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Size and dissection: what is the relation?
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Abstract
Thoracic aortic aneurysm is a complex disease. The consequences of such silent and indolent disease include acute aortic
syndrome if not recognized early and treated appropriately. Aortic aneurysm size was a reliable clinical marker to aid clinical
intervention; however, aneurysm growth is variable and is influenced by many factors such as age, presence of connective tissue
disorders, genetic disorders, hypertension, inflammatory conditions of the aorta, autoimmune diseases, smoking, and history of
previous cardiac surgery. Therefore, aortic size became a non-specific disease surrogate and prediction tool on outcome and
intervention. In this review article, we examined the current literature for evidence about aneurysm size and its relation to type A
aortic dissection.
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Is aortic dissection predictable?

Acute type A aortic dissection (ATAAD) is a surgical emer-
gency with high mortality and morbidity rates. The reported
incidence is of 3–4/100,000 of the population [1, 2]. The ma-
jority of aortic dissections, especially in the elderly patients,
are of degenerative origin and present as an emergency con-
dition [3].

Historically, aortic aneurysm size was the key criteria for
undergoing elective aortic repair. The current recommended
aneurysmal size for intervention was based on a diameter of >
55mm in non-syndromic patients [4]; however, for syndromic
patients with a connective tissue disorder, the threshold for
intervention is an ascending aorta size of ≥ 45 mm [4, 5].
Current guidelines can be challenged due to the lack of con-
structive prediction of aortic dissection while using aneurysm
size as a key surrogate factor [6, 7]. According to the
International Registry of Aortic Dissection (IRAD) database,

more than 60% of patients who presented with ATAAD had an
aortic aneurysm size below 55 mm, such findings have been
reinforced by two separate studies. Neri et al. and Williams et
al. [8, 9] both studied human aorta dissection and concluded
that aortic size alone was not sufficient factor to predict
ATAAD. They also commented that the mean diameter at
which the dissection occurred was 41 mm which is much
lower than the current guidelines. The results were also sup-
ported by a further study by Parish et al. [7]. However, their
Marfan group of patients had aortic root diameter of ≥ 45 mm
[7, 10]. Furthermore, in a recent study by De Beaufort et al.
[11] utilizing IRAD database, they identified 258 Marfan pa-
tients who underwent aortic dissection repair. Among this co-
hort, 164 had ATAAD, with average ascending aorta diameter
of 45mm at time of presentation in comparison to non-Marfan
patients who had a diameter of 46 mm at time of ATAAD
presentation, which again goes against what has been broadly
stated in the guidelines.

With advancement in understanding aortic aneurysm,
many other factors have been found to be contributing factors
in predicting acute aortic dissection other than having an iso-
lated aortic aneurysm alone, and those factors have direct cor-
relation and a strong impact on emergency presentation of
such patients [3, 12–14]. These factors have been summarized
in Table 1.

The above-mentioned risk factors have been correlated
with occurrence of acute aortic syndrome and in particular
ATAAD; among all the mentioned factors, connective tissue
disorders such as Marfan, Vascular Ehlers-Danlos, Loeys-
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Dietz syndrome, and patients with bicuspid aortic valve re-
main the highly suggestive risks for the occurrence of ATAAD
under the age of 40 years old [15]. The presence of inflamma-
tory conditions of the aorta such as Giant cell and Takayasu
arteritis, Behcet’s disease, aortitis, systemic lupus erythema-
tous, and syphilis have been reported to increase prediction of
aortic dissection regardless of the size of the aortic aneurysm.
Estrera et al. [16] published their results of 330 patients with
ATAAD repair, and the study identified aortic aneurysm size
as a predicting factor for presentation with ATAAD; however,
the presence of other risk factors, such as previous cardiac
surgery, renders the aneurysm size-based dissection prediction
unreliable.

Overall, the above risk factors are useful when the aneu-
rysm size is below 55 mm [12, 14]; however, the influence of
such risk factors will be less likely when the aneurysm size is
60 mm or more, as the chance of dissection is more than 30%
in such large aneurysms; Therefore, the aneurysm size at this
stage remains the core guide for intervention [17]. These find-
ings have been largely supported by a study from Elefteriades
et al. [18, 19].

Is size alone a surrogate marker for when
to operate?

Until less than a decade ago, the key indication for elective
repair of ascending aortic aneurysm was size of the aneurysm
itself. The European and American guidelines [4, 5] recom-
mended open repair with interposition graft for isolated as-
cending aorta or root aneurysm of ≥ 55 mm in patients with
no elastopathy (5, class IIa C recommendation). Such mea-
sures differ when there are pre-existing aortic pathologies such
as connective tissue disorders or genetic predisposition and
therefore the recommendation for surgery is at a lower sized
aorta (≥ 45 and ≥ 50 mm, respectively). These size-based
guidelines have been challenged bymany international studies
and therefore the exact size of the aneurysm where

complications are anticipated noted to be variable, inconsis-
tent, and multi-factorial. Summary of those studies are in
Table 2.

The size of aneurysm itself should serve a purpose in the
presence of other co-factors especially the underline patholo-
gy [20], such factors include presence of bicuspid aortic valve,
hypertension, male sex, positive family history, presence of
connective tissue disorder, body surface area, previous cardiac
surgery, annual growth of aneurysm of 5 mm or more, and
presence of severe aortic regurgitation [5, 13, 21, 22].

In a recent large study by Ziganshin et al. [23], they analyzed
several factors contributing to the presentation of ATAAD in
patients with TAD; in addition to the size of aneurysm, presence
of family history with genetic predisposition increases the rate of
complications from the aortic aneurysm and size itself alone is
not useful in predicting a condition as lethal as ATAAD.
Therefore, a combination of presence of aneurysm, positive fam-
ily history, high blood pressure, and previous cardiac surgery puts
the individual at high risk for early aortic dissection.

In a separate study by Parish et al. [7] where they studied 177
non-Marfan patients over a period of 10 years following presen-
tation with ATAAD, they concluded that the majority of their
patients presented when the aortic diameter was < 55 mm and
therefore did not fall within current guidelines for elective aortic
root replacement. Such findingswere also supported by an earlier
separate study from Neri et al. [8] in which they analyzed 220
patients, concluding that although aortic root diameter is a strong
predicting factor for ATAAD presentation. It rarely occurs within
the suggested root size especially in the presence of a connective
tissue disorder, as one third of the patients included in their study
presented with ATAADhad normal or near-normal aortic size. In
a larger cohort and a more recent study by Geisbusch et al. [24],
they have studied 507 patients with small to moderate ascending
aortic aneurysm, and the mean mid-ascending aortic aneurysm
size was 44 ± 6mm, such patients were also at risk of developing
aortic dissection and rupture and therefore aggressive surveil-
lance and early surgery is advised to prevent the catastrophe of
ATAAD.

Table 1 Summary of the major
risk factors contributing to
prediction of type A aortic
dissection

Aortic tissue related Patient related

Bicuspid aortic valve Connective tissue disorder

Inflammatory conditions of aorta Male sex

Familiar thoracic aortic aneurysm Smoking

Aortic trauma either blunt or iatrogenic Age > 65 years

Previous cardiac surgery

Acute hemodynamic stress (heavy weight lifting, cocaine
use, pheochromocytoma)

Pregnancy

Hypertension
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Can our genetic unraveling help?

Genetics involvement in thoracic aortic aneurysm (TAA) has
been a focus of interested in the last few years, as almost 95%
of TAA diseases are asymptomatic prior to presentation as
acute aortic dissection or rupture, hence the silent killer name
[25]. Genetics plays an important role in addition to size for
prediction of acute aortic events. In two separate studies by
Yale group [26, 27], they have identified several genes that
can help in predicting TAA and therefore to be put under
surveillance and planning early surgery to prevent acute aortic
dissection or rupture. The use of ribonucleic acid (RNA) sig-
nature sequence has created a new platform to predict the
disease itself and plan management of such a lethal condition
in advance. The results of Chau et al. [28] who analyzed
33,000 RNA expressions noted a particular genetic presence,
namely 41 single nucleotide polymorphism panel which was
found to be distinctive among patients with TAA compared to
those without evidence of TAAwith an accuracy rate of over
80%. The same group have also isolated selected genetic mu-
tations which can be found in patients with TAA; however, the
sensitivity and selectivity of such tests are yet to be determined
by a larger trial [29]. A further ground-breaking study has
been performed by Milewicz and colleagues [29–32],
supporting the genetic mutations identification in patients with
TAA and using them as biomarkers. Among such genes are
ACTA2, MYLK, FBN1, and KIF6, although these genetic
mutations only account for 20% of the TAA diseases. With
further studies, a greater role may be discovered.

What about biomarkers and prediction
of aortic dissection?

The role of biomarkers is significant in assisting to predict
ATAAD in patients with TAA diseases, among such bio-
markers are D-Dimer study, C-reactive protein, interleukins,
and extracelullar matrix remodeling elements such as matrix
metalloproteinase, osteopontin, soluble elastin fragments, and
tissue inhibitor of metalloproteases [33, 34]. The drawback of
such markers is the fact that they are only released at the time

of the event and hence it cannot be of use to predict the disease
progress and preventative measures. Lack of randomized
studies has put the use of such markers into question. In an
extensive literature review by Balmforth et al., they concluded
that no biomarkers exist in the diagnosis of the presence of
TAA or the exact rate of expansion [35] in such a cohort of
patients. In a recent study by Suzuki et al. [36], their focus was
on the contribution of the biomarkers to the Aortic Dissection
Detection Risk Score (ADD-RS) in the American and
European guidelines [4, 5], such biomarkers can score up to
3 (high risk patients) if found and detected, and the finding of
such biomarkers was proven to be effective based on the out-
comes from the IRAD database of studying 2538 patients.
Therefore, the ultimate conclusion from this study led towards
using the biomarkers as a serious tool in aiding predicting
such a lethal condition. Therefore size alone cannot be relied
on for prediction of TAAD.

The immunology behind prediction of aortic
dissection

Immunity and inflammation play an important role in patients
with thoracic aortic aneurysm and progression to ATAAD. In
a study by del Porto et al. [37], they concluded that innate
immunity plays a crucial role in the genesis of ATAAD in
patients with TAA. In their study, they analyzed 35 patients,
who presented with ATAAD. For hemochrome and lympho-
cyte subpopulations using flow cytometry, they identified that
there is a significant increase in the level of natural killer B
cells and CD8 + CD28 cells, while a significant decrease in
the level of T lymphocytes and T helper fractions.
Furthermore, they have also noted an increase in the level of
CRP, IL-6, IL-8, IL-10, TNF-alpha, and MCP-1 which corre-
lates with an increased level of inflammatory response in such
acute circumstances. Such findings have been supported later
by a further study, Peng et al. [38], which have identified how
the levels of such immune cells alter significantly in ATAAD
and a trend can be predicted and used as a marker for the
disease progression in patients with TAA in correlation with
the size of the aneurysm.

Table 2 Diameter of ascending
aorta at timings of complications Variables Mean size at complications (mm) Source

Hypertensive 60 Cetin et al. [47]

Marfan syndrome 51 Roman et al. [48]

56 Lazarevic et al. [49]

50–59 Jondeau et al. [50]

Bicuspid aortic valve 52 Della Corte et al. [51]

Familial (non-syndromic) No data No data

Loeys-Dietz syndrome 40–50 Loeys et al. [52]

Ehlers-Danlos syndrome No data No data
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The subtleties of aortic dissection and small aortic size

It is well known that the aortic dissection is higher in patients
with a large aortic aneurysm; however, recently, with the pres-
ence of enhanced international studies, it has been published
that patients with small aortic root have higher rate of ATAAD
in the presence of TAA [23]. The database from IRAD has
published data supporting such phenomenon, as a significant
portion of the patients with small aortic root who presented
with ATAAD had an aneurysm of less than 5.5 cm [39]; de-
spite this fact from IRAD, the European and American guide-
lines remained the same at 5.5 cm and as did the cutoff dimen-
sion for operating on elective basis. This topic remained con-
troversial and debatable at international platform [23, 39, 40].
In a separate study by Paruchuri et al. [40], they concluded
that, although patients who have a small aortic root and suffer
from TAA have a greater chance of ATAAD, the incidence of
ATAAD remained 6000 times more common in patient with
aortic size of > 4.5 cm than those with aortic root of 3.5 cm.
Parish et al. [7] also predicted that small aortic size patients are
more prone to dissection than average aortic size patients.
Currently, the data supporting this claim is very limited and
therefore there is a demand for a high-quality study to prove
this concept and perhaps in future it may be used to develop
future guidelines.

The arm of aortic engineering and imaging

Recently, Chau et al. [28] assessed the role of engineering
calculations with six full independent parameters which could
predict acute aortic dissection in patients with TAA, such pa-
rameters include aortic pressure, thickness, and diameter in
systole and diastole periods which are based on epi-aortic
measurements in the operating room. Their study has shown
that as the aorta gets older and larger, the elasticity is lost and it
transforms from a flexible vessel to rather a Brigid tube^ and
hence the chance of aortic dissection is high. In separate stud-
ies, the role of imaging, transesophageal echocardiography,
computerized tomography (CT), and magnetic resonance im-
aging (MRI) has been found to assist in measuring the size of
the aneurysm and rate of expansion in order to determine the
severity of the disease. The use of positron emission tomog-
raphy has been demonstrated to be useful in assessing the
metabolic activities, of which an increase in the uptake of
F18-fluorodexoyyglucose (FDG) correlates directly with the
activities of the inflammatory process within the aorta and
therefore perhaps predicting the severity of disease progress
with risk of rupture or dissection [41, 42], such use of position
emission tomography (PET) scan is currently limited to ab-
dominal aorta; however, perhaps in future studies, it will allow
us to develop a greater understanding of TAA disease.

Currently, studies are ongoing in several European centers
[43] to identify if such parameters can be thoroughly assessed
through transesophageal echocardiography on a regular basis
as a surveillance tool; moreover in certain centers in Europe,
magnetic resonance imaging is being used to calculate such
parameters and it is used to correlate clinically and predict the
regions of the aneurysm that are at high risk of dissection or
rupture [43, 44].

On the contrary to the above, several studies have been
published by Yale group which demonstrated that size is the
sole factor in predicting rupture and dissection and hence an
increased rate of mortality and morbidity [16, 21, 28, 45]
when the aneurysm is increasing in size. The group took the
lead in publishing studies related to the size-dissection rela-
tionship using their extensive and large-scale database. They
concluded that the larger the size of the aorta the higher risk of
acute aortic syndrome and death, such data is summarized in
Table 3; therefore, they have used aneurysm size as the basis
of their practice in intervention for TAA disease, including all
types of aneurysms affecting the ascending aorta. However,
Coady et al. [45] identified in their study that the size-rupture
relationship for TAA diseases still remains debatable and is
subject to many other factors that can lead to earlier presenta-
tion of acute aortic syndrome than predicted in the presence of
an aneurysm; in particular, they have noted that patients with
low body surface area have a higher rate of such complica-
tions compared to patients with a similar size aortic aneurysm
but with a higher body surface area (Fig. 1).

Nevertheless, Yale group have noted that there is a selected
point where occurrence of aortic dissection is inevitable; 31%
of patients with ascending aortic size of 60 mm at time of
screening had already developed dissection or rupture of the
aneurysm, while this rate goes to 43%when the aneurysm size
is 70 mm. Such data fromYale was also re-enforced by a large
cohort study carried out by Davies et al. [46]; they looked at
721 patients analyzing the yearly rate of dissection and rupture
based on the aortic size only, and they suggested that a careful
radiological follow-up and an elective surgical intervention
was strongly recommended for TAA diseases as relative size
of the aorta is more important than absolute aortic size in
predicting complications. A further study by Pape et al. [6]
from the IRAD database has also demonstrated that size is not

Table 3 Annual risk of complications based on thoracic aortic
aneurysm size. With permission from Chau et al. [28]

Annual risk (%)

Aortic size Rupture Dissection Death Rupture/dissection/death

> 3.5 cm 0.0 2.2 5.9 7.2

> 4.0 cm 0.3 1.5 4.6 5.3

> 5.0 cm 1.7 2.5 4.8 6.5

> 6.0 cm 3.6 3.7 10.8 14.1
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the only matter for predicting acute aortic dissection in pa-
tients with aortic aneurysm, as a matter of fact more than half
of the patients with aortic dissections had an aortic diameter of
less than 55 mm which is below the recommended size for
surgical intervention. Therefore, size of the aortic aneurysm
itself remains a loop hole which is surrounded by ongoing
debate.

Moving beyond size

While both American and European guidelines use size as key
base for elective repair of aortic root aneurysm to prevent the
occurrence of ATAAD, several large international studies
confronted those with evidences that size itself cannot be the
only predictive risk factor of presentation as an acute aortic
dissection. Although size-related dissection forms a strong
pillar in managing patients with TAA, on its own it is not
sufficient. Parallel assessment of other factors that can con-
tribute to acute unpredicted presentation of TAA is evolving
[28].

Conclusion

There is no perfect way of predicting acute aortic dissection or
rupture in patients with pre-existing thoracic aortic aneurysm
disease; however, size of the aortic aneurysm remains an im-
portant predictor of acute complications from TAA; however,
it cannot be used as a sole base for planning necessary surgical
intervention as acute complications can happen in aortic sizes
that are below the current recommended American and
European guidelines for surgical intervention, therefore a

multi-disciplinary approach for patients with thoracic aortic
aneurysm is important to prevent such catastrophe. Yet, we
hope the future studies can give us more concrete answers
about the role of biomarkers, metabolic activities, mechanics
and genetics in predicting such lethal conditions.
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