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ABSTRACT
Objective  Management of thoracic aortic aneurysms 
(TAAs) comprises regular diameter follow-up until the 
indication criterion for prophylactic surgery is reached. 
However, this approach is unable to predict the majority 
of acute type A aortic dissections (ATAADs). The 
current study aims to evaluate the diagnostic accuracy 
of ascending aortic diameter, length and volume for 
occurrence of ATAAD.
Methods  This two-centre observational cohort study 
retrospectively screened 477 consecutive patients who 
presented with ATAAD between 2009 and 2018. Of 
those, 25 (5.2%) underwent CT angiography (CTA) 
within 2 years before dissection onset. Aortic diameter, 
length and volume of these patients (’pre-ATAAD’) were 
compared with those of TAA controls (n=75). Receiver 
operating curve analysis was performed to evaluate the 
predictive accuracy of the three different measurements.
Results  96% of patients with pre-ATAAD did not 
meet the surgical diameter threshold of 55 mm before 
dissection onset. Maximal aortic diameters (45 (40–49) 
mm vs 46 (44–49) mm, p=0.075) and volume (126 
(95–157) cm3 vs 124 (102–136) cm3, p=0.909) were 
comparable between patients with pre-ATAAD and TAA 
controls. Conversely, ascending aortic length (84±9 mm 
vs 90±16 mm, p=0.031) was significantly larger in 
patients with pre-ATAAD. All three parameters had an 
area under the curve of >0.800. At the 55 mm cut-off 
point, the maximal diameter yielded a positive predictive 
value (PPV) of 20%. While maintaining same specificity 
levels, measurements of aortic volume and length 
showed superior diagnostic accuracy (PPV 55% and 
70%, respectively).
Conclusion  Measurements of aortic volume and 
length have superior diagnostic accuracy compared with 
the maximal diameter and could improve the timely 
identification of patients at risk for ATAAD.

Introduction
Acute type A aortic dissection (ATAAD) is a medical 
emergency that carries high morbidity and mortality 
rates. Only half of patients survive until arrival at the 
hospital for emergency surgery, and another 20% 
of these die perioperatively due to severe disease 
complications (such as end-organ malperfusion).1–3 
To date, the maximal aortic diameter is the only 

recognised anatomic predictor for dissection and 
rupture. It has been shown that the probability for 
these to occur increases substantially when cross-
sectional dimensions exceed 60 mm.4 Since the 
disruption risk inherent to smaller thoracic aortic 
aneurysms (TAAs) is low, it does not outweigh the 
risks of pre-emptive surgery. Therefore, current 
guidelines recommend referring patients for aneu-
rysm extirpation when the maximal diameter grows 
beyond 55 mm.5–7 Despite their low risk, the rela-
tively large number of patients with small TAAs 
cause more than 50% of dissections to develop 
in aortas below this size criterion—the so-called 
‘aortic size paradox’.7–9 Since lowering interven-
tional thresholds would not necessarily imply a net 
mortality benefit (ie, it would expose a large low-
risk population to the considerable risk of surgery), 
recent studies have debated the clinical value of 
maximal diameter measurements and focused on 
the identification of new predictors in an attempt 
to enhance individualised risk assessment.

Arguably the most important limitation of 
maximal diameter measurements is the observation 
that these do not adequately represent the three-
dimensional process of aortic growth. Elongation 
and cylindrical deformation (ie, diameter growth 
proximally or distally from the widest portion 
of the aneurysm sac) are two scenarios of aortic 
remodelling that have shown to occur regard-
less of maximal diameter increase.10 11 Therefore, 
measurements of aortic volume and length could 
provide additional information over diameters with 
regard to the detection of aneurysm progression. 
Whereas the predictive value of aortic volumetry 
has not yet been investigated, several studies have 
evaluated the potential role of excessive vessel 
lengthening in the pathophysiology of dissec-
tion.12–14 Although all of these studies reported 
that patients with ATAAD had elongated ascending 
aortas when compared with healthy controls, these 
reports mainly included postdissection measure-
ments. This approach is debatable, since it has been 
shown that the aorta acutely dilates and elongates 
when it dissects.15 In the current retrospective 
cohort study, we have identified a group of patients 
who—for various indications—had undergone CT 
angiography (CTA) within 2 years from ATAAD 
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Figure 1  Methodology of the three different aortic measurements in a 
patient with TAA and a patient with pre-ATAAD.

(A)–(C) demonstrate aortic measurements in a patient with TAA. Panel 
A depicts a stretched view of the curved planar CT reconstruction with 
diameter measurement perpendicular to the centreline. The two right 
panels display a 3D CT model with measurements of ascending aortic 
length (B) and volume (C). (D)–(F) demonstrate similar measurements 
in a patient with pre-ATAAD. Despite equal diameters, the patient with 
pre-ATAAD exhibits a notably longer and larger ascending aorta. ATAAD, 
acute type A aortic dissection; TAA, thoracic aortic aneurysm; 3D, three-
dimensional.

onset. Using this cohort, we were able to assess the geometry of 
the aorta shortly prior to dissection. By comparing findings with 
those of TAA controls, this study aimed to evaluate the diag-
nostic accuracy of ascending aortic diameter, length and volume 
for the occurrence of ATAAD.

Materials and methods
Study population
We retrospectively reviewed the clinical databases of the Maas-
tricht University Medical Center and Heart Centre Freiburg 
University between January 2009 and December 2018 for 
patients who were diagnosed with ATAAD and underwent CTA 
within 2 years before dissection onset. Patients with a history 
of cardiothoracic surgery, connective tissue disease (such as 
Marfan’s syndrome, Loeys-Dietz or Ehlers-Danlos) or bicuspid 
aortic valve (BAV) were excluded. The remaining patients were 
included to form the study population (‘pre-ATAAD’).

Consecutive patients who underwent CTA at the Maastricht 
University Medical Center between January 2018 and December 
2018 were included in the control groups. Exclusion criteria 
comprised (suspected) acute aortic syndrome, prior cardiotho-
racic or aortic surgery, known BAV and presence of any medical 
condition that might distort aortic shape (such as pulmonary 
malignancy or pneumothorax). The enrolled patients were 
subdivided into a group of apparently healthy controls (maximal 
ascending aortic diameter <40 mm) and a group of patients with 
TAA (maximal diameter ≥40 mm). The local ethical committees 
approved the study protocol and waived the need for informed 
consent due to the observational character of the study.

Patient and public involvement
This research was done without patient involvement.

Image acquisition and analysis
All patients underwent contrast-enhanced CT on a second-
generation (Maastricht and Freiburg) or third-generation (Maas-
tricht) dual-source scanner (SOMATOM Definition Flash and 
SOMATOM Force, Siemens Healthineers, Forchheim, Germany, 
respectively). Patients with pre-ATAAD and TAA typically under-
went a dedicated aortic scan protocol that comprised a native CT 
of the entire aorta, a retrospective ECG-gated helical CT angiog-
raphy (CTA) of the ascending aorta in caudocranial direction and 
a non-ECG-triggered high-pitch scan (flash) from the aortic arch 
to the femoral bifurcation. Scans of the ascending aorta were 
acquired at slice thickness 0.6 mm using automated dose modu-
lation (CARE kV, CareDose 4D, Siemens Healthineers). They 
were reconstructed at an increment of 0.4 mm using raw-data 
based iterative reconstruction algorithms (Sinogram Affirmed 
Iterative Reconstruction (SAFIRE) or Advanced Modelled Iter-
ative Reconstruction (ADMIRE), strength 3, dependent on 
scanner type). Comprehensive overviews of the various scan 
parameters per scanner are provided in online supplementary 
files 1 and 2. Scans of healthy controls were performed using 
oncological or vascular workflows, without ECG synchroni-
sation of the respective datasets. Monomeric, non-ionic, low-
osmolar iodinated contrast medium (300 mgI/mL; Iopromide; 
Bayer Healthcare, Berlin, Germany) was prewarmed to stan-
dardised 37°C before injection in the antecubital vein using cath-
eter sizes between 18 and 22G. The injection parameters were 
monitored by a data acquisition system (Certegra Informatics 
Solution, Bayer Healthcare).

Images were analysed by a single observer who was blinded 
for patient history (BPA, 5 years of experience in cardiovascular 

imaging), using a commercially available software package (​
Syngo.​via, Siemens Healthineers). Maximal diameters were 
measured orthogonal to the vessel centreline using the inner 
edge to inner edge technique (figure 1A and D). Measurements 
of length and volume were performed on a 3D reconstruc-
tion of the thoracic aorta with automatically fitted centreline 
(figure 1B,C,E,F). The ascending aorta was defined as the part 
between the sinotubular junction and the origin of the brachio-
cephalic trunk. Segment length was measured as the centre-
line distance between the mentioned anatomic landmarks. The 
luminal volume was calculated using the adaptive region growing 
tool provided by the software. Clicking into the vessel initiated 
a region growing algorithm by segmenting connected voxels of 
a similar enhancement. Contours were corrected manually in 
the axial slices when required. Eventually, the volume of the 
segmentation was calculated automatically by multiplying recon-
structed voxel size with the number of voxels included, under 
consideration of the reconstruction increment. Measurements 
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Table 1  Baseline characteristics

Healthy controls
(n=258)

Aortopathy

P value*
TAA controls
(n=75)

Pre-ATAAD
(n=25)

Age (years) 64 (53–73) 69 (61–75) 69 (63–78) 0.668

Gender (male) 114 (44%) 50 (67%) 15 (60%) 0.457

Height (cm) 170±9 174±7 174±7 0.767

Weight (kg) 73 (64–85) 80 (72–90) 78 (70–87) 0.347

BMI (kg/m2) 25.5 (22.3–28.8) 27.1 (24.5–29.6) 25.6 (23.4–27.7) 0.141

BSA (m2) 1.9±0.2 2.0±0.2 1.9±0.2 0.496

Hypertension 93 (36%) 56 (75%) 18 (72%) 0.710

Smoking 83 (32%) 19 (25%) 4 (16%) 0.530

Dyslipidaemia 42 (16%) 31 (41%) 8 (32%) 0.485

Diabetes 29 (11%) 3 (4%) 0 1.000

*P values are given for comparison between TAA controls and patients with pre-ATAAD.
ATAAD, acute type A aortic dissection; TAA, thoracic aortic aneurysm.

Table 2  Aortic dimensions of the different patient groups

Healthy controls
(n=258)

Aortopathy

P value*
TAA controls
(n=75)

Pre-ATAAD
(n=25)

Diameter (mm) 33 (30–36) 46 (44–49) 45 (40–49) 0.075

Length (mm) 66±9 84±9 90±16 0.031

Volume (cm3) 56 (45–67) 124 (102–136) 126 (95–157) 0.909

*P values are given for comparison between TAA controls and patients with pre-
ATAAD.
ATAAD, acute type A aortic dissections; TAA, thoracic aortic aneurysm.

were repeated in a random sample of 20 patients by the same 
observer and also carried out by a second observer (SH, 3 years 
of experience) in order to test intraobserver and interobserver 
variability.

Statistical analysis
Statistical analysis of the data was performed using commercially 
or freely available software (SPSS V.24, IBM, Armonk, New 
York, USA; or R Statistics, the R Foundation, Vienna, Austria). 
Continuous data are presented as mean±SD (or median and 
IQR in the presence of skewedness) and were compared using 
the student t-test or Mann-Whitney U-test. Categorical data are 
expressed as frequencies and percentages and were compared 
using the χ² test. P<0.05 was considered statistically significant.

Receiver operating characteristic (ROC) analysis was applied 
to measure the predictive accuracy of the three measurements, 
with the calculated area under the curve (AUC) representing the 
quality of discrimination. The specificity of the current surgical 
diameter cut-off (55 mm) was calculated with corresponding 
sensitivity and used as reference to determine the sensitivities 
of aortic length and volume at that specificity level. McNemar’s 
test was used to compare sensitivities between groups (DTCom-
Pair, R Statistics).16 17 In terms of diagnostic accuracy, positive 
predictive value (PPV) and negative predictive value (NPV) were 
reported along with 95% CI.

Finally, intraobserver and interobserver agreement was anal-
ysed using intraclass correlation coefficient (ICC) and normalised 
Bland-Altman analysis.

Results
The demographic data of the different patient groups are 
presented in table  1. Between January 2010 and December 
2018, a total of 477 patients were diagnosed with ATAAD at the 
participating institutions. Of those, 25 (5.2%) had undergone 
CTA within 2 years before dissection onset. The median time 
interval between the pre-ATAAD scan and the actual dissection 
was 124 days (IQR 34–543 days).

In total, 258 healthy controls and 75 patients with TAA were 
enrolled in the control groups. Scan indications for healthy 
controls ranged from evaluation of pulmonary nodules (45.3%) 
to suspicion of pulmonary embolism (45.0%), pneumonia 
(5.8%) and other (3.9%). All patients with TAA underwent CT 
for periodical diameter surveillance.

Aortic dimensions and ROC-curve analysis
In the pre-ATAAD group, 24 of 25 subjects (96%) had maximal 
ascending aortic diameters below the interventional threshold 
of 55 mm. While diameters and volume were comparable, these 
patients had significantly longer ascending aortas than those 
with TAA but no dissection (90±16 mm vs 84±9 mm, p=0.031) 
(table 2). Scatterplots with correlation coefficients of the various 
parameters for the different groups are presented in online 
supplementary file 3.

All 358 patients were included in the ROC model (dissection 
n=25, control n=333). Within the entire clinical cohort, all 
three parameters had an AUC>0.800 for prediction of dissection 
(diameter: 0.810; length 0.842; volume 0.854, all p<0.001; see 
figure 2A). The current surgical threshold of 55 mm showed to 
yield an excellent specificity of 98.8% (NPV: 93%, CI 90% to 
96%). However, the corresponding sensitivity showed to be no 
more than 4% (PPV 20%, CI 0% to 55%). At same specificity 
levels (98.8%, figure 2B), aortic volume (cut-off: 161 cm3, sensi-
tivity 20%, p=0.045) and length (cut-off: 98 mm, sensitivity 
28%, p=0.014) demonstrated fivefold and sevenfold higher 
sensitivity for ATAAD detection. Also, PPV of these parameters 
was markedly higher than that of the maximal diameter (PPV 
volume: 55%, CI 23% to 88% and PPV length: 70%, CI 23% to 
88%), with similar NPV’s (volume 94%, length 95%). No statis-
tical significance was reached when comparing the sensitivities 
of aortic length and volume (p=0.414). Combining the different 
measurements did not further improve diagnostic performance 
compared with measurements of aortic length alone.

Intraobserver and interobserver variability
Intraobserver agreement was excellent for all three parameters 
(ICC 0.94, 0.97 and 0.99 for aortic diameter, length and volume, 
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Figure 2  Receiver-operating curves for prediction of dissection.

(A) ROC curves comparing the overall ability of different anatomic predictors to identify patients at risk for acute type A aortic dissection. (B) Diameter 
cut-offs of 50 mm and 55 mm yield excellent specificity and preclude unnecessary surgical intervention (dashed lines). At same specificity levels, 
measurements of aortic length and volume showed significantly higher sensitivities. ROC, receiver-operating curves.

Figure 3  Bland-Altman plots showing intraobserver and interobserver 
agreement.

Bland-Altman plots showing the normalised bias (dashed line) and 95% 
limits of agreement (dotted lines) for measurements of maximal aortic 
diameter, aortic length and aortic volume.

respectively). With ICCs of 0.95 (diameter), 0.94 (length) and 
0.99 (volume), interobserver agreement was also excellent. 
Bland-Altman plots are displayed in figure 3.

Discussion
Research into the natural risk of TAAs is constrained by multiple 
methodological issues, one of which is the observation that the 
dimensions of the aorta change when dissection occurs.15 In the 
current work, we have overcome this limitation by assessing the 
morphology of the aorta shortly before dissection onset. We 
found that (i) 96% of patients with ATAAD fail to meet criteria 
for prophylactic surgery prior to dissection, (ii) aortic length is 
significantly larger in patients with pre-ATAAD when compared 
with TAA controls and (iii) the sensitivities of aortic volume and 

length for prediction of dissection are fivefold and sevenfold 
higher than the sensitivity of the maximal diameter.

Guidelines for the preventative management of aortic disease 
depend solely on measurements of maximal cross-sectional 
dimensions and have long remained unchanged.5 6 They have 
largely been based on early work from Davies et al, who longitu-
dinally studied a cohort of patients with TAA and found that the 
aortic diameter is strongly related to the risk of natural compli-
cations.4 18 Even though the cut-off of 55 mm provides excellent 
specificity and precludes exposure to unnecessary intervention, 
it has been well recognised that the current surgical approach is 
unable to prevent the majority of dissections.8 9 19 Our findings 
confirm estimates by Rylski et al, who modelled postdissection 
aortas to predissection dimensions and postulated that >90% 
of patients with ATAAD would not have qualified for prophy-
lactic surgery before dissection onset.20 As such, they emphasise 
the need for deciphering additional parameters that can improve 
patient selection for pre-emptive surgery.

Over the past decade, technological advances have facilitated 
the acquisition of high-resolution isotropic multislice spiral CT 
and MRI datasets. Whereas earlier techniques (such as ultra-
sound and spiral CT) only provided for two-dimensional (2D) 
images and measurements, modern acquisitions afford a detailed 
three-dimensional (3D) visualisation of the human arterial 
system. This evolution has paved the way for more compre-
hensive radiological measurements, such as those of aortic 
length and volume shown here. Previous studies investigating 
vessel length have demonstrated that the healthy aorta gradu-
ally elongates with age and that the dissected aorta is notably 
longer than would have been expected based on age, gender 
and body surface area (BSA).12–14 21–23 The current work adds 
to this knowledge by revealing that aortic length also serves as 
more discriminative ATAAD predictor than the maximal trans-
verse diameter. Although the observed sensitivity of 28% may 
not seem earth shattering at first glance, it means substantial and 
readily available improvement in the diseases’ detection rate, 
with no trade-off in terms of specificity. Before the start of the 
study, we expected aortic volume to evolve into an even better 
indicator of future adverse events. However, our data have 
proven otherwise. Whereas the sensitivity of aortic volume was 
significantly higher than that of the maximal transverse diameter, 
we found no additional diagnostic value over measurements of 
aortic length. Yet, in line with previous studies, aortic volume did 
show excellent reproducibility, which could serve as important 
argument in favour of its use in clinical TAA follow-up.24 Aortic 
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Key messages

What is already known on this subject?
►► The maximal aortic diameter is the principal risk predictor for 
acute dissection and the sole parameter used for stratification 
towards pre-emptive aortic replacement. Large registries 
have demonstrated that more than half of dissection patients 
present with diameters below the threshold for prophylactic 
surgery.

What might this study add?
►► Ascending aortic length is significantly increased in dissection 
patients compared with thoracic aortic aneurysm controls. 
Measurements of aortic length and volume have superior 
diagnostic accuracy over diameters for prediction of 
dissection.

How might this impact on clinical practice?
►► Clinical implementation of aortic length and volume 
measurements might improve the selection of patients who 
benefit from preventive aneurysmectomy.

length and volume now require longitudinal and prospective 
validation as the next step towards their implementation into 
clinical practice guidelines.

It should be noted that current surgical indications are based 
on imaging data collected in the 1980s and 1990s, a time when 
measurements were performed mainly on axial images. Since 
then, and along with the transition to 3D imaging, the semi-
automated centreline method has become routinely available. 
Multiple previous studies have reported that axial measurements 
significantly overestimate diameters when compared with centre-
line methods, especially in more tortuous aortic segments.25 26 
Based on these observations, it has been argued that current 
guidelines are not adapted to the use of centreline measurements 
and that the surgical threshold should be shifted to smaller TAA 
sizes.27 Although we concur that this hypothesis deserves further 
attention, our data indicate that the diagnostic performance of 
the maximal diameter—even at lower cut-offs—remains lower 
than that of aortic volume and length (figure 2B). As expected, 
lowering the threshold to 50 mm would increase diameter sensi-
tivity (from 4% to 17%). Concurrently, however, the sensitivities 
of aortic volume (from 20% to 38%) and length (from 28% to 
33%) would also increase.

Future directions
Prospective research into the pathophysiology of dissection is 
challenging due to the diseases’ low incidence and the (life)
long follow-up duration required for the condition to develop. 
The design of the current study has afforded an alternative way 
to evaluate the anatomy of the aorta prior to dissection onset. 
Our findings could lead to a paradigm shift in the preventative 
management of aortic disease, enabling the more timely iden-
tification of patients at risk. Emerging techniques like four-
dimensional (4D) flow MRI and positron emission tomography 
(PET) permit imaging of the haemodynamic and inflammatory 
processes that potentially underlie aneurysm progression and 
could further improve the detection rate of patients who are 
susceptible to dissection28–30

Limitations
Some limitations of the current study should be addressed. First, 
a cross-sectional study design was used. Therefore, it is possible 
that any of the control patients will develop dissection on short 
terms. Future longitudinal studies are needed to evince a true 
causal relationship between the various anatomic measurements 
and the risk of unfavourable outcomes.

Second, the study population is relatively small and not repre-
sentative of subjects with BAV or connective tissue disease. As 
the latter are known to suffer dissection at larger aortic diame-
ters, our results are not generalisable to this patient population.9 
Studies focusing specifically on genetically triggered aneurysms 
should investigate whether aortic volume and length measure-
ments are of additional value in these patient entities.

Conclusion
The aortic diameter is incapable of predicting the vast majority 
of dissections. Measurements of aortic volume and length have 
superior diagnostic accuracy over maximal diameters and could 
improve the timely identification of patients at risk for ATAAD.
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