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Ascending thoracic aortic aneurysm growth is minimal at sizes
that do not meet criteria for surgical repair
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Background: Historic studies of nonsyndromic ascending thoracic aortic aneurysms (aTAAs) reported that
the typical aTAA growth rate was approximately 0.6 mm/year, but data were limited due to relatively few
studies using computed tomography (CT) imaging. Our purpose was to reevaluate the annual growth rate of
nonsyndromic aTAAs that do not meet criteria for surgical repair in veterans in the contemporary era, using
modern CT imaging suitable for highly accurate and reproducible aneurysm measurement.

Methods: Nonsurgical patients (diameter <5.5 cm) undergoing aneurysm surveillance at a Veterans Affairs
Medical Center with repeat CT imaging performed 3 to 5 years apart were identified. Maximum diameter
was determined by a single radiologist using multiplanar reformat-based measurements. Average rate of
aneurysm growth was evaluated based on longest available follow-up.

Results: Sixty-seven patients were included. Average follow-up time was 4.06+0.83 years. Patients were
exclusively male, with average age of 68.1£6.0 years, and the majority had a history of smoking (n=52, 78%),
hypertension (n=52, 78%), and dyslipidemia (n=48, 72%). Average baseline aneurysm diameter was 44.0+3.2 mm
and average growth rate was 0.11+0.31 mm/year, with no difference in growth rate between patients with
initial diameter <45 vs. >45 mm. Only 3 patients experienced clinically significant changes in diameter with
magnitude greater than 5% of baseline.

Conclusions: In this veteran population, most patients did not experience significant annual aneurysm
growth over up to 5 years of follow-up, regardless of initial diameter. Thus, in the modern era, aTAAs may
not grow as quickly as previously described, which will be important in determining appropriate intervals for

aneurysm surveillance based upon risk-benefit ratio.
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Introduction

Most ascending thoracic aortic aneurysms (aTAAs) are
asymptomatic until sudden rupture or dissection, at which
point they are often fatal. Patients with acute type A
dissection (ATAD) of the ascending aorta experience pre-
operative mortality rates of 40%, and those that do receive
surgery have an in-hospital mortality rate of 12-25% and a
S5-year mortality rate of 30-50% (1-3). Patients with rupture
experience similarly high, if not higher, mortality rates (1,4).

The current American College of Cardiology/American
Heart Association (AHA) guidelines use ascending aortic
diameter as the primary determinant of risk in aTAA
patients. Surgery is recommended when aortic diameter
exceeds 5.5 cm, in the absence of rapid growth, clinical
symptoms, or a history of a connective tissue disorder (1).
However, a majority (50-87%) of patients presenting with
ATAD have an aortic diameter of <5.5 cm, indicating that
there is a need for a more comprehensive risk-stratification
than diameter alone (5,6). To this end, guidelines
recommend rapid expansion as another criterion for elective
aTAA repair, defined as growth greater than 0.5 cm/year.
Diameter growth rate, which is governed by a host of
biological and mechanical drivers, offers further insight into
the evolution of the aneurysm compared to a static diameter
measurement.

Thus, it is critical to understand how aTAA diameter
changes with time to determine not only which patients
meet criteria for surgery, but also which patients are at
risk for exceeding the 5.5 cm surgical threshold over time
and which patients may need more rigorous surveillance.
While current guidelines offer criteria for surgical repair,
there remains a lack of consensus regarding appropriate
surveillance intervals of moderately sized aTAAs. Currently,
the 2014 European Society of Cardiology guidelines
recommend initially imaging patients with aTAA diameters
<4.5 cm annually and imaging patients with aTAA diameters
between 4.5 and 5.5 cm every 6 months, regardless of valve
morphology (7). However, the American Association for
Thoracic Surgery (AATS) consensus guidelines provide
separate and more stringent recommendations for patients
with bicuspid aortic valves (BAV). These AATS guidelines
recommend initial electrocardiogram (ECG)-gated
computed tomography angiography (CTA) or magnetic
resonance imaging (MRI) for all aTAAs between 4.0 and
5.5 cm every 6 months, although imaging for stable
aneurysms may be spaced to every 2 or 3 years for aTAAs
<5 cm or to every 1 year for aTAAs between 5.0 and 5.4 cm (8).
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Much of the clinical data regarding aneurysm growth that
was used to initially inform the 5.5 cm surgical threshold
and recommended surveillance strategies is decades old and
its relevance is potentially limited by its derivation from
clinically heterogenous populations using a wide variety of
imaging techniques, including echocardiography (4,9). The
purpose of our study was to reevaluate the annual growth
rate of nonsyndromic aTAAs that do not meet criteria
for surgical repair in the contemporary era, using a more
homogeneous population and modern imaging techniques,
to help determine appropriate intervals for aneurysm
surveillance.

Methods
Data collection

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the University of California San Francisco
Committee on Human Research and San Francisco
Veterans Affairs Medical Center (SFVAMC) Institutional
Review Board (IRB 10-03594) and individual consent for
this retrospective analysis was waived. Patients within
the American Veterans Affairs (VA) Healthcare system
are predisposed to aneurysm formation and growth due
to their high prevalence of risk factors, such as smoking,
hypertension, male sex, and hyperlipidemia, and represent
a fairly homogeneous population in terms of these and
other important clinical factors (10). Patients at SEFEVAMC
undergoing aTAA surveillance with baseline aneurysm
size >4.0 cm and baseline and at least one follow-up
computed tomography (CT) scan taken 3-5 years after
baseline were included. Only scans of the same type (i.e.,
contrast vs. non-contrast) were compared for a single
patient. For patients that had more than one follow-up
scan during the 5-year period, all available follow-up scans
of the same type that were a minimum of 3 years after the
baseline scan were included. All images were downloaded
from the radiology picture archiving and communication
system for review in the open-source Digital Imaging and
Communications in Medicine viewer Horos (Horosproject.
org, RRID:SCR_017340). Imaging was performed with
or without ECG-gating, with slice thickness from 0.625
to 2.5 mm. If an ECG-gated scan was available, images
acquired during the diastolic phase of the cardiac cycle were
reviewed. Assessments of aTAA size were then made using
a double-oblique technique to measure the greatest aortic
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Table 1 Demographics of 67 patients with ascending thoracic aortic
aneurysms

Characteristic Number [%]

Age (years, mean + SD) 68.1+6.0
Sex
Male 67 [100]
Race
Caucasian 52 [78]
African American 6 [9]
Alaska Native or Native American 3 [4]
Other 1]
Unknown 5[7]
BMI (kg/m’, mean + SD) 30.3+5.5
BSA (m’, mean + SD) 1.8+0.3
Smoking history 52 [78]
Medical comorbidities
Hypertension 52 [78]
Hyperlipidemia 48 [72]
Diabetes 11 [16]
COPD 17 [25]
Valvular pathology
Bicuspid aortic valve 5[7]
Aortic insufficiency 28 [42]
Trace 12 [18]
Mild 13[19]
Moderate 23]
Severe 1[1]
Aortic stenosis 6 [9]
Family history of aneurysm 9[13]

SD, standard deviation; BMI, body mass index; BSA, body
surface area; COPD, chronic obstructive pulmonary disease.

diameter in a plane normal to the local vessel centerline (11).
All measurements of the ascending aorta were made
between the sinotubular junction and aortic arch at the
level of the innominate artery, and patients with aortic root
aneurysms were excluded. For CTA images, only aortic
luminal diameter was measured, while for non-contrast CT
images, aortic wall thickness was also included in diameter
measurements. Aortic measurements were made by a
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single board-certified radiologist blinded to any additional
subject information. All baseline imaging was reviewed
first, followed by all subsequent surveillance imaging
performed at 3, then 4, and then up to 5 years such that no
one subject’s imaging was reviewed uninterrupted. Clinical
variables were collected separately by another investigator
using subjects” medical records. Body surface area was
calculated from height and weight using the method
outlined by Du Bois and Du Bois (12).

Statistical analysis

Data processing and statistical analysis were performed
using R software (R Foundation for Statistical Computing,
Vienna, Austria). Paired Student’s z-tests were used to
compare diameter distributions at 3, 4, and 5 years from
baseline and independent Student’s #-tests were used to
compare growth rates between groups. Average growth
per year was calculated using baseline and latest diameter
measurements. Results with P<0.05 were considered to be
statistically significant.

Results
Patient demograpbics and imaging characteristics

Our cohort included 67 patients with at least 2 CT scans
between 3 and 5 years apart. Sixty-one patients (91%)
had CTA imaging at baseline and throughout the follow-
up period, while 6 patients (9%) had non-contrast CT
imaging at baseline and throughout follow-up. Twenty
patients (30%) had follow-up available up to 3 years from
baseline, 25 (37%) had follow-up available up to 4 years
from baseline, and 22 (33%) had follow-up available at the
end of the 5-year period. The average duration of follow-up
was 4.060.83 years, and patients had a median of 2 follow-
up CT scans over this period. No patients underwent
operative or endovascular aortic repair during the study
period. Of the 3 patients that died during the 5-year follow-
up period, 2 died of cardiopulmonary causes unrelated to
their aneurysm and the cause of death was unspecified for
the remaining patient.

The average age of the cohort was 68.1 years, and
patients were entirely from the male veteran population
(Table 1). The majority of patients were Caucasian (n=52,
78%) and had a prior smoking history (n=52, 78%). The
most common medical comorbidities were hyperlipidemia
(n=48, 72%) and hypertension (n=52, 78%). Of the 52
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Table 2 Comparison of aneurysm diameters at 3-, 4-, and 5-year follow-up to paired baseline data

Time point' Baseline diameter [nm, median (IQR)] Follow-up diameter [mm, median (IQR)] Significance
3 years (n=53) 43.5 (42.0-45.5) 43.9 (42.2-45.5) P=0.02*
4 years (n=38) 43.0 (42.0-45.4) 43.9 (41.8-45.5) P=0.33
5 years (n=22) 45.0 (42.6-47.0) 45.2 (43.0-48.2) P=0.10

', for patients with multiple scans across the follow-up period, all available scans were compared to baseline imaging; *, values with

P<0.05 were considered statistically significant. IQR, interquartile range.

1.4
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0.8 - -
0.6
0.4

0.2
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Aneurysm growth rate (mm/year)

-0.4

Overall population Bicuspid aortic valve  Tricuspid aortic valve

valve type

Figure 1 Comparison of average annual growth rate distributions
between overall population and patients with tricuspid vs. bicuspid

aortic valves.

patients with hypertension, 45 (87%) had well-controlled
blood pressure at the time of their baseline imaging, defined
as systolic pressure <140 mmHg and diastolic pressure
<90 mmHg from the prior AHA definition of hypertension (13),
which changed in 2017. Twenty-four patients (36%) were
prescribed an angiotensin-converting enzyme inhibitor
or angiotensin II receptor blocker and 26 patients (39%)
were prescribed a beta-blocker at the time of their baseline
imaging. Additionally, 5 patients had BAVs while 62 had
tricuspid aortic valves (TAVs). Thirty-four patients (51%)
had aortic valve pathology, including either aortic stenosis
or regurgitation.

Aneurysm size and growth

In this nonsurgical group, the average aTAA diameter at
baseline was 44.0+3.2 mm. The majority of patients (n=46,
69%) had a baseline diameter of <45 mm, while 18 patients
(27%) had a baseline diameter of between 45 and 50 mm,
and 3 patients (4%) had a baseline diameter between 50 and
55 mm.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

The difference in aneurysm diameter was statistically
significant between baseline and last available follow-
up, from 44.0+3.2 to 44.5+3.5 mm (P=0.007), though not
clinically significant due to inability to resolve 0.5 mm
changes in diameter practically on imaging. There was no
significant difference in rate of growth between patients with
contrast and non-contrast CT imaging (P=0.46). The overall
average aneurysm growth rate was 0.11+0.31 mm/year
and no patients met the 55 mm threshold for elective
surgery during the study period. Differences in diameter
over the follow-up period were not statistically significant
for patients with total follow-up duration of 4 vs. 5 years
(Table 2).

When stratified by valve type, the average growth rate
for TAV patients was 0.11x0.32 mm/year, while the average
growth for BAV patients was 0.10+0.19 mm/year (Figure I).
Overall, only 3 patients, all of which had TAVs, had an
increase in diameter greater than 5% of the baseline
value. Forty-one patients (61%) experienced increases in
diameter over the follow-up period, at an average rate of
0.29 mm/year for this subgroup, while 26 (39%)
experienced decreases or no change in diameter, at an
average rate of -0.18 mm/year. Additionally, there was no
significant difference in growth rates between patients with
a baseline aneurysm diameter <45 and >45 mm (0.09+0.32
vs. 0.14£0.31 mm/year, P=0.26).

Discussion

Currently, guidelines for elective surgical repair of aTAAs
are based on aneurysm diameter due to prior studies of
nonsyndromic aTAAs demonstrating a hinge point of 6.0 cm,
above which the risk of dissection greatly increases (14).
Around this size, aortic distensibility falls and vessel wall
stress rises, increasing the probability of dissection, rupture,
or death from 6.5% to 14.1% per year (15).

While faster growth rates have been shown to
correlate to a greater risk of dissection and rapid growth

Quant Imaging Med Surg 2022;12(1):333-340 | https://dx.doi.org/10.21037/qims-21-55



Quantitative Imaging in Medicine and Surgery, Vol 12, No 1 January 2022 337

is also a criterion for elective aTAA surgical repair, it is
unclear what the true average growth rate is in high-
comorbidity populations. Reported annual aneurysm
growth rates in current studies are highly variable and
range from -1.0 to 1.9 mm/year (16,17). Additionally,
much of the available data regarding aneurysm growth is
decades old and derived using a wide variety of imaging
techniques, including echocardiography, that have now
been replaced by guideline-directed CT and MR imaging
(4,9). Furthermore, medical management of patients who
do not yet meet surgical criteria has been substantially
improved over the last 20 years to potentially reduce aTAA
growth, with greater emphasis on cardiovascular health
and optimization of modifiable risk factors such as smoking
cessation and blood pressure control (1). Therefore, we
sought to characterize the annual growth rate of aTAAs in
our nonsyndromic veteran population and to analyze factors
associated with higher aTAA growth, using the standard-of-
care modern imaging.

One recent meta-analysis of 15 studies reported that typical
aTAA growth was approximately 0.61 mm/year overall, and
0.31 mm/year for TAV patients compared to 0.76 mm/year
for BAV patients (18). In contrast, very few patients in
our cohort (n=3) experienced aneurysm growth of this
magnitude, and the average growth rate of 0.11 mm/year
in our cohort is substantially lower than previously
reported. Furthermore, we found that BAV patients had a
similar growth rate compared to TAV patients, although
this finding may be affected by the small number of
BAV patients in our cohort. Our aggregate findings are
consistent with those of Kim et 4/., who found the average
diameter growth rate of 40-55 mm nonsyndromic aTAAs
was 0.1 mm/year. Kim’s data was derived from study of
an impressive 4,068 patients, although it was based on
measurements made at transthoracic echocardiography,
which has a greater degree of inter-observer variability
and limited reproducibility owing to a lack of consistency
in insonation angle and aneurysm measurement location
over time (19). Our finding that there was no correlation of
baseline diameter with growth rate is also consistent with
this prior study, which found a mixed relationship between
diameter and expansion rate.

Established risk factors for aTAA growth and dissection
include male sex, increased waist circumference, history
of smoking, and hypertension (10). Our population was
fairly homogenous and consisted of only males, with a
majority of patients having a BMI greater than 25 kg/m’,
as well as a history of smoking and hypertension. Despite

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

the high prevalence of risk factors for aneurysm growth in
our cohort, the overall aneurysm size remained very stable
over 5 years, and patients with data available at both 4 and
5 years of follow-up had no significant increase in diameter
between the latest time points.

The stability of aTAA diameter over time in our
population may be in part due to widespread anti-
hypertensive use for improved blood pressure control,
although this is speculative. The underlying mechanism
of aTAA formation is thought to be in part related to
vascular inflammation and extracellular matrix degradation
contributing to compromise of the medial aortic wall.
Underlying aortic valve pathologies, i.e., BAV, may increase
shear stresses along the aortic wall, while hypertension
increases wall stress, and genetic disorders disrupt
connective tissue structure to predispose patients to aTAA
formation and potentially growth (20). Beta-blockers
are currently considered the “gold-standard” of aTAA
therapy, due to their adrenergic blockade and subsequent
reduction in heart rate and aortic flow, although early trials
primarily focused on these effects in patients with Marfan
syndrome (21,22). Studies of beta blockade in aneurysm
patients without Marfan syndrome have primarily focused
on abdominal aortic aneurysms, and results regarding
utility of beta-blockers in reducing aneurysm diameter
have been conflicting (23,24). Recent clinical trials of
angiotensin receptor blockers have shown promising effects
on reduction in the rate of aortic root dilation in patients
with Marfan syndrome, and statin therapy has also shown
promise in mouse models of Marfan syndrome for reducing
aneurysm growth (25,26). Data on the effects of these drugs
on nonsyndromic aTAA progression are limited. Although
we saw high rates of use for all three of these drug classes
in our study population, this study was not structured nor
powered to investigate potential medication effects on
aneurysm progression and it remains unclear if the utility
of these medications is limited to the pathophysiology of
Marfan syndrome or if they have broader utility in patients
with other aortic aneurysm syndromes. Thus, there is a need
for further prospective data regarding medical optimization
in aTAA patients without underlying connective tissue
disorders.

Currently, European guidelines recommend annual CT
imaging for aTAAs <4.5 cm and imaging every 6 months
for aneurysms between 4.5 and 5.5 cm (7), while AATS
guidelines for BAV patients recommend initial ECG-gated
CTA or MRI for aTAAs between 4.0 and 5.5cm, with long-
term imaging every 1 to 3 years, depending on size (8).
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However, no unified consensus guidelines currently exist
for tricuspid and bicuspid valve aTAA surveillance based
upon contemporary evidence, and the optimal interval for
surveillance remains unclear. Imaging at more frequent
intervals than necessary carries increased radiation and
increases healthcare costs (27), while imaging at wider
than necessary intervals carries the risk of missing patients
with rapid growth. Our results demonstrate minimal
aneurysm growth in a population with a higher prevalence
of aneurysm risk factors than the general population and
suggest that diameter-based guidelines may not provide
the most specific measure of aneurysm dissection risk.
Our findings suggest that alternative methods of risk
stratification may be more appropriate in aTAA patients.
Both we and others have previously demonstrated that
aneurysm wall stress is one such indicator that should be
evaluated by future randomized controlled trials (28,29).
Use of biomechanical markers such as aneurysm wall stress
may allow for prospective identification of patients who will
eventually differentiate into rapidly enlarging, dissecting,
or quiescent and size-stable aneurysm phenotypes, all of
which may for some time present with the moderately and
stably sized type of aneurysms seen in this study. Until the
biomechanical factors involved in aneurysm rupture and
progression risk are better understood, our data suggest the
need for randomized controlled trials to assess the safety
and efficacy of increased surveillance intervals as compared
to the European surveillance guidelines for moderately

sized aTAAs.

Limitations

Our study is limited in that it was conducted in a veteran
cohort devoid of females, and so our results may not be
reflective of aTAA dynamics in women. As our veteran
population had a high prevalence of smoking, hypertension,
and hyperlipidemia, our results may also not be reflective
of the overall civilian population. Since this study was
anatomically limited to the ascending thoracic aorta, further
studies are needed to assess whether similar stability is
observed in high-comorbidity populations in other aortic
segments, including the aortic arch and descending aorta.
Furthermore, our comparisons between growth rate of
BAV and TAV patients were limited by the small number
of patients with bicuspid valve morphology in our study
population, making it difficult to assess the importance
of more frequent surveillance interval for this higher risk
population.
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While a small subset of our patients had non-contrast
imaging, we did not mix contrast and non-contrast imaging.
Therefore, while the baseline diameter of these patients and
subsequent categorization may have been increased slightly
due to inclusion of aortic wall thickness, we were still able
to reliably detect growth rate. To avoid inter-observer
variability, the official radiology reports for maximum
diameters were not used in this study. Instead, a single
radiologist, blinded to the patient information measured
the maximum diameters in a standardized fashion, while
statistical analysis was performed by the other primary
author.

Conclusions

We found that in our center’s cohort of male veteran
patients undergoing surveillance for aTAA, there was
minimal aneurysm growth between baseline and follow-
up at 3 to 5 years despite high prevalence of multiple risk
factors for aneurysm growth. Our findings suggest that
rate of aneurysm growth may not be as high as previously
described in the literature. Further large-scale prospective
studies are needed to characterize growth rate in the larger
civilian population and to identify pharmacologic and
biomechanical factors that may mitigate or predict aTAA
growth, respectively. These results may be used to inform
more appropriate surveillance intervals in aTAA patients.
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