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AbstrAct
Objective This study aimed to assess the prevalence 
of thoracic aortic disease (TAD) and abdominal aortic 
aneurysms (AAA) among patients with simple renal cyst 
(SRC) and bovine aortic arch (BAA).
Methods Through a retrospective search for patients 
who underwent both chest and abdominal CT imaging at 
our institution from 2012 to 2016, we identified patients 
with SRC and BAA and propensity score matched them to 
those without these features by age, gender and presence 
of hypertension, hyperlipidaemia, diabetes and chronic 
kidney disease.
Results Of a total of 35 498 patients, 6366 were found 
to have SRC. Compared with the matched population 
without SRC, individuals with SRC were significantly more 
likely to have TAD (10.1% vs 3.9%), ascending aortic 
aneurysm (8.0% vs 3.2%), descending aortic aneurysm 
(3.3% vs 0.9%), type A aortic dissection (0.6% vs 0.2%), 
type B aortic dissection (1.1% vs 0.3%) and AAA (7.9% 
vs 3.3%). The 920 patients identified with BAA were 
significantly more likely to have TAD (21.8% vs 4.5%), 
ascending aortic aneurysm (18.4% vs 3.2%), descending 
aortic aneurysm (6.5% vs 2.0%), type A aortic dissection 
(1.4% vs 0.4%) and type B aortic dissection (2.4% vs 
0.7%) than the matched population without BAA. SRC and 
BAA were found to be significantly associated with the 
presence of TAD (OR=2.57 and 7.69, respectively) and AAA 
(OR=2.81 and 2.56, respectively) on multivariable analysis.
Conclusions This study establishes a substantial 
increased prevalence of aortic disease among patients 
with SRC and BAA. SRC and BAA should be considered 
markers for aortic aneurysm development.

IntROduCtIOn
Thoracic aortic disease (TAD) and abdom-
inal aortic aneurysms (AAA) are estimated to 
account for 1%–2% of all deaths in Western 
countries.1 These diseases are typically clini-
cally silent until the potentially fatal compli-
cations of dissection or rupture develop. 
While screening recommendations exist to 
detect individuals with AAAs2 and thoracic 
aortic aneurysms (TAA),3 these measures are 
not adequate for identifying all patients with 
aortic disease. Ten to fifteen per cent of all 
AAAs present as a rupture, which is associated 
with a mortality rate of 50%–80%,4 and aortic 

dissection occurs in up to 60% of individuals 
at ascending aortic aneurysm size <5.5 cm,5 a 
commonly used threshold for surgical inter-
vention. Moreover, 50% of patients with 
Stanford type A aortic dissection die before 
hospital admission.6 Therefore, identifying 
clinical characteristics predictive of the devel-
opment of TAD and AAA would be valuable 
for detecting at-risk patients, as the mainstay 
of treatment is prophylactic surgical repair.

The main risk factors for AAA are cigarette 
smoking, advanced age, male sex and family 

Key questions

What is already known about this subject?
 ► Identifying clinical characteristics predictive of the 
development of thoracic aortic disease and abdom-
inal aortic aneurysms would be valuable as these 
diseases are typically silent until potentially fatal 
complications develop.

 ► Prior studies have demonstrated an increased prev-
alence of simple renal cysts (SRC) and bovine aortic 
arch (BAA) among patients with aortic disease.

 ► The aim of our study, on the contrary, was to evalu-
ate the prevalence of aortic disease among patients 
with SRC and BAA compared with a control popula-
tion without these characteristics.

What does this study add?
 ► In a large population, this retrospective study es-
tablishes a substantial increased prevalence of tho-
racic aortic disease among patients with SRC and 
among patients with BAA beginning at age >50 and 
age >30, respectively, compared with those without 
these features.

 ► Additionally, this study demonstrates a signifi-
cantly increased prevalence of abdominal aortic 
aneurysms among patients with SRC beginning at 
age >40 compared with those without SRC.

How might this impact on clinical practice?
 ► The study findings demonstrate that SRC and BAA 
should be considered as markers for aortic disease.

 ► Individuals with these characteristics may benefit 
from screening for aortic disease to hopefully pre-
vent the devastating complications of aortic dissec-
tion and aneurysmal rupture.
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history,7 while the major risk factors for TAD are hyper-
tension, bicuspid aortic valve (BAV) and a family history/
genetic predisposition.8 Our group has introduced the 
paradigm ‘Guilt by association’ for the identification of 
TAAs, which uses various clinical markers linked to TAAs, 
including intracranial aneurysms, aortic arch anom-
alies, simple renal cysts (SRC), BAV, family history of 
aortic disease, a positive thumb-palm sign and temporal 
arteritis.9

Prior studies have demonstrated an increased prev-
alence of SRC and bovine aortic arch (BAA) among 
patients with aortic disease.10–16 However, in order to 
determine whether the presence of these characteristics 
in an asymptomatic patient is clinically actionable and 
should inform guidelines for screening, it is important to 
study the development of aortic disease in patients with 
these features. Therefore, the aim of our study was to 
evaluate the prevalence of aortic disease among patients 
with SRC and BAA compared with a control population 
without these characteristics. In essence, we are exam-
ining the converse of prior studies showing a higher inci-
dence of SRC or BAA in patients with AAA or TAD.

MetHOds
study population
We performed a retrospective study of 35 498 patients 
identified through an electronic medical record search 
from 2012 to 2016 for individuals who had both chest and 
abdominal CT imaging during that study period. This 
study included all patients at Yale-New Haven Hospital 
who fulfilled this criterion. Patients who underwent CT 
imaging both with and without contrast were included in 
the study. We used a number of different search terms to 
identify patients with TAD, AAA, SRC and BAA.

Baseline clinical characteristics for each patient were 
obtained and included age, sex and presence of several 
comorbidities (hypertension, hyperlipidaemia, diabetes 
mellitus (DM) and chronic kidney disease (CKD)). 
Exclusion criteria included patients who1 were <18 years 
of age,2 had end-stage renal disease (ESRD) or were on 
dialysis,3 had a diagnosis of polycystic kidney disease 
(PKD), or4 had a diagnosis of renal cell carcinoma 
(RCC)/malignant neoplasm of the kidney. Acquired 
cystic kidney disease has been shown to be highly prev-
alent among patients with ESRD17; hence, these patients 
were excluded. Additionally, cysts from PKD or RCC are 
not considered simple cysts, so these patients were also 
excluded. Individual patient consent for study inclusion 
was not obtained or required for this chart review study.

evaluation of radiologic imaging
Only CT scans were used to determine the presence of 
TAD, AAA, SRC and BAA. We defined a patient as having 
a TAA if the ascending aorta was dilated to ≥4.0 cm or 
if the radiologist reported that the descending aorta was 
aneurysmal. While this lack of a defined cut-off for an 
aneurysmal descending aorta is a limitation of our study, 

there is no established cut-off for what is considered an 
aneurysmal descending aorta in the literature, given 
that the normal aortic diameter of the thoracic aorta is 
affected by a number of factors, such as age, sex and body 
size.3 We therefore used the experience of our chest radi-
ologists in determining which descending aortas were 
considered aneurysmal. All patients recorded as having 
aortic aneurysms or dissections by the search were veri-
fied by our team to have aneurysms or dissections and the 
type of dissection and location of aneurysm was recorded. 
A patient was defined as having an AAA if the abdominal 
aorta was ≥3.0 cm, consistent with published guidelines.18 
A patient was considered to have an SRC if a round or 
oval low-attenuation lesion with thin walls and size ≥4 mm 
without obvious evidence of radiographic enhancement 
or septations was detected on abdominal CT, in accord-
ance with our prior study.10 Lastly, a patient was consid-
ered to have a BAA if the innominate and left common 
carotid arteries shared a common origin or if the left 
common carotid branched directly off of the innominate 
artery.

statistical analysis
Data are reported using means and SDs for continuous 
variables or as frequencies for categorical variables. 
Student’s t-tests were used to analyse continuous varia-
bles. Χ2 tests were used to compare categorical variables. 
Multivariable logistic regression was performed to eval-
uate the association of patient characteristics, including 
age, sex, hypertension, hyperlipidaemia, DM, CKD, SRC 
and BAA, with aortic disease. Propensity score matching 
was employed for patients with SRC and for patients with 
BAA to identify controls matched by age, gender, hyper-
tension, hyperlipidaemia, DM and CKD. Statistical anal-
yses were performed using R V.3.1.0 (R Foundation for 
Statistical Computing, Vienna, Austria) and  vassarstats. 
net.

Results
Overall patient characteristics
We identified 35 498 patients who had both a chest and 
abdominal CT scan between 2012 and 2016 (table 1) with 
a mean age of 60.4±18.0 years. Among these patients, 
6366 (17.9%) had at least one SRC, 1355 (3.8%) had a 
TAA, 253 (0.7%) had an aortic dissection and 952 (2.7%) 
had an AAA. Only 920 (2.6%) were identified as having a 
BAA, which is substantially lower than the estimated prev-
alence of 15%–35% in the general US population.12 This 
indicates that radiologists are likely under-reporting the 
presence of BAAs on chest CTs.

Prevalence of sRC
The prevalence of SRC among patients with an ascending 
aortic aneurysm, descending aortic aneurysm, type A 
aortic dissection and type B aortic dissection was 44.9%, 
51.1%, 38.8% and 45.3%, respectively. In all four groups, 
the prevalence of SRC was significantly higher than 
among patients who did not have any TAD (16.8%). 
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Additionally, the prevalence of SRC among patients with 
an AAA was significantly higher than that among patients 
who did not have an AAA (52.8% vs 17.0%).

Prevalence of SRC was also calculated for all age groups 
(in 10 year age increments)) of patients with TAD, AAA 
and controls for each of these groups. We found that the 
prevalence of SRC was significantly higher among the 
TAD group versus the control group without TAD for 
each decade of life beginning at age 40. Similarly, there 
was a significantly increased prevalence of SRC among 
patients with AAA as compared with the control group 
without AAA for each decade of life beginning at age 50.

Prevalence of aortic disease among patients with sRC
In order to examine the prevalence of aortic disease 
among patients with SRC, we performed propensity 
matching to generate a group of control patients without 
SRC. As shown in table 1, patients in the propensity 
matched control population did not differ significantly 
in age, sex or presence of comorbidities from the SRC 
group. Figure 1A and table 2 demonstrate that there is 
a significantly increased prevalence of all types of aortic 
disease in the SRC population compared with the control 
population. Moreover, for every decade of life starting in 
the sixth decade, there was a significantly increased prev-
alence of TAD among patients with SRC as compared 
with the propensity matched population without SRC 
(figure 1B). Additionally, for every decade of life starting 
in the fifth decade, there was a significantly increased 
prevalence of AAA among patients with SRC as compared 
with the propensity matched population without SRC 
(figure 1B).

Prevalence of aortic disease among patients with BAA
Since only 2.6% of the study population was reported 
as having a BAA in the CT radiology reports, it is likely 
that a substantial number of patients in the ‘non-BAA’ 
control group did indeed have a BAA. Therefore, we 
compared the prevalence of aortic disease among the 
BAA group with a propensity matched control popula-
tion without BAA. The chest CT scans of the 920 patients 
in this control population were reanalysed to verify these 
patients indeed did not have a BAA.

The clinical characteristics of patients with BAA and 
without BAA in the propensity matched population are 
depicted in table 1. These groups of patients did not 
differ significantly in terms of age, sex or presence of 
comorbidities. However, patients with BAA were signifi-
cantly more likely to have an SRC compared with the 
propensity matched control population.

Figure 2A and table 2 illustrate that there is a signifi-
cantly increased prevalence of all types of TAD in the 
BAA population compared with the control population. 
Furthermore, for every decade of life starting in the 
fourth decade, there was a significantly increased prev-
alence of TAD among patients with BAA as compared 
with the propensity matched population without BAA 
(figure 2B).Ta
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Prevalence of aortic disease among patients with BAA and 
sRC
We also sought to determine the prevalence of TAD 
among patients with both BAA and SRC. Therefore, 
240 patients with both BAA and SRC were propensity 
matched with 240 patients with neither feature. As table 1 
demonstrates, these groups of patients did not differ 
significantly in terms of age, sex or presence of comor-
bidities. Figure 3 and table 2 demonstrate that there is 
a significantly increased prevalence of all types of TAD 
in the BAA+SRC population compared with the control 
population except for type A aortic dissection.

Multivariable logistic regression
Multivariable logistic regression analysis was conducted 
to examine the association of SRC and BAA with aortic 
disease (table 3). SRC and BAA were each significantly 
associated with each type of aortic disease (table 3 
and online supplementary table 1). Since the bovine 
arch status of the majority of patients in the study was 
unknown, we performed multivariable logistic regres-
sion analysis of the association of BAA with aortic disease 
both in the total study population and the population for 
which bovine status was known, which revealed similar 
results (online supplementary table 2).

As shown in table 3, on multivariable analysis, female 
sex and DM were both associated with a decreased risk of 
TAD. On the other hand, age, hypertension and hyper-
lipidaemia were all associated with an increased risk of 
TAD. CKD was also found to be significantly associated 
with AAA but not with TAD.

Accuracy of search
Since a variety of search terms were used to identify 
individuals with SRC and aortic aneurysms, we sought 
to determine the accuracy of the search by randomly 
selecting 1000 patients from the study population. Among 
these patients, our search missed 7% of SRC and 2.3% of 
aortic aneurysms (ie, a radiologist had described these 
findings in the radiology report but the search did not 

identify these patients as having these findings). Addi-
tionally, 0.4% of patients had CT scans that were never 
completed at Yale-New Haven Hospital. In these patients’ 
electronic medical charts, it states that either the CT scan 
was ordered and never completed or it was completed at 
an outside hospital, so any search would not have iden-
tified these patients as having or not having aortic aneu-
rysms or SRCs.

dIsCussIOn
Prior research has demonstrated an increased preva-
lence of aortic disease among patients with SRC10 11 13 
and BAA.12 14–16 In a large cohort of patients with aortic 
disease (1355 with TAA and 253 with aortic dissection), 
we replicated our prior findings that there is an increased 
prevalence of SRC in patients with TAD.10 Just as in our 
prior study, we found the strongest association between 
the presence of SRC and TAD in patients with descending 
aortic aneurysms and type B dissection. We also replicated 
our findings that there is an increased prevalence of SRC 
among patients with TAD in each age group >40. Our 
study also establishes a threefold increased prevalence 
of SRC among patients with AAA (occurring among all 
age groups >50), which is similar to the 2.5-fold increased 
prevalence of SRC among patients with AAA that Takagi 
and Umemoto demonstrated.13

In order to investigate whether SRC and BAA are risk 
factors for aortic disease, we sought to determine the 
prevalence of aortic disease in patients with these charac-
teristics. After controlling for age, sex and several comor-
bidities (hypertension, hyperlipidaemia, DM and CKD) 
via propensity score matching, we found a significantly 
increased prevalence of all types of aortic disease in the 
SRC group compared with the group without SRC. In 
particular, we observed a significantly increased preva-
lence of TAD beginning in the sixth decade of life and 
AAA beginning in the fifth decade of life as compared 
with the propensity matched population. Among patients 
with BAA, there was a significantly increased prevalence 

Figure 1 (A) Prevalence of aortic disease among propensity score matched patients with simple renal cyst versus without 
simple renal cyst. (B) Prevalence of aortic disease among propensity score matched patients with simple renal cyst versus 
without simple renal cyst by age group. AAA, abdominal aortic aneurysm; SRC, simple renal cyst; TAD, thoracic aortic disease.  
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of all forms of TAD as compared with a propensity 
matched population without BAA. This increased prev-
alence occurred as early as the fourth decade of life and 
persisted throughout all age groups.

Our multivariable analysis confirmed that SRC and 
BAA are risk factors for aortic disease. Compared with 
hypertension, an established risk factor for TAD8 and 
AAA,7 we found an equally strong or stronger associa-
tion between SRC and TAD (OR=2.57) and between BAA 
and TAD (OR=7.69) than between hypertension and 
TAD (OR=2.25). Similarly, there was an equally strong or 
stronger association between SRC and AAA (OR=2.81) 
than between hypertension and AAA (OR=2.46). Among 
the different types of aortic disease, we observed that the 
strongest association with SRC was with descending aortic 
aneurysms (OR=3.09), while the strongest for BAA was 
with ascending aortic aneurysms (OR=8.25).

Our multivariable analysis findings of a negative associ-
ation between DM and TAD (OR=0.57) and between DM 
and AAA (OR=0.66) are consistent with prior studies that 
have established a protective role for DM in the devel-
opment of TAD19 and AAA.20 Moreover, we observed a 
positive association between CKD and AAA (OR=1.21), 
which is consistent with a recent report.21 While CKD 
was not associated with TAD overall, it was significantly 
associated with descending aortic aneurysms (OR=1.43) 
(online supplementary table 1).

Prior studies have established that there is an 
increased risk for aortic dissection22 and AAA7 among 
males as compared with females, while the incidence 
of TAA has been demonstrated to be similar among 
the sexes.23 In our multivariable analysis, we found that 
female sex was negatively associated with both TAD 
(OR=0.48) and AAA (OR=0.44). Interestingly, however, 
when one analyzes the association between female sex 
and the type of TAD, female sex was only a statistically 
significant negative risk factor for aortic disease among 
individuals with ascending aortic aneurysms (OR=0.39) 
and type A aortic dissection (OR=0.60) but not for 
descending aortic aneurysms or type B aortic dissection 
(online supplementary table 1).

For the features in our ‘Guilt by Association’ para-
digm, studies have demonstrated that individuals with 
intracranial aneurysms,24 AAA,25 giant cell arteritis26 
and BAV27 have higher rates of TAAs than individuals 
without these features. However, no study has analysed 
the prevalence of TAD among individuals with more 
than one of these features. Therefore, we compared 
the prevalence of TAD among 240 patients with both 
SRC and BAA with a propensity matched population 
with neither of these features and found that these 
patients were even more likely to have TAD than those 
with either SRC alone or BAA alone (32.1% vs 10.1% 
and 21.8%, respectively). This finding indicates that 
perhaps one can use the ‘Guilt by Association’ para-
digm as a stepwise ladder, in which individuals with 
multiple features have an even greater risk for TAD 
than those with simply one feature.Ta
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The limitations of our study include its retrospective 
nature. Therefore, it is difficult to establish SRC and 
BAA as definitive risk factors for TAD and AAA without 
performing a prospective study. Furthermore, the 
search that was performed was not entirely accurate 
since we found that 7% of SRC and 2.3% of aortic aneu-
rysms were missed. However, this does not alter the fact 
that there is a significant association between SRC and 
aortic disease. In fact, since 7% of patients with SRC 
were missed and were therefore included in the control 
population, our analysis, if anything, underestimates 
the true association between SRC and aortic disease. 
Furthermore, we were not able to control for all risk 
factors associated with aortic disease in our propensity 
matching analysis, including smoking history, family 
history and presence of connective tissue disorders.

It is worth contemplating exactly how the evidence 
from this paper should be applied to clinical practice. 

We can consider first the patient with BAA. The BAA will 
have been diagnosed on a three-dimensional imaging 
study (usually CT scan, but possibly MRI). An associated 
TAA may be evident at that time on that very study. If not, 
the awareness of the BAA and its link with TAA should 
lead to periodic surveillance imaging.

We can consider next the patient with SRC. The SRC 
will usually have been diagnosed on a CT of the abdomen. 
Consideration should be given to extending the CT scan 
to include the chest (just a few more frames above the 
standard abdominal CT scan). If the chest is negative 
at that time, periodic imaging surveillance should be 
considered in the overall clinical context.

For both BAA and SRC, transthoracic cardiac ECHO 
(to visualise the ascending aorta) and abdominal ultra-
sound, as well as MRI of the chest and/or abdomen, can 
be invoked as needed in order to limit somatic radiation 
exposure. The clinical implications for patients diag-
nosed with BAA or SRC stated above require further 
study, including cost-effectiveness analyses, before any 
final recommendations for screening can be advocated.

We feel that the ‘guilt by association’ demonstrated 
in this study—specifically that BAA and SRC are often 
seen together with TAD and AAA—can be exploited to 
identify otherwise silent aneurysm disease and in this 
way save lives that could otherwise be lost to dissection 
or rupture.

COnClusIOn
In this retrospective study, we established a substantial 
increased prevalence of TAD among patients with SRC 
and among patients with BAA beginning at age >50 and 
age >30, respectively. We also found an increased prev-
alence of AAAs among patients with SRCs beginning 
at age >40. These findings indicate that SRCs and 
BAA should be considered as markers for the develop-
ment of aortic disease.

Figure 2 (A) Prevalence of thoracic aortic disease among propensity score matched patients with bovine aortic arch versus no 
bovine aortic arch. (B) Prevalence of thoracic aortic disease among propensity score matched patients with bovine aortic arch 
versus no bovine aortic arch by age group. TAD, thoracic aortic disease.

Figure 3 Prevalence of thoracic aortic disease among 
patients with bovine aortic arch and simple renal cyst versus 
patients with neither. SRC, simple renal cyst; TAD, thoracic 
aortic disease. 
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