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Abstract

:

Intramural haematoma (IMH) of the aorta is one of the causes of acute aortic syndrome which often requires emergency or urgent life-saving surgery. In this review, we discuss the pathophysiology, epidemiology, clinical presentation, diagnostic imaging, surgery and clinical outcomes associated with IMH.
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1. Introduction


Aortic intramural haematoma (IMH) represents a subtype of the acute aortic syndromes (AAS), a group of vascular emergencies known to have lethal complications. IMH was first described by Krukenburg in 1920 when he observed aortic dissection without intimal disruption during a post-mortem examination. He was then led to believe that the haemorrhage was caused by the spontaneous rupture of vasa vasorum within the aortic wall [1]. Since then, IMH has been treated as a distinct entity from the other two components of AAS, aortic dissection (AD) and penetrating aortic ulcer (PAU). These three entities, however, are clinically indistinguishable and are associated with significant morbidity and mortality [2,3]. They are often non-exclusive of each other and complications usually develop as a result of the dynamic process of their pathophysiology [4].



IMH can be subdivided into two groups based on the Stanford classification, type A, which involves the ascending aorta, and type B, which is limited to the descending aorta [5]. This anatomical divide guides treatment strategy, with surgery being advocated for the majority of type A injuries, while type B injury may be managed medically or by thoracic endovascular aortic repair (TEVAR) [2]. Although its incidence has been reported to be lower than type B injury, type A IMH has a higher tendency toward complications and adverse outcomes, including aneurysm formation, progression to dissection, rupture and death [6,7,8]. Increased frequencies of pleural/pericardial effusion and cardiac tamponade are also observed in type A IMH [9,10]. Hence, emergency surgery is usually performed in these patients.



There is, however, ongoing debate regarding the surgical management of type A IMH, with studies demonstrating successful medical management and subsequent regression [11,12,13]. Where surgery is an option, the optimum timing for aortic repair from symptom onset remains unclear, and a reliable risk stratification tool to decide if surgical management is appropriate has yet to be introduced. Furthermore, the natural history and progression of type A IMH are not well elucidated, with the suggestion that it may represent early stages of AD or thrombosis of the false lumen in dissection [14].



We aim to characterise the high-risk features of type A IMH, its surgical management and clinical outcome in order to guide clinicians in risk stratification and in deciding whether a surgical approach is appropriate.




2. Epidemiology and Risk Factors


The reported prevalence of IMH varies widely and ranges between 5% and 20% of all AAS, with some studies reporting a prevalence of up to 40% [8,15]. This wide variation may be due to the difference in reported prevalence between eastern and western regions, which may be explained by the difference in diagnostic criteria or genetic variation and susceptibility. There may also be increased diagnostic awareness among clinicians in eastern regions, resulting in the detection and inclusion of more subtle cases [16]. The International Registry of Acute Aortic Dissection (IRAD), the largest AAS study to date in North America/European regions, reported an IMH prevalence of 6.3%, a figure much lower than that of eastern regions. The authors suggested that the difference may also be attributed to the development of AD at the time of transfer to tertiary centres and the possibility of IMH being unrecognised in community hospitals [17].



Compared to the other AAS, IMH tends to occur in older age groups and significant risk factors include male gender, long-standing hypertension and Marfan syndrome [6,7,8,10,18]. Other risk factors are similar to those in AAS, which include hyperlipidaemia, coronary artery disease, peripheral vascular disease, obesity, diabetes mellitus and smoking [7]. Type A IMH is less common than type B IMH, with a reported prevalence of 40%, compared to 60% in the latter [17]. However, patients with type A IMH are at higher risk of complication, with a higher percentage progressing to dissection and rupture [19].




3. Anatomy of the Aorta, Classification Systems and Diagnostic Modalities


Aortic pathologies are defined by the aortic segment(s) involved, the layer(s) affected, aortic diameter, wall thickness and subsequent development of complications. There are three main segments of the aorta: ascending aorta, aortic arch and descending aorta. The ascending aorta spans from the aortic annulus to the brachiocephalic trunk, which marks the start of the aortic arch. This second segment ends at the left subclavian artery, where it continues to the third segment, the descending thoracic aorta. The descending thoracic aorta enters the abdominal cavity, becoming the abdominal aorta, and terminates at the bifurcation of the common iliac arteries [2].



Shifting to the microanatomy of the aortic wall, this is divided into three distinct layers: intima, media and adventitia. The tunica intima, being the innermost layer, has direct contact with luminal blood. This is the thinnest layer, consisting of endothelial cells supported by connective tissue and an elastic lamina. The medial layer or tunica media is made up of collagen, smooth muscle cells and elastic tissue, providing the aorta’s vascular tone. The tunica adventitia is composed of mainly collagen and provides the aorta’s passive structural support [2]. Vasa vasorum, translated literally to “vessel of the vessels”, are the small arteries that form the vascular supply of the aorta, entering through the adventitia and terminating in the tunica media. These arteries are believed to be the bleeding source of IMH.



The significance of this is reflected by the use of Stanford and DeBakey classification systems in categorising the AAS. The DeBakey system divides dissection based on the origin of intimal tear and extent of dissection, while the Stanford system categorises dissections into two types, regardless of their origin: type A, where IMH involves the ascending aorta, and type B, where the ascending aorta is spared [5]. Where the aortic arch is affected, this would be classified as a type A injury if the ascending aorta is involved; otherwise, it would be considered as a type B injury [20]. The Stanford classification system is more widely used, particularly in defining IMH and dictating its management strategies and prognosis.



On unenhanced computed tomography (CT) scan, the hallmark feature of IMH is a uniform, hyperattenuated (60–70 Hounsfield units), crescentic or circular thickening of the aortic wall (>7 mm), which extends longitudinally and in a non-spiral fashion. This area remains non-opacified on enhanced acquisition [2] (see Figure 1A). By combining the use of unenhanced acquisition in the first instance, followed by contrast enhancement, sensitivity of detecting IMH can reach up to 96% [2]. Magnetic resonance imaging (MRI) has the added ability of differentiating acute from chronic haematoma depending on its signal intensity due to the formation of methaemoglobin [21]. On transoesophageal echocardiography, IMH is detected by a transversely oriented crescentic structure with no visible blood flow [22]. CT remains the preferred modality as it is readily available and quick to perform.




4. Pathophysiology and Clinical Manifestations


IMH can be distinguished from AD by the absence of communication with the true aortic lumen via an intimal flap or disruption. This can be visualised with imaging modalities or at the time of surgery. The absence of direct flow communication suggests that the pathophysiology in IMH involves the spontaneous rupture of the vasa vasorum.



There is, however, increasing evidence to suggest that perhaps IMH is a precursor to the development of AD. This is supported by the detection of small intimal defects, which are also referred to as focal intimal disruption (FID) or ulcer-like projections (ULP), which increase the risk of AD [6,23,24,25,26] (see Figure 1B,C). Occasionally, small contrast accumulations within the IMH that are not in contact with the true lumen are identified and these are termed intramural blood pools (IBPs) [6,26]. The findings of PAU with type A IMH are not uncommon (though this is more frequently found in type B IMH) and equally poses a significant risk of subsequent AD, rupture and aneurysmal formation [9,25,27,28]. The pathological changes in the tunica media caused by IMH can lead to structural weakness of the aortic wall and amplify susceptibility to failure during increased loading conditions [29]. This is supported by animal models where compromise of the vasa vasorum leads to decreased aortic elasticity and increased strain on the aortic wall [30].



Presenting symptoms of IMH are not dissimilar to those of AD, with chest pain and back pain being the most common. Hence, it is impossible to differentiate the AAS based on the presenting complaint [6,7,17]. Other manifestations of the disease may include acute myocardial infarction, neurological deficit, aortic insufficiency and syncope, though these are relatively infrequent compared to the other AAS [17,24]. On imaging, higher rates of pleural and pericardial effusions (see Figure 1B) are found in type A IMH than AD and often result in cardiac tamponade and subsequent cardiogenic shock. This may be due to the relatively exterior location of the disease in the aortic wall in IMH compared to AD [31]. The mural thickening in IMH also rarely narrows the true aortic lumen sufficiently to compromise blood flow or branch vessel flow [32]. Hence, malperfusion is not commonly observed in IMH.




5. Surgery or Medical Management in Type A IMH


The management of type A IMH has been controversial, with studies demonstrating conflicting evidence between surgical and medical management outcomes. Eastern studies (mostly Japanese and Korean) have demonstrated poor emergency surgical outcomes but successful conservative management with blood pressure control, regular imaging and timely surgery and, in some cases, even achieving a high percentage of subsequent regression and disappearance of type A IMH [11,12,13]. In contrast, western studies have consistently advocated for emergency surgery in the management of type A IMH due to the observed high mortality rates in medically treated patients [8,33]. While the reason behind this remains unclear, Pelzel et al. postulate that this may be due to a difference in diagnostic criteria resulting in the inclusion of subtle, less severe cases, the influence of genetic variation and the impact of health inequalities. Additionally, type A IMH severity cannot be directly compared between eastern and western studies as some of the studies did not provide sufficient data to compare aortic diameter or wall thickness [16].



A unifying decision in the midst of these controversies is that patients who demonstrate haemodynamic instability, cardiac tamponade, vital organ malperfusion, periaortic haematoma, persistent pain and progression to aortic dissection and rupture are candidates for emergency surgery, ideally performed within 24–48 h of symptom onset [7,15,25,34]. In these patients, outcomes tend to be better and mortality rates have been shown to be relatively low [7,15,28]. Notwithstanding, the results obtained from these studies may be skewed as the majority are performed in tertiary centres where very high-risk patients who were unlikely to be candidates for surgery or patients who declined surgery at the outset would not have been included in the analysed cohorts.



Structural weakness of the tunica media from haematoma formation and mechanical stress can lead to the formation of fusiform aneurysm and potential progression to classic AD with an intimal flap [35]. Few studies include or consider ULP as part of the definition of IMH, classifying these as PAU instead—an exclusion criterion particularly in Asian studies. As a result, true evaluation of the risk of progression of IMH in the presence of small intimal defects was not possible. The presence of type A IMH in the presence of ULP or PAU has been found to be associated with a higher frequency of pericardial effusion and prevalence of life-threatening complications [9,27,28]. With the limited evidence available, the detection of ULP and PAU in type A IMH increases its risk of progression to complications [21,27,28].



While regression and disappearance have been shown, the course of type A IMH may not be as benign as portrayed in some of the Asian studies [11,12,13]. The rates of progression to complication, including aortic dissection and rupture and fusiform aneurysmal formation, are up to 33% [18,24,33,36]. This is particularly so in the medically treated cohort with a high conversion rate to surgery during hospital admission due to subsequent development of complications. Despite demonstrating good outcomes following medical management in the Japanese/Korean studies, their patients experienced significantly higher complication rates [16,18,24,36]. Pericardiocentesis was performed more frequently for pericardial effusion compared to western studies and there was a higher occurrence of progression to AD, resulting in crossover to surgery [16]. Whether there is a genetic or environmental influence on outcome resulting in successful medical management in Asian studies is unknown, but this is certainly possible. Estrera and colleagues studied a predominantly Caucasian population and demonstrated one Japanese patient with a 49 mm ascending aortic diameter who was medically managed with subsequent resolution of IMH at his 4-year follow-up scan and absence of progression in the aortic diameter [24]. On the contrary, in a population of Chinese patients, there was a survival benefit in those who underwent surgery, similar to the findings of those in western studies. They therefore disprove genetic or environmental implications and suggest that it may be due to the intrinsic differences in aortic pathology but also the lack of follow-up imaging, which led to failed delivery of timely surgery [37].



Current evidence suggests that type A IMH patients with an ascending aortic diameter >50 mm and wall thickness >11 mm at presentation are at higher risk of progression of disease and should be operated on in a timely manner [11,33,35]. An aorta with these characteristics is at the highest risk of progression to dissection and rupture within the first 8 days of symptom onset [24]. Other predictors of disease progression include large PAU on top of IMH, increasing pleural effusion, persistent and recurrent pain, absence of early beta-blockade and younger age (<55 years) [10]. In patients with connective tissue disorders such as Marfan syndrome, we recommend timely surgical repair. Although the incidence of IMH is significantly lower compared to AD in patients with Marfan syndrome, the argument for surgery in these patients stems from their predisposition to AD and rupture [25]. This is also supported by several studies that have demonstrated Marfan syndrome to be a significant risk factor for late progression to AD and rupture [9,10,38].



The long-term survival rate generally approaches 90% at 10 years for patients treated with emergency surgery [11]. Despite the eventual regression of type A IMH on surveillance scans of medically managed patients, some patients eventually develop classic AD. Unfortunately, the natural course of type A IMH remains unclear and it remains challenging to predict subsequent progression of disease. Nishigami and colleagues studied the course of IMH in 44 patients and reported that the disappearance of IMH was associated with younger age and smaller aortic diameter. During long-term follow-up, none of the patients in the disappearance group developed AD or progressive aortic dilatation [22]. In contrast, von Kodolitsch et al. reported younger age as an independent predictor of late progression [9]. Evidently, there remains a discrepancy in the predictive factors of late progression of disease.



In a small subset of patients for whom surgery may not be suitable (older patients with significant medical comorbidities) or where surgery has been declined, a conservative approach may be adopted. Kitamura et al. proposed that. in patients with an aortic diameter ≤50 mm, pain score ≤3/10 and no evidence of ascending ULP, a watch-and-wait strategy may be justified. In these patients, management involves aggressive blood pressure and pain control, with follow-up serial imaging [39]. The use of oral beta-blockers in IMH has shown better long-term outcome and reduction of risk to disease progression by reducing systolic arterial pressure and pressure changes, resulting in less strain on the aortic wall [9]. This may have beneficial effects of stabilising the extracellular matrix of the aorta in both surgically and medically managed patients [40].



Compared with medically treated patients, patients who were operated on had a significantly reduced length of hospital and intensive care unit (ICU) stay, with less frequent imaging tests performed [15]. This may have cost-benefit implications that have not been analysed previously, particularly if patients subsequently develop complications and require surgical intervention despite optimal medical management.




6. Should Type A IMH Be Treated Similarly to Type A AD?


Uchida et al. proposed the switch in definition of IMH to a thrombosed-type acute AD as they found that 78% of patients had evidence of intimal tears [14]. It is possible that, with improved imaging techniques, smaller intimal tears will be increasingly picked up, disproving the initial hypothesis of spontaneous vasa vasorum rupture as the primary cause of IMH. On the contrary, Ahn et al. argue against the separation of IMH from AD since cumulative clinical experience has demonstrated that IMH does not always progress to AD and, in some cases, even demonstrates full resorption and normalisation of the initial pathology with medical management [36]. To suggest that type A IMH should be treated similarly to type A AD would also invariably mean that all patients with type A IMH should receive prophylactic surgery to prevent progression of disease. Hence, differentiation between the two disease entities bears important clinical relevance and prognostic implications [36].



While in-hospital mortality and 30-day mortality of type A IMH have been shown to be similar to type A AD [38], patients with type A IMH may benefit from deferring their surgery by two to three days following admission if they remain haemodynamically stable. This may avoid the extensive inflammatory response encountered during emergency surgery but also allow time for thickening of the aortic wall and stabilisation of the intimal flap, facilitating aortic repair and reducing surgical mortality [24,38]. Overall long-term prognosis, however, favours type A IMH [34,38].



Patients tend to be older in the type A IMH group compared to the AD group, with a higher frequency of female patients observed [36,38]. While pleural effusion, pericardial effusion and mediastinal haemorrhage were more commonly observed in type A IMH patients, AD patients commonly develop significant aortic insufficiency, organ malperfusion, acute myocardial infarction and neurological deficits [13]. The higher incidence of pleural/pericardial effusion and periaortic haematoma may be explained by the close proximity of IMH to the tunica adventitia [17]. Although several studies have demonstrated successful pericardiocentesis in patients with pericardial effusion without further need for open surgery, they are small-scale studies whose findings require further validation [35,37,41].



The surgical approach in both type A IMH and type A AD are not dissimilar. Depending on the location of the injury, aortic repair is performed where possible, with the goal of restoring normal aortic dimension. A supracoronary tube graft is implanted in cases where the aneurysm is located distal to the aortic arch and proximally limited to the sinotubular junction, with distal anastomosis performed just below the aortic arch [2]. Where there is proximal extension of the aneurysm below the sinotubular junction and dilatation of the aortic sinuses, surgical repair depends on the extent of involvement of the aortic annulus and the aortic valve. In patients with a normal tricuspid aortic valve with no evidence of regurgitation from annular dilatation, valve-preserving techniques should be applied by using methods such as the David operation or the modified Yacoub technique. The David operation involves resuspension of the aortic valve within the tubular graft, while the modified Yacoub technique only replaces the aortic sinus and is susceptible to late annular dilatation; hence, it may require reinforcement with additional aortic annuloplasty. In cases of severe aortic regurgitation, the aortic valve should be replaced. In patients with a bicuspid aortic valve, haemodynamic flow will be affected despite repair, and aortic root replacement should be performed if a durable repair is perceived to be unlikely [2].



A total arch replacement or, more commonly, hemiarch replacement is performed where there is significant aortic arch dilatation and distal aneurysmal extension, presence of PAU or the detection of intimal tear in the distal or greater curvature of the aortic arch. In IMH, the aortic wall should also be carefully inspected, and all remaining thrombus should be evacuated before performing distal anastomosis [2,38]. The procedure will require brief antegrade cerebral perfusion and hypothermic circulatory arrest as the aortic arch is explored and partially resected in a hemiarch replacement. In aortic surgery, the risk of paraplegia depends on the speed of repair and cross-clamp duration [2]. Patients with evidence of coronary artery disease may also have concomitant coronary artery bypass graft (CABG) surgery performed.



Reoperation rates of IMH and AD should be taken into consideration when planning aortic surgeries. Indications for reoperation may include aortic rupture or an impending rupture, rapid progressive dilatation of the aorta, graft infection and severe aortic valve insufficiency. Matsushita et al. reported a 10% risk of reoperation in patients with IMH or AD, and some studies report late reoperation rates of up to 40% [34,42]. Mortality rates after reoperation are also not negligible and risk factors include graft infection, concomitant CABG, higher body mass index, combined open arch and descending procedures, lower distal anastomosis and longer time between reinterventions [42]. Long-term periodical follow-up with early reintervention may, therefore, be necessary to improve outcome in these patients [34].



Generally, surgery for type A IMH is less complex compared to type A AD, mainly because aortic valve insufficiency and organ malperfusion are less common or severe. Moreover, patients tend to be more stable, with less complications preoperatively, leading to better operative outcomes [34]. On the other hand, post-operative complications are more common in AD, owing to longer operative times and duration of cardiopulmonary bypass, with stroke being a common postoperative complication [38]. Compiling the evidence available to date, type A IMH should remain as a distinct entity from type A AD, since the pathophysiology, risk factors, operative approach, pre- and post-operative complications and overall long-term prognosis are different.




7. Future Research


While a randomised study would be of great use, it would be challenging to perform such a study design considering its ethical implications. At best, a large multicentre study with ethnic variation and uniform IMH diagnostic criteria may be feasible. It would be important to re-evaluate and update current diagnostic criteria and imaging characteristics of IMH considering the ever-changing and improvement in imaging modalities. This is of particular importance in patients with evidence of ULP or PAU, considering that these were features excluded for analysis in many IMH studies. Patient inclusion and selection criteria should also be specified, particularly when studies are performed in tertiary referral centres where time for transfer and patients who were declined at the outset are important factors that may affect the results of a study.



The introduction of a risk stratification tool and its validation in clinical practice may be helpful in deciding the appropriateness of surgical intervention in type A IMH. This may include the use of D-dimer levels since several studies have suggested their diagnostic role in AAS [6,20]. Where a watch-and-wait strategy is decided, the question arises regarding time interval between serial imaging. More studies are needed in order to validate the sensitivity of scans at different time intervals. We suggest that factors such as cost-benefit analysis, hospital or ICU length of stay and the impact on quality of life should also be taken into consideration when designing future studies. Finally, while studies report subsequent regression of type A IMH, the predictive factors remain unknown and it would be interesting to study this cohort of patients to evaluate the natural course of the disease.




8. Conclusions


IMH of the proximal aorta is a potentially lethal condition with a significant risk of progression to AD, rupture and aneurysm formation. Emergency surgery for type A IMH should be performed within 24 to 48 h of symptom onset for patients with evidence of haemodynamic compromise, vital organ malperfusion, periaortic haematoma, persistent pain, cardiac tamponade and where there is evidence of progression to AD and rupture. Patients at high risk of progression to AD include those with an ascending aortic diameter >50 mm, aortic wall thickness >11 mm and evidence of intimal disruption from ULP or PAU. Timely surgery should be performed in these patients. Medical management and regular surveillance imaging may be an option for patients without these high-risk features or for patients who are not suitable for surgery, with beta-blockade conferring a clear survival benefit.
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Figure 1. (A) Contrast enhanced CT scan showing axial image of type A intramural haematoma (IMH) with a thickness measuring 11 mm (white arrows). The lesion is non-enhancing and crescentic in nature. (B) Axial view on CT scan demonstrating other high-risk features of IMH including ulcer-like projection (ULP) (red arrow) and the presence of a haemo-pericardium (white arrow). (C) Coronal view on CT scan demonstrating ulcer-like projection (red arrow). 
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