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Guilt by association: a paradigm for detection of silent aortic disease
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Detection of clinically silent thoracic aortic aneurysm (TAA) is challenging due to the lack of symptoms (until 
aortic rupture or dissection occurs). A large proportion of TAA are identified incidentally while imaging a 
patient for other reasons. However, recently several clinical “associates” of TAA have been described that can 
aid in identification of silent TAA. These “associates” include intracranial aneurysm, aortic arch anomalies, 
abdominal aortic aneurysm (AAA), simple renal cysts (SRC), bicuspid aortic valve, temporal arteritis, a 
positive family history of aneurysm disease, and a positive thumb-palm sign. In this article we examine these 
associates of TAA and the data supporting their involvement with asymptomatic TAA.
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Keynote Lecture Series

Introduction

Thoracic aortic aneurysm (TAA) is a disease often referred 
to as a “silent killer” due its insidious and virulent nature (1). 
Indeed, in the absolute majority of patients, aneurysms of 
the thoracic aorta cause absolutely no symptoms (2). Often 
the first manifestation of TAA is either death, or a major 
complication that threatens to produce death (such as aortic 
rupture or dissection) unless an emergent surgical operation 
is performed (3).

In the United States alone, aneurysms of the aorta are 
responsible for approximately 13,000 deaths annually (4).  
This makes aortic aneurysm the 19th leading cause of 
death, and the 15th leading cause of death in individuals 
over 65 years (Table 1) (4). Please note that aortic 
aneurysms cause more deaths than the well-appreciated 
human immunodeficiency virus. However, even these 
numbers are likely underestimating the true burden of 
aortic disease on the survival of the population, because 
many aneurysm-related deaths are sudden in origin and, 
without a postmortem examination, are likely to be falsely 
classified as a “heart attack” (myocardial infarction) (5). 
This is supported by data from large-scale autopsy studies 
of sudden death patients, which show that aortic rupture 

and dissection accounts anywhere from 2% to 7.3% of all 
sudden deaths (6-8).

Aneurysms of the thoracic segment of the aorta are 
estimated to affect approximately 5–10 individuals per 
100,000 people per year, as shown in two population-based 
studies (9,10). There is also evidence to suggest that the 
incidence of TAA is increasing with time (5), although it is 
not clear whether this is due to disease-specific properties 
or due to improvement in TAA detection modalities 
(advancements in imaging). Studies on the prevalence 
of TAA in the population (usually based on imaging a 
large volume of patients) have shown the prevalence of 
TAA to be between 0.16–0.34% (11,12). The validity of 
these prevalence studies is questionable, and these figures 
likely represent a significant underestimation of the true 
prevalence of TAA in the general population (since only 
aortas of 5 cm and greater were considered a TAA). A large-
scale magnetic resonance imaging study from the Multi-
Ethnic Study of Atherosclerosis (MESA) showed that out of 
3,573 study participants 93 (2.6%) had an ascending aorta 
size between 4.0–4.4 cm, 7 participants (0.20%)—between 
4.5 and 4.9 cm, and only one individual (0.03%) had an 
aorta of 5.0 cm (13,14).

The sobering lethality of TAA and the non-negligible 



175Annals of cardiothoracic surgery, Vol 5, No 3 May 2016

© Annals of Cardiothoracic Surgery. All rights reserved. Ann Cardiothorac Surg 2016;5(3):174-187www.annalscts.com

incidence and prevalence figures underscore the importance 
of directing efforts in battling the “silent killer” towards early 
detection of individuals who either harbor an aneurysm in 
their chest or are at risk of developing one in the future. Once 
a TAA diagnosis is established, prophylactic surgical treatment 
can be safely performed for aneurysms of the ascending aorta, 
aortic arch, and descending/thoracoabdominal aorta (15), thus 
preventing aneurysm-related death.

The question is: how to detect individuals with (or at risk 
of developing) an asymptomatic disease? In this manuscript 
we review a paradigm for detection of individuals at 
risk of thoracic aortic disease that we call “Guilt by  
Association” (16), which is based on recognition of clinical 
conditions associated with thoracic aortic disease (Video 1).

The term “guilt by association”

Google defines the term “Guilt by Association” by the 

following: “guilt ascribed to someone not because of any evidence 
but because of their association with an offender”. This is very 
consonant with our efforts in identifying TAA via clinical 
associations with other known conditions. The term “Guilt 
by Association” has also been widely used in popular culture 
(novels by Susan R. Sloan and Marcia Clark, a 2002 movie 
by Graeme Campbell, and other works). We capitalize on 
this commonly used term and apply it to our paradigm of 
detecting aortic disease with hope that it will trigger an 
alert when one or more of the “associates” are discovered in 
a patient.

Guilt by association paradigm for TAA 
identification

The following clinical conditions/observations have been 
associated with thoracic aortic disease (Figure 1):

(I) Intracranial aneurysm;

Table 1 Top 20 causes of death in the United States of America according to the National Center for Injury Prevention and Control, Centers for 

Disease Control and Prevention [Data for the year 2007, from the National Center for Injury Prevention and Control. WISQARS leading causes 

of death reports, 1999–2007. Accessed December 25, 2015 (4)].

#
All ages Ages 65+

Cause of death No. of deaths Cause of death No. of deaths

1 Heart disease 616,067 Heart disease 496,095

2 Malignant neoplasms 562,875 Malignant neoplasms 389,730

3 Cerebrovascular 135,952 Cerebrovascular 115,961

4 Chron. low. resp. disease 127,924 Chron. low. resp. disease 109,562

5 Unintentional injury 123,706 Alzheimer’s disease 73,797

6 Alzheimer’s disease 74,632 Diabetes mellitus 51,528

7 Diabetes mellitus 71,382 Influenza and pneumonia 45,941

8 Influenza and pneumonia 52,717 Nephritis 38,484

9 Nephritis 46,448 Unintentional injury 38,292

10 Septicemia 34,828 Septicemia 26,362

11 Suicide 34,598 Hypertension 20,111

12 Liver disease 29,165 Parkinson’s disease 19,584

13 Hypertension 23,965 Pneumonitis 15,362

14 Parkinson’s disease 20,058 Benign neoplasms 11,328

15 Homicide 18,361 AORTIC ANEURYSM 10,241

16 Pneumonitis 16,988 Liver disease 9,954

17 Perinatal period 14,599 Atherosclerosis 7,717

18 Benign neoplasms 14,204 Suicide 5,421

19 AORTIC ANEURYSM 12,986 Anemias 3,773

20 HIV 11,295 Gallbladder Disorders 2,777

HIV, human immunodeficiency virus.
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Abdominal aneurysm

Figure 1 Paradigm of “Guilt by Association” for detection of silent thoracic aortic aneurysms [Modified with permission from Elefteriades 
JA, Sang A, Kuzmik G, et al. Guilt by association: paradigm for detecting a silent killer (thoracic aortic aneurysm). Open Heart 
2015;2:e000169 (16)].

(II) Aortic arch anomalies;
(III) Abdominal aortic aneurysm (AAA);
(IV) Simple renal cysts (SRC);
(V) Bicuspid aortic valve;
(VI) Family history of aortic disease;
(VII) A positive thumb-palm sign;
(VIII) Temporal arteritis (and other autoimmune 

disorders). 
We will review each one of these clinical markers one by 

one in the sections that follow. 

Intracranial aneurysm

Cerebral aneurysms (Figure 2) are thought to share 
pathophysiologic features with TAA [including matrix 
metalloproteinase over-activity (17,18)]. In recent years a 
clinical association between these two conditions has been 

established as well. Patients with TAA have a 9% prevalence 
of intracranial aneurysm, which is nine-fold greater than 
in the general population (19). Furthermore, patients with 
descending aortic aneurysm have even a stronger correlation 
with intracranial aneurysm than patients with ascending 
aneurysm (33% vs. 7.1%, respectively) (Figure 3) (19). This 
association has also been studied in the opposite direction—
approximately 5% of patients with intracranial aneurysm 
have a concomitant TAA (20), which again is significantly 
higher than the general population. Having discovered 
this association, we have made it a policy at our institution 
to image the brain of all patients prior to surgery on the 
thoracic aorta, and we obtain a neurosurgery consultation 
should a cerebral aneurysm be identified. Knowing about 
the association of TAA and intracranial aneurysm will help 
identify many patients with both—silent TAA and silent 
intracranial aneurysm, which may save many lives. 
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Aortic arch anomalies

The most commonly seen type of aortic arch branching 
anomalies is the bovine aortic arch (Figure 4). In patients 
with a bovine arch, the left common carotid artery takes 
off from the innominate artery (brachiocephalic trunk) 
instead of originating directly from the top of the aortic 
arch. It is important to note that bovine arch is a misnomer, 
since the anatomy of the cow’s aorta does not resemble 
this configuration. Previously, the bovine arch anomaly 
was considered to be completely benign. However, recent 
studies have shown that the frequency of bovine aortic arch 
is significantly increased in patients with thoracic aortic 
disease, compared to the general population (21-23). One 
study showed that in patients with TAA the frequency of 
bovine aortic arch was 20.7%, compared to 6.7% see in the 

non-TAA control group (Figure 5) (21).
Other arch anomalies, such as an isolated left vertebral 

artery and an aberrant right subclavian artery (Figure 4) 
have also been implicated with increased risk of thoracic 
aortic disease (23). In fact, analyzing all the aortic arch 
anomalies together, it appears that patients with thoracic 
aortic disease have a much lower frequency of normal aortic 
branching patterns compared to the normal population (23).  
Therefore, it appears that patients found to have an 
anomaly of the aortic arch branching pattern should be 
considered at higher risk for developing a TAA and should 
be imaged regularly.

Abdominal aortic aneurysm (AAA)

AAA have been well studied in terms of the approach for 

Figure 2 Cerebrovascular images from a patient with a thoracic aortic aneurysm and a concurrent typical intracranial aneurysm. Arrows 
indicate the location of the intracranial aneurysm. (A) 3-Dimensional reconstruction (oblique cutaway, view from right); (B) 3-Dimensional 
reconstruction (coronal cut, anterior view); (C) computed tomographic angiogram showing 7-mm aneurysm in middle cerebral artery 
[Reprinted with permission from Kuzmik GA, Feldman M, Tranquilli M, et al. Concurrent intracranial and thoracic aortic aneurysms. Am J 
Cardiol 2010;105:417-20 (17)].
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Figure 3 Subgroup analysis of all patients with TAA illustrating incidence of ICA among patients with indicated characteristics. Error 
bars represent 95% confidence intervals. (A) Patients with descending TAA had significantly greater incidence of ICA than patients with 
ascending TAA, and hypertensive patients had significantly greater incidence of ICA than normotensive patients; (B) age, gender, smoking 
status, and race did not have a significant effect on rates of concurrent ICA among all patients [reprinted with permission from Kuzmik 
GA, Feldman M, Tranquilli M, et al. Concurrent intracranial and thoracic aortic aneurysms. Am J Cardiol 2010;105:417-20 (17)]. HTN, 
hypertension.
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screening patients and surgical/endovascular management. 
Past studies have suggested that AAAs have much more in 
common with descending TAA (these are related to classic 
arteriosclerotic risk factors, such as hypertension, smoking, 
and dyslipidemia), while ascending aortic aneurysm are 

quite different, do not follow the classic arteriosclerotic risk 
factors, and are commonly and strongly genetic in origin (5).  
There appears to be a clear separation point between 
these two types of diseases at the ligamentum arteriosum 
(Figure 6) (5), which is also supported by the different 
embryologic origins of these segments of the aorta—the 
ascending aorta and arch originate from the neural crest, 
while the descending thoracic and abdominal aorta develop 
from the mesoderm (24-27). However, until recently it was 
not known whether patients with AAA were also at risk of 
developing a TAA. Recent studies have shown that 20–28% 
of patients with AAA also have or develop a TAA (28-30).  
This underline the importance of screening the entire 
aorta in patients in whom one diseased segment has been 
identified.

Simple renal cysts (SRC)

SRC, a common finding on imaging scans, have well-
described natural history patterns. The reported prevalence 
of SRC in the general population ranges from 5–41%, with 
a weighted average of 12.6%. The number of patients with 
SRC increases with increasing age of patients. Twice as 
many males have SRC compared to females. Two separate 
studies have shown an association of SRCs with AAA (31) 

Normal arch Bovine arch Isolated vertebral Aberrant right 
subclavian

Figure 4 Aortic arch branching patterns: normal branching variant of the aortic arch, bovine aortic arch variant, isolated left vertebral artery 
variant, and aberrant right subclavian artery. Numbers correspond to the following arteries: [1] brachiocephalic; [2] left common carotid; 
[3]left subclavian; [4] right common carotid; [5] left vertebral; [6] aberrant right subclavian. [Reprinted with permission from Dumfarth J, 
Chou AS, Ziganshin BA, et al. Atypical aortic arch branching variants: A novel marker for thoracic aortic disease. J Thorac Cardiovasc Surg 
2015;149:1586-92 (21)].

Figure 5 The prevalence of bovine aortic arch anomaly in the 
thoracic aortic disease group compared to a non-aortic disease 
control group. [Data from Hornick M, Moomiaie R, Mojibian H, 
et al. ‘Bovine’ Aortic Arch - A Marker for Thoracic Aortic Disease. 
Cardiology 2012;123:116-24 (22)].
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and aortic dissection (32). Another study found a higher 
prevalence of renal cysts in patients with Marfan syndrome 
compared to non-Marfan controls (33). A study from our 
group evaluated the frequency of SRC in patients with 
ascending and descending aortic aneurysm, as well as Type 
A and Type B dissection (34). We found that in all four of 
these groups of patients with thoracic aortic disease, the 
prevalence of SRC was significantly higher than in our 
control group and higher than reported for the general 
population (Figure 7A) (34). The prevalence of SRC was 
also higher in the thoracic aortic disease group when 
broken down by age groups, a valuable observation since 
age is an important contributor to the natural history of 
SRC (Figure 7B) (34). Moreover, the male preponderance 
for SRC that is seen in the general population (on average 

2:1 male to female ratio) is lost in all four groups of patients 
with disease of the thoracic aorta (Figure 7C) (34). We feel 
that this association of TAA and SRC can potentially be 
explained by increased MMP activity in both conditions 
[TAA are associated with increased MMP (17) activity 
and high concentrations of MMPs have been shown to be 
present in the cystic fluid of benign SRC (35)], suggestive of 
a possible common genetic abnormality. Given such strong 
correlation of SRC with TAA, AAA and aortic dissection, 
it is advisable to consider screening patients with SRCs for 
aortic disease.

Bicuspid aortic valve

The most common congenital cardiac defect is a bicuspid 
aortic valve (BAV). According to population-based studies, 
a BAV is estimated to be present in 1–2% of the population 
(36-38). Concomitant bicuspid aortopathy is common as 
well, although the exact estimates vary greatly from 20% 
to 84% (Figure 8) (38). Previously, bicuspid aortopathy was 
thought to be more malignant than “regular” TAA cases, 
but not as severe as in patients with Marfan syndrome. 
Thus, some people referred to bicuspid aortopathy as 
“Marfan’s Light”. However, the evidence appears to be 
equivocal. One study has shown that bicuspid ascending 
aneurysms grow faster than aneurysms in patients with 
trileaflet aortic valves (0.19 vs. 0.13 cm/year, respectively) (39). 
It is important to remember that BAV-related aortic 
aneurysms are a major causative factor for aortic dissection, 
which usually occurs long before a clinically evident aortic 
stenosis will develop (37). At the same time, some recent 
studies have shown that the long-term survival for patients 
with a BAV is not much different from a matched control 
population (40). However, we still recommend close 
attention to be paid to the ascending aorta (and probably 
other segments of the aorta as well) once a BAV has been 
identified in a patient.

Family history of aortic disease

For many years, Marfan syndrome was the only link of 
thoracic aortic disease to genetics, since TAA and dissection 
are well-known manifestations of Marfan’s disease. 
However, it soon became apparent that Marfan syndrome 
explains less than 5% of all cases of TAA (41,42), and even 
together with all other discovered syndromic connective 
tissue disorders (Ehlers-Danlos syndrome, Loeys-Dietz 
syndrome, Turner syndrome) still accounts for only a very 

Above ligamentum

Below ligamentum

smooth, no calcium, not related 
to traditional arterial risk factors, 

no debris or clot

irregular, calcified, 
arteriosclerotic, full 
of debris and clot

Diaphragm

Ligamentum arteriousum

Figure 6 Aortic aneurysm is really 2 diseases: Ascending/arch 
disease differs markedly from descending/abdominal disease. 
[Reprinted with permission from Elefteriades JA, Farkas EA. 
Thoracic aortic aneurysm clinically pertinent controversies and 
uncertainties. J Am Coll Cardiol 2010;55:841-57 (5)].



180 Ziganshin and Elefteriades. TAA—guilt by association

© Annals of Cardiothoracic Surgery. All rights reserved. Ann Cardiothorac Surg 2016;5(3):174-187www.annalscts.com

small percentage of all cases of TAA.
Since the late 1990s, evidence has been accumulating 

in support of the genetic nature of thoracic aortic disease 
and the importance of accurate family history assessment 
in patients. The initial studies (conducted by analyzing 
Mendelian patterns of inheritance) showed that 21% of 
patients with thoracic aortic disease have at least one or more 
relatives affected with aneurysm disease (Figure 9) (43,44). This 
was the first recognition that genetics play an important role 
in non-syndromic TAA and their transmission. Further in-
depth studies have shown that the main mode of inheritance 
of thoracic aortic disease is autosomal dominant, although 
other modes of inheritance are also observed (autosomal 
recessive and X-linked) (45). Another interesting finding 
was the observation that patients with ascending aneurysm 
were more likely to have a relative with an ascending aortic 
aneurysm/dissection, while patients with aneurysms of the 

Figure 7 Link between simple renal cyst (SRC) and TAA (thoracic 
aortic aneurysm. (A) Overall prevalence of simple renal cysts in 
patients with thoracic aortic disease in comparison to the control 
group and the general population; (B) prevalence of simple renal 
cysts in patients with thoracic aortic disease by the age groups 
compared to the control group and the general population. 
Symbols denote statistically significant difference between the 
study population and the control group or values reported in the 
literature for the general population (P<0.05); (C) male-to-female 
ratio in the prevalence of simple renal cysts in patients with thoracic 
aortic disease compared to the control group and the literature 
reports for the general population. [Reprinted with permission from 
Ziganshin BA, Theodoropoulos P, Salloum MN, et al. Simple Renal 
Cysts as Markers of Thoracic Aortic Disease. J Am Heart Assoc 
2016;5:e002248 (34)]. ***, Significantly different from control group.
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descending thoracic aorta were more likely to have kindred 
with AAA (Figure 10) (45). Importantly, familial TAA 
patients tend to present at a younger age than non-familial 

sporadic patients (58 vs. 66 years, respectively), and familial 
aortas grow faster as well (0.21 vs. 0.16 cm/y) (45). These 
studies led to the acknowledgement of the importance 
of family history of thoracic aortic disease in the US (46) 
and European (47) Guidelines on management of thoracic 
aortic pathology. The Guidelines currently recommend 
aortic imaging for first-degree relatives of patients with 
TAA and/or dissection to identify those with asymptomatic 
disease (Class I, Level of Evidence B), and if one or more 
of the first-degree relatives is found to have thoracic aortic 
disease, then aortic imaging for second-degree relatives is 
recommended as well (Class IIa, Level of Evidence B) (46). 
However, aortic imaging will only show the presence of 
absence of aortic disease at a given time, so individuals with 
normal sized aortas on an initial scan cannot be certain that 
the disease will not develop in the years to come [TAAs 
are virulent, but indolent at the same time and often take 
years, even decades, to grow to a sizable dimension (5)]. 
This is where modern genetic testing techniques, such as 
next-generation sequencing, are particularly useful and can 
screen a patient for all genes known to cause thoracic aortic 
disease. Currently, as this paper is being written, 21 genes 
have been proven to cause syndromic and non-syndromic 
thoracic aortic disease (Figure 11), and new genes are being 
discovered regularly (48). 

So, over the years our understanding of the genetic 
nature of thoracic aortic diseases has evolved significantly. 
However, the importance and simplicity of taking an 
accurate family history during a patient-physician encounter 
is hard to over-estimate. This is one of the most important 
tools that we have to identify silent aneurysms and 

Figure 9 Among the authors’ first 100 constructed pedigrees, 21 
were positive for a family pattern. These 21 positive pedigrees 
are displayed here. [Reprinted with permission from Coady MA, 
Davies RR, Roberts M, et al. Familial patterns of thoracic aortic 
aneurysms. Arch Surg 1999;134:361-7 (43)].

Figure 10 Distribution of sites of arterial aneurysms and dissections in kindred of familial probands. [Reproduced with permission from 
Albornoz G, Coady MA, Roberts M, et al. Familial thoracic aortic aneurysms and dissections--incidence, modes of inheritance, and 
phenotypic patterns. Ann Thorac Surg 2006;82:1400-5. (45)]
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individuals at risk of developing aneurysms in the future.

A positive thumb-palm sign

The ability of a person to cross the thumb beyond the 
ulnar border of the flat palm (as shown in Figure 12) 
is considered a positive thumb-palm sign. This simple 
sign has long been considered characteristic of Marfan 
syndrome (49) and is included as one of the diagnostic 
criteria in the revised Ghent nosology  for Marfan’s 

disease (50). However, the thumb-palm sign is also useful 
in detecting other connective tissue disorders associated 
with TAA. A positive thumb-palm sign is an indicator 
that the bones are excessively long and the joints are lax, 
common manifestations of connective tissue disease (5).  
In fact, in some individuals a positive thumb-palm sign 
will be the only manifestation that triggers a search for 
aneurysm in the absence of other stigmata (5). Although 
the sensitivity and specificity of the thumb-palm sign are 
not currently known, we highly recommend applying this 

Figure 11 Genes that are currently known to cause syndromic and non-syndromic thoracic aortic aneurysm and dissection. [Modified with 
Permission from Ziganshin BA, Bailey AE, Coons C, et al. Routine Genetic Testing for Thoracic Aortic Aneurysm and Dissection in a 
Clinical Setting. Ann Thorac Surg 2015;100:1604-11 (48)].
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simple test to individuals thought to be at risk for aneurysm 
disease. A negative thumb-palm sign will not rule out the 
possibility of having a TAA, but a positive thumb-palm sign 
should trigger a search for thoracic aortic disease. 

Temporal arteritis (and other autoimmune disorders)

Giant cell (temporal) arteritis and other autoimmune 
disorders have been associated with TAA (51-53).  
A population-based cohort study from Olmstead County 
(Minnesota) showed that patients with temporal arteritis 
were 17 times more likely to develop a TAA than patients 
without this condition (54). A systematic review and meta-
analysis showed that TAA developed in 2–8% of patients with 
temporal arteritis (55). Therefore, it is advisable to initiate a 
search for TAA in a patient diagnosed with giant cell arteritis 
or other autoimmune disorders. 

Other potential clinical markers of thoracic aortic 
disease

In the sections above we have described in detail eight of 
the most common and well-recognized clinical markers 

of thoracic aortic disease. However, other markers exist as 
well, some of which have been shown to be associated with 
TAA, and some yet to be investigated and confirmed. 

Inguinal hernias: one recent study from Sweden showed an 
association of thoracic aortic disease and inguinal hernia (56).  
The prevalence of TAA in patients with inguinal hernias was 
shown to be much higher than in the general population (56).

Liver cysts: together with renal cysts, cysts in the liver 
have been shown to be increased in prevalence in patients 
with Marfan syndrome (33). This is a marker that is worth 
studying in non-syndromic TAA patients as well. 

Polycystic kidney disease: above we discussed SRC. 
Polycystic kidney disease, as well, has been associated with 
aneurysms in various vascular beds, including the abdominal 
aorta and intracranial vasculature. However, evidence 
linking polycystic kidney disease with thoracic aortic disease 
is anecdotal and is limited to several case reports (57-59). 
This association requires further in-depth analysis.

Hypothyroidism: there is evidence to suggest that in 
patients with hypothyroidism the arterial stiffness (including 
that of the thoracic aorta) is increased (60,61). Clinical data 
are limited to a few case reports on patients with thoracic 
aortic disease and hypothyroidism (62,63). This association 
too requires additional large-scale studies to prove its 
veracity.

Future development

Timely identification of individuals with TAA or at risk of 
developing TAA is a challenging, but very important task, 
given how lethal this disease can be when it strikes. At the 
same time, given its relative rarity, widespread radiographic 
screening for TAA has not been shown to be cost-effective. 
Therefore, for a number of years investigators have been 
in a search of biomarkers that could detect an aneurysm 
and predict (and thus prevent) the onset of aortic dissection 
(64,65). However, the trouble with existing biomarkers is 
that they are detectable only post-dissection, but cannot 
detect a silent aneurysm or a looming dissection episode. 
Future developments in this direction should be aimed at 
identifying a pre-dissection biomarker.

At our institution, we have investigated the possibility of 
using a ribonucleic acid (RNA)-signature test as a potential 
biomarker and screening tool. This RNA-signature was 
developed by studying 30,000 RNA expression patterns, 
among which a 41 RNA panel was found to be highly 
effective at identifying patients with a TAA—from a 
simple blood test (66). The overall accuracy of this test 

Figure 12 Patient with a positive “thumb-palm” sign for 
connective tissue disease. Being able to cross the thumb beyond 
the edge of the palm indicates that the long bones are excessive and 
the joints are lax. [Reprinted with permission from Elefteriades 
JA. Thoracic aortic aneurysm: reading the enemy’s playbook. Curr 
Probl Cardiol 2008;33:203-77 (2).]
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Figure 13 Graphical illustration of the classification accuracy, sensitivity and specificity of the 41 classifier genes of the RNA-signature test 
(A). The segregation between thoracic aortic aneurysm and control samples is evident with only a few exceptions (B). Hierarchical clustering 
diagram showing how the RNA-signature test discriminates between patients with thoracic aortic aneurysm and healthy controls (C). 
[Reprinted with permission from Wang Y, Barbacioru CC, Shiffman D, et al. Gene expression signature in peripheral blood detects thoracic 
aortic aneurysm. PLoS One 2007;2:e1050 (66)].

was approximately 78%, with a sensitivity of 81% and a 
specificity of 75% (Figure 13) (66). The clustering diagram 
depicted in Figure 13 illustrates well the accuracy of this 
test. This RNA-signature test has been replicated twice in 
different populations of TAA patients, and in patients with 
Marfan syndrome and acute aortic dissection—with very 
favorable results. We believe that the RNA-signature test has 
the potential to become a useful biomarker for thoracic aortic 
disease, which could be relatively inexpensive and suitable for 
widespread application.

Conclusions

In conclusion, through these clinical observations and 
association studies, we hope to provide physicians and 
practitioners with a valuable tool-kit for early identification 
of clinically silent TAA by applying the Guilt by Association 
principle (Figure 1). Once a TAA is detected in a patient, 
regular imaging and well-timed prophylactic surgical 
correction will most certainly contribute to lowering the 
mortality burden of this disease.
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