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The IRAD and beyond: what have we unravelled so far?
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Abstract Acute aortic dissection is a life-threatening

condition associated with high morbidity and mortality

rates and a long history of challenges to both diagnose and

manage this condition successfully. The International

Registry of Acute Aortic Dissection (IRAD) was estab-

lished in 1996 as a global database to understand this old

disease better and improve care for dissection. IRAD ini-

tially targeted various areas including etiological factors of

dissection, modes of presentation, clinical features, physi-

cal findings, imaging, management, and outcomes, and is

currently branching out in more specific fields such as

endovascular intervention, genetic profiling, and functional

imaging. Although presenting symptoms and physical

findings have not changed significantly over two decades,

the widespread use of computed tomography is standard

and has improved the diagnostic pathway. Moreover, more

patients are managed with appropriate procedures, such as

surgery in type A, and endovascular therapy in subsets of

type B aortic dissection. With these ongoing improvements

in swift diagnostic work-up and therapeutic care, fewer

patients are not getting appropriate treatment and more

patients survive once they reach hospital.
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Introduction

Acute aortic dissection is a life-threatening condition and

occurring up to 30 per 100,000 person-year in the elderly

([65 years) population worldwide, in other words, a rela-

tively rare condition [1]. IRAD was established in 1996 as

a global database to understand this old disease better and

improve care for dissection. IRAD initially targeted various

areas including etiological factors of dissection, modes of

presentation, clinical features, physical findings, imaging,

management, and outcomes, and is currently branching out

in more specific fields such as endovascular intervention,

genetic profiling and functional imaging.

Since its inception, the IRAD database under the direction

of Drs. Eric Isselbacher, Christoph Nienaber, and Kim Eagle

was served as a practical resource for data and has contributed

to the advancement of managing acute aortic conditions with

more than 80 peer-reviewed publications. To date, IRAD has

recruited more than 7500 cases in 43 active sites in 12 coun-

tries in Europe, the Americas and Asia.

Although presenting symptoms and physical findings have

not changed significantly over two decades, noninvasive

diagnostics have significantly improved (especially with the

use of computed tomography (CT) imaging).Moreover, more

patients are managed with surgical and interventional proce-

dures than ever before in particular open surgery in typeA and

endovascular therapy in type B dissection (Fig. 1). With

recent changes in diagnostic imaging and better management,

a significant decrease in overall in-hospital and short-term

mortality of aortic dissection has also been documented [2].
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Demographics

IRAD could show, that 67% of patients presented with type

A dissection, and 33% with type B dissection; two-thirds of

patients were men, with the average age of 63 years [3].

While there were no indications of a change in the distri-

bution of type A and B aortic dissection over time

(17 years), the management of both forms had improved

with a higher proportion of up to 90% of proximal

dissection subjected to surgical repair, and more than 30%

undergoing endovascular management (in addition to cus-

tomised medication). This observation has been recently

supported by demographic data from Japan [4]. Hyper-

tension was the most prevalent risk factor for acute aortic

dissection and present in 76.6% of cases [5]. In the elderly

population (over 70 years), twice as many hypertensive

women than men experienced an acute aortic syndrome [6].

3.3% of dissection cases were iatrogenic after surgery or

Fig. 1 Central illustration.

Trends in acute aortic dissection

over 17 years. Type A

(n = 2952) and type B

(n = 1476) acute aortic

dissection patients divided into

equal-sized groups based on

time of enrollment, 1996–2013.

Reproduced with permission of

Pape et al. [3]
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catheter instrumentation [7], while cocaine abuse was

recorded in 1.8% [8, 9], and 17% of patients with type A

dissection had previous cardiac surgery [10]. In the black

population, IRAD found an earlier onset of dissection at

55 years of age, more frequently (52.4%) type B dissec-

tion, and a higher proportion of cocaine abuse (12%),

hypertension (89.7%) and diabetes (13.2%) [11]. Patients

younger than 40 years were more likely to have Marfan’s

syndrome or a bicuspid aortic valve (59%), rather than

affected by hypertension (34%) and atherosclerosis (1%)

[12]. Although dilation of the ascending aorta is a well-

established risk factor for dissection, the maximum

ascending aortic diameters in acute phase averaged at

5.3 cm, and interestingly, 60% of patients had aortic

diameters\5.5 cm, and 40% even less than 5.0 cm. Hence,

current surgical guidelines for prophylactic thoracic aortic

aneurysm repair (\5.5 cm) would miss the majority of

patients before they develop a type A dissection [13].

Similarly, only 18.4% of patients with type B aortic dis-

section had an aortic diameter C5.5 cm and in 21% the

maximum aortic diameter was \3.5 cm [14, 15]. The

occurrence of dissection showed a circadian and seasonal

variation, with a peak in the morning and a higher inci-

dence during cold months [16, 17].

Spectrum of symptoms

A sudden onset of severe chest or back pain continues to be

the most frequent symptom. The pain is usually described

as sharp, ripping, tearing, knife-like, and typically different

from other sensation of chest pain; the abruptness of its

onset is the most specific characteristic [18]. Chest pain is

more common in patients with type A dissections (79 vs.

63% of type B dissections), whereas back pain and

abdominal pain are prone to occur more often in type B

dissections (43 and 25% of patients, respectively) [19].

Patients who present primarily with abdominal pain (4.6%)

tend to be diagnosed later and have a higher mortality than

those with more typical symptoms [20]. However, symp-

toms of dissection cannot be clearly related to its

anatomical location, and the pain often migrates down or

up along the dissection. Migrating pain was observed in

almost 15% of patients with acute type A dissection and in

nearly 20% of those with acute type B dissection; patients

with painless dissection (6.3%) often presented with syn-

cope, congestive heart failure or stroke and have a higher

mortality [21]. Syncope as a leading symptom was reported

in 13% of patients with type A dissection and less than 5%

of those presenting with distal dissection; syncope is often

associated with life-threatening complications such as

cardiac tamponade, obstruction of cerebral vessels or

stroke [22]. Hypertension at presentation was more fre-

quent in type B than in type A dissection (70 vs. 36%) [3].

Hypotension (systolic blood pressure\90 mmHg), is seen

in[25% of patients and often associated with neurological

deficits, altered mental status, myocardial and mesenteric

ischaemia, limb ischaemia in 55% of patients; 15% of

patients present in a state of shock and are more likely to

die in hospital (30.2 vs. 23.9%, p = 0.007). Aortic insuf-

ficiency is present at the time of presentation in 40% of

type A dissections usually with dilatation of the aortic root

and annulus, caused by tearing of the annulus or valve

cusps, downward displacement of one cusp below the

closure line of the valve or interference of the aortic valve

with the intimal flap [3, 18], a scenario that can lead to

symptoms of heart failure; registry data show that this

complication occurs in less than 10% of cases of dissection

[23]. A pulse differential at presentation is also an impor-

tant diagnostic finding and should rise the suspicions of

acute aortic dissection; a pulse differential occurs in 30%

of patients with type A dissection and 15% in patients with

type B dissection, while overt lower limb ischemia is rare

[24]. A useful overview of symptoms is given in Table 1

[3, 25].

Diagnostic modalities and findings

Initial diagnostic imaging is performed by CT techniques

in 69% of cases, by echocardiography in 25%, magnetic

resonance imaging (MRI) in 4% and aortography in 2–3%

[26]. The clear advantage of CT over other imaging

modalities is the short time required for image acquisition

of the entire aorta and the wide availability [27]. The

availability of multi-slice CT imaging has certainly

improved over time (in IRAD) and even enhanced the

Table 1 Main clinical presentations and complications of patients

with acute aortic dissection (reproduced from Erbel et al. [25])

Type A (%) Type B (%)

Chest pain 80 70

Back pain 40 70

Abrupt onset of pain 85 85

Migrating pain \15 20

Aortic regurgitation 40–75 NA

Cardiac tamponade \20 NA

Myocardial ischaemia or infarction 10–15 10

Heart failure \10 \5

Pleural effusion 15 20

Syncope 15 \5

Major neurological deficit (coma/stroke) \10 \5

Spinal cord injury \1 NR

Mesenteric ischaemia \5 NR

Acute renal failure \20 10

Lower limb ischaemia \10 \10
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diagnostic yield. There is, however, no solid data to show a

significantly higher proportion of intramural hematoma

(IMH) associated with this trend in IRAD; it is also spec-

ulative whether a higher incidence of IMH in Asian

countries is a matter of earlier diagnosis or different evo-

lution of dissection. The use of transesophageal echocar-

diography (TOE) as the first diagnostic imaging modality

has come down over time, while transthoracic ultrasound

may prove or disprove proximal dissection only. TOE

offers more complete and better imaging of the aorta but

still misses the abdominal part and is considered semi-

invasive in the acute setting. Interestingly, the time to

diagnosis of a type A aortic dissection was found to be

longer in North America as compared to Europe, which,

however, did not result in significant differences in early

mortality [28]. Preoperative coronary arteriography is

rarely performed in patients with aortic dissection [29] and

has no impact on therapeutic management. Some imaging

findings also have prognostic value and are useful for

improving management strategy, such as pericardial effu-

sion (p = 0.04), tamponade (p\ 0.01), periaortic haema-

toma (p = 0.02), and patent false lumen (p = 0.08), all are

more frequent in non-survivors [30].

Biomarkers

Aortic dissection separates the medial layers of the aorta;

thus, all biochemical molecular compounds involved in this

dissection process would be potential biomarkers, including

markers of injury to vascular smooth muscle (smooth muscle

myosin), to the vascular interstitium (calponin), to elastic

laminae (soluble elastin fragments) of the aorta, and even-

tually markers of exposure of blood to non-intimal vascular

surfaces (D-dimer). Smooth muscle myosin heavy chain

concentration peaks very early with aortic dissection fol-

lowed by a rapid reduction in the first 24 h [31]. Concen-

tration of calponin in the blood is high in both proximal and

distal aortic dissection, with a negative predictive value of

84% in the first 24 h [32]. Serum matrix metalloproteinase-9

(MMP-9) is elevated in all anatomical variants of aortic

dissection, occurring within 1 h from onset of symptoms in

patients with type A and B aortic dissection, but remains high

over 2 months of follow-up, suggesting that MMP-9 is also

involved in aortic remodelling [33]. Disruption of the elastin

lamella is another major pathological feature of acute aortic

dissection with elastin degradation products being released

into the circulation at the time of presentation [34]. However,

most plasma biomarkers, except for D-dimer [3] are not yet

available for routine use in emergency rooms [35]. Only the

widely used D-dimer cut-off level of 500 ng/mL for ruling

out pulmonary embolism can also reliably rule out aortic

dissection [36] Other biomarkers of vascular inflammation

(C-reactive protein and IL-6) and cardiac stress/damage

(troponin and creatine kinases) may fluctuate over time after

dissection, but are not specific for aortic dissection.

Management

Proximal aortic dissection

In proximal aortic dissection involving the ascending aorta,

open surgery is the treatment of choice. Today almost 90%

of the patients presenting with proximal aortic dissection

are managed surgically [3] (Fig. 1). In-hospital mortality of

patients with type A aortic dissection came down from 31

to 22%, as a result of better referral and improved surgical

techniques [3] (Fig. 2). Patients with acute type A dissec-

tion who do not receive treatment die at a rate of 1–2% per

h during the first day and almost half of them would die by

1 week [19], caused by proximal or distal extension of

dissection, heart failure from valvular dysfunction or

pericardial tamponade, arch vessel occlusion causing

stroke, visceral ischaemia, or rupture resulting in a mor-

tality of about 20% on day 1 and 30% in 48 h. According

to IRAD, the interval from diagnosis to surgical interven-

tion is 4.3 h (Q1–Q3, 2.4–14 h) [26]. Not surprisingly, the

period was shorter in unstable than in stable patients and

major predictors of death, such as tamponade and shock,

force the surgeon to accept and operate sooner and some-

times even on moribund patients. The superiority of sur-

gery over conservative treatment even in patients with

unfavourable presentations and major comorbidities

became evident [37]. In most cases of aortic insufficiency

associated with type A aortic dissection, the aortic valve is

essentially normal and can often be preserved. According

to an IRAD survey standard supra-coronary ascending

aorta replacement was performed in 59% patients, while

extensive aortic resections involving aortic root replace-

ment were performed in 34% and total arch replacement in

12% of patients [38]. Hypothermic circulatory arrest was

used in 92% patients, with antegrade cerebral perfusion in

half of all [38]. Recently, endovascular treatment for type

A dissection has been reported in some select patients; this

approach should not be considered an emerging standard

management for many patients as it faces abundant tech-

nical and anatomical restrictions [39] but may be useful as

a bridging concept to definitive repair (Fig. 3). Neverthe-

less, 32–50% of patients undergoing open repair of the

ascending aorta would be anatomically suitable for

endovascular repair [40, 41].

The highest mortality from aortic dissection occurs in

the first 48 h after symptom onset [18]; therefore, unde-

layed diagnosis and decision-making is considered life-

saving. Overall in-hospital mortality of distal dissection is

hovering around 13%, with most deaths in the first week of

medical management (63%).
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Distal aortic dissection

Over the last two decades, the concept of endovascular

management has been introduced and is used currently in

31% of cases, replacing open surgery as the preferred

treatment modality for complications of distal dissection

[3]. One-third of patients with acute type B dissection

present with complications such as malperfusion syn-

dromes, imminent rupture, early expansion, or haemody-

namic instability; independent predictors of surgical

mortality are age [70 years (OR 4.3) and preoperative

shock/hypotension (OR 6.0) [38]. Considering the 33.9%

Fig. 3 From left to right: 3-dimensional coronal sections of a

proximal (type A) aortic dissection before (left) and after stent-

grafting (centre), demonstrating thoracic endovascular aortic repair

reconstruction and remodelling of the aorta. 15 months after

successful intervention, the follow-up CT scan shows asymptomatic

aortic erosion with a new stent-induced entry at the distal end of the

stent-graft requiring a high-risk surgical procedure

Fig. 2 Mortality over time by

dissection type. Trends in

mortality among patients with

type A and type B acute aortic

dissection over 17 years of

IRAD. Reproduced with

permission of Pape et al. [3]
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mortality of open surgery, endovascular treatment with a

mortality of 10.6% (p = 0.002) has become the new

standard of management of at least complicated and high-

risk patients with type B dissection [42]. Open surgical

repair requires single-lung ventilation, left heart bypass,

profound hypothermia, and cerebrospinal fluid drainage

and has been replaced by endovascular repair with a grade

Ia recommendation [25] in the setting of complicated,

hemodynamically unstable dissection, and with a grade IIA

recommendation in so-called uncomplicated, hemody-

namically stable patients [43].

Outcomes analysis

Patients who survived open surgery for type A aortic dis-

section had a 96.1 and 90.5% survival rate at 1 and 3 years,

respectively. Independent predictors of survival do not

appear to be influenced by in-hospital risks but rather by

pre-existing comorbidities [44]. Conversely, in patients

with distal dissection, 3-year survival was only 78%;

mortality in type B dissection is clearly associated with

complications, such as hypotension/shock (HR 12.5), renal

failure (HR 2.5) and pleural effusion on chest X-ray (HR

2.56) [45].

A subgroup of acute type B dissection patients treated

by endovascular repair reported a lower death rate (16 vs.

29%, p = 0.02) at 5 years compared with patients with

medical therapy alone, despite the initially higher risk

profile due to the complicated nature of the dissection cases

subjected to this therapy [46]. Partial false lumen throm-

bosis in medically managed type B dissection is found in

33.8% of distal dissection and is considered an independent

predictor of death at 3 years (RR 2.7) [47]. Alterations in

lifestyle should be recommended in all survivors of aortic

dissection regardless of treatment and encouraging loss of

weight, smoking cessation and an active lifestyle. Some

restrictions, however, may indeed reduce quality of life in

some post-dissection patient [48], and clinicians should

assess any psychological burden after dissection that may

lessen the quality of life of survivors [49] and offer

appropriate counselling [50].

Despite their younger age at presentation, patients with

Marfan syndrome or other connective tissue diseases have

according to IRAD survey a higher mortality with any

dissection than non-Marfan or non-syndromic patients

[51]. Patients diagnosed at the stage of IMH were fre-

quently older, but presented with similar symptoms than

classic dissection. Like classic dissection, IMH is a serious

condition when it involves the ascending aorta revealing

similar mortality (26.6 vs. 26.5%, respectively) than classic

dissection. While the in-hospital mortality of IMH ranges

around 4.4%, up to 40% [52] of patients showed an evo-

lution to full dissection on serial imaging.

Outlook

With growing insight with the process and evolution of

aortic dissection, the old distinction between complicated

and uncomplicated dissection is becoming blurred as the

understanding of the nature of dissection improves, and as

pre-emptive endovascular treatment in distal dissection has

emerged as a way to prevent late complications [52]. Over

the last decade, endovascular approaches have been found

useful in the management of distal dissection, particularly

to manage complications, such as malperfusion or

impending rupture; at the same time, the range of latent

complications is growing, including persistent hyperten-

sion and pain, or ongoing inflammation. Even in clinically

silent ‘‘uncomplicated’’ distal dissection, long-term data

suggest nowadays a survival benefit from stent-graft-in-

duced remodelling of dissected aorta. The ‘‘pre-emptive

concept’’ is supported by a meta-analysis and two retro-

spective registries [46, 53, 54]; in particular, observations

from IRAD corroborate the late advantage of thoracic

endovascular aortic repair beyond 3 years of follow-up

[46]. Thus, in anatomically suitable patients with substan-

tial life expectancy, pre-emptive thoracic endovascular

aortic repair (TEVAR) could be offered irrespective of

clinical presentation of type B dissection to prevent later

complications; a change from a complication-specific

approach to pre-emptive TEVAR to induce remodelling

requires TEVAR to be performed at very low risk and thus

suggests that patients with dissection are best to be trans-

ferred to tertiary, high-volume aortic centres for high-

quality care and surveillance [55–57]. Finally, the

description of any given dissection can be individualised

by addressing specific features rather than insisting on

simple classification systems of the past.

New prospective all-comers registries focused on indi-

vidualised clinical characteristics and new subgroups with

a particular interest in interventional techniques, genetic

profiling, and aortic imaging are likely to propel clinical

science around the aorta even further.

Compliance with ethical standards

Conflict of interest All the authors have declared no competing

interest.

References

1. Howard DP, Banerjee A, Fairhead JF, Perkins J, Silver LE,

Rothwell PM, et al. Population-based study of incidence and

outcome of acute aortic dissection and premorbid risk factor

control: 10-year results from the Oxford Vascular Study. Circu-

lation. 2013;127(20):2031–7.

2. Nienaber CA, Kische S, Rousseau H, Eggebrecht H, Rehders TC,

Kundt G, et al. Endovascular repair of type B aortic dissection:

Gen Thorac Cardiovasc Surg (2019) 67:146–153 151

123



long-term results of the randomized investigation of stent grafts in

aortic dissection trial. Circ Cardiovasc Interv. 2013;6(4):407–16.

3. Pape LA, Awais M, Woznicki EM, Suzuki T, Trimarchi S,

Evangelista A, et al. Presentation, diagnosis, and outcomes of

acute aortic dissection: 17-year trends from the international

registry of acute aortic dissection. J Am Coll Cardiol.

2015;66(4):350–8.

4. Okita Y. Current surgical results of acute type A aortic dissection

in Japan. Ann Cardiothorac Surg. 2016;5(4):368–76.

5. Baguet JP, Chavanon O, Sessa C, Thony F, Lantelme P, Barone-

Rochette G, et al. European Society of Hypertension scientific

newsletter: hypertension and aortic diseases. J Hypertens.

2012;30(2):440–3.

6. Nienaber CA, Fattori R, Mehta RH, Richartz BM, Evangelista A,

Petzsch M, et al. Gender-related differences in acute aortic dis-

section. Circulation. 2004;109(24):3014–21.

7. Januzzi JL, Sabatine MS, Eagle KA, Evangelista A, Bruckman D,

Fattori R, et al. Iatrogenic aortic dissection. Am J Cardiol.

2002;89(5):623–6.

8. Eagle KA, Isselbacher EM, DeSanctis RW. International Registry

for Aortic Dissection I. Cocaine-related aortic dissection in per-

spective. Circulation. 2002;105(13):1529–30.

9. Dean JH, Woznicki EM, O’Gara P, Montgomery DG, Trimarchi

S, Myrmel T, et al. Cocaine-related aortic dissection: lessons

from the International Registry of Acute Aortic Dissection. Am J

Med. 2014;127(9):878–85.

10. Collins JS, Evangelista A, Nienaber CA, Bossone E, Fang J,

Cooper JV, et al. Differences in clinical presentation, manage-

ment, and outcomes of acute type a aortic dissection in patients

with and without previous cardiac surgery. Circulation.

2004;110(11 Suppl 1):II237–42.

11. Bossone E, Pyeritz RE, O’Gara P, Harris KM, Braverman AC,

Pape L, et al. Acute aortic dissection in blacks: insights from the

International Registry of Acute Aortic Dissection. Am J Med.

2013;126(10):909–15.

12. Januzzi JL, Isselbacher EM, Fattori R, Cooper JV, Smith DE,

Fang J, et al. Characterizing the young patient with aortic dis-

section: results from the International Registry of Aortic Dis-

section (IRAD). J Am Coll Cardiol. 2004;43(4):665–9.

13. Pape LA, Tsai TT, Isselbacher EM, Oh JK, O’Gara PT, Evan-

gelista A, et al. Aortic diameter[ or =5.5 cm is not a good

predictor of type A aortic dissection: observations from the

International Registry of Acute Aortic Dissection (IRAD). Cir-

culation. 2007;116(10):1120–7.

14. Trimarchi S, Jonker FH, Hutchison S, Isselbacher EM, Pape LA,

Patel HJ, et al. Descending aortic diameter of 5.5 cm or greater is

not an accurate predictor of acute type B aortic dissec-

tion. J Thorac Cardiovasc Surg. 2011;142(3):e101–7.

15. Trimarchi S, Jonker FH, Froehlich JB, Upchurch GR, Moll FL,

Muhs BE, et al. Acute type B aortic dissection in the absence of

aortic dilatation. J Vasc Surg. 2012;56(2):311–6.

16. Siddiqi HK, Luminais SN, Montgomery D, Bossone E, Dietz H,

Evangelista A, et al. Chronobiology of Acute Aortic Dissection in

the Marfan Syndrome (from the National Registry of Genetically

Triggered Thoracic Aortic Aneurysms and Cardiovascular Con-

ditions and the International Registry of Acute Aortic Dissec-

tion). Am J Cardiol. 2017;119(5):785–9.

17. Mehta RH, Manfredini R, Hassan F, Sechtem U, Bossone E, Oh

JK, et al. Chronobiological patterns of acute aortic dissec-

tion. Circulation. 2002;106(9):1110–5.

18. Hagan PG, Nienaber CA, Isselbacher EM, Bruckman D, Karavite

DJ, Russman PL, et al. The International Registry of Acute Aortic

Dissection (IRAD): new insights into an old disease. JAMA.

2000;283(7):897–903.

19. Trimarchi S, Tolenaar JL, Tsai TT, Froehlich J, Pegorer M,

Upchurch GR, et al. Influence of clinical presentation on the

outcome of acute B aortic dissection: evidences from IRAD.

J Cardiovasc Surg. 2012;53(2):161–8.

20. Upchurch GR Jr, Nienaber C, Fattori R, Evangelista A, Oh J,

Cooper JV, et al. Acute aortic dissection presenting with pri-

marily abdominal pain: a rare manifestation of a deadly disease.

Ann Vasc Surg. 2005;19(3):367–73.

21. Park SW, Hutchison S, Mehta RH, Isselbacher EM, Cooper JV,

Fang J, et al. Association of painless acute aortic dissection with

increased mortality. Mayo Clin Proc. 2004;79(10):1252–7.

22. Nallamothu BK, Mehta RH, Saint S, Llovet A, Bossone E,

Cooper JV, et al. Syncope in acute aortic dissection: diagnostic,

prognostic, and clinical implications. Am J Med.

2002;113(6):468–71.

23. Januzzi JL, Eagle KA, Cooper JV, Fang J, Sechtem U, Myrmel T,

et al. Acute aortic dissection presenting with congestive heart

failure: results from the International Registry of Acute Aortic

Dissection. J Am Coll Cardiol. 2005;46(4):733–5.

24. Bossone E, Rampoldi V, Nienaber CA, Trimarchi S, Ballotta A,

Cooper JV, et al. Usefulness of pulse deficit to predict in-hospital

complications and mortality in patients with acute type A aortic

dissection. Am J Cardiol. 2002;89(7):851–5.

25. Erbel R, Aboyans V, Boileau C, Bossone E, Di Bartolomeo R,

Eggebrecht H, et al. Corrigendum to: 2014 ESC Guidelines on

the diagnosis and treatment of aortic diseases. Eur Heart J.

2015;36(41):2779.

26. Harris KM, Strauss CE, Eagle KA, Hirsch AT, Isselbacher EM,

Tsai TT, et al. Correlates of delayed recognition and treatment of

acute type A aortic dissection: the International Registry of Acute

Aortic Dissection (IRAD). Circulation. 2011;124(18):1911–8.

27. Moore AG, Eagle KA, Bruckman D, Moon BS, Malouf JF,

Fattori R, et al. Choice of computed tomography, transesophageal

echocardiography, magnetic resonance imaging, and aortography

in acute aortic dissection: International Registry of Acute Aortic

Dissection (IRAD). Am J Cardiol. 2002;89(10):1235–8.

28. Raghupathy A, Nienaber CA, Harris KM, Myrmel T, Fattori R,

Sechtem U, et al. Geographic differences in clinical presentation,

treatment, and outcomes in type A acute aortic dissection (from

the International Registry of Acute Aortic Dissection). Am J

Cardiol. 2008;102(11):1562–6.

29. Ramanath VS, Eagle KA, Nienaber CA, Isselbacher EM,

Froehlich JB, Montgomery DG, et al. The role of preoperative

coronary angiography in the setting of type A acute aortic dis-

section: insights from the International Registry of Acute Aortic

Dissection. Am Heart J. 2011;161(4):790–796 e1.

30. Bossone E, Evangelista A, Isselbacher E, Trimarchi S, Hutchison

S, Gilon D, et al. Prognostic role of transesophageal echocar-

diography in acute type A aortic dissection. Am Heart J.

2007;153(6):1013–20.

31. Suzuki T, Katoh H, Watanabe M, Kurabayashi M, Hiramori K,

Hori S, et al. Novel biochemical diagnostic method for aortic

dissection. Results of a prospective study using an immunoassay

of smooth muscle myosin heavy chain. Circulation.

1996;93(6):1244–9.

32. Ranasinghe AM, Bonser RS. Biomarkers in acute aortic dissec-

tion and other aortic syndromes. J Am Coll Cardiol.

2010;56(19):1535–41.

33. Wen D, Zhou XL, Li JJ, Hui RT. Biomarkers in aortic dissec-

tion. Clin Chim Acta. 2011;412(9–10):688–95.

34. Shinohara T, Suzuki K, Okada M, Shiigai M, Shimizu M, Mae-

hara T, et al. Soluble elastin fragments in serum are elevated in

acute aortic dissection. Arterioscler Thromb Vasc Biol.

2003;23(10):1839–44.

35. Suzuki T, Distante A, Zizza A, Trimarchi S, Villani M, Salerno

Uriarte JA, et al. Preliminary experience with the smooth muscle

troponin-like protein, calponin, as a novel biomarker for diag-

nosing acute aortic dissection. Eur Heart J. 2008;29(11):1439–45.

152 Gen Thorac Cardiovasc Surg (2019) 67:146–153

123



36. Suzuki T, Distante A, Zizza A, Trimarchi S, Villani M, Salerno

Uriarte JA, et al. Diagnosis of acute aortic dissection by D-dimer:

the International Registry of Acute Aortic Dissection Substudy on

Biomarkers (IRAD-Bio) experience. Circulation.

2009;119(20):2702–7.

37. Trimarchi S, Eagle KA, Nienaber CA, Rampoldi V, Jonker FH,

De Vincentiis C, et al. Role of age in acute type A aortic dis-

section outcome: report from the International Registry of Acute

Aortic Dissection (IRAD). J Thorac Cardiovasc Surg.

2010;140:784–9.

38. Rampoldi V, Trimarchi S, Eagle KA, Nienaber CA, Oh JK,

Bossone E, et al. Simple risk models to predict surgical mortality

in acute type A aortic dissection: the International Registry of

Acute Aortic Dissection score. Ann Thorac Surg.

2007;83(1):55–61.

39. Nordon IM, Hinchliffe RJ, Morgan R, Loftus IM, Jahangiri M,

Thompson MM. Progress in endovascular management of type A

dissection. Eur J Vasc Endovasc Surg. 2012;44(4):406–10.

40. Sobocinski J, O’Brien N, Maurel B, Bartoli M, Goueffic Y,

Sassard T, et al. Endovascular approaches to acute aortic type A

dissection: a CT-based feasibility study. Eur J Vasc Endovasc

Surg. 2011;42(4):442–7.

41. Moon MC, Greenberg RK, Morales JP, Martin Z, Lu Q, Dowdall

JF, et al. Computed tomography-based anatomic characterization

of proximal aortic dissection with consideration for endovascular

candidacy. J Vasc Surg. 2011;53(4):942–9.

42. Trimarchi S, Nienaber CA, Rampoldi V, Myrmel T, Suzuki T,

Bossone E, et al. Role and results of surgery in acute type B aortic

dissection: insights from the International Registry of Acute

Aortic Dissection (IRAD). Circulation. 2006;114(1

Suppl):I357–64.

43. Trimarchi S, Nienaber CA, Rampoldi V, Myrmel T, Suzuki T,

Mehta RH, et al. Contemporary results of surgery in acute type A

aortic dissection: the International Registry of Acute Aortic

Dissection experience. J Thorac Cardiovasc Surg.

2005;129(1):112–22.

44. Tsai TT, Evangelista A, Nienaber CA, Trimarchi S, Sechtem U,

Fattori R, et al. Long-term survival in patients presenting with

type A acute aortic dissection: insights from the International

Registry of Acute Aortic Dissection (IRAD). Circulation.

2006;114(1 Suppl):I350–6.

45. Tsai TT, Fattori R, Trimarchi S, Isselbacher E, Myrmel T,

Evangelista A, et al. Long-term survival in patients presenting

with type B acute aortic dissection: insights from the Interna-

tional Registry of Acute Aortic Dissection. Circulation.

2006;114(21):2226–31.

46. Fattori R, Montgomery D, Lovato L, Kische S, Di Eusanio M,

Ince H, et al. Survival after endovascular therapy in patients with

type B aortic dissection: a report from the International Registry

of Acute Aortic Dissection (IRAD). JACC Cardiovasc Interv.

2013;6(8):876–82.

47. Tsai TT, Evangelista A, Nienaber CA, Myrmel T, Meinhardt G,

Cooper JV, et al. Partial thrombosis of the false lumen in patients

with acute type B aortic dissection. N Engl J Med.

2007;357(4):349–59.

48. Chaddha A, Eagle KA, Braverman AC, Kline-Rogers E, Hirsch

AT, Brook R, et al. Exercise and physical activity for the post-

aortic dissection patient: the clinician’s conundrum. Clin Cardiol.

2015;38(11):647–51.

49. Chaddha A, Kline-Rogers E, Braverman AC, Erickson SR,

Jackson EA, Franklin BA, et al. Survivors of aortic dissection:

activity, mental health, and sexual function. Clin Cardiol.

2015;38(11):652–9.

50. Chaddha A, Kline-Rogers E, Woznicki EM, Brook R, Housh-

older-Hughes S, Braverman AC, et al. Cardiology patient page.

Activity recommendations for postaortic dissection patients.

Circulation. 2014;130(16):e140–2.

51. Januzzi JL, Marayati F, Mehta RH, Cooper JV, O’Gara PT,

Sechtem U, et al. Comparison of aortic dissection in patients with

and without Marfan’s syndrome (results from the International

Registry of Aortic Dissection). Am J Cardiol. 2004;94(3):400–2.

52. Estrera A, Miller C, Lee TY, De Rango P, Abdullah S, Walkes

JC, et al. Acute type A intramural hematoma: analysis of current

management strategy. Circulation. 2009;120(11 Suppl):S287–91.

53. Patterson B, Holt P, Nienaber C, Cambria R, Fairman R,

Thompson M. Aortic pathology determines midterm outcome

after endovascular repair of the thoracic aorta: report from the

Medtronic Thoracic Endovascular Registry (MOTHER) database.

Circulation. 2013;127(1):24–32.

54. Jia X, Guo W, Li TX, Guan S, Yang RM, Liu XP, et al. The

results of stent graft versus medication therapy for chronic type B

dissection. J Vasc Surg. 2013;57(2):406–14.

55. Nienaber CA. Influence and critique of the INSTEAD Trial

(TEVAR versus medical treatment for uncomplicated type B

aortic dissection). Semin Vasc Surg. 2011;24(3):167–71.

56. Clough RE, Mani K, Lyons OT, Bell RE, Zayed HA, Waltham

M, et al. Endovascular treatment of acute aortic syndrome. J Vasc

Surg. 2011;54(6):1580–7.

57. Chikwe J, Cavallaro P, Itagaki S, Seigerman M, Diluozzo G,

Adams DH. National outcomes in acute aortic dissection: influ-

ence of surgeon and institutional volume on operative mortality.

Ann Thorac Surg. 2013;95(5):1563–9.

Gen Thorac Cardiovasc Surg (2019) 67:146–153 153

123


	The IRAD and beyond: what have we unravelled so far?
	Abstract
	Introduction
	Demographics
	Spectrum of symptoms
	Diagnostic modalities and findings
	Biomarkers
	Management
	Proximal aortic dissection
	Distal aortic dissection

	Outcomes analysis
	Outlook

	References




