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Emerging strategies to treat ruptured abdominal aortic aneurysm
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Abstract (128 words – 120 recommended)
Population screening programmes and a reducing population prevalence of smoking have led to a declining incidence of ruptured abdominal aortic aneurysm in men.  However, ruptured abdominal aortic aneurysm remains a common vascular surgical emergency, with an increasing proportion of ruptures being in women.  About one quarter of the ruptures have a juxta-renal aneurysm and are more challenging to repair using endovascular technologies.  Endovascular technologies may not reduce the overall mortality, compared with open surgical repair, but appear to offer early benefits with respect to patient quality of life at acceptable cost.  Challenges over the next 5 years include widening the access to repair, development of accurate bedside risk scoring tools as well as optimising strategies for pre-operative resuscitation and standardising peri-operative care and the management of post-operative complications.  



Body of the article

Ruptured abdominal aortic aneurysm (AAA) remains a common vascular surgical emergency, which in the absence of surgical repair is nearly always fatal.   Here we review factors influencing the incidence of this condition, the outcome from emergency repair and the challenges ahead if the overall mortality of this condition is to be reduced. 
Trends in the incidence of ruptured abdominal aortic aneurysm
This century there has been a marked decrease in the mortality from several cardiovascular diseases including myocardial infarction and AAA in most Western countries, despite the increasing longevity of their populations.  For AAA, although the mortality of elective repair has been reduced through the widespread use of endovascular repair rather than open repair, particularly in those over 75 years, the dominant contribution to lower mortality has been the falling mortality from rupture, particularly in men:  more than 80% of AAA deaths are the result of rupture [1].  Deaths from AAA, in those over 50 years in England and Wales, have decreased from 40.4 to 25.7 per 100,000 population since 1997, with deaths from ruptured AAA decreasing from 53.7 to 30.8 per 100,000 men [1].  This falling incidence of rupture has been attributed to 3 main factors:
1. Minimally invasive endovascular repair increasing the number of elective repairs in those over 75 years
2. The sharp fall in the prevalence of current smoking to ~13% of those over 65 years (the main at risk age group for AAA)
3. Improved medical management of cardiovascular risk.
Over and above these 3 factors, some European countries, notably the UK and Sweden, now have population based screening for AAA, using ultrasonography, for men aged 65 years.  This allows for the detection of AAA, with repair at acceptable diameter thresholds, which should further reduce the incidence of ruptured AAA in men [2, 3].  Trends in this direction already have been observed in Sweden [4] .  The corollary of this is that an increasing proportion of patients who present with rupture are women [Figure 1].
· Challenge 1:  reducing the incidence of AAA rupture in women.
Trends in the repair of ruptured abdominal aortic aneurysm
It has been estimated that more than half of patients with ruptured AAA do not even reach hospital alive, particularly those with anterior ruptures [5].  Of those who reach hospital alive, emergency repair, or transfer to a centre which offers emergency repair is only offered to about half and to a higher proportion of men than women and to a low proportion of those >75 years of age [1, 6, 7].  This apparent bias against those over 75 years comes at a time when average longevity is increasing to 80+ years alongside the expectation of optimal healthcare for this age group.  A recent comparison of practice in the UK and the USA has suggested that the lower mortality from ruptured AAA in the USA is attributable to the increased proportion of patients offered repair and to the proportion offered endovascular repair, rather than open surgical repair [8]. However, there is no convincing evidence to show that endovascular repair reduces operative mortality compared with open repair: all three recent randomised trials and meta-analyses showed no significant difference in 30-day mortality [9] , although the odds ratio, 0.88 [95%CI 0.66, 1.18] was in the direction favouring endovascular repair.  It may be that endovascular repair has advantages only in the higher risk patients, as indicated in the morbidity sub-group analyses by Hardman index [10] in the IMPROVE trial [11], can be performed using local anaesthesia and as a result it extends the population to whom repair can be offered, including those considered too sick for open repair. 
· Challenge 2: increasing the proportion of patients offered repair
· Challenge 3: increasing the proportion of patients offered endovascular repair
Overcoming the hypotension and shock following aneurysm rupture
Shock and damage to vital organs is likely to underlie the high early mortality (within 48-72h) of patients undergoing AAA repair.  In the UK, a recent randomised trial suggests that more than half of the post-operative mortality occurs within the first 48-72 hours, with similar observations in the smaller Dutch and French randomised trials [Figure 2]. These early deaths are probably attributable to early circulatory collapse and continued bleeding, with deaths from multi-organ failure (an area where intensive care medicine has developed rapidly)  usually occurring later.  Interestingly, although tranexamic acid, an anti-fibrinolytic agent, now has an accepted role in the treatment of bleeding trauma [12, 13], its use in the management of ruptured AAA has not been considered.   In the past, arguments have been made for permissive hypotension to preserve any temporary haemostasis in the abdomen, with some advocating that systolic pressures as low as 50mm Hg can be tolerated for a while [14].  However, more recent evidence suggests that severe hypotension and systolic pressures below 70 mm Hg are poorly tolerated in this elderly population [15], with translation of lowest pre-operative systolic pressure being included in some of the newer risk scores predicting 30-day survival [16, 17].  The potential management of acute hypotension on presentation by endovascular insertion of an aortic occlusion balloon has not been widely accepted outside a few specialist centres.  Temporary haemostasis of an abdominal rupture also may be disturbed by the relaxation of the abdominal muscles attendant on the induction of general anaesthesia.  General anaesthesia also lowers blood pressure, to further compromise a poorly perfused patient.  Therefore, perhaps it is not surprising that recent observational data show that mortality from endovascular repair is much lower when the repair is conducted under local rather than general anaesthesia [15]. In addition, acute hypotension is likely to exacerbate the risk of abdominal viscera hypoperfusion, with the increased risk (and attendant mortality) associated with abdominal compartment syndrome, colonic or mesenteric ischaemia.  There are clear algorithms, based on the measurement of bladder pressure, of when to start active treatment for these syndromes [18].  Nevertheless, many intensive care units do not routinely monitor bladder pressures in patients admitted following repair of a ruptured aneurysm.  
· Challenge 4: introducing acceptable protocols to reduce mortality risk both pre-, intra- and post-operatively.
The morphology of ruptured abdominal aortic aneurysm
Two recent randomised trials have shown that for patients anatomically suitable for endovascular repair (infra-renal aneurysms with good access vessels), the 30-day mortality from open or endovascular repair is very similar, in the range 20-25% [19, 20].  These are the good risk candidates for repair.  However, only about 60% of ruptures are suitable for conventional endovascular repair.  The remainder have more complex aortic morphology, with approximately one quarter of patients presenting with juxta-renal aneurysms.  These are the high risk patients [21]and mortality increases progressively as the proximal aortic aneurysm neck length decreases [22].    Most centres are unable to use emergency endovascular repair with adjuncts such as chimneys or snorkels so that, in the main, these high risk patients only have the option of open repair.  This selection bias largely explains why observational data always show lower operative mortality rates for endovascular repair than open repair:  it is the high risk candidates who receive open repair. 
· Challenge 5: improving the survival follow rupture of a juxta-renal aneurysm.



Expert Commentary

Challenge 1:  Reducing the incidence of AAA rupture in women
The prevalence of AAA in women aged 65 or 70 may be around 0.5% [23-25], women live longer than men and women have an AAA rupture rate about four-fold that in men for a given AAA diameter [26].  Women also may have worse outcomes after AAA surgery than men [27, 28], for example because of their typically shorter aneurysm necks and hence the lower proportion suitable for endovascular repair [22]. A higher proportion of women are turned down for both elective and emergency surgery [29] and see Figure 1 for emergency surgery. 
Some of these differences between women and men would likely favour the outcome of systematic AAA screening in women, particularly in previous or current smokers, where the prevalence of AAA in women aged 65-70 rises to over 1% [30] The National Institute of Health Research (UK) has commissioned a modelling exercise to determine whether either general population or targeted screening would be both clinically effective and cost-effective [http://www.nets.nihr.ac.uk/projects/hta/1417901]. 
Women usually present with AAA at older ages than men, the majority presenting at ages >75 years.  Therefore they probably suffer from double bias in selecting who gets transferred for emergency repair and who gets offered emergency repair.   This bias may be undiscerned, since a Delphi Consensus exercise to determine who gets either transferred into or accepted by a major vascular centre did not show discrimination between men and women[31].  Therefore, more positive training in addressing undiscerned sex bias may be required.
Addressing the sex bias may be particularly important now that the IMPROVE trial has shown that for AAA rupture, women are the significant beneficiaries of an endovascular repair strategy [32].  But, just as important is the continuing development of endograft technology to allow an increasing proportion of women to be managed with endovascular repair (in both the elective and the emergency setting).  Recently some of the new low profile endografts have been advertised as being more suitable for women, but such endografts do not have a large market share and therefore are even less likely to be available in an emergency. The ability to complete endovascular repair under local anaesthesia also would mean that fewer women would have to be refused repair on the grounds of other co-morbidities.  
Challenge 2:  Increasing the proportion of patients offered emergency repair
The diagnosis of ruptured AAA is not always obvious and some over-suspicion will not be harmful, since if an immediate diagnostic CT scan is obtained, it is also likely to indicate other diagnoses.  Even if an emergency CT scan shows the presence of a large AAA, the detection of rupture can sometimes be difficult. If there is doubt, rapid opinion should be sought from a vascular radiologist, since symptomatic but intact aneurysms are probably best treated as a next day elective case.   Alternatively, vascular and endovascular surgeons of the future might require formal training in the reading of emergency CT scans for rupture.  Currently, there is some evidence to suggest that the early diagnosis of rupture in the UK (where emergency doctors are trained in the ultrasonographic detection of AAA) is better than the USA and elsewhere [32, 33].  This might be extended to the training of some emergency paramedical staff in ultrasonography.
There needs to be an improved awareness of the symptoms of ruptured AAA by both healthcare professionals and the general public (as there has been recently for stroke).  Then, there need to be clear pathways for the transfer of patients to vascular centres (offering emergency endovascular as well as open repair) to hasten operative intervention and standardise access to care, with any sex bias addressed as in Challenge 1 above.  Guidelines for transfer have been developed in the UK, but as with all guidelines these require regular audit and updating.  There are no guidelines for early fluid and resuscitation management: these are urgently needed.
There are an increasing number of risk scores to predict 30-day or in-hospital mortality following repair of a ruptured AAA.  None of these scores are more than about 75% accurate in predicting mortality and some include too many variables to be useful in the emergency setting.  Therefore, recently there has been a resurgence of interest in developing simple accurate scores [16, 17, 34] .  However, the last few years has seen important improvements in intensive care managements of critically ill patients, including the management of multi-organ failure.  This may mean that risk scores based on 30-day mortality are no longer that valuable, since modern intensive care can keep these patients alive for much longer [35] Given the very high early post-operative mortality following repair of a ruptured AAA, the availability of a simple, accurate score predicting 48h mortality could be of great benefit in assessing which patients to transfer to vascular centres and which patients to offer repair.   This in turn could lead to reduction in the overall mortality of ruptured AAA.
Challenge 3:  Increasing the proportion of patients offered endovascular repair
Meeting this challenge is likely to require educational, technology and organisational developments. The organisational changes will include the direct of patients to centres which have the staff and facilities to provide comprehensive 24/7 emergency vascular and endovascular services.  These are likely to be aligned with major trauma services but should be within less than 45 minutes journey time, if patient survival is to be improved.  
Currently only about 60% of patients who present with ruptured AAA have an aortic morphology which meets a liberal instructions for use definition (proximal neck length ≥ 10mm, diameter ≤ 32mm and angle <60o) for endovascular repair [36].   There is accumulating evidence that using conventional endovascular repair without adjunct techniques outside of these instructions is associated with higher mortality and a higher rate of conversion to open repair [22]. Pioneers and super-specialist centres have extended the proportion of patients suitable for endovascular repair using a range of adjunct techniques, so that a conventional endograft is converted to a home-made fenestrated device.  At one end of this spectrum parallel grafts and chimneys are used for intra-operative management of the renal and visceral arteries emanating from a short-necked, juxtarenal or pararenal aneurysm [37]. Some centres report having CT scans sent in ahead of patient arrival, so that a standard endograft is converted to a custom fenestrated endograft ahead of the procedure being started [38].  Hostile iliac and access morphology requires other specialist approaches, sometimes including using the external iliac artery for the distal landing zone.  These are all specialist techniques and unless patients are to be treated only in super-specialist centres, the vascular surgeon of the future will require more extensive endovascular training, so that these techniques can be practiced more widely. 
The technological advances required are in line with the educational advances required.  Currently fenestrated endografts are used by only a few centres and need to be custom ordered several weeks in advance.  Do-it-yourself kits for emergency repair and new solutions for difficult distal access problems would be helpful.  It is too early to know whether endovascular sealing technologies would be applicable:  they need to be validated for elective repair, modified to cope with the very large lumens of ruptured AAAs and, since pressure-curing of the sealing polymer bags is required, the bags may actually herniate through the rupture site, extend the tear and increase bleeding.    
Challenge 4:  Introducing acceptable protocols to reduce mortality risk both pre-, intra- and post-operatively 
Owing to a paucity of evidence based data, patients with  ruptured AAA are largely managed as ‘standard’ critically ill patients who are about to undergo or have undergone emergency major surgery.  And yet there are a number of specific algorithms and techniques, which if introduced more widely may save lives.
Traditionally patients have been managed with a restrictive fluid policy (permissive hypotension) [14]. This approach has been perpetuated in the belief that raising the blood pressure with rapid intravenous fluid administration will exacerbate bleeding (‘the first clot is the best’).  Many centres have advocated permitting systolic blood pressures dropping to very low levels (50mmHg) and yet these elderly multi-morbid patients appear to tolerate these pressures very poorly [15].
Every effort has been made in young fit trauma victims to optimise fluid resuscitation strategies, including liberal use of blood and clotting products and tranexamic acid [39]. Improving resuscitation algorithms and the use of selected adjuncts have been shown to convincingly save lives in trauma. Urgent trials are required to define the optimal approach in this elderly co-morbid cohort with ruptured AAA.  An important factor related to the survival of both polytrauma patients and ruptured AAA is the need to achieve rapid haemorrhage control.  Even in specialist centres there are inherent delays and therefore new strategies have emerged to achieve haemorrhage control. Intra-aortic balloon occlusion of the aorta has been used with some success in pre-hospital care in young trauma victims [40]. A ‘blind’ aortic balloon occlusion technique may be much more difficult in diseased arteries. Nevertheless a number of pioneering centres have been able to deploy balloons satisfactorily in selected patients the emergency department using fluoroscopy to achieve temporary haemostasis before definitive control can be obtained. This approach may account for improved outcomes in some centres.
There is emerging evidence that EVAR under local anaesthesia may improve outcomes. Sub-group analysis from the IMPROVE trial demonstrated a marked effect on outcomes that were robust to adjustment of potential confounders (adjusted OR 0·27, 0·10 to 0·70) [15]. In expert centres it appears that at least 50% of patients may be treated wholly under LA.
Abdominal compartment syndrome is a potentially reversible cause of patient deterioration following ruptured AAA surgery and may be missed unless specifically sought. Its incidence varies but in dedicated centres with clear diagnostic algorithms it may be more common than generally appreciated (10%). Routine measurement of the intra-abdominal pressure permits the early detection of raised pressures (>12mm Hg), which is common after  ruptured AAA (34%) and rapid institution of therapeutic non-operative measures may prevent the development of abdominal compartment syndrome [41]. 
Challenge 5: Improving the survival following rupture of a juxta-renal aneurysm 
Juxta-renal aneurysms are surgically more demanding to treat (either via open or endovascular surgery) and are associated with higher mortality. In part these difficulties are related to the need for a supra-renal aortic clamp and in part by the experience / training of vascular surgeons. In future it is highly likely that these patients will be better managed by early identification following CT scanning and rapid transfer to units who routinely offer complex AAA repair. Not every vascular unit may be in a position to offer complex AAA surgery. Although at present most of the patients with juxta-renal aneurysms will be offered open surgery, developments in endovascular stent-graft design is likely to result in a greater proportion being offered complex endovascular techniques (parallel grafts or off-the shelf / customised branch / fenestrated stent-grafts).

Five year view
In 2020, ever more elective AAA repairs will be conducted on aneurysms of limited extent (5.5 – 6.0 cm in diameter) by an endovascular method.  This will lead to a reduction in skills in both open surgery and the management of the extensive and complex AAA observed when they present with rupture (average diameter >8 cm) [32].  Therefore, even with advances in endovascular technology and emergency care, improving the survival from ruptured AAA will provide a formidable challenge.  Harnessing developments for the treatment of bleeding trauma for the application of patients with ruptured AAA may be a useful approach.   

Key issues
· Widening the access to best quality care, which is likely to require further organisational changes within publically funded healthcare systems
· Where necessary, improving the misdiagnosis rates, perhaps through training emergency paramedical staff in ultrasonographic detection of AAA.
· Extending the range and applicability of endovascular repair, through educational and technological advances
· Collecting evidence to improve the early peri-operative management of these patients, including blood pressure and fluid management, adjunct measures to stop or limit bleeding, anaesthesia and early recognition of abdominal hypoperfusion syndromes 

Figure 1. Trends in ruptured aneurysm in England and Wales 2000-2009 A, Mortality from ruptured aortic aneurysm 1979-2009 in England and Wales in men and women aged 50 years and above. B, The decline in emergency admissions for rupture has been faster in men than women and a higher proportion of men are offered  emergency repair ( reproduced from reference 1).
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Figure 2 Mortality following repair of ruptured abdominal aortic aneurysm.  Three recent, European, randomised trials show high mortality within 48-72 hours of admission for repair (AJAX and ECAR trials) or within 48-72h of randomisation (IMPROVE trial), either endovascular or open, of ruptured abdominal aortic aneurysm in 3 recent European randomised trials.
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