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Abstract. The present study aimed to analyze the histological 
characteristics of surgical thoracic aortic aneurysm (TAA) and 
abdominal aortic aneurysm (AAA) specimens on the basis of 
the most recent consensus documents on non‑inflammatory 
and inflammatory lesions. The current study also aimed to 
establish an association with various risk factors. Aortic 
wall specimens were collected from 52 patients (38 men and 
14 women; age, 19‑80 years) undergoing surgery for aortic 
dilatation at The Cardiovascular Disease Institute (Iasi, 
Romania). For histological evaluation, the aortic specimens 
(39 TAAs and 13 AAAs) were stained with hematoxylin‑eosin, 
Van Giessen, alcian blue and Movat pentachrome. The speci-
mens were evaluated and graded according to the severity of 
histopathological conditions: Fragmentation of elastic fibers, 
medial mucoid accumulation, smooth muscle cell loss and 
medial fibrosis. The severity of atherosclerotic lesions in surgi-
cally resected segments of the aorta were graded as follows: 
i) mild=1; ii) moderate=2; and iii) severe=3. The risk factors 
associated with TAA were the male sex (80%), smoking (56%), 
hypertension (33%) and bicuspid aortic valve (13%). Advanced 
age (70 years), male sex (69%) and smoking (54%) were deter-
mined to be the risk factors of AAA. The histopathological 
abnormalities included medial degeneration  (MD)  (82%), 

atherosclerosis (ATS) (42%) and aortitis (10%). MD was the 
leading histopathological diagnosis in TAA and the severity of 
lesions were graded as follows: Mild (8% of cases), moderate 
(44% of cases) and severe (31% of cases). Severe atherosclerotic 
lesions were identified in AAA (100% of cases). In the present 
study, medial degenerative aortic lesions (1, mild; 2, moderate; 
and 3,  severe) significantly correlated with advanced age 
(>65 years; r=‑0.39; P<0.01) and male sex (r=0.27; P<0.05). 
Significant correlations were also identified between athero-
sclerotic aortic lesions (1, mild; 2, moderate; and 3, severe) 
and advanced age (>65 years) (r=‑0.40, P<0.01) or smoking 
(r=‑0.29; P<0.05). Advanced age, male sex and smoking were 
determined to be the main risk factors for the development of 
degenerative aortic aneurysms.

Introduction

Diagnostics in aortic pathology require more attention (1,2) 
and little is known about the histological patterns of aortic 
pathology with regard to medial degeneration (MD), athero-
sclerosis (ATS) and aortitis in relation to potential risk factors 
as well as to their distribution in different aortic segments. 
While MD is reported to be the leading histological finding 
in cases of aneurysm, the roles of ATS and inflammatory 
processes seem to be underestimated (3,4). A clinical mani-
festation of all these aortic lesions is an aortic aneurysm. As 
a permanent dilatation of the aortic wall, an aortic aneurysm 
may affect all aortic segments, including the thoracic aorta and 
abdominal aorta (5). These aneurysms are classified according 
with involved aortic segments, such as aortic root, ascending 
aorta, arch, or descending aorta for thoracic aneurysms and 
suprarenal, juxtarenal and infrarenal aorta for abdominal 
aneurysms (1). The etiology, natural history, histology and 
treatment differ for each of these aneurysms segments, 
because the aorta is subject to a variety of diseases, degenera-
tive, inflammatory, infectious and idiopathic (3).

The aim of the present study was to assess aortic aneurysms, 
including MD, ATS and inflammatory processes, according 
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to the newest consensus documents on non‑inflammatory 
and inflammatory aortic pathology (6‑8) in association with 
potential risk factors.

Materials and methods

Patient characteristics. The intraoperative specimens of the 
entire aorta were obtained from 52 patients recruited between 
March 2015 and September 2016. The specimens included 
39 thoracic aortic aneurysm (TAA) and 13 abdominal aortic 
aneurysm (AAA) samples from 38 men (73%) and 14 women 
(27%) with ages ranging between 19 and 80 years (average, 
61.7 years). The specimens were recovered during open aortic 
surgery. The patients with TAA and severe aortic valve incom-
petence underwent ascending aortic replacement. Surgically, 
the sinotubular junction was remodelated using Dacron grafts 
and the aortic valve plane was relocated. The basic goal of 
surgical repair of AAA was the exclusion of the aortic aneu-
rysm from the systemic circulation with preservation of blood 
flow to the pelvis and legs via an implanted new bifurcated 
graft (Hemashield Platinum).

The individual clinical data [age, sex, hypertension (HTA), 
smoking, history of the aortic disease and previous inflam-
matory processes] were obtained from medical records. 
The present study was conducted according to the Helsinki 
Declaration and approved by the Institutional Review 
Committee at The ‘Prof. Dr. George Georgescu’, Institute 
of Cardiovascular Diseases. Written informed consent was 
signed by all patients.

Histological analysis. For histological studies, AAT and AAA 
were fixed with 10% neutral buffered formalin solution (at room 
temperature, 24 h) and embedded in paraffin. Cross‑sections of 
aortic tissue (4 µm) were stained with hematoxylin and eosin 
for tissue morphology. Elastic Van Gieson's staining (at room 
temperature, 55 min) was used to analyze elastic fibers. The histo-
logical assessment was performed by an experienced pathologist 
using an optical microscope (CX41; Olympus Corporation; 
magnifications,  x40, x100,  x200  and  x400). The measure-
ments were visualized using color image analysis software 
(QuickPHOTO MICRO 3.0; PROMICRA, s.r.o.).

To optimize the histological diagnosis, standardized 
nomenclature was applied, according to consensus docu-
mentation referring to unified nomenclature for a variety 
of non‑inflammatory degenerative aortic lesions (8) for the 
histological analysis of the aorta specimens. ATS lesions 
were present in both TAA and AAA cases, presenting various 
degrees of severity with consequent aortic wall changes. The 
severity of the atherosclerotic lesions in surgically resected 
segments of the aorta was graded according to Stone et al (7): 
i) 1, mild‑1; ii) 2, moderate; and iii) 3, severe.

Statistical analysis. Data were analyzed using IBM SPSS 
Statistics  21 Software and results were expressed as 
mean ± standard deviation and percentages. The correlations 
between non‑inflammatory degenerative aortic lesions and 
potential atherosclerotic risk factors (age>65 years, male sex, 
smoking, arterial hypertension, and bicuspid aortic valve) 
were evaluated by Kendall's tau‑b coefficient correlation with 
P<0.05 being significant.

Results

An aneurysm is defined as a dilatation of ≥50% above the 
normal diameter of an artery. Of the total number of patients 
with aortic aneurysms who underwent aortic dilation, thoracic 
aorta was the most commonly involved segment (n=39), while 
abdominal aorta was only identified in one‑third of cases 
(n=13); the two aortic segments demonstrated different etiolo-
gies. Aortic aneurysms have a multifactorial etiology. The 
multiple risk factors included advanced age, male, smoking, 
HTA, ATS and bicuspid aortic valve (BAV) (Table I).

The average patient age for TAA was 55.6 years in males 
and 50.6 years in females and the average patient age for AAA 
was 69.7 years in males and 71.2 years in females. From the 
entire aortic aneurysm group (n=52), males were predominant 
in both the TAA group (79.5%; 31 of 39 patients) and the AAA 
group (69.2%; 9 of 13 patients).

Of the risk factors, smoking was a more common finding 
in TAA (56.4%; n=22) than in AAA (46.2%; n=6). Similarly, 
HTA registered higher values in TAA (33.3%; n=13) than 
in AAA (23.1%; n=3). BAV was found only in five of the 
TAA cases (12.8%) in association with aortic regurgitation. 
No genetic disorder history was identified in the study group 
patients.

Histopathological examination revealed only MD lesions 
(64.1%, 25 of 39 patients), ATS lesions (23.1%, 9 of 39 patients), 
mixed lesions, MD and ATS (17.9%, 7 of 39 patients) in patients 
with TAA (n=39), and microscopically proven aortitis (12.8%, 
5 of 39 patients) in TAA, while in patients with AAA (n=13) 
only ATS lesions (100%) were present (Table I).

MD lesions in aortic aneurysms. A total of 32 (82.1%) cases 
of MD (only lesions or together with ATS lesions) were identi-
fied in the patients with TAA. Of all these lesions, 3 (12%) 
were with mild medial degeneration (mMD), 17 (43.6%) with 
moderate medial degeneration (MMD) and 12  (48%) with 
severe medial degeneration (SMD) (Fig. 1).

In the patients with TAA with mMD aortic lesions 
(grade 1), the aortic medial wall showed a multifocal decrease 
in the number of smooth muscle cells (SMCs) with minimal 
collagen deposition, a decrease in number of the elastic fibers 
(EF) and multifocal, mild EF fragmentation associated with 
focal, mild intralamellar mucoid accumulation (Fig. 1A).

In the patients with TAA with MMD aortic lesions 
(grade 2), the aortic wall had a decreased number of SMCs 
and multifocal mild substitutive fibrosis, a reduction in the 
number of EFs and multifocal moderate EF fragmentation 
with formation of multifocal, moderate intralamellar and 
focal, translamellar mucoid accumulation (Fig. 1B).

In the patients with TAA with SMD aortic lesions (grade 3) 
the medial aortic wall showed extensive, band‑like SMC loss, 
multifocal moderate EF fragmentation and multifocal severe 
translamellar mucoid accumulation (Fig. 1C).

In our study, the medial degenerative aortic lesions 
(mild=1, moderate=2, and severe=3) significantly correlated 
with advanced age (>65 years) (r=‑0.39, P<0.01) and male sex 
(r=0.27, P<0.05; Table II).

Atherosclerotic lesions in aortic aneurysms. The athero-
sclerotic aneurysms were found in 22 patients, 13 (9 males, 
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4 females) were abdominal and 9 (6 males, 3 females) were 
thoracic aneurysms. In the AAAs, all atherosclerotic lesions 
were severe (grade 3), with fibrotic changes of the entire wall, 
with or without associated complications. In the TAAs, most 
cases had MMD or SMD associated with intimal atheroscle-
rotic lesions of different types (grades 1‑2), with the formation 
of mixed, degenerative‑atherosclerotic aneurysms (7 cases). 
A total of 2 patients with TAA with pure ATS lesions (mild) 
were identified. In most AAA cases, adventitial inflammation 
was also observed. The present results revealed early athero-
sclerotic lesions in the thoracic aorta (Fig. 2A) and advanced 
atherosclerotic lesions in the abdominal aorta (Fig. 2B).

Kendall's tau‑b correlation shows that the atherosclerotic 
aortic lesions (1, mild; 2, moderate; and 3, severe) significantly 
correlated with advanced age (>65 years) (r=‑0.40, P<0.01) 
and smoking (r=‑0.29, P<0.05; Table II).

Inflammation in aortic aneurysms. In total, 5 patients with 
TAA had aortitis, determined by histological examination, 
including three giant cell aortitis (GCA) cases, one Takayasu 
aortitis (TA) case and one patient with syphilitic aortitis. The 
aortitis group included 3 men and 2 women. The GCA cases 
consisted of 2 males and 1  female with an average age of 
62.5 years (ranging between 52 and 70 years); the patient with 

Table I. Comparative analysis of risk factors and histological characteristics in patients with surgical aortic aneurysms.

Histological lesions 	 Patients n (%)	 Age (years)	 Male n (%)	 HTA n (%)	 Smoking n (%)	 BAV n (%)

TAA 	 39 (100)	 54.6±13.7	 31 (79.5)	 13 (33.3)	 22 (56.4)	 5 (12.8)
Medial degenerative 	 32 (82.1)	 53.7±14.1	 28 (87.5)	 12 (37.5)	 19 (59.4)	 5 (15.6)
  Mild	   3   (7.7)	 48.7±23.0	   3 (100)	   1 (33.3)	   2 (66.7)	 0 (0)
  Moderate	 17 (43.6)	 52.9±16.1	 14 (82.4)	   5 (29.4)	   8 (47.1)	 3 (17.6)
  Severe	 12 (30.8)	 56.1±8.2	 11 (91.7)	   6 (50.0)	   9 (52.9)	 2 (16.7)
Atherosclerotic 	   9 (23.1)	 57.2±12.1	   6 (66.6)	   1 (33.3)	   1 (16.7)	 0 (0)
  Mild	   6 (15.4)	 57.0±14.1	   4 (66.7)	   0   (0)	   1 (16.7)	 0 (0)
  Moderate	   3   (7.7)	 57.8±8.7	   2 (33.3)	   1 (33.3)	   0   (0)	 0 (0)
Inflammatory	   5 (12.8)	 54.4±12.6	   3 (60)	   5 (100)	   4 (80)	 0 (0)
  TA	   1   (2.6)	 36	   0   (0)	   1 (100)	   1 (100)	 0 (0)
  Syphilitic aortitis	   1   (2.6)	 56	   1 (100)	   1 (100)	   1 (100)	 0 (0)
  GCA	   3   (7.7)	 60.0±10.0	   2 (66.7)	   3 (100)	   2 (66.7)	 0 (0)
AAA 	 13 (100)	 70.2±8.0	   9 (69.2)	   3 (23.1)	   6 (53.8)	 0 (0)
Atherosclerotic lesions	 13 (100)	 70.2±8.0	   9 (69.2)	   3 (23.1)	   6 (53.8)	 0 (0)
  Severe	 13 (100)	 70.2±8.0	   9 (69.2)	   3 (23.1)	   6 (53.8)	 0 (0)

TAA, thoracic aortic aneurysm; AAA, abdominal aortic aneurysm; HTA, hypertension; BAV, bicuspid aortic valve. GCA, giant cell aortitis; 
TA, Takayasu aortitis.

Figure 1. Aortic MD. Tissues of (A) grade 1, (B) grade 2 and (C) grade 3, were determined via Elastic Van Gieson's staining (magnification x100). MD, medial 
degeneration.
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TA was a 36‑year‑old female and the patient with syphilitic 
aortitis was a 56‑year‑old male.

In all five TAA aortitis cases, the mean pre‑operative eryth-
rocyte sedimentation rate was 31.5 mm/h, and for C‑reactive 
protein was 21.6 mg/d. Of the 5 patients, 1 (20%) needed coro-
nary artery bypass grafting, 3 (60%) underwent aortic valve 
surgery (1 aortic valve repair and 2 aortic valve replacement), 

and all 5 (100%) required aortic surgery (ascending aortic 
replacement).

In most aortitis cases (60%) the diagnosis was made after 
the operation based on histopathologic examination, except 
TA where the examination suggested pre‑operatory TA 
disease, and syphilitic aortitis where the patient had a history 
of syphilis.

Figure 2. Aortic atherosclerotic aneurysms. Images of (A) mixed thoracic aortic and (B) atherosclerotic aortic aneurysms (black arrow, atherosclerotic plaque). 
Sections were examined via Elastic Van Gieson's staining (magnification, x100). a, atherosclerotic plaque; b, medial degenerative lesion.

Table II. Kendall's Tau‑b correlation coefficient of degenerative, atherosclerotic and inflammatory lesions with potential risk 
factors in aortic aneurysm (n=52).

	 Medial degenerative	 Atherosclerotic
	 (mild, moderate, severe)	 (mild, moderate, severe)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Co‑variables	 r‑value	 P‑value	 r‑value	 P‑value

Sex (Male)	 0.27	 0.03a	 ‑0.08	 0.53
Age (>65 years)	 ‑0.39	 <0.01a	 0.40	 0.02a

Arterial hypertension	 0.22	 0.10	 ‑0.18	 0.17
Smoking	 0.13	 0.34	 0.29	 0.03a

aP<0.05. r, Kendall's Tau‑b correlation coefficient.

Figure 3. Non‑infectious aortitis. (A) Giant cell aortitis with micronodular granulomas at the inner half of the media (arrows) and less adventitial fibrosis 
(determined via Elastic Van Gieson's staining; magnification, x100). (B) Takayasu aortitis with medial giant cell granuloma (arrow) and more adventitial 
fibrosis (determined via Elastic Van Gieson's staining; magnification, x400). 
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The common histological features in granulomatous 
aortitis were: i) Diffuse intimal hyperplasia, granulomatous 
inflammation in the media comprised of epithelioid macro-
phages and occasional giant cells related by ‘laminar medial 
necrosis’, areas of smooth muscle cell loss with collapsed 
elastic fibers, fibrotic scars and an adventitial accompanying 
lymphoplasmacytic infiltrate in GCA (Fig. 3A); and ii) diffuse 
intimal hyperplasia, compact granulomas and medial necrosis, 
scarring in the tunica media with disruption and disorgani-
zation of the remaining elastic fibers, and dense adventitial 
fibrosis in TA (Fig. 3B).

Among the 5 aortitis cases, one was diagnosed with 
syphilitic aortitis on the basis of the pathological features and 
patient history. A man in his 50 s, who presented valvular 
regurgitation, aneurysmal disease and myocardial ischemia, 
also required coronary artery bypass grafting surgery. All 
these lesions were cardiovascular complications of syphilis 
involving the aorta (leading to the formation of aneurysms 
and aortic‑valve incompetence) and coronary artery, causing 
coronary ostial stenosis (angina pectoris complaints). The 
histopathological examination revealed a chronic mesoaortitis, 
characterized by normal media replacement with fibrous scars 
and adventitial endarteritis of the vasa vasorum (Fig. 4).

Discussion

An aortic aneurysm is defined as a dilatation of an aortic 
segment with a diameter of at least one and one‑half times 
the normal diameter (8). Aortic aneurysms can involve the 
ascending aorta or descending aorta. In the present study, the 
aortic aneurysms included 39 (75%) thoracic and 13 (25%) 
abdominal cases. Other previous epidemiology studies 
reported that AAA involves mainly older patients, while TAA 
involves mainly two populations: One of old age with no special 
history (9) and another of young age suffering from connective 
tissue disorders, including Marfan's syndrome (10). Marfan's 
syndrome or connective tissue disorders were not detected in 
the young patients with TAA in the present study (11,12). Good 
familial history, histopathological examination and genetic 
screening are important factors that require consideration.

In agreement with Hiratzka et al (13), the present study 
identified that the most common risk factors for the develop-
ment of aortic aneurysm were advanced age (>65 years old), 
male, smoking, high blood pressure and family history. The 
potential risk factors identified to be associated with aortic 
aneurysm development were advanced age, HTA and BAV in 
TAA, and advanced age, male, smoking and ATS in AAA.

Previous studies reported that TAAs are most often associ-
ated with MD, which can be regarded as a structural alteration 
responsible for the development of aortic aneurysms in relation 
to other risk factors  (8,14). In the present study, the histo-
pathological profile showed that MD was the most common 
histopathological substrate in TAA (82.1%), granulomatous 
aortitis (10.25%) was a rare cause of TAA and syphilitic 
aortitis (2.5%) was a very rare encountered case, and ATS was 
a common histopathological substrate in AAA (100%).

In patients with aortic aneurysms, histological analysis of 
the aortic resection specimens provides important diagnostic 
information on the MD lesions, describing a definite pattern of 
distribution of MD severity within the aortic wall. Moreover, 
aortitis was an unexpected diagnosis during the histological 
examination of surgically resected aortic thoracic aneurysms 
in patients without clinical signs or symptoms of systemic 
vasculitis. Aortic thoracic aneurysm is in most cases a fatal 
condition, especially in association with more severe degen-
erative changes in the aortic media.

GCA and TA, diagnosed in the present study, are consid-
ered the most common causes of non‑infectious aortitis (8). 
Garcia‑Martinez et al (15) observed that ≥20% of patients with 
GCA and 50% of patients with TA would develop changes 
consistent with aneurysmal aortitis, while in the present study, 
it was identified that only 7.6% of patients with GCA had TAA 
and 2.5% patients with TA had TAA, the remaining one TAA 
case having syphilitic aortitis.

Histopathological examination is not sufficient to distin-
guish between the two conditions, and, together with clinical 
data, it must be integrated within a diagnostic algorithm. In the 
final diagnosis, American College of Rheumatology (ACR) 
criteria were applied and at least three ACR criteria, including 
clinical, imagistic and histological data, were present to 
confirm the two granulomatous aortitis (16,17).

In the present study, syphilitic aortitis was a rare cause of 
AA from all the TAA cases. In agreement with Vaideeswar (18), 
the complications in the form of aortic aneurysms and insuf-
ficiency in association with coronary ostial stenosis frequently 
coexist in the tertiary syphilis. For diagnosis, not only the 
pathological findings but also the clinical features and serology 
should be taken into consideration.

The present study also included 20 cases of atherosclerotic 
lesions. The clinical analysis of the 20 AAs revealed two types 
of aneurysmal diseases, 7 (35%) mixed TAAs and 13 (65%) 
ATS AAAs. The present results are in agreement with 
Singh et al (19), who noted that abdominal aneurysms account 
for the majority of aortic aneurysms. In the present study, the 
histopathological examination revealed intimal atheroma and 
parietal thrombosis in both AAA and aortic ATS, similar to 
the consensus statement on surgical pathology (20). The pres-
ence of ATS lesions in both groups may suggest the need for 
ATS medical therapy in all patients with TAA and AAA. Due 
to the highest degree of severity of the ATS AAA lesions, 

Figure 4. Endarteritis obliterans of the vasa vasorum and medial scar (deter-
mined via Elastic Van Gieson's staining; magnification, x100). The black 
arrow indicates adventiceal vasa vasorum with a very thick wall and slit‑like 
stenotic lumen.
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it was suggested that ATS plays an important role in AAA 
development.

In the present study, mixed TAA was associated with two 
lesions, MD and atherosclerotic lesions. However, additional 
marked elastin fragmentation and adventitial chronic inflam-
mation were mainly restricted to AAA. Peshkova et al (21) 
identified that ATS changes in the aortic wall underlie AAA 
formation, where local inflammation contributes to aortic wall 
thickening. From the present results, it was hypothesized that 
abundant inflammatory infiltrate represents a common trigger 
for ATS and AAA development and extension. Additionally, 
the present results suggested that inflammation is a risk factor 
in AAA rupture, revealing the importance of anti‑inflamma-
tory medication in reducing AAA complications in patients.

The present study had a number of limitations, including 
a small group of patients with advanced aortic disease and no 
genetic studies. The small number of patients did not allow for 
more extensive statistical studies. The present study reflects 
morphoclinical particularities of aortic aneurysms in the 
geographical area. Further studies with larger biomarker panels 
are required to determine associations with other factors.

In conclusion, the present study provided insight for the 
development of aortic aneurysm evaluation for detecting and 
monitoring AAA and TAA in affected patients. The present 
study provides insight for the inclusion of histopathological 
examination in the final diagnosis, in consensus with the late 
knowledge and classification of aortic surgical pathology for 
diagnosis optimization. Prospective studies using large study 
groups will be necessary to further histologically evaluate the 
extent and severity of the disease and its progression.
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