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ABSTRACT

Background: Patients with medically treated type B aortic dissection (TBAD)
remain at significant risk for late adverse events (LAEs). We hypothesize that not
only initial morphological features, but also their change over time at follow-up
are associated with LAEs.

Materials and Methods: Baseline and 188 follow-up computed tomography (CT)
scans with a median follow-up time of 4 years (range, 10 days to 12.7 years) of 47
patients with acute uncomplicated TBAD were retrospectively reviewed. Morpho-
logical features (n = 8) were quantified at baseline and each follow-up. Medical re-
cords were reviewed for LAEs, which were defined according to current guidelines.
To assess the effects of changes of morphological features over time, the linear
mixed effects models were combined with Cox proportional hazards regression
for the time-to-event outcome using a joint modeling approach.

Results: LAEs occurred in 21 of 47 patients at a median of 6.6 years (95% confi-
dence interval [Cl], 5.1-11.2 years). Among the 8 investigated morphological features,
the following 3 features showed strong association with LAEs: increase in partial
false lumen thrombosis area (hazard ratio [HR], 1.39; 95% Cl, 1.18-1.66 per cm? in-
crease; P < .001), increase of major aortic diameter (HR, 1.24; 95% Cl, 1.13-1.37 per
mm increase; P < .001), and increase in the circumferential extent of false lumen
(HR, 1.05; 95% Cl, 1.01-1.10 per degree increase; P < .001).

Conclusions: In medically treated TBAD, increases in aortic diameter, new or
increased partial false lumen thrombosis area, and increases of circumferential
extent of the false lumen are strongly associated with LAEs. (J Thorac Cardiovasc
Surg 2021;161:1184-90)
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Native and segmented computed tomography im-
ages showing new thrombus (green) in a growing
false lumen (red).

CENTRAL MESSAGE
An increase in maximum diam-

eter and increased or new partial
false lumen thrombosis are
associated with late adverse
events in uncomplicated type B
aortic dissections.

PERSPECTIVE

Morphological features extracted from imaging
data may improve risk stratification in patients
with initially uncomplicated type B aortic dissec-
tion. We demonstrate that aortic growth and
the increase in or new development of false
lumen thrombus are associated with late adverse
events, suggesting that follow-up imaging data
should be included in future risk prediction
models.

See Commentaries on pages 1191 and 1192.
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Abbreviations and Acronyms

CI = confidence interval

CT = computed tomography

FDA = Food and Drug Administration
HR = hazard ratio

IQR = interquartile range

LAE = late adverse event

TBAD = type B aortic dissection
TEVAR = thoracic endovascular aortic repair
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Although thoracic endovascular aortic repair (TEVAR) has
recently become a Food and Drug Administration (FDA)-
approved alternative to medical management in patients
with acute uncomplicated type B aortic dissection
(TBAD), it is becoming increasingly clear that only a subset
of high-risk patients may benefit from the favorable effects
of early TEVAR on aortic remodeling.’ For patients with a
low likelihood of developing late complications, the small
but potentially devastating procedural risks of TEVAR,
such as stroke, paraplegia, or retrograde type A dissection,
might not be warranted.”” Risk stratification is thus highly
desirable in this population and several groups have sug-
gested the use of morphologic parameters extracted from
imaging data to guide therapy.””’

Because morphological parameters can change over time,
an important prerequisite for any clinically useful risk predic-
tion model for patients with uncomplicated TBAD is the ability
to capture the evolution of these morphological features over
time and, if necessary, update an initial risk estimate with infor-
mation obtained at each follow-up.” However, the evolution of
morphological risk factors over time and the implication for
future risk in patients with initially uncomplicated TBAD is
currently unknown, with the exception of aortic diameter,
which can also assume the role of an outcome variable in the
form of a predefined size threshold for intervention.”

The purpose of this study was to investigate whether
currently known or presumed morphological risk factors
change over time on serial imaging, and whether such changes
are independently associated with the risk for future events in
patients with initially uncomplicated TBAD (Video 1).

METHODS

This study was approved by our Institutional Review Board. The
requirement for written informed consent was waived owing to the retro-
spective nature of this investigation.
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VIDEO 1. Video (12 minutes) of a slide presentation by the senior author
of the study, explaining the motivation and conclusions of this paper.
Video available at: https://www.jtcvs.org/article/S0022-5223(19)32372-4/
fulltext.

Subjects

Patients were selected from an existing cohort of retrospectively identi-
fied patients presenting with acute, uncomplicated TBAD between January
2003 and 2012°% (Figure 1). Patients with intramural hematoma were
excluded. For the purposes of this investigation and due to the time-
consuming manual processing of serial, high-resolution imaging datasets,
we restricted our analysis to the subjects of 1 of the participating aortic
centers with follow-up until April 2017. Patients were included if they
survived the index hospitalization under medical management without
the development of acute complications within 30 days, including death,
aortic rupture, or signs of impending rupture, organ or limb ischemia,
and uncontrollable pain or hypertension, and if at least 1 follow-up imaging
study was available. Patient demographics, clinical characteristics
(including a history of hypertension, diabetes mellitus, or smoking), clin-
ical course, and interventions were retrieved from the electronic medical
record (Table 1). Late adverse events (LAEs) were defined as any of the
following, occurring at least 30 days after the initial event: aneurysmal
degeneration of the aorta (defined as maximum aortic diameter of
>6 cm), rapid growth of >0.5 cm in a 6-month period, new dissection,
rupture, malperfusion, or death. Patients were followed until the occurrence
of an LAE, an intervention, or the last available encounter on record.

Patients with initially uncomplicated acute TBAD

or IMH
No follow-up CT scans
N = 40
4

N =120
Patients with initially uncomplicated acute TBAD
or IMH with at least one follow-up CT scan

N =80
Patients with IMH
INEERCK
4

Patients with initially uncomplicated acute TBAD
with at least one follow-up CT scan
N =47

A

A

FIGURE 1. CONSORT diagram of the study population. TBAD, Type B
aortic dissection; /MH, intramural hematoma; C7, computed tomography.
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TABLE 1. Patient characteristics

Characteristic Value
Total number 47
Age, y, median (IQR) 50 (37-59.5)
Male sex, n (%) 31 (66)
Hypertension, n (%) 43 91)
Hyperlipidemia, n (%) 14 (30)
Diabetes mellitus, n (%) 5(1)
Smoking, n (%)* 21 (45)
Connective tissue disease, n (%) 12 (26)
Number of events, n (%) 21 (45)
Median time to event, n (%) NA
Follow-ups, n, median (IQR) 4 (2-5)

Follow-up, d/y, median (IQR) 1449 (438-2158)/4.0 (1.3-5.9)

IQR, Interquartile range; NA, not applicable. *Active or former smoker.

Imaging Data

All imaging datasets were obtained with state-of-the-art multiple-detector
row computed tomography (CT) equipment (8 or more detector rows), with
0.75- to 1.25-mm-thick sections reconstructed at 1-mm or smaller intervals.
All baseline and follow-up CT scans were analyzed using dedicated
3-dimensional image postprocessing software (Aquarius iNtuition version
4.4.12; TeraRecon, Foster City, Calif), which allows simultaneous review of
spatially matched serial datasets. Morphological features were reviewed and
measured by 2 cardiovascular radiologists at baseline and at every follow-up
imaging, which typically occurred at 3, 6, and 12 months and yearly thereafter,
although the intervals could vary between patients.

Serial Assessment of Morphological Features

In addition to 4 baseline anatomic features (a-d) that have recently been
associated with LAEs in a cohort that included the current study popula-
tion,” we also included several other plausible morphological predictors
of LAEs (e-h) from the literature™*'° to investigate whether, and if so to
what extent, any of these features changed over time, and whether those
changes were predictive of LAEs:

(a) The maximum aortic diameter was defined as the greater of 2 orthog-
onal diameters (major and minor axes) obtained in a cross-sectional
plane perpendicular to the aortic centerline and measured using elec-
tronic calipers. To determine aortic growth, and because growth
occurred consistently at the location of maximum diameter, the loca-
tion of the maximum aortic diameter as determined on the last available
CT scan was propagated to all previous scans of the same patient.

To capture the size of the false lumen, independent of the movement of
the dissection flap over the cardiac cycle, we used an electronic pro-
tractor to measure the circumferential extent of the true and false lu-
mens in angular degrees along the outer aortic wall as described
previously.” These measurements were performed at the level of
maximum aortic diameter at each time point.

(c) The total number of visible intercostal arteries and their respective or-
igins off the true lumen versus the false lumen were counted and re-
corded based on transverse source images on each scan.

The aortic false lumen drainage pattern was estimated by visually as-
sessing whether the origins of the left subclavian, visceral, renal, and
iliac arteries arose off the true, the false, or both lumina, respectively,
on each scan. Increased false lumen drainage has been shown to reduce
the risk of LAEs.

The size of the primary intimal tear was measured using electronic cal-
ipers in 2 dimensions (transverse and craniocaudal) using transverse
images with sagittal and coronal reformations of each scan.

(b

=

d

=

(e

N
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(f) The number of secondary/reentry tears were counted on transverse
source images and noted on each scan.

(g) The longitudinal extent (thoracic and/or abdominal), thickness, and
mobility of the dissection flap were assessed on transverse images at
the level of the celiac artery. The thickness of the dissection membrane
was measured using electronic calipers. The dissection flap was
defined as mobile if typical motion artifacts, such as a double contour
of the flap, were visible; otherwise, the flap was considered stiff.

In an attempt to capture and quantify the presence and changes of par-
tial false lumen thrombus—defined as the presence of a low-
attenuated, nonenhancing filling defect within the contrast-opacified
false lumen—we first used a 6-point visual grading system to semi-
quantitatively describe the proportion of thrombosed versus nonthrom-
bosed false lumen: 1 = 0% (no thrombus); 2 = 1% to 24%; 3 = 25%
to 50%; 4 = 51% to 75%; 5 = 76% to 99%; 6 = 100% (completely
thrombosed). We also measured the cross-sectional area of false lumen
thrombus, as well as corresponding true and false lumen areas, at the
level of maximum false lumen thrombus area in each scan (Figure 2).

(h

=

Statistical Analysis

Statistical analyses were performed using R version 3.3.3. (R Foundation
for Statistical Computing, Vienna, Austria). Patient characteristics are given
as median and interquartile range (IQR), or as count and percentage. Median
LAE-free survival was quantified using the Kaplan-Meier method.

We used a stepwise analytic approach to jointly model the longitudinal
data (ie, changes in morphological features over time), with time-to-event
outcomes.'' First, we used mixed-effects regression to assess changes in
each predictor variable (ie, the morphological feature) over time. Each
mixed-effects model included a random intercept and random slope, to ac-
count for the clustering of multiple measurements per patient over time. We
allowed linear and quadratic terms for time and used the Akaike informa-
tion criterion to determine the best-fitting model by choosing the model
with the lowest Akaike information criterion value.

We next assessed the effects of longitudinal changes in predictor vari-
ables on time-to-event outcomes, by joining the mixed-effects models
with Cox proportional hazards regression. Initially, the association for
each morphological feature was assessed separately. For the multivariable
models, each significant association was subsequently corrected by adding
covariates to the Cox proportional hazards submodel. As covariates, we
considered baseline values of all other significant features, as well as the
presence of connective tissue disease.

RESULTS

We identified a total of 47 patients. In 21 patients, an LAE
occurred over the course of follow-up. Patient demographics
and clinical characteristics are given in Table 1. A total of 235
CT scans (47 baseline and 188 follow-up) were analyzed. The
median duration of follow-up was 4.0 years (range, 10 days to
12.7 years). The median time to an LAE was 6.6 years (95%
confidence interval [CI], 5.1-11.2) years. A Kaplan-Meier
curve showing the probability of being LAE-free over the
course of follow-up for the entire cohort is shown in
Figure 3. The shaded area denotes the confidence bound
around the Kaplan-Meier estimates. Events were driven pre-
dominantly by chronic aneurysm formation, occurring in 18
of 21 patients (86%). One patient demonstrated rapid aortic
growth, and 1 patient developed acute limb ischemia within
the first year. One of 21 patients (5%) developed a new
type A dissection at 8 years after the initial event. LAEs
were treated surgically in 14 patients, using endovascular
repair in 5, and 2 patients were managed medically.
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FIGURE 2. Imaging example of area measurement of true lumen, false lumen, and false lumen thrombosis. Cross-sectional images at baseline (A) and

follow-up at 7 months (B), 2 years (C), and after 4 years (D). Corresponding baseline (E) and follow-up (F-H) images with color coding of measured areas

for the true lumen (blue), false lumen (red), and thrombus within the false lumen (green, in F-H).

Stable Morphological Features Over Time

Several key features of aortic dissection were remarkably
stable over time without any noticeable or quantifiable
changes compared with baseline and thus were not included
in the analyses: proximal and distal extent of the false lumen,

100 ~
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Probability of remaining free of LAE (%)

4 6 8 10
Follow up time (years)

o
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Number at risk
47 47 36 30 26 23 17 12 7 7 4

FIGURE 3. Kaplan-Meier curve showing the probability of remaining
free from late adverse events over the entire follow-up period. The blue
area denotes the 95% confidence band around the Kaplan Meier estimates.
LAE, Late adverse event.
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location of the primary intimal tear, and large branch vessel
blood supply from the true lumen versus the false lumen.
This observation confirms that the longitudinal and circum-
ferential boundaries of the false lumen in uncomplicated
TBAD are established at the time of the initial event. The
thickness of the dissection membrane universally increased
in all patients over time, with decreasing motion artifacts.

Univariable and Multivariable Analysis of Changes
in Morphological Features Over Time

Median and IQR for each of the evolving morphological
features at baseline and the regression coefficients of time
and, if applicable, time-squared, are given in Table 2. The
baseline values show the median values at time of inclusion
accompanied by the IQR, and the coefficients show the
average linear increase (or decrease in case of a negative co-
efficient) in the morphological feature per year after inclu-
sion. In the event that a quadratic term was statistically
significant, that coefficient was also presented well and
would indicate a quadratic increase or decrease over time.
The following morphological features showed significant
changes over time: maximum major and maximum minor
aortic diameter, size of the primary intimal tear (axial and
sagittal), circumferential extent of FL, area of TL, area of
FLT, and total aortic cross-sectional area. Coefficients of
time could not be modeled for the following features due
to the distribution and were not analyzed further: number
of secondary tears and FLT grading.

The results of our univariable and multivariable analyses
of the longitudinal predictors on LAEs are provided in
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TABLE 2. Morphological features at baseline, and changes over time

Parameter Baseline value, median (IQR) Coefficient of time (per year), median (IQR)* P value

Maximum major axis aortic diameter, mm 35.0 (33.0-38.5) 3.19 (2.21-4.17) <.001
Maximum minor axis aortic diameter, mm 32.0 (30.0-36.0) 2.57 (1.67-3.47) <.001
Size of intima tear axial, mm 7.0 (4.0-11.5) 1.34 (0.89-1.87) <.001
Size of intima tear sagittal, mm 5.0 (2.0-8.0) 1.61 (1.11-2.11) <.001
—0.08 (—0.13 to —0.04)F <.001

Number of secondary tears, ni 1.0 (0.0-1.0)
Circumferential extent of TL, © 103.0 (91.0-125.5) —2.19 (—3.60 to —0.78) .003
Circumferential extent of FL, ° 257.0 (234.5-269.0) 2.19 (0.78-3.60) .003
TL area, cm? 2.5 (2.0-3.3) 0.32 (0.20-0.45) <.001
—0.02 (—0.03 to —0.01)t <.001
FL area, cm? 5.0 (3.7-6.4) 0.30 (—0.12 to 0.73) 159
FLT area, cm’ 2.1 (0.0-3.6) 0.89 (0.41-1.38) <.001
Total area, cm” 8.0 (6.6-10.1) 1.61 (0.98-2.25) <.001

FLT grading} 1.0 (0.0-1.0)
Number of ICAs from TL, n 7.0 (3.5-9.0) —0.08 (—0.21 to 0.05) 222
Number of ICAs from FL, n 8.0 (5.0-11.5) —0.19 (—0.36 to —0.02) .033
Total number of ICAs, n 16.0 (13.0-18.0) —0.57 (—0.81 to —0.32) <.001
0.04 (0.02 to 0.07)t .002

Coefficients of time refer to the average linear (or quadratic) increase or decrease in each morphological parameter per year. /QR, Interquartile range; 7L, true lumen; FL, false
lumen; FLT, false lumen thrombosis; /CA, intercostal artery. *Computed using all available follow-up measurements, using mixed-effects regression. Estimates are accompanied
by 95% confidence intervals. Results of time-squared to accommodate nonlinear change over time. Coefficient of time could not be modeled due to the distribution.

Table 3. Among the morphological features investigated,
multivariable analysis revealed strong associations of the
following morphological features with LAEs: increase in
major aortic diameter (HR, 1.24 [95% CI, 1.13-1.37] per
mm increase; P <.001), increase in minor aortic diameter
(HR, 1.16 [95% CI, 1.07-1.25] per mm increase;
P <.001), increase in the circumferential extent of the false
lumen (HR, 1.05 [95% CI, 1.01-1.10] per degree increase;
P <.001), increase in partial false lumen thrombosis area
(HR, 1.39 [95% CI, 1.18-1.66] per cm’ increase;
P <.001), and increase in total area (HR, 1.18 [95% CI,
1.23-1.35] per cm? increase; P < .001). Tables E1-E7
present the coefficients of the baseline values of
morphological features in addition to the multivariable
adjusted longitudinal predictors.

DISCUSSION

The evolution of morphological features associated with
LAEs in patients with initially uncomplicated acute TBAD
is largely unknown. This is a crucial gap in our understanding
of the subacute and chronic phases of the disease, because
survivors of the initial event require life-long clinical
follow-up and imaging surveillance, and it is plausible that
ongoing changes to these morphological features would in-
fluence an individual patient’s long-term risk profile. Our pri-
mary conclusions from serial imaging data in patients with
uncomplicated TBAD are that some, but not all, baseline
morphological predictors of LAE change over time; new
prognostic features, such as partial false lumen thrombosis,
may arise after the initiating event; and quantitative changes
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in morphological predictors over time convey potentially
important prognostic information. Although many details
remain to be elucidated, the fundamental implication of these
observations is that imaging-based risk prediction models
aimed at improving patient selection in the acute phase of
an uncomplicated TBAD cannot necessarily be applied to
the much larger number of expected follow-up imaging
studies in the subacute and chronic phases of the disease. Ex-
amples of 5 of the 8 morphological features, and how they
change over time are provided in Figure 4.

Our findings also suggest that morphological risk factors
observed at any given time after the initial event need to be
interpreted in the context of the entire preceding morpho-
logical evolution. For example, a 4-cm maximum aortic
diameter may convey a different risk at baseline versus at
a 2-year follow-up, and a 4-cm diameter at 1 year follow-
up may also convey a different risk if the previous measure-
ment at 12 months was 3 cm versus 3.5 cm. Interpretation of
imaging findings that accounts for a patient’s entire history
of imaging findings is highly desired by clinicians, and our
data support the need for analysis and interpretation of im-
aging data that include changes over time.'>'?

Our study once again corroborates the importance of both
maximum aortic diameter and a change in maximum aortic
diameter over time as strongly predictive of LAEs. Others
have demonstrated this as well.*'* It will be interesting to
further investigate the interaction between size and growth
in a larger cohort in the future.

The relative circumference—expressed in angular de-
grees—of the proportion of the outer aortic wall enclosing

The Journal of Thoracic and Cardiovascular Surgery * April 2021
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TABLE 3. Associations between changes in morphological features over time and the occurrence of LAEs

Parameter Univariable, HR (95% CI) P value Multivariable, HR (95% CI)* P value
Maximum major aortic diameter, mm 1.21 (1.13-1.30) <.001 1.25 (1.13-1.37) <.001
Maximum minor aortic diameter, mm 1.16 (1.10-1.23) <.001 1.16 (1.08-1.24) <.001
Size of intima tear axial, mm 1.03 (0.99-1.03) 145 NA
Size of intima tear sagittal, mm 1.04 (0.98-1.10) 171 NA
Circumferential extent of TL, ° 0.96 (0.94-0.98) <.001 0.96 (0.94-0.98) <.001
Circumferential extent of FL, ° 1.03 (1.01-1.05) .004 1.04 (1.01-1.06) .004
TL area TL, cm® 0.97 (0.68-1.38) 874 NA
FL area, cm” 1.13 (1.02-1.25) .017 1.06 (0.94-1.20) .326
FLT area, cm” 1.30 (1.16-1.46) <.001 1.53 (1.25-1.88) <.001
Total area, cm? 1.18 (1.10-1.27) <.001 1.26 (1.14-1.39) <.001
Number of ICAs from TL 0.93 (0.80-1.08) 330 NA
Number of ICAs from FL 1.09 (0.95-1.25) 235 NA
Total number of ICAs 1.06 (0.92-1.23) 407 NA

HR, Hazard ratio; CI, confidence interval; 7L, true lumen; FL, false lumen; FLT, false lumen thrombosis; ICA, intercostal artery; NA, not applicable (not significant in univariable
analysis). *Association between the change in morphological feature over time and the time to occurrence of an LAE corrected for the baseline values of all other features sig-
nificant in the univariable analysis and corrected for the presence of connective tissue disease.

the false lumen has recently been shown to be an indepen-
dent baseline predictor for LAEs.” It is not surprising that an
increase of the false lumen circumference over time is also
strongly associated with LAEs. Unfortunately, our analysis
cannot determine whether the increase in false lumen
circumference, or total aortic area, is also an independent
risk factor over time, of whether it is simply associated
with increasing diameter, which is driven almost exclu-
sively by false lumen expansion. We acknowledge that the
circumferential extent of the false lumen outer aortic wall
measured in angular degrees is difficult to measure and
interpret when the aortic cross-section becomes more ellip-
tical rather than circular over time.

The primary intimal tear appears to grow larger over time,
but this did not translate to an increased risk in our small

47 Patients

uncomplicated
type B aortic
dissection

Follow-up:
median 4yrs
(0.1-10 yrs)

A Diameter

21 late
adverse
events

cohort. We have not found the size of the primary intimal
tear to be a significant baseline risk factor in uncomplicated
TBAD,” although others have shown a higher rate of compli-
cations if both complicated and uncomplicated TBADs were
included.” The hemodynamic effects of increasing primary
intimal tear size while the dissection membrane becomes
thicker and less mobile over time are currently unclear.
Computational fluid dynamics modeling may improve our
understanding of this evolution in the future.'” Similarly,
we observed an increase of secondary tears/communications
between true and false lumen over time—again without a
detectable effect on risk. It is possible that some of the subtle
observations in our series reflect better detectability of preex-
isting small tears over time within an increasingly thicker and
less mobile dissection membrane.

Eight Morphologic Features at Baseline (n=47) and Each Follow-up (n=188) Scan

ﬁ@

A False lumen
circumference
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Increase of Diameter and False Lumen Thrombosis are Associated with Late Adverse Events
FIGURE 4. Five of the 8 morphological features, measured and recorded on baseline computed tomography (CT) scans (fop row). Follow-up CT scans

(bottom row) show how these features changed over time. In a cohort of 47 patients with initially uncomplicated type B aortic dissection, an increase in

aortic diameter and the development of new or increasing partial false lumen thrombosis were associated with late adverse events.
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Partial false lumen thrombosis has been described as a
risk factor for adverse events in patients with type B dissec-
tion,” although this has not been a universal finding.'® In our
own experience, partial false lumen thrombosis was uncom-
mon at baseline and did not predict LAEs.” In this analysis
of serial imaging, however, we found that new development
or increase of thrombus in the perfused false lumen is a sig-
nificant risk factor. In contradistinction to the proposed hy-
pothesis that partial thrombosis of the FL causes diminished
outflow and thus increased FL mean pressure,” our findings
are more closely compatible with the hypothesis that false
lumen thrombus formation is the consequence of slow, stag-
nating blood flow'’ owing to poor FL drainage/outflow,
which is associated with increased diastolic pressure and
in turn faster aneurysmal degeneration.”

The main limitations of this study are the retrospective
design and the relatively small population size. Although
we analyzed a large number of CT datasets (n = 235), the
lengthy processing time required to manually analyze
each individual dataset prevented us from including a larger
number of patients for serial analysis, and the study may be
underpowered to identify additional morphological features
associated with LAE. Further investigation of the quantita-
tive assessment of aortic remodeling over time, which
would be facilitated by new software-based tools for auto-
matic or semiautomatic extraction of a wide range of
anatomic features over time, will be needed. Machine
learning algorithms also may take advantage of the
currently unexploited information contained in modern
high-resolution imaging datasets and uncover novel
morphological prognostic factors.'® Such developments
are a prerequisite not only for expanding similar research
efforts to larger cohorts, but also for using morphological
features and their changes over time in a clinical setting.
Finally, we were unable to correct the association of each
of the longitudinal features on LAEs, for all other features
measured over time owing to the fact that current joint
models of longitudinal and time-to-event data have not
been extended to allow inclusion of a large number of
time-varying covariates. We did correct for baseline values
of the important predictors, notably aortic diameter.

In conclusion, an increase in aortic diameter and
increasing or new development of false lumen thrombus
are both associated with LAEs in patients with initially un-
complicated TBAD. Future individual risk prediction
models for patients with chronic dissection may be more ac-
curate when based on both current and previous assess-
ments, necessitating recalibration of model parameters
with each follow-up encounter.
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Adult: Aorta

TABLE E1. Association between change in maximum major aortic
diameter adjusted for baseline values of other features and the
occurrence of LAEs

TABLE E3. Association between change in circumferential extent of
TL adjusted for baseline values of other features and the occurrence
of LAEs

Multivariable HR

Parameter 95% CIh* P value

Multivariable HR

Parameter (95% CIh* P value

Maximum major aortic diameter, mm 1.24 (1.13-1.37) <.001

Baseline values
Maximum minor aortic diameter, mm
Circumferential extent of TL, °©

0.71 (0.55-0.92) .010
0.96 (0.94-0.99) .003
0.65 (0.41-1.02) .060
0.72 (0.32-1.59) 412
1.55 (0.86-2.79) .148

FL area, cm?
FLT area, cm?
Total area, cm?

Circumferential extent of TL, © 0.96 (0.94-0.98) <.001

Baseline values
Maximum major aortic diameter, mm  1.00 (0.76-1.33) 975

Maximum minor aortic diameter, mm  1.00 (0.73-1.36) 998

FL area, cm” 0.74 (0.52-1.07) 112
FLT area, cm? 0.56 (0.25-1.26) 161
Total area, cm> 1.35 (0.92-1.99) 126

HR, Hazard ratio; CI, confidence interval; 7L, true lumen; FL, false lumen; FLT, false
lumen thrombosis. *Association between the change in a morphological feature over
time and time to occurrence of an LAE corrected for the baseline values of all other
features significant in the univariable analysis. The circumferential extent of FL was
omitted for reasons of collinearity.

TABLE E2. Association between change in maximum minor aortic
diameter adjusted for baseline values of other features and the
occurrence of LAEs

HR, Hazard ratio; CI, confidence interval; TL, true lumen; FL, false lumen; FLT, false
lumen thrombosis. *Association between morphological feature change over time
and time to occurrence of an LAE corrected for the baseline values of all other fea-
tures significant in the univariable analysis. The circumferential extent of FL was
omitted for reasons of collinearity.

TABLE E4. Association between change in circumferential extent of
FL adjusted for baseline values of other features and the occurrence
of LAEs

Multivariable Multivariable
Parameter HR (95% CI)* P value Parameter HR (95% CI)* P value
Maximum minor aortic diameter (mm) 1.16 (1.07-1.25) <.001 Circumferential extent of FL, © 1.05 (1.01-1.10) .012

Baseline values

Maximum major aortic diameter, mm  0.77 (0.63-0.94) 011
0.97 (0.95-0.89) .003
0.67 (0.45-0.99) .045
0.58 (0.24-1.38) 219

1.53 (0.94-2.48) .086

Circumferential extent of TL, ©
FL area, cm?

FLT area, cm”

Total area, cm?

Baseline values

Maximum major aortic diameter, mm  0.92 (0.68-1.23) .553
1.01 (0.74-1.38) .954
0.72 (0.50-1.04) .079
0.53 (0.22-1.27) 153

1.36 (0.89-2.08) 154

Maximum minor aortic diameter, mm
FL area, cm?

FLT area, cm?

Total area, cm?

HR, Hazard ratio; CI, confidence interval; TL, true lumen; FL, false lumen; FLT, false
lumen thrombosis. *Association between morphological feature change over time
and time to occurrence of an LAE corrected for the baseline values of all other fea-
tures significant in the univariable analysis. The circumferential extent of FL was
omitted for reasons of collinearity.
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HR, Hazard ratio; CI, confidence interval; FL, false lumen; FLT, false lumen throm-
bosis. *Association between morphological feature change over time and time-to-
occurrence of a LAE corrected for the baseline values of all other features significant
in the univariable analysis. The circumferential extent of TL was omitted for reasons
of collinearity.
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TABLE ES. Association between change in area FL adjusted for
baseline values of other features and the occurrence of LAEs

TABLE E7. Association between change in total area adjusted for
baseline values of other features and the occurrence of LAEs

Multivariable

Parameter HR (95% CD* P value

Multivariable

Parameter HR (95% CD* P value

FL area, cm? 1.07 (0.95-1.21) 266

Baseline values
Maximum major aortic diameter, mm
Maximum minor aortic diameter, mm
Circumferential extent of TL, °
FLT area, cm?

0.87 (0.65-1.16)  .342
1.03 (0.74-142) 875
0.98 (0.95-1.00)  .040
076 (0.32-1.78) 522

Total area, cm” 1.08 (0.79-1.49) .617

Total area, cm? 1.26 (1.14-1.39) <.001

Baseline values

0.74 (0.54-1.02) .063
1.28 (0.93-1.77) 130
0.97 (0.95-0.99) .008
0.65 (0.47-0.88) .006
0.60 (0.26-1.39) 235

Maximum major aortic diameter, mm
Maximum minor aortic diameter, mm
Circumferential extent of TL, ©

FL area, cm?

FLT area, cm?

HR, Hazard ratio; CI, confidence interval; FL, false lumen; TL, true lumen; FLT, false
lumen thrombosis. *Association between morphological feature change over time
and time to occurrence of an LAE corrected for the baseline values of all other fea-
tures significant in the univariable analysis. The circumferential extent of FL was
omitted for reasons of collinearity.

TABLE E6. Association between change in area FLT adjusted for
baseline values of other features and the occurrence of LAEs

Multivariable
HR (95% CI)*

1.53 (1.25-1.88) <.001

Parameter P value

FLT area, cm?

Baseline values

0.67 (0.48-0.93) .017
1.49 (1.03-2.17) .036
0.98 (0.96-1.00) .069
0.87 (0.62-1.23) 438
0.74 (0.48-1.13) 164
HR, Hazard ratio; CI, confidence interval; FLT, false lumen thrombosis; 7L, true
lumen; FL, false lumen. *Association between morphological feature change over
time and time to occurrence of an LAE corrected for the baseline values of all other
features significant in the univariable analysis. The circumferential extent of FL was
omitted for reasons of collinearity.

Maximum major aortic diameter, mm
Maximum minor aortic diameter, mm
Circumferential extent of TL, ©

Area FL area, cm?

Total area, cm®

HR, Hazard ratio; CI, confidence interval; TL, true lumen; FL, false lumen; FLT, false
lumen thrombosis. *Association between morphological feature change over time
and time to occurrence of an LAE corrected for the baseline values of all other fea-
tures significant in the univariable analysis. The circumferential extent of FL was
omitted for reasons of collinearity.
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