
Received: March 6, 2024
Accepted: March 7, 2024

Correspondence
Carla Giordano
E-mail: carla.giordano@uniroma1.it

How to cite this article: De Gaspari  M, 
Ascione  A, Baldovini C, et al. 
Cardiovascular pathology in vasculitis. 
Pathologica 2024;116:78-92. https://doi.
org/10.32074/1591-951X-993

© Copyright by Società Italiana di Anatomia Pato-
logica e Citopatologia Diagnostica, Divisione Itali-
ana della International Academy of Pathology

 OPEN ACCESS

This is an open access journal distributed in accordance 
with the CC-BY-NC-ND (Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International) license: the 
work can be used by mentioning the author and the license, 
but only for non-commercial purposes and only in the original 
version. For further information: https://creativecommons.
org/licenses/by-nc-nd/4.0/deed.en

PATHOLOGICA 2024;116:78-92; 
DOI: 10.32074/1591-951X-993

Review

Cardiovascular pathology in vasculitis 

Monica De Gaspari1, Andrea Ascione2, Chiara Baldovini3, Andrea Marzullo4, Angela Pucci5,  
Stefania Rizzo1, Cecilia Salzillo4, Annalisa Angelini1, Cristina Basso1, Giulia d’Amati6,  
Cira Rosaria Tiziana di Gioia6, Allard C. van der Wal7, Carla Giordano6  On behalf of the Italian Study 
Group of Cardiovascular Pathology
1 Cardiovascular Pathology Unit, Department of Cardiac, Thoracic, Vascular Sciences and Public Health, 
University of Padua, Azienda Ospedaliera, Padova, Italy; 2 Department of Experimental Medicine, Sapienza 
University, Rome, Italy; 3 Department of Pathology, Cardiovascular and Cardiac Transplant Pathology Unit, 
IRCCS Azienda Ospedaliero-Universitaria di Bologna, Bologna, Italy; 4 Department of Precision and Regenerative 
Medicine and Ionian Area, Pathology Unit, University of Bari “Aldo Moro”, Bari, Italy; 5 Histopathology 
Department, University Hospital of Pisa, Pisa, Italy; 6 Department of Radiology, Oncology and Pathology, 
Sapienza University, Rome, Italy; 7 Department of Pathology, Maastricht University Medical Center (MUMC+), 
Maastricht, The Netherlands

Summary
Vasculitides are diseases that can affect any vessel. When cardiac or aortic involvement 
is present, the prognosis can worsen significantly. Pathological assessment often plays a 
key role in reaching a definite diagnosis of cardiac or aortic vasculitis, particularly when the 
clinical evidence of a systemic inflammatory disease is missing. The following review will 
focus on the main histopathological findings of cardiac and aortic vasculitides. 
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Abbreviation list:

AECVP: Association for European Cardiovascular Pathology
ANCA: anti-neutrophil cytoplasmic antibodies
EGPA: eosinophilic granulomatosis with polyangiitis
GCA: giant cell arteritis
GPA: granulomatosis with polyangiitis
KD: Kawasaki disease
PAN: polyarteritis nodosa
SCVP: Society for Cardiovascular Pathology 
TA: Takayasu’s arteritis
TAA: thoracic aortic aneurysm

Introduction 

Vasculitides are a heterogeneous group of rare disorders characterized 
by inflammation of blood vessels. Inflammation may result in vessel ste-
nosis, thrombotic occlusion, aneurysm, dissection or even full thickness 
rupture of the arterial wall 1,2. Besides vessel inflammation, vasculitides 
may impact the cardiovascular system by inducing accelerated athero-
sclerosis, hypertension, thromboembolic events, and as such, may end 
up in life threatening diseases such as myocardial infarction and stroke 3. 
Because of the heterogeneous pathogenesis and clinical presentation, 
the classification of vasculitides has always been challenging. According 
to the Chapel Hill Consensus Conferences, vasculitides are categorized 
according to the diameter of the blood vessel most often involved as 
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either large sized, involving the aorta and its branches 
of large distributing arteries (Takayasu’s arteritis, TA 
and Giant Cell Arteritis, GCA); medium-sized, involv-
ing medium-sized distributing and parenchymatous 
arteries and veins (Polyarteritis Nodosa, PAN and Ka-
wasaki Disease, KD); and the various types of small 
vessel vasculitis, involving small distal parenchyma-
tous arteries, arterioles, venules, and capillaries 4. The 
latter group is subdivided into immune complex- and 
antineutrophil cytoplasmic antibody (ANCA)-asso-
ciated vasculitis, according to the presence or ab-
sence of specific ANCA autoantibodies [proteinase 3 
(PR3)-ANCA and myeloperoxidase (MPO)-ANCA]  5. 
However, considering the evolving spectrum of clini-
cal, laboratory, genetic, and imaging findings, efforts 
are still underway to improve the classification crite-
ria 1,6.
The prototype of larger vessel vasculitis, aortitis, can 
be associated with significant morbidity and mortality 
through the development of aortic aneurysm, rupture, 
and dissection, and is often identified only by histo-
pathology after surgical management of aneurysms/
dissections or at autopsy  7. A consensus statement 
proposed by the Society for Cardiovascular Patholo-
gy and the Association for European Cardiovascular 
Pathology (SCVP/AECVP) in 2015 provided a histol-
ogy-based classification scheme, with recommenda-
tions on surgical sample processing, interpretation, 
and reporting 8. However, histological diagnosis may 
be challenging because of the overlapping histologi-
cal features between different entities (see below) and 
because inflammation may be scarce and obscured 
by medial degenerative changes and fibrosis. Thus, 
correlation of histopathology with clinical features and 
blood and imaging tests is mandatory for proper di-
agnosis.
Coronary artery vasculitis is a relatively rare form of 
medium sized arteritis, and because of its vital topo-
graphic location in the heart, it can also be associat-
ed with significant morbitiy and death. Most reported 
cases occur in children with KD, and its final diagnosis 
requires a strict clinicopathological correlation with the 
extracardiac manifestations of the disease 9. However, 
and usually at older ages, coronary vasculitis could 
represent also as an underdiagnosed condition in the 
clinical setting of myocardial infarction without occlu-
sive coronary artery disease, occurring in patients 
with an autoimmune systemic disease or with an iso-
lated inflammatory coronary disorder 10-13.

Aortitis and periaortitis

The terms aortitis and periaortitis refer to a spectrum 
of inflammatory disorders involving the media and/
or intima (i.e., aortitis) and/or to the adventitia (i.e., 

periaortitis), which cannot be attributed to atheroscle-
rosis, or at most atherosclerosis alone 8,14-16. Notably, 
atherosclerosis is often associated with some degree 
of inflammation, and in certain settings (e.g., vulnera-
ble plaques or plaque rupture and luminal thrombosis) 
inflammation may be prominent, although mostly as-
sociated with the atherosclerotic lipid cores. A specific 
entity with unclear etiological backgrounds is the in-
flammatory atherosclerotic aneurysm of the abdom-
inal aorta (IAA), in which severe atherosclerosis is 
associated with destruction of the media and marked 
(peri)adventitial inflammatory infiltrate, primarily com-
posed of lymphocytes and plasma cells. In this setting, 
a differential diagnosis with periaortitis is mandatory. 
IAA occurs most often at sites of extensive atheroscle-
rosis, which is the abdominal aorta, whereas most 
other forms of aortitis or periaortitis localize mostly in 
the thoracic aorta and its major branches. However, 
also at the level of thoracic aorta, aortitis may occur 
in association with atherosclerosis and medial de-
generative changes. The evidence of mixed patterns 
(i.e. aortitis and atherosclerosis or aortitis and degen-
erative features) has been recently recognized as a 
frequent morphologic substrate of thoracic aortic an-
eurysm (TAA) in surgical specimens of the aorta, es-
pecially in the elderly female (up to 25% of cases with 
mixed phenotype versus 3% in which aortitis appears 
as the unique morphologic substrate of TAA) 7,17,18. De-
generative changes, namely elastic fiber fragmenta-
tion and/or loss, smooth muscle nuclei loss, mucoid 
extracellular matrix accumulation, and medial laminar 
collapse can be observed both in inflamed and non-
inflamed areas, probably because of inflammation-in-
duced injury to smooth muscle cells and extracellular 
matrix components 7. When inflammation is scant and 
medial degenerative changes are prominent, diagno-
sis of aortitis may be overlooked 19. Based on the main 
histopathologic pattern observed, aortitis accounts for 
9 to 14% of TAA in two different case series 7,17.
According to the etiology, aortitis may be classified as 
infectious and non-infectious. Infectious causes are ra-
re, and more often observed after invasive procedures 
or surgery (including aortic graft infections). Non-infec-
tious aortitis are mostly auto immune mediated and 
the most common forms are TA (especially in younger 
patients) and GCA (in older patients) (Tab. I). Several 
other rheumatologic diseases may involve the aorta 
including rheumatoid arthritis, ankylosing spondylitis, 
Reiter’s syndrome, Behçet’s disease, granulomatosis 
with polyangiitis (GPA), eosinophilic granulomatosis 
with polyangiitis (EGPA) and IgG4-related disease. A 
third diagnostic category, isolated aortitis without sys-
temic involvement, has also been recognized 4.
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Giant cell aortits/arteritis 

Epidemiology and clinical features

GCA is an immune-mediated vasculitis characterized 
by granulomatous inflammation involving mainly large- 
and medium-sized arteries. It is the most common 
systemic vasculitis involving the aorta in adults over 
the age of 50, especially females, with an estimated 
annual incidence of 1-3 per million 20. Involvement of 
extracranial branches of the carotid artery resulting 
in headache, jaw claudication, or visual impairment 
and loss is the most common presentation, often as-
sociated with constitutional symptoms. In these cases, 
the arteritis is clinically frequently recognized and di-
agnosed at the level of the temporal arteries, and re-
ferred to as Horton’s temporal arteritis. Aortitis, usually 
involving the thoracic aorta, is present in about 30% of 
cases of GCA, and may precede, be concomitant, or 
follow the involvement of cranial arteries. To recognize 
the broad spectrum of clinical presentations, the no-
menclature has evolved to reflect the site of inflamma-
tion, with the term large vessel GCA, cranial GCA, and 
large vessel GCA with cranial involvement 21,22. There 
are no specific serologic markers of disease. Aortic 

aneurysms and dissections may be the first clinical 
manifestation when the aorta is involved, and the 
pathologic diagnosis is rendered at autopsy or after 
surgery. When cranial arteries are involved, histolog-
ic diagnosis by a superficial temporal artery biopsy is 
considered the gold standard, even though the dis-
continuous involvement of the vessel (“skip lesions”) 
is common, possibly leading to false-negative results. 
A consensus statement by the SCVP on the process-
ing, interpretation, and reporting of temporal artery 
biopsy for arteritis was recently published 23.

Microscopic features

Histologically, GCA shows granulomatous inflamma-
tion of the media, mostly the inner half, with epithelioid 
macrophages and occasional giant cells associated 
with lymphoplasmacytic infiltrate, usually in the ad-
ventitia, in the absence of prominent necrosis (Fig. 1). 
The latter, if present, should prompt consideration of 
other entities. Inflammation affects the elastic lamina, 
which appears fragmented. Well-formed granulomas 
are usually absent. Intimal hyperplasia is common. In 
more advanced stages of the disease, extensive fi-
brosis may be present, with a “tree bark” appearance 

Table I. Summary of the main features of the most frequently encountered vasculitides in the aorta and coronary arteries.

Epidemiology

Aortic 
involvement 

(% of cases; main 
features)

Coronary artery 
involvement

(% of cases; main 
features)

Histology Preferential site 

Giant cell arteritis 
(GCA)

Most common cause 
of aortitis  > 50; 

F > M

30; aneurysm, 
dissection

< 1; stenosis Lymphoplasmacytic 
infiltrate, epithelioid 

macrophages, 
giant cells, elastic 

fragmentation

Thoracic aorta, 
extracranial 

branches of the 
carotid artery 

Takayasu’s arteritis 
(TA)

Most common cause 
of  

aortitis  < 50; F > M;
Asian descent

80-100; stenosis, 
aneurysm 

30; stenosis, 
occlusion

Compact granulomas, 
necrosis, scarring

Whole length of 
the aorta and most 

of its branches, 
including the 

coronary ostia
IgG4-Related Disease Adults  > 50; M > F 10-30; aneurysm, 

periaortitis
< 10; periarteritis, 

stenosis
Lymphoplasmacytic 

infiltrate, IgG4+ 
plasma cells, storiform 

fibrosis

Abdominal aorta, 
rarely thoracic 

aorta

Kawasaki Disease 
(KD)

Young children; Asian 
descent

The aorta is 
usually spared 

20-30; aneurysm, 
thrombosis

Polymorphous 
inflammatory infiltrate 
with histiocytes and 

granulocytes

Epicardial 
coronary arteries

Polyarteritis nodosa 
(PAN)

Adults; M > F The aorta is 
usually spared

< 20; stenosis, 
occlusion, aneurysm

Panarteritis with 
fibrinoid necrosis 

and polymorphous 
inflammatory infiltrate

Epicardial 
coronary arteries 
and myocardial 

arterioles
Granulomatosis with 
polyangiitis (GPA)
Eosinophilic 
granulomatosis with 
polyangiitis (EGPA)

Adults The aorta is 
usually spared

< 30; stenosis, 
occlusion

Necrotizing 
granulomatous 
inflammation +/- 

eosinophils

Myocardial 
arterioles
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of the intimal surface, as can be noticed also macro-
scopically in all forms of aortitis, but the adventitia is 
relatively spared. Stenosis of the coronary artery ostia 
and the proximal coronary tract may result from the 
involvement of the parietal wall by the inflammatory 
process. Aortic valve insufficiency may result from the 
dilation of the aortic root/ascending aorta.
In the setting of temporal artery biopsy, medial in-
volvement by inflammation is necessary to warrant a 
diagnosis of active arteritis. The finding of inflamma-
tion limited to the adventitia is considered non-specif-
ic, however it should prompt the pathologist to obtain 
additional histological sections  23. The term “healed 
arterial injury” should be reserved for cases showing 
intimal thickening with smooth muscle cells and colla-
gen deposition, extensive loss of the internal elastic 
lamina, medial fibrosis, and fibrous thickening of the 
adventitia with fragmentation and loss of the external 
elastic lamina, in absence of granulomatous inflam-

mation. The clinical significance of “healed arterial 
injury” is uncertain because of the histomorphology 
overlap between trauma, age-related changes, and 
healed arteritis 23,24. 

Takayasu’s arteritis

Epidemiology and clinical features

TA, also known as “pulseless disease”, is the most 
common granulomatous systemic vasculitis affecting 
patients below the age of 50, with the majority being 
women 4,25. Age of onset is the major epidemiological 
feature that distinguishes TA from GCA. TA is a rare 
entity in Western Countries; it is most common in Ja-
pan, Southeast Asia, and India. The disease leads to 
luminal narrowing and occlusion of the proximal seg-
ments of the aortic arch branches, and aneurysms 
of the aorta may occur. Clinically TA manifests with 
an acute phase characterized by systemic symptoms 
such as fever, fatigue, arthralgia, etc., and a chronic 
phase which may occur after years whose most com-
mon presentation symptoms include impalpable puls-
es and stroke. 

Microscopic features

Although the histologic pattern may overlap with 
GCA, aortic wall thickness is generally more pro-
nounced; moreover, adventitial scarring and com-
pact granulomas are more common in TA than in 
GCA. In the acute phase, the disease is character-
ized by diffuse inflammatory infiltrates involving the 
media, the media-intimal junction, and the adven-
titia, including the vasa vasorum. There are com-
pact granulomas composed of macrophages with 
variable amounts of lymphocytes, plasma cells, and 
giant cells with medial necrosis. In the late phase of 
the disease, marked adventitial scarring and intimal 
thickening are typical lesions. Prominent fibrosis on 
the long term may lead to diffuse or multisegmented 
stenosing lesions interchanged by areas of diffuse 
dilatation or aneurysms.

IgG4-related disease 

Epidemiology and clinical features

IgG4-related disease is a recently recognized chronic 
fibro-inflammatory disorder of unknown aetiology that 
may cause aortitis and/or periaortitis, among potential 
manifestations of the disease in several other organs 
such as pancreas, lacrimal glands, kidneys, lymph 
nodes and retroperitoneum. The disease was initially 
identified in the pancreas as autoimmune pancreatitis. 
It is characterized by increased serum levels of IgG4 
and histopathological finding of lymphoplasmacytic in-

Figure 1. Aortitis in giant cell arteritis. A 73-year-old male 
with aneurysmatic dilation of the ascending aorta. (A) The 
panoramic view of the aorta reveals a massive granuloma-
tous inflammation located in the outer third of the media, 
coupled with mild adventitial inflammation and thickening. 
(B) At higher magnification, numerous giant cells are ad-
mixed with activated macrophages and lymphocytes. (C) 
Elastic stain demonstrates the complete disruption of the 
tunica media. (A, B) Hematoxylin-eosin stain, (C) Weigert 
van Gieson stain.
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filtrate with IgG4-positive plasma cells, and a storiform 
pattern of fibrosis. The majority of affected patients 
are men older than 50 years of age. Although autoim-
mune pancreatitis in Japan has been estimated as 2,2 
cases per 100,000 population, the true prevalence of 
IgG4-related disease is probably underestimated. As 
mentioned above, many other organs can be affect-
ed by the fibro-inflammatory lesions and presenting 
symptoms typically vary depending on the involved 
organ. Interestingly some overlap has been noted be-
tween IgG4-related retroperitoneal fibrosis and IAA, in 
which a small subpopulation of patients displays high 
numbers of IgG4+ plasma cells in the thick peri-an-
eurysmal fibrous layer  26. A biopsy is often required 
to reach a definite diagnosis. The condition generally 
responds well to immunosuppression, particularly in 
the inflammatory stage 27-29.

Microscopic features

As for other conditions, IgG4-related aortitis is often 
an unexpected finding at surgery or autopsy. Interna-
tional consensus guidelines for the pathologic diag-
nosis of IgG4-related aortitis/periaortitis require the 
presence of a lymphoplasmacytic aortitis/periaortitis 
with more than 50 IgG4+ plasma cells per 400 × HPF 
and an IgG4/IgG ratio greater than 50%, when count-
ing the three HPFs with the highest degree of IgG4 
positivity  8,30. Infections or granulomatous inflamma-

tion should be excluded. Lymphoplasmacytic infiltra-
tion, lymphoid follicle formation, obliterative adventitial 
phlebitis, and fibrosis, which may have a storiform pat-
tern, are the main histopathological features (Fig. 2). 
Both the thoracic and abdominal aorta can be affect-
ed 31,32. 

Clinically isolated aortitis

The term refers to a histopathologically proven aortitis 
in the absence of systemic involvement by a rheuma-
tologic disease, included in the Chapel Hill nomen-
clature under the category of single organ vascu-
litis  4. Isolated aortitis involves the ascending aorta. 
Histologically, the inflammation is most often granu-
lomatous, like GCA, but can also be purely lymphop-
lasmacytic  33. It is not clear whether isolated aortitis 
represents a single entity, or should be regarded as a 
heterogenous group of vasculitides (involving only the 
aorta). Nevertheless, in every case a potential clue 
to further diagnosis should be evaluated with clinico-
pathological correlations.

Infectious aortitis 

Infectious aortitis is a rare but important cause of aor-
tic disease because of the considerable prognostic 
and therapeutic implications of such a diagnosis 14. In 
most cases, pathogens seed the vessel wall at sites 
of pre-existent pathologies, such as atherosclerotic 
plaques, aneurysms, and areas of medial degenera-
tive changes, or in proximity of an aortic prosthesis. 
Other known risk factors for infectious aortitis in-
clude old age, hypertension, diabetes, recent surgi-
cal interventions, vascular malformations and septic 
embolization in case of endocarditis. Because of the 
correlation between pre-existent aortic damage and 
infection, most cases of infectious aortitis tend to in-
volve the abdominal aorta 34. The infection causes the 
already weakened vessel wall to be further injured by 
microbial enzymes and host inflammatory cells, with 
subsequent damage of elastic fibers, formation or 
expansion of aneurysms or perforating ulcers, which 
may grow in just weeks. Infectious aortitis can there-
fore be both a cause and a complication of aortic an-
eurysms, but is nevertheless a rare finding, reported in 
around 3% of all abdominal aortic aneurysms 35. The 
diagnosis is often made after aneurism rupture, the 
pathologist is, therefore, more likely to face infectious 
arteritis in the autoptic setting. Pathogens (bacterial, 
mycobacterial, and fungal organisms) usually colo-
nize the aortic wall directly from the lumen, by septic 
embolization or by hematogenous seeding; they can 
also arrive from the vasa vasorum or adjacent infected 
tissue by direct spread 36 (Tab. II).
Among bacteria, non-typhoidal Salmonella species 

Figure 2. Aortitis in Ig4-related disease. A 56-year-old 
woman underwent surgery for an abdominal aortic aneu-
rysm. (A) Marked adventitial thickening consistent in lym-
phoplasmacytic inflammation coupled with fibrosis in a sto-
riform pattern is demonstrated at histology. (B) Abundant 
plasma cells are evident at higher magnification. C) Masson 
trichrome stain highlights storiform fibrosis that completely 
replaced tunica media. (A, B) Hematoxylin-eosin stain, (C) 
Masson trichrome stain.
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represent the primary culprit, followed by Staphylo-
coccal and Streptococcal species, and gram-negative 
species other than Salmonella 14,35,37. Infectious aorti-
tis can also be a manifestation of Q fever, a zoonosis 
caused by the intracellular bacterium Coxiella bur-
netii. Cardiovascular involvement by Q fever usually 
takes the form of endocarditis, but aortitis has also 
been reported. Histopathologically, bacterial aortitis is 
characterized by a neutrophilic infiltrate involving most 
layers of the vessel wall eventually with necrosis and 
formation of abscesses. In cases of Q fever-related 
aortitis, non-necrotizing granulomas are also com-
monly seen  38.  Special stains can be used to iden-
tify the offending microorganisms, but intraoperative 
cultures have a much higher yield and allow planning 
of the antibiotic treatment. Syphilitic (luetic) cardiovas-
cular involvement, exceptionally rare in our current 
antibiotic era, used to be an important manifestation 
of tertiary syphilis, with significant morbidity and mor-
tality. Syphilitic cardiovascular pathology has variable 
manifestations and can present as syphilitic aortitis 
(usually involving the ascending aorta), with or with-
out syphilitic aortic aneurysms, syphilitic aortic valvu-
litis with aortic regurgitation, and syphilitic coronary 
ostial stenosis. Syphilitic aortitis shows the classical 
pathological finding of the “tree barking” of the aor-
tic intima, which appears irregular and wrinkled, with 
scarring, depressions, and white, shiny plaques 39-41. 
At histology, treponematous infection manifests with 
a lymphoplasmacytic infiltrate surrounding the vasa 
vasorum at first and extending to the media later, with 
abundant plasma cells and occasional giant cells. 
Microgummas can also be observed, consisting of a 
central area of necrosis and cellular debris, surround-
ed by palisading histiocytes, lymphocytes, and plas-
ma cells. Special histochemical (Warthin-Starry) and 
immunohistochemical stains can occasionally allow 
visualization of the offending Treponema organisms. 
Tuberculous aortitis has also dropped in relevance re-
cently and is now very uncommon in the developed 

world. Mycobacterial seeding of the aortic wall usually 
takes place by direct spread from an adjacent site of 
infection, such as mediastinal lymph nodes. Tubercu-
lous aneurysms are the typical manifestation of this 
condition, with the classical histopathological picture 
of caseating granulomatous inflammation  42. Fungal 
organisms able to cause infectious aortitis include 
members of the Candida and Aspergillus species. The 
pathological picture is like the one of bacterial aortitis, 
with the common histopathological occurrence of eo-
sinophils. 

Coronary arteritis 

The term coronary arteritis or “coronaritis” refers to a 
group of pathological conditions characterized by in-
flammation of the coronary arteries. Coronary artery 
vasculitis is rare and may cause myocardial ischemia, 
angina, infarction, or sudden cardiac death 43. 
Most of the reported cases occur in children with KD. 
Even though the prevalence is rare, the main etiologi-
cal factors are non-infectious 44 (Tab. I).

Coronary arteritis in systemic large vessel vasculitis 

In adulthood, TA is the large vessel vasculitis that 
most often affects the coronary arteries, preferentially 
the coronary ostia, with an estimated prevalence of 
10-45%. Histology of the coronary arteries is charac-
terized by transmural mononuclear cell infiltrate with 
fragmentation of internal elastic lamina, and granu-
lomatous arteritis. Coronary artery involvement can 
be diffuse and is often characterized by lumen steno-
sis or occlusion, with consequent myocardial infarc-
tion and ventricular arrhythmias (Fig. 3) 45.
Involvement of coronary arteries is rare in GCA, be-
ing described in less than 1% of cases, mostly at au-
topsy. Histological features of the coronary arteries 
in GCA are like those described for the aorta in GCA 
and are characterized in the acute phase by edema, 

Table II. Summary of the main features of the most frequently encountered infectious aortitis.
Preferential site Pathogenetic mechanism Histology

Bacterial aortitis Abdominal aorta Seeding of aortic wall at previously 
damaged sites

Diffuse colliquative necrosis

Q fever aortitis Abdominal aorta Seeding of aortic wall at previously 
damaged sites

Diffuse colliquative necrosis and non-
necrotizing granulomatous inflammation

Syphilitic aortitis Thoracic aorta Hematogenous spread and colonization 
from vasa vasorum

Lymphoplasmacytic infiltrate around 
vasa vasorum with occasional giant cells 

and microgummas
Mycobacterial aortitis Descending aorta Direct spread from infected tissue (e.g., 

lymph nodes)
Granulomatous inflammation with 

caseous necrosis
Fungal aortitis Abdominal aorta Seeding of aortic wall at previously 

damaged sites
Diffuse colliquative necrosis and 

necrotizing granulomatous inflammation
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patchy necrosis, inflammation with scattered giant 
cells in the outer two-thirds of the media, adventi-
tia, adventitial fat, and vasa vasorum. In the chronic 
phase, marked intimal and adventitial thickening of 
the vessels produces multisegmented stenosis with 
disorganized or absent elastic fibers replaced by col-
lagen and granulation tissue. Coronary aneurysm is 
rarely observed 43,46.

Coronary arteritis in systemic medium vessel vasculitis

Kawasaki disease

Epidemiology and clinical features

KD, also known as lymph node mucocutaneous syn-
drome, is an acute and self-limited systemic vasculitis 
of the medium and small-sized vessels with unknown 
etiopathogenesis, which mainly involves the coronary 
arteries 47,48. It affects male children under 5 years of 
age with a predilection for Asian origin, especially Jap-
anese, and has a greater incidence in the winter and 
spring months. The incidence ranges from 10 to 20 
per 100,000 children < 5 years of age in the United 
States and Canada, to 50 to 250 per 100,000 in Ja-
pan, Taiwan, or Korea. Clinically, it presents with fever, 
mucocutaneous rash, palmar and/or plantar erythe-
ma, conjunctivitis, and cervical lymphadenopathy. In-

volvement of coronary arteries is reported in 20-30% 
of cases and represents the most common cause of 
coronary artery aneurysms 45. 

Microscopic features

Histologically KD is characterized by a predominantly 
lymphohistiocytic inflammatory infiltrate leading to de-
struction of the internal elastic lamina and necrosis. 
Different stages of the disease have been recognized, 
particularly in relationship with coronary artery in-
volvement. During the first 6-9 days, small arteries are 
commonly involved and macrophages, neutrophils, 
and lymphocytes appear in the intima and adventitia 
of coronary arteries. From day 10, inflammation starts 
to involve the entire vessel wall with internal elastic 
lamina disruption. Aneurysms may develop from day 
12 of illness, with possible rupture or thrombosis and 
subsequent occlusion of the coronary vessels (Fig. 4). 
Persistence of inflammation may last for up to 25 days, 
after which the inflammatory cells gradually decline. If 
a myocardial infarction develops related to coronary 
artery occlusion, the myocardial scar will persist after 
the disease 49-51. Moreover, the inflammatory injury to 
the arterial wall with formation of aneurysms and fol-
lowed by scarring repair in childhood can be a risk 
factor for development of premature coronary athero-
sclerosis later in life.

Figure 3. Coronary artery vasculitis in Takayasu’s disease. A 14-year-old girl was rescued after a sudden cardiac arrest. Aor-
tography showed mild aortic dilation with aortic valve insufficiency and sub-occlusion of coronary ostia. The girl died and the 
autopsy revealed massive myocardial infarction with thickening of the ascending aorta, aortic arch, pulmonary arteries, left 
external carotid artery, and coronary ostia (modified from 82). (A) The left anterior descending coronary artery shows severe 
luminal narrowing because of concentric intimal hyperplasia. The tunica media appears destroyed and the adventitia is fi-
brotic. (B) The involved segments reveal necrotizing granulomatous inflammation with giant cells, consistent with Takayasu’s 
arteritis. (A) Masson trichrome stain; (B) Hematoxylin-eosin stain.
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Polyarteritis nodosa

PAN is a rare systemic necrotizing vasculitis not as-
sociated with ANCA, which involves medium and 
small-sized vessels. It affects middle-aged and old-
er adult men  52. Most cases are idiopathic, and less 
commonly it is associated with hepatitis B, hepatitis 
C, and other microorganisms. It may also be associat-
ed with Sjogren’s syndrome, rheumatoid arthritis, and 
hairy cell leukemia. Pathological features are those of 
a segmental vasculitis, showing a mixed inflammato-
ry infiltrate composed of lymphocytes, macrophages, 
neutrophils, and eosinophils, with a resultant destruc-
tion of the vessel wall and massive fibrinoid necrosis. 
Unlike KD, coronary involvement in PAN is rare, and 
occurs in the contest of systemic disease, with periph-
eral nerve and skin as the most frequently affected 

tissues. It can take the form of stenosis, occlusion, an-
eurysm, or dissection (Fig. 5) 45,53,54. 

Coronary arteritis in small vessel vasculitis

Small vessel vasculitis, particularly ANCA-associated, 
may involve the heart, resulting in myocarditis, per-
icarditis, valvulitis, and rarely coronary arteritis and 
myocardial infarction. Among this group, EGPA, for-
merly Churg Straus syndrome, is clinically character-
ized by the coexistence of asthma, rhinosinusitis, and 
peripheral eosinophilia, with positive ANCA in about 
40% of cases. The average age of onset is between 
38-54 years, peaking at 40 years. Cardiac involvement 
is reported in about one-third of patients, in the form 
of endo-myocarditis, especially in cases with negative 
ANCA tests and high eosinophil counts  55. Coronary 

Figure 4. Coronary artery vasculitis in Kawasaki disease. A 6-year-old child recently diagnosed with Hodgkin lymphoma died after 
some episodes of chest pain. The autopsy revealed aneurysmal dilatation of both the left and right coronary arteries, with suspected 
luminal thrombosis. (A) A tortuous and dilated left descending coronary artery is indicated by arrows. (B-C) The lumen of coronary 
artery is occluded by a thrombus. (D-E) Histological analysis confirms the presence of aneurysm with thinning of the vessel wall, 
polymorphic inflammation and elastic disruption (D). (C, D) Hematoxylin-eosin stain; (E) Weigert van Gieson stain.
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artery disease has been reported in anecdotal cases 
and is histologically characterized by eosinophil-rich 
necrotizing granulomatous inflammation of the vessel 
wall.
To be considered in the differential diagnosis with EG-
PA is the isolated eosinophilic coronary periarteritis, 
a condition associated with spontaneous coronary 
artery dissection and sudden death in adult women, 
which rarely occurs in the peripartum period. In such 
cases, a mixed, predominantly eosinophilic inflamma-
tory infiltrate confined to the periadventitial space of 
epicardial coronary arteries (usually the left anterior 
descending artery) is associated with dissection and 
occlusion of the vascular lumen due to compression 

by massive dissection hematoma (Fig. 5). This condi-
tion is not related to EGPA, although it may be asso-
ciated with peripheral eosinophilia 56. The mechanism 
linking the eosinophilic infiltrate to dissection has not 
yet been elucidated, although an increase in eosino-
phil activity due to hormonal interactions during preg-
nancy has been suggested 57,58.
GPA, also known as Wegener’s granulomatosis, is the 
most frequent ANCA vasculitis, characterized clini-
cally by a pneumo-renal syndrome associated with 
otorhinolaryngologic manifestations; cardiac involve-
ment is less frequent and involves valves, pericardi-
um, and rarely coronary arteries. Microscopically it is 
characterized by the early formation of neutrophilic 

Figure 5. Coronary artery vasculitis in panarteritis nodosa. A 49-year-old man presenting with chest pain due to a suspected 
myocardial infarction died after a short hospitalization. Panarteritis nodosa was diagnosed only at autopsy. (A) Gross analysis 
of coronary arteries revealed diffuse concentric lesions. (B-D) At histology, transmural necrotizing polymorphic inflammation 
was detected with thrombotic occlusion of the right coronary artery. (B) Hematoxylin-eosin stain, (C) Heidenhain’s trichrome 
stain, (D) Weigert van Gieson stain. 
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microabscesses leading to poorly formed granulomas 
consisting of giant cells surrounded by plasma cells, 
lymphocytes, and dendritic cells, with central necro-
sis; granulomas in turn cause partial or total occlusion 
of blood vessels 8,59.

Infective coronary vasculitis

Infective coronary vasculitis is very rare, typically iden-
tified posthumously. Various pathogens are reported 
to induce coronary arteritis, including viruses, bac-
teria, and fungi. Vasculitis due to bacteria commonly 

Figure 6. Coronary artery dissection and eosinophilic coronary periarteritis. A 35-year-old woman was admitted to the emer-
gency room because of acute thoracic pain. She died shortly afterward. (A, B) At autopsy, coronary artery dissection of the 
left anterior descending and diagonal branches was revealed with serial sections of the coronary tree. (C) Histological analysis 
demonstrated a marked eosinophilic infiltrate at the level of the adventitia in the culprit vessel (C, Hematoxylin-eosin stain). A 
diagnosis of eosinophilic coronary periarteritis in the setting of coronary artery dissection was made.
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results from a direct extension, hematogenous spread 
or embolization (endocarditis), sometimes leading to 
the formation of “mycotic aneurysms”. 
Gram-positive pathogens, particularly Staphylococ-
ci and Streptococci, are common culprits for large 
or medium-vessel vasculitis. Further, Streptococcus 
species have also been linked to PAN and KD  60,61. 
Within the wide group of gram-negative bacteria, Sal-
monella and Treponema pallidum are the most com-
mon pathogens to cause vasculitis, usually manifest-
ing as aortitis. The involvement of the coronary arter-
ies by Salmonella spp. is almost anecdotal  62, while 
syphilitic ostial coronaritis has been described also 63. 
In a large autoptic study on Leptospirosis, coronaritis 
was a common finding (21/45 cases) 64. The charac-
teristic histological feature was the infiltration of the 
intima by lymphocytes, macrophages, and/or neutro-
phils; further involvement of the media and adventitia 
was present in some cases. Anitschow cells and mon-
onuclear inflammation were documented around the 
intramural arteries. Thropherima whippeli, the path-
ogen that causes Whipple’s disease, can infect the 
arteries of several organs, including the coronary tree. 
In a case series of patients with fatal Whipple’s dis-
ease, there was a broad spectrum of coronary lesions 
associated with the presence of PAS-positive bacilli, 
ranging florid inflammation towards scarring 65. Myco-
bacterium tuberculosis is a well-known cause of aor-
titis, whereas coronary arteries involvement has been 
described rarely, and mostly in endemic regions 66,67. 
Disease extension to the heart often occurs through 
hematogenous seeding from the lungs or by lymphat-
ic spread. Autopsy findings from a case with sudden 
cardiac death showed variable features in both right 
and left coronary arteries, including luminal narrow-
ing, dense transmural lymphohistiocytic infiltrates, 
focal necrosis, poorly-defined histiocytic aggregates, 
and occasional Langhans cells  68. Vasculitis associ-
ated with invasive fungal infections is rare, occurring 
mainly in immunocompromised or specific popula-
tions, such as intravenous drug users or inhabitants 
from countries with endemic mycoses. Most cases of 
invasive fungal vasculitis are caused by Aspergillus 
and Coccidioides. A wide variety of viruses have been 
implicated in vasculitis through different mechanisms, 
ranging from direct endothelial cell invasion to im-
mune complex deposition. Notable pathogens include 
HBV and HCV, causing forms of PAN, albeit with rare 
coronary involvement. HIV infection is associated with 
vasculitis affecting the aorta and major branches, and 
PAN-like forms have also been described. Chronic ac-
tive EBV infection is linked to medium- to large-vessel 
vasculitis, with coronary artery aneurysms as a typical 
complication 69,70; it is also linked with KD 71. A broad 

spectrum of coronary changes including aneurysms, 
chronic vasculitis, and luminal narrowing due to my-
ofibroblastic proliferation, have been described in a 
young adult suffering from KD associated with Parvo-
virus 19 infection 72.
The association of New Haven Coronavirus and KD 
has been known for a long time 73. During the initial 
phases of the COVID-19 pandemic, it became evident 
that children infected with SARS-CoV-2 might occa-
sionally exhibit a severe hyperinflammatory state, rec-
ognized as pediatric multisystemic syndrome 74. This 
condition shares similarities with KD and toxic shock 
syndrome, encompassing artery dilatation/aneurysms 
in a subgroup of patients. Interestingly, Kawasaki-like 
disease typically manifests in individuals without ap-
parent COVID-19 pneumonia or ongoing infections; 
this observation implies that direct viral infection is 
less likely to be a contributing factor. Aside from this 
specific population, most people who died from COV-
ID-19 did not exhibit vasculitis of major coronary arter-
ies 75,76. Instead, a post-mortem study focused on car-
diac changes showed that COVID-19 leads to a small 
vessel endothelialitis: arterioles, venules, and epicar-
dial capillaries exhibited variable degrees of lympho-
monocytic inflammation, compared to epicardial coro-
nary arteries that appeared almost unharmed 77.

The role of the pathologist

Aortic and coronary vascular inflammatory diseases 
are rare entities that the pathologist can seldom en-
counters during their routine diagnostic activities. The 
settings in which the diagnosis of a vasculitis can be 
performed are the surgical pathology of the aorta, the 
biopsy of the temporal artery, and the autopsy.
General recommendations for histological processing 
of aortic and temporal artery specimens are includ-
ed in the SCVP/AECVP Consensus documents 8,23,78. 
The most frequently confronted issue when approach-
ing aortic or temporal artery specimens is the differ-
ential diagnosis with atherosclerosis and age-related 
changes (‘arteriosclerosis’). Atherosclerosis in sur-
gically resected segments of the aorta can have dif-
ferent grades ranging from mild intimal thickening to 
confluent areas of atherosclerotic plaque formation 
with destruction or loss of 1/3 or more of the media. 
In addition, aortic atherosclerosis can be associated 
with a spectrum of different degrees of plaque inflam-
mation with or without plaque complication. In case 
of an excessive neutrophilic inflammation near an 
atherosclerotic plaque or excessive adventitial inflam-
mation coupled with severe atherosclerosis, the report 
can include these findings but it may be not possible 
to definitively exclude either infection or periaortitis, 
respectively.
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When dealing with suspected aortitis or temporal ar-
teritis, reviewing the clinical, radiologic, and laborato-
ry findings is paramount. In some cases, a conclusive 
subclassification cannot be obtained, but the main rec-
ommendation is to categorize the pathology based on 
the pattern of inflammation (granulomatous/giant cell 
pattern, lymphoplasmacytic pattern, mixed inflamma-
tory pattern, suppurative pattern). Each one of these 
patterns can address a specific systemic disease 8. The 
most commonly encountered pattern is the granuloma-
tous/giant cell type of inflammation with clusters of ac-
tivated epithelioid macrophages; however, the finding 
of giant cells does not warrant a diagnosis of GCA. The 
presence of additional features (necrosis, well-formed 
or necrotizing granulomas, extensive neutrophils) 
should orient towards the specific disease (Tab. III).
The autopsy setting offers the unique opportunity to 
have the whole body available for analysis and sam-
pling. The value of autopsy is demonstrated by both the 
possibility to eventually detect clinically silent diseases 
and the chance to investigate a selected population for 
research purposes systemically. Routine sampling of 
the heart and the coronary arteries is recommended 
in any case, with additional samples at the discretion of 
the examiner. In certain settings, evaluation of the heart 
and aorta by a cardiac pathologist is indicated. Specific 
recommendations for the investigation of sudden death 
cases are available 79,80. Sudden death as the first man-
ifestation of coronary artery vasculitis is not infrequent, 
with TA and KD being the most frequently reported 
causes. When coronary artery involvement by vasculi-
tis is suspected, careful inspection of the coronary os-
tia and multiple transverse parallel cuts at the level of 
each major epicardial branch is required, with mapped 
histological sampling of the grossly affected segments. 
In some cases, similarly to aortic vasculitis, histopathol-
ogy of the coronary artery wall is not diagnostic for a 
specific type of vasculitis. Therefore, final categoriza-
tion usually relies on the combination of pathological, 
clinical, and serological parameters 81.

Conclusions
Inflammation of the aorta and of coronary arteries can 
progress undetected during the clinical course of a pa-
tient, until the moment of histopathological diagnosis in 
surgical specimen (or at autopsy). Nevertheless, corre-
lation with clinical information is the cornerstone of every 
pathological diagnosis, particularly in cardiovascular pa-
thology. The knowledge of the commonly accepted no-
menclature scheme for vasculitides is the starting point 
for adopting a global approach not based solely on his-
topathological features. Although the variability of clinical 
subclassifications acts as a limitation in identifying the 
distinctive features of these conditions, any pathologist 
should be able to recognize specific histological patterns 
in vascular inflammatory pathologies and to correlate 
them with the entire clinical setting.
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