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ABSTRACT

Background
The use of thoracic endovascular aortic repair (TEVAR) for the management of uncomplicated type B aortic dissection (un-TBAD) remains controversial. There is a lack of consensus over whether pre-emptive TEVAR should be carried out in patients with un-TBAD at risk of progression to complicated TBAD. We present a review of current evidence and seek to suggest criteria where endovascular intervention in un-TBAD may prove beneficial relative to pharmacotherapy alone.

Methods and Materials
PubMed and Cochrane databases were searched using terms including: type B aortic dissection, risk factors, medical therapy, TEVAR, false lumen expansion, and mortality. Papers were selected based on title and abstract. 

Results
Optimal medical therapy remains the mainstay treatment for patients with un-TBAD, however patients with un-TBAD present with varying degrees of disease progression risk. Factors such as age, aortic morphology, history of connective tissue disorders, false lumen thrombosis, and aortic branch involvement may potentiate progression from un-TBAD to complicated TBAD. Short- and long-term outcomes associated with TEVAR for TBAD remain promising. 

Conclusion
Pre-emptive TEVAR may be beneficial in patients with un-TBAD presenting with the above factors, however further prospective research into the optimal timing for TEVAR in un-TBAD is required.  

1. BACKGROUND

Stanford Type B aortic dissections (TBAD) originate distal to the left subclavian artery (LSA) and are thought to account for up to 40% of cases of aortic dissection. TBAD can be described as complicated TBAD (co-TBAD) when associated with clinical manifestations such as neurological deficit, spinal cord ischaemia, refractory pain, and limb or end-organ malperfusion. Co-TBAD is often also characterised by evidence of dissection propagation or impending rupture on imaging.1 Uncomplicated TBAD (un-TBAD), on the other hand, is typified by haemodynamic stability and the absence of such manifestations. These sub-categorisations have immense significance towards guiding management; as the in-hospital mortality rate is considerably greater in those with co-TBAD compared to those with un-TBAD (50% and 10% respectively).2 Paradoxically, however, the management of patients with un-TBAD – who do not exhibit signs of urgent deterioration and are considered more clinically stable than those with co-TBAD – is more nuanced and subject to debate.
 
Internationally, guidelines for managing TBAD vary and is generally guided by factors such as complicated/uncomplicated status, haemodynamic stability, and likelihood of immediate deterioration. The management of TBAD typically includes a form of optimal medical therapy (OMT), and depending on the aforementioned factors, aortic repair.3 Thoracic endovascular aortic repair (TEVAR) has gained immense popularity over the past two decades as it offers a minimally invasive alternative to extensively invasive open surgical repair of the descending thoracic aorta (DTA).4 Traditionally, un-TBAD tends to be managed conservatively via OMT alone, in the form of antihypertensive medication, with a view of limiting disease progression by attenuating haemodynamic stress exerted on the aortic intima.3 Surgical or endovascular repair is rarely performed in the early stages of un-TBAD, but is the mainstay definitive treatment for co-TBAD. It has been argued that patients with un-TBAD who are higher-risk are likely to progress to co-TBAD may benefit from pre-emptive endovascular repair to circumvent decompensation and its associated complications.3,5,6 Indeed, un-TBAD can be described as a precursor of co-TBAD – persistent false lumen (FL) patency and expansion, entry tear expansion and formation, and visceral malperfusion may result from suboptimal management of un-TBAD.7 Elective TEVAR for stable un-TBAD patients exhibiting predictors of progression from un-TBAD to co-TBAD is therefore worthy of consideration – benefits may include improved mortality and morbidity rates, quality of life, and event-free survival. 

The use of TEVAR in un-TBAD is controversial, and several unanswered questions persist. When should pre-emptive endovascular repair be indicated in un-TBAD? What is the ideal timing for such intervention?8 Would such a strategy have a favourable cost-benefit ratio? In light of these persisting factors and the paucity of clinical guidelines to inform such complex decision-making, an evidence-based, fully-informed renewal of our approach to the management of un-TBAD would be welcomed. This review evaluates the indications and criteria for pre-emptive endovascular repair in un-TBAD.

 


2. LITERATURE REVIEW
2.1: Literature search strategy
Electronic searches were performed on PubMed and Cochrane databases with no limits placed on dates. Search terms included type B aortic dissection, risk factors, survival rates, medical therapy, thoracic endovascular aortic repair, false lumen expansion, false lumen thrombosis, rupture, and mortality. Search terms were charted to MeSH terms and combined using Boolean operations and also used as key words. Papers were selected based on title and abstract. The reference lists of selected papers were reviewed to identify any relevant papers that might be suitable for inclusion to the review, and also focusing to avoid publication bias and selection bias. 

2.2: Selection criteria
Research papers were not excluded based on study design except for case reports. Comments, opinions or editorials were not included in our selection, to mitigate bias. Papers were selected based on providing primary end points of criteria for intervention, death, rupture, or dissection and/or information regarding TBAD false lumen growth or propagation. Papers were not excluded based on patient population age.


3. TEVAR IN UNCOMPLICATED TBAD: WORTH THE RISK?

The United Kingdom admits an estimated 300 patients or more every year for TBAD, with this figure projected to increase to 550 in the near future.9 However, this patient demographic is complex, and patients and their cases present with varying complexities and nuances. Patients diagnosed with Un-TBAD can fall under one of many risk categories based on the case history, specific risk factors, and disease progression. Patients with increased risk factors such as age >60 on admission, false lumen size of >22mm and a maximum aortic diameter of >44mm are all at a significantly higher risk of requiring reintervention and faster progression to Co-TBAD.10 Furthermore, patients with increased aortic elasticity and false lumen thrombosis tend to progress into Co-TBAD rapidly and hence may require a corresponding change in their management. 
OMT is the current mainstay of treatment, which all patients with a diagnosed aortic dissection are placed on immediately. OMT has managed to maintain an annual survival rate of >80% however the long-term outcomes of elevated risk Un-TBAD patients treated only with OMT are not as optimistic. Patients consistently have suffered from persistent false-lumen perfusion and aneurysmal expansion of the false lumen leading to late complications.11 Thus, regardless of how tightly controlled a patient's physiological stress factors are there is still a significant chance that an Un-TBAD can become a Co-TBAD. With the suggestion of inevitable complication, one could question whether higher risk patients should also undergo TEVAR as preventative step while still stable. The benefits of the elective procedure in a stable patient could not only decrease the patient's mortality risk but also improve overall quality of life. Thus, posing the question as to whether TEVAR should be the mainstay treatment of Un-TBAD as well? 
Xiang et al discussed the increasing rate of surgical intervention for patients treated with OMT, as currently close to 75% of the patient population will develop a post dissection complication such as an aneurysm requiring future surgical intervention.12 This negates one of the most prominent arguments against the use of TEVAR for Un-TBAD, which is the potentially unnecessary surgical risk and the higher stroke rate.13 Hossack et al found that despite the increased risk of stroke, the combined interventional approach of TEVAR and OMT has significantly “reduced the risk of late all-cause mortality” and any aortic complications and adverse events.13 Multiple randomized control trials including Nienaber et al showed statistically significant reductions in late aortic adverse events in patients receiving TEVAR for Un-TBAD.13 Further, consideration should be given towards the temporal aspect of TEVAR for Un-TBAD. Jubouri et al. argues that endovascular intervention for Un-TBAD during the subacute (> 90 days) phase seems to be associated with improved overall outcomes relative to hyperacute or delayed intervention. Torrent et al., too, note that TEVAR for Un-TBAD between 1 and 14 days was associated with an increased risk of reintervention – likely because the patients included in this subset were necessarily more anatomically and physiologically high-risk to begin with.14 Wilson-Smith et al. notes that though TEVAR continues to be associated with a relatively high risk of reintervention, long-term outcomes remain favourable, and because the majority of reinterventions are managed endovascularly, patients tend to be spared entirely from open surgically intervention during the clinical course.15  
Therefore, proposing that preventative TEVAR may show better long-term outcomes for patients with lower re-intervention rates. However, to ensure the safest integration of TEVAR into treatment protocols patient risk needs to be stratified. The emphasis is placed on accurately gauging the relative risk of a patient progressing from Un-TBAD to Co-TBAD.16 This involves a thorough review of their current clinical condition, detailed history of the disease progression and associated comorbidities, and radiological tracking of the dissection. Considering the range of influencing factors in a patient with Un-TBAD a systematic approach like the algorithm proposed by Yuan et al, shows the immense potential for patients to benefit from early intervention with TEVAR. Their proposed model accounts for increasingly challenging situations such as a growing primary tear size, total aortic diameter, size of the false lumen and whether the tear is located at the base of the inner curvature. Algorithmic approaches could help define the future guidelines of care, which will help detect patients at a high risk of progressing from Un-TBAD to Co-TBAD and intervene promptly.16 Furthermore, this ensures that patients of a low-risk category don’t undergo unnecessary invasive intervention, when they can be best managed through OMT and are unlikely to benefit from TEVAR.16 

However, in order to develop a comprehensive set of treatment guidelines and build an appropriate intervention timeline for patients, a complex evidence-based approach is required. This involves larger scale randomized controlled trials and longitudinal studies analyzing the range of interventional outcomes and all cause morbidity and mortality. Furthermore, long term observational and qualitative studies can help guide the timeline of patient treatment and intervention to maximize patient recovery and minimize the impact on their daily lives. Given the complexity of the governance processes required to set these guidelines, in the current healthcare climate, an appreciation of these risk factors is even greater. Providing surgical centers with the information to identify high risk Un-TBAD patients early will not only improve outcomes but reduce stresses on the system. This paper hopes to address the current gap in evaluation of risk factors and other predispositions in forming the criteria to determine the utility in early intervention with TEVAR in Un-TBAD patients. Subsequent publications and research into this grey area of clinical decision-making will help inspire and drive the introduction of future guidelines into the risk stratification of patients and timely intervention. 


4. TEVAR FOR UNCOMPLICATED TBAD: A RISK-PREDICTION APPROACH TO PATIENT SELECTION

There is growing evidence that a subgroup of uncomplicated TBAD patients – those at a high risk of disease progression and adverse events – would benefit from early endovascular intervention. However, the criteria for its use in this context is unclear and poorly defined. Therefore, a risk prediction model which identified factors associated with increased disease progression and poor clinical outcomes, could be used to identify those patients who would most benefit from pre-emptive TEVAR, thus significantly improving survival in these patients. A summary of the risk factors discussed below can be found in Table 1.

The presence of connective tissue disorders, including Ehler-Danlos syndrome (EDS) and Marfan syndrome (MFS), has been identified as an key clinical predictor of adverse outcomes by several studies. Evangelista et al. found that MFS in patients with TBAD was associated with a 70% mortality rate at 10 years, with Ray et al. noting that connective tissue disorders significantly increase the likelihood of severe disease progression and complication by 2.3 times.17,18 The increased elasticity and flexibility in the aortic wall of such patients predisposes to aortic enlargement and dissection. Interestingly, age less than 60 is associated with an increased growth rate of the aorta – possibly because younger patients are less likely to exhibit structural changes to the aorta that decrease its elasticity, such as atherosclerosis.19,20 Further, Marui et. suggests that younger patients, compared to those in middle-to-advanced age, are more likely to have an undiagnosed/misdiagnosed connective tissue disorder.21 

Aortic atherosclerosis is another important predictor of mortality and complications among un-TBAD patients. The biophysical changes of the aortic wall, including reduced collagen and elastin synthesis, and decreased wall thickness, predisposes these patients to increased rates of FL expansion, aneurysmal formation, and rupture.22

Several radiological features have also been identified as major risk factors for complications in this subgroup of patients. Initial aortic diameter exceeding 40mm is widely described as an independent predictor of aortic expansion, late aortic events, reintervention, and mortality –patients with larger initial aortic diameters are more likely to reach a critical thoracic aortic diameter associated with substantially higher risk of aortic rupture and mortality.21,23-25 Indeed, aortic diameters greater than 55mm are associated with a 30% yearly risk of rupture with diameters greater than 60mm conferring to 11.8% yearly death – this trend is unsurprising considering Laplace’s law provides that as aortic luminal diameter increases, so too does the haemodynamic shear stress to which the aortic wall is exposed.26,27 Though the exact cut-off diameter is disputed, there is increasing consensus that patients with diameters less than 44mm should also be considered for TEVAR. 

FL diameters exceeding 22mm is also a significant predictor of adverse outcomes and aortic intervention. Song et al. reported FL diameter exceeding 22mm in the upper DTA to be an independent predictor for enlargement in addition to higher mortality rates; similarly Ray et al. report found lower intervention-free survival among this cohort.18,28 Compression of aortic TL by the FL, resulting in an elliptical TL and circular false lumen, is associated with increased FL growth and adverse events, as this configuration reflects greater haemodynamic pressure within the FL relative to the TL, subjecting it to stronger radial forces potentially leading to greater aortic enlargement.19 Conversely, however, a circular true lumen is a sign of decreased growth rate.

FL patency has consistently been associated with increased risk of aortic expansion and death. This state is associated with poor long-term outcomes with 30-60% survival at 10 years.29,30,31 However, recent evidence seem to suggest that FL patency is less dangerous than a partially thrombosed FL, as the patent FL is perfused and decompressed via distal re-entry sites. In partial thrombosis, occlusion of distal re-entry tears impedes outflow, significantly increasing mean arterial and diastolic pressures.22,32 Tsai et al. and Trimarchi et al. both found partial thrombosis of FL to be a predictive factor in mortality and aneurysmal outgrowth respectively.22  Tsai et al. found partial thrombosis had considerably worse 3-year mortality at 31.6% compared to 13.7% in patients with a patent FL.22 Partially thrombosed lumens also have a much lower 1-year survival of 64.8% vs 97-100% for patent false lumens.33,34

The number, size and location of entry tears all seem to influence aortic growth, and promote dissection expansion due to the increased blood flow from the TL into the FL.35 Evangelista et al. found the risk of negative outcomes increased with each millimetre increase in the size of entry tear. Evangelista et al. found entry tears greater than 10mm potentiated higher rates of dissection-related events.17 Patients with one entry tear show significantly higher rates of growth compared with multiple tears – this is thought to be due to the impaired outflow and turbulent blood flow associated with a single tear, which significantly increases stress on the aortic wall.36 Entry tears on the lesser curvature of the aortic arch have also been associated with aortic enlargement, development of complications, late intervention and aortic events.37,38 Furthermore, tears proximal to the left subclavian artery are also associated with greater adverse outcomes.36,39,40 Anatomical features of the aorta seem to play an important role – namely the curvature of the proximal aorta, compared to the straight, largely tubular, distal aorta. Numata et al. suggest that this feature increases wall shear stress in the proximal aorta, accelerating degeneration.41 Codner et al. concur and note the distance of entry tears from LSA was significantly shorter in patients with substantial aortic growth (27mm), compared to those without (77mm).42 However, Takashi et al. found no correlation between the location of proximal entry tears and rates of aortic free survival.43 

The number of vessels originating from the false lumen is also an independent predictor of false lumen growth. Side branch involvement implies that flow through the false lumen is sufficient – indicating a patent or only partially thrombosed false lumen.44,45 For example, the number of intercostal arteries arising from the dissected thoracic aorta, however, is a significant protective factor because of the natural fenestration created to allow additional outflow from the FL.46

The presence of these clinical and radiological features places un-TBAD patients at a higher risk of further disease progression and complications, therefore the presence of one or more of these features should warrant consideration of early TEVAR to prevent these catastrophic complications and improve outcomes.




5. CONCLUSION 
Over the past two decades, the use of TEVAR for the endovascular management of complex aortic pathologies has expanded rapidly. Within the context of TBAD, TEVAR has quickly joined OSR as one of the mainstays of treatment in complicated cases requiring urgent intervention. In contrast, the role of TEVAR in uncomplicated cases of TBAD remains less clear and is subject to debate. Patients with un-TBAD exhibiting key predictors for rapid disease progression, including large initial aortic diameters, partial FL thrombosis, and the absence of multiple entry tears may potentially benefit from preemptive endovascular management to attenuate the risk of further complications, decompensation, and mortality. While the data on the criteria and indications for TEVAR in un-TBAD is varied, the findings of the present review and novel evidence surrounding the optimal timing for TEVAR in TBAD highlight and emphasise the need for an evidence-based approach to patient selection for preemptive TEVAR. Such a framework would allow a more holistic and individualised approach to the management of such patients.
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