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Abstract

Background: There is emerging evidence to support pre-emptive thoracic endovascular aortic repair (TEVAR) intervention
for uncomplicated type B aortic dissection (unTBAD). Pre-emptive intervention would be particularly beneficial in patients
that have a higher baseline risk of progressing to complicated TBAD (coTBAD). There remains debate on the optimal clinical,
laboratory, morphological and radiological parameters which would identify the highest-risk patients that would benefit most
from pre-emptive TEVAR. Aim: This review summarises evidence on the clinical, laboratory, and morphological parameters
that increase the risk profiles of unTBAD patients. Methods: A comprehensive literature search was carried out on multiple
electronic databases including PubMed, EMBASE, Ovid and Scopus in order to collate all research evidence on the the clinical,
laboratory, and morphological parameters that increase the risk profiles of unTBAD patients Results: At present, there are
no clear clinical guidelines using risk-stratification to inform the selection of unTBAD patients for TEVAR. However, there
are noticeable literature trends that can assist with the identification of the most at-risk unTBAD patients. Patients are at
particular risk when they have refractory pain and/or hypertension, elevated C-reactive protein (CRP), larger aortic diameter
and larger entry tears. These risks should be considered alongside factors that increase the procedural risk of TEVAR to create
a well-balanced approach. Advances in biomarkers and imaging are likely to identify more pertinent parameters in future to
optimise the development of balanced, risk-stratified treatment protocols. Conclusion: There are a variety of risk profiling
parameters that can be used to identify the high-risk unTBAD patient, with novel biomarkers and imaging parameter emerging.
Longer-term evidence verifying these parameters would be ideal. Further randomized controlled trials and multicentre registry
analyses are also warranted to guide risk-stratified selection protocols.
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Abstract

Background: There is emerging evidence to support pre-emptive thoracic endovascular aortic repair
(TEVAR) intervention for uncomplicated type B aortic dissection (unTBAD). Pre-emptive intervention
would be particularly beneficial in patients that have a higher baseline risk of progressing to complicated
TBAD (coTBAD). There remains debate on the optimal clinical, laboratory, morphological and radiological
parameters which would identify the highest-risk patients that would benefit most from pre-emptive TEVAR.

Aim: This review summarises evidence on the clinical, laboratory, and morphological parameters that
increase the risk profiles of unTBAD patients.

Methods: A comprehensive literature search was carried out on multiple electronic databases including
PubMed, EMBASE, Ovid and Scopus in order to collate all research evidence on the the clinical, laboratory,
and morphological parameters that increase the risk profiles of unTBAD patients

Results: At present, there are no clear clinical guidelines using risk-stratification to inform the selection
of unTBAD patients for TEVAR. However, there are noticeable literature trends that can assist with the
identification of the most at-risk unTBAD patients. Patients are at particular risk when they have refractory
pain and/or hypertension, elevated C-reactive protein (CRP), larger aortic diameter and larger entry tears.
These risks should be considered alongside factors that increase the procedural risk of TEVAR to create a
well-balanced approach. Advances in biomarkers and imaging are likely to identify more pertinent parameters
in future to optimise the development of balanced, risk-stratified treatment protocols.

Conclusion: There are a variety of risk profiling parameters that can be used to identify the high-risk
unTBAD patient, with novel biomarkers and imaging parameter emerging. Longer-term evidence verifying
these parameters would be ideal. Further randomized controlled trials and multicentre registry analyses are
also warranted to guide risk-stratified selection protocols.
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Introduction

Uncomplicated type B aortic dissection (unTBAD) is estimated to constitute 75% of type B aortic dissection
(TBAD) cases, with up to 50% of those progressing to become complicated. Despite this, and even though
thoracic endovascular aortic repair (TEVAR) has proven its safety and effectiveness in the treatment on
unTBAD, it is still being managed conservatively with optimal medical therapy (OMT). However, with
the surge of emerging evidence in the literature supporting the use of pre-emptive TEVAR in unTBAD,
the paradigm of clinical practice is shifting (1). Yet, there seems to be a strong debate on the optimal
clinical, laboratory, morphological and radiological parameters defining the intervention threshold in clinical
guidelines.

This review will discuss current literature pertaining to the risk factors in unTBAD patients undergoing
TEVAR, with a focus on clinical, laboratory and morphological/radiographic features that increase the risk
profiles of unTBAD patients. In the absence of clear clinical guidelines, a stratification scheme to identify
and managed more vulnerable acute unTBAD patients with TEVAR is presented which could be executed
using the risk factors identified in this review.

Clinical parameters

One of the most important clinical parameters to control in unTBAD is the heart rate, as when this exceeds
60 bpm in unTBAD patients it could lead to poorer long-term outcomes. Kodama et. al (2) observed
lower rates of aortic events in OMT managed unTBAD patients with heart rate controlled at < 60 bpm
(OR 0.25, p = 0.0059) (2). Surgical intervention was also lower at < 60 bpm versus > 60 bpm (0% versus
18.7%, P = 0.005) (2). The patient’s perception of pain also warrants caution. It is imperative to be
vigilant of rarer absences of chest pain on admission, as this has been significantly associated with increased
in-hospital mortality (OR 3.49, p = 0.01) (3). Even after OMT management, recurrent and/or refractory
pain or refractory hypertension must be carefully observed. These parameters appear to elevate the risk
of in-hospital mortality (17.4% versus 4%, p = 0.0003), and multivariate analysis showed are significant
predictors of in-hospital mortality (OR 3.31, 95% CI 1.04 - 10.45, p = 0.041) (3).

Laboratory parameters

Certain blood tests are likely to have predictive and non-predictive values for aortic enlargement, and these
will only be confirmed in studies that feature longer-term follow-ups. C-Reactive Protein (CRP) elevation
is common in patients with TBAD and usually peaks between days 3-6 after the index event. Peak CRP,
which needs to be obtained more than for reliable risk assessment (4), has been strongly linked to long-
term adverse events in patients with unTBAD and could therefore be used as a prognostic marker. In a
comparative study, a mean CRP levels of 12.0 mg/dL (with a lower limit of 9.61 mg/dL) and 19.5 mg/dL
(with a lower limit of 14.90 mg/dL) were shown to be strong predictors of adverse events (HR 3.25, p =
0.01) (HR 6.02, p = 0.0001). This has been corroborated by others who demonstrate that CRP levels > 15.0
mg/dL may independently predict aortic events (OR 4.199, 95% CI 0.76 - 23.19, p = 0.1) (5). Peak CRP
has been identified as a significant predictor of lower PaO2/FiO2 ratio which usually necessitates mechanical
ventilation and is associated with further complications (6). However, as CRP is a non-specific marker, its
utility in predicting the extent of aortic dissection may be limited by confounding inflammatory processes.

Fibrin degradation products (FDPs) may also be of prognostic value and appear to share a relationship
with the patency and thrombotic status of the false lumen (FL) (7). The status of the FL is a known
mortality determinant (8). Tsai et. al (8) previously found ± 3-year mean (± SD) mortality rates to be
greatest in patients with partial FL thrombosis (31.6 ± 12.4 %) than those with patent (13.7 ± 7.1 %) or
completely thrombosed FL (22.6 ± 22.6 %, p = 0.003). Nagaoka et. al (7) then found that FDP levels were
significantly higher in patients with partial FL thrombosis (35.8 ± 43.2, median 18.8 μg/mL) versus those
with patent or completely thrombosed FL (14.0 ± 21.3, median 5.5 μg/mL, p = 0.01). FDP may predict
1-year aortic events when admission levels are [?] 20 μg/mL (OR 7.8, 95% CI 1.4 - 43.3), and can further
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. assist radiological findings in the recognition of FL partial thrombosis (5, 7). Aortic enlargement, however,
was not associated with platelet count, D-dimer, and thrombin-antithrombin III complex (5). The follow-up
interval in this study (5) was only 1 year and therefore long-term significance remains elusive. FDP is also
not easily measured in emergency settings and may therefore be less accessible for some institutions.

Troponin could be also used as a laboratory parameter in unTBAD by approximating the extent of ischaemic
myocardial injury. Demand-ischaemia can occur due to blood pressure fluctuations, aortic regurgitation or
an intimal flap covering the coronary ostia. Elevated troponin levels have been shown to be significantly
associated with a higher risk for short-term mortality (OR 2.57, 95% CI 1.66 - 3.96) (9).

Morphological and radiologic parameters

Anatomic risk-stratification is currently the mainstay of TBAD assessment. Many morphological features
have been noted that may lead to further aortic degeneration and secondary emergencies, including aortic
morphology and diameter (10-14), position and size of entry tear (15, 16), and FL diameter and patency
(12-14, 17, 18).

Aortic diameter

Aortic diameter has been reported as the most sensitive independent risk factor (HR 8.6, p < 0.01) for
mortality in unTBAD (19). Strikingly, intervention rates at 1-, 5-, and 10- years in patients with an aortic
diameter > 44mm were 18.8%, 29.5% and 50.3% versus 4.8%, 13.3% and 13.3% in those < 44mm (p < 0.01).
Overall survival is illustrated in Figure 1 (19). Others have also described aortic diameter > 40 mm as
predictor for late aortic events (HR 3.18, 95% CI 2.12 to 5.05, p < 0.001) (12) and > 40 mm is generally
regarded as the cut-off for predicting late aortic intervention (15, 20).

The morphology of aortic diameter is also dictated by interplaying pressure relationships between the TL and
FL. Clearly demarcated circular FL configurations are more highly pressurised due to their blood volumes.
The fragility of the vessel wall in these “fusiform”- shaped aortas likely contributes to dilatation (12). Some
have suggested that a circular FL may cause an elliptic TL configuration that has been associated with
adverse aortic growth based on results from a conservatively managed cohort (n = 62) (21). Similarly, Song
et. al (22) found increased FL: total aortic diameter ratios in the proximal and descending thoracic aortas
of patients showing aortic growth during their follow-up. Radiology metrics have been proposed that could
guide quantification. Marui et. al (12) suggested that a fusiform index of 0.64 could be an independent
predictor of adverse aortic events. Briefly, the radiologic formula is defined as A / (B+C) where A is the
maximum diameter of the proximal descending aorta, B is the diameter of the distal aortic arch, and C is
the diameter of the descending aorta at the anatomical level of the main pulmonary artery.

It is likely that advancing MRI techniques will improve understanding of aortic diameter changes. Sailer et.
al (23) devised the “FL circumferential extent” (FL-CE) metric which, unlike the conventional metrics of
FL diameter and volumes, is unaffected by the position of the aortic dissection membrane. The FL-CE itself
is defined as the angular distance between the two FL insertion points in the intimal flap - an angle more
than 249° was found to be an independent predictor of adverse aortic events.

4
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Figure 1. Kaplan-Meier curve for overall survival of 156 unTBAD patients retrospectively reviewed between
2000-2014, shown for total aortic diameter. Reproduced from Ray et. al (19) with permission from Elsevier.

4.2 Entry tear

Entry tears are to be considered based on their size, whether they are located at the outer (convexity) or
inner (concavity) circumference of the distal aortic arch, and their proximity to the LSA. Entry tears >10mm
have been shown to have a greater aortic growth rate and incidence of dissection-related complications (HR
= 5.8) than patients with an entry tear of < 10mm (16). Intuitively, larger entry tears mean more blood flow
in the FL (discussed later) which is a well-documented predictor of wall growth (12-14, 18, 24, 25). A single
entry tear produces a more pressurised avenue than multiple tears for blood which accelerates aortic growth
(21). Specifically, patients with one entry tear showed an aortic growth rate of 5.6 ± 8.9mm/year versus
those with two tears (2.1± 1.7 mm/year) and three tears (2.2 ± 4.1 mm/year) (21). The actual mechanism
for this finding is misunderstood, although a haemodynamic ex-vivo study suggested that inner tears (IT)
(Fig. 2A ) cause significant elevation of the diastolic pressure (DP) in the FL (26).

Greater FL volumes are more likely to retrogradely propagate and manifest as acute coTBAD. Literature
suggests that this manifestation is more common with ITs (Fig. 2A ) than outer tears (OT) (Fig. 2B ) (21,
26-29). Loewe et. al (27) reported 61% (IT; n = 23) vs 21% (OT; n = 42) incidences of primary coTBAD
(p = 0.003). Tolenaar et. al (21) similarly compared differences in aortic growth rates. Growth rates in the
IT group (n = 53) was 4.6 ± 9.6 (SD) mm/yr versus 2.9 ± 5.1 mm/yr in the OT group (n = 187) (21).
Nonetheless, OTs appear to be of particular risk when within 5cm of the LSA based on the likelihood of
forming an additional false lumen (30). Patients with 1 entry tear located within 5 cm of the LSA showed
significantly more growth than their counterparts (5.8 ± 7.7 versus 2.5 ± 2.7 mm/yr; p = 0.003) (30).
LSA coverage is a significant independent risk factor for dissection related death (HR = 5.6) (25) and more
recently, for failing OMT (16, 31). Codner et. al (31) showed that aortic growth (n = 72) versus non-aortic
growth (n = 49) patients had their median entry tears respectively located 27mm [9 to 66 mm] versus 77mm
[26 to 144 mm] from the LSA; 53% of the growth group required open surgical repair/TEVAR vs 0% in the
non-growth group (31).
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Figure 2. Main classification of the acute TBAD primary entry tear positions. Inner (concave) (A ) primary
entry tears (IT) occur at the inner circumference of the distal aortic arch and are unopposed to retrograde
sequelae in the aortic arch and ascending aorta. Outer (convex) (B ) primary entry tears (OT) occur at the
outer circumference of the distal aortic arch and are opposed to retrograde sequelae by the left subclavian
artery. Adapted and reproduced from Loewe et. al (27) with permission from Elsevier.

4.3 False Lumen

Based on the proven risk of complications and death associated with the position of the entry tear, FL position
is also an important consideration alongside it’s diameter, configuration, and whether it is thrombosed. A
FL diameter of 22mm at the upper descending thoracic aorta is a significant (p < 0.001) independent risk for
aneurysmal change and subsequent death. Furthermore, it is able to predict late aneurysm formation with
100% sensitivity and 76% specificity (22), although some studies have found it to be an insignificant marker
of mortality (Figure 3 ) (19). Further growth of the FL is more likely in cases where there are many patent
FL segments, which are typically found in younger patients with longer segments of the dissected aorta (32).
A patent FL inflicts hemodynamic stress onto the aortic wall, which is likely to cause progressive growth of
the segment. False lumen patency is therefore widely accepted as an independent predictor of aortic growth
(12-14, 17, 18), and there appear to be corroborating findings which suggest that aortic growth is reduced
when the FL is completely thrombosed FL (14, 25). Partial thrombosis is predictive of aortic growth (21,
33) and post-discharge mortality (outlined earlier in the context of FDPs) (8).
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Figure 3. Kaplan-Meier curve for overall survival of 156 unTBAD patients retrospectively reviewed between
2000-2014, shown for false lumen diameter. Reproduced from Ray et. al (19) with permission from Elsevier.

Risk stratification

5.1. TEVAR risks and risk mitigation

TEVAR remains an imperfect procedure. Early survival in unTBAD patients receiving OMT is ± 90% (34,
35) which is appreciably lower than patients managed with TEVAR (36-40). Nonetheless, 30-40% (36, 41,
42) of surviving patients will experience aneurysmal dilatation or dissection progression despite being under
cautious clinical surveillance which could mandate downstream TEVAR intervention. TEVAR is associated
with moderate risk of ischemic stroke and spinal cord ischemia (SCI) / paraplegia even when preventative
actions (e.g., CSF drainage) are taken (43, 44). A recent multicentre study found an incidence of SCI post-
TEVAR is ± 3.6% with ± 60% being permanent (45). In addition to CSF drainage (46), other potentially
more effective strategies to reduce paraplegia risk include permissive hypertension and left subclavian re-
vascularization (47). Further trials using these strategies to characterise TEVAR outcomes are warranted.
Accordingly, a list of significant SCI-predicting factors (45) is shown inTable 1 .

The aetiology and management of TEVAR-related stroke is still not fully understood and further evidence
can add value to the management approach. The MOTHER registry reports a higher incidence of TEVAR-
related strokes in procedures where endovascular stent extends to cover the left subclavian artery (LSA),
which usually manifests as posterior territory strokes and may cause left upper limb ischemia (48, 49).
However, other aetiologies may be present due to the increased embolic load during the procedure which
usually leads to middle cerebral artery territory strokes (50). Nonetheless, a recent observational study
showed non-significant association between LSA revascularization and SCI (p = 0.58) or stroke (p = 0.37)
incidence in patients undergoing TEVAR (51).

Other less commonly reported post-procedural complications include acute myocardial infarction, left upper
limb ischemia, acute kidney injury, malperfusion, access-related pseudoaneurysm, or groin hematoma (38,
51). Aorta-specific TEVAR-related complications including retrograde type A aortic dissection (RTAD) and
stent graft-induced new entry (SINE) are serious TEVAR-related complications. RTAD has an incidence of
2.5% and a mortality rate of up to 37.1%. (52). The incidence of RTAD is higher in patients undergoing acute
procedures, whereas SINE occurs with higher incidence in chronic procedures. Incidence of these TEVAR-
related complications and associated mortality can be reduced with using more appropriately sized stents and
better developed aortic facilities (53, 54). Other aorta specific post-TEVAR complications include rupture,
endoleaks, or stent failure, which are usually managed by reinterventions (55). Therefore, pre-procedural risk
identification, interventional expertise, choice of appropriate stents, and the availability of well-developed

7
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. aortic centres are necessary factors when offering early TEVAR for patients with unTBAD to achieve optimal
outcomes.

Table 1 . Predictor of increased risk for spinal cord ischemia for TEVAR procedures reported by Mousa et.
al (45).

Predictor of increased risk Hazard Ratio [95% CI]
Age by decade 1.2 [1.0-1.4]
Current smoker 1.6 [1.1-2.2]
Emergent or urgent surgery 1.5 [1.1-2.1]
Adjunct aorta-related procedure 2.5 [1.6-3.8]
Adjunct procedure not aortic related 2.6 [1.4-4.9]
ASA Class > 3 1.6 [1.1-2.3]
Total estimated length of the aortic device (19-31 cm, HR 1.9) ([?] 32 cm, HR 3.0)
Procedure time [?] 154 minutes 1.8 [1.3-2.5]
eGFR [?] 60 * High-volume centres * 0.6 [0.4-0.8]
CI; Confidence Interval, ASA; American Society
of Anaesthesiologists, eGFR; estimated
Glomerular Filtration Rate, *Associated with
lower risk of SCI

CI; Confidence Interval, ASA; American Society
of Anaesthesiologists, eGFR; estimated
Glomerular Filtration Rate, *Associated with
lower risk of SCI

5.2. Proposed management of unTBAD patients

TEVAR is the treatment of choice in coTBAD (ESC guidelines: class I, level of evidence C) (46) for patients
with appropriate anatomy (46, 56, 57). It is most effective for aortic remodelling unTBAD in the acute
and subacute stages (1), and is also recognised as a treatment to prevent future aortic complications in
unTBAD (ESC guidelines: class IIA, level of evidence B) (46). Therefore, the most pertinent risk factors
for unTBAD progression to coTBAD should inform candidate selection for TEVAR. At present, there are
no clear clinical guidelines using risk-stratification to inform the selection of unTBAD patients for TEVAR.
A recent systematic review and meta-analysis (58) has also highlighted that reporting of false lumen status,
aortic diameters and growth, and demographic data has not always been congruent with the most recent
recommendations published by the Society for Vascular Surgery and Society of Thoracic Surgeons (59). Given
that these recommendations are adhered to in future, discussion on optimal unTBAD patient selection for
TEVAR will become increasingly granular and allow for the formulation of strong evidence-based guidelines.

In the interim, we reason that the risks quantified in Tables 2 & 3 could inform the execution of the
treatment algorithm shown inFigure 4 . It is imperative to focus on high-risk imaging features identified
in Table 3 (e.g., primary entry tear diameter >10 mm, initial total aortic diameter [?] 40 mm, false lumen
[?] 22 mm, patent false lumen) which are likely to indicate unstable disease in apparently clinically stable
patients (36, 42, 60). If the imaging features are present, demographic, clinical and laboratory parameters
(Table 2 ) could then be considered.Figure 4 outlines a pragmatic approach towards TEVAR intervention
given its procedural risks and requirement for specialist aortic care; thorough patient imaging could guide
the selection of patients at high risk of disease progression for deferred endovascular treatment within the 14
to 90 day subacute phase which appears to be the optimal TEVAR intervention time (1). Moreover, specific
subsets of acute unTBAD patients that are at high risk of developing downstream aortic complications may
qualify for early prophylactic endovascular therapy.

Table 2. Clinical and laboratory parameters in unTBAD patients that could be used to predict need for
intervention. HR: Hazard ratio; OR: Odds Ratio; FDP: Fibrin degradation products.
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. Category Predictive
feature,
with
parameter
change
(where
applicable)

Predictive
feature,
with
parameter
change
(where
applicable)

Magnitude
of Risk

[95% CI] P value(s) References

Clinical Heart rate >
60 beats per
minute

Heart rate >
60 beats per
minute

HR, 0.25 ++ [0.08 to 0.77] 0.01 (2)

Refractory
pain
Refractory
hypertension

Refractory
pain
Refractory
hypertension

HR, 3.31 * [1.04 to 10.45] 0.041 (3)

Laboratory Peak CRP
level
(mg/dL)

> 9.6 HR, 3.25 *** [1.37 to 7.71] 0.01 (4)

> 14.9 HR, 6.02 *** [2.44 to
14.87]

0.0001

FDPs FDPs OR, 7.8 ¥ [1.4 to 43.3] —- (5)
Elevated
cardiac
troponin

Elevated
cardiac
troponin

OR, 2.57 ** [1.66 to 3.96] —- (9)

Predictive of
in-hospital
mortality;
**
Predictive of
post-
discharge
mortality;
***
Predictive of
adverse
events; ++
Predictive of
dissection-
related
event; ¥
Predictive of
aortic
intervention
at > 6
months.

* Predictive
of
in-hospital
mortality;
**
Predictive of
post-
discharge
mortality;
***
Predictive of
adverse
events; ++
Predictive of
dissection-
related
event; ¥
Predictive of
aortic
intervention
at > 6
months.

* Predictive
of
in-hospital
mortality;
**
Predictive of
post-
discharge
mortality;
***
Predictive of
adverse
events; ++
Predictive of
dissection-
related
event; ¥
Predictive of
aortic
intervention
at > 6
months.

* Predictive
of
in-hospital
mortality;
**
Predictive of
post-
discharge
mortality;
***
Predictive of
adverse
events; ++
Predictive of
dissection-
related
event; ¥
Predictive of
aortic
intervention
at > 6
months.

* Predictive
of
in-hospital
mortality;
**
Predictive of
post-
discharge
mortality;
***
Predictive of
adverse
events; ++
Predictive of
dissection-
related
event; ¥
Predictive of
aortic
intervention
at > 6
months.

* Predictive
of
in-hospital
mortality;
**
Predictive of
post-
discharge
mortality;
***
Predictive of
adverse
events; ++
Predictive of
dissection-
related
event; ¥
Predictive of
aortic
intervention
at > 6
months.

* Predictive
of
in-hospital
mortality;
**
Predictive of
post-
discharge
mortality;
***
Predictive of
adverse
events; ++
Predictive of
dissection-
related
event; ¥
Predictive of
aortic
intervention
at > 6
months.

Table 3 . Morphological / radiographic parameters in unTBAD patients that could be used to predict need
for intervention. HR: Hazard ratio; OR: Odds ratio; RR: Relative risk; FL: False lumen; OT: Outer tear;
LSA: Left subclavian artery.
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Category

Predictive
feature, with
parameter
change
(where
applicable)

Magnitude
of risk [95% CI] P value(s) References

Tear-related Large entry
tear located in
the proximal
part of the
dissection

OR, 2.1 ¥ [1.5 to 3.8] 0.03 (15)

HR, 5.8 ++ [3.3 to 10] < 0.001 (16)
Single entry
tear

—- —- —- (21, 30)

False
lumen/intimal
tear located in
the inner
aortic
curvature

HR, 1.8 § [1.0 to 3.2] —- (27)

OTs within
5cm of the
LSA

—- —- —- (25)

Aortic
anatomy
related

Aortic
diameter
during acute
phase

HR, 3.18 ¥ [2.12 to 5.05] < 0.001 (12)

HR, 8.6 (> 44

mm) **

—- < 0.01 18

Circular-
shaped TL (vs
elliptic)

HR, -2.83 ¶ [-5.35 to
-0.321]

0.027 (21, 22)

Fusiform index HR, 2.73 ¥ [1.85 to 4.60] 0.13 (12)
False lumen
related

Proximal
descending
thoracic aorta
FL diameter ≥
22 mm on
initial imaging

—- —- —- (22)

Patency HR, 2.59 + HR,
1.87 ++

[1.01 to 6.12]
[1.12 to 3.13]

—- —- (14)

HR, 5.6 + HR,
7.6 ++

[1.1 to 28] [2.7 to
22]

0.038 0 (24)

Partial
thrombosis

RR, 2.69 ** [1.45 to 4.98] 0.002 (8)

FL
circumferential
extent (FL-CE)

HR, 1.03 ++ per
degree

[1.01 to 1.04] 0.003 (23)
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Category

Predictive
feature, with
parameter
change
(where
applicable)

Magnitude
of risk [95% CI] P value(s) References

Vessels
originating
from the false
lumen

HR, 22.1 ¤ [1.01 to 481.5] 0.049 (32)

Initial large
thickness

HR, 1.50 *** [1.15 to 1.95] < 0.001 (61)

Saccular false
lumen

—- [2.07 to 7.81]
¶¶

0.001 (21)
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Category

Predictive
feature, with
parameter
change
(where
applicable)

Magnitude
of risk [95% CI] P value(s) References

Predictive of
in-hospital
mortality; **
Predictive of
post-discharge
mortality; ***
Predictive of
adverse events;
+ Predictive
of dissection-
related death;
++ Predictive
of dissection-
related event;
§ Predictive of
primary or
secondary
development
of acute
coTBAD; ¥
Predictive of
aortic
intervention at
> 6 months; ¤
Predictive of
false lumen
growth; ¶

Predictive of
significantly
decreased
aortic growth
rate; ¶¶

Predictive of
significantly
increased
aortic growth
rate.

* Predictive of
in-hospital
mortality; **
Predictive of
post-discharge
mortality; ***
Predictive of
adverse events;
+ Predictive
of dissection-
related death;
++ Predictive
of dissection-
related event;
§ Predictive of
primary or
secondary
development
of acute
coTBAD; ¥
Predictive of
aortic
intervention at
> 6 months; ¤
Predictive of
false lumen
growth; ¶

Predictive of
significantly
decreased
aortic growth
rate; ¶¶

Predictive of
significantly
increased
aortic growth
rate.

* Predictive of
in-hospital
mortality; **
Predictive of
post-discharge
mortality; ***
Predictive of
adverse events;
+ Predictive
of dissection-
related death;
++ Predictive
of dissection-
related event;
§ Predictive of
primary or
secondary
development
of acute
coTBAD; ¥
Predictive of
aortic
intervention at
> 6 months; ¤
Predictive of
false lumen
growth; ¶

Predictive of
significantly
decreased
aortic growth
rate; ¶¶

Predictive of
significantly
increased
aortic growth
rate.

* Predictive of
in-hospital
mortality; **
Predictive of
post-discharge
mortality; ***
Predictive of
adverse events;
+ Predictive
of dissection-
related death;
++ Predictive
of dissection-
related event;
§ Predictive of
primary or
secondary
development
of acute
coTBAD; ¥
Predictive of
aortic
intervention at
> 6 months; ¤
Predictive of
false lumen
growth; ¶

Predictive of
significantly
decreased
aortic growth
rate; ¶¶

Predictive of
significantly
increased
aortic growth
rate.

* Predictive of
in-hospital
mortality; **
Predictive of
post-discharge
mortality; ***
Predictive of
adverse events;
+ Predictive
of dissection-
related death;
++ Predictive
of dissection-
related event;
§ Predictive of
primary or
secondary
development
of acute
coTBAD; ¥
Predictive of
aortic
intervention at
> 6 months; ¤
Predictive of
false lumen
growth; ¶

Predictive of
significantly
decreased
aortic growth
rate; ¶¶

Predictive of
significantly
increased
aortic growth
rate.

* Predictive of
in-hospital
mortality; **
Predictive of
post-discharge
mortality; ***
Predictive of
adverse events;
+ Predictive
of dissection-
related death;
++ Predictive
of dissection-
related event;
§ Predictive of
primary or
secondary
development
of acute
coTBAD; ¥
Predictive of
aortic
intervention at
> 6 months; ¤
Predictive of
false lumen
growth; ¶

Predictive of
significantly
decreased
aortic growth
rate; ¶¶

Predictive of
significantly
increased
aortic growth
rate.
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Figure 4. Possible TBAD treatment selection algorithm. Similarly reported by Tadros et. al (60). + Based
on data summarised inTable 2 ; ++ Based on data summarised in Table 3 .

Future directions

Next-generation biomarkers

Specific biomarkers for tissue inflammation, matrix degeneration, and fibrinolysis are increasingly encroach-
ing into the clinical realm to better inform current predictors of unTBAD deterioration. There seems to be
growing evidence for a role for these novel serologic markers in predicting the development of thoracic aortic
aneurysm – many of these are elusive based on small sample studies although CRP and TGF-β appear to
be of value (62). More recently, immunological metrics - such as neutrophil-lymphocyte ratio (NLR) (63),
monocyte to high-density lipoprotein ratio (64, 65), and long ncRNAs (e.g. LUCAT1) (66) - have all been
suggested and further study in these areas is warranted.

Imaging advances

There are known limitations to measuring the diameters of true and false lumens as a means of characterising
aortic remodelling and predicting aortic enlargement. The index CT scans could be volumetrically analysed
and the ratio of true lumen volume (TLV) to false lumen volume (FLV) used to predict eventual aortic
intervention (67). TLV/FLV < 0.8 (OR = 12.2; 95% CI 5-26; p < 0.001) is reportedly highly predictive of
aortic intervention whereas > 1.6 is highly predictive of freedom from aortic intervention (67). Incorporating
personalized hemodynamic parameters in patient risk stratification could also offer prognostic value. 4D-
MRI could detect flow patterns in both lumens and the entry tear, and recent clinical guidelines suggest
that these non-invasive methods can be used to deliver additional quantitative information about the flow
in the entry tear, and on whether or not arterial vessels are involved (56, 68, 69). 4D-MRI imaging has
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. demonstrated that flow velocity, configuration (e.g., helical), and stroke volume are related to the rate of
aortic expansion (70, 71). Since it is challenging to accurately standardize these parameters between patients
based on differential aortic morphologies, patient-specific approaches must be used to utilize 4D-MRI for
both predicting aortic expansion and as a tool for selecting patients who may require additional procedures
based on their clinical conditions (e.g. organ malperfusion) (72, 73). Other innovations such as multidetector
CT, high-resolution ultrasound including color-coded Doppler, and contrast-enhanced B-mode imaging have
also been reported that may be used to enhance aortic care (74).

Conclusions

TEVAR has enriched the surgical armamentarium to treat acute and subacute TBAD and has reached mat-
uration as a baseline strategy in many patients. A specific subset of acute unTBAD patients at greater risk
for developing aortic complications should be strongly considered for timely prophylactic TEVAR interven-
tion. There are a variety of demographic, clinical, laboratory and radiographic/morphological risk factors to
consider when selecting these patients. To guide selection, the principles of the treatment scheme presented
in this review could be used. The scheme could be refined in future as the reporting of risk quantification
ratios across the literature becomes more consistent, and advances in biochemistry and imaging techniques
progressively enter the clinical arena. Selection of high-risk patients should also be further informed with
randomized controlled trials and multicentre registry analyses.
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