
TAK patient. It is commonly located in the junction of distal aortic arch and descend-
ing aorta, after the origin of the left subclavian artery. However, it is more common 
in males in contrast to TAK and there is no systemic inflammation. It is often associ-
ated with several other cardiac and vascular abnomalies, such as bicuspid aortic 
valve, ventricular septal defect, patent ductus arteriosus, and aortic arch hypopla-
sia [68].

Middle aortic syndrome is a clinical condition characterized with segmental nar-
rowing of the abdominal or distal descending thoracic aorta. Segmental aortic ste-
nosis may be located at the suprarenal, inter-renal or infrarenal aorta, with also 
concomitant stenoses in both the renal (63%) and visceral (33%) arteries. TAK can 
cause middle aortic syndrome but also various pathologies such as neurofibromato-
sis, fibromuscular dysplasia, Marfan syndrome, Ehler–Danlos syndrome retroperi-
toneal fibrosis, mucopolysaccharidosis, Williams syndrome, or congenital, 
developmental dorsal aorta abnormality [69].

Fibromuscular dysplasia (FMD) is another important clinical entity in the dif-
ferential diagnosis of TAK in especially a young woman. It is a non-atherosclerotic 
non-inflammatory vasculapathy primarily affecting women aged between 20 and 
60. It most commonly affects the renal and carotid arteries, but almost every artery 
in the body may be affected. Stenosis, aneurysm, dissection, and occlusion may 
ocur. Most common presentation is hypertension due to renal artery involvement. 
The patient also can frequently present with transient ischemic attack, stroke, or 
dissection due to carotid and/or vertebral involvement. Erythrocyte sedimentation 
rate and C-reactive protein are usually within normal reference ranges in FMD 
unless there is infarction of the kidney or bowel. Middle and distal portions of renal, 
internal carotid, and vertebral arteries are most commonly affected in FMD. Also 
aortic involvement is rare. Classical imaging findings such as “string-of-beads” 
appearance, focal concentric narrowing, and diffuse tubular stenosis are discrimina-
tive features for FMD. There are also no arterial wall thickening, edema, or contrast 
uptake on magnetic resonance angiography [70–72].

Segmental arterial mediolysis (SAM) is a rare non-atherosclerotic, non- 
inflammatory vasculopathy with unknown etiology. It is characterized by lysis of 
the medial layer of the arterial wall, often resulting in dissection, aneurysm, occlu-
sion, or stenosis [73]. It is controversial whether SAM is a distinct vasculopathy or 
a subtype of FMD [74]. SAM should also be kept in mind when aneurysms, steno-
ses, and occlusions are identified in medium and large vessels, especially when 
these lesions are limited to one anatomic location. Histopathology is gold standard 
for diagnosis [75]. There is also no significant concurrent arterial wall thickening 
(<3 mm) or elevation of ESR and C-reactive protein levels in SAM [76].
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Rare genetic disorders such as Marfan Syndrome [77, 78], Ehlers–Danlos 
Syndrome Type IV [75, 79], Loeys–Dietz syndrome (LDS) [75, 80], 
Neurofibromatosis type 1 (NF1) [81, 82], and Erdheim–Chester disease [83] may 
mimic Takayasu’s arteritis. The differential features of these genetic disorders are 
summarized in Table 9.5.
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Table 9.5 Differential features of genetic disorders mimicking Takayasu’s arteritis

Characteristic features Differential features from TAK
Marfan syndrome Autosomal dominant disorder of 

connective tissue matrix with the 
mutations in the fibrillin-1 gene
Aneurysm formation, dissection, 
and aortic regurgitation can occur 
due to effects on thoracic aorta 
wall

No systemic inflammation
No arterial wall thickening or 
stenosis with imaging
Histopathology: Cystic medial 
necrosis without inflammation
Typical Marfanoid body status 
and clinical features including 
lens
Dislocation

Ehlers–Danlos 
Syndrome Type IV

Autosomal dominant disorder of 
the connective tissue matrix with 
the mutations in the type III 
procollagen gene
Dissection, rupture, or aneurysm 
can occur due to effects on 
descending and abdominal aorta 
wall

No systemic inflammation
No arterial wall thickening or 
stenosis with imaging
Histopathology: Cystic medial 
necrosis without inflammation

Loeys–Dietz syndrome Genetic disorder of the connective 
tissue matrix with the mutations in 
the TGF-β receptor gene
Tortuosity, aneurysms, and 
dissections can occur in thoracic 
and abdominal aorta

No systemic inflammation
Clinical features including 
hypertelorism, bifid uvula, cleft 
palate, and bicuspid aortic 
valve

Neurofibromatosis type 
1 (NF1) (von 
Recklinghausen’s 
disease)

Vascular aneurysms/arteriovenous 
malformations, renal artery 
stenosis, coarctation of aorta, or 
segmental narrowing of abdominal 
or distal descending thoracic aorta

No systemic inflammation
Neurocutaneous tumors, 
plexiform tumors, optic 
gliomas, hamartomatous
Lisch nodules in the iris, café 
au lait macules, and learning 
disabilities

Erdheim–Chester 
disease (ECD)

Non-Langerhans histiocytosis
Periarterial thickening, stenosis/
occlusion in whole aorta

Histopathology: 
Xanthogranulomatous 
infiltration of foamy histiocytes 
surrounded by fibrosis
Cortical osteosclerosis and 
typical pain of long bones
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Abstract

Conventional digital subtraction angiography (DSA) used to be the “gold stan-
dard” for the diagnosis of TAK. However, MR angiography has become the most 
preferred imaging tool for the diagnosis of TAK and is suggested to be the first- 
choice of modality in recent EULAR guidelines for imaging in LVV. CT angiog-
raphy is also helpful as a cheap and fast tool to determine the damage associated 
with vascular stenosis and occlusion. FDG-PET-CT, detecting the vascular distri-
bution of 18-F-FDG, assesses the metabolic, usually inflammatory activity in 
aorta and its major branches and demonstrate early vascular changes before 
occlusions or aneursym development during the clinical course of TAK patients. 
Finally, Doppler US with contrast enhancement is helpful for carotid lesions. 
The role of imaging to evaluate disease activity is currently an area of promising 
research, especially for therapeutic clinical trials.

Keywords
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Angiographic imaging modalities are essential for both the diagnosis and the fol-
low- up of Takayasu Arteritis (TAK) [1]. Ideally, imaging modality in TAK should 
assess both the arterial lumen and the arterial wall. Luminal changes can be detected 
only after stenosis, occlusion, or dilatation has occurred. On the other hand, arterial 
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wall changes detected with positron emission tomography (PET), magnetic reso-
nance (MR) imaging, ultrasound (US), or computerized tomography (CT) may 
reveal pre-stenotic disease which is thought to be the earlier phase of disease [2]. 
The first detectable vascular abnormality in TAK is usually the thickening of the 
vessel wall caused by inflammation. The vessel wall thickness can be detected with 
MR angiography (MRA), US, and to a lesser degree, CT angiography (CTA). 
Contrast-enhanced MRA or CTA allow non-invasive imaging of the aorta and its 
major branches. Conventional digital subtraction angiography (DSA) which was 
thought to be the “gold standard” until recently for the diagnosis of TAK, detects 
well stenosis, occlusions and aneurysms which usually represents the latter stages 
of TAK. However, it is the least sensitive method for visualizing wall thickness [3] 
and is not routinely recommended in recent EULAR guidelines for imaging in 
LVV [4].

10.1  CTA

CTA shows vascular lumen and the arterial wall well and allows early diagnosis 
before the development of significant luminal remodeling [5]. In a study including 
patients with suspected TAK, CTA had a sensitivity of 95% and specificity of 100% 
for diagnosing TAK compared to clinical criteria [6]. While performing CTA, both 
early “arterial” and “delayed” phase are acquired following infusion of iodinated 
contrast. The acquisition of “delayed” phase images is needed to assess late contrast 
enhancement to evaluate the presence of a double-ring appearance. In delayed 
images, vessel wall thickening with enhancement and low attenuation ring is indica-
tive for active disease [7, 8]. The presence of low attenuation ring have 100% speci-
ficity for active disease assessed by clinical evaluation and acute phase reactants; 
however the sensitivity is quite low (34–57%). On the other hand, wall thickening 
together with enhancement has a sensitivity of 88% and a specificity of 75% [9, 10]. 
In a study using electron beam CTA, there was no association between vessel abnor-
malities and disease activity by the NIH criteria [11]. The same group also pub-
lished the follow-up data of five TAK patients having new active CTA lesions but 
considered inactive by clinical criteria. These patients had complications attribut-
able to these lesions during the follow-up with changes in medical therapy leading 
to improvement in the CTA findings [12].

An important advantage of CTA is its value in differentiating TAK from athero-
sclerosis. Vascular calcification can be seen with CTA due to several reasons such as 
chronic renal failure, atherosclerosis, and rarely vasculitis. However, the radiologi-
cal appearance of aortic calcification caused by vasculitis seems to differ from ath-
erosclerosis. A circumferential calcification pattern is observed only in TAK [13]. 
Thoracic aorta involvement was also more common in TAK compared to SLE in the 
same study. Assessing coronary artery calcification is also possible with CTA [14].

The clinical utility of CTA is similar to MRA both in the diagnosis and the 
assessment during the follow-up of patients with TAK. An important advantage of 
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CTA over MRA is its shorter acquisition time in daily practice. However, exposure 
to large amounts of radiation and iodinated contrast limits the usefulness of CTA in 
routine follow-up [15].

10.2  MRA

Currently, MRA has become the most preferred imaging tool for the diagnosis of 
TAK and is suggested to be the first-choice of modality in EULAR guidelines [4]. 
Lack of radiation exposure allows multiple longitudinal evaluations in young 
patients. Contrast-enhanced MRA also allow non-invasive imaging of the aorta and 
its major branches, defining better the features of thickened arterial wall. But this 
type of assessment needs longer duration compared to standard analysis. In MRA 
assessment, T1-weighted imaging is used to localize arterial wall lesions. For 
detecting changes suggestive of active inflammation in arterial vessel wall, 
T2-weighted and contrast-enhanced T1-weighted imagings are used to assess wall 
edema and late contrast enhancement, respectively [2]. In a meta-analysis of three 
studies (n = 182) investigating the utility of MRA (1.5 T) for the diagnosis of TAK 
compared to DSA to detect vessel stenosis, occlusion, or dilatation, the pooled sen-
sitivity and specificities were 79% and 97%, respectively. Vessel wall abnormalities 
not visualized by DSA were detected by MRA with a specificity of 92% (five stud-
ies, total n = 152) [15]. Although not yet formally studied, the circumferential or 
crescentic wall thickening observed in long irregular lesions can be considered 
pathognomonic for large-vessel vasculitis [5, 16].

MRA can also localize fibro-inflammatory lesions and give detailed informa-
tion on whether these are limited to the vessel wall or extend to peri-adventitial 
tissues, determining the disease extent. However, overlap between active and 
inactive disease remains also challenging with MRA [17]. The wall thickness and 
enhancement in MRA were proposed to represent active disease. Some studies 
also defined new vascular dilatation, stenosis, occlusion, or wall irregularity as 
active disease. Tso et al. [18] performed MRA scans on 24 patients with TAK. The 
scans of 94% of the patients revealed vessel wall edema during periods of unequiv-
ocally active disease and 56% showed them during apparent clinical remission. 
Andrews et al. [19] and Choe et al. [20] detected that edema and enhancement of 
vascular wall, as well as a reduction of the mural diameter on MR images are 
associated with disease activity. Furthermore, these studies suggest that there is a 
close correlation between wall thickness and/or edema of the vessel, enhancement 
of wall detected by MR imaging and acute phase reactants. Another study ana-
lyzed the imaging manifestations of contrast-enhanced MRA to quantitatively 
measure and assess disease activity of TAK with an MRA scoring system. MRA 
scores moderately correlated to CRP, platelet count, and fibrinogen levels 
(p < 0.05) and pointed that the MRA scoring system of lumen stenosis, wall thick-
ness, and wall enhancement could be a non- invasive approach to facilitate assess-
ment in TAK activity [21].
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Two other scoring systems aiming to assess vascular damage with MRA for 
large-vessel vasculitis is also proposed recently. Combined Arteritis Damage 
Score (CARDS) is a numerical damage index assessing the cumulative number of 
regions with stenosis, occlusions, and aneurysms [22]. Another composite score 
also evaluates arterial dilatation and stenosis in 17 arterial territories. Longitudinal 
changes in these scores correlated with disease activity and mirrored arterial dis-
ease evolution [23].

In a recent study, MRA was also found to be active in most patients with clinical 
remission [24]. In three studies assessing intima media thickness (IMT) by MRA in 
TAK, IMT was observed to be higher in active patients than inactives (pooled mean 
difference in IMT of 1.78 mm) [15]. On the other hand, there are a few studies 
reporting lower association between vessel wall thickening/enhancement and the 
active disease. Eshet et al. reported a lower sensitivity of 44% and specificity of 
65% [25]. Heterogeneity between studies due to lack of validated activity assess-
ment tools and medications lead differences in study results. But it is clear that 
MRA became the routine imaging method in the longitudinal follow-up of patients 
with TAK as a safe, non-invasive tool. But it is still a matter of debate whether MRA 
can reflect disease activity with cross-sectional, single time point assessments of 
arterial wall edema or post-contrast enhancement. Finally, “pseudostenosis” as an 
MRA artifact mimicking real arterial stenosis, should also be kept in mind during 
MRA assessments in LVV [26].

10.3  FDG-PET

FDG-PET-CT is a non-invasive and widely used imaging modality in oncological 
diseases to detect the regional distribution of 18-F-FDG visualizing the metabolic 
status of the body. It has promising results in LVV based on the interpretation of 
FDG uptake by metabolically active inflammatory cells in vessel walls [27]. Some 
studies used semiquantitative analysis comparing the 18F-FDG uptake of a vascular 
region of interest (ROI) with that of the liver. The level of large-vessel 18F-FDG 
uptake was visually graded using a four-point scale: 0 = no uptake present, I = low- 
grade uptake (uptake present but lower than liver uptake), II = intermediate-grade 
uptake (similar to liver uptake) and III = high-grade uptake (uptake higher than liver 
uptake)] [12, 28] while others quantified. 18F-FDG uptake using methods such as 
standard uptake value (SUV) [29, 30]. Webb et al. [31] were the first to report the 
diagnostic accuracy of FDG-PET in 18 TAK cases. Their sensitivity was 92%, and 
specificity was 100%. Kobayashi et al. [29] were the first to establish a cut-off for 
max SUV (strong accumulation: SUV >2, weak accumulation: SUV: 1.2–2.3) in 
their study of 14 TAK patients. Their sensitivity was 90.9%, and specificity 88.8%, 
however with defining active disease as the clinical requirement to use predniso-
lone. Walter et al. [32] described the qualitative utility of FDG-PET in 26 cases with 
giant cell arteritis (n = 20) or TAK (n = 6), and the visual grade of FDG uptake 
(grades I to III) correlated significantly with both CRP and ESR. Arnaud et al. [33] 
showed a lack of correlation between 18F-FDG uptake, clinical disease activity and 

F. Alibaz-Oner and H. Direskeneli



109

levels of markers of inflammation. This study depended exclusively on clinical 
symptoms without markers of inflammation when assessing clinical disease activity 
and reported that FDG-PET scan had a sensitivity of 69.2% and a specificity of 
33.3% for clinically active TAK [34]. Tezuka et al. [35] measured the mean SUV in 
the center of the inferior vena cava in all cases and target/background ratio was 
calculated as max SUV in arterial wall/mean SUV in inferior vena cava. They sug-
gested that max SUV may provide a valid means of comparing patients with active 
vs. inactive TAK. Max SUV obtained with FDG-PET/CT had a high sensitivity and 
specificity for detecting subtle TAK activity in this study and ROC curve indicated 
that this approach may be superior to both ESR and CRP. The diagnostic accuracy 
of max SUV was also shown in relapsing TAK cases with a max SUV cut-off of 2.1 
proposed to discriminate active inflammation of TAK. In another study, Zhang et al. 
[36] showed that SUV max, SUV mean, and SUV ratios were significantly higher 
in clinically active group compared to the inactives and with a 2.1 SUV max cut-off 
they reported 86.2% sensitivity and 90% specificity. Finally, a meta-analysis includ-
ing eight studies assessing the performance of FDG-PET for detecting vasculitis in 
LVV showed a pooled sensitivity of 76% (95% CI 69, 82) and specificity of 93% 
(95% CI 89, 96) [37].

Recently, Grayson et al. Developed a scoring system labeled PETVAS, which is 
a total quantitative score of most commonly involved nine arteries in LVV. Active 
FDG-PET/CT differentiated clinically active LVV patients from comparators with 
a sensitivity and specificity of over 80% in this study. However, more than half of 
the patients (58%) who were in clinical remission according to NIH criteria were 
also interpreted to have active FDG-PET-CT. The specificity of FDG-PET-CT in 
distinguishing clinically active patients was therefore only 42%. In the comparator 
group who did not have an LVV diagnosis, 17% of patients were also found to have 
active vasculitic lesions. When a cut-off value of >20 was used, the sensitivity 
increased to 68% and specificity raised to 71%. Among patients who underwent 
PET during clinical remission, future clinical relapse was more common in patients 
with a high PETVAS (>20) compared to low PETVAS group (55% versus 11%; 
p = 0.03) over a median follow-up of 15 months [38]. Previous reports suggested 
that corticosteroid (CS) treatment reduces the FDG uptake [39]. In the study by 
Grayson et  al., PETVAS scores decreased after CS and/or ISs treatments [38]. 
However, in a recent study from our center, we did not find any difference in 
PETVAS scores between patients with and without CS or IS use (Kaymaz-Tahra S, 
unpublished).

In a recent study, Banerjee et al. used a combined assessment of imaging, clinical 
and biomarker use to observe the effects of treatments in LVV patients. Increases in 
treatment led to a significant reduction in disease activity, whereas all three assess-
ments of disease activity remained similarly unchanged when treatments were unal-
tered. When treatment was reduced, PET activity significantly worsened but clinical 
and serologic activity did not significantly change. Treatment of GCA with tocili-
zumab and of TAK with tumor necrosis factor inhibitors resulted in significant 
improvement in imaging and clinical assessments of disease activity, but only rarely 
did the assessments both become normal [40].
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Without an histopathological confirmation, it is difficult to clarify whether 
increased FDG uptake in the vascular wall in patients with LVV in clinical remis-
sion is due to subclinical vasculitis [41] or to secondary processes such as vascular 
remodeling, hypoxia [42], atherosclerosis [43], or a combination of these factors. 
The interpretation of FDG-PET-CT has also some technical challenges. One of the 
main limitations is the lack of standardization for the time interval between the 
FDG administration and acquisition in LVV. According to the “EULAR recommen-
dations for the use of imaging in LVV in clinical practice,” a minimum of 60 min 
between intravenous FDG administration and acquisition is recommended. 
However, a delayed acquisition may increase the sensitivity of detecting FDG 
uptake [4]. Most of PET studies in the literature was performed at 1-h, but the data 
comparing the first hour and delayed acquisition is conflicting [44, 45] (Kaymaz- 
Tahra S, unpublished). In two recent studies, it was reported that PET assessment at 
2 h time point would capture more active patients with LVV compared to 1 h time 
point assessments [46, 47].

PET scan is also an expensive imaging tool. In many countries, even in devel-
oped ones, access to PET scanning is very limited in any disease other than malig-
nancies. Radiation exposure during PET-CT scan imaging may be another 
disadvantage which may be decreased with PET-MRA technique [48]. FDG uptake 
in all active cells other than inflammatory vessel wall is also an important restriction 
and there is ongoing research for new ligand options in PET scanning [2]. Therefore, 
despite the promising results both in the diagnosis and activity assessment, PET 
scan is still not a standardized imaging tool in TAK and its value in especially long- 
term follow-up of TAK patients needs to be further investigated.

10.4  Ultrasonography

The role of ultrasonography (US) is less established in TAK compared to other 
modalities. Doppler US performs well for carotid lesions with a high sensitivity 
(90%) and specificity (91%) in detecting stenotic lesions [49]. However, aortic and 
subclavian arteries are more difficult to visualize by US, with poorer detection of 
lesions. US may also help in determining inflammatory activity, demonstrating 
hypoechogenicity and mural thickening in active lesions [50]. Contrast-enhanced 
ultrasound (CEUS) may allow the identification of inflammation-driven hyperemia 
and neovascularization, a potential marker of disease activity [51]. In a recent study 
including 159 carotid artery CEUS from 86 patients with TAK, the enhanced inten-
sity of carotid artery wall was higher in active patients and had a high predictive 
value for disease activity with area under the curve (AUC) of 86.3%, sensitivity of 
88.0%, and specificity of 79.1%. This high predictive value did not increase by 
addition of ESR, CRP, and arterial wall thickness. Qualitative grading of wall vas-
cularization based on the visual appearance of contrast enhancement within the 
lesion was also found higher in active patients [52]. In a prospective study including 
31 patients with LVV, a graded vascularization score with CEUS of the carotid 
arteries was used as an index of disease activity which correlated closely with 
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18FDG-PET [53]. There are few case reports showing decreased artery wall thick-
ness after corticosteroid treatment [54].

Being an operator-dependent imaging modality is an important restriction for US 
and its usage is mainly limited to carotid, vertebral, subclavian, and axillary arteries. 
However, it may also be used for abdominal aorta [55]. However, as US is a non- 
invasive, cheap and widely accessable imaging modality, further studies are war-
ranted to confirm the potential of this technique for monitoring disease activity and 
response to treatment in TAK.

10.5  Conclusion

In summary, conventional angiography is no longer considered as the gold standard 
for the diagnosis of TAK. Currently, many physicians prefer to use MRA or CTA with 
FDG-PET-CT in selected cases for establishing the diagnosis of TAK. MRA is the 
gold standard modality for the longitudinal follow-up patients with TAK. Compared 
with DSA, three-dimensional MRA can effectively show vessel wall thickening, 
whereas contrast-enhanced MRA allows better soft-tissue differentiation. Exposure to 
large amounts of radiation and iodinated contrast limit the usefulness of CTA in rou-
tine follow-up. Recently, exciting preliminary reports have come up with PET-MRA 
with comparable visual and quantitative results to PET-CT. Improved soft-tissue reso-
lution and definition of anatomy was reported with PET-MRA assessment using lower 
total radiation doses [56, 57]. Further prospective research is needed with PET-MR 
focusing on clinical activity assessment and changes with immunosuppressive treat-
ments (Figs. 10.1, 10.2, 10.3, 10.4, 10.5, and 10.6).

Fig. 10.1 3D 
reconstruction of CT 
angiographic data 
demonstrating a high grade 
stenosis in left 
subclavian artery
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Fig. 10.2 CT 
angiographic image 
demonstrating occlusion in 
left subclavian artery

Fig. 10.3 MR 
angiographic image 
demonstrating a high grade 
stenosis in right subclavian 
artery and brachial artery
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Fig. 10.4 MR 
angiographic image 
demonstrating bilateral 
common carotid artery 
stenosis and right 
subclavian arteriel stenosis
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a

b

Fig. 10.5 Axial, coronal and sagittal positron emission tomography (PET) (a) and PET/CT fusion 
(b) images of the same patient shows fluorine-18 fluorodeoxyglucose (FDG) uptake at the level of 
the ascending aorta and the aortic arch (arrows) consistent with activated disease

Fig. 10.6 PET/CT Images of a patient showing increased 3 fluorine-18 fluorodeoxyglucose 
(FDG) uptake (higher than liver uptake) in biateral carotid, subclavian, axillary, iliac, femoral 
arteries and assending-arcus-abdominal aorta

F. Alibaz-Oner and H. Direskeneli



115

References

 1. Quinn KA, Grayson PC. The role of vascular imaging to advance clinical care and research in 
large-vessel vasculitis. Curr Treat Opt Rheumatol. 2019;5(1):20–35.

 2. Tombetti E, Mason JC. Application of imaging techniques for Takayasu arteritis. Presse Med. 
2017;46(7–8 Pt 2):e215–23. Epub 2017 Jul 28.

 3. Alibaz-Öner F, Aydın SZ, Direskeneli H.  Recent advances in Takayasu’s arteritis. Eur J 
Rheumatol. 2015;2(1):24–30. Epub 2015 Mar 1.

 4. Dejaco C, Ramiro S, Duftner C, Besson FL, Bley TA, Blockmans D, et al. Eular recommen-
dations for the use of imaging in large vessel vasculitis in clinical practice. Ann Rheum Dis. 
2018;77:636–43.

 5. Gotway MB, Araoz PA, Macedo TA, Stanson AW, Higgins CB, Ring EJ, et al. Imaging find-
ings in Takayasu’s arteritis. Am J Roentgenol. 2005;184:1945–50.

 6. Yamada I, Nakagawa T, Himeno Y, Numano F, Shibuya H. Takayasu arteritis: evaluation of the 
thoracic aorta with CT angiography. Radiology. 1998;209:103–9.

 7. Yoshida S, Akiba H, Tamakawa M, Yama N, Takeda M, Hareyama M, et al. The spectrum of 
findings in supra-aortic Takayasu’s arteritis as seen on spiral CT angiography and digital sub-
traction angiography. Cardiovasc Intervent Radiol. 2001;24:117–21.

 8. Yamazaki M, Takano H, Miyauchi H, Daimon M, Funabashi N, Nagai T, et al. Detection of 
Takayasu arteritis in early stage by computed tomography. Int J Cardiol. 2002;85:305–7.

 9. Kim SY, Park JH, Chung JW, Kim HC, Lee W, So YH, et al. Follow-up CT evaluation of the 
mural changes in active Takayasu arteritis. Korean J Radiol. 2007;8:286–94.

 10. Park JH, Chung JW, Im JG, Kim SK, Park YB, Han MC. Takayasu arteritis: evaluation of mural 
changes in the aorta and pulmonary artery with CT angiography. Radiology. 1995;196:89–93.

 11. Paul JF, Hernigou A, Lefebvre C, Blétry O, Piette JC, Gaux JC, et al. Electron beam CT fea-
tures of the pulmonary artery in Takayasu’s arteritis. AJR Am J Roentgenol. 1999;173:89–93.

 12. Paul JF, Fiessinger JN, Sapoval M, Hernigou A, Mousseaux E, Emmerich J, et al. Follow-up 
electron beam CT for the management of early phase Takayasu arteritis. J Comput Assist 
Tomogr. 2001;25:924–31.

 13. Seyahi E, Ucgul A, Cebi Olgun D, Ugurlu S, Akman C, Tutar O, et al. Aortic and coronary 
calcifications in Takayasu arteritis. Semin Arthritis Rheum. 2013;43:96–104.

 14. Banerjee S, Bagheri M, Sandfort V, Ahlman MA, Malayeri AA, et al. Vascular calcification in 
patients with large-vessel vasculitis compared to patients with hyperlipidemia. Semin Arthritis 
Rheum. 2019;48(6):1068–73.

 15. Barra L, Kanji T, Malette J, Pagnoux C, CanVasc. Imaging modalities for the diagnosis and 
disease activity assessment of Takayasu’s arteritis: a systematic review and meta-analysis. 
Autoimmun Rev. 2018;17(2):175–87. Epub 2017 Dec 5.

 16. Matsunaga N, Hayashi K, Sakamoto I, Matsuoka Y, Ogawa Y, Honjo K, et al. Takayasu arte-
ritis: MR manifestations and diagnosis of acute and chronic phase. J Magn Reson Imaging. 
1998;8:406–14.

 17. Li D, Lin J, Yan F. Detecting disease extent and activity of Takayasu arteritis using whole body 
magnetic resonance angiography and vessel wall imaging as a 1-stop solution. J Comput Assist 
Tomogr. 2011;35:468–74.

 18. Tso E, Flamm SD, White RD, Schvartzman PR, Mascha E, Hoffman GS. Takayasu arteritis: 
utility and limitations of magnetic resonance imaging in diagnosis and treatment. Arthritis 
Rheum. 2002;46:1634–42.

 19. Andrews J, Al-Nahhas A, Pennell DJ, Hossain MS, Davies KA, Haskard DO, et  al. Non- 
invasive imaging in the diagnosis and management of Takayasu’s arteritis. Ann Rheum Dis. 
2004;63:995–1000.

 20. Choe YH, Han BK, Koh EM, Do YS, Lee WR. Takayasu’s arteritis: assessment of disease 
activity with contrast enhanced MRA imaging. Am J Roentgenol. 2000;175:505–11.

 21. Jiang L, Li D, Yan F, Dai X, Li Y, Ma L. Evaluation of Takayasu arteritis activity by delayed 
contrast-enhanced magnetic resonance imaging. Int J Cardiol. 2012;155(2):262–7. Epub 
2010 Nov 6.

10 Imaging



116

 22. Nakagomi D, Cousins C, Sznajd J, Furuta S, Mohammad AJ, et al. Development of a score for 
assessment of radiologic damage in large-vessel vasculitis (Combined Arteritis Damage Score, 
CARDS). Clin Exp Rheumatol. 2017;35 Suppl 103(1):139–45.

 23. Tombetti E, Godi C, Ambrosi A, Doyle F, Jacobs A, et al. Novel angiographic scores for evalu-
ation of large vessel vasculitis. Sci Rep. 2018;8(1):15979.

 24. Quinn KA, Ahlman MA, Malayeri AA, Marko J, Civelek AC, et al. Comparison of magnetic 
resonance angiography and 18F-fluorodeoxyglucose positron emission tomography in large- 
vessel vasculitis. Ann Rheum Dis. 2018;77(8):1165–71. Epub 2018 Apr 17.

 25. Eshet Y, Pauzner R, Goitein O, Langevitz P, Eshed I, Hoffmann C, et al. The limited role 
of MRI in long-term follow-up of patients with Takayasu’s arteritis. Autoimmun Rev. 
2011;11:132–6.

 26. Marinelli KC, Ahlman MA, Quinn KA, Malayeri AA, Evers R, Grayson PC. Stenosis and 
pseudostenosis of the upper extremity arteries in large-vessel vasculitis. ACR Open Rheumatol. 
2019;1(3):156–63.

 27. Danve A, O’Dell J. The role of 18f fluorodeoxyglucose positron emission tomography scanning 
in the diagnosis and management of systemic vasculitis. Int J Rheum Dis. 2015;18:714–24.

 28. De Leeuw K, Bijl M, Jager PL. Additional value of positron emission tomography in diagnosis 
and follow-up of patients with large vessel vasculitides. Clin Exp Rheumatol. 2004;22:S21–6.

 29. Kobayashi Y, Ishii K, Oda K, Nariai T, Tanaka Y, Ishiwata K, et al. Aortic wall inflammation 
due to Takayasu arteritis imaged with 18F-FDG PET coregistered with enhanced CT. J Nucl 
Med. 2005;46:917–22.

 30. Meller J, Strutz F, Siefker U, Scheel A, Sahlmann CO, Lehmann K, et  al. Early diagno-
sis and follow-up of aortitis with [18F]FDG PET and MRI. Eur J Nucl Med Mol Imaging. 
2003;30:730–6.

 31. Webb M, Chambers A, Al-Nahhas A, et al. The role of 18F-FDG PET in characterizing disease 
activity in Takayasu arteritis. Eur J Nucl Med Mol Imaging. 2004;31:627–34.

 32. Walter MA, Melzer RA, Schindler C, Muller-Brand J, Tyndall A, Nitzsche AU. The value of 
[18F] FDG-PET in the diagnosis of large-vessel vasculitis and the assessment of activity and 
extent of disease. Eur J Nucl Med Mol Imaging. 2005;32:674–81.

 33. Arnaud L, Haroche J, Malek Z, Archambaud F, Gambotti L, et al. Is (18)F-fluorodeoxyglucose 
positron emission tomography scanning a reliable way to assess disease activity in Takayasu 
arteritis? Arthritis Rheum. 2009;60(4):1193–200.

 34. Lee KH, Cho A, Choi YJ, Lee SW, Ha YJ, et al. The role of (18) F-fluorodeoxyglucose-positron 
emission tomography in the assessment of disease activity in patients with Takayasu arteritis. 
Arthritis Rheum. 2012;64(3):866–75.

 35. Tezuka D, Haraguchi G, Ishihara T, Ohigashi H, Inagaki H, Suzuki J, Hirao K, Isobe M. Role 
of FDG PET-CT in Takayasu arteritis: sensitive detection of recurrences. JACC Cardiovasc 
Imaging. 2012;5(4):422–9.

 36. Zhang X, Zhou J, Sun Y, Shi H, Ji Z, Jiang L. 18F-FDG-PET/CT: an accurate method to assess 
the activity of Takayasu’s arteritis. Clin Rheumatol. 2018;37:1927–35.

 37. Lee YH, Choi SJ, Ji JD, Song GG. Diagnostic accuracy of 18F-FDG PET or PET/CT for large 
vessel vasculitis: a meta-analysis. Z Rheumatol. 2016;75:924–31.

 38. Grayson PC, Alehashemi S, Bagheri AA, Civelek AC, Cupps TR, et  al. (18) 
f- fluorodeoxyglucose- positron emission tomography as an imaging biomarker in a pro-
spective, longitudinal cohort of patients with large vessel vasculitis. Arthritis Rheumatol. 
2018;70:439–49.

 39. Blockmans D, de Ceuninck L, Vanderschueren S, Knockaert D, Mortelmans L, Bobbaers 
H. Repetitive 18f-fluorodeoxyglucose positron emission tomography in giant cell arteritis: a 
prospective study of 35 patients. Arthritis Rheum. 2006;55:131–7.

 40. Banerjee S, Quinn KA, Gribbons KB, Rosenblum JS, Civelek AC, et al. Effect of treatment 
on imaging, clinical, and serologic assessments of disease activity in large-vessel vasculitis. J 
Rheumatol. 2020;47(1):99–107. https://doi.org/10.3899/jrheum.181222.

 41. Newman KA, Ahlman MA, Hughes M, Malayeri AA, Pratt D, Grayson PC. Diagnosis of giant 
cell arteritis in an asymptomatic patient. Arthritis Rheumatol. 2016;68:1135.

F. Alibaz-Oner and H. Direskeneli

https://doi.org/10.3899/jrheum.181222


117

 42. Folco EJ, Sheikine Y, Rocha VZ, Christen T, Shvartz E, et al. Hypoxia but not inflammation 
augments glucose uptake in human macrophages: implications for imaging atherosclerosis 
with 18fluorine-labeled 2-deoxy-D-glucose positron emission tomography. J Am Coll Cardiol. 
2011;58:603–14.

 43. Rosenbaum D, Millon A, Fayad ZA. Molecular imaging in atherosclerosis: FDG PET. Curr 
Atheroscler Rep. 2012;14:429–37.

 44. Slart R, Writing Group, Reviewer Group, Members of EANM Cardiovascular, Members of 
EANM Infection & Inflammation, et al. Fdg-pet/ct(a) imaging in large vessel vasculitis and 
polymyalgia rheumatica: joint procedural recommendation of the eanm, snmmi, and the pet 
interest group (pig), and endorsed by the asnc. Eur J Nucl Med Mol Imaging. 2018;45:1250–69.

 45. Bucerius J, Mani V, Moncrieff C, Machac J, Fuster V, et al. Optimizing 18f-fdg pet/ct imag-
ing of vessel wall inflammation: the impact of 18f-fdg circulation time, injected dose, uptake 
parameters, and fasting blood glucose levels. Eur J Nucl Med Mol Imaging. 2014;41:369–83.

 46. Rosenblum JS, Quinn KA, Rimland CA, Mehta NN, Ahlman MA, Grayson PC. Clinical fac-
tors associated with time-specific distribution of 18F-fluorodeoxyglucose in large-vessel vas-
culitis. Sci Rep. 2019;9(1):15180.

 47. Quinn KA, Rosenblum JS, Rimland CA, Gribbons KB, Ahlman MA, et al. Imaging acquisition 
technique influences interpretation of positron emission tomography vascular activity in large- 
vessel vasculitis. Semin Arthritis Rheum. 2020;50(1):71–6. pii: S0049-0172(19)30411-1.

 48. Padoan R, Crimì F, Felicetti M, Padovano F, Lacognata C, et al. Fully integrated 18F-FDG 
PET/MR in large vessel vasculitis. Q J Nucl Med Mol Imaging. 2019. https://doi.org/10.23736/
S1824-4785.19.03184-4.

 49. Raninen RO, Kupari MM, Pamilo MS, et al. Ultrasonography in the quantification of arterial 
involvement in Takayasu’s arteritis. Scand J Rheumatol. 2000;29:56–61.

 50. Park S, Chung JW, Lee JW, Han MH, Park JH. Carotid artery involvement in Takayasu’s arte-
ritis: evaluation of the activity by ultrasonography. J Ultrasound Med. 2001;20:371–8.

 51. Magnoni M, Dagna L, Coli S, Cianflone D, Sabbadini MG, Maseri A.  Assessment of 
Takayasu arteritis activity by carotid contrast-enhanced ultrasound. Circ Cardiovasc Imaging. 
2011;4(2):e1–2.

 52. Huang Y, Ma X, Li M, Dong H, Wan Y, Zhu J. Carotid contrast assessment of disease activity 
in Takayasu arteritis. Eur Heart J Cardiovasc Imaging. 2019;20(7):789–95.

 53. Germano G, Macchioni P, Possemato N, Boiardi L, Nicolini A, Massimiliano C, et al. Contrast- 
enhanced ultrasound of the carotid artery in patients with large vessel vasculitis: correlation 
with positron emission tomography findings. Arthritis Care Res (Hoboken). 2016;69:143–9.

 54. Fukudome Y, Abe I, Onaka U, Fujii K, Ohya Y, Fukuhara M, et al. Regression of carotid wall 
thickening after corticosteroid therapy in Takayasu’s arteritis evaluated by B-mode ultrasonog-
raphy: report of 2 cases. J Rheumatol. 1998;25:2029–32.

 55. Schmidt WA. Imaging in vasculitis. Best Pract Res Clin Rheumatol. 2013;27:107–18.
 56. Zeimpekis KG, Barbosa F, Hullner M, ter Voert E, Davison H, Veit-Haibach P, et al. Clinical 

evaluation of PET image quality as a function of acquisition time in a new TOF-PET/MRI 
compared to TOF-PET/CT—initial results. Mol Imaging Biol. 2015;17:735–44.

 57. Einspieler I, Thurmel K, Pyka T, Eiber M, Wolfram S, Moog P, et  al. Imaging large ves-
sel vasculitis with fully integrated PET/MRI: a pilot study. Eur J Nucl Med Mol Imaging. 
2015;42:1012–24.

10 Imaging

https://doi.org/10.23736/S1824-4785.19.03184-4
https://doi.org/10.23736/S1824-4785.19.03184-4


119© Springer Nature Switzerland AG 2021
C. Salvarani et al. (eds.), Large and Medium Size Vessel and Single Organ 
Vasculitis, Rare Diseases of the Immune System, 
https://doi.org/10.1007/978-3-030-67175-4_11

F. Alibaz-Oner · H. Direskeneli (*) 
Division of Rheumatology, Department of Internal Medicine, Marmara University,  
School of Medicine, Istanbul, Turkey

11Prognosis and Disease Activity
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Correct assessment of the extent of arterial involvement, clinical activity and dam-
age in Takayasu’s Arteritis (TAK) is essential for treatment or surgical intervention 
decisions during the disease course [1]. However, there are no widely accepted and 
validated definitions of “disease activity” or “response to treatment”. One of the 
major difficulties is the differentiation between ongoing activity and vascular dam-
age in TAK. Vascular stenosis may occur as a result of active inflammation or be a 
sign of disease-related damage due to scarring in the vessel wall [2]. Atherosclerosis 
is another important clinical problem in the assessment of TAK, especially in 
patients having long-standing disease or normal acute-phase response. There is a 
clear need and ongoing efforts to develop a validated set of outcome measures for 
use in clinical trials of TAK.

11.1  Disease Activity Assessment

11.1.1  Physical Examination in Clinical Activity Assessment

Physical examination for new or worsened vascular signs such as bruits, pulse or 
blood pressure difference between extremities is the first step for disease assessment 
in TAK.  However, the limitations of physical examination for assessing disease 
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extent was shown by Grayson et al. Although abnormal findings on vascular physi-
cal examination are highly associated with the presence of arterial lesions in imag-
ing, at least 30% of arteriographic lesions can be missed with only physical 
examination [3]. In a recent study, a high specificity was detected between newly 
developed clinical symptoms and concurrent vascular imaging findings. Vascular 
imaging abnormalities are often present in a patient presenting with a specific head, 
neck and arm symptoms. However, presence of ischemic symptoms or even signs 
may not always indicate active inflammation of the vessel wall. In this context, 
carotidynia may be considered as a strong indicator of active inflammation, whereas 
limb claudication is usually a sign of vasculitis-associated damage in TAK [4].

11.1.2  Laboratory in Disease Activity Assessment

Erythrocyte sedimentation rate (ESR) and C-reactive protein are frequently advo-
cated for disease assessment of TAK [5], despite being shown to be neither sensitive 
nor specific enough to monitor disease activity [6, 7]. In one study, active disease 
was present in the setting of normal laboratory parameters in 23% of the patients 
[8]. Similarly, ESR was elevated in only 72% of patients considered to have active 
disease and was still high in 44% of patients considered to be in remission [9]. 
Serum autoantibodies such as anti-aorta or anti-endothelial antibodies [10–12] and 
serum biomarkers such as TNF-α, IL-6, IL-8, IL-18, IFN-γ, MMP-2, MMP-9, 
YKL-40, APRIL and BAFF are shown to be elevated in TAK, but are not disease- 
specific [13–20]. Soluble IL-6R was recently suggested as a potential biomarker for 
disease activity in TAK patients [21]. In a recent study, it was suggested that 
increased serum FGF-2 level may distinguish TAK from giant cell arteritis, but 
needs to be confirmed [22].

Pentraxin (PTX) superfamily is a group of proteins recognizing a wide range of 
exogenous pathogens and behave as acute-phase response mediators [23]. PTX-3 
was suggested to be a discriminative marker for active disease in TAK [24–26]. In a 
Turkish TAK cohort, patients had higher serum PTX-3 levels compared to healthy 
controls, but PTX-3 levels did not differ between active and inactive phases [27]. In 
an Italian TAK cohort, Tombetti et al. reported that only CRP was higher in active 
disease and PTX-3 levels were similar between active and inactive patients, similar 
to the Turkish study. However, significantly higher PTX-3 levels were observed in a 
subset of patients with ‘detectable signs of vascular inflammation’ shown with vas-
cular imaging [28]. In a recent Chinese study, Serum PTX-3 level was found signifi-
cantly higher in active TAK patients, but it was not superior to ESR or hsCRP for 
activity assessment in TAK [29]. Pulsatelli L. et al. recently assessed angiogenic 
markers in 33 TAK patients and reported that VEGF and PTX-3 significantly asso-
ciated with disease activity determined by PET scan and activity indices (NIH, 
ITAS2010) [30]. The role of PTX-3 for activity assessment in TAK and its associa-
tion with, especially, active lesions at imaging needs to be further investigated 
longitudinally.
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11.1.3  Imaging in Disease Activity Assessment

Currently, conventional angiography is no longer considered as the ‘gold standard’ 
imaging tool for the diagnosis of TAK. Many physicians prefer to use MRA or CTA 
with FDG-PET-CT in selected cases for establishing the diagnosis of TAK. MRA is 
currently the ‘gold standard’ modality for the longitudinal follow-up of patients 
with TAK. Compared with DSA, three-dimensional MRA can effectively show ves-
sel wall thickening, whereas contrast-enhanced MRA allows better soft-tissue 
differentiation.

Exposure to large amounts of radiation and iodinated contrast limit the useful-
ness of CTA in routine follow-up. Recently, exciting preliminary reports have come 
up with PET-MRA with visual and quantitative results comparable to 
PET-CT.  Improved soft-tissue resolution and definition of anatomy was reported 
with PET-MRA assessment using lower total radiation doses [31, 32]. However, 
further prospective research is needed with PET-MRA before it can replace other 
modalities for activity assessment. Imaging tools for the assessment of clinical 
activity in TAK were discussed in detail in the previous chapter.

11.1.4  Outcome Measures in Disease Activity Assessment

The simple definition of “active disease” that was used in a study from the National 
Institute of Health (NIH): “presence of constitutional symptoms, new-bruits, APR 
or new angiographic features” is commonly applied in clinical studies [33]. 
Birmingham Vasculitis Activity Score (BVAS), documenting evidence of active 
vasculitis on a simple one-page form [34], is designed to apply to all vasculitides. 
However, BVAS is mostly used in therapeutic trials of ANCA-associated vasculitis 
and is validated for use only in small- and medium-vessel vasculitis. Most of the 11 
organ systems in BVAS are not involved in TAK [35] and only two studies have 
used BVAS [36, 37]. The “disease extent index for Takayasu’s arteritis (DEI.TAK)” 
was developed as an assessment/disease extent tool in which items corresponding to 
large arterial disease carry greater weights than general items of the disease and 
changes in the prior 3 months in the physical examination are the basis of evaluation 
[38]. In a study from Turkey, most patients with slow progression of disease dem-
onstrated no change in the DEI.TAK score. As DEI.TAK was substantially derived 
from BVAS, most items are related to small-vessel vasculitis and were not involved 
or did not change in patients with TAK. Furthermore, discriminant ability of the 
instrument was not high. Among the DEI.TAK (−) group, 31% were felt to have 
“active/persistent” disease according to the physician’s global assessment (PGA) 
while 18% of patients with a DEI.TAK score ≥1 were considered inactive by 
PGA. PGA and DEI.TAK had only modest agreement (68%) [35].

In 2010, a new version of DEI.TAK, the Indian Takayasu’s Arteritis Score (ITAS) 
was introduced [39]. ITAS2010 has only six systems and scoring is weighted for 
vascular items (0–2). ITAS2010 seems to have a sufficient comprehensiveness and 
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the inter-rater agreement is better than (PGA) (0.97 vs 0.82). However, convergent 
validity, when assessed by comparison to PGA, is quite low at the initial evaluation 
but improved at subsequent study visits (r = 0.51, 0.64, and 0.72). Although CRP 
and ESR had weak correlations with ITAS2010, the authors also incorporated acute- 
phase response to the score (ITAS2010-A) by adding an extra 1–3 points for ele-
vated ESR or CRP. This change resulted in higher ITAS2010-A scores both in active 
and inactive patients, and a cut-off of 4 points is suggested for a definition of active 
disease [40]. In a study of Turkish patients during routine follow-up, ITAS2010 was 
significantly higher in patients with active disease. However, total agreement 
between ITAS2010 and PGA was again moderate (66.4%), but was better between 
ITAS2010 and NIH score (82.8%). During follow-up, 14 of 15 patients showing 
vascular progression with imaging were categorized as having inactive disease 
according to ITAS2010. Low correlation of ITAS2010 with PGA suggests that phy-
sicians seem to accept some patients only with increased APR or new abnormalities 
on vascular imaging studies (such as new vessel wall enhancement or thickening 
observed by MRI or PET) as “active,” which were below the cut-off values of 
ITAS2010 for active disease [41]. In a recent study, ITAS2010 was combined with 
imaging. A total of 410 visits in 52 patients were evaluated with 3–6 monthly 
B-mode/Doppler ultrasonography (US) and 6–12 monthly MRI/MRA.  An addi-
tional point was added to ITAS2010-A if there is radiologically active disease which 
was defined as the presence of new major involvement and mural contrast enhance-
ment/edema on MRI/MRA, or arterial wall thickness on US compared to the previ-
ous assessment. This new scoring was labeled as ITAS-A-Rad. The agreement was 
found to be 76% between Rad-Active and PGA, 83% between Rad-Active and Kerr 
et al.’s criteria. Both the agreements of ITAS2010 and acute-phase reactants with 
PGA (69% and 60, respectively) and also Kerr et  al.’s criteria (78% and 42%, 
respectively) were lower compared to those of Rad-Active. Mean ITAS-A-Rad 
scores were higher in visits with active disease according to PGA and Kerr et al.’s 
criteria [42]. This study showed that imaging should be a part of activity assessment 
in TAK. Further prospective validation studies are needed to confirm these results.

The OMERACT Vasculitis Working Group completed a Delphi exercise to deter-
mine a consensus for candidate outcomes for disease activity assessment in large- 
vessel vasculitis (LVV) in clinical trials and a set of important items to measure 
were identified. However, as all items are not required to be included in an activity 
index, a data-driven approach for item reduction is needed [43].

Recently, EULAR suggested new definitions for active disease, relapse, and 
remission (Tables 11.1 and 11.2). But these new definitions are consensus-based 
and do not derive from a systematic literature review. EULAR suggest using the 
term “relapse” and avoiding the term “flare.” These definitions seem acceptable, but 
needs to be tested in prospective studies [44].
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Table 11.1 EULAR consensus definitions for disease activity states in large-vessel vasculitis

Activity state EULAR consensus definition
1.  The presence of typical signs or symptoms of active LVV (Table 11.2)
2. At least one of the following:
   (a) Current activity on imaging or biopsy
   (b) Ischemic complications attributed to LVV
   (c)  Persistently elevated inflammatory markers (after other causes have 

been excluded)
Flare We do not recommend use of this term
Relapse We recommend use of the terms major relapse or minor relapse as defined 

below
Major relapse Recurrence of active disease with either of the following:

(a)  Clinical features of ischemia (including jaw claudication, visual 
symptoms, visual loss attributable to GCA, scalp necrosis, stroke, limb 
claudication)

(b)  Evidence of active aortic inflammation resulting in progressive aortic 
or large-vessel dilatation, stenosis, or dissection

Minor relapse Recurrence of active disease, not fulfilling the criteria for a major relapse
Refractory Inability to induce remission (with evidence of reactivation of disease, as 

defined above in “Active disease”) despite the use of standard care therapy
Remission Absence of all clinical signs and symptoms attributable to active LVV and 

normalization of ESR and CRP; in addition, for patients with extracranial 
disease there should be no evidence of progressive vessel narrowing or 
dilatation (frequency of repeat imaging to be decided on an individual 
basis)

Sustained 
remission

1. Remission for at least 6 months
2. Achievement of the individual target GC dose

Glucocorticoid- 
free remission

Sustained remission
Discontinued GC therapy (but could still be receiving other 
immunosuppressive therapy)

Table 11.2 Key symptoms and clinical findings suggestive of active large-vessel vasculitis

Takayasu arteritis

Key symptoms
• New onset or worsening of limb claudication
• Constitutional symptoms (e.g., weight loss >2 kg, low-grade fever, fatigue, night sweats)
• Myalgia, arthralgia, arthritis
• Severe abdominal pain
• Stroke, seizures (non-hypertensive), syncope, dizziness
• Paresis of extremities
• Myocardial infarct, angina
• Acute visual symptoms such as amaurosis fugax or diplopia
Key findings on clinical examination
• Hypertension (>140/90 mmHg)
• New loss of pulses, pulse inequality
• Bruits
• Carotidynia
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11.2  Prognosis

11.2.1  Disease Course

TAK generally has a relapsing-remitting course leading to prolonged periods of 
seemingly clinically “inactive” disease during which arterial damage can still prog-
ress. Due to lack of standardized assessment tools, physicians generally manage the 
cases with TAK according to PGA as the “gold standard” in daily practice, combin-
ing subjective clinical symptoms, laboratory markers and imaging. Relapses are 
frequent in TAK during the disease course [45]. A significant subset of TAK patients 
(44%) developed new severe manifestations during their follow-up in the VCRC 
cohort from the USA [46]. In a series of Korean patients in remission, 22% had a 
relapse during a follow-up of 37 months, which is mainly associated with Type V 
disease, suggesting that low-level inflammation is associated with the extent of the 
disease [47]. Interestingly, disease starting >40  years is observed to have fewer 
relapses with lower initial doses of corticosteroids for remission induction in Japan 
[48]. In a retrospective French cohort including 318 patients, during a median fol-
low- up of 6.1 years, relapses were observed in 43%, vascular complications in 38%, 
retinopathy in 4%, and death in 5%. The 5- and 10-year relapse-free survivals were 
36.4% (30.3; 43.9) and 69.9% (64.3; 76.0), respectively. Multivariate analysis 
showed that relapses were more common in patients with elevated CRP levels, 
carotidynia, and male gender. This study also showed that almost half of patients 
with TAK will relapse and experience a vascular complication ≤10 years from diag-
nosis [49]. In a recent, retrospective Korean study, it was reported that statins may 
be beneficial in reducing relapse rate after achieving remission [50].

As in other inflammatory disorders, accelerated atherosclerosis is a possible risk 
factor for increased morbidity and mortality in TAK. There are very few data about 
the risk of cardiovascular (CV) disease and atherosclerotic burden in TAK. Seyahi 
et al. first showed that the frequency of atherosclerotic plaques is increased in TAK, 
similar to SLE a disease associated with systemic premature atherosclerosis [51]. 
Da Silva et al. also found a high prevalence of metabolic syndrome in patients with 
TAK [52]. There are also a few studies favoring the use of antiplatelet agents in 
TAK [53–55]. Recently, in a comparative study of patients from the USA and 
Turkey, CV risk factors were more common in patients with TAK, particularly 
hypertension. The Framingham 10-year general CV risk score at the time of diagno-
sis and the cumulative incidence of CV events were higher during follow-up in 
patients with TAK. However, aspirin usage had no significant effect on the risk of 
CV event development [56]. In another study from Brasil, aspirin usage with doses 
of 100–200 mg/day reduced the risk of ischemic events in TAK [57]. According to 
2018 Update of the EULAR recommendations for the management of large-vessel 
vasculitis, aspirin should not be routinely used for the treatment of LVV unless it is 
indicated for other reasons (e.g., coronary heart disease, cerebrovascular disease) 
[37]. Overall, current data suggest that patients with TAK should undergo careful 
assessment of CV risk factors, and an aggressive risk modification approach is 
warranted.
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11.2.2  Damage Assessment in TAK

Treatment of TAK is usually focused on the prevention of disease-related damage 
[58]. But, it is critical to differentiate irreversible damage from disease activity and 
thus avoid potential over-treatment with toxic agents such as corticosteroids. 
Angiographic findings may not demonstrate whether changes in the vessel wall are 
associated with active vascular inflammation or irreversible damage [59]. Vasculitis 
Damage Index (VDI) has been the standard tool for assessing damage in small- 
vessel vasculitis. In the development and validation study of VDI which had only 
six TAK patients out of 100, 95% had at least one damage item at baseline [60]. In 
a large series from Turkey, VDI was assessed in 165 TAK patients with a mean 
follow-up of 60 months. VDI scores in TAK were moderately high (mean: 4 (1–12)) 
and were mainly due to the disease itself with major vessel occlusion. Still, 39% 
also had treatment-related damage with osteoporosis/vertebral fractures the main 
causes. Age, resistant disease course, disease duration, and cumulative corticoste-
roid doses were independently associated with damage, suggesting that, even in 
experienced centers, accumulation of damage is a major challenge in the manage-
ment of TAK patients [61].

Another damage score, Takayasu Arteritis Damage Score (TADS), derived from 
DEI.TAK, was developed to evaluate the cumulative damage in only TAK patients. 
The scoring system consists of seven categories, which are mainly focused on the 
cardiovascular system [35, 62]. In a recent study comparing VDI and TADS, median 
VDI score was 4 (1–8) and median TADS score was 7 (1–15) at baseline assess-
ment. At the end of the follow-up (app. 77 months), the median VDI score was 5.0 
(1–17) and median TADS score was 8.0 (1–19). The median number of disease- 
related items were higher in TADS scoring (8 items vs 4 items). At least 1 new 
corticosteroid-related damage item occurred in 35 patients (31%). Older age at 
symptom-onset and cumulative CS doses were predictor factors for higher VDI 
score (≥5). Also, age at symptom-onset and disease duration were associated with 
an increase in TADS (≥8). Gender and number of relapses were not found to be 
associated with damage scores. The results confirmed that damage assessment with 
VDI seems to be predominantly evaluating the treatment-related damage, whereas 
TADS provides more detailed information on disease-related damage in TAK 
(Kaymaz-Tahra S, unpublished). Therefore, both disease-related and treatment- 
related damage must be considered while monitoring the disease. Another assess-
ment tool for damage, large-vessel vasculitis index of damage (LVVID) score, are 
in the development phases by VCRC. LVVID includes additional items in the ocu-
lar, cardiac, and peripheral arterial categories which are mainly involved in large- 
vessel vasculitis and are missing on the VDI [63].

11.2.3  Mortality

Although data is showing better prognosis in recent studies, there is still a signifi-
cant delay in the diagnosis of TAK. Both morbidity and mortality rate is still high 
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due to new and severe manifestations after diagnosis [64]. In an old study, Ishikawa 
et al. developed a prognostic scoring system with three stages based on three differ-
ent parameters, namely the presence or absence of major complications (defined as 
at least one of the following: microaneurysm formation, severe hypertension, grade 
3 or 4 aortic regurgitation), presence or absence of progressive disease course, and 
age at diagnosis. Survival rate at 15 years was 43% in stage 3 (major complication, 
progressive course with/without high ESR). But, in stage 1 (patients without major 
complications nor progressive course with high ESR or patients with only low ESR, 
or patients with progressive disease, high ESR but without major complications), 
15 years survival rate was 100%. Major causes of death were congestive heart fail-
ure, acute myocardial infarction, cerebrovascular accidents, and postoperative com-
plications [65]. Soto et al. reported a decrease in overall survival rates over time, 
92%, 81%, and 73%, respectively, at 2, 5, and 10 years after diagnosis in Mexican 
TAK patients. Systemic arterial hypertension, coronary heart disease, and aortic 
valve regurgitation were found as predictors for mortality [66]. In a large series with 
a long follow-up from the Mayo Clinic, USA, overall survival was much better 
compared to earlier series (97% at 10 and 86% at 15 years), but mortality was still 
increased compared to the general population [67]. In a recent French TAK cohort 
including 299 patients, 47 (16%) TAK patients presented at least one ischemic or 
aneurysmal complication or died during follow-up. The 5- and 10-years event-free 
survival was 81% (95% CI: 76–87) and 75% (95% CI: 68–82) in TAK [68]. 
Secondary hypertension, congestive heart failure, and longer disease duration were 
main factors for mortality in another series of Chinese patients [69]. In recent 
French Vasculitis Network series assessing 318 patients, mortality was 5% in a 
median follow-up of 6.1 years. In multivariate analysis, progressive disease course 
at diagnosis, thoracic aorta involvement, and retinopathy were independently asso-
ciated with death and complication-free survival. The authors suggested a prognos-
tic score based on this model as low and high risk for the probability of death and 
complication-free survival according to the presence of progressive disease course, 
thoracic aorta involvement, and retinopathy. If there is none of the three selected 
factors or presence of one factor at diagnosis, score is categorized as low risk. If 
there is 2 or 3 factors, the score is categorized as high risk. The probability of death 
and complication-free survival at 1 year in the low risk vs. high risk groups was 
90.7% vs. 78.6% and at 5 years 78.4% vs. 51.5% [70]. Differences of mortality rates 
reported in different series may be explained by diverse disease phenotypes and 
severities due to ethnicity. Differences in medical therapy (e.g., less or more fre-
quent use of CSs and cytotoxic agents) and variations in access to endovascular or 
surgical therapy may also affect the mortality rates [71].

11.3  Conclusion

Biomarkers (ESR, CRP) have limited value for activity assessment in TAK. PTX-3 
was recently suggested as a discriminative test for clinical activity, but the results 
are controversial and needs to be further investigated—especially longitudinally. 
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Currently, conventional angiography is no longer considered as the “gold standard” 
imaging tool for the diagnosis of TAK. Many physicians prefer to use MRA or CTA 
with FDG-PET-CT in selected cases for establishing the diagnosis of TAK. MRA is 
the gold standard modality for the longitudinal follow-up patients with 
TAK. Compared to DSA, three-dimensional MRA can effectively show vessel wall 
thickening, whereas contrast-enhanced MRA allows better soft-tissue differentia-
tion for the assessment of disease activity. Exposure to large amounts of radiation 
and iodinated contrast limit the usefulness of CTA in routine follow-up. Recently, 
exciting preliminary reports have come up with PET-MRA with comparable visual 
and quantitative results to PET-CT. Improved soft-tissue resolution and definition of 
anatomy was reported with PET-MRA assessment using lower total radiation doses. 
New tools for disease assessment such as ITAS2010 aim to better characterize and 
quantify disease activity.

Prognosis is recently possibly getting better with lower mortality, but a substan-
tial damage is present even in early cases. There is a clear need to develop a vali-
dated set of outcome measures to be used in clinical trials of TAK. The OMERACT 
Vasculitis Working Group has taken on this task, finished a Delphi exercise with 
experts and aims to develop a core set of outcomes for LVV.
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Abstract

Glucocorticoids (GC) are required for remission-induction in patients with 
Takayasu’s arteritis. Remission is usually achieved with high-dose (1 mg/kg/day
or pulse) regimens. A non-biologic disease modifying agent such as methotrex-
ate, azathioprine or leflunomide is suggested as a first-line approach. In relapsing 
or refractory patients biologic agents tumor necrosis factor inhibitors or tocili-
zumab are chosen as second-line treatments. Except in acute ischemic episodes, 
vascular interventions should be performed in remission phases and under immu-
nosuppressive regimens.
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Glucocorticoids are the mainstay of treatment for remission induction in Takayasu’s 
arteritis (TAK). Early intensive therapy with high-dose glucocorticoids (GC) 
induces remission in most patients with large vessel vasculitis (LVV) [1–3]. The 
initial dose of prednisolone is 1 mg/kg/day (maximum 60 mg/day). The initial high 
dose should be maintained for a month and tapered gradually [4]. Generally, two- 
thirds of the total daily dose is given early in the morning and the rest of one-third 
in the evening after meals [5].

Despite the high response with GCs in TAK, there is a high relapse rate while 
gradually tapering the glucocorticoids. There are no studies comparing different GC 
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tapering protocols in TAK. In a randomized controlled study (RCT) of tociluzumab, 
GC tapering in the placebo group by 10% per week after 4 weeks led to around 80% 
relapse during weeks 8–16 [6]. A similar relapse rate was observed with GC mono-
therapy in a recent RCT of abatacept in TAK [7]. According to the 2018 update of 
the “EULAR recommendations for the management of LVV,” it was recommended 
that in patients who have reached 15–20 mg daily GC dose after 2–3 months, GCs 
should be decreased slowly targeting ≤10 mg/day at the end of 1 year [8]. However, 
≤10 mg/day doses of GCs in long-term remission are possibly too high compared 
to the recommendations in other disorders such as rheumatoid arthritis (usually 
≤5 mg/day) and should be individually assessed in each patient according to the risk 
of GC-associated complications.

Long-term treatment with GCs causes many side effects. Therefore, many physi-
cians prefer to start a conventional immunosuppressive (IS) agents while tapering 
GCs in daily practice despite the lack of randomized controlled study of any agent 
showing additional benefit in TAK. EULAR also recommends usage of non- biologic 
disease-modifying agents in addition to GC in all patients with TAK.

12.1  Non-biologic Disease-Modifying Agents

12.1.1  Methotrexate

Methotrexate (MTX) is a cheap, widely used and relatively safe agent in rheumatol-
ogy. Therefore, it is generally the first choice of many physicians in daily practice. 
However, data about MTX usage in TAK comes from only open small studies [9–
11]. In an open prospective series of 18 patients with TAK, the use of weekly oral 
MTX plus standard GC (started at 0.3  mg/kg/week with the initial dose not to 
exceed 15 mg/week) had favorable clinical response and regression of angiographic 
progression in 13 patients during a follow-up of mean 2.8 years. GC dosage could 
also be tapered in about half of the patients [12].

12.1.2  Azathioprine

Azathioprine (AZA) is another widely used IS agent in rheumatology; however, 
there is only one open study with AZA for the treatment of TAK. In this study, 65 
IS-naive patients were given 2  mg/kg/day AZA in addition to GC treatment for 
1 year. At the end of first year, acute phase responses were significantly reduced and 
no adverse events occurred. There was no progression in follow-up angiography. 
However, long-term follow-up of these patients was not reported [13]. In a large 
series of 251 TAK patients from India, almost all patients were given IS agents in 
addition to GC treatment. Fifty-four (21.5%) of these patients used AZA and all 
patients except 1 had complete remission with AZA treatment [14].
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12.1.3  Leflunomide

Leflunomide (LEF) is an important disease-modifying agent for the treatment of 
rheumatoid arthritis. There are case reports and open studies showing benefical 
effects of LEF for the treatment of TAK [15, 16]. In the first open-label study, 15 
TAK patients with active disease despite GC and IS treatments were given lefluno-
mide 20 mg daily. One patient had intolerance to LEF.  In a follow-up of mean 
9.1  months later, significant improvement in disease activity (93% vs. 20%, 
p = 0.002) and CRP (10.3 vs. 5.3 mg/L, p = 0.012) was observed, and the mean 
daily dose of prednisone (34.2 vs. 13.9 mg, p < 0.001) decreased. In two (13.3%) 
patients, new angiographic lesions developed in the follow-up imaging [17]. In the 
extended phase of this study, follow-up data could be retrieved from 12 out of 15 
patients. The mean follow-up time was 43.0  ±  7.6  months. Five (41.6%) of 12 
patients remained on leflunomide therapy during the follow-up, while 7 (58.3%) 
patients had to change to treatment due to relapses in 6 patients and toxicity in one 
patient. Baseline clinical characteristics and cumulative GC dosage at the last visit 
were similar between patients remaining on LEF and changing the treatment [18]. 
In a very recent case series from China, 56 patients with TAK treated with LEF for 
at least 3 months were reported. Fourty-one of these patients were newly diag-
nosed, while 15 were cyclophosphamide (CYC)-resistant. Complete remission was 
achieved in 67.8% at 6 months. At the end of first year, complete remision rate was 
55.3%. At the end of the follow-up period (14.4 ± 6 months), 48 patients (85.7%) 
were still under LEF treatment with good tolerance. Leflunomide was switched to 
another IS agent in 5 patients (2 patients due to relapse, 3 patients due to side 
effects) [19].

12.1.4  Mycophenolate Mofetil

Mycophenolate mofetil (MMF), a widely used agent effective in the treatment of 
lupus nephritis, is also reported as a promising agent in TAK [20]. In the first open 
study, ten patients with treatment-resistant TAK were given MMF for a mean period 
of 23 months. MMF resulted in a significant reduction in acute phase response. Five 
patients had received MMF as the first IS agent in addition to GC, while the others 
were refractory to other IS agents. Remission was achieved in all patients with 
MMF therapy, except one patient [21]. Goel et al. reported the data of 21 Indian 
TAK patients using MMF for 9.6 ± 6.4 months. Among those patients, ten had been 
resistant to GC plus AZA treatment. Disease activity was controlled together with 
decreasing GC requirement. The only adverse event reported was skin rash in a 
single patient [22]. In another long-term follow-up results of 251 TAK patients from 
India, 235 (93.6%) patients were given IS agents in addition to GC treatment. MMF 
was the most frequently preferred IS agent (161/235) in this group and 72% of these 
patients achieved complete remission with MMF treatment [14]. In a recent Chinese 
study of 30 TAK patients, MMF was combined with GCs. If clinical remission 
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could not be achieved, another traditional ISs were added on current treatment. 
Overall, 16 patients were given MMF + GCs, while 14 patients were given MTX or 
AZA in addition to MMF + GC treatment. MMF + GCs was effective in 12 patients. 
When MMF was combined with methotrexate less than 15 mg/week, it was effec-
tive in nine patients (partial response in 3) and with AZA 100–150 mg/day in three 
patients (partial response in one). The authors suggested that MMF may be effective 
in controlling disease activity in up to 80%, either combined with low-dosage GCs 
or with MTX or AZA. Four patients stopped MMF due to side effects [23]. However, 
combination of different IS agents in TAK should still be considered with caution 
due to lack of convincing data and safety issues.

12.1.5  Cyclophosphamide

Cyclophosphamide (CYC) has been used in adults with TAK resistant to GCs in a 
small open-label study. In this study, 6 out of 20 patients who were refractory to GC 
treatment were given 2 mg/kg oral CYC daily. Four of these six patients had no 
vascular progression under CYC, while two had vascular progression [24]. CYC is 
generally preferred in the presence of severe life and/or vital organ-threatening con-
ditions, including retinal vasculitis, pulmonary artery involvement with/without 
aneurysm, severe aortic regurgitation, or myocarditis [25–27]. In another open 
study, eight patients with TAK having myocardial involvement were reported to 
experience clinical hemodynamic and morphological improvement using 
GCs + CYC treatment [28]. Recently, Sun Y. et al. reported an open prospective 
observational cohort study assessing efectiveness and safety of CYC and MTX as 
induction therapy for TAK. There were 46 patients in CYC and 12 in MTX group. 
CYC group had more severe disease at baseline with higher Kerr activity score (≥3) 
and higher acute phase response compared to MTX group. At the 6-month evalua-
tion, patients in CYC group had higher decrease in activity indices together with a 
decrease in acute phase response and radiologic improvement (wall enhancement 
scores: 4.2 ± 2.3 vs. 10.3 ± 3.8, p = 0.03). However, remission rate was similar 
between CYC and MTX groups (71.7% vs 75%, respectively). The authors con-
cluded that CYC may be a better option than MTX for remission induction in more 
severe Takayasu’s arteritis [29]. But differences of baseline characteristics and 
patient numbers in groups are very important limitations of this study.

12.1.6  Other Non-biologic Disease-Modifying Agents

Tacrolimus [30, 31] and cyclosporine [32–34] which are calcineurin inhibitors 
widely used in tranplant patients were reported as effective in selected cases with 
TAK. Shimizu M. et al. reported a TAK patient refractory to a combination of GCs, 
MTX, and infliximab and effectively treated with tacrolimus and mizoribin combi-
nation [35]. Tofacitinib is also reported as an effective treatment option for TAK in 
two case reports [36, 37].
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12.2  Biologic Disease-Modifying Agents

12.2.1  Tumor Necrosis Factor Inhibitors

Tumor Necrosis Factor (TNF) inhibitors are the first biologic agents used for the 
treatment of TAK. In contrast to the experience in GCA, they seem quite effective 
in TAK; however, all evidence for TNF inhibitors come from open-label studies. In 
an early study, Hoffman et al. [38] reported the use of etanercept (ETN) and inflix-
imab (IFX) in 15 refractory TAK patients, with 10 patients achieving complete 
remission without GCs. Still, 9 of the 14 responders required an increase in the TNF 
inhibitor dosage in order to attain remission and progression developed in 4 out of 
15 patients despite apparent complete or partial remission. There are further many 
retrospective case series reporting TNF inhibitor usage in mainly refractory TAK 
patients not responding to conventional treatments and demonstrating clinical effi-
cacy [39–44].

IFX was the mostly preferred TNF inhibitor (80%) in an analysis including 120 
refractory TAK patients receiving TNF inhibitors. The remaining patients in this 
analysis had used either ETN or adalimumab (ADA). Overall response rate was 
80% and GC dose could be reduced or discontinued in over 40% of the patients. 
However, relapses occurred in 37% and nearly 50% of relapsing patients required 
either an increase in dose or frequency, or were switched to a different TNF inhibi-
tor [45]. Certolizumab [46, 47] and golimumab [48] were also reported as effective 
TNF inhibitors in selected cases.

A recent retrospective, longitudinal follow-up cohort from Norway reported less 
angiographic progression at 2 years in TAK patients receiving TNF inhibitors (10%) 
compared to conventional ISs (40%). In this study, angiographic progression rate 
was 90% in patients receiving GC treatment only [49]. Overall, TNF inhibitor usage 
in refractory TAK patients seem a highly effective option. However, different defini-
tions of activity and refractory disease, concomitant usage of high-dose GCs should 
be kept in mind while interpreting these open studies. There is still a need for ran-
domized, controlled, long studies to clarify the efficacy and safety of TNF inhibi-
tors in TAK.

12.2.2  Tociluzumab

The critical role of Interlukin-6 (IL-6) in the pathogenesis of LVV is well known 
[50]. The clinical efficacy of Tociluzumab (TCZ) which is an IL-6 blocking agent 
was first reported in TAK by Nishimoto et al. in 2008 [51]. Then, many open case 
series reported the efficacy of TCZ in refractory TAK. In a very recent systematic 
review of 105 patients, TCZ was used in 72% for patients refractory to conventional 
treatments. Clinical improvement was present within 3 months in 90 (85.7%) and 
GC dose could be decreased in 75 patients. Imaging results were available in 66 
patients, 43 (65.2%) had radiological improvement. Relapse under TCZ treatment 
was observed in 7 (9%) patients, in 6 after TCZ discontinuation with a median time 
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of 5 months. Side effects were noted in 18%, with TCZ interruption in seven cases 
[52]. This review confirms that TCZ is a safe and effective agent in refractory TAK, 
but relapses seem an important issue after TCZ discontinuation in almost half of the 
patients.

TCZ was recently studied in a double-blind RCT for the treatment of TAK in 
Japan. In this study, 36 patients which relapsed within the last 12 weeks and gone 
into remission with oral GC treatment, were enrolled. Patients were randomized 1:1 
to TCZ 162  mg/week or placebo subcutaneously. Oral GCs were tapered 10% 
weekly started from week 4 to a minimum of 0.1  mg/kg daily until 19 patients 
relapsed. The primary endpoint was “time to relapse” which was defined as ≥2 of 
the following: objective systemic symptoms, subjective systemic symptoms, ele-
vated inflammation markers, vascular signs and symptoms, or ischemic symptoms. 
This study did not reach to the primary endpoint (intention-to-treat analysis: HR for 
time to relapse 0.41, 95% CI 0.15–1.10; p = 0.0596). However, a trend favoring 
TCZ over placebo was suggested (per protocol set: HR 0.34, 95% CI 0.11–1.00; 
p = 0.0345). There were no safety alerts with TCZ in the study group [6]. All 36 
patients involved in this RCT were followed in open-label extension phase. Twenty- 
eight patients received weekly 162 mg tocilizumab for 96 weeks. The median GC 
dose was 0.22 mg/kg/day before the study entry and was 0.105 mg/kg/day after 
96 weeks. Overall, 46.4% of patients reduced their GC dose to <0.1 mg/kg/day. The 
authors concluded that TCZ might have steroid-sparing effects with no safety con-
cerns [53].

Overall, data with TCZ usage in refractory TAK patients show that TCZ may be 
another effective option. However, quick relapses after TCZ discontinuation seem 
as an important clinical problem. There is, again, a need for randomized, controlled 
long-term follow-up studies for the assessment efficacy and safety of TCZ usage 
and especially optimal treatment duration for sustained remission in TAK.

12.2.3  Rituximab

Hoyer et al. [54] first suggested a prominent role for B cells in the pathogenesis of 
TAK and recently, novel autoantibodies regulating endothelial activation are 
described [55]. Three active, refractory TAK patients responding to rituximab 
(RTX) therapy are first described, with later also isolated case reports [56–60]. 
The biggest series was reported by Pazzola et al. and included seven patients, six 
of them having refractory disease unresponsive to high-dose GCs and conven-
tional immunosuppressive and/or biologic agents. Only three patients achieved 
complete remission after RTX treatment. Persistent disease activity and/or radio-
graphic disease progression were observed in the remaining four patients [61]. 
Therefore, this limited experience of RTX do not support a role for RTX as the 
first- or second-line biologic therapy in TAK patients. But RTX may be an option 
in patients with TAK refractory to TNF inhibitors and TCZ, or intolerance and 
side effects of these agents.
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12.2.4  Other Biologic Disease-Modifying Agents

Genome-wide association studies (GWAS) determined IL12B as a susceptibility 
gene for TAK. A single nucleotide polymorphism (SNP) in IL12B is also strongly 
associated with disease activity and a synergistic effect in combination with human 
leucocyte antigen (HLA)-B*52:01 was suggested in Japanese population [62, 63]. 
Therefore, IL-12/23p40, encoded by IL12B, may have a crucial role in TAK patho-
physiology. The usage of ustekinumab, which is a monoclonal antibody against 
IL-12/23p40, was reported first in three TAK patients refractory to GCs and conven-
tional ISs. Ustekinumab was given 45  mg subcutaneously at day 0 and day 28. 
When clinical, laboratory, and MRI findings at day 0 and day 84 were assessed, a 
significant decrease in inflammatory markers with no suppression of vascular 
lesions in MRI was observed [64]. Recently, another case with TAK and psoriasis 
treated with ustekinumab was published. Three month later after 90 mg ustekinumab 
treatment, a significant decrease in GC dose and normalization of acute phase 
response with no constitutional symptoms were reported [65].

In a double-blind RCT, 34 patients with TAK were treated with abatacept at a 
dose of 10 mg/kg on days 1, 15, 29 and at 8 weeks. At week 12, patients in remission 
were randomized to either receive placebo (n = 15) or monthly abatacept (n = 11) 
and followed up until 12 months. The primary endpoint was the “duration of remis-
sion” (relapse-free survival). The relapse-free survival rate at 12 months was 22% 
for those receiving abatacept and 40% for those receiving placebo (p  =  0.853). 
There was also no difference regarding duration of remission between the two 
groups [66].

There is only one study reporting anakinra (IL-1Ra) usage in refractory TAK. In 
this case study, four patients were given anakinra due to unresponsiveness to con-
ventional treatments and biologics. It was discontinued in two patients due to inef-
fectivity, in one patient due to side effects and in one patient due to other reasons. In 
this study, 86 biologic DMARD courses of 50 patients were also assessed retrospec-
tively. In 86 biologic DMARD courses, 61 of them were TNF inhibitors, while 17 
were TCZ. In head-to-head comparison, drug survival rate of TNF inhibitors was 
significantly higher than TCZ (67.2% vs 41.1%, p = 0.028). Concomitant conven-
tional DMARD usage at baseline had a positive effect on drug survival rate 
(HR = 3.79, 95% CI = 1.49–9.60, p = 0.005) [67].

12.3  Vascular Interventions and Surgical Therapy

Except in emergency conditions, open or endovascular vascular interventions 
should be thought as the last option in case of medical treatment failure for prevent-
ing ischemic arterial symptoms or injury in TAK. As a general rule, such interven-
tions should be avoided during the active phase of the disease and should be tried 
only after suppression of vascular inflammation by appropriate IS treatment [68]. If 
there is active arteritis and need for emergency surgery, some experts suggest to use 
intravenous biologic treatments with TCZ or TNF inhibitors in the preoperative 
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period to decrease inflammatory burden [69, 70]. Major complications of surgical 
intervention in TAK are relatively rare, but active disease at the time of surgery 
represents a major risk factor [71]. In long-term follow-up results of 60 interven-
tions (in 42 patients), revision rates at 5 and 10 years were zero in inactive patients 
with no GCs, 5% at 5 years, and 19% at 10 years in those patients with inactive 
disease under maintenance GCs compared to 43% at both 5 and 10 years in patients 
having active disease with GCs and 67% at both 5 and 10 years in those having 
active disease not prescribed GCs [72].

According to data coming from case series, main indications for surgery are as 
follows: refractory hypertension related to renal artery stenosis, aortic disease 
including coarctation and ascending aortic dilatation ± aortic valve regurgitation, 
ischemic heart disease, supra-aortic disease with cerebral ischemia, mesenteric 
ischemia, severe limb-threatening claudication, and aneurysm repair [1, 73–77].

Outcomes of endovascular interventions generally depend on involved area and 
the length of involved segment. In short segment involvement, balloon angioplasty 
or stent graft replacement may be better options. Percutaneous transluminal angio-
plasty is a less invasive and safe method compared to open surgery [78, 79]. 
However, angioplasty and stenting have a higher rate of restenosis than surgical 
reconstruction [80, 81]. In a recent meta-analysis comparing balloon angioplasty 
and stenting outcomes, balloon angioplasty was performed in 186 and stenting in 
130 lesions. There were no significant differences in the incidence of restenosis and 
other complications overall (p = 0.38), but restenosis risk in stenting was signifi-
cantly higher than balloon angioplasty (OR = 4.40, 95% CI = 2.14–9.02, p < 0.001) 
in renal stenosis. Acute vascular complications were significantly fewer in stenting 
than in balloon angioplasty (OR = 0.07, 95% CI = 0.02–0.29, p < 0.001) [82]. In 
long-segment involvement with extensive periarterial fibrosis or occlusion, surgical 
bypass of involved segment in especially lower limb and renal arteries is the best 
option. Also it is clearly associated with better outcomes compared to endovascular 
interventions [76, 83]. Although drug-eluting balloons and/or stents were offered to 
avoid or increase the stent restenosis, the results are controversial [78, 84, 85]. Anti- 
platelet treatment may decrease restenosis development after vascular interven-
tions [86].

12.4  Conclusion

There are only two RCTs not reaching primary endpoints for the management of 
TAK. Majority of current data comes from case series and open studies. Therefore, 
level of evidence for TAK management is low and expert opinion is still the main 
determinant while managing TAK patients during daily practice. Glucocorticoids 
are the mainstay of treatment, but a conventional IS agent should be added on GCs. 
MTX, AZA, MMF, or LEF could be chosen as the first-line IS agent. If there is a 
treatment failure with first-line agents, switch to biologic treatments can be thought. 
According to EULAR recommendations, TCZ or TNF inhibitors can be considered 
equally at this point [8]. In an indirect comparison of small retrospectve series, all 
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comparisons such as disease activity and acute phase response were found similar 
between TNF inhibitors and TCZ [87]. However, TCZ did not reach to the primary 
endpoint in an RCT [6]. Despite an equal recommendation by EULAR recommen-
dations after GCs plus IS failure in TAK, our approach is to prefer a TNF inhibitor 
as the first-line biologic in our Vasculitis Clinic due to larger experience with TNF 
inhibitors. Also both our clinical experience and mentioned retrospective study con-
firm better drug survival with TNF inhibitors in TAK.
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Abstract

Cutaneous involvement of medium vessel vasculitis most commonly presents 
with features of inflammatory subcutaneous nodules, purpura, livedo reticularis, 
and ulceration. The clinical and histopathologic features of isolated cutaneous 
polyarteritis nodosa (c-PAN) are indistinguishable from the cutaneous involve-
ment of systemic polyarteritis nodosa; however, these conditions differ in their 
prognosis and treatment. An approach to distinguish between these clinical enti-
ties is herein described. In addition, conditions commonly mimicking cutaneous 
polyarteritis nodosa are reviewed.
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13.1  Introduction

Cutaneous polyarteritis nodosa (c-PAN) is a form of vasculitis that predominantly 
affects the medium-sized arteries of the dermis and the subcutaneous tissue without 
evidence of systemic involvement. Historically, it has been considered a subset of 
classical (systemic) polyarteritis nodosa (PAN). More recent nomenclature has sug-
gested revised terminology classifying c-PAN as a single organ vasculitis (SOV) 
and recommended use of the term “cutaneous arteritis” [1]. However, given this 
entity has distinct clinical and histopathologic characteristics that differ from cuta-
neous small-vessel vasculitis, another subgroup of SOV, but analogous pathologic 
arterial findings indistinguishable from patients with systemic PAN that have cuta-
neous involvement, the term c-PAN remains in frequent use and will be uti-
lized herein.

13.2  Epidemiology, Genetics, Pathogenesis

While the first descriptions of systemic PAN were reported in 1866 by Kussmaul 
and Maier (originally termed periarteritis nodosa) [2], it was not until 1931 that 
Lindberg described a separate cutaneous-limited form [3]. The true incidence and 
prevalence of c-PAN is unknown due to the combination of its rarity and lack of 
population-based studies. It is considered rarer than systemic PAN and accounts for 
less than 5% of described PAN variants [4]. The average age of presentation of 
c-PAN is in the fourth decade of life but can range from newborn (3–5 days old) to 
81 years [5–8]. A female predominance has been reported with a male-to-female 
ratio ranging from 1:1.7 to 1:3.4 [5, 6]. Ethnic and geographic distribution has been 
less well-studied. Of reported cases, Caucasians appear to have a higher frequency 
of diagnosis, but c-PAN has also been observed in patients of African-American, 
Asian, and Middle-Eastern descent [5, 6, 9–11].

The etiology and pathogenesis of c-PAN remain unknown. Deposition of com-
plement C3 and immunoglobulin M in the arterial walls has been observed through 
direct immunofluorescence and suggests the possibility of an immune-complex- 
mediated disease [12, 13]. Elevated levels of circulating antibodies, including anti- 
phosphatidylserine- prothrombin complex, have been noted with increased frequency 
in some series of c-PAN but have not been validated in all cases [14]. Although only 
three descriptions have been reported, c-PAN present in newborns of mothers with 
historical or active c-PAN at the time of delivery further supports a possible mecha-
nism of transferred circulating antibodies resulting in arterial inflammation [7, 8, 
15]. Mutations in the CERC1 gene which encodes for adenosine deaminase 2, a 
plasma protein involved in the differentiation of leukocytes and endothelial cells 
have been observed in a small subset of patients with childhood-onset, refractory 
c-PAN suggesting genetic predisposition may also play a role [16, 17].

The majority of cases of c-PAN are considered idiopathic, but an associated 
medical condition or potential inciting event may be described in 30–40%. 
Inflammatory bowel disease has been observed in up to 6% of patients with c-PAN 
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in one series [5]. Antecedent or active infections have also been demonstrated 
among patients developing c-PAN. The most common, particularly in childhood- 
onset c-PAN, is Group A β hemolytic Streptococcus [18, 19]. Hepatitis B and C, 
parvovirus B19, as well as Mycobacterium tuberculosis have also been reported, but 
with notably lower frequency [6, 20–22]. Drug-induced c-PAN is notably uncom-
mon; however, prolonged use of minocycline for treatment of moderate–severe acne 
vulgaris is a well-established culprit [23–26].

13.3  Clinical Manifestations and Laboratory Markers

13.3.1  Clinical Manifestations

The definitions of the commonly occurring skin findings observed in c-PAN are 
listed in Table  13.1. The most frequent early manifestation of c-PAN is small 
(0.5–3.0 cm), tender, palpable subcutaneous nodules which are present in 80–100% 
of patients [5, 6, 9]. The lower extremities are preferentially affected (95–100%), 
but nodules can also be located on the upper extremities (16–45%) and trunk (13%) 
[5, 9]. Head and neck involvement has been reported in 39% of c-PAN in one series 
[27] but has not been demonstrated with regularity in larger cohorts [5, 28]. 
Subcutaneous nodules are typically present concomitantly with ulceration or may 
precede sites of ulcer formation by several weeks to months; however, painful ulcer-
ation may be the only finding on initial examination in up to 10% of patients 
(Fig. 13.1) [5]. Ulcers may be superficial or deep and often have a punched-out 
appearance with a necrotic center (Fig. 13.2). Distribution is similar to subcutane-
ous nodules with lower extremity predilection (100%) and less commonly concomi-
tant ulceration on the upper extremities (20%) and trunk (3–5%) [5, 6, 9].

Table 13.1 Definitions of skin findings in cutaneous polyarteritis nodosa

Term Definition/description
Subcutaneous 
nodules

Abnormal skin tissue growth resulting from inflammation of the vessels 
with muscular walls present in the deep dermis and subcutis, commonly 
tender and erythematous

Retiform 
purpura

Non-blanchable hemorrhagic skin lesions resulting from the leakage of red 
blood cells into the skin due to vascular damage or occlusion following an 
angulated or branched distribution

Livedo 
reticularis/
racemosa

Mottled reticulated vascular pattern appearing as a net-like or lace-like 
purplish discoloration of the skin

Atrophie 
blanche

Ivory-colored stellate or angular scar, predominantly on the lower extremity, 
occurring after skin injury for which the presence of impaired blood supply 
resulted in poor or delayed healing

Ulceration Disruption of the skin accompanied by disintegration of tissue which can 
result in complete loss of the epidermis and portions of the dermis and 
subcutaneous fat, resulting from reduced vascular perfusion. When present 
in the phalanges, this can lead to digital necrosis and gangrene
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Livedo reticularis and livedo racemosa are observed in 55–78% of patients and 
is noted in areas of dependency or points of pressure such as the legs, feet, buttock, 
and scapulae (Fig.  13.3) [5, 6, 9, 27]. Atrophie blanche is isolated to the lower 
extremities [6] and if present in a patient without evidence of venous insufficiency 
or thrombophilic state is strongly suggestive of an underlying necrotizing 

Fig. 13.1 Inflammatory 
retiform purpura with 
small subcutaneous 
nodules overlying 
cutaneous erosion 
involving the posterior 
elbow in patient with 
cutaneous 
polyarteritis nodosa

Fig. 13.2 Inflammatory 
retiform purpura and 
healing “punch out” ulcers 
of medial right ankle
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medium- sized vessel vasculitis within the reticular dermis and subcutis [29]. Digital 
arterial involvement due to fibrinoid necrosis and thrombotic occlusion is excep-
tional but can lead to gangrene [30].

Localized symptoms resulting from sequelae of cutaneous inflammation are 
frequently seen and include edema, pain, and paresthesias. Myalgia and arthralgia 
may also occur but are typically mild–moderate and transient. Constitutional 
symptoms of fever, weight loss, and fatigue are observed in approximately one-
third of patients.

Fig. 13.3 Livedo 
racemosa involving the 
lower extremities in a 
young patient with 
cutaneous 
polyarteritis nodosa
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13.3.2  Laboratory Markers

There are no specific or diagnostic laboratory parameters for c-PAN. Erythrocyte 
sedimentation rate and C-reactive protein elevation are observed in 60% of patients 
and mild anemia in 33% [5, 9]. Antinuclear antigen (ANA) has been observed in up 
to 28% of patients but is commonly low-titer [5, 6]. Rheumatoid factor, cryoglobu-
lins, and antineutrophilic cytoplasmic antibodies should be negative although the 
latter may be present in low levels among patients with minocycline-induced dis-
ease. Urinalysis should be void of features suggestive of glomerular irritation, such 
as proteinuria or hematuria. Evaluation of potential infectious triggers is suggested. 
Hepatitis B and C serologies should be obtained but are less strongly associated 
with c-PAN in comparison to the systemic form. Due to associations with strepto-
coccal infections, throat culture or antistreptolysin-O titers may be considered in 
patients with current or recent symptomatology. The association of Mycobacterium 
tuberculosis exposure with c-PAN appears to have geographic variance; therefore, 
the threshold for screening with tuberculin skin testing or interferon gamma release 
assay is dependent on the patient and population risk profile.

13.4  Histopathology

A skin biopsy is requisite to confirm the presence of c-PAN. Cutaneous medium- 
sized vessels are located at the dermal-subcutaneous junction, deep dermis, or sub-
cutis. Therefore, an incisional or deep punch biopsy of adequate depth should be 
performed to obtain a specimen that includes the deep dermis and subcutis to pro-
vide appropriate assessment for c-PAN. Biopsies lacking sufficient subcutis sam-
pling increase the likelihood of a non-diagnostic biopsy [31]. Preferred locations for 
biopsy are lesions that have recently developed within 24–48 h. If an ulcer site is 
chosen, sampling should ideally include parts of the central and peripheral ulcer as 
well as adjacent normal skin if feasible [31]. Care should be given to avoid areas of 
marked necrotic tissue as viable vessel architecture may not be present in such sam-
ples to sufficiently evaluate for the presence of arterial inflammation. Direct immu-
nofluorescence is variable and non-diagnostic for the diagnosis of c-PAN but may 
provide assistance in ruling out the presence of the ulcerative or bullous variants of 
immunoglobulin A vasculitis (i.e., Henoch Schönlein purpura). Repeat biopsy may 
be required to accurately secure the diagnosis, particularly if initial samples are 
negative despite a high clinical suspicion.

The histopathologic features of c-PAN are dependent on the stage at which the 
sample is obtained. Early lesions show evidence of fibrinoid necrosis with vessel 
wall thickening due to infiltration of neutrophils, lymphocytes, and to a lesser extent 
eosinophils (Figs. 13.4 and 13.5). Later stage vessels demonstrate intimal prolifera-
tion resulting in luminal narrowing or occlusion. Chronic changes include vessel 
wall fibrosis with associated neovascularization around the occluded arteriole 
lesions [5].
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13.5  Diagnosis and Differential Diagnosis

The histopathological findings of c-PAN are indistinguishable from cutaneous 
involvement in patients with systemic PAN. While there are classification criteria 
for systemic PAN, currently there are no accepted classification or diagnostic crite-
ria for c-PAN. Diagnostic criteria for c-PAN have been proposed by Nakamura and 
colleagues [9] but have not been formerly tested or prospectively validated 
(Table 13.2). Therefore, diagnosis of c-PAN is based on the presence of characteris-
tic histopathological findings on skin biopsy in the appropriate clinical context in 
combination with exclusion of systemic involvement.

Although patients with c-PAN may have regional paresthesia and neuropathy 
due to localized cutaneous swelling, features of motor deficit (i.e., foot drop) should 

Fig. 13.4 Necrotizing 
vasculitis of medium-size 
vessel in the 
subcutaneous fat

Fig. 13.5 Full-thickness 
inflammation and fibrinoid 
change of a medium-sized 
vessel with associated 
perivascular mixed 
inflammatory infiltrate
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raise the suspicion of systemic involvement with vasculitic neuropathy. In these 
circumstances, electromyogram and neurology consultation should be obtained to 
assist in determining if nerve biopsy is warranted. Abdominal pain is uncommon in 
patients with c-PAN and if present should prompt further investigation with 
advanced imaging such as an abdomino-pelvic computed tomography (CT) with 
angiography may assist in ruling out systemic PAN.  Blood pressures should be 
obtained in all patients with c-PAN and if elevated evaluation of renal artery steno-
sis via ultrasonography or CT angiography should take place, given renal artery 
stenosis is a feature commonly observed in patients with systemic PAN. Due to an 
observed association of minocycline-induced disease, all patients presenting with 
c-PAN should be screened for current or recent long-term (>1 month) use of this 
medication.

In addition to systemic PAN, the differential diagnosis for c-PAN includes other 
disease entities that can involve inflammation of the subcutaneous fat as well as 
other vasculitides affecting the small- to medium-sized blood vessels. A summary 
of conditions that must be considered as well as their clinical features, laboratory 
parameters, and biopsy findings are listed in Table 13.3.

13.6  Treatment

To date there have been no controlled clinical trials evaluating treatment in patients 
with c-PAN. As such, therapeutic suggestions are based on limited retrospective 
studies, case series, and expert consensus. Agents chosen for therapeutic interven-
tion in c-PAN depend on the severity of the cutaneous manifestations. Localized 
disease with limited, superficial inflammation may respond favorably to high 

Table 13.2 Nakamura drafted diagnostic criteria for cutaneous polyarteritis nodosa

1.  Cutaneous manifestations—Subcutaneous nodules or Livedo or Purpura or Ulcers
2.  Histopathological findings—Fibrinoid necrotizing vasculitis of small- and medium-sized 

arteries
3. Exclusion manifestations
   (a) Fever ≥38 °C for ≥2 weeks)
   (b) Weight loss (≥6 kg in 6 months)
   (c) Hypertension
   (d) Rapidly progressive renal failure, renal infarction
   (e) Cerebral hemorrhage or infarction
   (f) Myocardial infarction, ischemic heart disease, pericarditis, heart failure
   (g) Pleuritis
   (h) Intestinal hemorrhage or infarction
   (i) Peripheral neuropathy outside of the affected skin lesion area(s)
   (j) Arthralgia (arthritis) or myalgia (myositis) outside of the affected skin lesion area(s)
   (k) Abnormal arteriography (multiple microaneurysms, stenosis, occlusion)
4.  Decision—A patient can be diagnosed with cutaneous polyarteritis nodosa if they fulfill 

both the cutaneous manifestations (1) and the histopathological findings (2) without the 
presence of any exclusion manifestations (3)

Adapted from Nakamura T. et al. Arch Dermatol Res 2009;301:117–121
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Table 13.3 Conditions considered in differential diagnosis of cutaneous polyarteritis nodosa

Condition
Common clinical 
features Laboratory markers Histopathology

Vasculitides
Systemic 
polyarteritis nodosa

Skin: tender nodules, 
ulcers, livedo 
reticularis
Systemic: 
hypertension, 
constitutional 
symptoms, visceral 
infarcts/aneurysm, 
testicular pain, 
mononeuritis 
multiplex

Elevated ESR, CRP Identical to cutaneous 
polyarteritis nodosa

Granulomatosis 
with polyangiitis 
(formerly 
Wegener’s 
granulomatosis)

Skin: palpable 
purpura
Systemic: sinonasal 
inflammation, 
pulmonary nodules, 
hemoptysis, 
glomerulonephritis

c-ANCA > p-ANCA
PR3 > MPO
Detectable in 
80–90%
Hematuria

Leukocytoclastic 
vasculitis

Eosinophilic 
granulomatosis 
with polyangiitis 
(formerly 
Churg–Strauss 
syndrome)

Skin: tender nodules 
on extensor surfaces, 
palpable purpura
Systemic: sinusitis, 
asthma, pericarditis, 
myocarditis, 
eosinophilic 
gastroenteritis, 
mononeuritis 
multiplex

p-ANCA > c-ANCA
MPO > PR3
Detectable in 
30–60%
Peripheral 
eosinophilia

Purpuric lesions with 
leukocytoclastic 
vasculitis
Nodules with 
eosinophilic-rich 
granulomas

Microscopic 
polyangiitis

Skin: palpable 
purpura
Systemic: 
glomerulonephritis, 
alveolar hemorrhage

p-ANCA > c-ANCA
MPO > PR3
Detectable in 
60–80%
Hematuria

Leukocytoclastic 
vasculitis

IgA vasculitis 
(formerly known as 
Henoch–Schönlein 
purpura)

Skin: leukocytoclastic 
vasculitis more 
common; ulceration, 
bullous lesions less 
common
Systemic: arthralgia, 
abdominal pain, 
hematochezia

Hematuria
Serum IgA not 
reliable

Leukocytoclastic 
vasculitis with IgA 
(predominant) 
deposition on direct 
immunofluorescence

Behcet’s syndrome Skin: oral/genital 
ulceration, nodules, 
pseudofolliculitis 
erythema nodosum
Systemic: intestinal 
ulceration, uveitis

Septal panniculitis with 
medium vessel 
vasculitis (in 50%)

(continued)
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Table 13.3 (continued)

Condition
Common clinical 
features Laboratory markers Histopathology

Vaso-occlusive disease
Livedoid 
vasculopathy

Skin: deep livedoid 
changes with reticular 
or angular pattern. 
Atrophie blanche and 
stellate ulceration 
may be present

Blood vessel thickening 
and focal thrombosis 
with endothelial 
proliferation and hyaline 
degeneration of the 
subintimal layer. Elastic 
laminae and vascular 
wall should be 
preserved. Vasculitis is 
absent

Antiphospholipid 
antibody syndrome

Skin: Livedo 
reticularis, livedo 
racemosa
Systemic: recurrent 
venous > arterial 
clots, multiple 
miscarriages

Lupus anticoagulant
Anti-cardiolipin
Anti-β2 glycoprotein
Anti- 
phosphatidylserine 
prothrombin 
complex

Fibrin thrombi in 
dermal vessels ± 
necrosis of overlying 
epidermis, dermal 
hemorrhage. No 
evidence of vasculitis

Inflammatory skin disease
Pyoderma 
gangrenosum

Skin: Papule or 
pustule that expand 
into erosion/ulcer
Systemic: fever 
variable

Perifollicular 
inflammation and 
intradermal abscess 
formation. Lymphocytic 
and/or leukocytoclastic 
vasculitis may be 
present. Palisading 
granulomas in 
vegetative variant

Erythema nodosum Skin: tender, 
erythematous, 
non-ulcerated 
nodules, typically on 
the anterior lower leg 
(shin)

Septal panniculitis 
without vasculitis

Erythema 
induratum (nodular 
vasculitis, Bazin’s 
disease)

Skin: tender, 
erythematous 
nodules, typically on 
the posterior lower 
leg (calf)

Lobular panniculitis 
with mixed infiltrate 
(lymphocytes, plasma 
cells, histiocytes, 
neutrophils, 
eosinophils); 
extravascular fibrinoid 
necrosis; vasculitis may 
involve the arteries, 
arterioles, veins, and 
venules in the 
subcutaneous septa or 
lobules

ANCA anti-neutrophil cytoplasmic antibody, c-ANCA cytoplasmic-ANCA, CRP C-reactive pro-
tein, ESR erythrocyte sedimentation rate, IgA immunoglobulin A, MPO myeloperoxidase, p-ANCA 
perinuclear-ANCA PR3, proteinase-3
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potency topical glucocorticoids [32]. Non-steroidal anti-inflammatory medications 
appear to have marginal benefit and are typically insufficient for control of cutane-
ous disease but may be of use as an adjunct for mild to moderate pain control from 
swelling. Colchicine (0.6 mg twice daily) and dapsone (50–150 mg daily) have been 
suggested by some experts, but supportive data is limited and mostly extrapolated 
from use of these therapies in other cutaneous forms of vasculitis [33]. For patients 
with nodules, livedo, and particularly those with ulceration or features of ischemia, 
glucocorticoids are requisite with doses of 0.5–1.0 mg/kg/day initially, followed by 
slow taper over 2–6  months. Patients with refractory or recurring symptoms on 
steroid therapy or during tapering require additional steroid-sparing immunosup-
pressive agents. Among these, the most commonly used are low- to moderate-dose 
methotrexate (7.5–20 mg/week) and azathioprine (1.5–2.0 mg/kg/day) [5, 34–37]. 
Limited case reports have shown potential benefit among patients using anti-tumor 
necrosis factor alpha agents such as etanercept [38–40] and infliximab [41]. 
Cyclophosphamide is reserved for patients with severe ischemia, gangrene, or fail-
ure to respond to lower level immunosuppression [5, 37, 42, 43]. Use of prophylac-
tic penicillin and tonsillectomy remain controversial [44, 45]. For patients with 
confirmed streptococcal infections at the time of c-PAN diagnosis or with recurrent 
infections corresponding with cutaneous relapses, an antibiotic trial can be consid-
ered but insufficient data is available to recommend routinely [42, 46, 47]. 
Intravenous immunoglobulin (1 g/kg/day for 2 days, monthly) has been used in rare 
recalcitrant cases but results are variable [48–50].

13.7  Prognosis and Disease Activity

While some patients may have a monophasic course, relapses and recurrences are 
common and disease duration may range from several months to greater than 
20 years [5]. Patients with ulcers present at initial diagnosis tend to have a more 
chronic course [5, 37]. The greatest concern for patients and providers is whether 
c-PAN will subsequently convert into systemic PAN, the latter heralding a poorer 
prognosis. For patients with isolated c-PAN without features or findings of systemic 
PAN at the time of diagnosis, this transition is notably rare. Indeed, among com-
bined cohorts of c-PAN with long-term follow-up, the frequency of isolated cutane-
ous to systemic PAN transition was only observed in 3 of 92 (3%) cases [6, 9, 
28, 51].
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14Systemic Polyarteritis Nodosa

Matthew J. Koster

Abstract

Polyarteritis nodosa (PAN) is a rare systemic necrotizing vasculitis predomi-
nantly affecting the medium-sized arteries with widely variable presenting fea-
tures, disease course, and outcomes. Recent updates regarding the nomenclature 
of PAN have resulted in the description of several PAN sub-phenotypes. Herein 
discussed are idiopathic PAN, Hepatitis B-associated PAN and monogenic disor-
ders such as adenosine deaminase-2 deficiency. The current understanding of the 
pathogenesis, histopathological features, and treatment of these conditions are 
reviewed.

Keywords
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14.1  Introduction

The terminology associated with polyarteritis nodosa (PAN) has undergone signifi-
cant changes over the last century, particularly in the last four decades. Therefore, a 
review of the evolving nomenclature is integral to understanding this condition and 
its associated subgroups. The term “periarteritis nodosa” was first used by Kussmaul 
and Maier in 1866 during their description of a 27-year-old male with multiple nod-
ules along the length of medium and small arteries in the thorax and abdomen [1]. 
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Further histologic evaluation by Ferrari in 1903 revealed that the inflammatory pro-
cess was not relegated to the adventitia, but rather was transmural, so use of “poly-
arteritis nodosa” was proposed [2]. Historically, the presence of necrotizing 
vasculitis on any biopsy was attributed to PAN. Little further distinction was made 
during the first half of the twentieth century until granulomatosis with polyangiitis 
(GPA, formerly Wegener’s granulomatosis) was initially described [3] and then sub-
sequently considered as a separate vasculitic entity [4].

Discovery of anti-neutrophil cytoplasmic antibodies (ANCA) allowed for further 
distinguishing polyarteritis nodosa from the ANCA-associated vasculitides [GPA, 
microscopic polyangiitis (MPA), and eosinophilic granulomatosis with polyangiitis 
(EGPA, formerly Churg–Strauss)] [5, 6]. A definitive distinction between PAN and 
MPA was outlined through the 1994 [7] and the revised 2012 International Chapel 
Hill Consensus Conference (CHCC) nomenclature of vasculitides [8] where PAN 
was defined as a necrotizing inflammation of medium-sized or small arteries with-
out glomerulonephritis or vasculitis of the small vessels (i.e., arterioles, capillaries, 
and venules) and not associated with ANCA. MPA was defined as a necrotizing 
vasculitis with few or no immune deposits, predominantly affecting the small ves-
sels and associated with myeloperoxidase (MPO) ANCA or proteinase 3 
(PR3) ANCA.

Further distinction between PAN and PAN-like conditions has reduced the num-
ber of patients classified as having systemic idiopathic PAN. These subgroups now 
include vasculitis associated with probable etiology (i.e., drug, viral) and mono-
genic disease-related PAN-like conditions. Given the presentation of hepatitis B 
virus (HBV)-associated PAN and systemic idiopathic PAN have the same clinical 
features, the chapter herein will focus on both systemic idiopathic PAN and HBV- 
associated PAN but will additionally note distinguishing characteristics of the pre-
sentation and treatment of other less common PAN-like variants.

14.2  Epidemiology

PAN can affect any age but more commonly affects adults between their fourth and 
sixth decades of life. There is a slight male to female predominance (1.5:1), but ethnic 
predilection has not been observed [9]. Annual incidence of systemic idiopathic PAN 
has been estimated to be 1–5 per 1,000,000 with a prevalence of approximately 30 per 
1,000,000 [9–11]. Incidence of HBV-associated PAN has been reported as high as 77 
per 1,000,000  in endemic areas [12]. Following the institution of safer transfusion 
practices, hospital hygiene, and HBV vaccination, the rates of HBV-associated PAN 
have dramatically reduced from 35% to less than 5% of PAN cases [10].

14.3  Etiopathogenesis

According to more recent understanding, necrotizing vasculitis likely represents a 
range of diseases with varying etiopathogenesis [13]. In systemic idiopathic PAN, 
the underlying mechanisms are not well understood, but the predominance of 
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dendritic cells and CD4+ lymphocytes in vascular lesions suggest the possibility of 
an antigen-specific T-cell-mediated response [14]. Several infections have been 
identified as potential triggers. Hepatitis B virus is the most well-documented but 
hepatitis C [15], human immunodeficiency virus [16], parvovirus B19 [17], Epstein–
Barr virus [18], and cytomegalovirus [19] have also been observed. In contrast to 
systemic idiopathic PAN, viral replication [20] and circulating immune-complex 
deposition [21, 22] have been noted to result in direct vascular inflammation among 
patients with HBV-associated PAN. Drug-induced causes are uncommon; however, 
systemic PAN-like disease in the context of chronic use of minocycline for treat-
ment of acne vulgaris has been reported [23, 24].

Limited information is known regarding genetic abnormalities and risk of 
PAN.  However, a monogenic polyarteritis with similar clinical and histological 
characteristics to systemic idiopathic PAN has been recently observed. This pre-
dominantly childhood-onset PAN-like variant called deficiency of adenosine deam-
inase 2 (DADA2) is caused by an autosomal recessive mutation in the Adenosine 
Deaminase 2 (ADA2) gene [formerly known as the Cat Eye Syndrome Chromosome 
Region 1 (CECR1) gene] [25], which encodes for the adenosine deaminase 2 
enzyme (ADA2). ADA2 has been hypothesized to be a key growth factor for endo-
thelial cells and a regulator in the differentiation of monocytes. Deficiency of ADA2 
results in endothelial damages and skewing of monocytes to a pro- inflammatory 
macrophage subset [26]. Preliminary findings from evaluation of 117 adult-onset, 
HBV-negative systemic idiopathic PAN patients have also shown the presence of 
heterozygous or biallelic missense variants in ADA2 among 8 (7%) patients result-
ing in reduced ADA2 activity. These findings suggest a potential genetic basis 
among a subset of systemic idiopathic PAN patients [27].

14.4  Clinical Manifestations and Laboratory Markers

14.4.1  Clinical Manifestations

Because medium- and small-sized arteries are involved in PAN, a wide spectrum of 
clinical manifestations has been reported (Table 14.1). Constitutional symptoms of 
fever, weight loss, myalgia, and arthralgia are common and are present in 30–70% 
[28–30]. Cutaneous findings are lower extremity predominant and occur in up to 
50–60% of patients as demonstrated by purpura, livedo reticularis/racemosa, nod-
ules, and ulcers [28]. Digital infarction resulting in gangrene can also occur (6%) 
but limb ischemia is rare [29, 31] (Fig. 14.1). Peripheral nerve involvement results 
from arteriolar occlusion of the vasa nervosum [32]. Mononeuritis multiplex, typi-
cally presenting as wrist drop or foot drop, is the most common neurologic feature. 
Patients will often note pain or change in sensation (hypo/hyper/dysesthesia) prior 
to the onset of a motor deficit, but palsy can develop suddenly without sensory pro-
drome. Symmetric sensorimotor peripheral neuropathy and pure sensory neuropa-
thy are also seen; among which, the sciatic, peroneal, tibial, ulnar, median, and 
radial nerves appear to have a higher likelihood of involvement [33]. Cranial nerve 
palsies have been reported but are infrequent and affect less than 2% of patients 
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Fig. 14.1 Dry gangrene of 
the distal second and 
fourth phalanx on a 
background of livedo 
reticularis and 
acrocyanosis

Symptoms Frequency
Constitutional 71–93%
Fever
Weight loss
Myalgia
Arthralgia

25–69%
46–70%
34–69%
32–59%

Neurologic 38–79%
Peripheral neuropathy
Mononeuritis multiplex
Central nervous system

27–74%
17–70%
5–13%

Cutaneous 28–58%
Purpura
Nodules
Livedo
Ulcers
Digital gangrene

22–27%
17–23%
17–27%
13%
6–7%

Gastrointestinal 14–53%
Abdominal pain
Bleeding
GI manifestation requiring surgery

36–38%
3–10%
13–14%

Cardiac manifestations 10–30%
Cardiomyopathy
Pericarditis

8%
6%

Genitourinary 37–51%
Hematuria
Proteinuria (>0.4 g/day)
Hypertension
Orchitis

2–15%
11–21%
10–35%
17–38%

Table 14.1 Clinical features of 
polyarteritis nodosa [28–30, 36]
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[33]. Stroke can occur in systemic idiopathic PAN but is rare. If present, particularly 
in a child or young adult, DADA2 variant should be considered.

Abdominal pain is the most frequent gastrointestinal feature but is nonspecific. If 
associated with or exacerbated by meals, this raises concern for intestinal angina 
secondary to mesenteric arteritis. Ischemia appears to be more common in the small 
intestine compared to the colon and can result in nausea, vomiting, diarrhea, melena, 
or hematochezia. Vasculitic involvement of visceral organs such as the gallbladder 
and appendix can be seen and mimic cholecystitis and appendicitis, respectively. 
Upon surgical removal, histologic evaluation confirms arteritic involvement if pres-
ent. Both ischemic bowel perforation and rupture of a visceral artery aneurysm can 
manifest as a surgical abdomen; a presentation which carries high morbidity and 
mortality [34].

Renal abnormalities in PAN differ from ANCA-associated vasculitis as the for-
mer does not cause glomerulonephritis [8]. Renal infarcts (Fig. 14.2), resulting from 
either occlusion of intrarenal arteries or rupture of microaneurysms (Fig. 14.3), can 
produce micro- or macroscopic hematuria, but dysmorphia is generally absent. 
Proteinuria, if detected, is typically sub-nephrotic [28]. Renal insufficiency is 
uncommon but may develop as a consequence of significant renal parenchymal loss 
due to infarction or as a result of severe renovascular hypertension from renal artery 
stenosis. Urologic involvement has been noted in 17% of cases and is rarely the 
initial manifestation; nevertheless, non-infectious orchitis secondary to testicular 
arteritis is a characteristic feature of PAN [28, 29].

Fig. 14.2 Renal infarct, 
right inferior pole (CT, 
coronal view)
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Cardiac involvement has been noted since the index description of PAN in 1866 
but is an underreported finding as many patients may be asymptomatic. Indeed, only 
2–10% of patients have clinically diagnosed cardiac findings [28, 29], whereas his-
tologic evidence has been reported in up to 78% of patients in autopsy studies [35]. 
Left ventricular heart failure is the most frequently observed abnormality, and the 
etiology is likely multifactorial with coronary arteritis, myocardial infarction, and 
renovascular hypertension as potential contributors [36]. Coronary arteritis has been 
described in 50% of autopsy cases [35] but clinically symptomatic coronary angina 
(2–18%) and myocardial infarctions (1–12%) are less often reported [36]. Giant 
coronary aneurysms (Fig. 14.4) have been observed but are considered rare [37, 38]. 
These are likely sequelae of untreated disease and angiographically may be chal-
lenging to distinguish from patients with history of Kawasaki’s Disease.

Myalgias occur in 60–70% [28, 29] of patients but inflammatory myopathy is 
rare [39]. Creatine kinase levels may be elevated but are generally less than 
2000 IU/L. Pain can be present due to arterial insufficiency of the medium-sized 
muscular vessels. Thigh and calf muscle involvement is typical. Magnetic reso-
nance imaging of the musculature can demonstrate diffuse or patchy hyperintensity 
of the affected muscle on T2-weighted imaging and contrast-enhanced images may 
demonstrate small fluffy enhancing lesions centered on the vessels (“cotton wool 
appearance”) [40].

Overall, the clinical features of patients with classical PAN and HBV-associated 
PAN are similar. However, a few noted differences have been observed with HBV- 
associated PAN demonstrating a higher frequency of myalgia, neurologic manifes-
tations, abdominal pain, and vasculitis-related cardiomyopathy but a lower 
frequency of livedo and nodular skin lesions [28].

Fig. 14.3 Selective 
conventional right renal 
angiogram demonstrating 
multiple segmental 
microaneurysms
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14.4.2  Laboratory Markers

There are no specific laboratory markers for PAN. An inflammatory state with nor-
mocytic anemia, thrombocytosis, and elevated erythrocyte sedimentation rate and/
or C-reactive protein is common. Leukocytosis may be seen. If peripheral eosino-
philia is noted, particularly if >10%, then the possibility of eosinophilic granuloma-
tosis with polyangiitis should be assessed. Renal insufficiency can be present, but is 
not typically severe. Urinalysis may show sub-nephrotic proteinuria and non- 
dysmorphic microscopic hematuria. ANCA serologies (cANCA/PR3, pANCA/
MPO) should be negative. Cryoglobulins, complements (C3, C4), and rheumatoid 
factor should be evaluated to assess for possibility of cryoglobulinemia. The pres-
ence of HIV, hepatitis B, and hepatitis C should be investigated. Lactate levels may 
be of assistance in patients presenting with severe abdominal pain or surgical abdo-
men to assess for tissue ischemia.

14.5  Histopathology

Cutaneous findings observed in classical systemic PAN are indistinguishable from 
the isolated cutaneous variant (see histopathology 13.4). The vascular abnormalities 
in PAN demonstrate a segmental pattern with a predilection for arterial branch points 
of muscular arteries [41]. The cause for predisposition of branch points is unknown 
but an increase in expression of adhesion molecules and intimal macrophages at 
these locations has been proposed [42]. The vascular infiltrates observed vary 

Fig. 14.4 Conventional 
coronary angiogram with 
alternating stenotic and 
aneurysmal segments of 
the left anterior descending 
(top) and giant aneurysm 
of the left 
circumflex (arrow)
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depending on the stage of the inflammatory process. In the early, active phase a trans-
mural inflammatory infiltrate composed of an admixture of lymphocytes, macro-
phages, neutrophils and eosinophils are seen along with findings of fibrinoid necrosis 
of the vessel wall [41]. Subsequently, vascular remodeling occurs with dense vessel 
wall fibrosis as well as intimal hyperplasia. Thrombosis can lead to vascular occlu-
sion whereas disruption of the elastic lamina results in aneurysmal dilation.

14.6  Diagnosis and Differential Diagnosis

There are no validated or approved diagnostic criteria for PAN.  The American 
College of Rheumatology has developed classification criteria for PAN (Table 14.2) 
[43]. Unfortunately, these criteria are of limited utility for two reasons. First, these 
criteria are intended for research purposes to distinguish what subtype of vasculitis 
a patient has once they have a confirmed vasculitis diagnosis. As such they should 
not be used in the clinical setting to determine if a patient does or does not have 
vasculitis. Second, these criteria are not useful in differentiating patients with PAN 
from microscopic polyangiitis, given the latter was not considered a separate entity 
at the time of drafting. Because of these noted limitations, an ongoing international 

Table 14.2 1990 American College of Rheumatology Classification criteria for polyarteritis 
nodosa [43]a

Criterion Description

 1.  Weight loss ≥4 kg Loss of 4 kg or more since illness began, not due to 
dieting or other factors

 2.  Livedo reticularis Mottled reticular pattern over the skin or portions of 
the extremities or torso

 3.  Testicular pain or tenderness Pain or tenderness of the testicles, not due to infection, 
trauma, or other causes

 4.  Myalgias, weakness, or leg 
tenderness

Diffuse myalgias (excluding shoulder and hip girdle) or 
weakness of muscles or tenderness of leg muscles

 5.  Mononeuropathy or 
polyneuropathy

Development of mononeuropathy, multiple 
mononeuropathies, or polyneuropathy

 6.  Diastolic blood pressure 
>90 mmHg

Development of hypertension with diastolic blood 
pressure higher than 90 mmHg

 7.  Elevated blood urea nitrogen 
(BUN) or creatinine

Elevation of BUN >40 mg/dL or creatinine >1.5 mg/
dL, not due to dehydration or obstruction

 8.  Hepatitis B virus Presence of hepatitis B surface antigen or antibody in 
serum

 9.  Arteriographic abnormality Arteriogram showing aneurysms or occlusions of the 
visceral arteries, not due to arteriosclerosis, 
fibromuscular dysplasia, or other noninflammatory 
causes

10.  Biopsy of small- or medium- 
sized artery containing 
polymorphonuclear cells

Histologic changes showing the presence of 
granulocytes or granulocytes and mononuclear 
leukocytes in the artery wall

aFor classification purposes, a patient shall be said to have polyarteritis nodosa if at least 3 of these 
10 criteria are present. The presence of ≥3 criteria yields a sensitivity of 82.2% and a specificity 
of 86.8%
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collaborative effort is currently underway to develop diagnostic and classification 
criteria for PAN [44].

Consequently, the diagnosis of PAN requires the combination of characteristic 
clinical manifestations, laboratory parameters, angiographic features, and histopa-
thology in a suspected individual. Biopsy of an affected organ confirming the pres-
ence of focal, segmental, transmural, necrotizing inflammation of the medium- or 
small-sized arteries is considered the gold standard for diagnosis. If affected, the 
highest yield is typically observed in skin, nerve, muscle, and testicle [45]. Combined 
nerve and muscle biopsy appears to be superior to muscle biopsy alone for diagno-
sis. In a large series of patients with suspected PAN, vasculitis confirmation from 
dual nerve/muscle biopsy was obtained in 83% (90/108) of patients with peripheral 
neuropathy and 81% (17/21) of patients without peripheral neuropathy; compared 
with 68% (41/60) positive biopsy specimens in patients with peripheral neuropathy 
and 60% (24/40) without peripheral neuropathy among those with isolated muscle 
biopsy performed [28]. While this study highlights the potential utility of blind 
nerve and/or muscle biopsy even in asymptomatic patients, it is suggested that eval-
uation with electromyogram and/or muscle MRI be performed to identify if patho-
logic findings are present in order to guide biopsy location. Although confirmatory 
findings of PAN can be observed on kidney and liver biopsy specimens, these loca-
tions carry a high risk of post-procedure hemorrhage and therefore should not be 
considered as first-line targets.

Angiography provides additional diagnostic utility in patients with suspected 
PAN, particularly among those with abdominal or renal symptoms for which biopsy 
was not able to be obtained or was non-diagnostic. The typical angiographic fea-
tures of PAN include saccular or fusiform microaneurysms (1–5 mm diameter) usu-
ally coinciding with stenotic lesions [46] (Fig. 14.5). Larger aneurysm may also be 
present within which dissections may occur (Figs. 14.6, 14.7, and 14.8). The most 
frequent arterial territories affected include the celiac, hepatic, renal, and mesenteric 
branches. Visceral organ infarcts, bowel wall thickening, and perinephric hematoma 
are commonly seen but are less specific for PAN and must be differentiated from 

Fig. 14.5 Computed 
tomography angiography 
(axial view) demonstrating 
superior mesenteric artery 
branch with alternating 
stenotic and aneurysmal 
segments (thick arrow), 
mesenteric artery branches 
with arterial thickening 
(thin arrow), and mid-pole 
left renal infarct 
(dashed arrow)
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diseases causing in situ thrombosis or thromboembolism [47]. With the advance-
ments in noninvasive imaging, computed tomography angiography (CTA) is a rea-
sonable initial screening modality given it has spatial resolution detail that is 
sufficient to evaluate for the majority of findings suggestive of PAN including ste-
nosis/occlusion, infarcts, and aneurysms >2 mm diameter. However, if CTA is nega-
tive or equivocal and suspicion remains, then conventional angiography is required. 
If characteristic angiographic findings are identified by an experienced radiologist 
the diagnosis may be confirmed, even without biopsy, provided there is appropriate 
clinical context and mimicking conditions (Table 14.3) have been ruled out.

Fig. 14.6 Computed tomography angiography highlighting proximal celiac artery aneurysm 
(arrow) [Axial view, left pane; 3D formatted, right pane]

Fig. 14.7 Multiple aneurysms in the superior mesenteric artery, bilateral common iliac arteries, 
and common femoral arteries [computed tomography 3D formatted, right pane] with complex dis-
section of the left femoral artery (arrow) [axial view, left pane]
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Fig. 14.8 Selective 
superior mesenteric artery 
conventional angiogram 
with long segment 
proximal 
dissection (arrow)

Table 14.3 Conditions to consider during evaluation of polyarteritis nodosa

Disease Common clinical features Common lab/imaging features
Rheumatic disease
Granulomatosis 
with polyangiitis 
(Wegener’s)

Sinusitis, upper airway inflammation, 
pulmonary nodules, 
glomerulonephritis

cANCA/PR3 > pANCA/MPO

Eosinophilic 
granulomatosis 
with polyangiitis 
(Churg–Strauss)

Asthma, nasal polyposis, upper airway 
inflammation, neuropathy

Eosinophilia (>10% peripheral)
pANCA/MPO (40–60%)

Microscopic 
polyangiitis

Alveolar hemorrhage, 
glomerulonephritis

pANCA/MPO > cANCA/PR3

Behcet’s Disease Oral/genital/gastrointestinal ulcers –
Infectious disease
Infective 
endocarditis

Multifocal infarcts, splinter 
hemorrhages, subcutaneous nodules, 
fever

Echocardiography with 
vegetation +/− positive blood 
cultures

Mycotic aneurysm Fever. Painful, pulsatile, enlarging 
aneurysm (if superficial). 
Gastrointestinal bleeding (if visceral)

CT angiography: saccular, 
eccentric aneurysm or 
multilobulated aneurysm. 
Perivascular fluid collection
Intramural or perivascular air

Viral infection 
(HIV, HepB, 
HepC)

Fever, weight loss, arthralgia, myalgia Positive viral studies

Vascular disease
Antiphospholipid 
syndrome

Recurrent thromboses (arterial or 
venous)

Positive lupus anticoagulant 
and/or anticardiolipin ab (IgG/
IgM) and/or Beta2 glycoprotein 
ab (IgG/IgM) times two draws 
separated by ≥12 weeks

(continued)

14 Systemic Polyarteritis Nodosa



172

Disease Common clinical features Common lab/imaging features
Cholesterol emboli Livedo, blue toe syndrome, renal 

insufficiency/infarct, gastrointestinal 
infarct typically following an 
endovascular procedure

Eosinophiluria
Biopsy with cholesterol clefts 
within arterioles

Fibromuscular 
dysplasia (FMD)

Medium artery stenosis, spontaneous 
dissection, aneurysm. Female > Male
Renal ≫ carotids > vertebrals > iliac > 
mesenteric

Normal inflammatory markers
Multifocal FMD: vessel 
stenosis with intervening 
dilations causing “string of 
beads” pattern where diameter 
of beading is larger than the 
diameter of the artery

Segmental arterial 
mediolysis

Spontaneous intra-abdominal 
hemorrhage, more common at 
50–80 years of age

Normal inflammatory markers
Dissecting aneurysm

Table 14.3 (continued)

14.7  Prognosis

If left untreated, systemic PAN carries a high mortality with a 5-year survival of 
13% [48]. Conversely, those receiving treatment have a notably improved outcome 
with 5-year survival nearing 80–90% [28, 49]. The overall outcome is largely 
dependent on the severity of disease at time of diagnosis. A prognostic scoring sys-
tem called the Five-Factor Score (FFS) was devised by the French Vasculitis Study 
Group from evaluation of a prospective study of 342 patients with polyarteritis 
nodosa, microscopic polyangiitis, and eosinophilic granulomatosis with polyangi-
itis (Table  14.4) [50]. For patients with an FFS  =  0, 5-year mortality was 12%, 
whereas the mortality rate for FFS = 1 was 26% and FFS ≥ 2 was 46% [50]. The 
same group re-evaluated this scoring system evaluating 1108 total patients with 
systemic necrotizing vasculitis, this time including granulomatosis with polyangi-
itis [51]. The updated 2009 FFS (Table 14.4) added age > 65 year at diagnosis as a 
poor prognostic factor but no longer includes CNS involvement among these param-
eters. Given patients with ANCA-vasculitis were included, ENT symptoms were 
evaluated and the absence of such findings were considered to carry a poorer prog-
nosis; however, this is not applicable to patients with PAN. The updated rates are 
similar to the original FFS prediction model, demonstrating reliability of this prog-
nostic tool [51]. Death in the first year is more commonly due to poorly controlled 
vasculitis, whereas subsequent mortality is more often attributable to complications 
resulting from sequelae of vasculitis-associated organ damage, cardiovascular dis-
ease, or consequences of immunosuppressive treatments, particularly infection 
[52, 53].

PAN has been noted to have a more frequent monophasic pattern when compared 
to other systemic necrotizing vasculitides; nevertheless, a proportion of patients will 
undergo a relapsing course. Among a cohort of 348 patients with PAN, 76 (22%) 
relapsed within 5 years of follow-up [28]. Patients with HBV-associated PAN have 
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been observed to have less frequent relapse than those with non-HBV-associated 
disease with 5-year relapse-free survival rates being seen in 59.4% of patients with 
non-HBV-associated PAN, compared to 67% in those with HBV-associated disease 
[28]. Childhood-onset PAN has been reported to have a more benign course when 
compared to adults with less renal and neurologic involvement noted and shorter 
duration of induction treatment required [54].

Patients with PAN require long-term follow-up with specialists that are familiar 
with the disease process and its multi-system clinical manifestations, as well as 
clinicians that are comfortable with the immunosuppressive therapies required for 
induction and maintenance. During the active phase, patients should be closely 
observed with visits every 2–4 weeks for the first 3–6 months. Once stabilized, vis-
its can occur at less frequent intervals of every 2–6 months for the 2 years following 
diagnosis. Because of possible late-stage relapse as well as potential development 

Table 14.4 Prognostic scoring systems for polyarteritis nodosa

1996 Five-factor score [50] 2009 Revised five-factor score [51]
Factor Description Score Factor Description Score
Creatinine 
>1.58 mg/dL

At time of diagnosis +1 Age > 65 years Age at time of 
diagnosis

+1

Proteinuria 
>1 g/24 h

At time of diagnosis +1 Renal 
insufficiency

Creatinine 
≥150 μmol/L 
(1.70 mg/dL) 
measured at its 
stabilized peak 
level

+1

Cardiac 
insufficiency

Based on the presence 
of clinical symptoms 
(e.g., heart failure, 
pulmonary edema) and 
not on laboratory 
parameters (i.e., brain 
natriuretic peptide) or 
asymptomatic 
echocardiography 
abnormalities

+1 Cardiac 
insufficiency

Same as 1996 
FFS

+1

Gastrointestinal 
involvement

Bowel perforation, 
bleeding, pancreatitis

+1 Gastrointestinal 
involvement

Same as 1996 
FFS

+1

Central nervous 
system 
involvement

Not further defined +1 Absence of 
ENT symptomsa

Clinical 
symptoms 
confirmed by 
examination of 
ENT specialist

+1

Five-year mortality rate
FFS = 0—12%
FFS = 1—26%
FFS ≥ 2—46%

Five-year mortality rate
FFS = 0—9%
FFS = 1—21%
FFS ≥ 2—40%

aPertinent only for patients with granulomatosis with polyangiitis and eosinophilic granulomatosis 
with polyangiitis; ENT ear/nose/throat, FFS Five-factor score
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of comorbidities due to sequelae from vascular damage or immunosuppressive ther-
apy, patients should be followed life-long at intervals of every 6–12 months, even 
during remission. At each visit, patients should (at a minimum) have a blood pres-
sure evaluation, comprehensive multi-system physical examination, creatinine and 
urinalysis with microscopy. Additional labs may be needed for immunosuppressive 
drug monitoring. In asymptomatic patients, routine repeat angiography is not requi-
site but should be considered if there are new or progressive symptoms of abdomi-
nal or cardiac pain or if there are known arterial dilatations/aneurysms that require 
routine monitoring.

14.8  Treatment

The level of clinical trial evidence guiding the therapeutic decisions in the manage-
ment of PAN is low [55]. In addition, trials evaluating this condition must be inter-
preted carefully as they commonly include an admixture of other systemic 
necrotizing vasculitides such as EGPA and MPA [49, 56–59]. In general, treatment 
for systemic PAN is determined based on the severity of disease at time of presenta-
tion as well as the presence or absence of HBV. Patients with systemic idiopathic 
PAN with mild disease (FFS = 0) may be treated with glucocorticoid monotherapy 
with initial doses of 1  mg/kg/day (up to 60  mg) with subsequent tapering over 
6–8 months [28, 49]. For patients with glucocorticoid-resistant disease and in those 
that develop major relapse despite the use of adequate glucocorticoid doses, the 
addition of an adjunct disease-modifying agent may be required. Among patients 
with mild PAN, cyclophosphamide is generally avoided and medications such as 
azathioprine (up to 2 mg/kg/day) have shown similar efficacy to pulse dose cyclo-
phosphamide but with lower risk of side effects [49]. While often used, the overall 
long-term benefit of azathioprine is debated. In a recent study evaluating 95 sys-
temic necrotizing vasculitis patients (51, EGPA, 25 MPA, 19 PAN) with FFS = 0, 
the addition of azathioprine to a glucocorticoid remission-induction regimen did not 
significantly improve the rates of remission and failed to reduce the risk of relapse 
or overall steroid exposure [57]. Methotrexate (up to 25 mg/week) and mycopheno-
late (up to 1500  mg twice daily) have also been used in the management of 
glucocorticoid- resistant disease, but supportive data for these agents is limited to 
observational studies [29, 60] and largely extrapolated from their use in the treat-
ment of other systemic necrotizing vasculitidies such as ANCA-associated vasculitis.

The treatment of patients with poor prognostic factors (FFS ≥1) requires more 
aggressive management. In such circumstances, cyclophosphamide is advocated in 
addition to high-dose glucocorticoids. Both oral (target 2 mg/kg/day) and intrave-
nous pulse (600 mg/m2 monthly) regimens have shown efficacy, but the latter has 
demonstrated a more tolerable side effect profile [59]. The duration of cyclophos-
phamide treatment is less well understood and has only been evaluated in the con-
text of a single clinical trial evaluating 47 patients with MPA and 18 patients with 
PAN [58]. The results of this study suggest that 6 months of cyclophosphamide was 
less effective than 12 months of therapy; however, remission maintenance therapies 
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were not utilized. Conventionally, patients with severe PAN are treated with cyclo-
phosphamide for a minimum of 6 months, after which if they are in remission are 
transitioned to a lower level immunosuppression agent such as azathioprine, metho-
trexate, or mycophenolate for ongoing remission maintenance. The therapeutics 
options for patients with severe systemic idiopathic PAN failing to respond to cyclo-
phosphamide are limited. Rituximab [61, 62] and tocilizumab [63] have been used 
with reported success, but results are limited to case reports and small case series 
and are considered currently experimental. Inhibitors of tumor necrosis factor alpha 
(infliximab, adalimumab, etanercept) have also shown preliminary benefit in sys-
temic PAN [64–67] and appear to have a greater observed role in managing patients 
with the PAN-like DADA2 variant [68].

In patients with a potential precipitant for the development of PAN or PAN-like 
illness control or removal of the offending agent is imperative. For example, in 
patients with minocycline-induced PAN-like illness, cessation of minocycline may 
be sufficient to result in disease remission. However, in severe cases additional 
immunosuppressive therapy may be required [24].

Management of patients with HBV-associated PAN is focused on initial control 
of severe life-threatening manifestations (if present) followed by removal of immune 
complexes and subsequent clearance of viremia. Although prolonged use of gluco-
corticoids is contraindicated due to an increased risk of viral replication, short-term 
use of glucocorticoids (1 mg/kg/day for 1 week then tapered off over 1 additional 
week) has been safely utilized [69, 70]. Plasma exchange has not demonstrated 
improvement in outcomes among patients with systemic idiopathic PAN [71] but is 
considered integral in the treatment of HBV-associated PAN because clearance of 
immune complexes attenuates vessel inflammation [69, 70]. Suggestions for plasma 
exchange frequency are 3/week for 3 weeks, 2/week for 2 weeks, then weekly until 
hepatitis B e antigen to hepatitis B e antibody seroconversion is observed, or until 
2–3 months of sustained clinical recovery has been obtained [69]. Antiviral therapy 
should be initiated at the time of diagnosis. Selection of the antiviral agent and 
determination of duration should be guided through coordination with hepatology. 
Interferon alpha2b and lamivudine have shown efficacy in prospective open-label 
trials [69, 72]. While newer nucleos(t)ide analogs (entecavir and tenofovir) have not 
been formally evaluated in patients with HBV-associated PAN their efficacy in 
patients with chronic hepatitis B viral infections is well established [73] and may be 
considered for assistance with viral clearance. Prolonged vasculitis control occurs 
in 90–100% of patients for which viral replication has ceased and seroconversion 
has occurred [69, 70].
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Abstract

Primary CNS vasculitis is an uncommon disorder of unknown cause that is 
restricted to brain and spinal cord. The median age of onset is 50 years. The neu-
rological manifestations are diverse, but generally consist of headache, altered 
cognition, focal weakness, or stroke. Serological markers of inflammation are 
usually normal. Cerebrospinal fluid is abnormal in about 80–90% of patients. 
Diagnosis is unlikely in the presence of a normal MRI of the brain. Biopsy of 
CNS tissue showing vasculitis is the only definitive test; however, angiography 
has often been used for diagnosis even though it has only moderate sensitivity 
and specificity. Granulomatous vasculitis is the most common pattern of vasculi-
tis (around 60% of cases), and β-amyloid deposition is present in almost 50% of 
these patients. Several subsets of PCNSV have been identified, which differ in 
terms of outcomes and optimal management. The size of the affected vessels 
varies and determines outcome and response to treatment. Early recognition is 
important because treatment with corticosteroi15
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ds with or without cytotoxic drugs can often prevent serious outcomes. 
Cyclophosphamide (CYC) and mycophenolate mofetil appear to be effective for 
the induction of remission. Rituximab may be helpful in patients who are intoler-
ant or respond poorly to CYC.  The differential diagnosis includes reversible 
cerebral vasoconstriction syndromes and secondary cerebral vasculitis.

Keywords

Vasculitis · Central nervous system · Cerebral biopsy · Angiography · Magnetic 
resonance imaging · Glucocorticoids · Cyclophosphamide

15.1  Introduction

Primary central nervous system vasculitis (PCNSV) is an uncommon and poorly 
understood form of vasculitis that it is limited to the brain and spinal cord [1–5]. 
PCNSV represents the most frequent vasculitis involving the central nervous sys-
tem (CNS) [6]. The neurological manifestations are diverse and nonspecific. 
Serological markers of inflammation are usually normal. Cerebrospinal fluid 
(CSF) is abnormal in approximately 80–90% of the cases. The diagnosis is 
unlikely in the presence of a normal brain MRI. Biopsy of CNS tissue showing 
vasculitis is the only definitive test; however, angiography is often used to confirm 
the diagnosis. Early recognition is important because treatment with glucocorti-
coids (GCs) with or without cytotoxic drugs may prevent serious or even lethal 
outcomes. The differential diagnosis is broad and includes the reversible cerebral 
vasoconstriction syndromes (RCVS), secondary cerebral vasculitis, malignancy, 
and infections. Modern recognition of PCNSV as a separate entity is generally 
dated to the mid- 1950s when Cravioto and Feigin [7] described several cases with 
a “noninfectious granulomatous angiitis” with a predilection for the nervous sys-
tem. The term “granulomatous angiitis of the nervous system” was applied 
because of the histopathologic findings observed in the arteries from initial cases. 
Since then, primary CNS vasculitis has been referred to as granulomatous angiitis 
of the CNS, or more specifically, noninfectious or idiopathic granulomatous angi-
itis of the CNS, and giant-cell arteritis of the CNS, isolated angiitis of the CNS, 
primary angiitis of the CNS, and benign angiopathy of the CNS [1, 8]. Outcome 
in early reports was frequently fatal, and diagnosis was often made at autopsy [1, 
2, 4]. By contrast, in later studies outcomes were more favorable, and biopsy and 
angiography were used for diagnosis [9–11]. Recently, major advances have been 
made in the field of PCNSV. Studies of larger numbers of cases have revealed a 
more varied histopathologic inflammatory picture and an association with amy-
loid angiopathy [12–16]. It has also become recognized that PCNSV is more het-
erogeneous than previously thought, encompassing clinical subsets that differ in 
terms of prognosis and therapy [17–23]. Finally, over the past few years, child-
hood PCNSV (cPCNSV) has been recognized as a possible cause of vascular 
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strokes in children [24]. This review aimed to provide an update on the major 
advances made in adult PCNSV.

15.2  Diagnosis and Diagnostic Criteria

Diagnostic criteria for PCNSV were proposed by Calabrese and Mallek [10] in 
1988 on the basis of their clinical experience and of published evidence (Table 15.1). 
These criteria included angiographic changes indicating a high probability of vascu-
litis, that is, areas of smooth vessel wall narrowing or occlusions alternating with 
dilated cerebral arteries affecting multiple cerebral arteries in the absence of proxi-
mal vessel atherosclerosis or other recognized abnormalities. A single abnormality 
in multiple arteries or multiple abnormalities in a single vessel were considered to 
be less consistent with PCNSV [1, 3]. Because of the more invasive nature of CNS 
biopsy, angiography has become the most used method of confirming the diagnosis 
in patients with suggestive clinical findings. However, angiographic changes typical 
of vasculitis may be seen in nonvasculitic conditions such as vasospasm, CNS infec-
tions, lymphomas, cerebral arterial emboli, and also atherosclerosis [1, 2]. 
Furthermore, among pathologically documented cases, cerebral angiography may 
be normal, reflecting vascular involvement in small vessels below the resolution of 
angiography [17]. Overall, the sensitivity of angiography varies between 40 and 
90%, whereas its specificity has shown to be as low as 30% [1, 25–27]. Magnetic 
resonance angiography (MRA) is a reasonable initial approach to investigate 
patients with suspected PCNSV. However, MRA is less sensitive than conventional 
angiography in detecting structural lesions involving the posterior circulation and 
distal vessels [1, 28]. Therefore, if the clinical suspicion is high but MRA is normal, 
a standard cerebral angiography is warranted. It is important to emphasize that the 
diagnosis of PCNSV should not be based on the findings of a positive angiography 
alone, and that angiography results should always be interpreted in conjunction with 

Table 15.1 Diagnostic criteria for adult primary central nervous system vasculitis

Diagnostic criteria for PCNSV proposed by Calabrese and Mallek [10]
A history or clinical findings of an acquired neurologic deficit, which remained unexplained 
after a thorough initial basic evaluation
Either classic angiographic or histopathologic features of vasculitis within the central nervous 
system
No evidence of systemic vasculitis or of any other condition to which the angiographic or 
pathologic features could be secondary
A diagnosis of primary central nervous system vasculitis is made if all the above criteria are 
satisfied.
Diagnostic criteria for PCNSV proposed by Birnbaum and Hellmann [29]
Definite diagnosis: confirmation of vasculitis on analysis of a tissue biopsy specimen
Probable diagnosis: in the absence of tissue confirmation, if there are high probability 
findings on an angiogram with abnormal findings on MRI and a CSF profile consistent with 
PCNSV
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clinical, laboratory, and MRI findings. Recently, to prevent misdiagnosis, particu-
larly with the RCVS, Birnbaum and Hellman [29] have proposed new criteria based 
on the levels of certainty of the diagnosis (Table 15.1). These criteria may prevent 
patients with RCVS from being treated with cytotoxic therapy. However, they are 
not able to categorize patients with high-probability angiographic findings, but nor-
mal CSF analysis who may have either RCVS or PCNSV. The presence of precipi-
tating factors, the type of onset and the neurological findings may be useful 
distinguishing features. Onset in the postpartum or following exposure to vasoactive 
substances would point to RCVS [30]. RCVS has an acute onset followed by a 
monophasic course, usually without any new complications after 4 weeks, whereas 
in PCNSV, the onset is more insidious and the course is progressive with frequent 
appearance of cerebral infarcts. Headache is of the thunderclap type in RCVS, 
whereas it is subacute and progressive in PCNSV. MRI is often normal in RCVS, 
whereas PCNSV is extremely unlikely in the presence of a normal MRI. Several 
studies have indeed reported a sensitivity of MRI for PCNSV close to 100% [1, 2, 
26]. Abnormal findings on MRI are nonspecific and include cortical and subcortical 
infarction, parenchymal and leptomeningeal enhancement, intracranial hemor-
rhage, tumor-like mass lesions, and nonspecific areas of increased signal intensity 
on fluid-attenuated inversion recovery or T2-weighted images. Advances in the neu-
roimaging techniques visualizing the wall of intracranial blood vessels could in the 
future improve the capacity to distinguish inflammatory from non-inflammatory 
lesions and, thus, the performance of the criteria [31]. Vessel wall thickening and 
intramural contrast enhancement are quite specific findings in patients with active 
cerebral vasculitis affecting large arteries. Occasionally, enhancement may be 
marked and extend into the adjacent leptomeningeal tissue (perivascular enhance-
ment) [32–34]. High-resolution, high-field contrast-enhanced MRI may be able to 
differentiate enhancement patterns of intracranial atherosclerotic plaques (eccen-
tric), inflammation (concentric), and other wall pathologies. However, the sensitiv-
ity and specificity of MRI in this regard remain to be determined [35]. Cerebral and 
meningeal biopsy remains the gold standard for the diagnosis of PCNSV [1, 9, 12, 
15]. The procedure in expert hands is well tolerated. Small intraparenchymal hema-
tomas at the biopsy site are the most frequent complication (4.9%); however, per-
manent neurological sequelae are rare (only about 1% of cases) [36, 37]. A positive 
biopsy confirms vasculitis and excludes its mimickers.

An optimal biopsy should include samples of dura, leptomeninges, cortex, and 
white matter. Diagnostic histopathological features include transmural vascular 
inflammation affecting small and medium-sized leptomeningeal and parenchymal 
arterial vessels. Vasculitis is characterized by skip and segmental vascular lesions. 
Therefore, because of sampling error, a negative biopsy does not entirely rule out 
the diagnosis of vasculitis. In fact, there is evidence that biopsy has a sensitivity of 
53–63% in diagnosing PCNSV [12, 26]. Biopsy of a radiographically abnormal 
area is preferable to random sampling of the nondominant frontal lobe or temporal 
tip. Miller et  al. [12] showed that 78% of the targeted biopsies were diagnostic, 
whereas none of the blind biopsies demonstrated vasculitis. Inclusion of leptomen-
inges may increase the diagnostic yield when PCNSV is suspected. Stereotactic 
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guidance may be used for deeper lesions, but is usually unnecessary for more super-
ficial lesions.

15.3  Histopathology

Three main histopathological patterns are seen in PCNSV [12, 15]. Granulomatous 
vasculitis is the most common pattern of vasculitis (around 60% of cases). It is 
characterized by vasculocentric mononuclear inflammation associated with well- 
formed granulomas and multinucleated cells (Fig. 15.1a). β-amyloid deposition is 
present in almost 50% of these patients (Fig. 15.1b). Amyloid angiopathy is usually 
associated with granulomatous vasculitis and occasionally with necrotizing vascu-
litis. The inflammatory response to vascular amyloid observed in a transgenic mouse 
model that develops prominent cerebral amyloid angiopathy (CAA) and the pres-
ence of anti-amyloid β (Aβ) autoantibodies in the acute phase of CAA-related 
inflammation (CAA-ri) support a role for amyloid deposition in triggering vascular 
inflammation [38, 39]. Lymphocytic vasculitis is the second most predominant pat-
tern (around 25% of cases). It is characterized by predominantly lymphocytic 
inflammation with occasional plasma cells extending through the vessel wall with 
features of vascular distortion and destruction (Fig. 15.1c). Lymphocytic vasculitis 
is a form more benign of vasculitis compared to granulomatous and necrotizing 
vasculitides with less mortality and less disability at last follow-up [40]. Necrotizing 
vasculitis is the least frequently seen pattern (14% of cases). It is characterized by 
acute necrotizing vasculitis similar to polyarteritis nodosa with transmural fibrinoid 
necrosis (Fig. 15.1d). This process involves predominantly the small muscular arter-
ies with disruption of the internal elastic lamina. Necrotizing vasculitis is signifi-
cantly associated with intracranial hemorrhage [20]. The destructive vasculitic 
process with fibrinoid necrosis may cause severe vessel wall weakening, thus, pre-
disposing to blood vessels rupture and aneurysm formation. This mechanism may 
account for the association between necrotizing vasculitis and intracranial 
hemorrhage.

15.4  Clinical Manifestations and Laboratory Findings

Clinical manifestations at diagnosis are nonspecific, and many symptoms are usu-
ally present [3, 41]. The onset of disease can be acute, but it is more frequently 
insidious and slowly progressive. Diagnosis is made in 75% of patients within 
6 months of the onset of symptoms. Headache, the most common symptom, can be 
generalized or localized, it often slowly worsens, can spontaneously remit for peri-
ods, and varies in severity. Cognitive impairment is also often insidious in onset, 
and is the second most frequent manifestation. Focal neurological manifestations 
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Fig. 15.1 Histopathologic patterns of primary central nervous system vasculitis. (a) Granulomatous 
pattern. Transmural inflammation involving an artery of the leptomeninges with prominent mono-
nuclear and granulomatous (arrow) adventitial inflammation; focal fibrin thrombus formation is 
also present (arrow head; Hematoxylin and eosin ×20). (b) Granulomatous pattern with β-A4 
amyloid deposition. Left panel: two intraparenchymal arterioles showing transmural inflammation 
with vessel wall destruction (upper) and granulomas (lower; arrows; Hematoxylin and eosin, ×20). 
Right panel: both vessels show amyloid deposition (arrows; immunoperoxidase staining for β-A4 
amyloid, ×20). (c) Lymphocytic pattern. Several leptomeningeal vessels show marked transmural 
lymphocytic inflammation, devoid of granulomas and histiocytes (Hematoxylin and eosin, ×40). 
(d) Necrotizing pattern. Left panel: a segment of intraparenchymal muscular artery shows exten-
sive mural necrosis with karyorrhectic debris and acute neutrophilic inflammation (arrows; 
Hematoxylin and eosin, ×10). Right panel: the lumen is completely obliterated and clumped aggre-
gates of fibrin are seen (Hematoxylin and eosin, ×20). Reproduced from Salvarani et al. Adult 
primary central nervous system vasculitis: an update. Curr Opin Rheumatol 2012; 24:46–52 [2]

a b

c
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with or without distinct cerebral infarction are present in many patients. Other fea-
tures such as ataxia, seizure, and intracerebral hemorrhage are less frequent. By 
contrast with other systemic vasculitides, constitutional symptoms such as fever and 
weight loss are uncommon.

Results of blood tests in patients with primary CNS vasculitis are usually normal 
and consist of tests for acute-phase reactants, antinuclear antibodies, antineutrophil 
cytoplasm antibodies, and antiphospholipid antibodies [1–3]. CSF analysis is abnor-
mal in 80–90% of patients [3, 41]. Changes consist of a mildly increased leucocyte 
count and total protein concentration. Patients with angiography-negative primary 
CNS vasculitis often have greatly raised protein concentrations [17]. CSF analysis 
should be composed of appropriate stains, cultures, serological and molecular tests, 
and flow cytometry studies to exclude infection or malignancy.

15.5  PCNSV Subsets

Several subsets of PCNSV have been identified, which differ in terms of outcomes 
and optimal management.

Spinal cord involvement has been documented in 5% of patients, but it is rarely 
the only manifestation [5]. Most patients have concurrent or subsequent brain 

d

Fig. 15.1 (continued)
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involvement during the disease course. The thoracic cord is predominantly affected. 
A careful medical evaluation must be performed to confirm the diagnosis of PCNSV 
and to exclude other conditions associated with acute or subacute transverse 
myelitis.

Angiography-negative PCNSV is characterized by normal angiograms but brain 
biopsies positive for vasculitis [17]. These findings suggest that the vasculitis is 
limited to small vessels below the resolution of conventional angiography. Patients 
with angiography-negative PCNSV often present with cognitive dysfunction and 
have markedly elevated CSF protein, meningeal or parenchymal enhancing lesions 
on MRI, good response to therapy, and a favorable outcome.

Prominent leptomeningeal enhancement on MRI identifies a subset of patients 
with PCNSV [18]. These patients have typically an acute clinical onset, frequent 
cognitive dysfunction at presentation, and negative cerebral angiography and/or 
MRA. CNS biopsies show a granulomatous vascular inflammation, often associated 
with vascular amyloid angiopathy. Almost all patients have a good clinical response 
to corticosteroid therapy (alone or combined with immunosuppressive agents) with 
resolution of MRI enhancement and an overall favorable course.

Aβ-related angiitis (ABRA). Cerebral amyloid angiopathy is present in around a 
quarter of PCNSV biopsy-positive patients and half of those showing granuloma-
tous vasculitis associate evidence of CAA [12, 15, 34]. Brain biopsies show granu-
lomatous vasculitis and vascular deposits of amyloid-β. Patients with PCNSV and 
CAA are older at presentation than those with PCNSV only, but younger than 
patients with CAA and no inflammation [14, 16]. They often present with cognitive 
dysfunction, whereas MRI shows enhancing meningeal lesions alone or with infil-
trative white matter hyperintensity lesions [34]. In these patients, the symptoms 
related to the vasculitic component respond well to immunosuppressive treatment, 
but in the long-term follow-up the clinical manifestations related to CAA prevail 
with increased disability and mortality. The inflammatory reaction related to the 
presence of amyloid β-peptide is defined CAA-ri and varies from little or no inflam-
mation, to perivascular infiltrates, and to frank granulomatous vasculitis. Patients 
with CAA-related perivascular inflammation have characteristics similar to those of 
patients associating CAA and granulomatous vasculitis [16]. Recently, clinicora-
diological criteria for the diagnosis of CAA-ri have been proposed [42].

Rapidly progressive PCNSV represents the worst end of the clinical spectrum of 
this vasculitis [19]. These patients have a rapidly advancing course with often-fatal 
outcome. They are characterized by bilateral, multiple, large cerebral vessel lesions 
on angiograms, and multiple bilateral cerebral infarctions on MRI. The predomi-
nant histopathological pattern is of granulomatous and/or necrotizing vasculitis. 
These patients respond poorly to traditional immunosuppressive treatment and need 
to be treated aggressively from the beginning.

Solitary tumor-like mass lesion is an underrecognized subset of PCNSV, which 
is found in approximately 7% of the patients [23]. An association with CAA and 
granulomatous vasculitis was observed. Excision of the lesion may be curative; 
however, in some patients aggressive immunosuppressive therapy has led to a favor-
able outcome obviating the need of surgery.
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Intracranial hemorrhage is a not infrequent presentation of PCNSV, having 
been reported in 11–12.2% of patients [4, 20]. Intracerebral hemorrhage is the most 
common presentation, followed by subarachnoid hemorrhage. These patients have 
less frequently altered cognition, persistent neurologic deficit or stroke at presenta-
tion, as well as MRI evidence of cerebral infarctions. Necrotizing vasculitis is the 
predominant histopathologic pattern.

Association with lymphoma. Lymphoma is reported to occur in patients with 
PCNSV in a frequency of around 6% [43]. The two conditions usually occur and are 
diagnosed simultaneously, suggesting an immunologic paraneoplastic mechanism. 
PCNSV is prevalently associated with Hodgkin lymphoma. The predominant histo-
pathologic pattern is granulomatous vasculitis and cerebral amyloid angiopathy 
may be associated. Patients associating lymphoma are more frequently male and 
more commonly have leptomeningeal enhancement at diagnosis. Furthermore, they 
have a more severe form of cerebral vasculitis with increased disability and 
mortality.

15.6  Differential Diagnosis

Primary CNS vasculitis should be differentiated from other similar disorders to 
avoid therapeutic and prognostic errors [1]. The most common mimicker of PCNSV 
is RCVS [30]. Other common causes of secondary CNS vasculitis are infection, 
systemic vasculitis, connective tissue diseases, and miscellaneous disorders 
(Table 15.2).

15.7  Treatment

No randomized clinical trials of medical management in PCNSV exist. Treatments 
for PCNSV have been similar to those first used in other vasculitides. In 1983, in a 
small series, Cupps et al. [11] first found cyclophosphamide (CYC) in combination 
with corticosteroids to be also effective in PCNSV. However, optimal management 
and treatment outcomes remained uncertain because of the lack of uniform diagnos-
tic criteria and the small studies.

Two recent cohort studies [40, 44] have described the treatment and outcomes of 
patients with PCNSV. Although limited by the retrospective nature and by the low 
number of patients diagnosed using cerebral biopsy, these studies represent the two 
largest reported series of cases in adult PCNSV.

15.7.1  Mayo Clinic Cohort of Patients with Adult PCNSV

In the Mayo Clinic series, a favorable response was observed in most of the patients 
treated with prednisone alone or in combination with CYC [40]. Response rates 
were similar (about 83%) in both treatment groups with improvement of disability 
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Table 15.2 Causes of 
secondary CNS vasculitis 
(Reproduced with permission 
from Salvarani C et al. Adult 
primary central nervous 
system vasculitis. Lancet 
2012; 380:767–77) [1]

Viral infections
  Varicella zoster virus
  HIV
  Hepatitis C virus
  Cytomegalovirus
  Parvovirus B19
Bacterial infections
  Treponema pallidum
  Borrelia Burgdorferi
  Mycobacterium tuberculosis
  Mycoplasma pneumoniae
  Bartonella henselae
  Rickettsia spp
Fungal infections
  Aspergillosis
  Mucormycosis
  Coccidioidomycosis
  Candidosis
Parasitic infections
  Cysticercosis
Systemic vasculitides
  Granulomatosis with polyangiitis (Wegener’s 

granulomatosis)
  Eosinophilic granulomatosis with polyangiitis 

(Churg–Strauss syndrome)
  Behçet’s disease
  Polyarteritis nodosa
  Henoch-Schönlein purpura
  Kawasaki disease
  Giant-cell arteritis
  Takayasu arteritis
Connective tissue diseases
  Systemic lupus erythematosus
  Rheumatoid arthritis
  Sjøgren’s syndrome
  Dermatomyositis
  Mixed connective tissue disease
Miscellaneous
  Antiphospholipid antibodies syndrome
  Hodgkin and non-Hodgkin lymphomas
  Neurosarcoidosis
  Inflammatory bowel disease
  Graft versus host disease
  Bacterial endocarditis
  Acute bacterial meningitis
  Drug-induced CNS vasculitis (cocaine, 

amphetamine, ephedrine,  phenylpropanolamine)
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(Rankin scale scores) over time. Seventy-two percent of the patients achieved a 
sustained therapeutic response (no relapses) during follow-up. The median duration 
of all therapy was around 11 months in both treatment groups. No differences in 
outcomes (disability and mortality) were observed in the two treatment groups. 
Patients with relapses needed longer therapy compared with those without relapses, 
but relapses were not associated with increased mortality or worse disability (Rankin 
score) at the last follow-up visit.

This study also evaluated clinical characteristics by diagnosis associated with 
treatment response, relapses, and the inability to discontinue treatment at the last 
follow-up. Large-vessel involvement and cerebral infarcts on MRI at diagnosis were 
significantly associated with a poor response to treatment, whereas prominent 
gadolinium- enhanced cerebral lesions or meninges assessed by MRI were signifi-
cantly associated with longer therapy, which was often being continued at the time 
of last follow-up. Some patients initially treated with an immunosuppressive agent 
different from CYC (mainly, azathioprine and mycophenolate mofetil) had a favor-
able response, suggesting in some patients the possible use of a less toxic alternative 
to CYC for the induction of remission.

We also evaluated the association of clinical findings at diagnosis with Rankin 
score outcomes at last follow-up and survival [40]. High disability scores at last fol-
low-up and increased mortality were both significantly associated with increasing 
age and the presence of cerebral infarction observed on MRI at presentation, while 
patients with gadolinium-enhanced meninges or lesions on MRI had lower disability 
and less risk of death. Patients with amyloid angiopathy had lower disability at fol-
low-up, while diagnosis by angiography alone compared with biopsy and the pres-
ence of large-vessel involvement on angiograms were significantly associated with 
an increased mortality. These differences were related to the different size of cerebral 
vessels involved in the inflammatory process. Patients with rapidly progressive 
PCNSV and often-fatal outcome were characterized by the angiographic presence of 
bilateral, multiple, large-vessel lesions, and MRI evidence of multiple cerebral 
infarctions. They represented the worst end of the clinical spectrum of PCNSV [19, 
21]. A more benign course was observed with angiography- negative patients with 
involvement at biopsy of small cortical and leptomeningeal vessels often presenting 
with a cognitive disorder and MRI evidence of prominent leptomeningeal enhance-
ment [17, 18]. Patients with Aβ-related angiitis defined by deposition of amyloid-β in 
the media and adventitia of small cortical and leptomeningeal vessels belong to this 
clinically less aggressive subset [14, 16]. In view of these findings, we proposed a 
treatment algorithm mainly based on the size of the vessels involved in the inflamma-
tion (Fig. 15.2) [41]. In patients with inflammation restricted to small cortical and 
leptomeningeal vessels who have a more benign disease, prednisone alone was rec-
ommended as initial therapy (initial dose of 1 mg/kg/day), whereas in patients with 
more severe large/proximal vessel disease and in those with a rapidly progressive 
course, high-dose intravenous methylprednisolone (1000 mg daily for 3–5 days) and 
CYC can be used to attempt to induce remission immediately after diagnosis.

There is insufficient reported experience to suggest replacing CYC by the less 
toxic azathioprine (AZA) or mycophenolate mofetil (MMF) for the induction of 

15 Adult Primary Central Nervous System Vasculitis



194

remission. However, these two immunosuppressors appear to be effective for the 
maintenance of remission [45–47]. A small number of case reports have shown the 
efficacy of tumor necrosis factor-a blockers [48]. Rituximab may be helpful in 
patients who are intolerant or respond poorly to CYC [49].

15.7.2  French Cohort of Patients with Primary Central Nervous 
System Vasculitis

In the initial French cohort [44], most patients received GCs and CYC: 61.5% 
responded to treatment with improved modified Rankin scale scores and 27% of 
patients had relapsing disease. Relapse was more common in patients with menin-
geal gadolinium enhancement on MRI and in those with seizures at diagnosis. 
Subsequently in an enlarged cohort, they evaluated in a long-term follow-up study 
the role of maintenance treatment with an immunosuppressant combined with GCs 
in improving survival and disability [45, 46]. They found that maintenance therapy 
is associated with better functional outcomes, lower relapse rates, and prolonged 

Suggested Treatment Algorithm for Adult PCNSV

Patient with a diagnosis of PCNSV

Small/distal vessel disease
• Angiography negative and biopsypositive
• Prominent leptomeningeal enhancementon
 MRI, in absence of cerebral infarcts
• Diagnosed with Ab-related angitis (ABRA)

Oral prednisone (1 mg/kg per day); for acute
onset consider methylprednisolone bolus
therapy (1000 mg per day for 3-5 days)

Progressive
tapering of
prednisone

Add cyclophosphamide,
or oral, or monthly

pulse treatment

Maintenance therapy. Low-dose prednisone
with azathioprine (1-2 mg/kg per day), or
mycophenolate mofetil (1-2 g per day)

Induction therapy: Methylprednisolone blous
therapy (1000 mg per day for 3-5 days),
oral prednisone (1 mg/kg per day), and
cyclophosphamide (oral 2 mg/kg per day
for 3-6 months, or IV0.75 g/m2 per month
for 6 months)

Consider adding
TNF-blocker or rituximab

Response

Response

Response

No response or
insufficient response

No response or
insufficient response

No response or
insufficient response

Large/proximal vessel disease
• Angiography positive (in particular those with
 large/proximal vessel abnormalities)
• Present on with cerebral infarcts
• Rapidly progressive disease course

Fig. 15.2 Suggested treatment algorithm for primary central nervous system vasculitis. 
Reproduced from Salvarani et al. An update of the Mayo Clinic cohort of patients with adult pri-
mary central nervous system vasculitis: description of 163 patients. Medicine (Baltimore) 2015; 
94(21):e738 [41]
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remission. Azathioprine, after induction of remission with CYC and GCs, was the 
most used drug for maintenance therapy. Mortality during the follow-up period was 
lower in the French cohort of PCNSV patients compared with the Mayo Clinic 
cohort (6% versus 15%). A better outcome in patients with lymphocytic vasculitis 
[44] that represented the prevalent histopathologic pattern in the French cohort may 
partially explain this difference.

15.7.3  Monitoring Disease Course

Serial MRI and MRA (4–6  weeks after the beginning of treatment, then every 
3–4 months during the first year of treatment, or when a new neurological deficit 
arises), and repeat careful neurological examinations, are useful to monitor disease 
course. In patients with stable imaging but worsening clinical symptoms, repeat 
spinal fluid examination and repeat angiography might be necessary. For those 
patients without biopsy verification at the time of initial diagnosis who have wors-
ening symptoms despite immunosuppressive therapy, a brain biopsy should be 
considered.
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16Isolated Aortitis and Periaortitis

Chiara Marvisi, Laura Fortunato, and Augusto Vaglio

Abstract

Isolated aortitis and periaortitis are inflammatory diseases of the aorta and its 
branches. They essentially differ in the extension of inflammation, which is con-
fined to the aortic wall in aortitis and extends into the periaortic space in periaor-
titis. Isolated aortitis is classified as a single-organ vasculitis and occurs in the 
absence of other infectious or rheumatologic disorders. Periaortitis is either idio-
pathic or secondary to a wide array of etiologies (drugs, infections, malignan-
cies, other proliferative diseases). Notably, both isolated aortitis and periaortitis 
may arise in the context of IgG4-related disease, a recently recognized fibro- 
inflammatory systemic disease. Prompt diagnosis and treatment are essential for 
both conditions in order to avoid life-threatening complications.
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Abbreviations

18F-FDG-PET 18F-fluorodeoxyglucose positron emission tomography
AAV ANCA-associated vasculitis
ANCA Anti-neutrophil cytoplasm antibody
CRP C-reactive protein
CT Computed tomography
ECD Erdheim–Chester disease
ESR Erythrocyte sedimentation rate;
GCA Giant cell arteritis
HLA Human leucocyte antigen
IAAA Inflammatory abdominal aortic aneurysm
IgG4-RD IgG4-related disease
LVV Large-vessel vasculitis
MRI Magnetic resonance imaging
RPF Retroperitoneal fibrosis
SLE Systemic lupus erythematosus
SUV Standardized uptake value
TA Takayasu arteritis
US Ultrasonography

16.1  Introduction

Aortitis and periaortitis denote a spectrum of systemic inflammatory disorders char-
acterized by chronic inflammation that is limited to the aortic wall in the former 
case or extends into the periaortic space in the latter [1]. They can both be idiopathic 
or a feature of other rheumatological, infectious, or neoplastic disorders. Both con-
ditions may arise in the context of a recently recognized clinical–pathological entity 
known as IgG4-related disease (IgG4-RD), characterized by marked fibrosis, 
T-lymphocyte, and IgG4-positive plasma cell infiltration of various organs [2]. The 
diagnosis is quite challenging, with histological examination being the gold stan-
dard, but biopsy is not always feasible. Therefore, imaging studies often have a 
crucial diagnostic role, along with laboratory tests. In this chapter, we will review 
the nosology, clinical manifestations, diagnosis, and treatment of isolated aortitis 
and periaortitis.

16.2  Clinical Features and Diagnosis

16.2.1  Isolated Aortitis

The term isolated aortitis brings together all forms of inflammatory aortitis not 
related to autoimmune diseases, other rheumatologic disorders or infectious causes. 
It is therefore defined as a single-organ vasculitis and is frequently located in the 
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ascending aorta. The epidemiology of isolated aortitis is not clearly established but 
its frequency is probably underestimated. The incidence of isolated aortitis in the 
population of patients undergoing thoracic aortic surgery ranges between 3.8 and 
4.4%. Some studies show a higher incidence in women, others in men. The mean 
age at diagnosis ranges between 63 and 72 years [3–6].

Given the absence of systemic or organ-specific symptoms, isolated aortitis is 
often an incidental finding or is diagnosed when complications arise. Severe com-
plication include thoracic aortic aneurysms, aortic dissection, or aortic valve regur-
gitation [3, 4]. The diagnosis may be pathological or radiological. Traditionally and 
most commonly, the disorder is diagnosed pathologically following surgical resec-
tion of an aortic segment for aneurysm or dissection, and the patient is clinically 
found to have no other signs or symptoms of vasculitis. In isolated forms, histologi-
cal examination often shows a granulomatous/giant cell pattern of inflammation 
usually localized in the media layer. The inflammatory infiltrate comprises macro-
phages, lymphocytes, plasma cells, giant cells, and well-formed granulomas replac-
ing irregular areas of medial destruction. Adventitial inflammation is minimal, 
usually mononuclear and without granulomas.

Isolated aortitis can also be identified radiologically, most often by computed 
tomography (CT) or magnetic resonance (MRI), as an isolated aneurysm or as wall 
thickening limited to one segment of the aorta [7]. The absence of a diffuse athero-
sclerotic disease or of common risk factors for atherosclerosis should heighten sus-
picion of isolated aortitis in patients showing the above abnormalities on CT or MRI.

The diagnostic work-up of isolated aortitis is also based on the exclusion of sec-
ondary forms of the disease. Thanks to the introduction of antibiotics, infectious 
aortitis is not so frequent as it was in the past; nevertheless, in immunocompromised 
subjects or in patients presenting with systemic symptoms of infection, it is manda-
tory to rule out particularly syphilis, tuberculosis, and other bacterial or fungal eti-
ologies with laboratory tests. Although isolated aortitis may arise in the context of 
many rheumatologic disorders (e.g., ANCA-associated vasculitis, systemic lupus 
erythematosus, rheumatoid arthritis, HLA-B27 spondyloarthropathies, and Behçet 
disease [8–12]), the most common rheumatologic causes are giant cell arteritis 
(GCA) and Takayasu arteritis (TA). In the routine clinical practice, the diagnosis of 
GCA and TA is based on typical symptoms and on the age at onset of the disease, 
but sometimes they can occur in the absence of specific clinical manifestations and 
differentiating them from isolated aortitis can be quite challenging. The main clini-
cal issue about isolated aortitis remains whether it tends to evolve to a systemic 
vasculitis and for this reason a careful follow-up is always required [6].

IgG4-related aortitis accounts for 75% of all cases of isolated aortitis [13], and it 
must be suspected when its histological pattern shows dense lymphoplasmacytic 
infiltrates. If biopsy is not available, serum IgG4 levels should be tested (see below).

16.2.2  Periaortitis

First described by Mitchinson et al. in 1980 [14], periaortitis is a rare disease and 
data about its epidemiology are limited to idiopathic retroperitoneal fibrosis (RPF) 
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and inflammatory abdominal aortic aneurysms (IAAAs), which represent the two 
ends of the spectrum of periaortitis. The incidence of idiopathic RPF is 0.1–1.3 per 
100,000 person/year and its prevalence is around 1.4/100,000 inhabitants [15, 16]. 
IAAAs represent 4–10% of all abdominal aortic aneurysms [17]. The mean age at 
onset of periaortitis is 50–60 years [18] although rarely cases have been reported in 
pediatric patients [19]. Men are affected two to three times more often than women, 
and this ratio is higher in the aneurysmal forms [15].

Pathologic changes in periaortitis involve both the aortic wall and the surround-
ing soft tissues. The typical macroscopic appearance of periaortitis is that of a 
whitish mass infiltrating the retroperitoneal tissue surrounding the abdominal 
aorta, the iliac arteries and, in most cases, the inferior vena cava and the ureters 
[20]. The perivascular mass usually develops between the origin of the renal arter-
ies and the pelvic brim. In some instances, RPF shows atypical localizations, which 
might be peri-duodenal, peri-pancreatic, pelvic, presacral, peri-ureteral, or peri-
renal and not characterized by involvement of the periaortic space. These cases are 
thought to have a different pathogenesis as compared to the more typical peri-
aortic RPF.

Microscopic examination reveals the presence of two components: a fibrous tis-
sue and an inflammatory infiltrate [21]. The fibrous component comprises fibro-
blasts that show signs of activation and transition into myofibroblasts (α-smooth 
muscle actin expression) and produce an extracellular matrix composed of type I 
collagen fibers organized in thick irregular bundles. The inflammatory infiltrate 
consists of numerous lymphocytes, plasma cells, macrophages, and scattered eosin-
ophils. The inflammatory cells are interspersed within the collagen bundles (diffuse 
pattern), but also organized in nodular aggregates, usually around small vessels 
(perivascular nodular pattern). These aggregates have a B-cell core surrounded by T 
cells, which are predominantly CD4+. In some cases, these lymphoid follicles have 
the structure of germinal centers, which is a sign of ectopic lymphoneogenesis, thus 
proving the presence of a highly structured immune-mediated/autoimmune 
response.

The aortic wall shows intimal atherosclerosis, medial thinning, and adventitial 
inflammation and fibrosis. The composition of the inflammatory infiltrate in the 
aortic adventitia is similar to the retroperitoneal one. When the pattern is arranged 
in nodular aggregates, these are usually centered on the adventitial vasa vasorum 
which can show signs of vasculitis [22].

The clinical presentation of periaortitis includes two types of manifestations: 
localized, due to the compressive effects of the retroperitoneal mass, and systemic, 
related to the inflammatory nature of the disease. The more frequent symptom, pres-
ent in about 80% of the patients, is side, back or abdominal pain. It is usually 
described as persistent and dull; it transiently responds to nonsteroidal anti- 
inflammatory drugs and, in cases of ureteral involvement, it can be colic-like [23]. 
Ureteral involvement is the most frequent complication and can be unilateral or 
bilateral. In cases with unilateral involvement, ureteral obstruction can also be 
asymptomatic for a long time and, at diagnosis, these patients present with renal 
hypoplasia/atrophy, whose frequency is estimated to be up to 30%. However, most 
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cases are symptomatic and bilateral involvement usually leads to acute renal failure. 
Other urologic manifestations are frequent: they range from testicular pain, often 
accompanied by hydrocele and/or varicocele due to spermatic vein encasement by 
periaortitis, to retrograde ejaculation and erectile dysfunction [21]. The extrinsic 
compression of retroperitoneal lymphatic vessels and veins can be the cause of 
lower extremity edema and deep vein thrombosis. Claudication and intestinal isch-
emia are less common. Systemic symptoms include fatigue, weight loss, anorexia, 
sleep disturbances, and low-grade fever [23].

Periaortitis can affect not only the lower abdominal aorta and the iliac arteries 
but also other vascular segments, in particular the thoracic aorta and its major 
branches [24].

In these cases, the symptoms may range from laryngeal nerve paralysis and dry 
cough to upper limb claudication and paresthesias; however, in about 85% of cases 
it is asymptomatic. Patients with thoracic involvement had a significantly higher 
female prevalence, a greater age at disease onset, a higher prevalence of systemic 
symptoms and of back or abdominal pain [24].

Periaortitis may be associated with a variety of autoimmune conditions. 
Hashimoto’s thyroiditis is the most commonly associated autoimmune disorder 
[25]; but ANCA-associated vasculitis, systemic lupus erythematosus, rheumatoid 
arthritis, and psoriasis have been described in association with periaortitis [23].

The diagnosis of periaortitis is based on imaging studies, indeed laboratory tests 
are quite nonspecific and periaortic biopsy is not always feasible. However, histo-
logical examination remains the gold standard in all cases of difficult interpretation, 
especially when there is suspicion of malignancies or infections, in patients not 
responsive to treatment or in those undergoing surgical procedures (e.g., ureteroly-
sis or aneurysmal repair).

Ultrasonography (US) is usually performed at onset: it may detect both aneurys-
mal aortic dilatation and also periaortitis as a hypoechoic periaortic halo. It also 
allows the detection of hydronephrosis; such US findings are crucial both at diagno-
sis and during the follow-up.

On CT, periaortitis appears as a homogeneous, plaque-like tissue, isodense to 
muscle which develops around the anterolateral sides of the abdominal aorta. In the 
retroperitoneum, it may encase the ureters, drawing them medially, and also cause 
inferior vena cava compression (Fig. 16.1) [20]. On MRI, the inflammatory aortic/
periaortic thickening and the tissue surrounding the vessels are seen as hypointense 
on T1-weighted images, while they are hyperintense on T2-weighted images during 
active disease phases, due to the presence of edema and inflammatory infiltration. 
Contrast-enhancement, both on CT and MRI, is more pronounced during the early 
disease stages [26].

Imaging studies also allow the differentiation between idiopathic periaortitis and 
secondary forms. In particular, neoplasms appear to be inhomogeneous and lobu-
lated, more adherent to surrounding organs with no clear cleavage site, and often 
extend above the origin of the renal arteries, unlike typical idiopathic periaortitis 
[27, 28]. In addition, they develop anterior to the spine and tend to displace the aorta 
anteriorly and may also infiltrate muscles and erode bones [27–29].
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In the diagnostic work-up of periaortitis, 18F-fluorodeoxyglucose positron emis-
sion tomography (18F-FDG PET) is increasingly used, although its specificity is low 
given that forms of periaortitis secondary to infections or neoplasms may also be 
hypermetabolic on PET (Fig. 16.2).

In the setting of periaortitis, 18F-FDG PET recently proved able to predict 
response to therapy since metabolically inactive forms are less likely to respond to 
glucocorticoid treatment than highly active lesions. However, no significant differ-
ences in response to treatment were detected among patients with mild, moderate, 
or high degree of FDG uptake [30].

A rare cause of aortic wall and periaortic involvement is Erdheim–Chester dis-
ease (ECD), a non-Langerhans cell histiocytosis with predilection for long bones, 
cardiovascular system, central nervous system, and endocrine glands [31]. 
Interestingly, ECD can involve both the thoracic and abdominal aorta, giving rise to 
an aspect usually reported as “coated aorta.” On CT or MRI, ECD should be 

a b

c d

Fig. 16.1 Computed tomographic (CT) appearance of aortitis and periaortitis. (a, b) Show CT 
images of a case of isolated thoracic aortitis. The scans (axial view) show aortic wall thickening 
involving the ascending aorta (a, arrows) and the aortic arch (b, arrows). (c, d) Show CT images of 
a case of abdominal periaortitis. The scans (axial view) show a periaortic tissue (c, arrow) and 
bilateral hydronephrosis (caused by ureteral involvement by periaortitis); the abdominal aorta is of 
normal caliber. In (d), a case of aneurysmal periaortitis is shown, where the periaortic tissue 
(arrows) surrounds an aneurysmal abdominal aorta
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suspected when the fibrous tissue surrounds not only the abdominal aorta but also 
the kidneys, showing the typical finding of “hairy kidneys” [32]. In these cases, 
biopsy is recommended, indeed morphological and immune staining features are 
very different in ECD versus idiopathic periaortitis. Typical findings in ECD include 
tissue infiltration by CD68+ CD1a- “foamy” histiocytes, along with diffuse lym-
phoplasmacytic infiltrates and abundant fibrosis [33].

16.2.3  IgG4-Related Aortitis and Periaortitis

Since the early 2000s, when IgG4-RD was first described, it has become evident 
how different clinical entities with no clear nosology could fall under the spectrum 
of this systemic fibro-inflammatory disease [34]. Among these are cases of aortitis 
and periaortitis, once classified as isolated or idiopathic.

IgG4-related aortitis preferentially affects the thoracic aorta and particularly the 
aortic arch [13, 35]. It has been reported to account for a significant proportion of 
all noninfectious thoracic aortitis cases and for approximately 75% of lymphoplas-
macytic thoracic aortitis cases [13, 36]. The vasculitic process may also involve the 
abdominal aorta, along with medium-sized vessels originating from the aorta, such 

a c d

b

Fig. 16.2 FDG positron emission tomography (PET)-computed tomography-(CT) in a case of 
thoracic aortitis. (a) Shows a non-contrast-enhanced CT of the chest (axial view) and (b) the cor-
responding PET image, the latter showing hypermetabolism in both the ascending and descending 
aorta. In the same patient, whole-body PET images in (c, d) (sagittal and coronal views, respec-
tively) show increased FDG uptake along the thoracic aorta (arrows)
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as the carotid and coronary arteries [2, 37]. Small-vessel involvement has also been 
described, thus supporting the idea that IgG4-RD may be included in the category 
of vasculitis of vessels of variable size [38].

Periaortitis (particularly the abdominal form) is reported among the most fre-
quent manifestations of IgG4-RD in different studies, even if its prevalence remains 
quite variable, ranging from 11 to 30% [39–42]. Both IgG4-related aortitis and peri-
aortitis are more frequent among elderly men (age > 60 years), in keeping with the 
epidemiology of the systemic and other organ-limited forms of IgG4-RD [36].

The inflammatory infiltrate affects predominantly the adventitia with a lesser 
involvement of the media. From a clinical standpoint, there are no substantial differ-
ences between IgG4-related aortitis and IgG4-related periaortitis and their IgG4- 
unrelated counterparts. However, it must always be remembered that IgG4-related 
forms are more commonly associated with extravascular manifestations of IgG4-RD.

The most frequent clinical pictures other than aortitis and periaortitis belonging 
to the spectrum of IgG4-RD include sclerosing pancreatitis (type 1 autoimmune 
pancreatitis), Mikulicz disease, diffuse lymphadenopathy, sclerosing cholangitis, 
pseudotumor of the orbit, and tubulo-interstitial nephritis. Involvement of other 
organs may not be present at onset, but may appear during the follow-up with a 
metachronous pattern [43], leading to difficulties to promptly recognize IgG4-RD.

In 2008, a set of diagnostic criteria was proposed for the diagnosis of IgG4-RD 
[44]. These criteria are widely used, even if their specificity and sensitivity still war-
rant validation. They include: (1) typical organ involvement (pseudotumoral lesions) 
with organ swelling and/or dysfunction; (2) histologically compatible features and 
immunohistochemical evidence of IgG4+/IgG+ plasma cells >40% together with 
>10 IgG4+ plasma cells/high power field (hpf); (3) serum IgG4 level >135  mg/
dL. The diagnosis is considered to be “definite” when all three criteria are fulfilled, 
“probable” when (1) and (2) are met, and “possible” when (1) and (2) are met and 
histopathology is either unavailable or non-diagnostic. The last scenario is frequent, 
indeed biopsy is not always feasible; moreover, it has been reported that in aortic 
and periaortic tissue, immune staining findings might be inconsistent with a diagno-
sis of IgG4-RD, even on a background where the three main characteristics (stori-
form fibrosis, obliterative phlebitis, and lymphoplasmacytic infiltrate) are found 
[45]. In these cases, the diagnosis of IgG4-RD remains “possible.”

Laboratory abnormalities, other than high IgG4 levels (>135 mg/dL), include 
elevation of acute-phase reactants, especially in cases with multifocal involvement, 
and polyclonal hypergammaglobulinemia. Peripheral eosinophilia and serum IgE 
increase may be encountered in about one third of the cases. Positive ANCA with 
specificity for either myeloperoxidase or proteinase 3 may also occur, indeed over-
lap forms of IgG4-RD and AAV have been recently described [46].

The same imaging studies used for the diagnosis and follow-up of aortitis and 
periaortitis not associated with other IgG4-related lesions are employed for cases 
arising in the context of IgG4-RD. Thus, US, CT, or MRI and 18F-FDG PET may all 
be helpful both at diagnosis and during the follow-up to detect the main involved 
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sites and to assess their metabolic activity although the FDG-avidity of the different 
IgG4-related lesions varies widely. It is important to emphasize that differences 
between idiopathic, IgG4-unrelated aortitis and periaortitis, and IgG4-related forms 
may be slight, leading to the concept that they might be part of the same disease 
process.

16.3  Treatment

The exclusion of neoplastic, infectious, and other proliferative (e.g., ECD) causes of 
aortic disease has obvious therapeutic implications since most of the idiopathic 
forms of aortitis and periaortitis are treated with glucocorticoids (GCs) and immu-
nosuppressive therapies. It is also important to carefully differentiate aortitis/peri-
aortitis occurring in the setting of either LVV, systemic connective tissue or 
small-vessel vasculitic syndromes, or fibro-inflammatory disorders including 
IgG4-RD.

Idiopathic aortitis and periaortitis, either isolated or in the context of IgG4-RD, 
are glucocorticoid-sensitive conditions and therefore GCs alone are considered 
first-line treatment. In relapsing or difficult-to-treat cases, rituximab has recently 
proved effective [47, 48]. Moreover, tocilizumab (an anti-interleukin-6 receptor 
antibody) has been already approved in the management of GCA and could be 
effective also in isolated aortitis [49].

In addition, it must be kept in mind that aortitis and periaortitis may lead to aneu-
rysmal dilatation of both the abdominal and thoracic aorta; this requires evaluation 
by vascular surgeons because prompt treatment using endovascular or surgical tech-
niques may prevent life-threatening complications.

The outcome of isolated forms is poorly known because they are certainly under-
diagnosed since only cases in which complications occur may come to our atten-
tion. Moreover, not all the surgical specimens undergo pathologic examination, 
making the real frequency of these diseases difficult to assess.

16.4  Conclusions

Isolated aortitis and periaortitis are inflammatory diseases of varying etiology, and 
recognition of the underlying conditions is crucial for an appropriate management. 
Imaging studies such as CT, MRI, and 18F-FDG-PET are widely used for their diag-
nosis and follow-up. Diagnostic biopsies are required in only a fraction of cases. 
Treatment significantly differs depending on their cause, and in isolated cases or in 
patients suffering from systemic immune-mediated conditions it is usually based on 
different combinations of glucocorticoids and immunosuppressive drugs. Surgical 
evaluation is also needed for cases presenting with significant aneurysmal dilatation 
or with less common complications such as dissection and rupture.
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Abstract

Gastrointestinal single-organ vasculitis is a vasculitis restricted to one organ in 
the gastrointestinal system and without systemic manifestations. These diseases 
are rare and true incidence and prevalence are difficult to determine. Most 
patients will have predominantly gastrointestinal symptoms although some will 
be asymptomatic, and in these cases the diagnosis is incidental. The diagnosis 
typically relies on pathology and/or imaging studies. Systemic vasculitis must be 
excluded in all cases. Cases of limited single-organ vasculitis can sometimes be 
managed with surgery alone whereas cases of diffuse disease often require 
immunosuppressive therapy. The disease has been associated with significant 
morbidity and mortality, particularly in the first year after diagnosis. All cases 
should be monitored closely for the possible evolution to systemic vasculitis.
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17.1  Introduction

The vasculitides are a group of diseases characterized by inflammation of blood 
vessels. They may affect all types and sizes of vessels. While vascular inflamma-
tion is commonly part of a systemic disease process, it has also sometimes been 
found to be more restricted and on rare occasions has even been limited to a single 
organ. These forms of vasculitis were first formally named in the 2012 Chapel Hill 
Consensus Conference (CHCC) Guidelines as Single-Organ Vasculitis (SOV). In 
these guidelines, SOV was defined as a “vasculitis in arteries or veins of any size 
in a single organ that has no features that indicate that it is a limited expression of a 
systemic vasculitis [1].”

Single-organ vasculitis can be diffuse (multifocal) or limited (unifocal). In dif-
fuse SOV, the lesions of vasculitis, while still affecting only one organ by definition, 
are spatially multifocal. As a consequence of being non-contiguous, these diseases 
can have manifestations that are remote from one another [2]. Examples of diffuse 
SOV have been reported in the skin, central nervous system, kidneys, peripheral 
nerves, calf muscles, coronary and pulmonary vessels, and the retina [3]. In con-
trast, the lesions of limited SOV are more circumscribed, having a spatial focus 
within a single organ. Limited SOV has been reported to occur in the breasts, aorta, 
genitourinary structures, and gastrointestinal (GI) structures [2].

When vasculitis affects the GI system, it can be due to systemic vasculitis (GI- 
SV) or to SOV of the GI tract (GI-SOV). This chapter focuses on the latter: 
GI-SOV. Gastrointestinal organs which have been reported to be affected by SOV 
are: the esophagus, the stomach, the omentum, the small intestine, the colon, the 
pancreas, the gallbladder, and the appendix [4, 5].

Of note, when reviewing the reports on GI-SOV it is critical to remember that our 
understanding—and nomenclature—of the disease has changed over time. As dis-
cussed, the term SOV was first formally added to the nomenclature for the vasculi-
tides in the 2012 CHCC Guidelines. As one moves further back in time from these 
guidelines, it becomes increasingly important to review the published literature on 
GI-SOV with a mind to their definitions and descriptions of disease. For instance, 
one landmark case series on localized GI vasculitis excluded patients with systemic 
vasculitis at onset; however, it also noted that several patients later developed sys-
temic disease during follow-up [6]. Furthermore, this series included patients with 
positive serum autoantibodies and with systemic diseases such as rheumatoid arthri-
tis and systemic lupus erythematosus. Therefore, in several reported case series of 
GI-SOV, one cannot entirely exclude that select patients had GI involvement by 
systemic vasculitis or other systemic rheumatic disease.

17.2  Epidemiology

The rarity and heterogeneity of the vasculitides renders epidemiologic study diffi-
cult. This challenge only grows when looking at increasingly specific subtypes of 
vasculitis. In patients with systemic vasculitis, it has been estimated that approxi-
mately 20% have gastrointestinal system involvement [7]. Among these patients, 
far fewer have only gastrointestinal manifestations and true GI-SOV. At this time, 
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the current body of literature on GI-SOV is limited primarily to case reports and 
small case series with no population-based epidemiologic studies ever performed. 
Consequently, the precise incidence and prevalence of GI-SOV is not known [4].

Studies have reported the frequency with which GI vasculitis was identified on 
pathology specimens. In some of these cases, the vasculitis was a limited expression 
of a systemic vasculitis such as polyarteritis nodosa or was likely secondary to an 
underlying disease such as systemic lupus erythematosus which was present or later 
found. Consequently, this would support that the frequency of disease might be even 
lower than was reported in these studies. Alternatively, one could argue that GI-SOV 
is under-reported. In many cases, the patients were minimally symptomatic or even 
asymptomatic and SOV was identified coincidentally. This suggests that there are 
subclinical cases which go unrecognized and that typically only the most severe 
cases are identified.

One study found 12 cases of necrotizing arteritis of the appendix from 4283 total 
histologically examined appendix samples [8]. Three of these cases were found to 
have systemic PAN thus 9 of the 4283 (0.21%) were potentially appendiceal SOV. This 
study included surgical (3686) and autopsy (597) specimens. They noted however that 
the appendix was not always examined microscopically during autopsy and that the 
597 appendixes represented only about 8% of the total autopsies performed. In 1951, 
Dr. Plaut identified focal arteritis in 88 out of 6576 appendixes (1.34%) [9].

SOV of the gallbladder (GB-SOV) appears less common and was found in only 
five cases during a 10-year period at a community hospital performing approxi-
mately 12,000 cholecystectomies annually [10]. In another study of 2080 gallblad-
ders obtained from cholecystectomy for treatment of cholecystitis or cholelithiasis 
over a period of 22 years, six cases of vasculitis were found (0.29%) [5]. Four of the 
six cases were GB-SOV and the remaining two were part of a systemic vasculitis 
(GB-SV). A third study found two cases of GB-SOV among over 4000 cholecystec-
tomy specimens obtained over 10 years [11].

In a series of 248 tissue samples taken from the stomach during vertical sleeve 
gastrectomy, one was found incidentally to have necrotizing vasculitis (0.4%) and 
evaluation for systemic vasculitis was negative [12]. Vasculitis of the pancreas is 
exceedingly rare [13]. Review of data from one hospital identified 344 patients 
being managed between 1980 and 2001 with a systemic necrotizing vasculitis. 
While one of these patients had vasculitis of the pancreas, it was a case of hepatitis 
B-associated PAN and not pancreas SOV. SOV of the intestine has been reported to 
be the most common form of the GI-SOV, and the small intestine is thought to be 
more frequently involved than the large intestine [14].

Some studies have suggested that GI-SOV might have a slight predilection for 
female patients. In 1951, Dr. Plaut identified focal arteritis in 15 of 1930 (0.78%) 
specimens from males and 73 of 4646 (1.57%) specimens from females [9]. A case 
series noted that 67% of the patients with GI-SOV were female [15]. A follow-up 
study comparing GI-SV and GI-SOV at the same institution found that 40% of the 
patients with GI-SV were female versus 58% of the patients with GI-SOV. This was 
a statistically significant difference [16]. Another study looking specifically at gall-
bladder vasculitis found no difference in gender distribution between patients with 
systemic vasculitis affecting the gallbladder (GB-SV) and gallbladder single-organ 
vasculitis (GB-SOV) [5].
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17.3  Clinical Manifestations

Symptoms of GI-SOV are nonspecific and, although sometimes absent entirely, are 
predominantly gastrointestinal in nature. Patients may complain of abdominal pain 
and abdominal angina, nausea, vomiting, loss of appetite, weight loss, constipation, 
and gastrointestinal bleeding [6, 15]. These symptoms are also present in many 
other conditions which are much more common and can lead to initial diagnoses of 
GI bleed, bowel obstruction, bowel infarction, bowel perforation, mesenteric isch-
emia, toxic megacolon, cholecystitis, appendicitis, pancreatitis, and esophagitis [6, 
15, 17]. It is often only later in the clinical course when additional radiographic or 
histologic data becomes available that SOV is considered as the underlying etiology.

Ischemic abdominal pain has been reported to be the most common manifesta-
tion and present in 89% of patients in one case series [16]. A review suggests that 
two-thirds of patients present with acute abdomen [18]. The absence of abdominal 
pain has been suggested to nearly rule-out GI vasculitis in general; however, this is 
likely less true in GI-SOV since many cases are identified incidentally [13]. Systemic 
and non-GI manifestations may occur in GI-SOV and include fever, fatigue, myal-
gias, and hypertension [5, 16]. As a consequence of the reliance on pathological 
examination of tissue to diagnose most cases of SOV, the reported symptoms of 
disease might be skewed by only representing those cases severe enough to lead to 
a surgical intervention [18]. For instance, one study showed that 32% of patients 
diagnosed with GI-SOV had GI manifestations requiring surgery as compared with 
13% of patients with PAN [16].

The presentations by organ affected have been reported as follows. SOV of the 
appendix can be identified either incidentally or after appendectomy for acute abdo-
men [6, 8, 9, 19]. Patients with GB-SOV can commonly have abdominal pain, cho-
lecystitis, or be asymptomatic, and more rare presentations include jaundice, liver 
dysfunction, pancreatitis, and even pleural effusions [6, 10, 11, 19–24]. SOV of the 
stomach can be found incidentally or in patients with abdominal pain [6, 12, 25]. 
Pancreas SOV can be diagnosed during investigation of pancreatitis (acute or 
chronic), epigastric pain, and pancreatic masses [6, 22, 24, 26]. SOV of the intes-
tines can present with acute abdomen, lower GI hemorrhage, small bowel obstruc-
tion, post-prandial diarrhea, nausea, vomiting, toxic megacolon, an abdominal 
mass, or be found incidentally [6, 17, 19, 27–31]. SOV of the omentum has been 
reported to cause severe abdominal pain and fever [6]. A patient with SOV of the 
esophagus presented with achalasia [6]. Common presentations have been summa-
rized Table 17.1.

17.4  Diagnosis

GI-SOV is generally diagnosed by histopathology or radiographic studies as spe-
cific serum biomarkers are not available for this condition. When SOV is suspected, 
it must be approached as a diagnosis of exclusion: all such cases require that a 
thorough workup for systemic vasculitis be undertaken. Imaging of vessels and 
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pathology from affected organs can confirm vasculitis in one area; however, they 
cannot exclude it elsewhere. A review of symptoms, comprehensive physical exam-
ination, laboratory studies, and imaging must be used to assess for more widespread 
disease.

Several laboratory studies can be performed to aid in the investigation. Their util-
ity is usually greatest in ruling out SOV by identifying systemic or coexisting dis-
eases which might account for a case of vasculitis. Anti-neutrophil cytoplasmic 
antibodies (ANCA) should be performed and if positive suggest possible ANCA- 
vasculitis. Hepatitis B, hepatitis C, and human immunodeficiency virus serologies 
should be performed to assess for viral causes. One can interrogate for secondary 
vasculitis as might be seen in cases of rheumatoid arthritis (RA) or systemic lupus 
erythematosus (SLE). Rheumatoid factor, cyclic-citrullinated peptide antibodies, 
anti-nuclear antibodies, complement levels, antiphospholipid antibodies, and cryo-
globulins can all be tested, depending on the clinical presentation, and are typically 
negative [15, 16]. Indeed, if these markers are positive in a case of suspected SOV, 
it would suggest that an underlying systemic vasculitis or connective tissue disease 
is more likely [6, 13].

Inflammatory markers have not been found to be reliably abnormal in GI-SOV. A 
study of 19 patients with GI vasculitis found a median C-reactive protein level of 
23.2 mg/L with an interquartile range of 7.5–83 mg/L [16]. One case series found 
that a statistically significant difference in erythrocyte sedimentation rates between 
GB-SV and GB-SOV (80 ± 28 vs 37 ± 25 mm/h respectively; p = 0.006) [5]. In one 
case series, the ESR was elevated (>30 mm/h) in 50% of patients [15]. The median 
value was 30.5 with a range of 4–77 mm/h.

Table 17.1 Common presenting features and treatment for GI-SOV organized by organ affected

Presenting features Treatment
GI-SOV 
generally

Abdominal pain
Acute abdomen
Nausea/vomiting
Weight loss

Focal: surgical excision
Diffuse: immunosuppression ± surgical excision

Esophagus Achalasia Surgical excision
Stomach Abdominal pain Surgical excision
Small intestine Acute abdomen

GI bleeding
Small bowel obstruction

Immunosuppression ± surgical excision

Large intestine Acute abdomen
GI bleeding

Immunosuppression ± surgical excision

Pancreas Chronic pancreatitis Surgical excision
Gallbladder Acalculous cholecystitis

Asymptomatic
Surgical excision

Appendix Acute abdomen
Asymptomatic

Surgical excision

Omentum Abdominal pain
Fever

Surgical excision
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Advanced imaging studies such as abdominal angiography may reveal typical 
features of vasculitis. Catheter-directed mesenteric angiography is able to detect 
luminal changes such as stenosis, occlusion, or dilatation/aneurysm while CT and 
MR angiography have the additional benefit of demonstrating vessel wall edema 
and enhancement (Fig. 17.1). In one case series of 18 patients with GI-SOV, 15 of 
the patients underwent abdominal angiography [15]. Changes of vasculitis were 
seen in 14 of these 15 patients. The lesions noted were arterial stenosis (86.7%), 
dilatation (53.3%), aneurysm (33.3%), obstruction (26.7%), and wall thickening 
(13.3%) which is suggestive of vascular inflammation [15]. Vascular involvement 
was noted in the superior mesenteric artery (73.3%), celiac artery (60%), hepatic 
artery (53.3%), inferior mesenteric artery (46.7%), splenic artery (40%), and gastric 
artery (6.7%). There is currently limited data regarding the utility of positron- 
emission tomography to guide management of patients with GI-SOV. It may how-
ever help to pick up the presence of an inflammatory process in the GI tract 
(Fig. 17.2).

SOV of the pancreas can be found after imaging reveals a pancreatic mass and 
leads to additional workup [6, 26]. Computed tomography and ultrasound of 
GB-SOV often reveals inflammatory changes suggestive of cholecystitis [21, 22]. 
SOV of the pancreas may sometimes produce a mass lesion visible on imaging stud-
ies and which can resemble a neoplasm [7, 26]. In SOV of the colon imaging studies 
can mimic findings seen in inflammatory bowel disease. In one case, X-rays of the 
abdomen showed tapering of the descending colon; a CT of the abdomen showed 
bowel wall thickening in the left colon and rectum; and an MRI showed inflamma-
tory-appearing changes in the rectum and colon [30]. Marked dilation of the colon 
has also been reported in a case of toxic megacolon from colon SOV [17]. In one 
case of SOV of the cecum, a barium enema revealed an apple-core lesion of the 
cecum concerning for carcinoma of the colon [27].

Fig. 17.1 CT Angiogram 
of the abdomen and pelvis 
demonstrating wall edema, 
thickening, and irregularity 
(white arrow) in the 
proximal superior 
mesenteric artery 
consistent with vasculitis
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Histologic examination generally shows non-granulomatous necrotizing arteritis 
involving medium-sized vessels and cannot be differentiated from systemic PAN 
[16]. One study comparing histology from SOV and systemic vasculitis cases noted 
that the pathologic processes were similar but more severe in the systemic cases 
[24]. A limitation in applying this study to GI-SOV is that only two of the seven 
cases of SOV were GI-SOV and the others were in non-GI organs. Examples of 
histology from GB-SOV and pancreas SOV are presented in Fig. 17.3.

A study of appendiceal SOV showed necrotizing arteritis in the submucosa, mus-
cularis propria, and serosa with a perivascular inflammatory cell infiltrate [8]. In 
cases of GB-SOV, histology frequently revealed arteritis with fibrinoid necrosis of 
medium-sized arteries and inflammatory cell infiltration [10, 21, 22]. In a study of 

Fig. 17.2 PET CT of the Skull to Thigh demonstrating areas of moderate fluorodeoxyglucose 
(FDG) activity in the colon of a patient with a suspected malignancy. Resection of the colon 
revealed a marked lymphohistiocytic inflammatory infiltrate predominantly involving the subse-
rosa and mesentery with associated fibrosis and small-vessel vasculitis (arteritis and phlebitis). No 
evidence of malignancy was found
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61 patients with gallbladder vasculitis, all 19 who had GB-SOV had involvement of 
medium-sized vessels. Of those 17 had non-granulomatous vasculitis and 3 had 
granulomatous vasculitis [5]. Pathology from a case report of pancreas SOV showed 
necrotizing arteritis in the pancreaticoduodenal artery and its penetrating branch 
[22]. Case reports of isolated leukocytoclastic vasculitis of the colon without sys-
temic disease have been reported [28, 30]. Giant cells have rarely been found in 
pathology from GI vasculitis affecting the bowel and gallbladder [14]. While some 
of these reported cases represent GI-SOV, others occurred in the context of systemic 
vasculitis with documented temporal arteritis.

In one case report, a patient presented with abdominal pain and was found to 
have isolated vasculitis of the stomach [25]. Upper endoscopy revealed giant gastric 
folds with an antral ulcer and at laparotomy, the stomach had the appearance of a 
scirrhous gastric carcinoma leading to resection of most of the organ. Histology 
showed dense infiltrates of lymphocytes, plasma cells, and granulocytes in the large 

Fig. 17.3 Arteritis in the gallbladder and pancreas. (Left panel) Photomicrograph of the gallblad-
der showing inflamed mucosa toward the top with transmural inflammation involving a submuco-
sal muscular artery. The artery shows focal fibrinoid necrosis (lower right) as well as diffuse 
intimal fibroplasia [hematoxylin and eosin (H&E), ×50]. (Right panel) Photomicrograph of the 
pancreas, removed as a Whipple specimen. Two muscular arteries are shown with segmental (mid-
dle) and complete (lower) necrotizing arteritis with fibrinoid degeneration of the arterial wall. 
Dense perivascular lymphoplasmacytic inflammation is seen. The pancreatic parenchyma toward 
the top is relatively well preserved (H&E, ×100). Salvarani, C., MD, Rheumatology, July 2010, 
Volume 47, Issue 7, 1326–1335 by permission of Oxford University Press
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and small blood vessels with occasional fibrinoid necrosis, consistent with severe 
obliterative vasculitis of the stomach. At 22  months of follow-up, the patient 
remained well with no new symptoms or evidence for recurrence.

Because systemic vasculitis may initially have a limited presentation in a single 
organ, it has been suggested that all diagnoses of SOV be considered preliminary 
until disease in other organs has not been identified over at least 6 months of follow-
 up [3]. Even after careful monitoring during this period and the diagnosis of GI-SOV, 
subsequent monitoring has shown the development of systemic disease in up to 
25% of patients within 5 years [18]. This has led to the suggestion that patients have 
close monitoring for a period of at least 5 years after diagnosis.

17.5  Differential Diagnosis

Systemic causes of GI vasculitis should be considered. While systemic symptoms 
are reported in studies of GI-SOV, they do appear to be statistically less common 
than in cases of GI-SV [5, 16]. Similarly having only GI symptoms cannot rule-out 
a systemic vasculitis. This is illustrated by a study showing that 13.5% of patients 
ultimately diagnosed with GB-SV initially had only GI symptoms [5]. While the 
absence or presence of systemic symptoms might help to distinguish systemic from 
single-organ disease, they are insufficient by themselves to make the distinction [5].

It is estimated that less than 10% of vascular disease of the GI tract is caused by 
vasculitis [32]. While ischemic abdominal pain is a frequent presentation of GI-SOV, 
mesenteric ischemia itself is usually caused by atherosclerosis [18]. Potential causes 
of GI-SV include IgA vasculitis, polyarteritis nodosa, Behcet’s disease, eosino-
philia with granulomatous polyangiitis, granulomatous polyangiitis, microscopic 
polyangiitis, systemic lupus erythematosus, systemic sclerosis, and mixed/undif-
ferentiated connective tissue disease, as well as drug-induced vasculitis. Polyarteritis 
nodosa involves the GI system in roughly 25% of cases [6]. GI manifestations are 
part of the classic tetrad of IgA vasculitis; however, they are less common in patients 
of older ages who develop the disease [6].

Gallbladder vasculitis and appendix vasculitis may be manifestations of systemic 
vasculitis such as polyarteritis nodosa or ANCA-associated vasculitis [15]. Other 
systemic vasculitides causing gallbladder vasculitis include HBV-associated vascu-
litis, cryoglobulinemic vasculitis, IgA vasculitis, giant cell arteritis, and autoim-
mune disease such as rheumatoid arthritis, systemic lupus erythematosus, and 
systemic sclerosis [5, 33]. Cases of pancreas SOV have had features initially con-
cerning for neoplasm; however, on histologic examination necrotizing arteritis has 
been found rather than neoplasm [7, 22, 26]. Similarly SOV of the stomach can 
resemble neoplasm [25]. Stomach SOV may also be a rare cause of gastric ulcer-
ation [6]. SOV of the colon can resemble other forms of colitis such as inflammatory 
bowel disease or infectious colitis [17, 30].

The changes in abdominal vasculature identified on imaging in cases of GI-SOV 
are not unique to the vasculitides. Fibromuscular dysplasia (FMD) and segmental 
arterial mediolysis (SAM) are two mimics of note. FMD is defined as an idiopathic, 
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non-atherosclerotic, and non-inflammatory disease with abnormal cellular growth 
affecting the musculature of arterial walls [34, 35]. It primarily affects women 
(approximately 90% of cases) and usually involves more than one vascular territory 
[36]. Like vasculitis, it produces stenosis, aneurysm, and dissection of vessel walls; 
however, unlike vasculitis it does not cause wall thickening, edema, or uptake of 
contrast [36]. SAM is another disease commonly misdiagnosed as a vasculitis based 
on symptoms and imaging findings and was in fact previously labeled as a vasculitis 
[37]. SAM is a non-atherosclerotic, non-inflammatory arteriopathy primarily affect-
ing medium-sized arteries in the abdomen [38]. Vacuolization in the outer portion of 
blood vessel media leads to dissecting aneurysms characterized by luminal stenosis 
and vessel dilatation [36]. Other imaging findings include aneurysms, stenosis, and 
occlusions [39, 40]. Differentiation from vasculitis is challenging but important as 
treatment differs based on the diagnosis: immunosuppression provides no benefit in 
the disease and might even worsen prognosis [40]. Arterial biopsy is often required 
for diagnosis and should lack inflammation [40].

Other potential conditions that mimic GI-SOV may include Ehlers–Danlos type 
IV, antiphospholipid antibody syndrome, thromboembolism, and IgG4-related dis-
ease [36].

17.6  Management

Many patients with GI-SOV have been reported to achieve cure through surgery 
only [5]. This is not possible in every case however as some cases of GI-SOV have 
ultimately required systemic immunosuppression for management. In general, lim-
ited (focal) SOV tends to be amenable to surgical intervention alone whereas diffuse 
(multifocal) SOV often requires systemic therapy [3].

In one case series of 18 patients with GI-SOV, 10 patients were treated medically 
[15]. All medically managed patients received prednisone and some also received 
additional immunosuppressive therapy such as cyclophosphamide, azathioprine, or 
methotrexate. Appendix SOV often resolves with appendectomy with no further 
symptoms or complications [8]. GB-SOV is usually cured with cholecystectomy 
alone although some patients have been treated with glucocorticoids [5, 21]. Cure 
of SOV of the pancreas has been reported with surgical excision [6, 22].

Small and large bowel vasculitides in particular often require immune suppres-
sion for management [3, 13, 15, 29]. A case of SOV of the colon reported disease 
control with IV steroids, a single bolus of IV cyclophosphamide, and then mainte-
nance with azathioprine and a tapering dose of oral prednisone [30]. Another case 
was able to achieve control surgically via left colectomy with right colon end colos-
tomy and rectal Hartman’s pouch [17]. This patient was well 3 months later and the 
colostomy was reversed. In 1999, Raza reported two cases of SOV of the colon 
treated initially with surgical excision alone [29]. While the first case remained in 
remission after 30 months of follow-up the second case had a relapse after roughly 
18  months. Treatment in a different case involved methylprednisolone with a 
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transition to maintenance prednisone [28]. Common treatment strategies organized 
by affected organ are listed in Table 17.1.

Although rare, progression to systemic vasculitis may occur. As a consequence, 
proper management includes long-term medical follow-up. The patient should be 
educated on the disease, the possibility of later generalization, and instructed to 
remain vigilant for and report any new symptoms of concern. A study of localized 
vasculitis of the GI tract showed that 6 of 23 patients with localized polyarteritis and 
4 of 5 patients with localized eosinophilic granulomatosis with polyangiitis devel-
oped systemic disease in follow-up [6]. In the same study, none of the five patients 
with small-vessel vasculitis had progression to systemic disease during follow-up.

17.7  Prognosis

The prognosis of patients with GI-SOV is highly variable and depends on the spe-
cific organ manifestations. Patients with localized disease frequently achieve sur-
gical cure and have an excellent prognosis [5, 8]. That being said considerable 
damage is still possible from GI-SOV despite the fact that the disease process is 
limited to a single organ. A study of medium-sized vessel vasculitis showed simi-
lar Vasculitis Damage Indices (VDI)—a tool used to quantify vasculitis-induced 
damage—between patients with systemic polyarteritis nodosa and GI-SOV [16]. 
Furthermore, patients may have significant morbidity and mortality as illustrated in 
one study in which the survival of patients with GI-SOV was significantly reduced 
compared to an age-matched US White population [15]. In these patients, mortality 
was reported at 40% in the first year following diagnosis. Notably however in the 
years that followed no additional deaths or relapses were noted [15, 16]. This sug-
gests the possibility that any possible additional mortality might be clustered around 
the time of initial diagnosis and treatment.
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Abstract

Cutaneous vasculitis (CV) includes a wide spectrum of entities characterized 
by predominant skin manifestations and a variable grade of systemic involve-
ment. CV exhibits a variety of cutaneous lesions depending on the size of the 
involved vessels, with the most common being palpable purpura. CV can be 
found as part of the clinical spectrum of primary systemic vasculitis, autoim-
mune diseases, or less commonly as presenting manifestation of mimicking 
conditions such as infections and neoplastic diseases. In this regard, an ade-
quate clinical approach is required to establish optimal management of this 
condition. CV limited to the skin usually respond to bed-rest and low-dose 
glucocorticosteroid therapy. However, when systemic involvement exists, 
immunosuppressive drugs such as azathioprine, intravenous cyclophospha-
mide, or rituximab may be considered.
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Abbreviations

AAV ANCA-associated vasculitis
ACR American College of Rheumatology
ANCA Anti-neutrophil cytoplasmic antibody
CHCC Chapel Hill Consensus Conference
CV Cutaneous vasculitis
EGPA Eosinophilic granulomatosis with polyangiitis
EULAR European League Against Rheumatism
GPA Granulomatosis with polyangiitis
HBV Hepatitis B virus
HCV Hepatitis C virus
HV Hypersensitivity vasculitis
IgAV IgA vasculitis
MPA Microscopic polyangiitis
PAN Polyarteritis nodosa
PRES Paediatric Rheumatology European Society
PRINTO Paediatric Rheumatology International Trials Organization
PSS Primary Sjögren syndrome
RA Rheumatoid arthritis
SLE Systemic lupus erythematosus

18.1  Introduction

The term cutaneous vasculitis (CV) encloses a heterogeneous group of vasculitic 
syndromes characterized by predominant cutaneous involvement [1]. In the absence 
of an underlying disease, we refer to them as primary or idiopathic systemic vascu-
litides. However, they are usually related to other conditions such as infections, 
drug-exposure, malignancies, or connective tissue diseases. CV exhibit a wide spec-
trum of manifestations depending on the localization and size of the involved ves-
sels, and often have overlapping clinical and pathologic manifestations representing 
a challenge for the clinician [2]. In the same way, CV may be a process limited to 
the skin or be a manifestation of a more widespread entity associated with a variable 
grade of visceral involvement.

18.2  Nomenclature and Classification 
of Cutaneous Vasculitis

Nowadays, the classification of some CV remains to be controversial. The 2012 
Revised Chapel Hill Consensus (2012 CHCC) classified vasculitis according to the 
size of the affected vessels [3]. However, no special reference to the classification of 
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cutaneous vasculitis was made. In this regard, a consensus group was recently 
formed to propose an addendum to the 2012 CHCC in order to provide a standard-
ization of names and definitions for CV. They established three forms of CV: (1) a 
cutaneous component of systemic vasculitis; (2) a skin-limited or skin-dominant 
expression or variant of systemic vasculitis; (3) a single-organ vasculitis (SOV) of 
the skin that differs from recognized systemic vasculitides with regard to clinical, 
laboratory, and pathologic features. In this latter group, they included the following 
entities: cutaneous IgM/IgG immune complex vasculitis, nodular cutaneous vascu-
litis (erythema induratum of Bazin), erythema elevatum et diutinum, recurrent mac-
ular vasculitis in hypergammaglobulinemia and normocomplementemic urticarial 
vasculitis [4].

18.3  Clinical Spectrum of Cutaneous Vasculitis

Cutaneous manifestations will depend on the size of the affected vessel. Small-
sized blood vessels include capillaries, postcapillary venules, and nonmuscular 
arterioles (diameter <50 μm) mainly located within the superficial papillary der-
mis. Cutaneous involvement of small-sized vessels usually manifests as a macu-
lopapular rash followed by palpable purpura, resulting from extravasation of 
erythrocytes through damaged blood vessel walls into the dermis. These lesions 
do not blanch when pressure is applied upon the skin, which distinguishes it from 
simple purpura. Other skin lesions such as nonpalpable macules and patches, urti-
caria, bullous lesions, vesicles, pustules, splinter hemorrhages, and ulcerations 
may also be observed. In fact, a combination of different lesions is common [5, 6]. 
In contrast, medium-sized blood vessels (diameter between 50 and 150 μm) have 
muscular walls and are particularly found in the deep reticular dermis, near the 
junction of the dermis and subcutaneous tissues. Its affection is characterized by 
the presence of subcutaneous nodules, ulcers, livedo reticularis, digital infarc-
tions, and papulonecrotic lesions (Fig. 18.1). Larger vessels are not found within 
the skin.

Clinicians should keep in mind that palpable purpura is the most common type 
of cutaneous lesion seen in patients with CV being observed in up to 70% of cases, 
mainly located in the lower extremities due to the increased hydrostatic pressure 
[7–11]. Nodules, ulcers, and nonpalpable purpura are probably the next more com-
mon lesions observed. However, it is important to take into account that different 
conditions such as pigmented purpuric eruptions, severe thrombocytopenic pur-
pura or scurvy, may mimic CV [12, 13]. For this reason, a skin biopsy is recom-
mended to confirm the presence of vasculitis and distinguish it from other 
conditions.

Table 18.1 summarizes the clinical manifestations and histological findings of 
the main entities that can present with cutaneous vasculitis.
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Fig. 18.1 (a) Palpable purpuric papules. (b) Ulcerative periungual digital lesions (c) livedo race-
mosa. (d) Periungual digital nodular lesions

Table 18.1 Clinical manifestations and histological findings of the main entities which can pres-
ent with cutaneous vasculitis

Main entities which can 
present with cutaneous 
vasculitis

Systemic 
involvement

Main cutaneous 
manifestations Histological findings

Medium-vessel vasculitis
Polyarteritis nodosa Yes Palpable purpura, 

nodules with ulcers
Fibrinoid necrosis with 
infiltration of arterioles in 
deep dermis and subcutis

Cutaneous polyarteritis 
nodosaa

Exceptional Livedo, macules, 
nodules

Vasculitis of small arteries 
and arterioles in the 
panniculus and 
dermosubcutaneous 
junction

Small-vessel vasculitis
Microscopic polyangiitis Yes Palpable purpura, 

nodules, urticaria
Leukocytoclastic vasculitis
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Table 18.1 (continued)

Main entities which can 
present with cutaneous 
vasculitis

Systemic 
involvement

Main cutaneous 
manifestations Histological findings

Granulomatosis with 
polyangiitis

Yes Palpable purpura, 
nodules, urticaria

Leukocytoclastic vasculitis 
with extravascular 
granulomas

Eosinophilic granulomatosis 
with polyangiitis

Yes Palpable purpura, 
nodules, urticaria

Leukocytoclastic vasculitis 
+ eosinophilic infiltrates 
with extravascular 
granulomas

IgA vasculitis Yes Palpable purpura in 
buttocks and lower 
extremities

Leukocytoclastic vasculitis 
with IgA1- dominant 
deposits

Cryoglobulinemic vasculitis Yes Small petechial 
palpable lesions in 
lower extremities

Leukocytoclastic vasculitis 
with vascular deposits of 
immunoglobulins

Hypocomplementemic 
urticarial vasculitis

Yes Urticarial lesions 
lasting >48 h

Leukocytoclastic vasculitis 
with vascular deposits of 
immunoglobulins

Vasculitis associated with systemic disease
Rheumatoid arthritis Yes Rheumatoid nodules, 

rheumatoid 
vasculitis, skin ulcers 
in unusual locations

Leukocytoclastic vasculitis
Necrobiotic granulomas 
(rheumatoid nodules)

Systemic lupus 
erythematosus

Yes Punctate lesions in 
fingertips, palpable 
purpura, papules/
nodules, urticarial 
lesions

Leukocytoclastic vasculitis

Primary Sjögren syndrome Yes Palpable purpura, 
urticarial lesions

Leukocytoclastic vasculitis

Cutaneous SOV (according to the addendum 2012 CHCC)
IgM/IgG vasculitis No Palpable purpura Leukocytoclastic vasculitis 

with IgM/IgG dominant 
deposits

Erythema elevatum et 
diutinum

No Nonpurpuric 
edematous 
erythematous papules 
on the extensor 
surface of extremities

Leukocytoclastic vasculitis, 
vessel occlusion, and 
fibrosis

Nodular vasculitis No Nodules in 
extremities

Leukocytoclastic vasculitis 
of small vessels with 
lobular panniculitis

Hypergammaglobulinemic 
macular vasculitis

No Relapsing lived 
hemorrhagic macules 
on legs

Leukocytoclastic vasculitis 
with perivascular deposits 
of immunoglobulins

Normocomplementemic 
urticarial vasculitis

No Urticarial lesions 
lasting >48 h

Leukocytoclastic vasculitis 
with vascular deposits of 
immunoglobulins

aConsidered by some authors as a different entity from systemic polyarteritis nodosa
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18.4  Cutaneous Vasculitic Manifestations in Systemic 
Vasculitides with Predominant Organ Involvement 
Different from the Skin

Large vessel vasculitis rarely present with CV because of the absence of large ves-
sels in the skin. In contrast, cutaneous affection is relatively common in vasculitides 
that involve medium and small vessels including polyarteritis nodosa (PAN), granu-
lomatosis with polyangiitis (GPA), eosinophilic granulomatosis with polyangiitis 
(EGPA), and microscopic polyangiitis (MPA). CV are frequently found in immune 
complex small-vessel vasculitis, such as IgA vasculitis, cryoglobulinemic vasculi-
tis, and hypocomplementemic urticarial vasculitis.

18.4.1  Polyarteritis Nodosa

Fiorentino et al. [14] described CV in 49.7% of patients being more frequent in non- 
HBV- related PAN (57.8% versus 35%). Purpura was the most common lesion 
regardless HBV infection association (17.9% and 24.4%, respectively), followed by 
nodules (23.6%) and livedo (20%) in non-HBV-associated PAN. Interestingly, the 
presence of cutaneous manifestations at diagnosis, especially nodules, was associ-
ated with a higher risk of relapse. Another entity to concern about is cutaneous PAN 
(also named cutaneous arteritis) characterized by the affection of small arteries and 
arterioles in the panniculus and derma-subcutaneous junction [15]. Livedo, mac-
ules, and subcutaneous nodules with or without ulceration are the most frequently 
observed lesions, usually limited to the extremities [16]. When compared to other 
similar entities, cutaneous PAN differs from nodular vasculitis because it does not 
extend beyond the adventitia of the arterial vessels [17]. According to some authors, 
cutaneous PAN can be considered a different entity from systemic PAN due to a 
more chronic benign nature and its rare evolution into a systemic vasculitis [18, 19].

18.4.2  Anti-neutrophil Cytoplasmic Antibody 
(ANCA)-Associated Vasculitis

Cutaneous manifestations in ANCA-associated vasculitis (AAV) enclose both vas-
culitic and non-vasculitic skin lesions, with a complex clinical and histopathologi-
cal spectrum. Palpable purpura in the lower extremities is the most common 
presentation. Nevertheless, other rarer lesions have also been reported, such as 
livedo racemosa, nodular erythema, or subcutaneous nodules [20]. The most com-
mon histopathologic pattern observed in the cutaneous lesions of patients with MPA 
and GPA is a neutrophilic vasculitis (a leukocytoclastic vasculitis characterized by 
a predominant infiltrate of neutrophils mixed with nuclear dust). In patients with 
EGPA, neutrophilic vasculitis may also be observed but extravascular necrotizing 
granuloma and eosinophilic infiltrates are more common [21–23]. Another 
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characteristic feature is that small-vessel vasculitis involvement and subcutaneous 
arteritis or phlebitis may be observed at the same time [20].

18.4.2.1  MPA
In a retrospective study of 85 patients with MPA classified according to the 1994 
CHCC, Guillevin et al. [21] observed cutaneous involvement in 62.4% of patients. 
Purpura was the commonest manifestation, accounting for 41:2% of cases, followed 
by livedo and nodules (12.9% each), and urticaria (3.5%).

18.4.2.2  GPA
The frequency of CV in patients with GPA varies between less than 15 and 46% 
depending on different series [24, 25], being the presenting manifestations in 
10–21% of cases [26, 27]. Several studies have assessed the correlation between CV 
and the activity and course of the disease. Frances et al. [24] and Barksdale et al. 
[28] found that patients with CV presented an earlier onset of GPA with a more 
rapidly progressive and widespread vasculitis and a higher frequency of kidney and 
joint involvement.

18.4.2.3  EGPA
Bosco et al. observed CV in a range of 40–81% patients with EGPA, being the pre-
senting sign of the disease in 14% of cases. The most common manifestations were 
palpable purpura of the lower extremities (up to 50% patients) and urticarial lesions 
(12–31%) [22]. Other reported lesions were papular/nodular lesions, livedo reticu-
laris, ulcerations, bullous lesions, cutaneous infarcts, Raynaud’s phenomenon, and 
vesicles and sterile pustules.

18.4.3  Immune Complex Small-Vessel Vasculitis

18.4.3.1  IgA Vasculitis (IgAV)
Cutaneous involvement is a mandatory criterion in 2010 EULAR/PRINTO/PRES 
classification criteria for IgAV characterized by a rash of symmetric erythematous 
papules of the buttocks and lower extremities, which progresses to palpable purpura 
[29]. Other skin lesions, generally macular, papular, or more rarely urticarial or 
vesicular, are observed in up to 44% of children [30]. The typical histological pat-
tern is a small-vessel leukocytoclastic vasculitis along with IgA 1-predominant 
immune deposits in the walls of arterioles, capillaries, and venules. IgAV is classi-
cally a childhood disease, generally considered a benign and self-limited entity. 
Conversely, it is a less common condition in adults in whom it may be associated 
with a worse outcome due to an increased frequency of severe renal affection [31, 
32]. Recent studies addressed the role of the genetic factors in the susceptibility and 
severity of IgAV. Lopez-Mejías et al. showed that there is a strong association with 
HLA class II region, which in Europeans is mainly related to HLA-DRB1*01 allele 
[33–35]. Several authors have reported that cutaneous affection could be correlated 
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with the development of renal affection and relapse in IgAV. Shin et al. [36] and 
Rigante et al. [37] found that recurrent purpura lasting more than 1 month was an 
important independent predictive factor for the development of nephritis and relapse 
in children. In keeping with this report, a recent study suggested that the distribution 
of the cutaneous lesions on the extremities could also be a predictor of long-term 
renal involvement in adults with IgAV [38]. Byun et al. [39] observed that relapsing 
disease was also associated with the presence of severe leukocytoclastic vasculitis 
with a significant deposition of IgA but not of IgM on direct immunofluorescence.

A new entity named IgM/IgG immune complex vasculitis has been proposed to 
be considered as a cutaneous SOV. This term is meant for those CV confined to the 
skin, clinically indistinguishable from IgA cutaneous lesions, characterized by IgM/
IgG deposits that do not belong to other defined vasculitis [4].

18.4.3.2  Cryoglobulinemic Vasculitis
Cryoglobulinemic vasculitis is another vasculitis affecting small vessels (predomi-
nantly capillaries, venules, or arterioles) with cryoglobulin immune deposits and the 
presence of cryoglobulins in serum [3]. CV is the most common presenting symp-
tom entailing intermittent episodes of small petechial palpable lesions predomi-
nantly localized in the lower extremities [40, 41]. In a series of 443 patients with 
cryoglobulinemia, Trejo et al. [42] found that patients with a cryocrit >5%, low C4, 
and positive rheumatoid factor had a higher frequency of palpable purpura. CV are 
more commonly found in type II cryoglobulinemia, less frequently in type III and 
rare in type I cryoglobulinemia in which most cutaneous lesions are related to a 
hyperviscosity-related vasculopathy [43].

18.4.3.3  Urticarial Vasculitis
In contrast to common urticaria, cutaneous lesions of urticarial vasculitis persist for 
more than 48 h and resolve with purpura and hyperpigmentation. In most cases, it is 
an idiopathic condition, but it can also occur in the setting of viral infections, serum 
sickness, drug reactions, or as a paraneoplastic syndrome (usually hematologic dis-
orders) [44]. Normocomplementemic patients usually have minimal or no systemic 
involvement and often have better outcome. This is the reason why normocomple-
mentemic urticaria has been proposed by the addendum to 2012 CHCC to be part of 
the group of cutaneous SOV [4]. On the other hand, patients with hypocomplement-
emic urticaria (also named anti-C1q vasculitis) are more likely to develop severe 
multi-systemic manifestations (mainly pulmonary) [44]. It has been associated with 
systemic lupus erythematosus due to some overlapping manifestations and the 
reported presence of C1q autoantibodies in both conditions [45].

18.5  Cutaneous Vasculitis Associated with Autoimmune 
Systemic Diseases

Vasculitis may occur in many autoimmune diseases, usually affecting small-sized 
vessels.
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18.5.1  Rheumatoid Arthritis (RA)

Cutaneous involvement is the most common extra-articular manifestation in RA, 
being rheumatoid nodules the most frequent lesions [46]. Rheumatoid vasculitis has 
been reported in 15–31% patients according to autopsy data. However, it appears to 
be far less common in the clinical setting [47]. Rheumatoid vasculitis typically 
affects middle-aged patients with severe RA with an average of 14 years after the 
onset of the disease [48]. Palpable purpura in the lower extremities is the most com-
mon cutaneous presentation and cannot be distinguished from those occurring in 
other conditions. Other reported cutaneous lesions are skin ulcers characteristically 
found in unusual locations of the lower extremities (mainly in the dorsum of the foot 
or the upper calf), ischemic focal digital lesions, maculopapular erythema, hemor-
rhagic blisters, erythema elevatum diutinum, livedo reticularis, subcutaneous nod-
ules, and atrophie blanche [47, 48].

18.5.2  Systemic Lupus Erythematous (SLE)

Lopez-Longo et al. [49] reported the presence of CV in 68 patients in a series of 670 
patients with SLE. The spectrum of cutaneous manifestations was as follows: ery-
thematous punctate lesions of the fingertips and palms (36%), palpable purpura 
(25%), ischemic/ulcerated lesions (14%), erythematous papules/macules (14%), 
urticarial lesions (11%), and nodular lesions (5%). The vast majority showed a pat-
tern of leukocytoclastic vasculitis in the histology. Fukuda et al. [50] found that SLE 
patients with anti-Ro antibodies seem to have a higher risk of developing CV. Some 
studies have addressed the correlation between vasculitic skin lesions and the onset 
and severity of SLE. Lopez-Longo et al. [51] observed that patients with CV had a 
longer disease duration from SLE onset. In this line, Shinjo et al. [52] showed that 
CV was associated with a higher frequency of Raynaud phenomenon and ribosomal 
P protein antibodies, but not with a higher frequency of kidney or nervous system 
involvement.

18.5.3  Primary Sjögren Syndrome (PSS)

The frequency of CV in PSS varies from 4 to 10% depending on different series [53, 
54]. In a series of 588 patients with PSS reported by Ramos-Casals et al. [54], 14 
presented with cryoglobulinemic vasculitis, 11 with urticarial vasculitis, and 26 
with cutaneous purpura not associated with cryoglobulins. Most patients had small- 
vessel leukocytoclastic vasculitis with a higher prevalence of extraglandular and 
immunologic features. Also, 5% of the biopsied patients had medium-sized vessel 
vasculitis.
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18.6  Cutaneous Single-Organ Vasculitis (SOV)

According to 2012 CHCC, the term SOV encloses skin-limited vasculitis that does 
not share enough clinical, laboratory, and/or pathologic features with a systemic 
vasculitis [3]. Some of the entities proposed by the addendum to 2012 CHCC to be 
included in this group have been already mentioned, such as IgM/IgG vasculitis and 
normocomplementemic urticarial vasculitis. Other proposed conditions are:

18.6.1  Erythema Elevatum et Diutinum (EED)

EED is an uncommon disease characterized by nonpurpuric prominent and persis-
tent edematous erythematous papules and plaques on the extensor surface of the 
extremities (backs of hands, elbows, or knees) that heal over a period of months or 
years with fibrosis [55]. EED can be associated with monoclonal gammopathy, 
infections, and IgG4-related disease [56]. Treatment with dapsone has yielded good 
results [55].

18.6.2  Nodular Vasculitis (Erythema Induratum of Bazin)

It is a lobular panniculitis with vasculitis of vessels in the panniculus, often related 
to tuberculosis (erythema induratum of Bazin). Lobular panniculitis distinguishes 
nodular vasculitis from cutaneous PAN and differs from GPA and EGPA because of 
the primary localization of vasculitis in the panniculus [4].

18.6.3  Hypergammaglobulinemic Macular Vasculitis 
(Hypergammaglobulinemic Purpura of Waldenström)

It is characterized by the presence of relapsing lived hemorrhagic macules on the 
lower extremities associated with elevated erythrocyte rate and the presence of non- 
IgM rheumatoid factor. It is usually found in the setting of a polyclonal hypergam-
maglobulinemia, but it can also be associated to autoimmune diseases, specially 
Sjogren’s syndrome and SLE, but not with systemic vasculitis [57, 58].

18.7  Diagnostic Approach in a Patient Presenting 
with Cutaneous Vasculitis

The first step to be carried out in the study of a patient presenting with palpable 
purpura or other cutaneous lesions suggestive of vasculitis is to perform a skin 
biopsy to obtain specimens for routine microscopy and direct immunofluorescence. 
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Some important considerations about biopsy process should be considered. With 
respect to this, it is recommended to take a punch or excisional biopsy extending to 
subcutis from the most tender, reddish, or purpuric lesion. The optimal time for skin 
biopsy is less than 48 h after the appearance of a vasculitic lesion in an attempt to 
ensure the accuracy of histology and direct immunofluorescence analysis results. 
After 24 h neutrophilic infiltration of wall vessels is progressively replaced by lym-
phocytes and macrophages. As a result, lesions older than 48 h may show a pre-
dominant lymphocyte infiltrate regardless of the underlying form of vasculitis. The 
same concern applies to direct immunofluorescence analysis, the possibility to find 
immunoglobulins decrease as time goes on. After 72 h only C3 is detected [59, 60].

A complete clinical history should be performed searching for data regarding 
drug-exposure, recent infections, and the presence of preexisting symptoms sug-
gestive of autoimmune and neoplastic diseases. Careful physical examination, 
laboratory, electrocardiography, and chest radiograph should also bring about in all 
patients in order to exclude systemic involvement. Routine laboratory testing 
should include red blood cell count, erythrocyte sedimentation rate, C-reactive 
protein, liver, and kidney function test, urinalysis, rheumatoid factor, antinuclear 
antibodies, ANCA, serum IgA, cryoglobulins, complement levels (C3, C4, CH50), 
determinations for hepatitis B and C virus. Figure  18.2 shows a work-up in a 
patient with CV in whom a skin biopsy discloses the presence of a leukocytoclastic 
vasculitis.

18.8  Treatment of Cutaneous Vasculitis

CV limited to the skin usually has a rapid and complete response after bed-rest and 
in some cases treatment with low-dose prednisone therapy. The therapeutic efficacy 
of non-steroidal anti-inflammatory drugs, dapsone, or colchicine remains contro-
versial. In those patients in whom CV is not limited to skin, therapy must be indi-
vidualized, and it must be focused on the appropriate management of the systemic 
vasculitis, especially if lung and/or renal involvement exist. In this case, immuno-
suppressive drugs such as azathioprine, intravenous cyclophosphamide, or ritux-
imab may be considered. When the CV occurs in the setting of a malignancy or an 
infection, treatment of the underlying disease leads to improvement of the cutane-
ous manifestations in most cases [2, 12, 13].
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Abstract

Single-organ vasculitis (SOV) comprises a group of diseases in which vasculitic 
involvement is confined to a specific organ, system, or territory. SOV may be 
divided into focal and diffuse forms. Gynecologic, testicular, prostate, and uri-
nary structures may be involved in different systemic vasculitides. In addition, 
these organs may be occasionally affected in an isolated manner as focal 
SOV. The discovery of SOV involving genital and urinary structures is usually 
incidental in evaluations for malignant or infectious conditions. To achieve an 
accurate diagnosis of SOV, a comprehensive evaluation ruling-out systemic vas-
culitis is warranted since a systemic involvement will always require immuno-
suppressive therapy. Once the diagnosis of genitourinary SOV is confirmed, the 
resection of the affected tissue may lead to the resolution of the vasculitic pro-
cess. With regard to SOV or systemic vasculitis affecting the prostate and urinary 
structures (ureter, bladder, and urethra), vasculitis lesions may cause urinary tract 
obstruction at any level, often requiring additional urologic surgical management.
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19.1  Introduction

Single-organ vasculitis (SOV), also known as isolated or localized vasculitis, com-
prises a group of diseases in which vasculitic involvement is confined to a specific 
organ, system, or territory [1, 2]. SOV may be divided into focal and diffuse 
forms [1, 2].

Focal SOV has been described involving the aorta, breast, gallbladder, gastroin-
testinal tract, and genitourinary structures [2–8]. Focal forms of SOV tend to be 
incidentally discovered after surgical resection of lesions that were initially suspected 
to be due to infectious or malignant processes. In most cases, the resection of the 
lesion satisfactorily eliminates vasculitis and systemic therapy is usually not required 
[2–8]. However, these patients may require a thorough evaluation to ensure that such 
focal lesions are not the first manifestation of an underlying systemic disease.

Diffuse or multifocal SOV may affect a single organ in multiple sites, such as the 
skin [9], central nervous system [10], retina [11], kidneys [12], peripheral nerves 
[13], calf muscles [14, 15], or coronary and pulmonary vessels [16]. The diffuse 
nature of the lesions makes surgical resection not feasible. This form of SOV may 
be chronic and relapsing (e.g., cutaneous vasculitis) or associated with severe mor-
bidity or fatal consequences (e.g., retinal vasculitis, primary central nervous system 
vasculitis). Thus, diffuse forms of SOV usually require systemic therapy [2, 11].

The names reserved for systemic vasculitides [e.g., polyarteritis nodosa (PAN), 
giant-cell arteritis (GCA), or granulomatosis with polyangiitis (GPA) (Wegener)] 
should not be used for isolated vasculitis. Instead, the names for SOV should be 
descriptive and include the involved organ, vessel type, and histopathology findings. 
Several examples of this nomenclature include the terms cutaneous arteritis or cuta-
neous small-vessel vasculitis, ovarian arteritis, or urinary bladder small-vessel vas-
culitis; with the addition of granulomatous or non-granulomatous to describe the 
inflammatory pattern [1, 2].

Female and male genital organs and the urinary tract may be involved in sys-
temic vasculitides. However, these structures have also been reported to be affected 
as SOV. This chapter reviews the main clinical and histological characteristics of 
SOV involving genitourinary structures (Fig. 19.1).

19.2  Gynecologic Single-Organ Vasculitis

Female genital structures encompass ovaries, fallopian tubes, uterus, vagina, and 
vulva (Fig. 19.1). These territories may be affected by vasculitis in an isolated man-
ner. The incidence of unanticipated findings of vasculitis among gynecologic sur-
geries performed for different indications in two large studies ranged from 0.04 to 
0.15% [7, 17]. The unexpected finding of vasculitis affecting gynecologic structures 
is not generally associated with progression to systemic disease [7, 18]. However, 
very rarely, systemic vasculitides such as GCA may initially present as asymptom-
atic or painful pelvic masses in the absence of evidence of a systemic disease [7].
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A retrospective literature review analyzing 163 patients with gynecologic vascu-
litis (115 with SOV and 48 with systemic vasculitis) provided useful information in 
characterizing gynecologic SOV [7]. In descending order of frequency, clinical 
manifestations leading to a diagnosis of gynecologic vasculitis included vaginal 
bleeding, followed by asymptomatic abdominal masses, uterine prolapse, atypical 
cervical smear, and pelvic pain [7]. While vasculitis was the only lesion in about a 
third of the resected specimens, the remaining two third of patients presented with 
a wide range of concomitant benign and malignant lesions [7]. Some of these adja-
cent (non-vasculitic) lesions have been histopathologically identified as leiomyo-
mas, myometrial adenomyosis, endometriosis, endometrial carcinoma, chronic 
salpingitis, cystadenofibroma of fallopian tubes, adenofibroma and carcinoma 
affecting the ovaries, chronic cervicitis, Nabothian cysts, and cervical squamous 
metaplasia and carcinoma [7, 18]. While the most common non-vasculitic 
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concomitant benign lesion was leiomyoma, the most prevalent malignant lesion was 
endometrial carcinoma [7, 18]. Except for benign ovarian abnormalities, which 
were observed more frequently in systemic vasculitis than in SOV, all the remaining 
benign and malignant non-vasculitic lesions appear to be similarly present in 
patients with gynecologic SOV and systemic vasculitis [7].

Several clinical, laboratory, and histopathologic characteristics may contribute in 
distinguishing isolated from the systemic disease in patients with gynecologic vas-
culitis [7]. Although patients with gynecologic SOV tend to be younger than those 
with systemic vasculitis (median age 51  years; range 18–80  years vs. 68  years; 
32–83 years), the age range of both groups clearly overlaps and make age not a use-
ful distinction in clinical practice. Compared to patients with systemic involvement, 
patients with gynecologic SOV are less likely to have fever, constitutional and mus-
culoskeletal symptoms (75% vs. 7%), abnormal erythrocyte sedimentation rates 
(ESR) (97% vs. 26%), and anemia (80% vs. 17%). Regarding local manifestations, 
patients with SOV present more often with vaginal bleeding (57% vs. 25%) than 
patients with a systemic disease. Conversely, asymptomatic pelvic masses appear to 
be more frequent in systemic vasculitis patients (6% vs. 35%) [7]. The areas of the 
genital tract affected by vasculitis tend to differ between systemic and SOV forms. 
While in SOV, the uterus and particularly the cervix are more frequently affected as 
focal lesions, in systemic diseases, multifocal lesions tend to be present in different 
territories, mostly ovaries, fallopian tubes, and myometrium [7].

Histopathology of female genital SOV is characterized by a non-granulomatous 
pattern in the majority (>90%) of patients [7, 18]. However, granulomatous vascu-
litis has been observed in about two thirds of patients with systemic vasculitis 
(Fig. 19.2) [7]. With regard to the size of the inflamed vessel, medium and small 
vessels have been similarly involved in systemic and SOV forms [7].

Patients with gynecologic SOV do not require any treatment beyond the exci-
sional surgical procedure [7, 18]. In this regard, in patients with cervix SOV diag-
nosed by incisional biopsy (without resection of the whole lesion) and not receiving 
any systemic therapy, local vasculitis does not tend to evolve to a systemic form [7, 
18]. Conversely, almost all patients with a systemic gynecologic vasculitis require 
glucocorticoid therapy and about one third may receive additional immunosuppres-
sive agents [7].

Among systemic vasculitides, the most frequently reported with gynecologic 
involvement is GCA, followed by PAN and GPA, and less often, microscopic polyan-
giitis, cryoglobulinemic vasculitis, and vasculitis associated with rheumatoid arthritis 
and systemic lupus erythematosus [7]. Of note, up to a third of the reported patients 
with GCA and gynecologic involvement presented as a silent form, without classic 
symptoms or signs of GCA, such as craniofacial features, large-vessel involvement, or 
polymyalgia rheumatica [7, 19]. Therefore, the unexpected finding of a pelvic mass 
showing granulomatous vasculitis in genital structures in women older than 50 years 
always warrants to rule out a systemic disease, especially GCA [7].

With regard to vaginal and vulvar vasculitis, vaginal involvement has been spo-
radically reported as SOV [20] and vasculitis affecting the vulva has been associated 
with Epstein–Barr virus infection [21], Behçet disease [22], GPA [23], and rheuma-
toid vasculitis [24].
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19.3  Male Genital Tract Single-Organ Vasculitis

Structures of the male genital tract include testicles, epididymis, vas deferens, sper-
matic cords, seminal vesicles, prostate, and penis (Fig. 19.1). Each structure may be 
affected by vasculitis, either as focal SOV or as part of a systemic vasculitis [8].

19.3.1  Testicles, Epididymis, and Spermatic Cords

The clinical presentation of vasculitis involving the testicles and surrounding struc-
tures mostly resembles that of a testicular tumor, local infection, or torsion of the 
spermatic cord. The incidental finding of vasculitis in testicular surgery is lower 
than in gynecologic surgery, as illustrated by a large study that found an incidence 
of 0.003% of unexpected vasculitis in all testicular surgeries [8].

In a review of 72 patients with testicular vasculitis (37 with SOV and 35 with 
systemic vasculitis), a painful testicular mass or enlarged testicle was the most fre-
quent manifestation, present in about 75% of individuals [8]. Less common symp-
toms included a painless mass or swelling affecting the testicle or epididymis. 

a

b

Fig. 19.2 Histological 
features in two patients 
with gynecologic 
vasculitis. (a) 
Granulomatous vasculitis 
affecting medium-sized 
vessels of the ovary with 
muscular layer destruction 
(short arrows) and giant 
cells (long arrow) from a 
patient with giant cell 
arteritis. (b) Non- 
granulomatous vasculitis 
of medium-sized arteries 
of the cervix, with 
lymphocytes infiltrating 
muscular wall (long 
arrows) and fibrinoid 
necrosis (short arrow) from 
a patient with single-organ 
vasculitis. All samples 
were stained with 
hematoxylin-eosin, 
original 
magnification ×400
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Bilateral involvement has been reported in 15% of patients, and sequential presenta-
tion may also occur. Testicular vasculitis has also been discovered after surgical 
interventions for prostate adenocarcinoma or incomplete testicular descent, or at 
autopsy [8]. Vasculitic lesions, either in SOV or systemic forms, may occur alone or 
affect different testicular parts in a multifocal fashion. Among genital structures, the 
testicle is the territory more frequently affected (80%) by vasculitis, followed by 
epididymis (45%) and vas deferens/spermatic cord (31%) [8]. Orchiectomy is the 
most frequent confirmatory procedure for testicular vasculitis, followed by testicu-
lar biopsy, and epididymis and spermatic cord resection or biopsy [8].

Patients’ age, testicular manifestations, and their duration appear to be similar in 
patients with SOV and systemic vasculitis. However, compared with systemic vas-
culitis, patients with SOV presented less often with fever, constitutional and/or mus-
culoskeletal symptoms (74% vs. 8%), elevated ESR (95% vs. 16%), and anemia 
(50% vs. 0%). The proportion of testicular, epididymis, and vas deferens/spermatic 
cord vasculitis involvement, and the extent as focal or multifocal vasculitis did not 
differ between the two groups [8].

Testicular ultrasound with or without Doppler is the imaging technique of choice in 
most cases of genital abnormalities and commonly detects vasculitic lesions as hetero-
geneous masses and hypoechoic areas (or both) with normal or decreased vascular flow 
[8]. Unfortunately, this technique is not able to accurately distinguish vasculitis lesions 
from testicular neoplasms, infections, or torsion. In addition, vascular signal and ultra-
sound features do not discriminate between systemic vasculitis and SOV [8].

Non-granulomatous vasculitis involving medium-sized vessels is the predomi-
nant histopathologic feature in the majority of patients with either isolated or sys-
temic testicular vasculitis (Fig. 19.3) [8]. With regard to coexistent lesions, testicular 
carcinoma has been found only in less than 2% of SOV patients [8]. As in gyneco-
logic SOV, concomitant lesions that might trigger isolated vasculitis in the testicular 
structures have not been identified to be associated to testicular SOV [8].

Compared to patients with systemic vasculitis, those with testicular SOV are 
most often diagnosed by orchiectomy (43% vs. 81%) and less often by testicular 
biopsy (29% vs. 3%). These differences may be explained because a malignant 
lesion has been shown to be more frequently suspected in SOV than in systemic 
vasculitis patients (74% vs. 32%) [8]. Patients with testicular SOV do not require 
treatment apart from surgery. By contrast, patients with systemic disease usually 
require glucocorticoid treatment and more than a half are also treated with addi-
tional immunosuppressive drugs [8].

PAN is the systemic condition most frequently associated with testicular vascu-
litis as PAN accounts for about two thirds of all the reported patients with systemic 
vasculitis and testicular involvement [8]. Since the initial description of testicular 
involvement in PAN, in the early 1900s and afterward, testicular vasculitis and PAN 
have shown a close relationship [8]. Although testicular vasculitis becomes clini-
cally apparent in less than 20% of PAN patients [25, 26], vasculitic lesions in genital 
structures have been demonstrated in almost all cases at necropsy examination [25]. 
In 1990, American College of Rheumatology (ACR) classification criteria for PAN, 
the presence of testicular vasculitis was included as a clinical criterion [27]. 
However, these criteria have been infrequently used after the 1994 and 2012 Chapel 
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Hill Consensus Conference (CHCC) on the nomenclature and classification of vas-
culitides. The CHCC nomenclature scheme differentiated hepatitis-B virus (HBV)-
associated vasculitis as a secondary form of systemic vasculitis that may also present 
with testicular vasculitis [1, 28].

Apart from PAN and HBV-associated vasculitis, other systemic vasculitides in 
which testicular vasculitis may occur include GPA, and less frequently, immuno-
globulin A (IgA) vasculitis (Henoch-Schönlein), microscopic polyangiitis, cryo-
globulinemic vasculitis, GCA, eosinophilic granulomatosis with polyangiitis 
(EGPA) (Churg–Strauss) and anti-glomerular basement membrane (anti-GBM) dis-
ease (Goodpasture) [8]. Recently, testicular vasculitis has also been described in a 
patient with deficiency of adenosine deaminase 2 (DADA2), a monogenic autoin-
flammatory disease that can mimic PAN [29].

19.3.2  Prostate, Seminal Vesicles, and Penis

Prostate SOV has been reported in several patients with symptoms suggestive of 
urinary obstruction or prostatitis, and biopsies revealed granulomatous vasculitis 
with eosinophilic infiltrates or necrotizing vasculitis involving prostatic arteries 

a b

c d

Fig. 19.3 Histological findings in four patients with isolated testicular vasculitis. (a) Non- 
granulomatous (necrotizing) vasculitis involving medium and small vessels in the testicle (square) 
with infarcted and hemorrhagic testicular tissue (arrows). (b) Profuse vasculitic changes with lym-
phocytic infiltrates (tiny arrows) and a medium-sized artery showing fibrinoid necrosis (thick 
arrows) from the previous marked area. (c) Medium-sized artery with lymphocytic adventitial 
infiltrates (arrows). (d) Small vessel vasculitis with lymphocytes surrounding and infiltrating the 
vessel wall (arrows). All samples were stained with hematoxylin-eosin, magnification (a) ×100, (b, 
c) ×200; and (d) ×400
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without apparent disease beyond the prostate [30–32]. In these cases, local abnor-
malities resolved after glucocorticoid treatment [30–32]. However, a large surgical 
study evaluating prostatic specimens from 540 patients with benign prostatic hyper-
plasia showed lymphocytic vasculitis affecting small to medium-sized arteries in 
12.4% of cases. The presence of prostatic infarction was found to be a risk factor 
clearly associated with lymphocytic vasculitis. A benign clinical course confirmed 
the isolated nature of vasculitis in all cases since surgical excision was the only 
therapeutic intervention [33].

Among the systemic vasculitides that may involve the prostate, GPA is the most 
common (Fig.  19.4) [34, 35], followed by microscopic polyangiitis [36], EGPA 

a

b

c

Fig. 19.4 Prostate 
vasculitis in a patient with 
granulomatosis with 
polyangiitis. (a) 
Granulomatous infiltrate 
with predominance of 
histiocytes and plasma 
cells. (b, c) Inflammatory 
area with lymphocytic 
vasculitis. Lymphocytes 
infiltrating the vessel wall 
of a small artery in detail 
(c). All samples were 
stained with hematoxylin- 
eosin, magnification (a, b) 
×200; and (c) ×400
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[37], PAN [38], and HBV-associated vasculitis [39]. Local symptoms usually 
improve after systemic immunosuppressive therapy, but some cases, mainly those 
with GPA, may require of additional prostate surgery [35–39].

SOV of the seminal vesicles has been described in prostate specimens after radi-
cal prostatectomy in two patients who had an associated prostate adenocarcinoma 
[40]. No cases of seminal vesicle involvement as part of a systemic vasculitis have 
been reported.

Penile vasculitis has occurred as ulcerations and ischemic lesions of the glans, 
for which a malignant lesion is frequently suspected. In addition, it has also been 
described as periurethral aseptic abscesses developing urethral-cutaneous fistula. 
While only one clear case of penis SOV has been reported [41], most penile vascu-
litis have been associated with systemic vasculitides, in particular with GPA [34, 
35, 42, 43], but also with PAN [44, 45], IgA vasculitis [46], lupus-associated vas-
culitis [47], Behçet disease [48], and Buerger’s disease [49]. Systemic treatment is 
warranted in all patients with systemic vasculitis [34, 35, 42–48], and penile resec-
tion has been required in some cases [35, 49].

19.4  Urinary Tract Single-Organ Vasculitis

Ureter, urinary bladder, and urethra are the three segments of the urinary tract 
(Fig. 19.1), which can be infrequently involved in systemic vasculitides. The unex-
pected discovery of SOV in the urinary tract has been anecdotal. Vasculitic lesions 
affecting urinary structures, either isolated or as part of a systemic vasculitis, may 
be associated with a significant risk of obstruction and secondary renal failure.

19.4.1  Ureters

Vasculitis involving the ureter is usually found after the development of obstructive 
hydronephrosis secondary to ureter stricture or blockade caused by an inflammatory 
thickening of the ureteral wall. Endoscopic surgical procedures are often required to 
restore urine flow. SOV involving the ureter in the absence of a systemic disease has 
been seldom reported [50–52]. Systemic vasculitides involving the ureter include 
GPA [34, 35], PAN [53–55], EGPA [53], and IgA vasculitis [56, 57].

19.4.2  Urinary Bladder

Urinary bladder vasculitis has been rarely reported in both SOV and systemic vas-
culitis. The risk of bladder cancer is the primary concern in patients with prior 
exposure to cyclophosphamide [58].

A clear case of isolated bladder vasculitis was described in a patient who was 
apparently cured after a partial resection of the lesion without receiving any medical 
treatment [59]. Other cases reported as bladder SOV should be considered as non- 
consistent SOV since they were additionally treated with prednisone alone [60] or 
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in combination with cytotoxic drugs [61, 62]. Systemic vasculitides in which blad-
der involvement has been occasionally diagnosed include GPA [34, 42], EGPA [63], 
PAN [64, 65], HBV-associated vasculitis [62], IgA vasculitis [57], and Behçet dis-
ease [66].

Clinical manifestations of urinary bladder vasculitis, either systemic or SOV, are 
diverse and include macroscopic hematuria [57, 59–62], obstructive manifestations 
[62, 65], and cystitis [60, 63]. The development of vesico-vaginal fistula has been 
described in GPA [42] and neurogenic bladder may be caused by a necrotizing vas-
culitis involving medium-sized arteries of the perivesicular fat in patients with 
PAN [64].

Imaging techniques or cystoscopy may reveal abnormalities of the bladder wall 
or mucosa, including a thickened or irregular wall or vesical mass [34, 59–62, 65] 
and a diffuse erythematous mucosa suggesting transitional cell carcinoma in situ 
[60, 62]. All patients reported with bladder involvement and systemic vasculitis 
were treated with glucocorticoids and additional immunosuppressive drugs [34, 42, 
57, 62–66].

19.4.3  Urethra

The urethra has been very rarely associated with a localized form of granulomatous 
vasculitis. On the one hand, in cases reported as urethral SOV, GPA was considered 
as the possible diagnosis and systemic immunosuppressive therapy was adminis-
tered with control of local disease [20, 67]. On the other hand, GPA has been 
reported as the most common cause of urethral vasculitis [20, 42, 43, 68], followed 
by sporadic cases associated with EGPA [69], PAN [70], Kawasaki disease [71], 
and Behçet disease [48]. In all cases, urethral vasculitis was manifested as urethral 
obstruction, and systemic and surgical therapy were always provided [20, 42, 43, 
48, 68–71].

19.5  Conclusions

Gynecologic, testicular, prostate, and urinary structures may be involved in differ-
ent systemic vasculitides. In addition, these organs may be occasionally affected in 
an isolated manner as focal SOV.  The discovery of SOV involving genital and 
urinary structures is usually incidental in evaluations for malignant or infectious 
conditions. To achieve an accurate diagnosis of SOV, a comprehensive evaluation 
ruling-out systemic vasculitis is warranted since a systemic involvement will 
always require systemic immunosuppressive therapy. Once the diagnosis of geni-
tourinary SOV is confirmed, the resection of the affected tissue may lead to the 
resolution of the vasculitic process. With regard to SOV or systemic vasculitis 
affecting the prostate and urinary structures (ureter, bladder, and urethra), vasculi-
tis lesions may cause urinary tract obstruction at any level, often requiring addi-
tional urologic surgical management.
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Abstract

Behçet’s disease (BD) is a chronic, multisystemic, inflammatory disease charac-
terized by recurrent attacks of mucocutaneous, ocular, musculoskeletal, vascular, 
central nervous system and gastrointestinal manifestations. Vascular involve-
ment is observed in up to 40% of the patients with BD, especially in young males 
and is one of the major causes of mortality and morbidity. Both venous and arte-
rial disease is observed. Glucocorticoids, azathioprine and cyclophosphamide 
are recommended as the first-line treatments in vascular BD (VBD). But increas-
ing data with TNF inhibitors and interferons suggest that these agents may also 
be acceptable options for the management of refractory cases. Anticoagulant 
usage is still controversial with limited data coming from retrospective studies. 
There is a clear need for randomized, controlled studies for the manage-
ment of VBD.
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Behçet’s disease (BD) is a systemic inflammatory disease characterized by oral and 
genital ulcers, ocular manifestations, and systemic involvement including gastroin-
testinal, musculoskeletal, neurological systems, and major vessels. Vasculitis is one 
of the main pathological findings in BD. Vessels of all sizes can be involved both in 
the arterial and venous systems [1, 2].
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20.1  Epidemiology

Vascular involvement is seen in the range of 15–50% in BD [3]. It is more com-
monly observed in Middle-Eastern and Northern African countries such as Turkey, 
Jordan, Israel, Iran, Morocco, Algeria, and South European countries with immi-
grant populations such as France, whereas observed quite rare in East Asia such as 
Japan (<10%) [4] and Korea (<5%) [5]. While venous involvement consists of 
67–84% of all vascular manifestations [6, 7], arterial involvement rate is below 15% 
in all series [8]. Lower extremity deep vein thrombosis (DVT) is the most frequent 
form of vascular involvement. Although venous thrombosis is seen primarily in the 
lower extremities, it may affect many different sites including the inferior and supe-
rior vena cava, pulmonary artery, suprahepatic vessels, and cardiac cavities. In BD 
patients, vascular involvement is one of the major causes of mortality and morbid-
ity, up to 17% of the mortality in BD is reported to be associated with vascular 
involvement such as pulmonary embolism or Budd-Chiari syndrome (BCS) [9]. 
More than 80% of patients with vascular Behçet disease (VBD) are males [10]. 
Males also had more severe disease course [6, 7].

Vascular involvement can develop before fulfilling International Study Group 
(ISG) Criteria for BD in up to 10% of the patients. In this group, the most frequent 
type of involvement is DVT (86.8%). In about 20% of the patients, vascular involve-
ment develops at disease-onset. After the diagnosis, median time to first vascular 
event was found to be 1.4 years in a large VBD cohort from Turkey. In majority of 
the patients (74.6%), first vascular event developed within 5 years after disease- 
onset. While DVT and cerebral sinus thrombosis develop earlier within median 
1 year after disease-onset, pulmonary artery involvement, vena cava thrombosis, 
and BCS develop within a few years of disease-onset. Non-pulmonary arterial 
involvement seems to develop at later ages within a median of 5 years during the 
disease course [6].

20.2  Pathology

BD is a unique systemic vasculitis involving both arterial and venous vessels of 
all sizes. It is defined as “variable vessel vasculitis” in CHCC in 2012 due to 
atypical histological and clinical features of BD [11]. It mainly affects venous 
rather than arterial vessels in contrast to other systemic vasculitides. Inflammation 
in venous vessels leads significant thrombotic tendency which appears to be unre-
lated to thrombophilic factors [8]. On the other hand, arterial vessel inflammation 
leads the tendency for aneurysm formation in especially pulmonary arteries hav-
ing less elastic and thinner vessel wall and lower intraluminal pressure similar to 
venous vessels. Arterial disease can also rarely manifest with thrombotic occlu-
sions. Features of arterial involvement are also quite different from other large-
vessel vasculitis leading to homogenous, concentric wall thickness [12]. The 
entire aorta is macroscopically rough and wrinkled indicating scattered aortitis. 
Loss or interruption of medial elastic fibers are present together with the 
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perivascular lymphocytic infiltration and proliferation of vasa vasorum [13]. 
There is irregular fibrous thickening in all layers and focal aneurysmal dilatation 
in aortic involvement [14]. Aneurysms were seen mostly in abdominal aorta, but 
may also be present in arcus aorta and the other large arteries. Aneurysms mostly 
had saccular or fusiform shape and are filled with a thick thrombus with lamellar 
structure [15]. While fibrous thickening of adventitia and the proliferation of the 
vasa vasorum are seen in chronic large-vessel involvement, occlusion, and steno-
sis are mostly observed in medium or smaller arteries not having prominent 
changes in vasa vasorum. When inflamed vessel is not thrombosed, inflammation 
leads to the weakening in the arterial wall, resulting in pseudoaneurysms [16]. As 
cardiac involvement, histopathology shows an organizing intracardiac thrombus 
formation with mononuclear inflammatory cell infiltration with or without 
involvement of the underlying cardiac tissue [17].

Sticky and organized thrombi in the inflamed vessel wall is the main pathologic 
feature of venous involvement. The mechanisms underlying the thrombotic ten-
dency in BD is still unknown. In the inflamed vessel wall, there is an occlusive 
inflammatory thrombus development, strictly adherent to vessel wall. This throm-
bus formation is typically not complicated by thromboembolism [14, 18, 19]. The 
other pathological change is leukocytoclastic vasculitis in veins, venules, capillar-
ies, and arterioles. Vessel wall is invaded by neutrophils and fibrinoid necrosis, leu-
kocytoclasis, endothelial swelling, and erythrocyte extravasation is present. 
Lymphocytic vasculitis may also be less commonly seen in BD [20].

20.3  Pathophysiology

There is no specific defect in the coagulation cascade in BD pateints with thrombo-
sis [21]. But increased levels of thrombin-antithrombin III complex and prothrom-
bin fragments 1 + 2 support intravascular thrombin generation in these patients as a 
result of the activation of the coagulation cascade. Various procoagulant conditions 
associated with an increased risk of thrombosis such as deficiencies of protein C, 
protein S and antithrombin III, factor V Leiden, and prothrombin 20210A muta-
tions, may contribute to the prothrombotic state of BD. Several fold increases in the 
risk of thrombosis was reported in carriers of factor V Leiden and prothrombin gene 
mutations in patients with BD, especially in series from Turkey [22]. A meta- 
analysis suggested that increased homocysteine levels are also more prominent in 
BD patients with thrombosis and may be considered to be associated with thrombo-
sis in BD [23]. Anticardiolipin antibodies do not seem to be important in the throm-
botic tendency of BD [24]. In a small study from Turkey, combined thrombophilias 
were higher in BD patients with recurrent thrombotic events compared to patients 
with only one thrombotic event [25]. The cumulative evidence suggests that the 
pathogenesis of thrombosis in BD is probably not due to a hypercoagulable state but 
rather to the vascular damage induced by inflammation or intrinsic endothelial dys-
function. The vascular damage may serve as a source of thrombogenic stimuli 
[26–28].
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Neutrophils and lymphocytes are the dominant inflammatory cells in histopatho-
logic samples of BD. These cells are mainly localized around the vessel wall rather 
than inside the wall. Mainly neutrophilic perivascular inflammation pattern was 
demonstrated in vascular manifestations similar to cutaneous manifestations [29–
31]. The role of neutrophils was first suggested by Matsumura et al. in 1975. This 
study showed a prominent high chemotactic activity of neutrophils in BD [32]. It 
was suggested that HLA-B*51 probably contributes to the neutrophil hyperactiva-
tion in BD [33]. Cytokine levels, such as CXCL8 and G-CSF having important role 
in neutrophil recruitment and activation, were found higher in active BD [34, 35]. In 
another study from Turkey, testosterone is shown to activate neutrophils in male BD 
patients, suggesting the role of gender in severe manifestations [36].

Neutrophils generate neutrophil extracellular traps (NETs) by a distinct process 
of cell death termed “NETosis” during inflammatory or infectious conditions. NETs 
consist of extruded cell-free DNA with histones and granular components and also 
contain antimicrobial peptides and proteases [37]. NETs were found in many auto-
immune diseases including rheumatoid arthritis, systemic lupus erythematosus, and 
anti-neutrophil cytoplasmic antibodies-associated vasculitis [38]. NETs are also 
suggested as a key trigger of thrombus initiation and progression in deep vein 
thrombosis [39]. In a recent study, it was shown that neutrophils of BD patients are 
prone to undergo NETosis in  vitro even without stimulation. The level of NETs 
were found significantly increased in active BD compared to inactives and were also 
higher in vascular BD, suggesting that NETs may contribute to the vascular disease 
pathogenesis and thrombosis in VBD [40].

Mechanisms other than NETosis are also implicated for the role of neutrophils 
during thrombosis in BD. Increased leukocyte oxidative stress and reactive oxygen 
species (ROS) generation from neutrophils lead to reduced fibrin susceptibility to 
plasmin lysis and post-translational modifications (carbonylation) of fibrinogen 
[41]. It is well known that there is a strict relationship among inflammation, endo-
thelial dysfunction, and oxidative stress [42]. It was also shown that neutrophils 
activation has important roles in inducing platelet activation, affecting the anti-
thrombotic function of the endothelium and inhibiting response to fibrinolytic 
agents and tissue factor carriage [43, 44]. Moreover, neutrophil ROS via NADPH 
oxidase modify fibrinogen structure promoting changes in fibrinogen function and 
lead to a clot with tight fibrin network and resistant to plasmin-induced lysis [45]. 
All these findings explain why the thrombus in BD is responsive to immunosuppres-
sive treatment rather than anticoagulants.

Microparticles (MPs) are sub-micronic vesicles forming during budding from 
the cell membrane of any cell type in response to cellular activity or apoptosis. They 
can be formed as circulating MPs or MPs generated within tissues. They can partici-
pate in the maintenance of organ or vascular homeostasis as well as inducing dys-
function according to the their cellular origin. MPs are suggested to have 
procoagulant properties [46]. Increased MPs are shown in BD [47, 48] Khan E et al. 
also observed that BD patients had increased MPs expressing tissue factor com-
pared to healthy controls. Furthermore, BD patients with thrombosis history had 
higher MPs expressing tissue factor in BD. These findings may add additional asso-
ciation between inflammation and thrombosis in BS [49].
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20.4  Clinical Features and Prognosis of Venous Involvement

20.4.1  Deep Vein Thrombosis of Lower Extremities

DVT in lower extremity is the most common manifestation of vascular involvement 
in BD, observed in approximately 70% [7]. Femoral (superficial, deep, and com-
mon) and popliteal veins are the most frequently involved veins and are followed by 
crural, external iliac, and common iliac veins. When compared to DVT associated 
with non-BD reasons, bilateral involvement, less complete recanalization, and more 
collateral development are more frequent in VBD [50, 51]. Despite immunosup-
pressive (IS) treatment, about one third of patients relapse during follow- up [6, 7]. 
In a prospective follow-up of 33 patients with DVT in lower extremities, relapse 
rates were 29%, 37%, and 45% at 6, 12, and 24 months, respectively. In this study, 
poor recanalization was the only predictor factor for relapse [52]. Post- thrombotic 
syndrome (PTS) is the most frequent complication of DVT and is associated with 
varying combinations of leg pain, heaviness, swelling, edema, hyperpigmentation, 
and varicose collateral veins. In severe cases, lipodermatosclerosis and venous 
ulcers may also occur [53]. Presence of PTS effects quality of life (QoL) negatively 
[54]. PTS is observed in up to 64% of BD with DVT.  Severe PTS rate is 10%. 
Venous disease-associated QoL is also impaired in BD when assessed with Venous 
Insufficiency Epidemiological and Economic Study Quality of Life/Symptom 
(VEINES-QoL/Sym) questionnaire [55]. Successful control of BD activity might 
decrease the development of PTS, improve venous disease-specific QoL, and pre-
vent relapses in VBD [49]. As majority of VBD patients are young males who are 
an active population both in work and daily life, prevention of PTS should be a key 
target in the management of VBD patients. In another study, severe PTS was found 
significantly higher in BD compared to DVT associated with non-BD reasons. 
However, majority of BD patients were male (71 vs 7) in this study, whereas half of 
DVT associated with non-BD reasons group was female (29 vs 27), and this gender 
difference might have influenced the results [48].

Leg ulcers are the sign of severe PTS, and they should be differentiated from 
pyoderma gangrenosum and vasculitic lesions in BD [56]. A recent survey reported 
that half of the leg ulcers in BD were refractory to standard treatments [57].

20.4.2  Venous Wall Thickness in Behçet’s Disease

Despite the dominance of veins in vascular involvement, limited data is present for 
the assessment of veins in BD. In a magnetic resonance imaging study, Ambrose N 
et al. first demonstrated increased vein wall thickness (VWT) in popliteal veins of 
BD patients [58]. Boulon C. et al. later published the findings of a vascular BD case 
presenting with acute calf pain (without thrombosis) by venous Doppler ultrasound 
(US). Increased VWT in right great saphenous vein was reported in this case which 
decreased after corticosteroid (CS) treatment [59]. Our group recently published the 
first controlled Doppler US study showing increased VWT of lower extremity veins 
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in male BD patients. When common femoral vein (CFV), the largest of lower 
extremity veins, was chosen as the primary site of US assessment, cut-off values for 
right and left CFV ≥0.5 mm had high area under the receiver operating characteris-
tic (ROC) curves (>0.8) with sensitivities of 81–82.8% and specificities of 
78.4–81.1%. Positive (PPV) and negative predictive values (NPV) in our tertiary 
clinical setting were also acceptable (PPV: 85.7–87.5%, NPV: 72.5–75%) [60, 61]. 
Our observations were also confirmed in another study by Seyahi E et  al. from 
Turkey [62]. We recently investigated further the diagnostic performance of CFV 
thickness using Doppler US as an easy and fast method in BD, compared to multiple 
disease controls. Increased CFV thickness was observed as a distinctive feature of 
BD which is rarely present in healthy and other inflammatory or vascular diseased 
controls such as ankylosing spondylitis, systemic vasculitides, venous insufficiency, 
and non-inflammatory DVT, with the exception of APS.  The cut-off value of 
≥0.5 mm, determined in our first study, performed quite well against all control 
groups with a sensitivity >90%. The specificities were also found >80% compared 
to all control groups, except APS. Values especially higher than 0.75 mm seem to 
indicate a very high probability of BD. (Alibaz-Oner F, et  al. Rheumatology 
(Oxford), in press).

20.4.3  Thrombosis of Superior and Inferior Vena Cava

Thrombosis of vena cava (VC) superior and inferior consists of 9% and 8% of major 
vessel manifestations in BD, respectively [6, 7]. They are generally associated with 
other vascular involvements such as BCS, pulmonary artery involvement, and cere-
bral sinus thrombosis [6, 63, 64]. Thrombosis in VC superior can cause VC superior 
syndrome (VCSS) which presents with swelling and cyanosis of the face, neck, and 
upper extremities and prominent venous collaterals in the area drained by the VC 
superior. VCSS in BD has generally a benign course due to venous collateral devel-
opment [8]. It may rarely be complicated with pleural effusion, chylothorax, and 
mediastinal fibrosis [65]. Thrombosis in VC inferior is divided into three anatomical 
sites as infrahepatic, hepatic, and suprahepatic. Hepatic and suprahepatic VC infe-
rior thrombosis cause BCS. Infrahepatic part is most commonly involved due to the 
extension of the lower extremity DVT. If there is bilateral common femoral vein 
thrombosis in BD, iliac vein thrombosis was seen in 50% and VC inferior thrombo-
sis was seen in 20% of these patients. Lower back or abdominal pain may be seen 
during the acute presentation. Collateral presentation of abdominal veins is a typical 
sign. Swelling and ulcers in legs and scrotum may also be seen. VC inferior throm-
bosis often develops insidiously except in the presence of BCS [8].

20.4.4  Budd-Chiari Syndrome

Budd-Chiari syndrome is a rare manifestation of BD. The frequency is below 5% 
among all vascular manifestations; however, it is the most lethal complication 
among all vascular manifestations [8]. In a retrospective survey of 43 BCS with BD, 
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two different clinical presentations were reported as “symptomatic” and “silent” 
presentations. In symptomatic presentation, patients may present with abdominal 
pain, ascites, collaterals on the abdominal wall, edema on the scrotum, and diffuse 
swelling in the lower extremities—together with the signs of hepatic failure such as 
jaundice, encephalopathy, splenomegaly, hypersplenism, and bleeding from esoph-
ageal varices. In patients presenting with ascites, the mortality rate is up to 60% 
within a median of 10 months after the diagnosis. In silent presentation, BCS devel-
ops insidiously without ascites or any other symptoms associated with liver failure. 
The patient is usually diagnosed with efficient collateral formation. The mortality 
rate is expected to be <10% in patients with silent presentation. When compared to 
BCS with non-BD reasons, younger age, male predominance, and occlusion of the 
VC inferior are more frequent in BCS with BD. No effect of anticoagulation or 
thrombolytic therapy is observed on mortality [66]. In two other case series, mortal-
ity was reported below 20% during follow-up [67, 68].

20.4.5  Cerebral Sinus Thrombosis

Cerebral sinus thrombosis (CST) consists of approximately one third of neurologic 
involvement of BD, again mainly seen in males [69]. In a large CST cohort from 
Turkey, BD as an etiological factor was present in 108 (9.4%) of 1144 patients. 
Transverse sinuses were the most common sites of thrombosis, followed by the 
superior sagittal sinuses [70]. It generally presents signs and symptoms of intracra-
nial hypertension such as headache and papilledema. Fever and nausea/vomiting 
can be seen in about one fifth of patients. Seizure and confusion can rarely be seen. 
CST is strongly associated with peripheral vascular involvement in BD [71]. 
Prognosis is good in CST with BD.  In a retrospective study, 90% of patients 
responded well to the treatment within 1 month [72]. In a systematic review includ-
ing 290 cases of CST, a good response was achieved in more than half of the patients 
whereas a sequelae developed in 20%. Most frequent sequelae were optic nerve 
atrophy and blindness/reduced visual acuity. There was no mortality except one 
case due to suicide [73].

20.5  Clinical Features and Prognosis of Arterial Involvement

20.5.1  Pulmonary Arterial Involvement

Despite being the most frequent form of arterial involvement, pulmonary arterial 
involvement (PAI) rate is only 5–10% among all vascular manifestations. It affects 
mainly males [7, 74]. PAI can manifest as aneurysm formation, thrombosis, or both 
[29], but aneurysm formation is more frequent. Isolated “in situ” pulmonary artery 
thrombosis (PAT) is seen in up to 28% of PAI. In about one third of isolated pulmo-
nary thrombosis, aneurysm formation develops during follow-up [75, 76]. 
Aneurysms are usually multiple and bilateral. Most frequent localization is lobar 
arteries [77, 78]. Hemoptysis is the most frequent symptom of pulmonary arterial 
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aneurysm (up to 90%) and is usually the presenting symptom. Life-threatening 
massive hemoptysis is seen in half of the patients. Hemoptysis, especially massive 
hemoptysis is seen less frequent in PAT. Constitutional symptoms, fever, dyspnea, 
cough, and chest pain may also be seen in patients with PAI [10, 27]. An association 
between PAI and venous involvement was previously shown [6]. In PAT, thrombo-
embolism is not expected due to tightly adherent thrombi to the vessel wall [8]. 
Mortality rate was around 25% during the follow-up in patients with pulmonary 
aneurysm. The risk was higher in patients with larger aneurysms and higher systolic 
pulmonary artery pressure levels [10, 72]. Chronic thromboembolic pulmonary 
hypertension (CTEPH) may be seen as a rare complication of PAI. In a case series 
from Turkey with nine patients undergone pulmonary endarterectomy, one patient 
was deceased due to postoperative complications 1  month after surgery. After a 
median follow-up of 24 months, eight patients were alive with improvements in 
pulmonary symptoms [79].

20.5.2  Peripheral Arterial Involvement

The frequency of peripheral arterial involvement is around 5% among all vascular 
manifestations. It develops late compared to other vascular manifestations, gener-
ally mean 5–10 years after the disease-onset. Male predominance is present simi-
lar to other vascular manifestations [6]. Peripheral arterial involvement mainly 
manifests with aneurysms rather than thrombosis [80]. Abdominal aorta, femoral, 
popliteal, and carotid arteries are the most frequent involvement sites of aneurysm 
formation. Aneurysm may be seen also in visceral and cerebral arteries. Constitu-
tional symptoms and elevated acute-phase response may be seen in early stages of 
peripheral arterial involvement [8, 81]. Aneurysms present with painful and pul-
satile masses. These pulsatile aneurysms have the risk of rupture or leakage. 
Abdominal aortic aneurysms usually present with nonspecific symptoms such as 
back or flank pain, abdominal discomfort and constipation. The rupture of abdom-
inal aorta has a risk of mortality [82]. In a retrospective study of 12 patients with 
abdominal aneurysms, overall recurrence rate after surgical intervention was 
50% [83].

Tüzün H. et al. reported the prognosis of 25 (24 M/1 F) BD patients with non- 
pulmonary arterial involvement. Twenty-three of the patients had aneurysms while 
the remaining had arterial occlusions. There was one mortality and 23 patients 
(92%) were under follow-up after a mean of 7.4 ± 2.9 years. Recurrence rate in this 
series was 20% [78]. Saadoun et al. reported outcome of 101 patients with arterial 
involvement among a cohort of 820 patients. Involved arteries were mainly aorta 
(n = 25), femoral (n = 23), and pulmonary (n = 21) arteries. After a median follow-
 up of 7.6 years, complete remission was achieved in 39% of the patients, while 28% 
experienced a relapsing course. Mortality developed in 14%. The 20-year survival 
rate was found significantly lower in patients with arterial involvement than in those 
without arterial lesions (73% vs. 89%, respectively) [84].

F. Alibaz-Oner and H. Direskeneli



265

20.5.3  Cardiac Involvement

Cardiac involvement is a very rare form of vascular involvement in BD (<5%) [7]. 
Most fequent forms of cardiac involvement is intracardiac thrombosis. Coronary 
arteritis, pericarditis, myocarditis, endocarditis with valvular regurgitation, endo-
myocardial fibrosis, and sinus of valsalva aneurysms were also rarely reported. 
Intracardiac thrombus is mainly seen in males, and the majority of lesions are located 
at the right side of the heart. Cardiac valves may rarely be affected. Most frequent 
symptom is fever, seen in >80% of patients with intracardiac thrombus. Dyspnea, 
chest pain, and hemoptysis are seen in one third of patients. There is limited data for 
the prognosis of cardiac involvement. During follow-up of 22 BD patients with intra-
cardiac thrombosis, thrombus disappeared in 13 cases and thrombus size was reduced 
in 7 cases [85]. Valvular regurgitation is seen mostly in the aortic valve and less com-
monly in the mitral and tricuspid valves. Heart failure may rarely be the first presen-
tation of patients before BD diagnosis. Embolism from these valvular lesions is 
unexpected due to the tightly attachment to endocardium or myocardium [86]. In a 
French series of 52 patients, mortality rate was 15% during a median follow-up of 3 
(IQR: 1.75–4.2) years. A relapsing disease course was seen in eight (15%) patients. 
The 5-year survival rates were 83.6% and 95.8% in BD patients with and without 
cardiac involvement, respectively [87]. Intracardiac thrombosis is strongly associ-
ated with PAI [6]. Thus, evaluation of pulmonary arteries with CT angiography is 
strongly recommended, when intracardiac thrombosis is observed [17].

Coronary artery involvement is an extremely rare form of vascular involvement 
in BD. It was reported to be 0.5% among all vascular manifestations [88]. Coronary 
involvement can cause aneurysms or occlusion of coronary artery and may be pre-
sented with myocardial infarction or aneurysm rupture [89].

20.6  Imaging in Vascular Involvement of Behçet’s Disease

Venous Doppler ultrasound (US) is the mostly used imaging tool to detect venous 
thrombosis in BD in especially lower extremities, but also for the diagnosis of 
BCS. A Turkish study compared the diagnostic value of magnetic resonance (MR) 
venography and Doppler US in 28 BD patients with chronic DVT. While Doppler 
US detected chronic findings in all patients, MR venography detected in 93%. 
Collateral veins were detected in 19 patients with MR venography, whereas they 
were present in only seven patients with US. MR venography might be an alterna-
tive or additional method to detect chronic thrombosis in the lower extremities [90]. 
Contrast-enhanced computerized tomograpraphy (CT) scan and MR angiography 
(MRA) as noninvasive radiological interventions are the preferred imaging methods 
to diagnose vena cava thrombosis [91]. For cerebral sinus thrombosis, both CT and 
MRA may be used for diagnosis, but MR is superior to CT for detecting a clot in the 
cortical or deep veins. MR also easily shows the ischemic damage (even hemor-
rhagic ones) in the cerebral parenchyma in cases of CVT [92].

Invasive procedures are not preferred in vascular BD for imaging of arterial sys-
tem due to the risk of aneursym formation at the insertion site [93]. Therefore, 
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conventional angiography should be avoided unless endovascular interventions are 
planned. For the diagnosis of pulmonary arterial involvement, contrast-enhanced 
CT is the best option. MRA may be another option, but CT is better to show small 
aneurysms [29, 94, 95].

For the imaging of peripheral arterial involvement in BD, both CT and MR angi-
ography can be used. The development of multidetector CT has enabled reconstruc-
tions of three-dimensional, high-resolution images within very short time. This also 
allowed the assessment PET is the widely used imaging tool for LVV in recent 
years. It can be an option in suspicion of isolated aortic involvement in BD of the 
vessel wall thickening and mural thrombus. There is limited data with PET-CT 
imaging to show inflammatory activity in pulmonary arteries [96, 97].

20.7  Diagnosis

There is no spesific diagnostic test for BD and the diagnosis depends on clinical 
features. International Study Group (ISG) for Behçet’s disease developed a set of 
classification criteria in 1990. ISG criteria was validated and is widely used for BD, 
with a sensitivity and specificity >90%. The diagnosis requires recurrent oral ulcers 
plus at least two of genital ulcers, erythema-nodosum-like lesions, folliculitis, uve-
itis (anterior or pan-uveitis) and pathergy test [98]. This criteria set does not include 
major organ involvement except ocular involvement. The 2014 International Criteria 
for Behçet’s Disease seems to be more sensitive especially in early disease due to 
including scores for major organ involvement. However, it may cause overdiagnosis 
and patients especially with spondyloarthropathic features can be mislabeled as 
BD [99].

Diagnosing BD can be a clinical challenge, especially in patients presenting with 
major manifestations such as vascular, ocular, or neurologic involvement with or 
without oral aphthous lesions. These patients not meeting diagnostic criteria, had 
BD diagnosis with “expert opinion” in countries with high prevalence of 
BD. Incomplete BD was also reported as increased in recent years in Far-East coun-
tries such as Japan and Korea [100]. Furthermore, early diagnosis is of utmost 
importance especially in severe cases with venous thrombosis as their management 
differ from non-inflammatory DVT, necessitating immunosuppressive use rather 
than anticoagulant therapy. Our recent studies previously mentioned showed that 
measurement of CFV thickness with Doppler ultrasound (US) can be a diagnostic 
test for BD with sensitivity and the specificities higher than 80% for the cut-off 
value of ≥0.5 mm (Alibaz-Oner et al., Rheum(Oxford) in press).

20.8  Treatment

20.8.1  Medical Treatment

The primary pathology leading to thrombosis in BD is the inflammation of the ves-
sel wall and systemic ISs are used to reduce this inflammation. However, there are 
no controlled studies of ISs for the management of major vessel disease in 
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BD. According to the EULAR 2018 recommendations, glucocorticoids (GC) and 
ISs such as azathioprine, cyclophosphamide, or cyclosporine-A are recommended 
for the management of acute DVT in BD, monoclonal tumor necrosis factor (TNF) 
inhibitors could be considered in refractory patients [101]. Hamuryudan et  al. 
reported the follow-up results of patients included in an RCT of azathioprine for 
ocular involvement. In this study, vascular and neurological involvement was less 
present among patients who had been treated with azathioprine [102]. Retrospective 
case series also showed the beneficial effects of azathioprine in vascular involve-
ment [6]. A recent prospective study from Turkey showed that 45% of the 29 patients 
with DVT relapsed under azathioprine treatment during a mean follow-up of 
40.7 ± 13.4 months. In this study, 13 of 14 patients treated with interferon-alpha had 
good recanalization, and only 2 (11%) had a relapse during a mean follow-up of 
29 ± 20 months. Interferon-alpha seems as promising agent for the treatment of 
VBD [52].

In a recent retrospective study including 70 patients with DVT or superficial 
thrombophlebitis, biologic treatments, and conventional IS therapies including aza-
thioprine, cyclosporine-A, and cyclophosphamide were compared. Vascular 
response rate was higher in adalimumab-based regimens (34/35, 97%) compared to 
conventional IS therapies (23/35, 66%) during a mean follow-up of 
25.7  ±  23.2  months. Relapse rate was also found lower in patients treated with 
adalimumab-based regimens compared to patients treated with conventional thera-
pies (9% vs 40%) [103]. As a general approach, life-threatening conditions such as 
pulmonary arterial aneurysm (PAA) and BCS are managed with more aggressive 
medical treatment including cyclophosphamide and glucocorticoid pulses [8]. 
Monoclonal TNF inhibitors should be considered in refractory cases.

There is now increasing data of TNF inhibitors for the treatment of all types of 
refractory VBD [104–106]. Desbois et al. reported 18 VBD patients treated with 
TNF inhibitors and refractory to conventional immunosuppressants. Clinical remis-
sion was achieved in about 90% of patients. Relapse developed in two (11%) 
patients after discontinuation of TNF inhibitors [107]. In a series of 27 refractory 
VBD patients treated with TNFα inhibitor agents, complete clinical remission was 
achieved in 22 (80%) patients within 3 months. The median daily dose of GCs sig-
nificantly decreased at 3 months. Infliximab was the first choice of TNFα inhibitor 
in 24 and adalimumab in three patients. A trend toward a higher rate of complete 
remission was observed with concomitant IS use compared to monotherapy of 
TNFα inhibitors (93% vs 67%, p = 0.09) [108].

There are limited data with other biological agents showing the efficicacy of 
anakinra [109], alemtuzumab [110], and tociluzumab [111] in refractory VBD.

20.9  Anticoagulation

IS treatment is the mainstay of VBD. But there is no concensus for anticoagulation. 
Data for anticoagulation in the treatment of VBD comes from only retrospective 
studies. Desbois AC et al. analyzed their retrospective cohort of 807 BD patients. All 
BD patients with deep vein thrombosis (n = 296) received anticoagulation therapy 
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despite a high number of associated arterial aneurysms (n = 44), eight of which were 
pulmonary. Hemorrhagic complications were seen in only 2% of the patients. The 
rate of immunosuppressive usage was only 46.8% in patients having deep venous 
thrombosis in this study; however, IS agents significantly reduced venous thrombo-
sis relapses [112]. In a multicenter retrospective study from Turkey evaluating dif-
ferent treatment modalities in VBD, the relapse rate was found similar between 
patients using only ISs and those using anticoagulants together with ISs (29.1% vs 
22.4%, p = 0.08). In multivariate analysis, development of vascular relapse nega-
tively correlated with only IS treatments, adding anticoagulants on ISs had no addi-
tional positive effect [7]. In a retrospective study, any positive effect of anticoagulants 
on development of post-thrombotic syndrome after DVT is also not shown [51]. A 
meta-analysis of three retrospective studies showed that ISs and anticoagulants are 
superior to anticoagulants alone (RR 0.17, 95% CI 0.08–0.35), and adding antico-
agulants to ISs provides no benefit (RR 0.75, 95% CI 0.48–1.17). According to 
EULAR Recommendations, anticoagulants may be added, provided the risk of 
bleeding in general is low and coexistent pulmonary artery aneurysms are ruled 
out [113].

20.10  Surgical Treatment

As indications for surgical interventions in venous disease is rare, surgery is an 
option for mainly arterial involvement in VBD [8]. In a recent case series and sys-
tematic review, the results of initial endovascular or surgical interventions were 
unfavorable in 22 (53.6%) of 41 BD patients with venous thrombosis [114]. In case 
of need for surgical interventions, there is no consensus for optimal intervention 
modality or optimal graft type in VBD. But, peri- and postoperative IS treatment 
were suggested to reduce surgical complications and relapses [115]. For PAAs, sur-
gical treatment without IS treatment is not a successful option due to multiple loca-
tion of aneurysms in different parts of lungs. Nevertheless, lobectomy may be an 
option together with peri- and postopperative IS treatment in selected cases. 
Endovascular embolization may be effective in PAA in patients refractory to medi-
cal treatments [75, 116]. Endovascular embolization should also be preferred to 
open surgery in patients with a high risk of major bleeding [113]. Recently, in 
refractory cases, pulmonary endarterectomy was reported to be well tolerated and 
effective in VBD with pulmonary hypertension due to thrombi [79].

Peripheral arterial aneurysms should be treated surgically [80]. For both pulmo-
nary and peripheral artery aneurysms, the choice of surgical intervention between 
graft insertion, ligation, and bypass surgery should be made according to the size 
and location of the aneurysm and the surgeon’s experience. Synthetic grafts should 
be preferred since venous grafts have a higher risk of thrombosis in patients with 
BS [113].
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20.11  Conclusion

Vascular BD is a complex vasculitis involving all size veins and arteries. It is one of 
the major causes of mortality and morbidity, especially in males. While vein involve-
ment presents with thrombosis, arterial involvement present with both aneurysm 
and thrombosis. DVT in lower extremity is the most frequent vascular involvement 
type. Current evidence suggests that the pathogenesis of thrombosis in BD is prob-
ably not due to a hypercoagulable state but rather to the vascular damage induced by 
inflammation or intrinsic endothelial dysfunction. Recent studies showed that neu-
trophils have critical role in inflammation-associated thrombosis in BD. There is no 
specific diagnostic test for BD and the diagnosis depends on clinical features. For 
the cases presenting with oral ulcers and especially recurrent vascular involvement, 
measurement of common femoral vein thickness can be used as a diagnostic test. 
Glucocorticoids, azathioprine, and cyclophosphamide are still recommended as the 
first-line treatments in VBD. However, TNF inhibitors and interferon-alpha can be 
used in refractory patients. Anticoagulant usage for VBD is still controversial due to 
limited data coming from only retrospective studies. There is a clear need for ran-
domized controlled studies for the management of VBD.
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