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Background-—Thoracic aortic aneurysm is usually a clinically silent disease; timely detection is largely dependent upon
identification of clinical markers of thoracic aortic disease (TAD); (bicuspid aortic valve, intracranial aortic aneurysm, bovine aortic
arch, or positive family history). Recently, an association of simple renal cysts (SRC) with abdominal aortic aneurysm and aortic
dissection was established. The aim of our study was to evaluate the prevalence of SRC in patients with TAD in order to assess
whether the presence of SRC can be used as a predictor of TAD.

Methods and Results-—We evaluated the prevalence of SRC in 842 patients with TAD (64.0% males) treated at our institution from
2004 to 2013 and compared to a control group of patients (n=543; 56.2% males). Patients were divided into 4 groups: ascending
aortic aneurysm (456; 54.2%); descending aortic aneurysm (86; 10.2%); type A aortic dissection (118; 14.0%); and type B aortic
dissection (182; 21.6%). SRC were identified by abdominal computed tomography or magnetic resonance imaging of these
patients. Prevalence of SRC is 37.5%, 57.0%, 44.1%, and 47.3% for patients with ascending aneurysm, descending aneurysm, type
A dissection, and type B dissection, respectively. Prevalence of SRC in the control group was 15.3%. Prevalence of SRC was not
significantly different between male and female aortic disease patients, despite reported general male predominance (2:1), which
was also observed in our control group (1.7:1).

Conclusions-—This study establishes an increased prevalence of SRC in patients with TAD. SRC can potentially be used as a
marker for timely detection of patients at risk of TAD. ( J Am Heart Assoc. 2016;5:e002248 doi: 10.1161/JAHA.115.002248)
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A ccording to the latest data from the Centers for Disease
Control and Prevention, �13 000 people die annually in

the United States of aortic aneurysms in various anatomical
localizations, with almost 80% of these deaths among people
65 years and older. This makes aortic aneurysms the 18th
leading cause of death in all individuals and the 15th most
common in individuals older than 65 years.1 Thoracic aortic
aneurysms (TAAs) are “silent killers” because, in the absolute
majority of the patients, they do not cause early warning

symptoms; often, the first symptom is death or a major
complication that threatens to produce death, such as aortic
rupture or dissection.2 Thus, timely detection of patients at
risk of developing a TAA is bound to save many lives. Such
timely detection of patients at risk can be achieved by
identifying certain medical or anatomical conditions that have
been linked to aneurysm development. Recent studies have
shown that such medical conditions as bicuspid aortic valve,3

intracranial aneurysm,4 inguinal hernia,5 and anomalies of the
aortic arch vessels (such as bovine aortic arch and isolated
left vertebral artery)6,7 are associated with TAA,8 and a family
history of thoracic aortic disease9 confers an increased risk of
developing a thoracic aortic aneurysm.

A simple renal cyst (SRC) is a fluid collection in the
kidney that is usually benign in nature. Overall prevalence of
SRCs in the general population has been reported to be in
the range of 5% to 41%, depending on the imaging study,
ethnic background, and other influencing factors. Higher
percentages of SRC prevalence are observed in the elderly
and in males10–19 (Table 1). Yaghoubian et al.20 have shown
an association of SRCs and abdominal aortic aneurysm
development. A higher prevalence of SRCs has also been
observed in patients with aortic dissection, suggestive of a
common manifestation of connective tissue degeneration.21

However, the association of simple renal cysts and thoracic
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aortic aneurysm has not, to the best of our knowledge, been
established before.

Therefore, the aim of our study was to determine whether
an association between thoracic aortic aneurysms and simple
renal cysts exists. We evaluated the prevalence of SRCs in
patients with TAAs and compared that to the prevalence of
SRCs in patients with thoracic aortic dissection and to a
control group of patients without thoracic aortic disease
(TAD); (aneurysm or dissection).

Methods

Study Population
All consecutive patients treated for TAD at the Aortic Institute
of Yale–New Haven Hospital (New Haven, CT) during the years
2004–2013 were included in this study. The total number of
patients with TAD was 1177. Reliable radiological imaging
studies that included the kidneys were available for 842
patients (71.5%), who comprised our study population. Mean
age of the study population was 63.5�14.2 years (range, 17–
96), and 539 patients (64.0%) were males. The 335 excluded
patients (28.5%) were statistically similar to the study
population in the basic demographic and clinical character-
istics with the exception of age (excluded patients were
slightly older: 65.3�11.9; P=0.034).

According to the type and location of TAD, patients in the
study group were subdivided into 4 subgroups:

1. Ascending aortic aneurysm group: 456 patients (54.2%)
with aneurysms of the aortic root, ascending aorta, or
aortic arch, mean age 61.7�13.9, 310 males (68.0%);

2. Descending aortic aneurysm: 86 patients (10.2%) with
aneurysms of the descending aorta, including thoracoab-

dominal aneurysms, mean age 64.4�13.7, 47 males
(54.7%);

3. Stanford type A aortic dissection: 118 patients (14.0%),
mean age 65.0�15.5, 76 males (64.4%);

4. Stanford type B aortic dissection: 182 patients (21.6%),
mean age 66.5�14.3, 106 males (58.2%).

Diagnosis of TAD was confirmed by imaging studies
(computed tomography [CT], magnetic resonance imaging
[MRI], or echocardiography). Patients were considered as
having an aortic aneurysm if the size of the aorta was greater
than 4.0 cm. Baseline clinical characteristics of patients were
obtained by our Aortic Database, hospital medical records,
and outpatient medical records.

Control Group
A control group was identified by searching the Yale–New
Haven Hospital Radiology database for all patients admitted
through the emergency department with a diagnosis of trauma
or motor vehicle accident during the 2004–2013 period who
also had an imaging study (CT and/or MRI) performed at
admission. This control group was selected because trauma
patients would not be expected to present any inherent bias
favoring either TAD or renal cysts. Patients with known or
identified aortic disease of any location or with known or
identified predisposing factor for renal cyst formation (autoso-
mal-dominant polycystic kidney disease [ADPKD], end-stage
renal disease, and hydronephrosis) were excluded from the
study. The control group included 543 patients (mean age,
41.4�17.8 years; range, 20–87), of whom 305 patients
(56.2%) were male. Because of the specifics of the radiology
database, detailed clinical or demographic information was not
available for the control subjects.

Table 1. Previous Reports on the Prevalence of Simple Renal Cysts (SRC) in the General Population

Source No. of Subjects Mean Age (Range)
Overall Prevalence
of SRC

Male-to-Female Ratio in the
Prevalence of SRC

Laucks et al. (1981)13 103 57.0 24.3% —

Tada et al. (1983)14 542 51.3* 19.9% 2.72

Caglioti et al. (1993)15 1526 52.5 17.2% 1.85

Pedersen et al. (1993)16 675 48.9* (30–70) 5.2% 2.86

Ravine et al. (1993)17 729 52.7* 9.5% 2.15

Pal et al. (1997)18 1500 45.7* 5.1% 2.04

Terada et al. (2002)10 14 314 52.1 (26–91) 11.9% 1.90

Carrim et al. (2003)19 617 64.2 (17–92) 41.2% 1.39

Suher et al. (2006)11 684 65.7 (28–82) 13.7% 1.52

Chang et al. (2007)12 577 48.8 (20–94) 10.7% 2.81

*Approximated mean age, exact data not provided in original manuscript by authors.
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Evaluation of Radiology Imaging Studies for
Determining the Presence of Simple Renal Cysts
Only CT and MRI studies were used to analyze the presence of
simple renal cysts in patients of the study population and
control group. All imaging studies were read, analyzed, and
reported by an experienced radiology attending physician as
part of clinical care and without knowledge of this study. A
patient was considered to have a simple renal cyst if a round
or oval low-attenuation lesion with a thin wall and a size
≥4 mm was identified on a CT or MRI scan without obvious
evidence of radiographic enhancement or septations.

Definition of Risk Factors and Comorbidities
The following risk factors and comorbidities were evaluated in
the study population and were defined as:

1. Hypertension: diastolic blood pressure of 90 mm Hg and
higher or treatment with at least 1 antihypertensive
medication;

2. Hyperlipidemia: total cholesterol level over 200 mg/dL
(5.17 mmol/L) or treatment with lipid control medications;

3. Diabetes: medically recorded diagnosis of diabetes either
diet-controlled, controlled by oral medications, or requir-
ing insulin;

4. Tobacco smoking: history of ever smoking for the
duration of 2 years (consecutive or in total) or more;

5. Marfan syndrome: diagnosed according to the revised
Ghent nosology22;

6. Chronic kidney disease: history of chronic kidney disease
or elevated creatinine (>2);

7. Neurological deficit: history of significant pathological
conditions affecting the central or peripheral nervous
systems;

8. Pulmonary/respiratory disease: history of significant
pathological conditions affecting the lung parenchyma,
the pleura, or the tracheobronchial tree;

9. Positive family history: the presence of confirmed family
history of aneurysm disease (aortic, peripheral vascular, or
cerebral) among first-, second-, or third-degree relatives;

10. Previous cardiac/aortic surgery: history of previous open
surgical intrapericardial interventions, or aortic (thoracic
and abdominal) interventions (open or endovascular).

Statistical Analysis
Pearson’s chi-square test was used to compare proportions
(categorical variables). The 2-tailed unpaired t test was used to
compare continuous variables. Multivariate logistic regression
was performed using SAS software (SAS Institute Inc., Cary,
NC) and according to principles previously described by Rizzo

et al.23 Multivariate analysis was specifically designed to
control for the age variable in order to permit reliable
comparisons between the study population and the control
group given the difference in the mean age of these groups. The
potential confounding effects of differences in age were
controlled by estimatingmultivariate logistic regressionmodels
that included age along with all anatomical groups in the study
population (ascending aortic aneurysm, descending aortic
aneurysm, Stanford type A aortic dissection, and Stanford type
B aortic dissection). This model also controlled for sex because
an increased prevalence of SRC among males was expected
from the literature.10–12,14–19 The control population was used
as the reference group in logistic regression. A P value ≤0.05
was considered statistically significant.

Ethical Considerations
This study was approved by the human investigation
committee of Yale University. Requirement for informed
consent was waived.

Results

Overall Prevalence of SRC
Among the 842 patients of the study population, 358 patients
(42.5%) had at least 1 simple renal cyst. In the control group,
prevalence of SRC was 15.3% (84 of 543), which was
significantly lower than in the study population (P<0.0001).

Presence of SRC was then evaluated separately for all 4
groups of the study population. Overall prevalence of SRC was
37.5% (171 of 456), 57.0% (49 of 86), 44.1% (52 of 118), and
47.3% (86 of 182) in patients with ascending aortic aneurysm,
descending aortic aneurysm, and type A and type B aortic
dissection, respectively (Figure 1). In all 4 groups, the
prevalence of SRC was significantly higher than in the control
group (P<0.0001).

Age-Controlled Prevalence of SRC
Prevalence of SRC was also calculated separately for all age
groups of patients with TAD and controls (10-year age
periods). This analysis showed a higher rate of SRC in the
study population than in our control group in the seventh
(P=0.03), eighth (P=0.05), and ninth decade of life and beyond
(P=0.01; Figure 2). The prevalence of SRC in study population
patients was also higher than control levels among patients in
their fifth and sixth decades of life, although no statistical
difference was identified because of small sample size
(P=0.31 and 0.22, respectively). Study patients also showed
a statistically higher rate of SRC than historical controls from
the literature for all decades, 40 years of age and above.
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Multivariate logistic regression, used to control for the
difference in mean age between the study population
(63.5�14.2) and control group (41.4�17.8), confirmed a
statistically higher prevalence of SRC between all anatomical
groups of the study population compared to the control group
(P<0.05; Table 2). Statistical significance was strongest for
the group of patients with descending aneurysm (odds ratio
[OR]=3.15�0.84; P<0.001) and type B dissections
(OR=1.84�0.38; P=0.004).

Sex-Controlled Prevalence of SRC
Prevalence of SRC was evaluated separately for males and
females in both the study population and control group
(Figure 3). In the group of patients with ascending aortic
aneurysm, prevalence of SRC was 37.4% (116 of 310) and
37.7% (55 of 146) for males and females, respectively (P=1.0).
In the group of patients with descending aortic aneurysm,
prevalence of SRC was 57.5% (27 of 47) for males and 56.4%
(22 of 39) for females (P=0.92). In the group of patients with
type A dissections, prevalence of SRC was 46.1% (35 of 76)
and 40.5% (17 of 42; P=0.56), and in the type B dissection
group, it was 43.4% (46 of 106) and 52.6% (40 of 76) for
males and females (P=0.22), respectively. In all anatomical
groups of the study population, no statistically significant
difference was observed between prevalence of SRC in males

and females (P>0.05 for all 4 groups). In the control group,
prevalence of SRC was higher in males (as expected from the
literature10–12,14–19): 18.7% (57 of 305) for males and 11.3%
(27 of 238) for females (P=0.004).

Incidence of SRC in Ascending and Descending
Aortic Disease
Because of our understanding that diseases of the ascending
and descending aorta are fundamentally different in etiology
and pathogenesis,24,25 we grouped the ascending aneurysm
group together with type A dissections (ascending group) and
the descending aneurysm group with type B dissections
(descending group) in order to determine whether there is any
difference in the incidence of renal cysts within the groups of
TAD. Overall incidence of simple renal cysts in patients with
ascending aortic pathology is 38.3% (223 of 583), which is
significantly smaller than 50.4% (135 of 268) in the descend-
ing aortic pathology group (P=0.0009). Similar results were
shown in multivariable analysis (see Table 2).

Clinical Characteristics
Detailed baseline clinical characteristics were evaluated for
patients in the study population. These were not available for
the control group because of the nature of the radiology

Figure 1. Overall prevalence of simple renal cysts in patients with thoracic aortic disease in comparison
to the control group and the general population. ***Significantly different from control group.
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database. Clinical characteristics were compared between
patients with TAD that had (358; 42.5%) and did not have
(484; 57.5%) a SRC (Table 3). Complete clinical information
was available for 304 of 358 (84.9%) patients with SRC and
408 of 484 (84.3%) without SRC (P=0.81). Mean age of
patients with SRC was significantly higher than for those
without renal cysts (68.5�12.1 vs 59.8�14.5, respectively;
P<0.0001). Patients with SRC in comparison to patients
without SRC were also more likely to have hypertension

(82.9% vs 69.9%; P<0.0001), dyslipidemia (54.3% vs 38.7%;
P<0.0001), history of tobacco smoking (49.7% vs 40.7%;
P=0.017), chronic kidney disease (13.5% vs 8.1%; P=0.019),
and neurological comorbidities (14.1% vs 8.6%; P=0.019).
Interestingly, patients with SRC were less likely to have
Marfan syndrome (0.66% vs 3.9%; P=0.006), although the
numbers were small. No differences were observed between
patients with and without SRC in the prevalence of diabetes
(11.5% vs 10.0%; P=0.53), pulmonary/respiratory disease
(17.1% vs 17.2%; P=1.0), or presence of a positive family
history of aortic disease (15.5% vs 19.1%; P=0.20), or a
history of previous cardiac/aortic surgery (16.1% vs 15.7%;
P=0.89).

Clinical characteristics were also evaluated separately for
patients with and without SRC in each of the 4 study groups.
In the ascending aneurysm group, hypertension (P<0.0001),
dyslipidemia (P<0.0001), and neurological deficit (P=0.02)
were found to be statistically greater among patients with
SRC. In the descending aneurysm group, statistically signif-
icant difference was observed only in the prevalence of
Marfan disease, which was higher in patients without SRC
(P=0.01). In the group of patients with type A dissections,
hypertension was significantly more prevalent in patients with
SRC (P=0.03), whereas in the type B dissection group all

Figure 2. 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, †prevalence reported by Terada et al.,10

and ‡prevalence reported by Chang et al.12 (P<0.05).

Table 2. Results of Multivariate Logistic Regression Analysis
Controlled for Patient Age Between the Study Population and
the Control Group

Presence of a Simple Renal
Cyst

Odds
Ratio�SE

95% Confidence
Interval P Value

Age 1.05�0.00 1.04 to 1.06 <0.001

Male sex 1.50�0.20 1.15 to 1.96 0.003

Ascending aneurysm 1.43�0.25 1.02 to 2.02 0.038

Descending aneurysm 3.15�0.84 1.87 to 5.31 <0.001

Type A dissection 1.67�0.41 1.03 to 2.69 0.036

Type B dissection 1.84�0.39 1.21 to 2.80 0.004
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baseline clinical characteristics were statistically identical
(P>0.05).

Relationship of Aortic Size and the Presence of
SRC
In the 2 aneurysm groups—ascending and descending—
aortic sizes were analyzed in relation to the presence or
absence of renal cysts. Aortic sizes were available for
analysis for 80.3% (366 of 456) of patients with ascending
aortic aneurysm and for 95.3% (82 of 86) with descending
aortic aneurysm. In the ascending aortic aneurysm group,
mean size of the aorta was 5.15�0.71 cm and
4.98�0.67 cm in those with and without SRC, respectively
(P=0.025). A similar trend was observed for descending
aortic aneurysm—mean aortic size was 6.27�1.81 cm in
patients with simple renal cysts and 5.97�1.55 cm in those
without renal cysts. However, this difference was not
statistically significant (P=0.426).

Discussion
This study shows that simple renal cysts are found with
significantly higher frequency in patients with TAD than in our

control group or the general population, reported in most
studies10–19 (Table 1). These results suggest that patients
found to have simple renal cysts are at increased risk of
having TAD, namely, aortic aneurysm and/or dissection. This
finding puts SRC in line with other clinical markers that have
been associated with TAD, namely, bicuspid aortic valve,3

intracranial aneurysm,4 inguinal hernia,5 aortic arch branching
anomalies such as bovine aortic arch6 and isolated left
vertebral artery,7 and a positive family history of aortic
disease.9 Such clinical markers make it possible to identify
patients at risk of having TAD.8 Such identification may be
expected to pay dividends in lives saved by diagnosis before
rupture, dissection, or death.

Our results also correlate with previous reports showing an
association of simple renal cysts with abdominal aortic
aneurysm and aortic dissection.20,21 However, the natural
history of simple renal cysts is associated with an increase in
their prevalence in the older population as well as a higher
prevalence in males.10–12,16 Knowing this, and the fact that
our study population of patients with TAD was predominantly
male (64.0%) with a mean age of 63.5, we controlled for the
age and sex factors in our study to make certain that the
increased prevalence that we were observing was not merely
attributed to the baseline characteristics of our thoracic aortic
aneurysm population.

Figure 3. Prevalence of simple renal cysts in male and female patients with thoracic aortic disease
compared to the control group and general population. *P<0.05 significance level; ***P<0.0001
significance level.
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Age Factor for SRC Development
Several studies that evaluated the natural history of simple
renal cysts in the general population noted that increasing age
is a risk factor for their development.10–12,16 Terada et al.10 in
a study of over 14 000 individuals found that prevalence of
renal cysts increased more than 7-fold with age from 5.1% in
the fourth to 36.1% in the eighth decade of life. Therefore, in
order to control for age, we split all patients of the study
population and of the control group into age groups and
analyzed the prevalence of SRC separately for each age group
(Figure 2). These data were compared with the prevalence
reported for similar age groups in studies reporting on the
general population as well as with the prevalence established
in our control group. In all age groups of patients with TAD
starting from the seventh decade of life, the overall
prevalence of SRC was statistically greater than in the control
group (P≤0.05), and significantly different from the levels of
the general population (for all age groups starting from the
fifth decade and older) reported by Terada et al.10 (P<0.0001)
and Chang et al.12 (P<0.05). This was also confirmed in
multivariable analysis, where we controlled for the difference
in age of the study and control populations (Table 2). It is
possible that the slightly elevated incidence of simple renal
cysts in the fourth, fifth, and sixth decade groups of our
control population may have masked statistical significance in
the analysis in those groups.

These findings are suggestive that age, although a
contributing factor, is not the main factor influencing the

development of SRC in patients with TAD. It appears that TAD
itself is a predictor of SRC development.

No SRC Male Preponderance in TAD Patients
Another important factor in the natural history of SRC that
differs significantly in the TAD patients, compared to the
general population, is the male preponderance. All studies
that looked at the prevalence of SRC in the general population
have reported the male-to-female ratio to be in the 1.5 to 2.8
range (Figure 4). SRC is approximately twice as common in
males in the general population.10–12,16 Interestingly, we did
not see this male predominance in our population of patients
with TAD. The loss of the male preponderance suggests that
the development of SRC may be fundamentally different in
patients with TAD than in individuals without thoracic aortic
pathology.

Ascending and Descending Aortic Aneurysm: 2
Different Diseases
More and more evidence is being accumulated in support of
the observation that ascending and descending aortic
aneurysm are 2 different diseases: descending aortic pathol-
ogy is much more atherosclerotic in nature, whereas ascend-
ing aortic pathology is largely genetic and lacks the classic
atherosclerotic features24 (Figure 5). This is supported by the
fact that during embryological development the ascending
aorta and arch are formed from the neural crest, whereas the

Table 3. Table With Baseline Clinical Characteristics of TAD Patients With and Without SRC

Variable

Thoracic Aortic Disease With Simple
Renal Cysts

Thoracic Aortic Disease Without Simple
Renal Cysts

P ValueAbsolute Value Percentage Absolute Value Percentage

Total No. of patients 358 42.5% 484 57.5% —

Males 224 62.6% 315 65.1% 0.45

Mean age 68.5�12.1 — 59.8�14.5 — <0.0001*

Clinical information available 304 84.9% 408 84.3% 0.81

Hypertension 252 82.9% 285 69.9% <0.0001*

Diabetes 35 11.5% 41 10.0% 0.53

Dyslipidemia 165 54.3% 158 38.7% <0.0001*

History of smoking 151 49.7% 166 40.7% 0.017*

Marfan syndrome 2 0.66% 16 3.9% 0.006*

Chronic kidney disease 41 13.5% 33 8.1% 0.019*

Neurological deficit 43 14.1% 35 8.6% 0.019*

Pulmonary/respiratory disease 52 17.1% 70 17.2% 1.0

Positive family history 47 15.5% 78 19.1% 0.20

Previous cardiac/aortic surgery 49 16.1% 64 15.7% 0.89

*Statistically significant.
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descending thoracic aorta is formed from the mesoderm, the
ligamentum arteriosum being the separating point.25 In this
study, we found a higher overall incidence of SRC in patients
with descending aortic pathology, compared to patients with
ascending aortic disease. Also, in multivariable analysis the
strongest association with SRC was found in the group of
patients with descending aortic aneurysm (OR, 3.15�0.84; CI
[1.87–5.31]; P<0.001) and type B dissection (OR, 1.84�0.39;
CI [1.21–2.80]; P=0.004), both descending aortic pathologies.
Therefore, the link between SRC and TAD seems to be even
stronger for the descending aorta (and for patients with the
traditional atherosclerotic risk factors of smoking, hyperten-
sion, and dyslipidemia26).

Possible Common Genetic or Pathophysiological
Link
It is possible that TAD shares a common genetic defect also
responsible for SRC formation as well. To date, more than 20
genes have been confirmed to be causative factors of
syndromic and nonsyndromic cases of thoracic aortic
aneurysm and dissection.27–30 It is possible that some of
these genes are causative factors for SRC development as
well. Kim et al.21 suggest that a genetic variation of the
8202A/G in the matrix metalloproteinase-9 (MMP-9) gene
could be the common genetic defect causing TAD and renal
cyst formation.31 However, because molecular genetics of
SRC formation have not been fully elucidated, it is difficult to

make definitive conclusions about the exact location of any
possible common genetic defect.

It is quite plausible that a defect in MMP-related genes
could be the link between TAD and SRC. MMPs are proteolytic
enzymes that degrade the main structural proteins of the
aortic wall (elastin, collagen, fibrillin, and so on) and are
known to play an important role in the pathogenesis of
thoracic aortic aneurysm and dissection.2,32 The imbalance of
MMP activity and their tissue inhibitors—favoring net lysis—
leads to cystic medial degeneration and weakening of the
aortic wall. At the same time, there is growing evidence that
MMPs may play a role in cystic renal disease.33 Specifically,
MMP-2 and MMP-9 have been shown to be present in the
cystic fluid of both benign simple renal cysts, as well as in
cystic renal cell carcinomas.34 MMP-14 has been found in the
cyst-lining epithelium of an experimental animal polycystic
kidney disease model; treatment with a metalloproteinase
inhibitor results in a significant reduction of cyst number and
kidney weight.35 This is suggestive that MMPs may be the
common link between TAD and SRC. The role of MMP
overactivity may be detectable in future studies using whole-
exome sequencing36 or our RNA Signature test.37

Another possible explanation of the link between TAD and
renal cysts may be in the recently described hypomorphic
alleles (alleles with reduced levels of gene activity) of the
PKD1 and PKD2 genes, mutations of which cause ADPKD.38,39

Presence of a heterozygous hypomorphic allele of one of
these genes results in a significantly milder cystic

Figure 4. 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.
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disease,38,40 which could manifest in a few kidney cysts and
be radiologically interpreted as SRC. Clinically, the presence
of an association between thoracic aortic dissection and
ADPKD,41–43 as well as abdominal aortic aneurysm and
ADPKD,44 has been modestly proposed in the literature based
on a very small number of case reports; however, no cohort
studies of these patients have yet been performed. It is
possible that some of the patients in our study had a
hypomorphic ADPKD allele, which would explain the presence
of cysts in the kidneys of patients with thoracic aortic
aneurysm and dissection.

Clinical Recommendation
Because thoracic aortic aneurysm is a silent conditionwith such
devastating, often lethal, complications, this study raises the
question whether patients with documented renal cysts should

be screened for TAA. This has important cost/benefit consid-
erations and may be premature based on this single study.
Abdominal CT already includes the lower third of the thorax.
However, extending an abdominal image (CT orMRI) in a patient
with SRC to include the thoracic segment as well (only a few
inches higher) would have the potential to detect silent thoracic
aortic aneurysms and thus save considerable lives. Because
renal cysts are so common, especially in the elderly, we are not
yet ready to make such a recommendation. With this report, we
simply wish to convey to clinicians a heightened awareness of
the association between renal cysts and TAD.

Study Limitations
The limitations of this study include its retrospective nature and
the fact that the control group is significantly younger than the
study population, althoughwewere able to control for age using
appropriate statistical methods of analysis. Missing data of
patients from the study population were handled using
complete-case analysis, which can introduce additional bias.
Another limitation of this study is in the unavailability of data on
baseline risk factors and comorbidities for the control group.
This is an inherent characteristic of the radiology database,
which was developed specifically to permit comparative studies
of this sort. Because of these data limitations, we were able to
control only for age and sex as potential confounders (although
we feel that these are the most important ones). Other
confounders may exist that could potentially bias the estimated
effects of the anatomical groups on SRC. However, to warrant
inclusion in the model as confounders, such variables would
need to be meaningfully correlated with at least one of these
anatomical groups aswell as with SRC itself. It is unclear a priori
what additional variables may satisfy these requirements, but
this is an important direction for further study. Finally, the
statistical method of inverse probability weighting could not be
utilized to address themissing data because of the absence of a
variable that would strongly predict the probability of an
observation missing the data.

Most important, this study merely shows an association
between renal cyst and TAD. This association does not imply
causation. This study is a clinical observation and was not
designed to provide insight into the molecular and patho-
physiological mechanisms that might explain the link between
TAD and SRC. We hope that these clinical observations may
prompt detailed pathophysiological and genetic investigations
into potential shared pathways.

Conclusion
In this study, we established an increased prevalence of
simple renal cysts in patients with TAD compared to the

Figure 5. Aortic aneurysm is really 2 diseases: Ascending/arch
disease differs markedly from descending/abdominal disease
(reprinted with permission from Elefteriades and Farkas24).
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general population. The highest prevalence of simple renal
cysts is observed in patients with descending aortic
aneurysms. There appears to be no male preponderance of
simple renal cyst in the TAD population, in contradiction to
the pattern observed in the general population. These results
are suggestive that simple renal cysts can be used as a
marker for detection of patients at risk of developing TAD. It is
possible that thoracic aortic aneurysm and dissection share a
common genetic pathway with simple renal cysts, as well a
common pathogenesis, possibly through MMP abundance.

Disclosures
None.

References
1. National Center for Injury Prevention and Control. WISQARS leading causes of

death reports, 1999–2007. 2013. Available at: http://webappa.cdc.gov/
sasweb/ncipc/leadcaus10.html. Accessed May 25, 2015.

2. Ziganshin BA, Elefteriades JA. Thoracic aortic disease. In: Stergiopoulos K,
Brown DL, eds. Evidence-Based Cardiology Consult. 1st ed. London: Springer-
Verlag; 2014:331–353.

3. Davies RR, Kaple RK, Mandapati D, Gallo A, Botta DM Jr, Elefteriades JA, Coady
MA. Natural history of ascending aortic aneurysms in the setting of an
unreplaced bicuspid aortic valve. Ann Thorac Surg. 2007;83:1338–1344.

4. Kuzmik GA, Feldman M, Tranquilli M, Rizzo JA, Johnson M, Elefteriades JA.
Concurrent intracranial and thoracic aortic aneurysms. Am J Cardiol.
2010;105:417–420.

5. Olsson C, Eriksson P, Franco-Cereceda A. Association between thoracic aortic
disease and inguinal hernia. J Am Heart Assoc. 2014;3:e001040 doi: 10.1161/
JAHA.114.001040.

6. Hornick M, Moomiaie R, Mojibian H, Ziganshin B, Almuwaqqat Z, Lee ES, Rizzo
JA, Tranquilli M, Elefteriades JA. ‘Bovine’ aortic arch—a marker for thoracic
aortic disease. Cardiology. 2012;123:116–124.

7. Dumfarth J, Chou AS, Ziganshin BA, Bhandari R, Peterss S, Tranquilli M,
Mojibian H, Fang H, Rizzo JA, Elefteriades JA. Atypical aortic arch branching
variants: a novel marker for thoracic aortic disease. J Thorac Cardiovasc Surg.
2015;149:1586–1592.

8. Elefteriades JA, Sang A, Kuzmik G, Hornick M. Guilt by association: paradigm
for detecting a silent killer (thoracic aortic aneurysm). Open Heart. 2015;2:
e000169.

9. Albornoz G, Coady MA, Roberts M, Davies RR, Tranquilli M, Rizzo JA,
Elefteriades JA. Familial thoracic aortic aneurysms and dissections–incidence,
modes of inheritance, and phenotypic patterns. Ann Thorac Surg.
2006;82:1400–1405.

10. Terada N, Ichioka K, Matsuta Y, Okubo K, Yoshimura K, Arai Y. The natural
history of simple renal cysts. J Urol. 2002;167:21–23.

11. Suher M, Koc E, Bayrak G. Simple renal cyst prevalence in internal medicine
department and concomitant diseases. Ren Fail. 2006;28:149–152.

12. Chang CC, Kuo JY, Chan WL, Chen KK, Chang LS. Prevalence and clinical
characteristics of simple renal cyst. J Chin Med Assoc. 2007;70:486–491.

13. Laucks SP Jr, McLachlan MS. Aging and simple cysts of the kidney. Br J Radiol.
1981;54:12–14.

14. Tada S, Yamagishi J, Kobayashi H, Hata Y, Kobari T. The incidence of simple
renal cyst by computed tomography. Clin Radiol. 1983;34:437–439.

15. Caglioti A, Esposito C, Fuiano G, Buzio C, Postorino M, Rampino T, Conte G,
Dal Canton A. Prevalence of symptoms in patients with simple renal cysts.
BMJ. 1993;306:430–431.

16. Pedersen JF, Emamian SA, Nielsen MB. Simple renal cyst: relations to age and
arterial blood pressure. Br J Radiol. 1993;66:581–584.

17. Ravine D, Gibson RN, Donlan J, Sheffield LJ. An ultrasound renal cyst
prevalence survey: specificity data for inherited renal cystic diseases. Am J
Kidney Dis. 1993;22:803–807.

18. Pal DK, Kundu AK, Das S. Simple renal cyst: an observation. J Indian Med
Assoc. 1997;95:555, 558.

19. Carrim ZI, Murchison JT. The prevalence of simple renal and hepatic cysts
detected by spiral computed tomography. Clin Radiol. 2003;58:626–629.

20. Yaghoubian A, de Virgilio C, White RA, Sarkisyan G. Increased incidence of
renal cysts in patients with abdominal aortic aneurysms: a common
pathogenesis? Ann Vasc Surg. 2006;20:787–791.

21. Kim EK, Choi ER, Song BG, Jang SY, Ko SM, Choi SH, Sung J, Sung K, Choe YH,
Oh JK, Kim DK. Presence of simple renal cysts is associated with increased
risk of aortic dissection: a common manifestation of connective tissue
degeneration? Heart. 2011;97:55–59.

22. Loeys BL, Dietz HC, Braverman AC, Callewaert BL, De Backer J, Devereux RB,
Hilhorst-Hofstee Y, Jondeau G, Faivre L, Milewicz DM, Pyeritz RE, Sponseller
PD, Wordsworth P, De Paepe AM. The revised Ghent nosology for the Marfan
syndrome. J Med Genet. 2010;47:476–485.

23. Rizzo JA, Chen J, Fang H, Ziganshin BA, Elefteriades JA. Statistical challenges in
identifying risk factors for aortic disease. Aorta. 2014;2:45–55 doi: 10.12945/
j.aorta.2014.14-019.

24. Elefteriades JA, Farkas EA. Thoracic aortic aneurysm clinically pertinent
controversies and uncertainties. J Am Coll Cardiol. 2010;55:841–857.

25. Ruddy JM, Jones JA, Ikonomidis JS. Pathophysiology of thoracic aortic
aneurysm (TAA): is it not one uniform aorta? Role of embryologic origin. Prog
Cardiovasc Dis. 2013;56:68–73.

26. Wilson PW. Established risk factors and coronary artery disease: the
Framingham Study. Am J Hypertens. 1994;7:7S–12S.

27. Elefteriades JA, Pomianowski P. Practical genetics of thoracic aortic aneurysm.
Prog Cardiovasc Dis. 2013;56:57–67.

28. Pomianowski P, Elefteriades JA. The genetics and genomics of thoracic aortic
disease. Ann Cardiothorac Surg. 2013;2:271–279.

29. De Backer J, Campens L, De Paepe A. Genes in thoracic aortic
aneurysms/dissections—do they matter? Ann Cardiothorac Surg.
2013;2:73–82.

30. Milewicz DM, Regalado ES, Shendure J, Nickerson DA, Guo DC.
Successes and challenges of using whole exome sequencing to identify
novel genes underlying an inherited predisposition for thoracic aortic
aneurysms and acute aortic dissections. Trends Cardiovasc Med.
2014;24:53–60.

31. Chen L, Wang X, Carter SA, Shen YH, Bartsch HR, Thompson RW, Coselli JS,
Wilcken DL, Wang XL, LeMaire SA. A single nucleotide polymorphism in the
matrix metalloproteinase 9 gene (-8202A/G) is associated with thoracic aortic
aneurysms and thoracic aortic dissection. J Thorac Cardiovasc Surg.
2006;131:1045–1052.

32. Koullias GJ, Ravichandran P, Korkolis DP, Rimm DL, Elefteriades JA. Increased
tissue microarray matrix metalloproteinase expression favors proteolysis in
thoracic aortic aneurysms and dissections. Ann Thorac Surg. 2004;78:2106–
2110; discussion 2110-1.

33. Tan RJ, Liu Y. Matrix metalloproteinases in kidney homeostasis and diseases.
Am J Physiol Renal Physiol. 2012;302:F1351–F1361.

34. Harada H, Furuya M, Ishikura H, Shindo J, Koyanagi T, Yoshiki T. Expression of
matrix metalloproteinase in the fluids of renal cystic lesions. J Urol.
2002;168:19–22.

35. Obermuller N, Morente N, Kranzlin B, Gretz N, Witzgall R. A possible role for
metalloproteinases in renal cyst development. Am J Physiol Renal Physiol.
2001;280:F540–F550.

36. Ziganshin BA, Bailey AE, Coons C, Dykas D, Charilaou P, Tanriverdi LH, Liu L,
Tranquilli M, Bale AE, Elefteriades JA. Routine genetic testing for thoracic
aortic aneurysm and dissection in a clinical setting. Ann Thorac Surg.
2015;100:1604–1611.

37. Wang Y, Barbacioru CC, Shiffman D, Balasubramanian S, Iakoubova O,
Tranquilli M, Albornoz G, Blake J, Mehmet NN, Ngadimo D, Poulter K, Chan F,
Samaha RR, Elefteriades JA. Gene expression signature in peripheral blood
detects thoracic aortic aneurysm. PLoS One. 2007;2:e1050.

38. Rossetti S, Kubly VJ, Consugar MB, Hopp K, Roy S, Horsley SW, Chauveau D,
Rees L, Barratt TM, van’t Hoff WG, Niaudet P, Torres VE, Harris PC.
Incompletely penetrant PKD1 alleles suggest a role for gene dosage in cyst
initiation in polycystic kidney disease. Kidney Int. 2009;75:848–855.

39. Vujic M, Heyer CM, Ars E, Hopp K, Markoff A, Orndal C, Rudenhed B, Nasr SH,
Torres VE, Torra R, Bogdanova N, Harris PC. Incompletely penetrant PKD1
alleles mimic the renal manifestations of ARPKD. J Am Soc Nephrol.
2010;21:1097–1102.

40. Tan YC, Blumenfeld J, Rennert H. Autosomal dominant polycystic kidney
disease: genetics, mutations and microRNAs. Biochim Biophys Acta.
2011;1812:1202–1212.

41. Fukunaga N, Yuzaki M, Nasu M, Okada Y. Dissecting aneurysm in a patient
with autosomal dominant polycystic kidney disease. Ann Thorac Cardiovasc
Surg. 2012;18:375–378.

DOI: 10.1161/JAHA.115.002248 Journal of the American Heart Association 10

Renal Cysts as Markers of Thoracic Aortic Disease Ziganshin et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

http://webappa.cdc.gov/sasweb/ncipc/leadcaus10.html
http://webappa.cdc.gov/sasweb/ncipc/leadcaus10.html
info:doi/10.1161/JAHA.114.001040
info:doi/10.1161/JAHA.114.001040
info:doi/10.12945/j.aorta.2014.14-019
info:doi/10.12945/j.aorta.2014.14-019


42. Lee CC, Chang WT, Fang CC, Tsai IL, Chen WJ. Sudden death caused by
dissecting thoracic aortic aneurysm in a patient with autosomal dominant
polycystic kidney disease. Resuscitation. 2004;63:93–96.

43. Menon A, Sachithanandan A, Singh H, Bhatt R, Lewis ME, Bonser RS.
Simultaneous aortic valve and arch replacement with bilateral nephrectomy

for massive polycystic kidney disease, aortic regurgitation and dissecting
aneurysm. Ann Thorac Surg. 2011;91:919–920.

44. Bailey MA, Griffin KJ, Windle AL, Lines SW, Scott DJ. Cysts and swellings: a
systematic review of the association between polycystic kidney disease and
abdominal aortic aneurysm. Ann Vasc Surg. 2013;27:123–128.

DOI: 10.1161/JAHA.115.002248 Journal of the American Heart Association 11

Renal Cysts as Markers of Thoracic Aortic Disease Ziganshin et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H


