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InTRODuCTIOn

Acute aortic dissection is a life-threatening cardiovascular event which occurs in 2.9-4 per 
100.000 people a year, with a recently reported increasing incidence due to aging population 
and improved imaging modalities.1-4 Aortic dissection originates from a laceration of the intimal 
layer of the aorta, defined as entry tear, allowing blood inflow along the medial layer, which 
will separate both layers of the aorta. The septum or intimal flap that is created usually extents 
distally and divides the aortic lumen into a true and false lumen. During this process additional 
entry tears can develop, allowing blood flow between the true and false lumen. As the most 
frequent acute aortic syndrome, it is a cathastrophic aortic disease, due to potentially life-
threatening complications, like malperfusion and aortic rupture. Prognosis of aortic dissection 
in untreated patients is poor, with a mortality of 20-30 % before hospital admission and risk 
over 50% within the first 48 hours.4-6

CLAssIfICATIOn

Several classification systems have been proposed, based on entry tear location, extent of the 
dissection and the time interval between onset of symptoms and presentation. The Stanford 
classification is most commonly used and divides dissections into type A and type B. Type A 
aortic dissection (TAAD) involves the ascending aorta, while type B aortic dissection (TBAD) 
typically involve the descending aorta, distal from the subclavian artery.4-7 At presentation, the 
proximal entry tear is located in the ascending aorta in 60% of the patients, 10% in the aortic 
arch and 30% in the descending aorta, resulting in one third of the patients having a type B 
aortic dissection.

symPTOms

Type B aortic patients most typically present in their 5th to 7th decade. The majority of patients 
present with a abrupt onset of pain, tearing or ripping in nature and located in the chest and/or 
back.2, 8 The pain is described by most patients as severe, unremitting and specific migration of 
the pain along the affected aorta. However, the diagnosis of aortic dissection can be challenging 
because of its diverse clinical presentation, which can mimic more common disorders such as 
myocardial ischemia. The most feared complications are related to obstruction of the aortic 
branches with consequent malperfusion and end-organ ischemia, which may be present in up to 
50% of all TBAD patients.1, 2 Complications include aortic rupture and shock, cardiac failure, 
spinal cord ischemia, cerebrovascular accidents, mesenteric malperfusion/ischemia, renal failure 
and limb ischemia.2, 9, 10
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1RIsk fACTORs

Several conditions are associated with aortic dissections, as they may either increase the shear 
stress on the aortic wall or decrease the vascular wall strength. Systemic hypertension, increasing 
age and atherosclerosis are the most important risk factors,2, 11, 12 while other risk factors like 
congenital bicuspid or unicommissural aortic valve, cocaine abuse and pregnancy are less 
common.13-17 Connective tissue diseases resulting in structural weakness of the aortic wall, 
like Marfan, Ehlers-Danlos and Loeys-Dietz syndrome, are strongly related to the incidence of 
aortic dissections and these patients require prophylactically interventions and more intensive 
follow-up. In addition, multiple genes have been identified, which are known to predispose for 
thoracic aortic aneurysm and dissection.2, 14, 18, 19

DIAGnOsIs

Computed tomography scan performed with iodinate contrast is the diagnostic modality of 
choice,since it has a sensitivity and specificity of almost 100%.20-22 Magnetic Resonance Imaging 
(MRI) is rarely adopted in the acute setting, despite a good sensitivity and specificity, because 
of the prolonged time to obtain these images.23-25 Arteriography is reserved for patients with a 
high suspicion of malperfusion and it is currently used as a first step for endovascular therapy.23

TheRAPy

The initial therapy of aortic dissection is directed to stabilize the patient and prevent propagation 
of the dissection and aortic rupture. Therefore adequate invasive haemodynamic monitoring 
is advised,2, 6, 26, 27 and, in patients presenting with refractory hypotension, rapid volume 
expansion should be combined with vasopressors to maintain organ perfusion. In patients with 
normotension or hypertension at presentation, medical therapy is administered to decrease 
aortic wall stress Current management of uncomplicated type B aortic dissections is intensive 
medical therapy with blood pressure and pulse rate reduction using nitrates and β-blockers, 
which is associated with an in-hospital mortality rate of around 3-10%.2, 28 However, patients 
that survive the acute phase are still prone to aortic expansion and rupture during follow-
up, despite receiving adequate antihypertensive therapy.29, 30 Currently, early intervention is 
only indicated in patients with complicated acute type B aortic dissection, such as rapid aortic 
expansion, retrograde dissection, malperfusion syndromes or signs of imminent rupture.8, 31 For 
these patients, The introduction of endovascular therapies, and especially the introduction of 
thoracic stent graft placement, have lead to a shift in paradigm, as these procedures offer a less-
invasive option with low morbidity and mortality (10-20%) compared to open surgical repair 
(20-30%).28, 32-34
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The long-term results of medically treated uncomplicated type B dissection patients are far 
less prosperous than the short-term results with mortality rates as high as 18-52% after 5 years 
and many patients requiring late intervention.28, 34-36 Therefore multiple studies have been 
conducted to study early intervention in all type B dissection patients, but both open surgical 
and endovascular interventions are shown not to improve overall outcomes when compared to 
medical management alone.29, 34, 37 A more patient-specific approach of uncomplicated type B 
dissection patients might, however, improve the overall long-term results. Type B dissection 
patients who are expected to have a high probability of aortic expansion, rupture or other 
complications during follow-up, may benefit from early intervention while patients who are 
more likely to undergo recovery of their type B dissection should receive continued medical 
management.

QuesTIOns

1. What are the clinical predictors for the outcome in type B aortic dissection patients and can 
we provide different subsets of patients that might benefit from early intervention ?

2. What are the morphologic predictors for a beneficiary outcome in uncomplicated type B 
aortic dissection ?

3. What are the morphologic and clinical predictors for outcome of TEVAR ?

OBJeCTIVes AnD OuTLIne Of ThIs ThesIs

The primary objective of this thesis is to provide predictors, both clinical as radiologic, for the 
outcome in TBAD, in order to have a patient specific approach to decide on whom to intervene 
and whom to treat conservatively. Chapter 2 provides an update in the management of aortic 
dissection based on the best available evidence. For the first part, the International Registry of 
Acute Aortic Dissection (IRAD) was consulted to look at clinical predictors for outcome in 
TBAD. We studied different subsets of patient in order to stratify these patients for outcome. 
Chapter 3 studies patients presenting with painless TBAD, which can lead to a delay in diagnosis 
and potentially have a worse outcome. Current guidelines state that arch involvement in acute 
aortic dissection requires open surgical repair, but TBAD patients with retrograde aortic arch 
involvement, which were analyzed in Chapter 4, did not show an increased medical mortality 
when compared with classic medically treated TBAD. As consequence this specific cohort, 
when presenting with an uncomplicated clinical scenario, might be treated with less invasive 
treatment options. Aortic intramural hematoma type B (IMHB) is a variant of acute aortic 
syndrome, which is characterized by a crescentic thickening of the descending aorta in absence 
of an intimal flap or entry tear.38, 39 Although they presents with symptoms similar to classic 
TBAD, we studied the differences and similarities between these two entities in Chapter 5. 
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1The clinical presentation of TBAD is heterogeneous and strongly predicts in-hospital outcome. 
Chapter 6 focuses on those variables, at presentation, that are independently associated with 
in-hospital mortality in TBAD patients, in order to provide a simple prediction model.
Aortic growth in TBAD is a significant predictor for aortic complications and mortality as it is 
associated with aortic aneurysms and even rupture.40, 41 In order to improve the overall outcome, 
radiological predictors might stratify patients that are more prone to develop aneurysmatic 
dilatation during medical treatment and those who are not. Previous reports have shown that 
patients with partial lumen thrombosis were associated with a higher mortality and therefore 
Chapter 7 evaluates the aortic growth rates in medical treated TBAD based on the false lumen 
thrombosis status.35 Pressurization of the false lumen depends on the in and outflow in the false 
lumen and therefore we studied the influence of the number of entry tears on aortic growth 
in Chapter 8. Chapter 9 aims to identify early morphologic characteristics to predict aortic 
dilatation in TBAD patients treated medically.
The final part of this thesis studies the predictors of outcome after thoracic endovascular aortic 
repair (TEVAR). Chapter 10 investigates the influence of stent-graft oversizing on device-
related complications. Chapter 11 evaluates the outcome of TEVAR in TBAD patients in a large 
tertiary, referral center in the United Stated. Moreover, it assesses the morphologic predictors of 
false lumen thrombosis in these patients, as it is associated with a better outcome.42-44
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OPenInG sTATemenT

Recent improvements in diagnosis, peri-operative management, surgical techniques and 
postoperative care have resulted in decreased mortality and morbidity in acute aortic dissections 
(AAD). The classic treatment algorithm indicates that type A patients require direct surgical 
intervention and type B patients should be treated medically, in absence of complications. 
Initial medical treatment is adopted in all AAD patients, as it reduces propagation of the 
dissection and aortic rupture. In type A aortic dissection (TAAD) several techniques have 
contributed to major changes in the surgical approach, such as cerebral protection using 
moderate circulatory arrest, selective cerebral perfusion, and aortic valve sparing with root 
replacement. In TAAD with involvement of the descending aorta, thoracic endovascular aortic 
repair (TEVAR) can be performed as a part of a complex hybrid procedure, in which surgical 
ascending/arch repair is combined with the placement of a stent graft in the descending aorta. 
Future developments in stent graft technologies might broaden the usefulness of TEVAR for 
the total endovascular repair of TAAD. In complicated type B aortic dissection (TBAD), 
the use of TEVAR has become the therapy of first choice. By covering the proximal entry 
tear, the stent graft reduces the pressurization of the false lumen, treating malperfusion and 
inducing favorable aortic remodelling. In uncomplicated TBAD, TEVAR has been used to 
prevent long term complications, such as aortic aneurysm, but this concept is not yet routinely 
recommended. Regardless of their initial treatment, all AAD patients should be administered to 
strict antihypertensive management combined with imaging surveillance and careful periodic 
clinical follow-up.
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2

InTRODuCTIOn

Acute aortic dissection is a life-threatening disease with an increasing incidence up to 14 per 
100.000 people/year, due to aging population and improved imaging modalities.1 Prognosis 
of aortic dissection in untreated patients is poor, with a mortality of 20-30 % before hospital 
admission and 50% will expire within the first 48 hours.1, 2 The Stanford classification is most 
commonly used and classifies dissections into TAAD involving the ascending aorta and TBAD, 
without ascending involvement. Several conditions are associated with AAD, related to the 
increase of shear stress on the aortic wall or the decrease of vascular wall strength. Systemic 
hypertension, increasing age, and atherosclerosis are the most important risk factors, while 
other risk factors like congenital bicuspid or unicommissural aortic valves, cocaine abuse 
and pregnancy are less common.3-5 Connective tissue disorders like Marfan, Ehlers-Danlos 
syndrome, and Loeys-Dietz syndrome, result in structural weakness of the aortic wall and 
are strongly associated with aortic dissections.3, 4, 6, 7 The diagnosis of aortic dissection can 
be challenging because of the diverse clinical presentation, which can mimic more common 
disorders such as myocardial infarction. The majority of patients present with an abrupt onset 
of pain, tearing or ripping in nature and located in the chest and/or back.4, 6 Obstruction of the 
aortic branches can lead to malperfusion and end-organ ischemia, which are the most feared 
complications. Clinical presentation can include shock, cardiac tamponade, cardiac failure, 
myocardial ischemia/infarction, spinal cord ischemia, cerebrovascular accidents, mesenteric 
malperfusion, renal failure, pulse deficits and limb ischemia.4, 8

In TAAD patients, transesophageal echocardiogram (TEE) is the preferred imaging modality 
as it offers the advantage of immediate diagnosis. The role of TEE can be expanded during 
the operation to assess cardiac and valve function. Computed tomographic imaging (CT) 
is the most widely adopted imaging modality to detect AAD, as it provides a more detailed 
visualization of the aorta and should be used at low threshold in patients suspected of AAD. 
Despite current developments, the classic treatment algorithm, where TAAD and complicated 
TBAD require surgical intervention and uncomplicated TBAD can be treated medically, 
remains intact. Improvements in the peri-operative management, surgical techniques and 
postoperative care have resulted in a significant decrease in AAD mortality over the last decades. 
The introduction of TEVAR has further improved the outcome. In this review we report the 
up-to-date knowledge regarding the current management strategies of AAD.
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TReATmenT

• In AAD patients the goal of the initial medical management is 
to prevent progression of the dissection and aortic rupture. Blood 
pressure should be regulated between 100 and 120 mmHg systolic 
and ≤ 60-70 mmHg diastolic, and the heart rate < 60 beats/
minute.7

• The pharmacologic management consists of intravenous β-blockers 
or combined α and β-blockers, utilizing primarily short-acting 
agents as they can be easier titrated to optimal levels.7

• In patients who are unresponsive, have untoward side effects or 
contra-indications to β-blockers, calcium-channel blockers and 
angiotensin converting enzyme (ACE)-inhibitors are an alternative 
therapy. Most typically this would include a non-dihydropyridine 
calcium-channel blocker (i.e., diltiazem or verapamil) to maintain 
a low heart rate.

• Surgical and endovascular interventions are utilized to prevent 
cardiac and aortic complications.

• Surgical repair is indicated in all TAAD, while TEVAR is reserved 
for complicated TBAD. For uncomplicated TBAD, medical 
treatment is currently the initial strategy of choice.

Diet and lifestyle

• Diet and lifestyle restrictions should be focused on avoiding 
situations in which the mean arterial pressure will increase.

• To effectively control blood pressure and cholesterol, low fat and 
low salt diets are suggested.

• Cocaine or other stimulating drugs such as methamphetamine are 
associated with aortic rupture and should be avoided.
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• Heavy weight lifting, competitive sports, or a job involving 
isometric exercise may induce hypertension and provoke aortic 
dissection or aortic rupture and should be avoided.

• The importance of adherence to medical treatment must be 
emphasized, especially regarding the lifelong treatment with 
antihypertensive agents.

Pharmacologic treatment

• The initial management of AAD is directed to clinically stabilize 
the patient and prevent propagation of the dissection and aortic 
rupture. Immediate adequate invasive haemodynamic monitoring 
is advised, through an intra-arterial catheter and urinary 
catheter.2,4,9

• In patients presenting with refractory hypotension, rapid volume 
expansion should administered in combination with vasopressors 
such as nor-\epinephrine or phenylepinephrine to maintain organ 
perfusion, before the patient receives definitive surgical repair.6

• In patients with hypertension at presentation, medical therapy 
is administered to decrease aortic wall stress. This can be 
accomplished by decreasing the force of the left ventricular 
contraction and lowering systolic blood pressure and heart rate. 
Blood pressure should be regulated between 100 and 120 mmHg 
systolic and ≤ 60-70 mmHg diastolic, and the heart rate < 60 
beats/minute.6

• Pain should be treated promptly with intravenous opiates. 
Persisting pain may indicate progression of the dissection or an 
impending rupture. In TBAD patients, this condition should be 
considered as a complication requiring intervention.

• During hospital stay the intravenous antihypertensive regimen is 
converted into oral medication.10
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• All AAD patients require life-long follow up for blood pressure 
regulation, as well imaging surveillance to detect aneurismal 
aortic enlargement.

Specific drugs:

Beta adrenoreceptor antagonists (β-blockers)

Intravenous β-blockers are the treatment of choice for patients suspected for AAD. β-blockade 
has a negative inotropic and chronotropic effect, which prolongs the diastolic filling time and 
results consequently in an increased left ventricle end-diastolic volume, thereby lowering blood 
pressure and heart rate.

standard dosage Titrate dosage for symptom control, establish a target heart rate of 
50-60 beats/minute and systolic blood pressure down to 100-120 
mm Hg.

Contraindications Sick sinus syndrome, 2nd and 3rd degree atrioventricular block (AV 
block), prolonged first degree AV block without pacemaker in place 
(PR interval > 0.24 sec), cardiogenic shock, sinus bradycardia, 
hypotension (systolic blood pressure of less than 100 mm Hg), 
severe bronchospastic disease, congestive heart failure.

main drug interactions Combined use of a β-blocker with verapamil or diltiazem and 
specific antiarrhythmic medications (eg, amiodarone) increases 
the risk of bradycardia and AV block.

main side effects Bradycardia, possible wheezing in susceptible patients. Rarely 
hyperkalemia in elderly patients with diabetes or in combination 
with an angiotensin-converting enzyme inhibitor (ACE-inhibitor).

special points –

Cost effectiveness Adequate β-blockade can usually be achieved imntavenous 
with metoprolol or propanolol which are relatively inexpensive 
medicine, while esmolol is expensive and reserved for the very 
initial treatment.
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Sodium nitroprusside

Nitroprusside is administered in the early setting of AAD patients with refractory hypertension 
after initiation of β-blocker therapy. It induces venous and arterial vasodilatation, thereby 
increasing the cardiac output. Vasodilator therapy may be associated with reflex tachycardia 
that increases the aortic wall stress, which potentially can cause expansion and propagation of 
thoracic aortic dissection. For this reason, vasodilator therapy should only be administered after 
adequate heart rate control.

standard dosage Titrate dosage for symptom control, establish a target systolic 
blood pressure down to 100-120 mm Hg.

Contraindications Significant hypotension, inadequate cerebral circulation, 
optic atrophy, decreased systemic vascular resistance (SVR), 
concomitant unstable angina or recent myocardial infarction, 
renal or hepatic failure.

main drug interactions Generally, nitroprusside will synergistically decrease the blood 
pressure if used with other vasodilators, especially with PDE5-1 
(e.g., sildenafil).

main side effects Hypotension, metabolic acidosis, brady- and tachyarrhythmia’s, 
cyanide toxicity, myocardial ischemia. With impaired renal 
function and infusion of the agent for more than 48 hours, the 
risk of thiocyanate toxicity is increased. Reduction of arterial 
oxygen saturation in some patients with hypoxic pulmonary 
vasoconstriction.

special points Do not use as a sole agent in patients with aortic dissection 
because the vasodilating effect can cause reflex tachycardia and 
an increased force of left ventricular contraction. Avoid the use in 
patients with renal failure. Further, infusion periods should be as 
short as possible because of the possible thiocyanate and cyanide 
toxicity. Nitroprusside is light sensitive, for this reason infusion 
bags should be protected from light.

Cost effectiveness Sodium nitroprusside in combination with an intravenous 
β-blocker controls the blood pressure effectively in the majority 
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of patients with AAD. Sodium nitroprusside is inexpensive in 
comparison to other intravenous agents used for rapid control of 
hypertension.

Non-dihydropyridine Calcium channel blockers (Ca-blockers)

In patients not responding, or poorly tolerating β-blockers, Ca-blockers can be used as an 
alternative. In addition, usage of Ca-blockers in TBAD might reduce aortic expansion over 
time.10, 11

standard dosage Titrate dosage for symptom control, establish a target heart rate of 
50-60 beats/minute and systolic blood pressure down to 100-120 
mm Hg.

Contraindications Acute myocardial infarction, 2nd or 3rd degree AV block, sino-
atrial node dysfunction, hypotension, sick sinus syndrome, Wolff-
Parkinson-White syndrome, congestive heart failure, wide QRS 
tachycardia of uncertain origin, concomitant intravenous use of a 
β-blocker.

main drug interactions β-blockers, digoxin and cyclosporine.

main side effects Myocardial infarction, dyspnea, ileus, flushing.

special points –

Cost effectiveness Inexpensive and effective.

Angiotensine-converting enzyme inhibitors (ACE- inhibitors)

In absence of adequate blood pressure control, ACE-inhibitors should be administered to reduce 
the blood pressure and to maintain adequate end-organ perfusion. Intravenous administration 
of an ACE-inhibitor is rarely needed for the treatment of AAD.

standard dosage Titrate dosage to establish a target systolic blood pressure down to 
100-120 mm Hg.
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Contraindications Angioedema on previous therapy, pregnancy. Caution in patients 
with renal insufficiency, bilateral renal artery stenosis or elevated 
potassium levels, as these agents increase the risk of renal failure.

main drug interactions Severe hyperkalemia can occur, if the agent is used in combination 
with potassium-sparing diuretics or potassium supplements. First-
dose hypotension can occur, if the agent is used in combination 
with α-blocking agents, such as doxazosin, prazosin or terazosin. 
The antihypertensive effects of an ACE-inhibitor are augmented 
by other antihypertensive agents.

main side effects Impairment of renal function, hyperkalemia, potential for 
hypotension, angioedema, dry cough.

special points ACE-inhibitors can be useful in case of unirenal malperfusion 
with concomitant increasing renin levels.

Cost effectiveness Generic agents are very inexpensive.

Angiotensin receptor blockers (ARBs)

ARBs can be used as an alternative for ACE-inhibitors, when patients have persistent cough 
after administration of ACE-inhibitors. In addition, there is increasing evidence that patients 
with Marfan syndrome may benefit from ARBs instead of ACE-inhibitors, as losartan looks to 
be associated with a reduced ascending aortic growth rate.12

standard dosage Titrate dosage to establish a target systolic blood pressure down to 
100-120 mm Hg.

Contraindications Caution in patients with renal insufficiency, bilateral renal artery 
stenosis or elevated potassium levels, as these agents increase the 
risk of renal failure.

main drug interactions Severe hyperkalemia can occur, if the agent is used in combination 
with potassium-sparing diuretics or potassium supplements. 
The antihypertensive effects of ARBs are augmented by other 
antihypertensive agents.
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main side effects Potential for hypotension, impairment of renal function, 
hyperkalemia. The incidence of cough is lower with ARBs 
(1%) compared with ACE-inhibitors (10%). The incidence of 
angioedema with ARBs (very rare) is lower in comparison with 
ACE-inhibitors. ARBs can be used as an alternative in patients 
who suffered from angioedema due to ACE-inhibitors.

special points The administration of ARBs should be initiated during 
hospitalization.

Cost effectiveness Generic agents are inexpensive.

Alpha adrenergic blocking agents (α-blockers)

If the blood pressure is still uncontrolled despite using a combination of the earlier mentioned 
antihypertensive agents, addition of α-blockers can be a valuable option. It lowers the peripheral 
vascular resistance by dilation of the arterioles and venules.

standard dosage  Titrate upward to achieve a systolic blood pressure down to 100-
120 mm Hg.

Contraindications (Orthostatic) hypotension, heart failure, myocardial infarction.

main drug interactions  Simultaneous use with other antihypertensive agents can have 
a synergistic effect. Combination of use with PDE-5 inhibitors, 
such as sildenafil, can cause hypotension.

main side effects (Orthostatic) hypotension, respiratory- or urinary tract infection, 
dizziness, palpitations, tachycardia, dyspnea.

Cost effectiveness It is a valuable therapeutic adjunct and inexpensive.

Hydralazine

Hydralazine lowers blood pressure by exerting a peripheral vasodilating effect through a direct 
relaxation of vascular smooth muscle. However, it is associated with reflex tachycardia and 
increase in the left ventricular contractility, plasma renin levels and the release of norepinephrine. 
For these reasons, this arteriolar dilator is considered to be relatively contraindicated for patients 
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with suspected acute AAD, except when the heart rate is well controlled and hypertension 
persists.

Interventional procedures

Transcatheter fenestration

standard procedure:  Through the groin, a guidewire is utilized to puncture the septum 
flap which is then dilatated with a balloon or catheter, resulting in 
the restoration of the equilibrium of pressures between the false 
and true lumen. Complementary aortic branch stenting can be 
used to treat malperfusion.13, 14

Contraindications Malperfusion due to a static obstruction by thrombus in the false 
lumen

Complications The transcatheter fenestration may fail, not resolving malperfusion 
and the pressurization of the false lumen, which also may lead to 
an increased risk of aortic expansion and rupture.13, 14

special points Requires great expertise and strict blood tests and imaging follow-
up in the acute setting. This procedure can be used not only in 
TBAD patients, but also in TAAD to relieve malperfusion before 
undergoing definitive surgical management.

Cost/cost-effectiveness Because the procedure is entirely endovascular and usually does 
not require stent grafts, it is relatively inexpensive compared to 
TEVAR or open surgery.

TEVAR (Thoracic Endovascular Aortic Repair)

standard procedure:  In patients with complicated TBAD, TEVAR has become the 
preferred therapeutic option.13-16 Femoral artery cut down or a 
percutaneous approach are used to introduce the guidewires and 
catheters. After aortography and with TEE control, a covered 
stent graft is deployed under fluoroscopic guidance, covering the 
proximal entry tear. In this fashion blood flow is diverted into 
the true lumen, depressurizing the false lumen and promoting 
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false lumen thrombosis and aortic remodeling. Post deployment 
angiography is obtained to evaluate the correct position of the graft 
and resolution of the aortic complications. In case of poor results, 
like persistence of malperfusion, another covered stent graft can 
be deployed up to the level of the celiac trunk. If necessary, an 
uncovered aortic stent might be extended more distally to the 
abdominal aorta, at the level of the visceral and renal arteries.

Contraindications Unfavorable anatomy prohibiting stent graft delivery. Such as 
extreme tortuosity, severe atherosclerotic disease or the necessity 
of coverage a major branch vessel. Retrograde extension of the 
dissection into the aortic arch should be considered a contra-
indication for standard TEVAR.

Complications TEVAR is associated with an in-hospital mortality between 
2.6-9.8 % and neurologic complications between 0.6-3.1 %.17, 18 
Stroke, paraplegia and paraparesis, incidental occlusion of the 
left subclavian artery and inadequate placement of the graft are 
all significant complications of TEVAR.19 The risk of paraplegia 
is related to the extension of the aorta that is covered, previous 
aortic surgery and hypotension. Stroke is often due the presence 
of severe arch atherosclerosis and mural thrombosis, which can 
serve as source of embolus, especially due to the manipulation 
of catheters in the arch and ascending aorta.19 Coverage of the 
left subclavian artery (LSA) may be associated with a higher 
incidence of stroke, paraplegia and paraparesis. Revascularization 
of the LSA, typically with left subclavian to common carotid 
artery transposition or bypass grafting, should be performed 
in all non-emergent cases.16, 19, 20 Additionally, the false lumen 
may remain patent, which seems to be associated with chronic 
aortic dilatation. Other complications are related to the device or 
procedure, including endoleaks, migration or collapse of the stent 
graft and development of a false aneurysm.17, 21

special points Patients affected by TBAD with refractory or recurrent pain or 
refractory hypertension are at increased risk of relevant in-hospital 
mortality and may benefit from early TEVAR.22 Serial CT and 
MRI studies are required due to the increased risk of stent graft or 
aortic related complications.
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Cost/cost-effectiveness TEVAR has shown to be cost-effective compared to open surgery 
for complicated TBAD in the short term.23 Multiple prospective 
studies are currently running to determine the long term durability 
and cost-effectiveness of TEVAR.

surgery

Type A Dissection

Ascending aorta replacement

standard procedure  All patients are treated under general anesthesia through a 
medium sternotomy, using extracorpeal circulation with moderate 
or deep hypothermic circulatory arrest. The pericardium is 
excised, cardiopulmonary bypass is established and cardiac arrest 
is instituted. During patient cooling, the aorta may be cross-
clamped in order to inspect the aortic root and valve. If the aortic 
vale and root are free of concomitant disease, the proximal aortic 
graft anastomosis is performed at supracommisural level with 
possible aortic reinforcement using Teflon strips.24 In TAAD 
patients, aortic regurgitation is present in up to 44%, frequently 
resulting from commissural dehiscence, annular dilatation, 
sclerotic, stenosed or destructed aortic valves.4 These patients 
may require a Bentall procedure with composite aortic valve-graft 
replacement. However, in some patients the function of the aortic 
valve is preserved and they may be treated with valve-sparing 
procedures such as the David or Yacoub technique.25, 26 Such 
operations should be primarily reserved for patients affected by 
connective tissue disorders, young patients, and those with ectatic 
aortic root. Nevertheless, valve-sparing operations are technically 
demanding and are indicated only in high-volume centers with 
expertise. Aortic arch management requires moderate/deep 
hypothermic circulatory arrest. For better cerebral protection, 
antegrade cerebral perfusion maybe established through catheters 
that are selectively advanced into the innominate artery and left 
common carotid artery. The inspection of the arch is conducted 
to identify additional entry-tears. In presence of an entry tear in 
the inner curvature or absence of additional arch complications, a 
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hemi-arch replacement is performed, with the distal anastomosis 
sutured in a transverse manner in order to resect the inner 
curavature of the arch and sparing the supra-aortic branches. In 
case of extensive tears in the aortic arch, which is present in 15-
20% of all TAAD patients, as well in presence of arch aneurysm, 
complex arch dissection, connective tissue disease or atheromateous 
disease, total arch replacement should be considered. Supra-
aortic vessels may be reimplanted separately or with the use of 
the island technique.27, 28 Total arch repair is also advocated in 
TAAD patients to reduce long term aneurysmatic complications 
of the descending aorta, being associated with increased false 
lumen thrombosis and aortic remodeling.29, 30 Reduced patency 
of the false lumen can be achieved with the use of extensive aortic 
procedures, such as the elephant trunk technique 31, which require 
a staged operation for treating thoracic and thoraco-abdominal 
aortic segments. Recently TEVAR has been introduced as a 
minimally invasive option to treat the descending aorta during the 
staged operation or with simultaneous descending stent-grafting 
as a hybrid procedure.

Contraindications  Dense stroke and coma are considered contra-indications, 
although recent studies report a relatively good outcome.32 Patients 
presenting with severe malperfusion have a relative contra-
indication.33 Surgery is also not indicated in patients with end 
stage malignant disease or other major comorbid illness associated 
with decreased life expectancy.

Complications Although technical advances have helped to improve surgical 
outcomes, mortality rates still range between 10-25%.9, 34 
Coagulopathic hemorrhage remains a significant cause of 
mortality and morbidity and reexploration may be required. 
Extensive blood transfusion can be also associated with post-
operative pulmonary failure. Stroke still remains an important 
complication of this surgery, ranging around 4-8%.9, 34 Other 
postoperative neuropsychiatric complications like delirium or 
changes in memory and cognition may be present in one-third 
of the patients. The incidence of these complications seems to be 
related to brain ischemia time. Antegrade brain perfusion has 
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been reported to be beneficial to prevent these complications.35 

Extracorporeal circulation, renal failure, end-organ ischemia and 
hypothermia can result in significant electrolyte and/or acid-
base disturbance and may necessitate volume reduction with 
conventional diuretic therapy or extracorporeal dialysis.

special points Currently, cannulation of the axillary artery or right subclavian 
artery has shown to be superior compared to femoral artery 
cannulation, as it is seldom involved in the dissection or in 
extensive atherosclerotic lesions.36 A significant advantage of this 
approach is that it allows both antegrade brain perfusion during 
circulatory arrest, which reduces cerebral ischemic events, as well 
as antegrade distal perfusion. The use of a conduit in case of small, 
deeply located, or damaged axillary arteries has been advocated. 
The optimal temperature during hypothermic circulatory arrest 
remains debated, as the advantages of deep hypothermic technique 
(e.g. brain protection) may be outweighed by the complications 
(prolonged extracorporeal circulation time, coagulation disorders 
and increased systemic inflammatory response syndrome). A 
recent study showed no influence on outcome of cerebral perfusion 
temperatures, ranging between 15-30 ºC.9

Cost/cost-effectiveness  Surgical procedures for TAAD must be instituted as soon as 
possible as most patients will expire after admission.

Type B dissection

standard procedure  Due to advancement in endovascular techniques, the treatment 
paradigm for TBAD patients has shifted, with open surgery 
reserved for patients in whom endovascular techniques are 
not feasible or have failed. During surgery, exposure of the 
descending aorta is obtained through a left posterolateral 
thoracotomy. Cardiopulmonary bypass can be established in a 
partial manner through the left atrium and femoral artery. In 
patients with retrograde extension with partial arch involvement, 
full cardiopulmonary bypass, using the femoral artery and vein, 
may be instituted. In the latter setting, hypothermic circulatory 
arrest may be performed, with or without selective antegrade 
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perfusion, for treating left hemi-arch using an open proximal 
aortic anastomosis. After resection of the proximal entry tear, 
distal aortic graft anastomosis is performed at the level of the 
diaphragm, with reinforcement of the aortic wall with Teflon-
strips. At this level the aortic lamella can be fixed to the dissected 
aortic wall or resected in order to create a single aortic lumen 
which will balance the blood pressure between the true and false 
lumen. After this, the aortic graft is sutured distally. In case of 
visceral/renal malperfusion, a surgical fenestration is needed 
in order to restore blood flow to the compromised branches. 
Extensive thoraco-abdominal aortic replacement is associated 
with higher risk of paraplegia, therefore in patients undergoing 
this surgery reimplantation of the intercostal arteries between 
T8 and L1 is recommended. For those patients who present with 
lower extremity ischemia, surgical management may include 
infrarenal aortic fenestration through a median laparatomy. Older 
patients affected by limb ischemia may benefit from a femoral-
femoral arterial bypass graft.

Contraindications Patients presenting with severe visceral malperfusion and spinal 
cord ischemia may not have an indication for surgery given a low 
likelihood of clinical recovery and grim overall prognosis. End 
stage malignant disease and severe COPD are considered relative 
contra-indications for surgical aortic repair.

Complications In patients with TBAD, overall surgical mortality is around 
30%.34 The outcome of surgical repair may depend on the 
preoperative condition of the patient, as risk factors like older 
age and hypotension/shock are strongly associated with a poor 
outcome. A more beneficial outcome may be expected in patients 
with radiating pain, normotension at surgery, and reduced 
hypothermic circulatory arrest time. Neurologic complications, 
such as spinal cord ischemia, paraparesis and stroke, are associated 
with the extent and duration of the operation.16, 34, 37 Other notable 
complications are cardiac, respiratory and renal failure, visceral 
ischemia or peritonitis, sepsis, and limb ischemia.16, 34, 37
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special points In patients at higher risk for spinal cord ischemia, cerebrospinal fluid 
drainage and perfusion pressure optimization are recommended.6 
Although not routinely used, neurophysiologic monitoring of the 
spinal cord can detect spinal cord ischemia, guiding hemodynamic 
optimization and the potential reimplanation of intercostals 
arteries.38

Cost/cost-effectiveness Surgery is only indicated in those TBAD patients that cannot be 
treated with an endovascular approach.

emerging therapies

TEVAR in uncomplicated TBAD

standard procedure Among uncomplicated TBAD, 90 % survive hospital admission 
after adequate antihypertensive therapy.5 Conservative treatment 
in combination with close surveillance is justified in order to 
detect aneurysmatic dilatation or progression of the dissection, 
which is the most feared complication in the long term, involving 
about 30-40% of patients.2, 39 Based on these findings, it has 
been proposed that uncomplicated TBAD might be treated with 
stent graft placement. Although the INSTEAD (Investigation 
of STEnt Grafts in Patients with Type B Aortic Dissection) 
trial did not show beneficial results for uncomplicated TBAD 
treated with TEVAR versus those managed medically in terms 
of mortality39, the one-year results of the ADSORB (A European 
Study on Medical Management Versus TAG Device + Medical 
Management for Acute Uncomplicated Type B Dissection) 
trial showed more frequent false lumen thrombosis and aortic 
remodeling in those patients with TBAD treated with TEVAR 
compared to those managed medically.40

Contraindications  Comparable with TEVAR.

Complications Comparable with TEVAR.
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special points  In order to stratify this cohort of patients, clinical, genetic and 
radiologic predictors could identify those patients with TBAD 
that might benefit from early intervention.

Cost/cost-effectiveness  Currently TEVAR in uncomplicated TBAD has failed to show 
superior outcome and is much more expensive than medical 
treatment alone. In the absence of long-term outcome data, as 
well as the potential complications related to TEVAR, medical 
treatment is preferred.

Hybrid procedures

standard procedure  As previously reported, TEVAR can be used in association with 
open ascending/arch repair for treating extensive TAAD patients, 
simultaneously or in a staged procedure. In chronic arch and 
descending post-dissecting aortic aneurysms, different hybrid 
approaches can be adopted, consisting of aortic arch debranching, 
stented elephant trunk and frozen elephant trunk.41, 42 During 
debranching procedures, the supra-aortic vessels are bypassed 
using surgical grafts from the ascending aorta and the operation 
is finalized by placement of a stent graft into the arch, in the 
same or later stage. TEVAR has been also adopted to complete 
the second stage of the elephant trunk technique for treating 
descending aortic diseases. Recently, hybrid “frozen elephant 
trunk” prostheses, which are represented by a surgical graft with 
an incorporated stent graft, have been introduced to manage 
extensive aortic diseases simultaneously.31

Contraindications  In patients with previous coronary artery bypass grafting, where 
surgical grafts for the aortic debranching needed to be sutured in 
the ascending aorta, as well in those with unfavorable anatomy 
prohibiting safe stent graft delivery.

Complications Hybrid procedures for aortic arch dissections carry a considerable 
risk with a pooled mortality of 9.8%, perioperative stroke of 4.3% 
and spinal cord ischemia of 5.8%.41
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special points These procedures are not routinely performed, but are used for 
patients with multiple comorbidities, considered unsuitable for 
open repair in experienced/high volume centers.

Cost/cost-effectiveness Since initial results are comparable with open surgical repair 
among high risk patients with multiple comorbidities, this 
approach seems justified although long-term follow-up data 
should be awaited.

Total endovascular treatment of TAAD

 Total endovascular treatment of TAAD is currently in an 
experimental phase and only few case-reports have been 
reported.43, 44 Stent graft placement in the TAAD might be 
feasible in selected cases, as the landing zone needs to be evaluated 
very accurately, being in the vicinity of the supra-aortic branches 
and the coronary arteries. Developments of modular branched 
or fenestrated stent grafts, possibly with incorporated composite 
aortic valves, potentially harbor the future in the treatment of 
TAAD patients.
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ABsTRACT

Introduction
The classic presentation of a patient with Type B acute aortic dissection (TBAAD) is 
characterized by severe chest, back or abdominal pain, ripping or tearing in nature. However, 
some patients present with painless acute aortic dissection which can lead to a delay in diagnosis 
and treatment. We utilized the International Registry on Acute Aortic Dissections (IRAD) 
database to study these patients.

methods
We analyzed 43 painless TBAAD patients enrolled in the database between January 1996 
and July 2012. The differences in presentation, diagnostics, management and outcome were 
compared with patients presenting with painful TBAAD.

Results
Among the 1162 TBAAD patients enrolled in IRAD, 43 patients presented with painless 
TBAAD (3.7%). The mean age of patients with painless TBAAD was significantly higher than 
normal TBAAD patients (69.2 vs. 63.3 years (p=0.020). The presence of atherosclerosis (46.4% 
vs. 30.1%, p = .022), diabetes (17.9% vs 7.5%; p = .018) and other aortic diseases (8.6% vs. 2.3%, 
p = .051), such as prior aortic aneurysm (31% vs. 18.8% p = .049) was more common in these 
patients. Median delay time between presentation and diagnosis was longer in painless patients. 
(median 34.0h vs 19.0h; p = .006) Dissection of iatrogenic origin (19.5 vs. 1.3%; p < .001) was 
significantly more frequent in the painless group. The in-hospital mortality was 18.6% in the 
painless group, compared with an in-hospital mortality of 9.9% in the control group (p = .063).

Conclusion
Painless TBAAD is a relatively rare presentation (3.7%) of aortic dissection, and is often 
associated with a history of atherosclerosis, diabetes, prior aortic disease including aortic 
aneurysm and an iatrogenic origin. We observed a trend for increased in-hospital mortality in 
painless TBAAD patients, which may be the result of a delay in diagnosis and management. 
Therefore, physicians should be aware of this relative rare presentation of TBAAD.
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InTRODuCTIOn

The classic presentation of a patient with acute aortic dissection (AAD) is characterized by 
severe chest, back or abdominal pain. However, previous reports showed that between 5 and 
17% of all dissection patients present with painless acute aortic dissections.1, 2 As expected, 
atypical presentation can lead to a delay in diagnosis, which is associated with higher 
mortality.3, 4 Painless type B acute aortic dissection (TBAAD) does not mean that these patients 
have uncomplicated dissections, as they still can develop malperfusion and aortic rupture.1, 2 
Immediate adequate medical treatment is essential, and has to include optimal blood pressure 
control in order to reduce shear stress and limit the propagation of the dissection. Therefore it is 
important to recognize these patients at the earliest possible stage. The aim of the current study 
was to assess the clinical characteristics, diagnostics, treatment and outcomes of patients with 
painless TBAAD.

meThODs

Patient selection
The International Registry of Acute Aortic Dissection (IRAD) is an ongoing multinational 
registry designed to provide a representative population of patients with acute aortic dissection. 
The rationale, design and methods of IRAD have been previously published. (Hagan JAMA 
’00) The diagnosis of TBAAD was based on clinical symptoms, diagnostic imaging, direct 
visualization during surgery and/or postmortem. Patients were enrolled at diagnosis or 
retrospectively. We analyzed all TBAAD patients enrolled in IRAD from January 1996 to 
July 2012, and selected those patients presenting without any pain symptoms. Demographics, 
medical history, presenting symptoms, management and outcomes, were compared between 
patients presenting with and without pain.

statistical Analysis
Categorical variables were compared for both groups utilizing the chi-squared tests and fisher’s 
exact tests. Student’s t-test was used to analyze continuous variables, and the non-parametric 
test of medians to analyze non-normally distributed variables. A P value <.05 was considered 
significant. Kaplan-Meier survival curves were plotted to estimate survival. Data analysis was 
performed with the use of SPSS statistical analysis software (SPSS Inc, Chicago, Ill).
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ResuLTs

Among the 1162 TBAAD patients enrolled in IRAD, 43 patients presented with painless 
TBAAD (3.7%). The mean age of patients with painless TBAAD was significantly higher 
than normal TBAAD patients (69.2 vs. 63.3 years; p-value = .020, Table 1). Painless patients 
presented more often with a history of diabetes, (17.9% vs 7.5%; p = .018, atherosclerosis 46.4% 
vs. 30.1%, p = .022 and were more often diagnosed with a known prior aortic aneurysm 31% vs. 
18.8% p = .049) Painless patients presented less frequently with hypertension (45.9% vs. 68.8%; 
p = .003), and with a lower mean systolic blood pressure (mean 147.28mm/Hg vs 166.8.2 mm/
Hg; p = .003). Syncope was more represented in the painless group. (10.3% vs. 2.5%; p = .020)

Painless vs Any Pain – Type B

Table I. Demographics and patient history

Category Type B

Demographics Not Painless Painless p-value
Type B 1119 43
Age (mean ± SD) 63.3 ± 14.1 69.2 ± 10.8 .020
Gender – male 773 (66.9) 25 (58.1) .234
Race – non-white 913 (82.7) 35 (85.4) .657
Hypertension 918 (80.2) 37 (86.0) .348
Diabetes 85 (7.5) 7 (17.9) .018
Marfan syndrome 41 (3.6) 0 (0.0) .396
Atherosclerosis 339 (30.1) 20 (46.5) .022
Known aortic aneurysm 212 (18.8) 13 (31.0) .049
Prior AoD 90 (8.0) 3 (7.3) 1.000
Aortic valve disease 69 (6.1) 4 (10.3) .302
Other aortic disease 23 (2.3) 3 (8.6) .051
Family history of aortic disease 48 (11.6) 1 (10.0) 1.000
Prior cath/angiography 98 (10.3) 6 (21.4) .061
Prior CABG 49 (4.4) 1 (2.6) 1.000
Prior surgery for aortic aneurysm/dissection 145 (13.1) 6 (14.6) .775
Intramural hematoma 131 (11.7) 6 (14.0) .654
History iatrogenic 14 (1.3) 8 (19.5) <.001
Hours presentation to diagnosis (median) 19.0 (12.7 – 25.3) 34.0 (22.8 – 72) .006
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Table II. Presenting Symptoms/Signs of AoD

Category Type B
Not Painless Painless p-value

Presenting hypertensive 763 (68.8) 17 (45.9) .003
Presenting hypotensive 80 (7.3) 4 (10.0) .532
Mean systolic blood pressure 166.8 147.2 .003
Mean systolic blood pressure 91.44 85.0 .095
Presented with pulse deficits 173 (18.6) 2 (8.3) .286
Shock 11 (1.0) 1 (2.7) .327
Syncope 28 (2.5) 4 (10.3) .020
CVA 14 (1.3) 2 (5.1) .100
Ischemic peripheral neuropathy 31 (2.8) 0 (0) .622
Spinal cord ischemia 31 (2.8) 0 (0) .622
Limb ischemia 101 (9.3) 0 (0) .043
Acute renal failure 161 (14.8) 8 (20.0) .364

Table III. Imaging

Category Type B
Not Painless Painless p-value

CXR done 1002 (86.7) 37 (86.0) .905
CXR normal 275 (28.1) 8 (21.6) .389
CXR showed abnormal aortic contour 397 (43.9) 16 (47.1) .713
CXR showed abnormal cardiac contour 141 (15.8) 2 (6.2) .211

ECG done 1087 (94.0) 36 (83.7) .006
ECG normal 409 (38.2) 10 (28.6) .250

TEE done 574 (50.4) 20 (47.6) .724
CT done 1110 (96.2) 34 (82.9) <.001
Ct Normal 6 (0.6) 1 (3.2) .184
Angiography 207 (18.2) 9 (24.3) .345
MRI done 185 (16.7) 10 (27.8) .081
Periaortic hematoma identified on any imaging study 150 (14.5) 6 (16.7) .718
Most proximal extension:

Aortic arch 263 (22.8) 7 (16.3) .318
Subclavian 577 (49.9) 19 (44.2) .461
Descending 280 (24.2) 13 (30.2) .368

Largest diameter descending (median) 4.0 (3.5 – 5.0) 3.6 (3.0 – 4.7) .137
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Diagnostics
As might be expected, the mean time interval between admission and diagnosis of aortic 
dissection was 34.0 hours among painless patients, as compared to19.0 hours in the control 
group (p=0.006). Computed Tomographic Angiography (CTA) was more often used as 
the primary diagnostic modality in the painful group (96.2% vs. 82.9%, < .001). Previous 
angiography was more frequently performed in the painless group and these patients also had 
significantly more iatrogenic dissections (19.5%, vs. 1.3. p < .001). The iatrogenic cause in the 
painless group was: in 3 patients (37.5%) PTCA, in 3 patients cardiac surgery (37.5%) and in 2 
(25%) patients the cause was unknown.

Table IV. Management

Category Type B
Not Painless Painless p-value

Medical management 754 (65.2) 28 (65.1) .988
Surgical management 137 (11.9) 6 (14.0) .676
Endovascular management 251 (21.7) 9 (20.9) .903

In-hospital mortality 114 (9.9) 8 (18.6) .063
Medical management 57 (7.8) 3 (10.7) .468
Surgery 25 (18.2) 3 (50.0) .089
Endovascular 31 (12.4) 2 (22.2) .320

management and Outcome
Almost two-thirds of the patients were treated medically, which did not differ between groups. 
(65.2% vs. 65.1, p = .988; table 4.) Surgical and endovascular therapies were equally used, 
in approximately 35% of each group. In-hospital mortality was 18.6% in the painless group, 
compared with an in-hospital mortality of 9.9% in the control group (p = .063). There were 
no statistically significant differences in complications between both groups, Kaplan-Meier 
survival curves did not demonstrate a significant difference in mortality during five-year follow-
up. (p = .960; Figure 1)
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figure 1. Kaplan Meijer

DIsCussIOn

The most common characteristic of TBAAD presentation is acute pain, localized to the chest 
abdomen and back. Previous IRAD reports showed that 95.5% of all AAD patients presented 
with pain.5 However, in rare instances the presentation of dissection can be atypical and 
our study showed that 3.7% of all TBAAD patients were painless, in contrast with previous 
experiences which reported an incidence up to 17% in AAD.1, 2 The lower incidence that 
we observed could be explained by the fact that, while this study focused only on TBAAD, 
previous studies focused on painless dissections in general, including a major of patients with 
ascending aorta involvement (TAAAD), which makes up for more than 75% of the patient 
population.1, 2 In addition, IRAD consists of cardiovascular referral centers, specialized in the 
treatment of aortic dissection, where patients are referred for surgical/endovascular treatment, 
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whereas patients who are thought to be unfit for invasive management will not be transferred to 
these centers. Typically, transferred patients have more complications, resulting in a relative low 
incidence in the IRAD database. The true incidence in the population is probably even higher, 
as an atypical presentation will likely result in a higher risk of death prior to the diagnosis.
The clinical presentation of dissection patients may be diverse and sudden collapse or an 
altered state of consciousness have been reported to be the presenting symptom in up to 30% 
of all patients.6 This report also included TAAAD patients, which are more prone to develop 
complications like syncope or alteration in consciousness.7 Painless AAD, especially concerning 
the ascending aorta, presents more often with neurologic deficits, syncope and disturbances 
in consciousness. These complications influence the perception of pain, resulting in a relative 
high prevalence of Type A dissection in these patient category. As expected, painless type B 
dissection patients did not show this clinical pattern since involvement of the head and neck 
vessels did not occur.
Our study showed that TBAAD painless patients are older at presentation and more often had 
a history of atherosclerosis. With increasing age, the incidence of painless dissections might 
rise, as previously reported.1 In that study, patients who presented at significantly older age, 
more frequently had a history of cerebrovascular accident and some patients had only atypical 
symptoms such as dyspnea, nausea and abdominal fullness. These three atypical clinical signs 
were not recorded within the IRAD- registry, so we can’t make any comparison.
The pathologic mechanism of painless TBAAD is well not understood and multiple explanations 
for this phenomenon have been proposed. Our study showed that painless patients present 
with less hypertension. Due to low blood pressure, the propagation of the dissection might 
develop relative slow, thereby reducing the wall stress, which could result in reduction of 
pain. Alternatively, pain will act as an acute stressor, determining an increased blood pressure. 
Furthermore, the perception of pain can be modulated as the adventitial layer, the site for aortic 
innervation, is involved by the dissection or affected by previous interventions. In addition, 
it is thought that other pathologies, like aneurysmatic enlargement, may influence the ability 
to sense pain. This possibility is supported by the higher incidence of other aortic disease and 
previous aortic aneurysms in our study population. Most interestingly, significantly more 
painless patients had a dissection of iatrogenic origin. Iatrogenic dissections are thought to 
occur very rarely, with Type A dissections reported in 0.04% of the patients during percutaneous 
coronary interventions and in 0.12 to 0.16% after cardiac surgery procedures.8-11 The incidence 
of TBAAD in these patients is thought to be even lower. During such procedures, analgesics 
and sedation may alter the patients perception of pain, increasing the incidence of painless 
TBAAD in this subset of patients.12

The in-hospital mortality was 18.9% in the painless group, compared with an in-hospital 
mortality of 10.3% in the control group (p = .096). The explanation for this trend is probably 
twofold. First, the painless group tended to present at older age, which is a condition associated 
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with a higher mortality.13 Second, the extended delay to diagnosis and treatment, due to the 
difficulty in diagnosis, may have resulted in a higher mortality.
Although this study represents the first report focusing specifically on TBAAD with absence 
of pain at presentation, it has some limitations, Previous studies reported a higher incidence 
and registry data might not reflect the true incidence, since the centers are specialized in aortic 
dissection and therefore receive many referred patients. Furthermore, many patients may have 
died from a painless dissection before they were diagnosed and therefore are not registered.

COnCLusIOn

Painless TBAAD is a relatively rare presentation of aortic dissection, and is associated with 
a history of atherosclerosis, diabetes, iatrogenic origin and aortic disease, like aneurysm. We 
observed a trend in increased in-hospital mortality rate among painless TBAAD patients, 
which may be the result of a delay in diagnosis and any type of management due to the absence 
of classic symptoms. Therefore, physicians should be aware of this relative rare presentation of 
TBAAD.

Tolenaar.indd   51 19-2-2014   12:46:10



Chapter 3

52

RefeRenCe LIsT

(1)  Imamura H, Sekiguchi Y, Iwashita T, Dohgomori H, Mochizuki K, Aizawa K, et al. 
Painless acute aortic dissection. – Diagnostic, prognostic and clinical implications. – Circ J 
2011;75(1):59-66.

(2)  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 
Oct;79(10):1252-7.

(3)  Lindsay J, Jr. Aortic dissection. Heart Dis Stroke 1992 Mar;1(2):69-76.
(4)  Meszaros I, Morocz J, Szlavi J, Schmidt J, Tornoci L, Nagy L, et al. Epidemiology and 

clinicopathology of aortic dissection. Chest 2000 May;117(5):1271-8.
(5)  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 Feb 16;283(7):897-903.

(6)  Hirata K, Wake M, Kyushima M, Takahashi T, Nakazato J, Mototake H, et al. 
Electrocardiographic changes in patients with type A acute aortic dissection. Incidence, 
patterns and underlying mechanisms in 159 cases. J Cardiol 2010 Sep;56(2):147-53.

(7)  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 
Oct 15;113(6):468-71.

(8)  Blakeman BM, Pifarre R, Sullivan HJ, Montoya A, Bakhos M, Grieco JG, et al. Perioperative 
dissection of the ascending aorta: types of repair. J Card Surg 1988 Mar;3(1):9-14.

(9)  Perez-Castellano N, Garcia-Fernandez MA, Garcia EJ, Delcan JL. Dissection of the aortic 
sinus of Valsalva complicating coronary catheterization: cause, mechanism, evolution, and 
management. Cathet Cardiovasc Diagn 1998 Mar;43(3):273-9.

(10)  Still RJ, Hilgenberg AD, Akins CW, Daggett WM, Buckley MJ. Intraoperative aortic 
dissection. Ann Thorac Surg 1992 Mar;53(3):374-9.

(11)  Yip HK, Wu CJ, Yeh KH, Hang CL, Fang CY, Hsieh KY, et al. Unusual complication of 
retrograde dissection to the coronary sinus of valsalva during percutaneous revascularization: 
a single-center experience and literature review. Chest 2001 Feb;119(2):493-501.

(12)  Trimarchi S, Tsai T, Eagle KA, Isselbacher EM, Froehlich J, Cooper JV, et al. Acute 
abdominal aortic dissection: insight from the International Registry of Acute Aortic 
Dissection (IRAD). J Vasc Surg 2007 Nov;46(5):913-9.

(13)  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 (Torino) 2012 Apr;53(2):161-8.

Tolenaar.indd   52 19-2-2014   12:46:10



Chapter 4

Importance of Retrograde Arch Involvement 
in Acute Type B Aortic Dissection

(Submitted)

JL Tolenaar1, MD, J Appoo2, MD, TT Tsai3, MD, V Rampoldi1, MD, DG 
Montgomery4, H J Patel4, MD, GR Upchurch Jr.5, MD, R Fattori6, MD, CA 
Nienaber7, MD, EM Isselbacher8, MD, KA Eagle4, MD, S Trimarchi1, MD, PhD

1 Policlinico San Donato IRCCS, Milan, Italy
2 University of Calgary, Calgary, Alberta, Canada
3 Denver VA Medical Center, University of Colorado, Denver, Colorado, USA
4 University of Michigan, Ann Arbor, Michigan, USA
5 University of Virginia, Charlottesville, Virginia, USA
6 San Salvatore Hospital, Pesaro, Italy
7 University Hospital Rostock, Rostock, Germany
8 Massachusetts General Hospital, Boston, Massachusetts, USA

Tolenaar.indd   53 19-2-2014   12:46:10



Chapter 4

54

ABsTRACT

Introduction
Current guidelines state that arch involvement in acute aortic dissection requires open surgical 
repair. However, arch dissections might be treated with less invasive treatment options, based 
on the location of the proximal entry tear and the propagation of the false lumen. The aim of 
this project is to clarify the importance of retrograde aortic arch involvement in acute type B 
aortic dissection (TBAD).

methods
Patients with TBAD enrolled in IRAD from January 1, 1996 to May 1, 2012 were included 
in this analysis. Patient groups were defined based on the location of the entry tear and aortic 
extension: entry tear in descending aorta with the most proximal extension confined to the 
descending aorta (group 1; n = 281) and entry tear in the descending aorta with retrograde 
extension into the arch (group 2; n = 58). We compared presenting symptoms, therapies and 
outcome between groups.

Results
Mean age of the cohort was 63.5 ± 13.9 and 66% was male. Group 1 patients presented more 
often with posterior pain, while group 2 had more frequently recurrent pain. Complications at 
presentation were more common among group 2 (63.8% vs. 47.0%; p = .020). Imaging studies 
showed more frequently a patent false lumen in Group 1 (60.3% vs. 40.0%; p=.008), while 
partial lumen thrombosis was more often observed in Group 2 (52.0% vs. 27.6%; p = .001). 
Management did not differ among groups, with 10.9% of the patients treated with open 
surgical and 31.6% endovascular. In-hospital mortality was similar for both groups (10.7% vs. 
8.6%; p = .814). Survival after 3 years for Group 1 was 80.2%, comparable to 77.8% in Group 2 
(p = .943).

Conclusion
Patients with retrograde arch involvement in TBAD present more often with complications. 
However, overall outcome did not differ between groups despite similar treatment strategies. 
These findings suggest that this subset of patients seems not to benefit from a more aggressive 
approach.
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InTRODuCTIOn

The classification systems of aortic dissections have classically focused on the origin of the 
dissection and/or the propagation of the false lumen. The most commonly used, the Stanford 
classification, based on false lumen propagation in the ascending aorta (type A) or not 
(type B), is a simplified representation of the diverse clinical presentation of this disease. Most 
importantly, this scheme does not stratify for aortic arch involvement, especially in acute type 
B aortic dissection (TBAD). However, aortic arch dissection is present in 1 of 4 TBAD patients 
and has a significant impact on treatment and outcome, as it has been associated with higher 
mortality.1-3

In TBAD, it is generally accepted that in the presence of complications like aortic rupture, 
malperfusion or propagation of the dissection, surgical or endovascular intervention is the 
therapy of first choice. However, some authors advocate intervention in all TBAD patients 
with arch dissection, even in the absence of clinical complications.4, 5 In TBAD, aortic arch 
management may require extensive open surgical or hybrid repair, which are associated with a 
high morbidity and mortality.6-8 In contrast, patients with an entry tear located in the descending 
aorta might be treated by standard stent graft placement in the descending aorta, reducing peri-
operative risk compared to a hybrid or open surgical procedure.9 We sought to determine the 
importance of aortic arch involvement in TBAD patients with an entry tear in the descending 
aorta by studying the differences in demographics, medical history, presentation, management, 
and outcomes.

meThODs

We analyzed all patients enrolled in the International Registry of Acute Aortic Dissection 
(IRAD) from January 1996 to June 2012. IRAD is an ongoing multicenter registry for patients 
with an acute aortic dissection and its rationale has previously been described.1 For this analysis, 
patients were selected based on the location of the proximal entry tear and the propagation of 
the false lumen. Group 1 included ABAD patients with a proximal entry tear in the descending 
aorta with antegrade dissection into the descending or abdominal aorta and group 2 were 
patients with an entry tear in the descending aorta with antegrade dissection and retrograde 
extension into the aortic arch (figure 1.). Since the inception of IRAD, a total of 4450 patients 
with an aortic dissection were included, of which 339 patients met our inclusion criteria.
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figure 1.
A. Group 1: TBAD patients with an entry tear in the descending aorta with antegrade dissection into the descending 
or abdominal aorta
B. Group 2: TBAD patients with an entry tear in the descending aorta antegrade dissection and retrograde extension 
into the aortic arch

sTATIsTICAL AnALysIs

All available variables were compared for both groups. Categorical variables are presented as 
frequencies and continuous variables as mean ± standard deviation. Denominators reflect the 
cases reported as missing data was not defaulted to negative. The Chi-squared test or 2-sided 
Fischer exact test were used for comparing categorical variables when applicable. The Student 
t test was used for comparing continuous variables between different groups. The Kaplan-
Meier method was used to estimate survival, with the log-rank test to determine significance. 
A P value <.05 was considered significant. Data analysis was performed with the use of SPSS 
statistical analysis software (SPSS Inc, Chicago, Ill).
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ResuLTs

Demographics, presenting symptoms
A total of 339 patients were included in this study with a mean age of 63.5± 13.9 years, and the 
majority was male (65.6%). Demographics were comparable between both groups (table 1.). On 
presentation, posterior chest pain was more common in group 1 (63.5% vs. 46.7%; p = .040) 
while group 2 experienced more often chest pain described as pressure (55.8% vs. 30.5%; 
p = .004; table 2.). Group 2 patients presented more often with a complicated dissection, defined 
as the presence of mesenteric ischemia/infarction, renal failure, limb ischemia, spinal cord 
ischemia or hypotension/shock and recurrent or refractory pain (63.8% vs. 47.0%; p = .020; 
Table 3). In particular, recurrent pain (72.7% vs. 25.6%; p = .003) and pulse deficits (27.9% vs. 
15.3%; p = .049) were more often observed in patients with arch involvement.

Table 1. Demographics and clinical history of TBAD patients with or without arch involvement

no involvement Arch Involvement
n % n % p-value

n 281 82.9 58 14.7
Demographics
Age (sd) 63.1 ± 13.7 65.2 ± 14.7 .274
Age > 70 years 100 35.7 26 44.8 .191
Female 96 34.2 19 32.8 .837
history
Hypertension 219 79.3 50 86.2 .230
Atherosclerosis 86 32.1 19 32.8 .921
Diabetes 20 7.6 6 10.3 .483
Known aortic aneurysm 54 20.2 9 15.8 .442
Prior aortic dissection 14 5.3 4 6.9 .628
Aortic valve disease 19 7.2 1 1.8 .219
Marfan disease 18 6.9 1 1.7 .216
Cocaine abuse 3 1.2 4 7.0 .025
Prior Aortic Aneurysm/Dissection repair 37 14.1 6 10.7 .498
Family history of aortic dissection 21 13.0 5 18.5 .446
Current smoker 54 30.0 13 44.8 .112
Iatrogenic Dissection 5 1.8 0 0.0 .591
COPD 20 11.9 4 13.8 .761
Chronic renal insufficiency 19 11.2 2 7.1 .744
History PAD 18 8.2 3 10.3 .719
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Table 2. Presenting symptoms of TBAD patients with or without arch involvement

no involvement Arch Involvement
N % n % p-value

Presenting symptoms
Chest Pain 193 71.2 43 74.1 .654

Anterior 137 72.1 34 72.3 .947
Posterior 113 63.5 21 46.7 .040

Back pain 187 70.6 43 75.4 .460
Abdominal pain 120 46.7 20 35.7 .134
Migrating 54 21.7 17 30.9 .143
Radiating 131 50.8 26 46.4 .555
Quality of pain

Tearing 75 38.6 20 52.6 .104
Sharp 111 57.2 23 62.2 .576
Pressure 58 30.5 19 55.8 .004
Burning 15 8.3 2 7.7 1.000

Abrupt onset 233 89.3 52 91.2 .831
Syncope 10 3.8 1 1.8 .462
CVA 5 2.0 2 3.6 .641
Coma/altered consciousness 15 6.0 2 3.7 .746
Other neuro. deficit 5 8.6 1 3.6 .661

Table 3. Signs and general clinical status of aortic dissection of TBAD patients with or without arch 
involvement.

no involvement Arch Involvement
n % n % p-value

Presenting hemodynamics
Hypertensive 166 63.8 25 63.6 .977
Normotensive 80 30.8 18 32.7 .776
Hypotensive 11 4.2 1 1.8 1.000
Shock 3 1.2 1 1.8 .538

First BP Systolic (sd) 162.4 ± 39.8 167.8 ± 46.8 .365
First BP Diastolic (sd) 90.2± 23.0 90.7 ± 25.1 .886
Pulse Deficits 30 15.3 12 27.9 .049
Pre-op Mesenteric ischemia/infarction 17 6.7 3 5.6 1.000
Pre-op Acute renal failure 47 18.4 12 22.6 .470
Pre-op Limb ischemia 24 9.5 7 13.0 .441
Spinal cord ischemia 6 2.3 0 0.0 .595
Recurrent pain 11 25.6 8 72.7 .003
Refractory pain 10 23.3 1 9.1 .426
Clinical status
Complicated 132 47.0 37 63.8 .020

* Complicated includes those with: pre-op mesenteric isch/infarct, acute renal failure, limb ischemia, 
spinal cord ischemia; signsof aortic dissection shock; imaging resultsperiaortic hematoma; reason for 
surgical mgmt recurrent pain, and/or refractory pain.

* non-complicated includes those with none of these conditions
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Diagnostic Imaging findings
Conventional chest x-rays showed no significant differences between groups, with 73% of the 
patients presenting with an irregular finding (table 4.). Group 2 required significantly more 
imaging (median 2 vs. 1; p <.001), including TEE, MRI and aortogram. Diagnostic imaging 
showed that group 2 patients were more likely to have partial lumen thrombosis (65.2% vs 27.6; 
p = .001), while the false lumen in group 1 was more often patent (60.3% vs. 40.0%; p = .008). 
Abdominal vessel involvement and distal communication were similar for both groups.

Table 4. Diagnostic findings of TBAD patients with or without arch involvement

no involvement Arch Involvement
n % n % p-value

CXR findings
Normal 63 27.9 11 22.9 .482
Widened mediastinum 79 38.2 24 52.2 .080
Pleural effusion 32 15.8 5 11.4 .458
No. studies per patient (mean, IQR) 2 (1.0 – 2.0) 1 (1.0 – 2.0) .001
TEE 105 37.5 31 54.4 .018
TTE 44 15.7 7 12.3 .510
Computerized tomography 267 95.4 55 96.5 .705
Magnetic resonance imaging 27 10.0 12 21.1 .020
Aortogram 43 15.4 19 33.9 .001
site of most distal extension
Descending 86 30.6 17 37.0 .390
False lumen thrombosis-Patent 140 60.3 20 40.0 .008
False lumen thrombosis-Partial 64 27.6 26 52.0 .001
False lumen thrombosis-Complete 28 12.1 4 8.0 .411
Distal communication 74 34.9 21 47.7 .109
Abdominal vessel involvement 106 37.7 22 37.9 .976
Periaortic hematoma 38 14.8 10 18.2 .526
Ascending aortic diameter
(median, Q1-Q3)

3.8 (3.4 – 4.2) 3.8 (3.4 – 4.3) .864

Aortic arch diameter
(median, Q1-Q3)

3.5 (3.1 – 3.9) 3.7 (3.1 – 4.2) .314

Descending aortic diameter
(median, Q1-Q3)

4.1 (3.5 – 5.0) 4.0 (3.5 – 5.0) .284
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In-hospital management and outcome
Medical therapy was administered in more than half of all patients, while almost 10%
of patients had open surgery (table 5.). Overall in-hospital mortality was 10.3%, which did 
not differ between groups. Despite the fact that 7 of the 8 surgical treated patients in group 2 
presented with complications, none of these patients expired. The outcome for medical treatment 
and endovascular therapy were comparable between groups. Kaplan-Meier survival curve did 
not show any difference between groups over 3 year period of follow-up (p = .943; figure 2.).

Table 5. In-hospital management and mortality of TBAD patients with or without arch involvement

no involvement Arch Involvement
n % n % p-value

Definitive management
Surgery 29 10.3 8 13.8 .440
Medical Rx 160 56.9 29 50.0 .333
Endovascular 87 31.0 20 34.5 .599
Hybrid 5 1.6 1 1.8% 1.000
In-hospital mortality
Overall 30 10.7 5 8.6 .640
Surgical 8 27.6 0 0.0 .160
Medical Rx 14 8.8 2 6.9 1.000
Endovascular 8 9.2 3 15.0 .427
Hybrid 0 0.0 0 0.0% 1.000

DIsCussIOn

This analysis demonstrates that TBAD patients with aortic arch involvement presented with 
more complications, but this did not alter the choice of management nor the in-hospital or long 
term outcome. These findings suggest that, in the absence of life-threatening complications, 
ABAD patients with an entry tear in the descending aorta and retrograde arch extension can be 
treated like a classic ABAD and may not need not a more aggressive approach.

Eendovascular therapies have emerged as the therapy of first choice in patients with TBAD.10, 11 
Recent studies have failed to show prophylactic stent graft placement to be beneficial in 
uncomplicated TBAD, therefore research has focused to identify those patients at high risk 
for early or late complications.12, 13 Previous experiences showed that aortic arch involvement is 
clinically relevant, as it is present in 1 of the 4 TBAD patients and has a significant impact on 
treatment and outcome.1-3 Based on these reports, it has been suggested that these patients may 
benefit from prophylactic interventions.1-3

As midterm success has been reported for TEVAR in descending aortic diseases, a clear 
motivation became apparent to extend its benefits to the patients at higher risk for open repair, 
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figure 2. Kaplan Meijer estimate of survival curve for group 1 and 2.

including those with aortic arch disease.6-8 Extension of endovascular techniques to the arch 
has shown to be beneficial, however, remain debatable in acute dissection because of its complex 
anatomic constraints including its curvature and presence of critical branch.14-16 Aortic branch 
preservation is essential during such procedures, as coverage of the left subclavian is associated 
with higher neurologic morbidity and mortality.17, 18 Currently, hybrid procedures are utilized 
to offer a less invasive alternative for high-risk patients, although the modular branched and 
fenestrated stent graft are in a developmental stage. The exact role of the hybrid repair for aortic 
arch dissections remains unclear, as these procedures carry a considerable risk of perioperative 
mortality and morbidity.14

In 1999, Lansman et al. suggested a classification of aortic dissection based on the propagation 
of the false lumen, according to Stanford, adding a separate description of the location of the 
proximal entry tear.19 The major advantage of this classification is that it not only indicates the 
necessity of surgical treatment, it also conveys the potential type of surgical procedure. Kato 
et al. were the first to report on retrograde ABAD affecting the aortic arch, which was treated 
by isolated stent graft placement in the descending aorta in order to cover the proximal entry 
tear, avoiding any additional surgical procedures.9 In our analysis, group 2 could potentially be 
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treated with such procedures, but we did not observe any potential benefit, in uncomplicated 
TBAD compared to classic TBAD.
Recent studies have shown that patients with an entry tear in the concavity of the arch are 
more prone to present with a retrograde extension of the dissection, which may well explain our 
findings that group 2 patients more often developed recurrent pain.20 Retrograde extension may 
also involve the ascending aorta, which has a better mid-term prognosis compared to antegrade 
type A aortic dissection, as patients with a thrombosed false lumen in the ascending aorta can 
be treated medically with timed surgical repair.21 On the other hand, retrograde dissection may 
involve the subclavian artery, resulting in pulse deficits which was more frequently observed in 
Group 2 patients.
Our study showed that 60% of Group 2 patients developed partial lumen thrombosis compared 
to 40% in Group 1. Although partial lumen thrombosis is associated with aortic growth and 
increased mortality, this was not reflected in our analyses.22-24 It is not unlikely that in these 
patients, the thrombosis is located in the proximal part of the dissection, where the retrograde 
flow may result in thrombosis in the blind sac.
Most importantly, treatment nor outcome differed significantly between both groups, which 
is in contrast with previous reports regarding TBAD with arch involvement.1, 2 These studies, 
however, included patients with an entry tear in the arch, who require more extensive surgical 
repair, which is associated with a higher in-hospital mortality.6, 7 In our study population, 
medical therapy was administered in half of the patients with an overall mortality of 6.9%. 
These findings emphasize that patients with arch dissection and an entry tear in the descending 
aorta, have comparable outcome to classic TBAD and can be administered to medical therapy, 
unless complications dictate otherwise.
Several limitations should be addressed for interpreting the result of this analysis. First, our 
cohort consisted of a limited number of patients, as a description of the site of entry tear was 
unavailable in 30.9% of all patients and many patients presented with multiple entry tear 
and therefore excluded from this analysis. Despite the relative small study size, our study still 
represents the biggest patient population ever reported. Second, imaging protocols differed 
among centers and, although imaging was performed with the latest generation of CAT-
scanners and evaluated by skilled physicians specialized in aortic dissection, this might have 
led to misclassification. On the other hand, IRAD case reports forms specifically report the 
location of entry-tear, re-entry tears and propagation of the dissection flap. In addition, IRAD 
is an observational study in aortic centers with a special interest in aortic disease and therefore 
the results cannot be generalized for any community hospital. Because of the retrospective 
character of the registry, we could not analyze the differences in severity of complications and 
their influence on the outcome. Finally, the available data on follow-up was limited and although 
the loss to follow-up did not differ between groups, this might have altered our outcome.
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COnCLusIOn

Patients with retrograde arch involvement in TBAD present more often with complications, 
especially pulse deficits and recurrent pain. However, treatment strategies and overall outcome 
did not differ between groups. These finding may suggest that retrograde arch involvement can 
be treated like a classic ABAD and does not necessitate a more aggressive approach.
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Introduction
Aortic intramural hematoma type B (IMHB) is a variant of acute aortic syndrome, which 
presents with symptoms similar to classic Type B aortic dissection (ABAD). However, the 
natural history of IMHB is not well understood. The purpose of this study was to better 
characterize IMHB, comparing its clinical characteristics, treatment, in-hospital and long-term 
outcomes to those with classic ABAD.

methods
A total of 107 IMHB and 790 ABAD patients enrolled in the International Registry of Acute 
Aortic Dissection (IRAD) between January 1996 and June 2012 were analyzed. Accordingly, 
differences in presentation, diagnostics, therapeutic management and outcomes were assessed.

Results
As compared to the ABAD, IMHB presented predominantly in males (62% vs. 33%; p<.001) 
at older age (69 ± 12 vs. 63 ± 14; p < .001). IMHB patients more often had chest pain (80% 
vs. 69%; p = .020) and periaortic hematoma (22% vs. 13%; p = .020) and were more often 
treated medically (88% vs. 62%; p < .001), with surgical/endovascular interventions being 
reserved for more complicated patients. Overall in-hospital mortality was 10% (IMHB 7% vs. 
ABAD 11%; p = NS). Six out of 7 IMHB deaths occurred during medical treatment, 2 due to 
aortic rupture. During follow-up, in IMHB patient mortality was 7% and no adverse events, 
including progression to an aortic dissection or aortic rupture, were observed. Imaging showed 
significantly more aortic enlargement at the level of the descending aorta in ABAD patients 
(39% vs. 61%; p = .034).

Conclusion
Most IMHB patients can be treated medically, and aortic enlargement is less common during 
follow-up, which may suggest that IMHB may have a slightly more benign course compared 
with classic ABAD in the acute setting.
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InTRODuCTIOn

Type B aortic intramural hematoma (IMHB) is a serious aortic condition characterized by a 
crescentic thickening of the descending aorta in the absence of an intimal flap or entry tear, 
resulting from a hemorrhage within the aortic wall. Initially, it was believed that this condition 
was relatively rare compared to classic Type B aortic dissections (ABAD), although presenting 
with similar symptoms, morbidity and mortality rates.1-4 However, more recent studies suggest 
that the incidence of IMHB is much higher and accounts for > 20% of all ABAD in some 
series.1, 5-8

Although most series report excellent results for medical treatment of IMHB, the course of this 
disease remains variable and unpredictable.1, 5, 8 Progression to a classic dissection is the most 
feared complication, and multiple studies have focused on identifying high risk patients.9, 10 
Age, aortic diameter, and wall thickness have been identified as potential risk factors, but these 
findings could not be confirmed by other studies.5, 11, 12 In this group of patients, complications 
are rare, and therefore many physicians consider IMHB as a less hazardous disease, relying 
on medical treatment combined with adequate follow-up. We investigated the International 
Registry of Aortic Dissection (IRAD) to assess the presentation, management, and outcomes of 
IMHB compared to classic ABAD.

meThODs

Patient selection
We analyzed all patients enrolled in the International Registry of Acute Aortic Dissection 
(IRAD), which is an ongoing multinational, multicenter registry that enrolls patients with 
acute aortic dissection at 30 large referral centers. Its inception and structure has been described 
previously.13 Patient and procedural data are collected using forms with more than 290 variables, 
which are submitted to the IRAD coordinating center at the University of Michigan and 
checked for face validity and analytical internal validity. All patients with ABAD enrolled in 
IRAD from January 1996 to June 2012 were included in this analysis (n = 897). In contrast 
to prior IRAD studies on IMH, we included only those with involvement of the descending 
and abdominal aorta.4, 14 Therefore, those patients with proximal extension in the aortic arch 
and ascending aorta were excluded from this analysis. Based on imaging studies, patients were 
classified as either classic ABAD or IMHB (Figure 1. A and B). IMHB was considered when a 
crescentic thickening of the aortica wall was identified on the first or second imaging study in 
absence of any entry tear, double lumen and/or intimal flap (Figure 1. C and D). In the case of 
concomitant mention of both IMH and an intimal flap or double lumen, patients were assigned 
to the ABAD group. Patients with IMH were compared with those with ABAD with regards to 
demographics, presenting signs, symptoms, management, complications and mortality.
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figure 1. A and B. Saggital and transverse view of Computed tomography angiogram showing a 
intramural hematoma of the descending aorta. C and D Saggital and transverse view of Computed 
tomography angiogram showing a classis type B aortic dissection.
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statistical analysis:
The IMHB and ABAD groups were contrasted utilizing chi-square tests (and Fisher’s exact 
tests where applicable) to analyze categorical variables.  Student’s t-test was used to analyze 
continuous variables, and the non-parametric test of medians to analyze non-normally 
distributed categorical variables. A P value <.05 was considered significant. Data analysis was 
performed with the use of SPSS statistical analysis software (SPSS Inc, Chicago, Ill).

ResuLTs

Demographics and presenting symptoms
A total of 107 IMHB and 790 patients with a classic ABAD were included in this analysis. 
In general, IMHB patients presented at older age (69 ± 12 vs. 63 ± 14; p < .001) and were 
predominantly male (62%) (Table 1). Marfan syndrome and prior aortic dissection were more 
common in the ABAD group. Atherosclerosis was present in 27% of IMHB patients, which 
was comparable with ABAD patients (31%; p = NS) (Table 2). Chest pain was more frequently 
present in IMHB patients (80% vs. 69%; p = .020). No differences in interval time between 
symptoms and diagnosis were observed in the two groups. Two thirds of the patients presented 
with hypertension, which was not different between groups (63% vs. 69%; p = .196). Pulse 
deficits were infrequently present in the IMHB group (6% vs. 19%; p < .001). Of the 5 IMHB 
patients with deficits noted, three patients presented with left brachial pulse deficit and two 
with a femoral pulse deficit. No other differences in presentation were observed between groups 
(Table 3).

Table 1. Demographics for IMHB and ABAD patients

Category Type B
IMHB ABAD p-value

Type B N=107 N=790
Age (mean ± SD) 69 ± 12 63± 14 <0.001
Gender – male 66 (62%) 262 (33%) 0.290
Race – non-white 10 (10%) 127 (17%) 0.058
Patient was transferred 63 (59%) 575 (73%) 0.003
North American site 52 (49%) 466 (59%) 0.041
European site 53 (50%) 289 (37%) 0.010
Enrollment 36 (40%) 430 (60%) <0.001
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Table 2. Patient History for IMHB and ABAD patients

Category Type B
IMHB ABAD p-value

Hypertension 84 (79%) 623 (80%) 0.900
Diabetes 10 (10%) 58 (8%) 0.477
Marfan syndrome 0 (0%) 29 (4%) 0.039
Atherosclerosis 28 (27%) 239 (31%) 0.374
Known aortic aneurysm 16 (15%) 153 (20%) 0.264
Prior AoD 1 (1%) 75 (10%) 0.001
Bicuspid aortic valve 0 (0.0%) 16 (3%) 0.243
Family history of aortic disease 4 (9%) 29 (11%) 0.798

Table 3. Presenting symptoms and complictions for IMHB and ABAD patients

Category Type B
IMHB ABAD p-value

Chest pain 84 (80%) 527 (69%) 0.020
Back pain 84 (79%) 527 (70%) 0.064
Abdominal pain 36 (35%) 325 (44%) 0.097
Radiating pain 36 (35%) 332 (45%) 0.068
Migrating pain 21 (21%) 131 (18%) 0.530
Abrupt onset of pain 84 (82%) 653 (87%) 0.100
Presenting hypertensive 65 (63%) 512 (69%) 0.196
Presenting hypotensive 4 (4%) 31 (4%) 1.000

Presented with pulse deficits 5 (6%) 118 (19%) 0.001
Time from Presentation to Diagnosis 19 (14 – 37) 20 (13 – 27) 0.964
median (Q1 – Q3) (hours)

Complications:
Shock 0 (0) 9 (1) .259
Mesenteric ischemia/infarction 0 (0) 49 (7) .008
Spinal cord ischemia 0 (0) 12 (3) .201
Acute renal failure 9 (9.0) 115 (16) .086
Limb ischemia 0 (0) 75 (10) .001
Recurrent pain 2 (22) 59 (31) .594
Refractory pain 3 (33) 31 (16) .176

Diagnostic Imaging findings
CT was the most commonly used diagnostic modality. The frequency of the performed 
diagnostic tests was comparable between groups for all modalities (Table 4.). Significantly more 
IMHB patients presented with periaortic hematoma, which was defined as blood outside the 
adventitia.  (22% vs. 13%; p = .020). The aortic diameter at the level of the aortic root and 
sinotubular junction was significantly larger in ABAD patient, being 3.6 cm (Interquartile 
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range (IQR) 3.3 – 4.0) vs. 3.4 cm (IQR 3.1 – 3.9; p = .047) and 3.4 cm (IQR 3.0 – 3.8) vs 
3.0 cm (IQR 2.7 – 3.4 p = .002), respectively. The maximum descending aortic diameter was 
equal (both 4.0 cm). IHMB was more frequently observed in referring centers compared to 
tertiary centers (17% vs. 9.9%; p = .003). Abdominal extension was more common in ABAD 
compared to IMHB (64.9% vs. 40.2%; p <.001).

Table 4. Imaging studies for diagnosis in IMHB and ABAD patients

Category Type B
IMHB ABAD p-value

CXR showed abnormal aortic contour 43 (49%) 259 (42%) 0.169
TEE done 57 (53%) 360 (47%) 0.185
CT done 105 (98%) 746 (95%) 0.219
MRI done 17 (16%) 120 (16%) 0.955
>1 imaging study performed 62 (60%) 408 (56%) 0.447
Number of imaging studies performed 2 (1 – 2) 2 (1 – 2) 0.167
IMH identified at referring hospital 52 (61%) ---
IMH identified at tertiary hospital 33 (39%) ---
Periaortic hematoma identified on any imaging study 21 (22%) 92 (13%) 0.020

Treatment
Treatment strategies and type of surgery are presented in Table 5. All participating centers 
used a similar treatment algorithm consisting of initial medical treatment and reserved surgical 
intervention to those patients that develop aortic rupture, malperfusion, refractory hypertension 
and/or refractory, recurrent pain. IMHB patients were more often treated medically (88%) 
compared to the ABAD (62%; p < .001) while open surgery was more frequently performed in 
ABAD (112 (14%) vs 5 (5%) p = .005). Indications for surgical intervention in the IMH patients 
were the development of a classic dissection in one patient, aortic rupture in one and refractory/
recurrent pain in three patients. Endovascular management was also more often adopted in 
ABAD (23% vs 7%; p < .001). The indication for TEVAR was unspecified in 6 uncomplicated 
IMHB, patients and one IMHB patient had refractory pain.

Outcome and follow-up
Overall in-hospital mortality was 10% (IMHB 7% vs. ABAD 11%; p = NS; Table 6.). Out of 
the 7 IMHB patients who had in-hospital mortality, 6 died during medical treatment, and, 
among these, two developed a spontaneous aortic rupture. One year follow-up was available for 
42% (45/107) of the IMHB patients and in 34.7% (274/790) of the ABAD patients. During 
this period 4 patients (9%) died in the IMHB group and 19 (7%) in the ABAD group, of which 
only 2 patients died after open surgical treatment. No adverse events, including progression 
to an aortic dissection or aortic rupture, were observed during this period. Follow-up imaging 
showed significantly more aortic enlargement at the level of the descending aorta in ABAD 
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patients (39% vs. 61%; p = .034). During follow-up non-significant changes in types of anti-
hypertensive agent were made in the medical treatment of IMHB patients. Kaplan-Meier 
showed no difference for the 5-year survival between both groups (p = NS; Figure 2.).

Table 5. Management of IMHB and ABAD patients

Category Type B
IMHB ABAD p-value

Medical management 94 (88%) 491 (62%) <0.001
IMH – descending as reason for
medical management

68 (85%) 52 (22%) <0.001

Beta Blocker at dc 76 (91%) 406 (92%) 0.578
Ace at dc 49 (59%) 240 (58%) 0.821
ARB at dc 8 (24%) 25 (19%) 0.509
Ca blocker 49 (62%) 275 (65%) 0.611
Surgical management 5 (5%) 112 (14%) 0.005
Endovascular management 7 (7%) 181 (23%) <0.001
Hybrid management 1 (1%) 6 (1%) 0.590

Table 6. Outcomes in IMHB and ABAD patients

Category Type B
IMHB ABAD p-value

In-hospital mortality: 7 (7%) 84 (11%) 0.188
Medical management 6 (6%) 44 (9%) 0.413
Endovascular 0 (0%) 17 (12%) 0.413
Surgery within 24 hours of
presentation

0 (0%) 6 (26%) 1.000

Surgery after 24 hours 0 (0%) 13 (17%) 1.000
1-year follow-up
Follow-up available (% of total) 45 (42% ) 274 (35%)

Mortality 4 (9%) 19 (7%) 0.547
Surgical management – mortality 1 (33%) 1 (3%) 0.181
CVA --- --- ---
Rupture --- --- ---
Reoperation 0 (0%) 7 (9%) 0.588
Aortic enlargement of descending diameter 10 (39%) 90 (61%) 0.034
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figure 2. Kaplan-Meier 5-year survival in IMHB and ABAD patients

DIsCussIOn

This study provides insight in the clinical presentation of IMHB and the current treatment 
strategies applied in 30 large referral centers. Our analysis showed that the treatment differed 
significantly between groups, with IMHB more often treated successfully with medical 
management. In addition, it suggests that IMHB affects more frequently a limited segment of 
the descending aorta, not extending in the abdomen as much as in ABAD patients. One-year 
follow-up showed that IMHB patients had less often aortic enlargement when compared with 
ABAD and more frequently continued medical therapy.
In the literature the incidence of IMH in acute aortic dissection patients varies between 2% – 
45%, with relevant geographical and institutional variations.1, 5-8, 15 The overall incidence of 
IMHB in our study was 12%, with a significant higher incidence in European sites compared 
to the United States (16% vs 8%; p < .001). Genetic, dietary or environmental influences might 
also play a role in the geographic variation of IMHB, as the literature suggests that the incidence 
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is even higher in the Asian population.6, 7 A higher prevalence of type A IMH has also been 
previously described at Asian sites. Due to a relative underrepresentation of Asians in the IRAD 
registry, our analysis could not confirm such a difference.16 Nevertheless, these differences 
might result also from a heightened awareness of this disease and different applied diagnostic 
modalities. In addition, there was a trend towards an increased prevalence of Marfan syndrome 
and in ABAD patients compared to IMHB. The general hypothesis is that IMH may occur 
in hypertensive patients in whom spontaneous bleeding of the vasa vasorum will lead to the 
characteristic cresentic thickening of the median layer, not affecting the intima, whereas ABAD 
involves a tear in the intima of the aorta, allowing blood to flow within layers of the media.
We observed that IMHB patients were less often transferred to referring centers. The concept 
that IMHB represent a more stable clinical condition compared to ABAD, might contribute 
to the choice of physicians at tertiary centers to manage these patients medically at their own 
institution.
The clinical presentation of IMHB patients was comparable with ABAD patients, although 
IMHB presented at an older age and more often with chest pain. Although complications 
like malperfusion were more frequently present in ABAD patients, interestingly, five IMHB 
patients presented with limb ischemia. Despite the focal character of this disease, IMHB can 
occasionally cause obstruction of an aortic side branch, resulting in end organ ischemia and 
necessitating interventional therapy.17

Diagnostic imaging showed that periaortic hematoma is more often present in IMHB 
patients. In this context, the presence of pleural effusion can make it difficult to distinguish 
the outer section of the IMH and eventual disruption of the aortic adventitia. Studies on 
aortic pathology showed the close relationship of the hematoma with the adventitia, making 
it more prone to periaortic hematoma and rupture.11 During hospitalization two patients with 
periaortic hematoma died due to a frank aortic rupture despite adequate medical treatment. 
This observation confirms the importance of periaortic hematoma as a risk factor for adverse 
outcome in IMHB needing emergent intervention. However, in such patients it is essential 
to differentiate periaortic hematoma from pleural effusion, which represents a reactive fluid 
collection in the chest and not a sign of impending aortic rupture.12

In general the course of IMHB is relatively stable, but remains unpredictable. Some patients 
are stable for years or develop spontaneous regression, while others will develop complications 
like a progressive aneurysm expansion, aortic dissection or even aortic rupture. To prevent such 
complications, some physicians suggested that IMHB patients may be treated prophylactically 
with an surgical or endovascular intervention.10, 15 However, because of intervention-related 
complications, this strategy has not widely been adopted, and a more complication-specific 
approach, similar to the treatment ABAD, was suggested.15, 17 Invasive intervention was 
performed in patients who showed signs of aortic rupture or aortic enlargement, with special 
caution in patients with landing zones not located on a normal aortic wall. Generally, patients 
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are managed with a strict medical treatment with adequate follow-up, and only in the presence 
of complications they will receive an intervention. Nevertheless, despite adequate medical 
treatment, six patients died in-hospital, two from rupture. These findings emphasize the 
importance of accurate control of blood pressure and close imaging follow-up. Many predictors 
for the progression of IMHB to aortic dissection have been proposed including increased initial 
aortic diameter, wall thickness and absence of beta-blockade. Unfortunately, the retrospective 
character of this study prohibited further analysis of these patients, and none of these predictors 
could be confirmed.
Endovascular and surgical interventions were reserved for patients presenting with complicated 
IMHB, which is comparable to the treatment of ABAD.12 The focal character of the aortic 
lesion makes IMHB patients very suitable candidates for endovascular treatment, who should 
be, as suggested by many reports, the therapy of first choice in complicated patients.15, 17 In the 
present analysis seven patients were treated in this fashion, all with excellent results. Hence, 
open surgical repair should be reserved for complicated IMHB patients which cannot be treated 
with stent graft placement, as in presence of retrograde aortic extension.
In IMHB patients, overall mortality during follow-up was low at 9% after one year and were not 
aortic-related.9 Most interesting was that at one-year follow-up medical therapy was maintained 
in the majority of the patients. Because IRAD centers have a special interest in this disease, this 
might contribute to improved medical management. We believe that life-long medical therapy 
is indicated for all patients with strict blood pressure regulation.
This study represents one of the largest series to date, but like all observational studies, several 
limitations should be addressed. Imaging protocols and type of CT-scanner differed among 
centers, resulting in significant variation in imaging quality. Slice thickness, the use of contrast 
and the timing might influence the ability to distinguish between ABAD and IMHB. However, 
diagnostic criteria are strict within IRAD, and all images are evaluated by skilled physicians 
with a significant interest in aortic dissection. The IRAD database consists of specialized referral 
centers, so it is conceivable that this study population does not represent the common patient 
population. Furthermore, available data on follow-up is limited, especially regarding medical 
treatment. In addition, mortality data available to us did not include complete information on 
the exact cause of death for all patients.

COnCLusIOn

IHMB is a serious and rare disease with a relative unpredictable course. Most IMHB patients have 
a more limited extent of disease and can be treated medically. In addition, aortic enlargement is 
less common during follow-up, which may suggest that IMH may have a slightly more benign 
course compared with classic ABAD in the acute setting. In the absence of suitable predictors 
for high-risk patients, a complication-specific approach should be adopted.
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ABsTRACT

Introduction
The outcome of acute type B aortic dissection (ABAD) patients is strongly related to their 
clinical presentation. The purpose of this study was to investigate predictors for mortality 
among patients presenting ABAD and to create a predictive model to estimate individual risk 
of in-hospital mortality using the International Registry of Acute Aortic Dissection (IRAD).

methods
All ABAD patients enrolled in IRAD between 1996 and 2013 were included for analysis. 
Multivariate logistic regression analysis was used to investigate predictors of in-hospital 
mortality. Significant risk factors for in-hospital death were used to develop a prediction model.

Results
A total of 1034 ABAD patients were included for analysis (673 male; mean age 63.5 ± 14.0), 
with an overall in-hospital mortality of 10.6%. In multivariate analysis, the following variables 
at admission were independently associated with increased in-hospital mortality: increasing 
age (OR 1.03, 95%CI 1.00-1.06, p=.044), hypotension/shock (OR 6.43, 95%CI 2.88-18.98 
p=.001), periaortic hematoma (OR 3.06, 95%CI 1.38-6.78, p=.006), descending diameter 
≥5.5cm (OR 6.04, 95%CI 2.87-12.73, p<.001), mesenteric ischemia (OR 9.03, 95%CI 3.49-
23.38, p<.001), acute renal failure (OR 3.61, 95%CI 1.68-7.75 p=.001) and limb ischemia (OR 
3.02, 95%CI 1.05-8.68, p=.040). Based on these multivariate results, a reliable and simple 
bedside risk prediction tool was developed.

Conclusion
The clinical presentation of ABAD is heterogeneous and strongly predicts in-hospital outcome. 
We present a simple prediction model using variables that are independently associated with 
in-hospital mortality in ABAD patients. This model could be used to assist physicians in their 
choice of management and for informing patients and their families.
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InTRODuCTIOn

The morbidity and mortality of acute type B aortic dissection (ABAD) is strongly related to the 
clinical presentation.[1;2] In contrast to patients with ascending involvement, medical treatment 
is the preferred therapy in all uncomplicated type B dissection patients, as current randomized 
controlled trials have failed to demonstrate a beneficial outcome of prophylactic endovascular 
repair in the short term.[3;4] Surgical and endovascular approaches are reserved for patients 
presenting with complications such as shock, periaortic bleeding, organ malperfusion, limb 
ischemia and rapidly expanding false lumen. However, these procedures are still associated with 
high mortality rates between 20-30% for surgery and 10-20% for endovascular repair in the 
acute setting, especially in the elderly.[3-5] Because of the various clinical features of ABAD, 
the progress and outcome of individual ABAD patients admitted to the emergency department 
remain unpredictable.[6-8] Therefore, more insights into the early prognosis of ABAD based 
on patient characteristics and presenting symptoms are needed, in order to optimize treatment 
strategies and inform patients and their family. A pre-operative predictor model for in-hospital 
mortality could be of use in decision making regarding the necessity of intervention and to 
highlight the real risk of poor outcome for physicians, patients and their families.

The International Registry of Acute Aortic dissection (IRAD) offers the unique opportunity to 
analyze the largest cohort of ABAD patients in order to identify independent predictors of in-
hospital mortality. An early IRAD report regarding this subject demonstrated that the “deadly 
triad” of hypotension/shock, absence of chest/back pain on presentation and branch vessel 
involvement were predictive for in-hospital mortality in ABAD patients.[9] A decade later, with 
more than 1000 patients enrolled, we sought to provide a more elaborate model which can give 
us better insight into this condition. Based on clinical, diagnostic and treatment characteristics 
an easy bedside model to predict in-hospital mortality was developed.

meThODs

Patient selection
Patients presenting with ABAD, without arch involvement, enrolled in IRAD between January 
1996 and April 2013 were included for these analyses. IRAD is an ongoing multinational, 
multicenter registry and the rationale, design and methods have been previously published.[10] 
Institutional Review Board approval was obtained for each center and informed consent was 
given by every individual patient. Clinical, diagnostic and treatment characteristics of patients 
who expired during hospitalization were compared to those who were discharged alive.
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Data Collection and measures
Standardized data forms were used to collect data concerning patient demographics, medical 
history, clinical presentation, physical findings, imaging studies, management, adverse events, 
in-hospital and long-term outcomes. Each submission was forwarded to the coordinating 
center, where the forms were reviewed for internal consistency and validity and then entered 
into the database.

statistical Analysis
Summary statistics are presented as frequencies, percentages, mean ± standard deviation or 
median as appropriate. Denominators represent only reported cases as missing data was not 
defaulted to negative. The association with in-hospital and long-term mortality were compared 
for categorical variables using the χ2 test and Fisher’s exact test, when appropriate. Student’s 
t-test was used to compare continuous variables between all groups and the Mann-Whitney 
U test was used in the absence of a normal distribution. Variables with a marginal association 
with mortality (p < .20) were entered in stepwise multivariate logistic regression model for in-
hospital mortality. If variables were missing in more than 20% of patients or only positive in 
less than 5% of the cohort, they were excluded from multivariate analysis. The calibration of the 
multivariate model was evaluated by the Hosmer-Lemeshow goodness-of-fit test. A p-value <.05 
was considered significant. Data analysis was performed with the use of SPSS statistical analysis 
software (SPSS Inc., Chicago, Ill).

simple Bedside Risk Prediction Tool
The variables that were significantly associated with in-hospital mortality in the multivariate 
analyses were assigned a score equal to their coefficients in the fitted model (natural logarithm of 
their odds ratios rounded to the nearest decimal). The sum of this numerical score could then be 
used to predict the operative mortality in individual patients. A risk prediction tool that plotted 
the risk score against the corresponding predicted death rate was developed to assist surgeons 
who are considering whether or not to proceed with surgical correction in high-risk patients.

ResuLTs

Patient characteristics
A total of 1034 ABAD patients were included for this study (673 male; mean age 63.5 ± 14.0). 
Common comorbidities included history of hypertension (80.5%), atherosclerosis (32.3%), 
known aneurysm (19.7%) and prior cardiac surgery (18.9%). 65.4% of the patients received 
medical therapy compared with 10.3% surgical and 23.3% endovascular treatment. Of the 
241 patients treated in an endovascular manner, 183 underwent thoracic stent graft placement, 
38 aortic fenestration and 64 patients had branch vessel stent placement, resulting in 42 patients 
receiving multiple interventions. Overall mortality was 10.6% of all ABAD patients. (Tables 1-5)
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Table 1. Demographics and patient history of all Type B aortic dissection patients

In-hospital
number survived Died Odds ratio P-value

n (%) n (%)
history 1034 (100) 924 (89.4) 110 (10.6)
Mean age ± 13.9 63.0 ± 13.9 67.8± 14.6 .001
Age ≥ 70 years 371 (35.9) 315 (34.1) 56 (50.9) 2.00 (1.35-2.98) .001
Gender (female) 363(35.1) 323 (35.0 ) 40 (36.4) 1.06 (0.71 – 1.60) .770
History of Hypertension 818 (80.5) 735 (80.8) 83 (78.3) 0.86 (0.56-1.40) .544
Diabetes 84 (8.5) 75 (8.5) 9 (8.7) 1.02 ( 0.49-2.11) .953
Marfan 34 (3.4) 31 (3.5) 3 (2.9) 0.82 (0.25-2.73) .744
Atherosclerosis 320 (32.3) 283 (31.9) 37 (35.6) 1.18 (0.77 – 1.81) .444
Known Aneurysm 196 (19.7) 174 (19.5) 22 (21.0) 1.09 (0.67 – 1.80) .724
Family History of Aortic Disease 50 (12.4) 47(12.8) 3 (8.1) 0.99 (0.55 – 1.80) .405
Chronic obstructive pulmonary disease 53 (12.3) 49 (12.7) 4 (9.3) 0.71 (0.58 – 3.66) .525
Chronic renal insufficiency 44 (10.2) 38 (9.8) 6 (13.6) 1.45 (0.24 – 2.07) .429
Prior Cardiac Surgery 184 (18.9) 167 (19.3) 17 (16.0) 0.80 (0.46 – 1.38) .424

Table 2. Presenting symptoms of all Type B aortic dissection patients

In-hospital
number survived Died Odds ratio P-value

n (%) n (%)
Presentation
Chest Pain 698 (69.7) 626 (69.8) 72 (68.6) 0.95 (0.61 – 1.46) .797
Back Pain 701 (71.0) 673 (71.8) 64 (64.0) 0.70 (0.45 – 1.08) .102
Abdominal Pain 419 (43.6) 372 (43.0) 47 (49.5) 1.30 (0.85 – 1.98) .228
Abrupt Pain 836 (86.5) 751 (86.8) 85 (83.3) 0.76 (0.44 – 1.32) .330
Syncope 29 (3.0) 20 (2.3) 9 (9.0) 4.23 (1.87 – 9.57) <.001
Hypertensive 663 (67.7) 607 (69.2) 56 (54.4) 0.53 (0.35 – 0.80) .002
Hypotensive/Shock 41 (4.2) 23 (2.6) 18 (17.5) 7.86 (4.08 – 15.15) .002

Table 3. Diagnostic imaging findings of all Type B aortic dissection patients

In-hospital
number survived Died Odds ratio P-value

n (%) n (%)
Imaging findings
Mean Descending diameter 4.0 (3.4-4.8) 5.0 (3.6-6.5) <.001
Diameter > 5.5 127 (17.2) 96 (14.3) 31 (46.3) 5.15 (3.04 – 8.71) <.001
True IMH 124 (12.4) 114 (12.7) 10 (9.3) 0.71 (0.36 – 1.40) .316
Abdominal Vessel 
Involvement (any)

320 (30.9) 278 (30.1) 42 (38.2) 1.44 (0.95 – 2.16) .083

Periaortic Hematoma 130 (14.2) 94 (11.4) 36 (38.3) 4.80 (3.00-7.67) <.001
Patent false lumen 395 (52.1) 355 (51.8) 40 (54.8) 1.13 (0.69 – 1.83) .629
Partial lumen 235 (31.0) 213 (31.1) 22 (30.1) 0.96 (0.57 -1.62) .866
Complete false 128 (16.9) 117 (17.1) 11 (15.1) 0.86 (0.44 – 1.69) .663
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Table 4. Complications at presentation of all Type B aortic dissection patients

In-hospital
number survived Died Odds ratio P-value

n (%) n (%)
Complications
Spinal Ischemia 23 (2.5) 17 (2.0) 6 (6.5) 3.34 (1.28 – 8.68) .009
Mesenteric Ischemia/Infarction 71 (7.4) 45 (5.2) 26 (26.8) 6.69 (3.90 – 11.48) <.001
Acute Renal Failure 174 (17.9) 134 (15.4) 40 (40.0) 3.67 (2.36 – 5.70) <.001
Hypotension 94 (9.7) 37 (4.3) 57 (54.8) 27.21 (16.4 -45.2) <.001
Limb Ischemia 91 (9.5) 69 (8.0) 22 (22.4) 3.34 (1.95 – 5.69) <.001

Table 5. In-hospital management of all Typ B aortic dissection patients

In-hospital
number survived Died Odds ratio P-value

n (%) n (%)
management
Surgery 106 (10.3) 82 (77.4) 24 (22.6) 2.87 (1.73 – 4.76) <.001
Endovascular Management 241 (23.3) 214 (88.8) 27 (11.2) 1.08 (0.68 – 1.71) .745
Medical Management 676 (65.4) 618 (91.4) 58(8.6) 1.08 (0.68 – 1.71) .003

Table 6. Independent predictors of in-hospital mortality in Type B aortic dissection

Variables at presentation mortality
Odds Ratio (95% CI)

Parameter 
coefficient

model
score assigned

P-value

Female 1.37 (0.67 – 2.81) 0.316 0.3 .387
Age (per decade) 1.03 (1.00 – 1.06) 0.028 0.3 .044
Hypotension/shock 6.43 (2.18 – 18.98) 1.861 1.9 .001
Periaortic hematoma 3.06 (1.38 – 6.78) 1.119 1.2 .006
Diameter ≥5.5cm 6.04 (2.87 – 12.73) 1.798 1.8 <.001
Mesenteric ischemia 9.03 (3.49 – 23.38) 2.201 2.2 <.001
Acute renal failure 3.61 (1.68 – 7.75) 1.284 1.3 .001
Limb ischemia 3.02 (1.05 – 8.68) 1.105 1.1 .040

univariate Predictors of In-hospital Death for ABAD patients
Clinical characteristics that showed significant association with in-hospital mortality included 
advanced age, syncope, hypotension/shock, spinal cord ischemia, mesenteric ischemia/
infarction, the presence of periaortic hematoma and limb ischemia. Peri-aortic hematoma was 
defined as a localized collection of blood outside the aortic wall identified on diagnostic imaging 
study. Mean age of patients that expired was 67.8 ± 14.6 years compared to 63.0 ± 13.9 years for 
patients discharged alive (p=.001). Furthermore, the mean diameter of the descending aorta was 
larger in patients that died (5.0cm vs 4.0cm in surviving patients, p<.001). On the other hand, 
patients with intramural hematoma, abdominal vessel involvement and partially thrombosed 
false lumen status had similar outcome between groups.
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figure 1. Model observed versus predicted death by score. Example: 74 year old female patient, presenting 
with hypotension on the ER, CT scan showed an type B dissection with an aortic diameter > 5.5 and 
periaortic hematoma. Her model score is 0.3 * (female) + 0.3 * (age in decades) + 1.9 * (hypotension/shock) 
+ 1.1 * (periaortic hematoma) + 1.8 (aortic diameter ≥ 5.5cm). Total score is 7.2, which is associated with 
a mortality of 64% regardless intervention.

multivariate Analysis and Prediction model
In multivariate analysis, the following variables at admission were independently associated 
with increased in-hospital mortality: increasing age in decades (OR 1.03, 95%CI 1.00-1.06, 
p=.044), hypotension/shock (OR 6.43, 95%CI 2.88-18.98 p=.001), periaortic hematoma (OR 
3.06, 95%CI 1.38-6.78, p=.006), descending diameter ≥5.5cm, OR 6.04, 95%CI 2.87-12.73, 
p<.001), mesenteric ischemia (OR 9.03, 95%CI 3.49-23.38, p<.001), acute renal failure (OR 3.61, 
95%CI 1.68-7.75 p=.001) and limb ischemia (OR 3.02, 95%CI 1.05-8.68, p=.040) (Table 6.). 
Based on these multivariate results, a simple bedside risk prediction tool was developed. The 
risk of in-hospital death in a patient admitted with ABAD can be predicted using the following 
formula: – 6.0 + 0.3 * (female) + 0.3 * (age in decades) + 1.9 * (hypotension/shock) + 1.1 * 
(periaortic hematoma) + 1.8 (aortic diameter ≥ 5.5cm) + 2.2 * (mesenteric ischemia) + 1.3 * 
(acute renal failure) + 1.1 * (limb ischemia). The C statistic was 0.87, showing good model 
discrimination. The deviance probability value was .14 and the Hosmer-Lemeshow statistic 
was not significant, indicating little departure from perfect fit (χ2 = 9.32; degrees of freedom, 
8; p = 0.314). Expected deaths versus observed deaths are plotted in Figure 1, which was in 
good agreement.
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DIsCussIOn

The clinical presentation of ABAD in aortic dissection is known to have a great impact as it 
drives management and affects patient outcome.[1;2;9] Our study identified several clinical 
variables that are associated with increased risk of in-hospital mortality and we provided an easy 
risk prediction tool which can be utilized at presentation to make a careful decision regarding 
management and patient counselling.

Despite the fact that a majority of ABAD patients have a favourable outcome with medical 
treatment alone, our study showed that about one-third of all patients required intervention, 
with an overall mortality of 10.6%. Interventions are reserved for complicated ABAD (e.g. 
patients with aortic rupture, visceral ischemia, extension of dissection, refractory pain/
hypertension) as recent randomized controlled trials have shown that despite increased aortic 
remodelling, TEVAR does not lead to improved survival of uncomplicated ABAD patients at 
2 years of follow-up.[3;4] Not surprisingly, surgical patients had the worst outcome among the 
ABAD cohort (22.6% mortality, compared to 11.2% after endovascular treatment and 8.6% 
for patients treated medically). However, the difference in mortality rates is likely related to a 
selection bias, as patients treated with endovascular management may have had less catastrophic 
complications than surgical patients. Recent studies have demonstrated that TEVAR in 
complicated ABAD has low early mortality and an acceptable rate of neurological complications, 
emphasizing the benefits of such therapy.[11-14] However, comparison of the different surgical 
techniques remains challenging, as patients prone to develop complications in the long-term, 
i.e. patients with connective tissue disease and young patients, might benefit from open surgical 
repair in the long term. Unfortunately, randomized controlled trials comparing endovascular 
and surgical therapies in complicated ABAD have not yet been performed. Therefore, a patient-
specific approach, including an estimated in-hospital mortality based on our model, might 
help in the decision making regarding the preferred treatment. Most importantly, providing 
a more accurate prognosis for the individual ABAD patient could be helpful for physicians, 
patients and their families. Moreover, a risk model might be useful to assess benefits from 
novel therapies, as risk adjusted outcome estimates can be used to better stratify for different 
subgroups of patients with ABAD.

This study demonstrated several clinical variables that significantly predicted in-hospital 
mortality in ABAD patients including advanced age, syncope, hypotension/shock, spinal cord 
ischemia, mesenteric ischemia, acute renal failure, periaortic hematoma and limb ischemia, 
supporting the validity of current clinical practice. Early intervention is the preferred 
treatment in order to minimize ischemic time and often it is the only option to provide a 
reasonable chance of survival in these patients. On the other hand, each of these complications 
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may justify non-intervention in these patients in the case of advanced age or extensive pre-
existing comorbidities, as their prognosis is dismal. In addition, patients presenting with ≥5.5 
descending aortic diameter also tended to have worse outcomes. This finding, together with the 
previously mentioned complications, have therapeutic implications as current guidelines state 
that an intervention should be performed in presence of complications or when aortic diameter 
reaches 5.5 cm, in order to prevent rupture.[15] Most interestingly, we found, in contrast with 
our previous report, that none of the presenting symptoms (e.g. the absence of chest/back pain) 
had significant influence on in-hospital mortality. It was then suggested that these patients 
lacked the ability to report pain due to the presence of severe complications like coma/altered 
consciousness, mesenteric ischemia, syncope and/or hypovolemic shock. Our current evaluation 
may support this hypothesis, by showing that these complications are independent predictors of 
mortality as separate inclusions in the model. Other important symptoms like refractory pain 
and hypertension, which are considered risk factors for adverse events and therefore indications 
for operation, were not evaluated in this model as they may develop over days rather than at 
presentation.

Bedside Risk Prediction Tool for In-hospital mortality
In the present study, we developed a simple risk prediction tool that incorporates the most 
important variables at presentation associated with mortality. This model proved to be relatively 
accurate in predicting risk of death in ABAD patients and can be used as a bedside tool. This 
prediction model might assist clinicians in important treatment decisions, especially for 
invasive treatment options in the individual patient. Realistic survival estimates in terms of 
mortality, especially in high-risk patients, can be of considerable use for counseling patients and 
their families. In addition, a risk model might also be useful to assess the quality of care and 
possible benefits from novel therapies. Risk-adjusted outcome estimates can be used to stratify 
for different subgroups of patients with ABAD in future studies.

IRAD offers unique insight in this relatively uncommon life-threatening disease. While most 
studies focus on single-center experiences with certain therapies, these analyses included the 
largest unselected consecutive patient cohort up-to-date. Regardless of their clinical status 
or treatment strategy, all ABAD patients were included in this study, making it possible to 
generalize these findings for all ABAD patients presenting at the emergency department.
The results of our study should not be generalized for patients with chronic dissection or those 
with connective tissue disorders. We evaluated only in-hospital mortality, which is the most 
important outcome but does not reflect the full scale of outcome variables, such as nonfatal 
events, patient functional status and long-term outcomes. Further studies are needed to address 
the best therapeutic approaches for specific complications, in order to further optimize short 
and long-term outcomes.
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COnCLusIOns

The clinical presentation of ABAD is heterogeneous and strongly predicts in-hospital results. 
Our study identified several variables associated with increased in-hospital mortality including 
advanced age, syncope, hypotension/shock, spinal cord ischemia, mesenteric ischemia, acute 
renal failure, periaortic hematoma, limb ischemia and descending aortic diameter ≥5.5 cm. 
We provided a useful bedside risk prediction tool that can assist physicians in their choice of 
management and can help in counselling of patients and their families.
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ABsTRACT

Background
Partial thrombosis of the false lumen has been reported as a significant predictor of mortality 
during follow-up in patients with acute type B aortic dissection (ABAD). The purpose of this 
study was to investigate the correlation of false lumen thrombosis and aortic expansion during 
follow-up in ABAD patients.

methods
All medically treated ABAD patients observed in four cardiovascular referral centers, between 
1998 and 2011, with admission and follow-up CT or MRI scans, were included. Aortic 
diameters of the dissected aortas were measured at four levels on the baseline and follow-up 
scans, and annual growth rates were calculated. Univariate and multivariate regression analysis 
was used to investigate the effect of false lumen thrombosis on aortic growth rate.

Results
A total of 84 patients were included, of which 40 (47.6%) had a partially thrombosed, 7 patients 
(8.3%) a completely thrombosed, and 37 patients (44.0%) a patent false lumen. A total of 273 
of the 336 (81.3%) evaluated aortic levels were dissected segments. Overall, the mean aortic 
diameter increased significantly at all evaluated levels ( p <0.001). Univariate analysis showed 
that annual aortic growth rates were significantly higher in those segments having a false lumen 
with partial thrombosis (mean 4.25 ± 10.2) when compared to the patent group (2.10 ± 5.56; 
p = 0.035). In multivariate analysis, partial lumen thrombosis appeared to be an independent 
predictor of higher aortic growth (adjusted mean difference 2.05mm/year, 95% CI .10 to 4.01, 
p = .040).

Conclusions
In ABAD patients, aortic segments with a partially thrombosed false lumen have a significant 
higher annual aortic growth rate when compared to those presenting with patent and/or 
complete thrombosis of the false lumen. Therefore, patients with partial thrombosis require 
more intensive follow-up and may benefit from prophylactic intervention.
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BACkGROunD

The majority of patients affected by acute type B aortic dissection (ABAD), when uncomplicated, 
can be managed in the acute setting with medical therapy alone. Surgery or endovascular 
treatment is reserved for patients with complications such as rupture, enlarging aneurysm, 
refractory hypertension or pain, retrograde dissection or malperfusion syndromes.1 In-hospital 
outcomes are generally acceptable in patients with uncomplicated ABAD, with up to 90% of 
patients surviving to hospital discharge after receiving effective antihypertensive therapy.2, 3 
However, 1 in 4 patients with acute aortic dissection discharged from the hospital alive will 
expire within 3 years, which exceeds the cumulative incidence of mortality in other diseases 
such as coronary artery disease, moderate chronic obstructive pulmonary disease, and stage II 
colon cancer.3, 4

Imaging studies suggest that complete thrombosis of the false lumen has beneficial prognostic 
value while a patent false lumen predicts poor outcome.5-9 Reports from the International 
Registry of Acute Aortic Dissection (IRAD) showed that a partially thrombosed false lumen is 
associated with increased surgical mortality10 and among ABAD patients discharged alive, those 
presenting with partially thrombosed false lumen had an increased mortality, after adjusting for 
age, gender and type of in-hospital treatment.11 An hypothesis for this observation is that partial 
thrombosis of the false lumen may occlude distal reentry tears (“sac formation”), resulting in 
higher diastolic pressure.12 This process may lead to an increased aortic wall tension, and higher 
risk of aortic expansion, re-dissection and rupture. The purpose of this study is to analyze if the 
presence of thrombosis in the false lumen in ABAD patients is associated with increased aortic 
expansion.

meThODs

Patient selection
Four cardiovascular referral centers participated in this project: Yale New Haven Hospital 
(New Haven, Connecticut), Erasmus University Medical Center (Rotterdam, the Netherlands), 
Policlinico San Donato IRCCS (Milan, Italy) and University Medical Center Utrecht (Utrecht, 
the Netherlands).
Uncomplicated type B dissection patients admitted between 1998 and 2011 to these hospitals 
with imaging studies obtained within 7 days of the diagnosis (baseline) and a second study 
(follow-up) obtained at least 1 month later were analyzed. Patients that underwent an aortic 
intervention within one month after admission because of complications were excluded for 
analysis. Follow-up scans were obtained after 1 and 6 months of follow-up and yearly thereafter. 
The most recent imaging study was used for the analysis, if multiple imaging studies were 
performed during follow-up.
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Imaging analysis
All imaging studies, either CT or MRI, at admission and follow-up, were selected for analysis 
and diameters of the affected aortas were measured at the following levels: proximal descending 
aorta, defined as the level 2 cm below the origin of the left subclavian artery, distal descending 
aorta defined as 20 cm below the origin of the left subclavian artery , visceral aorta (between the 
origin of the celiac trunk and superior mesenteric artery), and infra-renal aorta, measured below 
the origin of the most distal renal artery. The annual aortic growth rate was calculated at each 
affected level by dividing the difference in maximum aortic diameter in millimeters between 
the initial and final measurements by the time interval between both imaging examinations in 
years. In this manner, a total of 336 aortic levels were evaluated, of which 273 were dissected.
In addition, a core imaging lab of physicians with extensive experience and expertise in cross-
sectional imaging assessed the flow dynamics of the false lumen, either as a patent, partially 
thrombosed, or a completely thrombosed false lumen. Patent false lumen was defined as the 
absence of thrombus in the false lumen, complete thrombosis was defined as the absence of 
contrast in the false lumen and partial lumen thrombosis was considered as presence of both 
thrombosis and contrast in the false lumen.

statistical Analysis
Univariate linear regression analysis was used to analyze the association between the annual 
aortic growth of aortic segments and age of presentation, gender, initial aortic diameter and the 
status of the false lumen classified as patent, partially, or completely thrombosed. All variables 
with a P value < .2 were entered in a multivariate regression model to calculate independent 
effects on the aortic growth rate. Statistical analysis was performed using SPSS 15.0 software, 
and a p value < 0.05 was considered statistically significant. Data are shown as mean ± SD or 
median and interquartile range (IQR).

ResuLTs

Eighty-four patients were included of which 40 (47.6%) had a partially thrombosed false lumen, 
7 patients (8.3%) a completely thrombosed false lumen, and 37 patients (44.0%) had a patent 
false lumen. During follow-up false lumen status changed in 8 patients from patent to partial 
thrombosis, in two patients from partial to patent false lumen and in four patients from partial 
to complete thrombosis. The mean aortic diameter at baseline was significantly larger in the 
partial lumen thrombosis group (38. 0 ± 12.0) compared to the complete thrombosis group 
(35.2 ± 8.4), and the patent false lumen group (32.0 ± 6.9, p < .001). Median length of follow-
up was 19.5 months (IQR 43.7, range 1-149.5 months). A total of 273 of the 336 (81.3%) 
evaluated aortic levels were dissected. Overall, aortic expansion was observed at 102 of the 125 
segments with a patent false lumen (81.6%), in case of partial false lumen thrombosis at 98 of 
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figure 1. Aortic measurements and growth rates at the four levels
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the 125 segments (78.4%) and in complete thrombosis at 15 of the 23 levels (65.2%). Overall, 
the mean diameter of the aortic segments significantly increased from 34.3 ± 9.9 at baseline 
to 37.2 ± 12.4 at latest follow-up. (p < .001) The increase was significant at all evaluated levels 
during follow-up (Figure 1). The mean aortic expansion rate was 3.0 ± 8.1 mm/year. Mean 
annual aortic growth rates were 4.3 ± 10.2 mm/year in the partial thrombosis group, 2.1 ± 
5.6 mm in the segments with a patent false lumen and 1.5 ± 5.6 in those with a completely 
thrombosed false lumen (Table 1).

Table 1. Aortic growth rates stratified based on the status of the false lumen

Patent Partial Thrombosis Complete Thrombosis P- Value
Initial aortic diameter 32.0 ± 6.9 38.0 ± 12.0 35.2 ± 8.4 <.001
Final aortic diameter 34.7 ± 7.7 43.1 ± 14.4 39.3 ± 12.2 <.001
Mean aortic growth 2.10 ± 5.56 4.25 ± 10.18 1.51 ± 5.65 .069

Univariate analysis showed that age, male gender and partial thrombosis of the false lumen (vs. 
patent false lumen) had a significant effect on the annual aortic growth rate (p < .05 in all). 
Annual aortic expansion was significantly larger in patients with a partially thrombosed false 
lumen compared to patent false lumen(p = 0.035, table 2). There was no significant difference 
between the annual aortic growth rates of dissections with a partially thrombosed false lumen 
and patients with a completely thrombosed false lumen (p= 0.745).

Table 2. Univariate linear regression analysis

Variable  Adj. estimated difference
 (mm/year)

95% Confidence interval P Value
Lower Bound Upper Bound

Age at presentation -.015 -0.23 -0.06 .001
Male gender 2.01 0.10 4.05 .039
Initial aorta diameter 0.06 -0.0 0.16 .196
Patent (vs. Complete thrombosis) 0.59 -3.00 4.18 .745
Partial thrombosis (vs. Complete 
thrombosis )

2.75 -0.84 6.33 .133

Partial thrombosis (vs. Patent) 2.15 .16 4.15 .035

Results of the multivariate linear regression analysis are presented in table 3. Older age at 
presentation had a 0.17 mm per year decrease in aortic growth with every year increase in 
age. (95% CI -.026 to -.08, p < .001). Partial lumen thrombosis resulted in a 2.05 mm/year 
increase in aortic growth compared with patients with a patent false lumen (95% CI .10 to 4.01, 
p = .040).
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Table 3. Multivariate linear regression analysis

Variable Adj. estimated difference
(mm/year)

95% Confidence interval P Value
Lower Bound Upper Bound

Age at Presentation -0.17 -0.26 -0.08 <.001
Male gender 2.30 0.32 4.28 .023
Partial thrombosis (vs patent) 2.05 0.10 4.01 .040
Initial aorta diameter 0.05 -.05 .15 .373

DIsCussIOn

A substantial number of medically treated ABAD patients will develop aortic expansion during 
follow-up, and 1 in 4 patients that are discharged alive from the hospital will expire within 
3 years.4, 12 The blood flow dynamics of the false lumen in the sub-acute and chronic setting 
appear to be important as prognostic predictor of ABAD patients. Imaging studies suggest 
that complete thrombosis of the false lumen has beneficial prognostic value while a patent 
false lumen predicts poor outcome.6-9 In a previous report from the IRAD investigators, the 
risk of death during follow-up in patients with a partial false lumen thrombosis was increased 
by a factor 2.7 in comparison with patients with a completely patent false lumen.11 Due to the 
observational characteristics of the IRAD registry, it was unclear if the higher mortality in 
patients with partial false lumen thrombosis was aortic related. The possible elevated pressure in 
the false lumen could result in an increased aortic expansion and eventually rupture.11

The aim of the present study was to validate the relationship between partial false lumen 
thrombosis on CT or MRI and aortic expansion on follow-up imaging. In our analysis, we 
observed that the aortic growth rate was significantly increased among the aortic segments with 
a partially thrombosed false lumen as compared with those with a patent false lumen. However, 
a study by Sueyoshi and colleagues, showed different findings.13 In their analysis, the dissected 
aorta was associated with the most rapid mean growth rate in case of a patent false lumen 
(4.9 mm/year), followed by a partially thrombosed false lumen (4.0mm/year), while dissected 
aortas with a completely thrombosed false lumen decreased in diameter on average (-.2mm/
year). In the partially thrombosed false lumen group, dissected aortas with a “sac formation 
type” showed a significantly increased growth rate compared to those with a non-sac formation 
type.13 The differences between study groups are expressed by the fact that our study population 
had a much higher percentage of partial lumen thrombosis compared to the study by Sueyoshi et 
al. (47.6% vs 28.2%), These differences are possibly related to different scan protocols, different 
use of anticoagulation and genetic, dietary or environmental influences, although this remains 
highly speculative.
Our study revealed that patients with a partially thrombosed false lumen have a larger aortic 
diameter at presentation than other dissection patients. At the different levels, the average 
diameter of dissected segments was larger in patients with partially thrombosed false lumens 
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than in patients with a completely patent or a completely thrombosed false lumen. Multivariate 
analysis showed that the initial diameter did not have a significant effect on aortic growth 
but it is possible that patients with larger initial diameter might be more prone to develop a 
thrombosis in the false lumen. Although an explanation for this association remains unclear 
at this moment, increased descending diameter in ABAD may be associated with pre-existing 
aortic dilatation, and atherosclerosis.13 Such conditions might favor blood flow turbulences 
and thrombosis. We did not take into account the morphology of the aneurysm sac, so the 
association between partially thrombosed false lumen and aortic morphology needs to be more 
precisely defined.
Our analysis evidenced an equivalent incidence of partial thrombosis and total patency of the 
false lumen after that dissection occurred, with the status of the false lumen that did not change 
during follow-up in more than 80% of aortic segments. However, aortic growth was more 
frequently observed among segments with a patent false lumen compared to those with partial 
thrombosis. (81.6% vs 78.4%). Although this difference was not significant, it confirms that 
patency of the false lumen is a very common anatomical condition after acute dissection and 
can play a primary role in determining descending aortic dilatation in the chronic setting, as 
well. Patency of the false lumen has been reported as predictor of aortic reoperation in the long-
term of type A dissection patients, treated with ascending/arch open repair.14, 15

This study showed an increased aortic expansion in case of a partially thrombosed false lumen 
and, based on such observation, these patients might benefit from shorter surveillance interval 
and/or lower thresholds for prophylactic aortic intervention.
The findings of the present study should be viewed within the light of its limitations. We did 
not include other morphologic characteristics of the aortic dissection which may have affected 
the aortic growth, except for the status of false lumen. Also clinical data regarding baseline co-
morbidities and medical treatment, were not available for analysis.

COnCLusIOn

We observed that the aortic growth rate among ABAD patients with a partially thrombosed 
false lumen appeared to be higher during follow-up when compared to patients with complete 
thrombosis or a patent false lumen. Therefore, patients with partial thrombosis may require more 
intensive follow-up and may benefit from lower thresholds for prophylactic aortic intervention.
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ABsTRACT

Purpose: Aortic growth rate in type B aortic dissection (ABAD) is a significant predictor for 
aortic complications and mortality. In order to improve the overall outcome, radiological 
predictors might stratify patients who benefit from successful medical management versus 
those who require intervention. The goal of this study is to investigate whether the number of 
identifiable entry tears in ABAD patients is associated with aortic growth.

Methods: ABAD patients with a Computed Tomographic Angiography (CTA) obtained 
at clinical presentation and a subsequent CTA obtained at least 90 days following medical 
treatment were included (2005-2010). The CTAs were investigated for the number of entry 
tears between the true and false lumen. Diameters of the dissected aortas were measured at 
5 levels on the baseline and last available follow-up CTA, and annual aortic growth rates 
were calculated. In these patients the number of entry tears and the location in the aorta were 
compared with the aortic growth rate.

Results: Sixty patients were included, who presented with a total of 243 dissected segments. 
During follow-up (median 23.2 months, range 3-132) growth rates were significantly higher 
in patients with 1 entry tear (mean 5.6 ± 8.9 mm) compared to those with 2 entry tears (mean 
2.1 ± 1.7 mm; p = .001) and with 3 entry tears (mean 2.2 ± 4.1; p = .010). The distance of the 
primary entry tear from the left subclavian artery did not have an effect on the aortic growth 
rate (median 38 mm IQR 24 – 137; p = .434).

Conclusion: The number of entry tears in ABAD patients detected on the first CTA after 
clinical presentation is a significant predictor for aortic growth. Patients with one entry tear at 
presentation show a higher growth rate compared to other patients and might benefit from more 
strict surveillance or early prophylactic intervention.
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InTRODuCTIOn

Acute type B aortic dissections (ABAD) is a relatively rare cardiovascular disease with high 
mortality and morbidity rates.1 ABAD can be clinically classified as either complicated or 
uncomplicated and therapy given is based on this classification.2, 3 Prompt intervention in patients 
with an ABAD is currently required in only complicated cases. For those uncomplicated ABAD 
patients managed conservatively by antihypertensive treatment, the in-hospital mortality rate 
ranges between 1-10%.2-4 However, their mid- and long-term outcome is less favourable due to 
aortic related complications like aneurysm and rupture, with survival rates range from 56% to 
92% at 1 year and from 48% to 82% at 5 years.5, 6 Therefore, in patients with initial successful 
medical management, predictors for aortic complications in the long term would be beneficial.

Previous clinical and bioengineering studies have demonstrated that increased inflow and 
impaired outflow of the false lumen can lead to a significant increase in the mean and diastolic 
pressure in the false lumen. In the acute setting, this may lead to true lumen collapse and even 
malperfusion.7-10 Based on this mechanism, elevated pressure in the false lumen may also result 
in an increased aortic growth rate and risk for aneurysm and rupture. Therefore, the number of 
entry tears detected between the true and false lumen might be important in predicting which 
ABAD patients will develop aortic dilatation. The goal of this study is to investigate whether the 
number of identifiable entry tears is associated with aortic growth in the long term of ABAD.

meThODs

Patients
We retrospectively analyzed all computed tomographic angiography (CTA) data of ABAD 
patients that were medically treated in four referral centres between 2005 and 2010. All ABAD 
patients included in this study had a CTA obtained within 7 days of the initial diagnosis 
(baseline CTA) and a second CTA (follow-up CTA) obtained at least 3 months after the 
baseline CTA and before any possible intervention. Patients with a complete false lumen 
thrombosis at presentation were excluded. In case of more than 1 available follow-up CTA, the 
most recent examination was selected for analysis. The independent medical ethics committees 
of all participating hospitals have approved the study.

Imaging
All CTA images were acquired on multislice CT-scanners with 16 or 64 detector configuration. 
Non-contrast images were first obtained, and followed by acquisition of 2.5 mm axial images 
from the top of the aortic arch to the bifurcation of the abdominal aorta after intravenous 
injection of 150 ml of non-ionic contrast. Biphasic protocols were used, with the acquisition of 
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a arterial and venous phase. The arterial phase was started by a bolus tracking technique in the 
descending aorta. The acquisition was started 7 seconds after a region of interest had reached 
100 HU. The venous phase was scanned for 60 seconds after the start of the contrast medium 
injection.The acquired CTA datasets were transferred to a workstation (3Mensio Vascular 4.2; 
3Mensio Medical Imaging B.V., Bilthoven, The Netherlands) for analysis.

Analysis
All baseline CTA images were investigated by two investigators for the presence and number 
of entry tears between the true and false lumen over the entire length of the aorta. An entry 
tear was defined as a discontinuity of the aortic flap with a clear flow of contrast between the 
true and false lumen on at least 2 different views (transversal, coronal, sagittal, or center vessel 
reconstruction) (Figure 1.). Multiplanar reconstructions were made perpendicular to the centre 
lumen line of the aorta. Semi-automatic segmentation of the aortic lumen was performed, which 
were reviewed and minor corrections were made manually, if necessary. After segmentation 
of the aortic lumen, minimum/maximum diameters were calculated. Diameter measurements 
were performed from the outer to the outer vessel wall, through the centre of mass of the aortic 
lumen. Aortic diameters were measured at the following levels: 2 cm below the origin of the left 
subclavian artery (LSCA), 10 cm below the LSCA, 20 cm below the LSCA, 8 cm below the 
most distal renal artery and at the level of the largest point of the descending aorta.

figure 1. An example of an entry tear between the true lumen (TL) and false lumen (FL) indicated by 
the arrow in the thoracic aorta on a plane perpendicular to the aorta.
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The presence of dissection was identified at the 5 different levels of the aorta, because the 
dissection did not involve the abdominal aorta in all cases. The patients’ annual growth rates 
at each affected level was calculated by dividing the difference between the diameter on the 
baseline scan and the diameter on the last available CTA scan by the time interval between the 
2 CTAs.

statistics
Statistical analysis of the number of entry tears in the different patient groups was performed 
with the use of the Kruskal-Wallis test and post-hoc wirh the Mann-Whitney-U test. The 
influence of the distance of the proximal entry tear on aortic growth rate was analysed with the 
use of linear regression. Data are presented as mean ± standard deviation (SD) and range. Inter- 
and intraobserver reliability was calculated using the multiobserver kappa statistic. Statistical 
analysis was performed using SPSS 20.0 Windows (SPSS Inc, Chicago, Il, USA) statistical 
package.

ResuLTs

Sixty patients (39 male; median age at presentation 59.7 years (range 37.0 – 82.6) with ABAD 
were included in this study. Twenty (33.3%) patients presented with one entry tear, 19 (31.6%) 
patients with two, 15 (25%) with three, two (3.3%) patients with four or more entry tears and 
four (6.7%) patients presented without any detectable entry tears. (table 1.) The last available 
CTA was obtained after a median of 22 months (range 3 – 130). Of the 300 analysed aortic 
segments, a total of 243 (81%) were dissected. (table 1.) Mean initial diameter was 36.1 ± 9.5 
and mean final diameter 40.3 ± 11.2, resulting in a mean aortic growth rate of 3.3 ± 6.3 mm/
year. The mean aortic growth rates for the different groups are presented in figure 2.

Table 1. Baseline characteristics

number of 
patients

number of 
dissected levels

mean distance first 
entry tear from LsCA

mean growth rate 
(mm/year)

No detectable entry tears 4 14 - 1.6 ± 5.5
One entry tear 20 80 14.5 5.6 ± 8.9
Two entry tears 19 79 33.3 2.0 ± 4.1
Three entry tears 15 61 25.2 2.2 ± 4.1
Four entry tears 2 9 8.0 2.7 ± 1.6

Aortic growth rates based on the analysis of the dissected aortic segments were significantly 
affected by the number of entry-tears (P = .003). In patients with 1 visible entry tear the aortic 
growth rate (median = 5.8 mm/year), was significantly higher compared to patients with 2 entry 
tears (median = 0.98 mm/year: p = 0.01) and patients with 3 entry tears (median = 1.31 mm/
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figure 2. Mean aortic growth rate (mm/year) related to the number of entry tears.

year, p = .010). Patients with 4 entry tears (median = 2.50, p = .992) and without visible entry 
tears (median = 1.60 mm/year, p = .156), which number of segments was relatively low, did not 
show a significant difference in growth rate when compared to patients with 1 entry tear.
The median distance between the left subclavian artery (LSCA) and the primary entry tear was 
38 mm (IQR 24 – 137) and did not have an significant effect on aortic growth rate (p = .434). 
However, we found that patient with a single entry tear located within 5 cm from the LSCA 
showed significant more growth compared to their counterparts (mean 5.8±7.7 mm/yr vs. 
2.5 ± 2.7 mm/yr; p = .003).

Intra-observer agreement was substantial with 80% and a kappa coefficient value of 0.73, as 
well the inter-observer agreement, which was 75% with a kappa coefficient of 0.65.

Tolenaar.indd   108 19-2-2014   12:46:18



Number of Entry Tears is Associated with Aortic Growth in Type B Dissections

109

8

DIsCussIOn

Our study demonstrated that the amount of patent entry tears in patients with ABAD, on 
the baseline CTA scan, is associated with aortic growth. Previous clinical and bioengineering 
studies showed that in patients with ABAD an impaired outflow of the false lumen may lead to 
a significant increase in both mean arterial as diastolic pressure. It was suggested that patients 
with a partially thrombosed false lumen might suffer from a decreased blood outflow from the 
false lumen, due a similar process.8 Increased blood pressure in the false lumen is likely to result 
in a higher growth rate of the false lumen, potentially associated with aortic dilatation and 
rupture. Although a higher mortality rate was observed in patients with a partially thrombosed 
false lumen when compared to patients with a completely patent false lumen, the peak aortic 
growth rate of these subsets were comparable.5, 11 Sueyoshi introduced the concept of the “sac 
formation” defined as a partially closed false lumen at the re-entry site resulting in a blind 
pouch with a persistent proximal entry tear.11 This imaging sign was associated with the largest 
increase in aortic diameter and these findings correlate with our study.11

Currently the role of partial false lumen thrombosis as predictor for aortic growth is not 
completely understood, as well its importance as cause of aortic related mortality. In this 
context, the number of patent entry tears may further clarify this issue, as a limited number of 
entry tears between the true and false lumen might induce false lumen thrombosis. In presence 
of one entry tear, as we observed in our study, blood outflow is impaired with persistent 
pressurization of a “blind sac” false lumen. Such condition may lead to thrombosis, but might 
also change the normal laminar blood flow into a turbulent flow, leading to increased wall 
stress.12 In combination with reduced vessel wall strength, due to the dissection, this process 
could favor aortic dilatation.
Endovascular treatment for type B aortic dissection is focused on the coverage of the proximal 
entry tear, in order to reduce the false lumen pressurization, to promote false lumen thrombosis 
and to favor aortic remodeling. However, studies have shown that distal entry tears might serve 
as a renewed entry tear, which is associated with persistent patency of the false lumen, and may 
result eventually in failure of therapy.9, 13, 14 Our study showed that the location of a entry tear 
did not influence aortic growth directly and patients with a more downstream located entry-
tear are still prone to develop aortic growth. However, patients with a single entry tear located 
within 5 cm from the LSCA tended to have higher aortic growth rates. The false lumen in these 
patients is probably subjected to higher forces, leading to a higher growth rate. Theoretically, 
patients with one residual entry tear after TEVAR, might develop aortic dilatation due to the 
same mechanism, justifying closer surveillance. Consequently, patients with multiple entry 
tears might benefit from coverage of all entry-tears to initiate the remodeling process of the 
entire aorta.14
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We observed that the number of entry tears on the presenting CTA might help to identify those 
patients who are at higher risk for aortic dilatation and may benefit from early intervention. 
However, it is known that imaging in acute dissections may vary significantly, according to the 
cardiac cycle phase, as the configuration of the aortic lumina and flap change during systole 
and diastole. In this context, dynamic imaging might give the best representation of the disease. 
Nevertheless, in current clinical practice, the standard of care is static CT-imaging as dynamic 
imaging is not routinely used. Therefore, our study shows a real representation of current 
clinical practice.
In order to minimize potential bias related to the reduced detection of entry tears, intra- and 
inter-observer variability were conducted, which showed a substantial agreement regarding the 
identification of the number of entry tears. Therefore, this radiologic sign might be used at the 
primary risk assessment in uncomplicated ABAD patients, especially with improving imaging 
modalities.

The analysis of growth rate with regard to the number of entry tears has been based on the 
evaluation of the dissected aortic segments, using the same methods adopted in previous studies 
on predictors of aortic growth in ABAD.16,17 Since it is uncommon that a TBAD patients present 
with a false lumen completely thrombosed, partial thrombosed or patent of the entire length 
of the dissection, this method allows the evaluations all the segments that are involved in the 
dissection, taking into consideration their differences in aortic growth rate.

This study has several limitations. Clinical information of the study population was not available 
due to the multicenter character of the study. In addition, it is possible that a certain amount of 
entry tears were missed on the baseline CTAs as it is conceivable that entry tears can be smaller 
than the slice thickness of our CTA scans. However, this would affect most likely all patient 
groups equally. It is also possible that other imaging predictors, such as the size of the entry 
tears and other connections between the true and false lumen as visceral vessels and intercostals 
arteries, might influence the aortic growth. On the other hand, previous studies showed CTA 
to be a reliable imaging tool in the detection of dissections and entry tears in ABAD patients.15 
The sensitivity and specificity for the detection of entry tears were 82% and 100% respectively.15 
Figures 1 gives an example of an entry tear as seen on a single CTA slice. The use of several 
subsequent slices for the detection of entry tears is, though, preferable over the use of 1 single 
slice.

COnCLusIOn

This study shows that the number of entry tears on a baseline CTA scan influence aortic growth 
in patients with conservatively treated ABAD. In those with one entry tear, an impaired outflow 
and changed flow pattern might be the cause of higher growth rates.
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ABsTRACT

Purpose: Conservative management of acute type B aortic dissection (ABAD) is often associated 
with aortic dilatation during follow-up, increasing the risk of aortic rupture.
The goal of this study was to investigate whether morphologic characteristics of the dissection 
can predict aortic growth.

Methods: All conservatively managed ABAD patients of four referral centers were included 
(2000-2010). Aortic diameters were measured at 5 levels on the baseline and last follow-up 
computed tomographic angiography, and annual aortic growth rates were calculated for all 
segments. Linear regression was used to study the influence of aortic morphologic characteristics 
for aortic dilatation.

Results: Sixty-two patients were included (41 male; mean age 60.3 ± 10.7 years). Among the 
310 analyzed aortic segments, 248 (80.0%) were dissected, of which 211 (85.1%) showed aortic 
growth. Overall, the mean diameter increased from 36.1 ± 9.4 mm to 40.2± 11.1 mm (p < 0.001), 
which corresponds with a mean aortic growth rate of 3.1 ± 6.3 mm/year. Multivariate linear 
regression analysis showed that male gender (95% CI 0.60 – 4.04; p = .005) and a saccular 
false lumen (95% CI 2.07 – 7.81: p = .001) were associated with a significantly increased aortic 
growth rate. Increasing age (95% CI -0.23 – -0.04; p = .005), increased number of entry tears 
(95% CI -2.40 – -0.43; p = .005) false lumen located on the aortic outer curvature (95% CI 
-4.30 – -0.38; p = .019) and a circular configuration of the true lumen (95% CI -5.35 – -0.32; 
p = .027) were associated with a decreased aortic growth rate.
Conclusions: Multiple morphologic characteristics appear to predict aortic dilatation in ABAD 
patients treated medically. Early assessment of these morphologic signs may be useful in the 
selection of ABAD patients who might benefit from closer radiologic surveillance or prophylactic 
intervention.
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InTRODuCTIOn

Patients presenting with acute type B aortic dissection (ABAD) without malperfusion, periaortic 
hematoma or refractory pain and hypertension are considered uncomplicated and are typically 
treated conservatively. Medical management is associated with excellent results, with an in-
hospital survival between 90 and 98 %.1, 2 However, the long-term prognosis of these patients is 
far less favorable, with significant dilatation of the aorta in 25% within 4 years, and mortality 
rates ranging from 18% to 52% after 5 years.1-4

Despite adequate antihypertensive treatment, adverse events such as aneurysm formation 
and aortic rupture may develop during follow-up.5-7 Open surgical repair is associated with 
considerable morbidity and mortality and benefits of endovascular treatment in the chronic 
phase are unknown.2, 5-7 To improve the long-term outcome, a more patient-specific approach 
is warranted, designed to intervene in only those patients that are at risk of developing 
complications. Early intervention during the course of the disease, preferably in the sub-acute or 
early chronic phase, may yield the best long-term results in this patient category. Therefore, early 
and reliable predictors are needed to differentiate between patients that can be treated lifelong 
medically and those that will benefit in the long term from prophylactic intervention. Patient 
characteristics, biomarkers and clinical symptoms have been investigated to distinguish these 
different subsets of patients.8-10 The goal of this study was to investigate whether morphologic 
characteristics of the dissection can predict aortic dilatation during follow-up.

meThODs

Patients
We retrospectively analyzed all computed tomographic angiography (CTA) data of ABAD 
patients admitted at four referral centres between 2000 and 2010. The following institutions 
participated: Yale New Haven Hospital (New Haven, CT), Policlinico San Donato IRCCS (San 
Donato Milanese, Italy), Erasmus University Medical Centre (Rotterdam, the Netherlands), 
and the University Medical Centre Utrecht (Utrecht, the Netherlands). All patients with a 
minimum of 2 CTAs, obtained within 7 days of the initial diagnosis (baseline CTA) and at 
least 3 months of follow-up without any intervention, were included for this study. In case of 
more than one follow-up CTA, the most recent CTA obtained was selected for analysis. Patients 
with intramural hematoma or Marfan’s disease were excluded. All patients were treated with 
antihypertensive agents, in accordance with current guidelines.

Imaging
All CTA images were acquired on multislice CT-scanners with 16 or 64 detector configuration. 
Non-contrast images were first obtained, and followed by acquisition of 2.5 mm axial images 
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from the top of the aortic arch to the bifurcation of the abdominal aorta after intravenous 
injection of contrast material. The acquired CTA datasets were transferred to a workstation 
(3Mensio Vascular 4.2; 3Mensio Medical Imaging B.V., Bilthoven, The Netherlands) for 
analysis.

Analysis
A center vessel reconstruction was obtained in all CTAs and diameters of the affected aortas 
were measured perpendicular to a center vessel lumen line at the following levels: 2 cm distal 
from the origin of the left subclavian artery (LSA), 10 cm distal from the LSCA, 20 cm distal 
from the LSCA, 8 cm distal from the most distal renal artery and at the maximum diameter 
of the descending aorta. In the same plain, the diameter of both the true and false lumen 
were measured The annual growth rate was calculated for all dissected levels by dividing the 
difference between the diameter on the baseline scan and the diameter on the last available 
CTA scan by the time interval between the 2 CTAs. Two different experienced physicians (J.T. 
and J.K.) performed the aortic diameter measurement to objectify interobserver variability, 
which was 0.3 mm/year. All morphologic parameters were assessed based on consensus between 
both physicians.

The baseline CTA scan was used to assess multiple morphologic characteristics of the dissection. 
The false lumen was classified as either patent, partially or completely thrombosed. A partially 
thrombosed false lumen was defined as presence of thrombus at any level in the false lumen 
(Figure 1 A-C). Saccular formation of the false lumen was defined as partial lumen thrombosis 
in which the thrombus was situated distally, forming a blind pouch (Figure 2). The configuration 
of the dissection was classified as straight or spiral. A spiral dissection was defined as a dissection 
wherein the middle of the false lumen changed its position at least 90 degrees, compared to 
the true lumen, at any level between the LSCA and the aortic bifurcation. Transverse, coronal, 
sagittal and multiplanar reconstructions were used to investigate whether side branches of the 
aorta were involved on the baseline CTA scan. An intimal tear was defined as a clear flow of 
contrast between the true and false lumen on at least 2 different views (transversal, coronal, 
sagittal, or center vessel reconstruction). Configuration of the true and false lumen was classified 
as either circular or elliptic (Figure 3). The location of the false lumen on either the inner or 
outer curvature of the aortic arch. The presence of atherosclerosis in the aorta was classified 
being present or absent. Furthermore, the diameter of the false and true lumen at the different 
levels was measured and divided to calculate the true lumen (TL) vs. false lumen (FL) ratio.
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figure 1. False lumen status
A. Patent false lumen
B. Partial thrombosed false lumen
C. Thrombosed false lumen

figure 2. Saccular formation of the false lumen. 
The yellow arrow indicates a proximal entry tear 
to the false lumen. The red arrow indicates partial 
lumen thrombosis in the distal part of the false 
lumen, forming a blind pouch.
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figure 3. Configuration of True lumen (TL) and False Lumen (FL). In fig. 3B the TL is compressed by 
FL, resulting in an elliptic shape.
A. Circular shape TL
B. Elliptic shape TL

statistics
Data are shown as mean ± SD or median and interquartile range. Statistical analysis was 
performed with the χ2 test for categorical variables, and the t test for continuous variables. 
A P value < .05 was considered significant. Predictors of aortic growth rate of the aortic 
segments were explored using univariate linear regression analysis. Variables with a P value 
<0.2 in univariate analysis were integrated in a multivariable regression model to investigate 
independent predictors of aortic growth. Statistical analysis was performed using SPSS 15.0 
software for Windows (SPSS Inc, Chicago, Il, USA).

ResuLTs

Patient characteristics
The total study population consisted of 62 patients (66.1% male; mean age 60.3 ± 10.7 years, 
Table 1). The median follow-up was 22.3 months ± 28.2 (range, 3 -132 months). A total of 248 
(80.0%) aortic segments of the 310 analyzed were dissected. During follow-up 211 (85.1%) 
showed aortic growth while in 37(14.9%) segments the aortic diameter remained stable or was 
even reduced. Female patients had a smaller baseline aortic diameter as compared to male 
patients (31.8 mm vs 35.6 mm). Partial lumen thrombosis was observed in 31 patients, of which 
6 (19.4%) had a saccular formation of the false lumen thrombosis.
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Table 1. Baseline characteristics for the annual growth rate in 248 aortic dissected segments

mean Growth Rate (sD)
(mm/year)

Sex
Male (n = 164) 3.7 ± 6.8
Female (n = 84) 2.0 ± 5.1

Age
Age > 60 (n = 108) 1.8 ± 4.1
Age ≤ 60 (n = 140) 4.2 ±7.5

Initial aortic diameter
Diameter > 40 mm (n = 66) 3.1 ± 4.1
Diameter ≤ 40 mm (n = 182) 3.1 ± 7.0

Configuration
Spiral (n = 116) 3.0 ± 4.4
Straight (n = 132) 3.3 ± 7.7

Location False lumen*

Outer aortic curvature (n = 187) 2.9 ± 5.1
Inner aortic curvature (n = 53) 4.6 ± 9.6

Atherosclerosis
Present (n = 162) 2.7 ± 6.6
Absent (n = 86) 4.0 ± 5.7

Entry tears
Visible (n = 229) 3.4 ± 6.4
Not visible (n = 19) 0.5 ± 5.7

Patent lumen (n = 124) 2.5 ± 4.5
Partial lumen Thrombosis (n = 119) 3.9 ± 7.6
Complete lumen Thrombosis (n=5) -2.4 ± 6.1
Side branches

Involved (n = 152) 3.3 ± 6.7
Not involved (n = 96) 3.0 ± 5.7

Shape TL
Elliptic (n = 203) 3.6 ± 6.5
Circular (n = 45) 1.2 ± 5.3

Saccular formation of FL
Present (n = 23) 7.8 ± 13.6
Absent (n = 225) 2.7 ± 4.9

* In five patients the dissection originated in the descending aorta, not involving the inner nor outer curvature
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Overall, the mean diameter increased from 36.1 ± 9.4 mm to 40.2± 11.1mm (p < 0.001). 
Mean adjusted annual aortic growth rate was 3.15 ± 6.36 mm/year, with a wide range between 
individuals (range -12.2 – 40.3 mm/year). Figure 4 shows the initial diameter, final diameter 
and yearly growth rate at the different aortic levels.

figure 4. Aortic growth rates at different evaluated levels. Only the dissected aortic segments were 
analyzed, excluding those not dissected.

Aortic growth rate
Univariate analysis showed that patients aged under 60 years had significantly higher growth 
rate when compared to patients older than 60 year, 4.2 ± 7.51 vs. 1.8 ± 4.07 (p=.003) respectively. 
Male gender and partial lumen thrombosis were also associated with increased aortic dilatation. 
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The mean growth rate of patients with a saccular formation of the partially thrombosed false 
lumen was 7.8 ± 13.6 mm/year which was significantly larger compared to patients with non-
saccular partial lumen thrombosis (3.0 ± 5.0 mm/year, p= .007). Univariate regression analysis 
showed that an increase of the TL/FL ratio, total thrombosis of the false lumen and circular 
configuration of the TL were associated with significant decrease in aortic expansion rate 
(Table 2).

Table 2. Predictors of aortic growth in univariate linear regression analysis

Variable Adj. estimated difference
(mm/y)

95% CI
Low

95% CI
high

P Value

Age -.09 -.16 -.01 .029
Male gender 1.69 0.02 3.35 .048
Spiral vs straight -.24 -1.83 1.36 .769
FL located on outer aortic curvature (vs inner) -1.81 -3.91 .20 .077
Atherosclerosis -1.34 -3.00 .32 .114
Number of entry tears -.66 -1.45 .14 .103
Any thrombus at baseline 1.10 -.49 2.69 .173
Partial FL thrombosis at baseline 1.55 -.03 3.13 .055
Total FL thrombosis at baseline -5.67 -11.28 -.05 .048
Side branches involved .31 -1.32 1.94 .708
Number of side branches involved .08 -.52 .68 .799
Diameter ascending .06 -.10 .23 .460
Diameter arch .02 -.20 .23 .887
Initial aorta >4 cm -.03 -1.83 1.77 .979
Saccular formation FL 5.13 2.46 7.79 <.001
Circular shape TL (vs elliptic) -2.39 -4.43 -.34 .022
TL/FL ratio -.65 -1.36 .07 .076

Multivariate linear regression analysis showed that male gender (RC 2.32, 95% CI 0.60 – 4.04; 
p = .005) and a saccular formation of the false lumen (RC 4.94, 95% CI 2.07 – 7.81: p = .001) 
were associated with a significantly increased aortic growth rate. Increasing age (RC -.13, 95% 
CI -0.23 – -0.04; p = .005), increased number of intimal tears (95% CI -2.40 – -0.43; p = .005) 
false lumen located on the outer aortic curvature (95% CI -4.30 – -0.38; p = .019) and a circular 
configuration of the TL (RC -2.83, 95% CI -5.35 – -0.32; p = .027) were associated with 
decreased growth rate (Table 3).
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Table 3. Predictors of aortic growth in multivariate linear regression analysis

Variable Adj. estimated difference
(mm/yr)

95% CI
Low

95% CI
high

P Value

Age -.13 -.23 -.04 .005
Male gender 2.32 .60 4.04 .008
FL located on outer aortic curvature (vs inner) -2.34 -4.30 -.38 .019
Atherosclerosis -1.33 -3.15 .49 .150
Number of entry tears -1.42 -2.40 -.43 .005
Partial FL thrombosis at baseline .07 -1.94 2.08 .944
Complete FL thrombosis at baseline -2.20 -12.36 7.95 .670
Saccular formation FL 4.94 2.07 7.81 .001
Circular shape TL(vs elliptic) -2.83 -5.35 -.321 .027
TL/FL ratio .424 -.64 1.44 .431

DIsCussIOn

The optimal treatment strategy of ABAD is continuously evolving. Current guidelines 
recommend conservative medical treatment in uncomplicated ABAD, which is associated with 
a low in-hospital mortality. In chronic ABAD patients long-term mortality ranges between 
25-35% at 4 years and most complications are aortic related such as aneurysm formation, 
dissection extension and aortic rupture.1-4 A recent multicenter randomized controlled trial 
showed that additional endovascular repair in uncomplicated ABAD patient could not improve 
the 2-year outcome.7 Although long-term follow-up and future studies should be awaited, 
the INvestigation of STEnt Grafts in Aortic Dissection (INSTEAD) trial underlines the 
importance of a complication-specific approach in ABAD patients.7, 11 Among patients that 
are at increased risk for developing complications, early prophylactic intervention might 
improve the overall long-term outcome. Since complications are frequently associated with 
aortic enlargement, we sought to investigate reliable predictors of aortic growth related to the 
morphologic characteristics in ABAD patients.12-15

Our analysis showed that the annual aortic growth rate decreases with increasing age, in 
concordance with the study of Sueyoshi et al.13 A possible explanation for this observation 
is that the structure of the aortic wall degenerates over time and becomes less elastic due to 
increased occurrence of atherosclerosis.16, 17 On the other hand, although patients with Marfan’s 
syndrome were excluded, younger patients might suffer from an unidentified connective tissue 
disorders or familial thoracic aortic disease, resulting in increased annual aortic growth rate. 
Male patients had a significant higher aortic growth rate compared to female patients (p = .002). 
Women are typically smaller than men, and the baseline female aortic measurements were 
smaller (31.8 mm, growth 2.0 ± 5.1) compared to males (36.6 mm, growth 3.7 ± 6.8) in our 
analysis, which possibly resulted in lower aortic growth rates.
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The false lumen status is a highly debated predictor for aortic growth and aortic related 
mortality.15, 18-20 Since the report of Tsai et al., which showed an increased mortality during 
follow-up among patients with partial false lumen thrombosis, more recent studies have been 
focussing on the effects of partial false lumen thrombosis.14, 15 A complicating factor is that the 
false lumen status depends strongly on the quality of the CT imaging as well on the timing 
of the contrast injection, and may differ in a single patient between aortic segments. Sueyoshi 
et al. showed that the growth rate was not increased for patients with partial false lumen 
thrombosis overall.14 On the other hand, they observed that saccular formation of the partially 
thrombosed FL was a significant predictor of aortic growth as compared to non-saccular partial 
FL thrombosis.
In our study the highest growth rate was observed in patients with partial false lumen thrombosis 
(3.9 ± 7.6 mm, Tab 1), which can mainly be addressed to those with a saccular false lumen 
formation (n = 6). In these patients, pressurisation of the false lumen may result in higher 
aortic growth rate and increased risk for aortic rupture. Therefore, a strict surveillance may be 
indicated in ABAD patients with a saccular configuration and these patients might benefit from 
early intervention.

Our analysis showed that the number of intimal tears played an important role on the aortic 
growth during follow-up. We found an higher aortic growth rate if a single intimal tear was 
detected on the initial CTA scan. Presence of a single intimal tear may facilitate pressurization 
of the FL, resulting in an increased aortic growth while in patients with multiple intimal tears 
a more adequate outflow may be present. Nevertheless, detection of intimal tears is highly 
dependent on the imaging quality and experience of the observer.
An elliptic configuration of the TL was also associated with an increased aortic growth. Such 
configuration of the TL might result from higher pressurization of the FL, thereby compromising 
the TL diameter and subjecting the FL to greater radial forces. A previous report showed that 
large initial FL diameter was associated with an increased aortic growth, however, our analysis 
did not confirm this.8, 21 Frequently, these patients may evolve with high compression of the TL 
which can be associated with malperfusion.21

Recently, it has been reported that patients with a false lumen located in the inner curvature 
might be more prone to develop complications.22 Similarly, in our study a false lumen located 
in the inner curvature was associated with increased aortic growth. At this moment, we do not 
have a proper explanation for this observation.

Finally, the mean aortic growth rate was smaller in the infrarenal aorta compared to the thoracic 
aorta. This finding may be explained by lower hemodynamic forces, as previous studies have 
shown that the pulsatility in the abdominal aorta is lower compared to the thoracic aorta.23, 24 
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In addition, wall biology of the thoracic and abdominal aorta differ significantly, which might 
have influenced growth rates as well.

This study evaluated multiple morphologic predictors for aortic dilatation in ABAD but 
it has to be interpreted within its limitations. The annual aortic growth rate was measured 
with the use of diameters, suggesting that aortic growth is a symmetric and linear process 
during time. Although similar methods have been used in previous studies, this analysis might 
under- or overestimate the reality. In addition, CT scans were not ECG gated, which may 
have affected the appearance of the septum. Another important limitation is the absence of 
clinical information of the study population which was not available for all patients due to the 
retrospective, multicenter design of the study. Although these patients were all treated medically 
and patients with known connective tissue disorders were excluded, co-morbidities and use of 
medication may have affected the aortic growth rate.

COnCLusIOns

Multiple morphologic characteristics appear to predict aortic dilatation in ABAD patients 
treated medically. A saccular formation of the false lumen, the number of intimal tears, the 
location of the intimal tear, and configuration of the true lumen may influence the aortic 
growth rate during follow-up. Early assessment of these morphologic signs may be useful 
in the selection of ABAD patients who might benefit from closer radiologic surveillance or 
prophylactic intervention.
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ABsTRACT

Introduction
Stent graft oversizing is essential for fixation and sealing during thoracic endovascular aortic 
aneurysm repair (TEVAR). However, excessive oversizing may lead to infolding of the graft or 
progressive dilatation of the aortic neck. The aim of this study is to investigate the influence of 
oversizing on stent graft related complications in TEVAR patients.

methods:
A total 337 patients with thoracic aortic aneurysm (TAA) treated with TEVAR were identified 
as part of the TAG (W. L. Gore and Associates, Flagstaff, Ariz) thoracic stent graft trials. 
Patients were stratified based on the percentage of oversizing at the proximal landing-zone 
(Group 1: <10%, Group 2: 10-20% and Group 3: > 20%), and short and long-term outcomes 
were compared.

Results:
Patients in group 1 had a significantly larger pre-operative proximal aortic diameter (32.6mm 
vs. 31.3mm vs. 28.2mm; p < .0001) and potential proximal aortic neck length (6.9cm vs. 5.8cm 
vs. 5.2cm: p = .035). Overall, type 1 endoleak was the most frequent complication during 
the first 30 days of follow-up, but did not differ between groups (10.6% vs. 11.2% vs. 7.8%; 
p = .809). A trend was noted for type I endoleaks during long-term follow-up (9.4% vs. 3.2% 
vs. 7.8%; p = .073) but no significant differences in device-related complications were observed 
between groups. Cox proportional hazards model showed no difference for time to type I 
endoleak between oversizing groups [Group 1 vs. 2, HR: 1.24 (95% CI: 0.65 – 2.36; p=0.509) 
Group 3 vs 2, HR: 1.24 (95% CI 0.60 – 2.60; p=0.562)].

Conclusion
The percentage of oversizing did not significantly affect the incidence of device-related 
complications after TEVAR for TAA. The current guidelines regarding stent graft oversizing 
for TAA seem appropriate and justified.
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InTRODuCTIOn

Thoracic endovascular aneurysm repair (TEVAR) of the descending thoracic aorta is widely 
adopted as a superior treatment compared to open surgical repair, in patients with suitable 
anatomy.1-4 However, these procedures are associated with complications that may require 
secondary interventions, like aortic neck dilatation, stent graft migration and endoleaks which 
could be related to the aortic wall fixation of the stent graft.5 Therefore, stent graft fixation, 
especially at the site of the proximal landing-zone (LZ), is considered the Achilles heel of stent 
grafting. Nevertheless, the exact mechanisms regarding this fixation are still poorly understood. 
Multiple factors have been identified that may influence the fixation and seal including 
characteristics of the aorta like neck angulation, neck length, and presence of thrombus or 
calcification.(Jonker et al, Canaud et al.) In addition, characteristics of the device, including 
oversizing, radial force, presence or absence of active fixation such as barbs, and features of the 
surgical procedure like correct placement and ballooning, may influence this fixation.

Based on the experience of abdominal endovascular aneurysm repair (EVAR), it has been 
recognized that oversizing of the stent graft is essential, as it provides the radial force of the stent 
graft against the aortic wall in order to improve fixation and sealing of the device.6, 7 On the 
other hand, excessive oversizing in EVAR is associated with an increased risk of complications 
as it may lead to infolding of the graft or dilatation of the aortic neck. Systematic review 
of the literature on the influence of oversizing on the outcome and complications in EVAR 
demonstrated that 10-20% oversizing, which corresponds with the Instructions of Use (IFU) 
of most manufacturers, offers the best results.7 Interestingly, complications following TEVAR 
are greater than that of EVAR which could be the result of a difference in dynamics and forces 
working on these grafts.8-10 Hemodynamic studies showed that the dilatation of the aorta during 
the cardiac cycle is larger in the thoracic compared to the abdominal aorta.10, 11 Therefore, the 
optimal measure of oversizing in TEVAR might be different from those with EVAR.
The purpose of this study is to investigate the influence of oversizing on stent graft related 
complications in TEVAR, thereby providing the optimal sizing strategy for TEVAR patients.

PATIenTs AnD meThODs

Patients treated with thoracic stent grafts as part of four clinical trials of the GORE TAG 
Device (W. L. Gore, Flagstaff, Ariz) were reviewed.1-3 All participating sites had Institutional 
Review Board approval before enrollment of study subjects. A total of 337 patients, that met the 
study inclusion/exclusion criteria and for whom the most proximal device implanted (in the case 
of multiple devices) could be readily determined from the data, were included in the analysis. 
(Figure 1.) Patient inclusion criteria and device sizing criteria have been previously described.4 
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figure 1.

Only patients with a saccular or fusiform atherosclerotic descending aortic aneurysm were 
reviewed for this study. All other aortic diseases and ruptured aneurysms were considered as 
exclusion criteria. Preoperative computed tomography (CT) imaging was used for measurement 
of the aortic diameter in the most proximal 2cm of the aortic neck. Aortic measurements and 
sizing were performed by physicians at the different study sites, which were regularly verified 
by the Core laboratory. The mean of the three diameter measurements was subtracted from the 
nominal device diameter and then divided by the mean diameter to calculate the measure of 
oversizing. Based on these measurements, patients were divided into three different cohorts: 
group 1 with <10% oversizing, group 2 with 10-20% oversizing and group 3 with >20% 
oversizing. Post-operative imaging included chest radiographs and CT scans at 1, 6, and 
12 months and annually thereafter. Due to the use of subjects from four separate studies, site 
reported data was used for this analysis rather than Core Lab data, which was inconsistently 
available across the studies.Outcomes included the presence of endoleak, aneurysm rupture and 
aneurysm related reinterventions.
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sTATIsTICAL AnALyses

Categorical demographic and treatment characteristic variables were analyzed using Fisher’s 
exact test or chi-squared test, and continuous variables were analyzed using ANOVA or Kruskal-
Wallis test. A p-value of .05 was considered significant. Kaplan-Meier plots were constructed 
for time to first device complication event as well as time to first Type I endoleak. Comparisons 
were made between oversizing groups using log-rank test. Time to first Type I endoleak was 
modeled using Cox’s proportional hazards model based on a propensity score for adjustment 
due to the small number of events. Six variables were chosen for the propensity score if they were 
significantly associated with the outcome at the 0.2 level of significance and also significantly 
associated with the oversizing group variable at the 0.3 level of significance, not using variables 
with excessive missingness or those diameter variables already used in the oversizing calculation. 
Ordinal logistic regression was used to construct the propensity score because there were three 
oversizing groups. Statistical analysis was performed using SAS 9.2 software (SAS Institute, 
Cary, NC).

ResuLTs

Demographics
The study population included 337 patients (66% male, mean age of 72), of whom group 1 
consisted of 85 patients (72.6 ± 8.5 years old), group 2 of 188 patients (71.3 ± 10.6 years old) 
and group 3 of 64 patients (73.0 ± 9.9 years old). Mean oversizing was 14.6% with a broad range 
(-3.4 to 39.7%). Based on site reported measurements, 23 of the 337 subjects had oversizing 
values less than 5%, of which 16 were between 0 and 5%, 2 had 0%, and 5 had negative 
values. Baseline characteristics, history and comorbidities of different groups are reported in 
table 1.

Anatomic features and peri-operative management
The mean diameter of the proximal landing-zone was significantly larger in Group 1 compared 
to the other groups (32.6mm vs. 31.3mm vs. 28.2mm; p-value <0.001), as well the length 
of the proximal LZ (6.9cm vs. 5.8cm vs. 5.2cm: p = .035). Patients in group 2 had a slightly 
larger maximum aneurysm diameter (58.6mm vs. 61.0mm vs. 56.3mm; p = .096) (table 2). 
No differences were observed among the peri-operative management of the three groups, 
although group 2 showed a trend to be more frequently submitted to a left subclavian bypass or 
transposition (4.7% vs 9.6% vs 1.6%; p = .063) (table 3).
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Table 1. Demographics and Pre-Treatment Medical History

Groups Group 1
(<10%)

Group 2
(10 – 20%)

Group 3
(> 20%)

P-value

Number of patients 85 188 64 --
Male gender (%) 59 (69.4) 126 (67.0) 37 (57.8) .308
Mean age (yrs ± SD) 72.6 ± 8.5 71.3 ± 10.6 73.0 ± 9.9 .403
Mean height (cm ± SD) 171.2 ± 9.7 170.1 ± 10.4 171.2 ± 10.0 .618
Mean weight (kg ± SD) 81.3 ± 18.0 79.4 ± 17.5 80.7 ± 16.2 .679
Body Surface Area (units ± SD) 1.9 ± 0.2 1.9 ± 0.2 1.9 ± 0.2 .556
History of cigarette smoking (%) 73 (85.9) 155 (82.5) 51 (79.7) .617
History of coronary artery disease (%) 49 (57.7) 97 (51.6) 22 (34.4) .015
History of cardiac arrhythmia (%) 24 (28.2) 54 (28.7) 9 (14.1) .048
History of PAOD (%) 15 (17.7) 23 (12.2) 14 (21.9) .134
History of symptomatic aneurysm (%) 18 (21.2) 51 (27.1) 13 (20.3) .431
History of other concomitant aneurysms (%) 27 (31.8) 66 (35.1) 26 (40.6) .534
History of Stroke (%) 10 (11.8) 21 (11.2) 9 (14.1) .805
History of COPD (%) 33 (38.8) 85 (45.2) 18 (28.1) .052
ASA

I 5(5.9) 3 (1.6) 2 (3.1) .603
II 9 (10.6) 22 (11.7) 8 (12.5)
III 48 (56.5) 119 (63.3) 39 ( 60.9)
IV 23 (27.1) 44 (23.4) 15 (23.4)

PAOD: peripheral occlusive artial disease, COPD: chronic obstructive pulmonary disease, ASA-classification: 
American Society of Anesthesiologist

Table 2. Pre-Operative Computed Tomography Measurements

standard Oversizing Groups
Group 1
(<10%)

Group 2
(10-20%)

Group 3
(>20%)

N Mean (SD) N Mean (SD) N Mean (SD) p-value
Maximum Aneurysm Diameter (mm) 59 58.6 (11.0) 154 61.0 (14.4) 51 56.3 (14.9) .096
Mean diameter proximal LZ (mm) 85 32.6 (3.7) 188 31.3 (3.9) 64 28.2 (3.3) <.0001
Mean diameter distal LZ (mm) 85 31.0 (3.4) 188 30.6 (4.0) 64 29.5 (4.1) .066
Pre-treatment proximal aortic neck length (cm) 85 6.9 (4.9) 187 5.8 (3.7) 61 5.2 (3.8) .035
Pre-treatment distal aortic neck length (cm) 85 8.6 (6.4) 187 8.9 (5.9) 64 10.3 (7.2) .222
Pre-treatment aneurysm length (cm) 85 11.5 (7.5) 187 10.4 (6.8) 64 9.8 (6.6) .264
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Table 3. Outcomes after TEVAR for the different groups

Oversizing Groups
Group 1
(<10%)

Group 2
(10-20%)

Group 3
(>20%)

N Mean (SD) N Mean (SD) N Mean (SD) p-value
Proximal Endoprosthesis Diameter (mm) 85 34.7(4.0) 188 35.9 (4.4) 64 35.2 (3.8) .093
Procedure Duration (minutes) 85 140.5 (56.0) 180 140.5 (64.8) 62 134.1 (62.8) .765
Procedural Blood loss (ml) 82 330.5 (531.7) 184 362.0 (658.3) 62 341.5 (543.6) .920
Left subclavian bypass/transposition (%) 4 4.7 18 9.6 1 1.6 .063
Embolization (%) 5 5.9 6 3.2 1 1.6 .408
Conduit Use (%) 10 11.8 27 14.4 8 12.5 .884
Number of Devices Implanted 85 2.0 (0.8) 188 1.8 (0.9) 64 1.9 (0.9) .269
Duration of hospitalization (days) 84 4.1 (2.9) 188 5.2 (7.7) 64 4.5 (5.1) .404
Stay in ICU (days) 26 1.7 (1.4) 75 2.8 (4.6) 19 3.3 (7.2) .459
Return to normal activities (days) 69 38.4 (63.2) 170 48.4 (69.8) 58 81.1 (138.4) .153
Follow-up (days) 85 1224 (624) 188 1272 (626) 64 1244 (600) .833

Table 4. Device related adverse events during short term and long-term follow-up

0-30 Day Outcomes  31days – maximum follow up
Group 1
(<10%)

Group 2
(10-20%)

Group 3
(>20%)

Group 1
(<10%)

Group 2
(10-20%)

Group 3
(>20%)

N(%) N (%) N(%) P-value N(%) N (%) N(%) P-value
Number of total patients 85 188 64 -- 85 188 64 --
Type I Endoleak 9 (10.6) 21(11.2) 5 (7.8) 0.809 8 (9.4) 6 (3.2) 5 (7.8) 0.073

Type IA Endoleak 7 (8.2) 16 (8.5) 5 (7.8) 1.000 4 (4.7) 4 (2.1) 3 (4.7) 0.404
Type IB Endoleak 2 (2.4) 5 (2.7) 1 (1.6) 1.000 4 (4.7) 2 (1.1) 2 (3.1) 0.104

Type II Endoleak 3 (3.5) 11 (5.9) 5 (7.8) 0.498 5 (5.9) 12 (6.4) 5 (7.8) 0.911
Type III Endoleak 2 (2.4) 4 (2.1) 2 (3.1) 0.888 0 1 (0.5) 2 (3.1) 0.145
Type IV Endoleak 0 0 0 -- 0 0 0 --
Indeterminate Endoleak 2 (2.4) 8 (4.3) 1 (1.6) 0.651 2 (2.4) 5 (2.7) 1 (1.6) 1.000
Migration 0 1 (0.5) 0 1.000 1 (1.2) 2 (1.1) 0 1.000
Occlusion of branch vessel 2 (2.4) 2 (1.1) 1 (1.6) 0.710 1 (1.2) 3 (1.6) 1 (1.6) 1.000
Lumen obstruction 0 0 0 -- 0 0 1 (1.6) 0.190
Prosthesis material failure 0 0 0 -- 0 5 (2.7) 2 (3.1) 0.291
Aneurysm rupture 0 0 0 -- 1 (1.2) 2 (1.1) 0 1.000
Extrusion/erosion 0 0 0 -- 0 0 0 --
Other device complication 2 (2.4) 5 (2.7) 1 (1.6) 1.000 1 (1.2) 3 (1.6) 1 (1.6) 1.000
Increase in aneurysm diameter 0 0 0 -- 1 (1.2) 4 (2.1) 0 0.831
Mortality 4 (4.7) 0 0 0.005 26(30.6) 64 (34.0) 18 (28.1) 0.656
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Device-related complications and follow-up
Endograft related adverse events are presented in table 4. Type 1 endoleak was the most frequent 
complication at 30 days follow-up, and was observed in 35 patients (10.4%). During the early-
term follow-up of 30 days, the incidence of type 1 endoleak did not differ significantly between 
the three groups (10.6% vs. 11.2% vs. 7.8%; p = .809). The 30-day mortality was significantly 
higher in group 1 when compared to the other groups (4.7% vs 0 vs 0: p = .05). In the <5% 
oversizing group mortality was 13% (3/23), none of these deaths were procedure or aneurysm-
related. The long-term outcome (mean follow-up 41.8 ± 20.7 months) showed no significant 
differences in occurrence of device-related complications between the groups (figure 2 and 3). 
In this period no differences were observed in number of conversions (2.4% vs. 0.5% vs 0.0%; 
p = .252) or the necessity of additional grafts (9.4% vs. 4.8% vs. 4.7%; p = .292).

figure 2. Kaplan-Meier: Freedom from Device Related Events During Follow-Up
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Risk model for type I endoleak
The propensity score was built using the following variables: number of devices implanted, pre-
treatment aneurysm length, pre-treatment potential proximal neck length, history of coronary 
artery disease, history of cancer and history of cardiac arrhythmia. The Hazard Ratios (95% 
confidence limits) for the Cox proportional hazards model for time to type I endoleak using the 
oversizing group and propensity score variables is 1.24 for Group 1 compared to group 2 (95% 
CI: 0.65 – 2.36; p=0.509) and 1.24 for group 3 compared to group 2 (95% CI 0.60 – 2.60; 
p=0.562).

figure 3. Kaplan-Meier: Freedom from Type I endoleak during follow-up
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DIsCussIOn

Studies concerning EVAR have shown that 10-20% stent graft oversizing yields the best results.7 
Although these guidelines are also recommended in TEVAR, to our knowledge, the effect of 
oversizing in the descending thoracic aorta has never been studied. The thoracic aorta presents 
different hemodynamic and mechanical forces compared to the abdominal aorta, which might 
influence outcomes for these patients. Furthermore, the angulation of the proximal thoracic 
aorta can lead to alterations in the distribution of the radial forces of the stent graft, potentially 
compromising the proximal sealing. These characteristics might increase risk of device-
related complications, as more re-interventions are reported in TEVAR patients compared to 
EVAR.12 In this study we investigated the relationship between the measure of oversizing and 
complications after TEVAR for descending thoracic aortic aneurysms.
The demographics of this study population showed that the mean proximal aortic neck diameter 
was larger in Group 1 (<10% oversizing) compared to the other groups. This can be explained 
by the fact that some patients had such large diameters at the proximal landing-zone, which 
made additional oversizing impossible, as the range of stent graft diameters was limited. To 
address this problem, larger stent grafts have been recently introduced. In addition, because 
we used the mean of the three measurements in a landing zone, some patients with a tapered 
proximal landing-zone may be considered relative under- or oversized.
The presence of endoleaks at the proximal LZ, related to sizing of the stent grafts, may be 
two-fold: the relative undersizing may result in insufficient contact of the graft to the aortic 
wall, while excessive oversizing may lead to pleating of the graft material, both resulting in a 
compromised seal.13 Although we found a trend towards decreased incidence of type I endoleaks 
in group 2 during follow-up (9.4% in group 1 vs 3.2% in group 2 vs 7.8% in group 3; p = .073), 
this was not statistically significant. These findings correlate with studies in EVAR patients, 
which demonstrated a positive effect of oversizing between 10-25%.6, 7 The low radial force 
as well the limited conformation of the Gore TAG device might have lead to an increased 
incidence endoleak formation. These properties are also a potential risk factors for proximal 
stent-graft collapse or infolding, No statistically significant differences were shown for the 
other type of endoleaks or other device-related complications. Most interestingly, the patients 
in the <5% oversizing group showed a higher mortality, but none of these were not related to 
aneurysm, endoleak or the procedure, as they died from bowel ischemia, respiratory failure, 
cardiac tamponade and cardiac arrest.
Aortic neck dilatation can result from excessive oversizing, due to an increase in radial forces, as 
it has been previously described in EVAR patients.14 The natural aortic neck dilatation can lead 
to complications, like the loss of aortic wall fixation and stent graft migration, which are more 
frequently present in patients with inadequate oversizing. In our study no measurements of the 
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neck were available during follow-up to objectify such findings, although the incidence of these 
complications did not differ significantly between the groups.
Static CTA imaging has proven to be insufficient for adequate sizing of stent grafts, as dynamic 
imaging studies have shown that the aortic pulsatility varies considerably among patients.15 
Increased aneurysm neck pulsatility, which could influence the measure of oversizing, cannot 
be analyzed using static imaging. Van Keulen et al. showed in abdominal stent grafts that pre-
operative pulsatility of the proximal LZ is significantly associated with stent graft migration 
after 3 years.11 In our study, such phenomenon might have influenced the outcome, but it would 
probably influence all three groups equally. In addition, most physicians currently use static 
imaging for sizing aneurysms and aortic necks and therefore this study approximates the daily 
clinical practice.
This study has some limitations as it is based on controlled prospective studies regarding the 
GORE TAG device. Therefore, these results are only applicable for this device and cannot be 
generalized for other stent grafts or aortic diseases other than aneurysms. Patient selection is 
limited to the strict inclusion/exclusion criteria and therefore the outcomes are possibly more 
favorable, as patients with an increased anatomical and physiological risk were excluded. In 
addition, because of the low number of events the study might be underpowered, although it 
represents one of the largest cohorts regarding this topic. Furthermore, because prospective 
clinical studies are typically performed in high-volume experienced centers, our results may not 
be reflective of community practice, with relative low event rates. Other important limitations 
are the potential unreliability of the measurement data from the different centres and the lack 
of availability of post-procedural CTs to analyse important anatomical features.

COnCLusIOn

The percentage of oversizing did not significantly affect the incidence of device-related 
complications after TEVAR for TAA. Although oversizing may enhance the radial force to 
maintain a good proximal seal, additional oversizing seemed not to improve the overall outcome 
in our analysis. Although oversizing is generally recommended, its correct measure remains to 
be determined.
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ABsTRACT

Background:
Thoracic endovascular aortic repair (TEVAR) offers a less invasive treatment option in type B 
aortic dissection patients and its value has been demonstrated in acute and chronic dissection 
patients. Total false lumen thrombosis is associated with better long-term outcome in these 
patients, however, this is not obtained in all patients. The purpose of this study was to investigate 
predictors of false lumen thrombosis.

methods
We retrospectively investigated patients who underwent TEVAR for a type B dissection in a 
large referral center between 2005 and 2012. All patients with a CTA obtained preoperative, 
postoperative and after 1 yr of follow-up were selected for analyses. Volume measurements 
and several morphologic characteristics were analyzed for all scans using Aquarius iNtuition 
software (TeraRecon, San Mateo, Calif). Multivariate logistic regression analyses were used to 
study the influence of these characteristics on false lumen thrombosis.

Results
Of 132 patients that received TEVAR for an aortic dissection, 43 patients (mean age 
60.3 ± 14.2; 30 male) met our inclusion criteria, of which 16 (37%) developed full false lumen 
thrombosis (FLT) after 1 yr of follow-up. Multivariate logistic regression showed that side 
branch involvement (OR, 0.03; 95% CI, 0.00-0.92; p = .045) and a total patent false lumen at 
presentation (OR, 0.01; 95% CI, 0.00-0.58; p = .027) were associated with decreased complete 
false lumen thrombosis. Volumetric data showed significantly more reduction of the thoracic 
false lumen in FLT patients compared with non-FLT (-52.3% vs. -32.4%; p = .043) and also 
a tendency of less volume increase in the abdominal segment. (-5.0 ± 37.5 vs. 21.8 ± 44.3; 
p = .052).

Conclusion
Patients admitted with type B dissection and branch vessel involvement or a patent entry tear 
after TEVAR are less likely to develop false lumen thrombosis and aortic remodeling during 
follow-up. These findings suggest that these patients may require a more extensive procedure 
and more intensive follow-up to prevent long-term complications.

Tolenaar.indd   142 19-2-2014   12:46:22



Predictors of false lumen thrombosis in type B aortic dissection treated with TEVAR

143

11

InTRODuCTIOn

Type B aortic dissection (TBAD) is a potentially life threatening cardiovascular event, which 
is associated with significant morbidity and mortality.1, 2 Uncomplicated TBAD patients have 
traditionally been managed medically, while complications like aortic rupture, mesenteric 
ischemia, limb ischemia, uncontrolled hypertension and refractory pain mandate direct surgical 
intervention.3, 4 Thoracic endovascular aortic repair (TEVAR) has replaced conventional open 
surgery as it is associated with lower morbidity and mortality, and it is currently the first-
line treatment option in many acute and chronic dissections.5-7 During these procedures, the 
proximal tear is covered by a stent graft, to re-establish normal antegrade blood flow in the true 
lumen. By excluding perfusion of the false lumen, thrombosis is induced and regression of the 
thrombus will eventually result in aortic remodeling.8-10

Recent studies have shown that false lumen thrombosis and aortic remodeling are associated 
with better long term outcomes and it is considered as one of the primary outcome measures 
for TEVAR.8-10 A patent false lumen after TEVAR, comparable to those treated medically, 
can lead to aneurysmatic dilatation and potential rupture. The clinical significance of false 
lumen thrombosis and aortic remodeling has recently been emphasized, as it is associated 
with a better 5 year survival.11 Despite these promising results, the primary mortality and the 
number of reinterventions remains high in TEVAR patients, which can mainly be attributed 
to periprocedural complications.4, 7 By enhancing the understanding about which subset of 
patients are most likely to benefit from such procedures, a better assessment can be made not 
only to decide on which patient we should intervene on, but also to determine the type and 
extent of the procedure. In this study, we sought to identify pre- and postoperative morphologic 
characteristics that are associated with false lumen thrombosis, in order to predict outcomes in 
patients who undergo TEVAR for TBAD.

meThODs

All patients that were treated at our institution between December 2005 and July 2012 for 
a type B aortic dissection with TEVAR were considered eligible for this study. Patients were 
included based on the availability of preoperative, postoperative and a CTA at 1 year of follow-
up. Type A aortic dissections, intramural hematomas, penetrating aortic ulcers and previous 
descending aortic replacement were considered exclusion criteria. Demographic information, 
operative details and follow-up data were retrospectively obtained. IRB approval was obtained 
(IRB # 12020).
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Data collection
CT scan data were transferred to a workstation with Aquarius iNtuition (TeraRecon, San Mateo, 
Calif) for semiautomatic volume measurement with a center lumen line method. Automated 
segmentation, which determines bounderies around voxels with a similar intensity, was used 
and manually adjusted in order to select the true lumen and total aortic lumen. Subsequently 
the true lumen and overall aortic volume were calculated automatically. All volumes were 
analysed for both the descending aorta, from the left subclavian artery to the celiac artery, 
and abdominal aorta, from the celiac trunk to the aortic bifurcation. False lumen volume was 
obtained by substracting the true lumen volume from the total aortic volume on both the 
abdominal and thoracic levels. Changes in volumes were calculated by the following formula: 
((volume at 1-year follow-up – volume postoperative)/volume postoperative) * 100. All diameter 
measurements were performed perpendicular to the center lumen line.

Pre-operative and post-operative morphologic predictors
The configuration of the dissection was classified as straight or spiral, with a spiral dissection 
defined as a dissection where the middle of the false lumen changed its position at least 
90 degrees, compared to the true lumen, at any level between the left subclavian artery (LSA) 
and the aortic bifurcation. The LSA, celiac artery, superior mesenteric artery, left and right 
renal artery, inferior mesenteric artery and both iliac arteries were investigated with the use of 
transverse, coronal, sagittal and multiplanar reconstructions whether side branches of the aorta 
were involved on the baseline CTA scan. Side branch involvement was considered when the 
false lumen partially or completely vascularised one or more of these branches. The location of 
the false lumen was classified as present in the inner or outer curve of the aortic arch. The aortic 
diameter at the level of the proximal and distal landing zone, the maximum diameter of the 
descending aorta, length of the dissection and distance from the beginning of the dissection to 
the left subclavian artery (LSA) were measured.
On the postoperative scan, we quantified the following measurements and predictors: total 
treatment length, distance from proximal stentgraft to the LSA, distance from distal LZ and 
the celiac artery, the presence of patent entry tears, false lumen patency, retrograde perfusion of 
the false lumen, and the presence of endoleaks.

study end-points
Full false lumen thrombosis (FLT), defined as the absence of contrast in the false lumen, was 
objectified on the CTA obtained after 1 yr of follow-up.

Analysis
Descriptive statistics are reported as mean ± standard deviation or media and interquartile 
range. Statistical analyses were performed using the Χ2-test for categorical variables and T-test 
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for continuous variables. Predictors of false lumen thrombosis where explored using univariate 
logistic regression analysis. Variables with a p-value < 0.100 were included for multivariate 
logistic regression to investigate independent predictors. Statistical analysis was conducted with 
SPSS software version 20.0 (SPSS Inc, Chicago, III).

ResuLTs

Of 132 patients that received TEVAR for TBAD, 43 patients (mean age 60.3 ± 14.2; 30 
male) met our inclusion criteria, of which 16 (37%) developed FLT after 1 year of follow-
up. Demographics showed that FLT-patients tended to be older (66.3 ± 8.9 vs 56.7 ± 15.5; 
p = .008) and had more frequently a history of hypertension (100% vs. 77.8%; p = .042) while 
no differences were observed among acute TBAD (62.5% vs 59.3%; p = .834. Table 1).
Preoperative images showed that FLT patients presented more often with a dissection situated in 
the outer curvature of the aorta compared with non-FLT patients (56.2% vs. 88.9%; p = .048; 
Table 2.). False lumen status differed between groups, with 6.2% of the FLT-patient had a 
patent false lumen at presentation compared to 63% of the non-FLT patients (p < 0.001). Side-
branch vessels were involved in 74.1% of the non-FLT patients compared to 31.2% of the FLT 
group (p-value = .006). Landing zone diameter, length of dissection, and total length of aorta 
were not predictive of FLT.
Operative indications and characteristics are summarized in Table 3. Aneurysmatic dilatation 
or an aortic diameter >5.5 cm was most often the indication for TEVAR in both the acute and 
chronic setting. Only refractory pain was more frequently observed in FLT-patients. Coverage 
of the LSA was necessary in 12 patients (12.5% in FLT vs. 44.4% in non-FLT; p =.031), with 8 
patients undergoing prior LSA revascularization. Other revascularization procedures included 
a stent in a visceral or iliac artery in 8 patients and a fenestration between the true and false 
lumen in one patient.
Postoperative imaging showed that two thirds of the FLT patients did not have a patent entry 
tear after the initial procedure, while almost 90% of the non-FT patients had one or more 
patent entry tears (p < .001; Table 4.). Complete lumen thrombosis was present in 62.5% 
of the FT patients at the post-operative scan. Endoleaks were more often present in non-FT 
patients, with two third of the non-FT patients presenting with retrograde filling of the false 
lumen. In addition, FT-patients tended to have an increased treatment length (202 mm ± 67.0 
vs. 186.9 ± 54.6; p =.101), which probably also resulted in the distal portion of stent graft being 
deployed closer to the celiac artery (63.4 mm ± 52.3 vs. 108.3 ± 59.1; p = .014).
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Table 1. Baseline characteristics of 43 TEVAR patients.

full lumen thrombosis 
(n = 16)

no full lumen thromboses 
(n = 27)

p-value

Gender (Male) 9 (56.2) 21 (77.8) .137
Age (mean) 66.3 ± 8.9 56.7 ± 15.5 .008
Acute dissection (<14 days) 10 (62.5) 16 (59.3) .834
Hypertension 16 (100) 21 (77.8) .042
Diabetes 1 (6.2) 3 (11.1) .569
Ever smoked 9 (56.3) 21 (77.8) .137
Hyperlipidemia 7 (43.8) 8 (29.6) .348
Renal insufficiency 0 (0) 3 (11.1) .167
Obesity 5 (31.2) 8 (29.6) .911
COPD 1 (6.2) 1 (3.7) 1.000
Peripheral vascular occlusive disease 2 (12.5) 4 (14.8) .832
Cerebrovascular disease 2 (12.5) 6 (22.2) .688
Congestive heart failure 1 (6.2) 1 (3.7) 1.000
Previous aortic surgery 4 (2.5) 11 (40.7) .342
Medication

Beta blockade 9 (56.2) 18 (66.7) .495
ACE-inhibitors 5 (31.2) 6 (22.2) .512
Aspirine 9 (56.2) 15 (55.6) .965

Clopidogrel 1 (6.7) 3 (11.1) 1.000

Table 2. Pre-operative morphologic predictors of 43 TEVAR patients.

full lumen thrombosis 
(n = 16)

no full lumen thromboses 
(n = 27)

p-value

Inner curvature 9 (56.2) 24 (88.9) .048
Spiral dissection 6 (37.5) 12 (44.4) .655
Total patent false lumen at presentation 1 (6.2) 17 (63.0) <.001
Partial thrombosis 13 (81.2) 10 (37.0) .005
Saccular formation 2 (12.5) 3 (11.1) 1.000
Sidebranch involvement 5 (31.2) 20 (74.1) .006
Diameter proximal landing zone 34.4 ± 3.7 33.6 ± 4.1 .424
Diameter distal landing zone 33.8 ± 5.8 34.6 ± 8.6 .698
Max. diameter descending aorta 48.4 ± 11.3 48.0 ± 10.2 .908
Length aorta 385 ± 44.9 407 ± 39.4 .117

Tolenaar.indd   146 19-2-2014   12:46:22



Predictors of false lumen thrombosis in type B aortic dissection treated with TEVAR

147

11

Table 3. Operative indications and operations characteristics of 43 TEVAR patients.

full lumen thrombosis 
(n = 16)

no full lumen 
thromboses (n = 27)

p-value

Refractory pain 5(31.2) 2 (7.4) .041
Uncontrolled hypertension 2 (12.5) 3 (11.1) .891
Visceral or distal ischemia 0 (0.0) 2 (7.4) .265
Aortic rupture/ Hematoma / effusion 1 (6.2) 4 (14.8) .397
Aneurysmal growth/ Large aortic diameter 5 (31.2) 7 (25.9) .707

Chronic aneurysmal growth 4 (25.0) 6 (22.2) .835
Refractory pain 2 (12.5) 1 (3.7) .545
Acute extension / rupture 3 (18.8) 5 (18.5) 1.000

Number of stents 1.81 ± 0.7 1.78 ± 0.7 .128
Proximal diameter stent graft (med; range) 34.3 (26-40) 33.4 (26-40) .507
Distal diameter stent graft (med; range) 33.4 (26-40) 32.9 (20-40) .659
LSA covered 2 (12.5) 12 (44.4) .031
Prior LSA revascularization 2 (100) 6 (50%) .688
Revascularization procedures 5 (31.2) 11 (40.7) .534
Spinal cord drainage 13 (81.2) 17 (63) .207

Table 4. Post-operative CT findings of 43 TEVAR patients.

full lumen thrombosis 
(n = 16)

no full lumen 
thromboses (n = 27)

p-value

Patent entry tear(s): 6 (37.5) 24 (88.9) .001
Endoleak present 5 (31.2) 19 (70.4) .013

None 11 (68.6) 8 (29.6) .027
Type Ia 1 (6.2) 0 (0)
Type Ib  4 (25.0) 18 (66.7)
Type 2  (0) 1 (3.7)

Thrombosis total stent lenght 12 (75) 8 (29.6) .005
Total thrombosis 10 (62.5) 1 (3.7) <.001
Birdbeak configuration 4 (25) 8 (32) .631
Diameter distal landing zone 34.7 ± 5.6 36.5 ± 10.2 .453
Min diameter TL distal landing zone 23.1 ±5.2 20.7 ± 5.1 .162
Max diameter TL distal landing zone 27.8 ± 3.7 26.9 ± 4.9 .564
Distance to LSCA 13.4 ± 17.3 10.6 ± 10.0 .555
Distance to Celiac 63.4 ± 52.3 108.3 ± 59.1 .014
Total treatment length 225.1 ± 67.0 186.4 ± 54.6 .101
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Outcome multivariate logistic regression model:
Multivariate logistic regression showed that side-branch involvement (OR, 0.03; 95% CI, 0.00-
0.92; p = .045) and a total patent false lumen at presentation (OR, 0.01; 95% CI, 0.00-0.58; 
p = .027; Table 5) were associated with decreased full false lumen thrombosis.

Table 5. Multivariate logistic regression for predictor of false lumen thrombosis

Variables Odds ratio (95% CI) p-value
Distance to Celiac artery 0.98 (0.95 – 1.01) .106
Branch vessel invilvement 0.03 (0.01 – 0.92) .045
Age of presentation 0.96 (0.85 – 1.08) .955
Male gender 0.23 (0.02 – 2.34) .234
Post operative patent entry tear 0.29 (0.01 – 6.18) .429
Total patent false lumen at presentation 0.01 (0.00 – 0.57) .027
Left subclavian artery coverage 0.26 (0.11 – 3.36) .257

figure 1. Volumetric measurement over time
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Outcome volumetric data
Volumetric data analyses showed that both subsets of patients had an increase of the thoracic 
true lumen (TL) volume and decrease in false lumen (FL) volume after stent graft placement 
and during follow-up (figure 1.). Changes in TL volume were comparable for both groups, but 
we found a more significant reduction of the thoracic false lumen in FLT patients compared 
with non-FLT (-52.3% vs. -32.4%; p = .043; Table 6 and Table 7) There was a tendency 
towards less volume increase in the abdominal segment. (-5.0 ± 37.5 vs. 21.8 ± 44.3; p = .052)

Table 6. Volumetric data

full thrombosis (n = 16) p-value no full thrombosis (n = 27) p-value
Tl volume thoracic 136.1 ± 

73.4
160.6 ± 

61.2
201.4 ± 

52.6
<.001 97.3 ± 

69.4
127.9 ± 

60.8
172.9 ± 

69.9
<.001

FL volume thoracic 193.9 ± 
111.5

174.0 ± 
116.1

73.8 ± 
43.0

<.001 232.9 ± 
127.1

230.9 ± 
148.4

141.1 ± 
101.8

<.001

Tl volume abdominal 49.5 ± 
22.4

50.9 ± 
24.7

54.4 ± 
29.1

.003 33.8 ± 
19.0

51.3 ± 
81.3

42.0 ± 
24.4

.372

Fl volume abdominal 31.2 ± 
36.7

31.4 ± 
38.1

30.1 ± 
41.1

.657 46.7 ± 
25.0

48.3 ± 
28.8

59.3 ± 
36.4

.006

Table 7. Changes in volumes during follow-up calculated by the following formula (1 year follow-up 
data – postoperative/postoperative) * 100 

full thrombosis (n = 16) no full thrombosis (n = 27) p-value
Tl volume thoracic 33.8 ± 35.6 40.5 ± 40.6 .571
FL volume thoracic -52.3 ± 17.9 - 32.4 ± 43.4 .043
Tl volume abdominal 18.2 ± 55.9 19.2 ± 33.2 .945
Fl volume abdominal -5.0 ± 37.5 21.8 ± 44.3 .052

Patients outcome
Mean follow-up was 2.7 ± 1.6 years, during which 21 patients required reintervention. In the non-
FLT group, 2 patients required open arch repair, one ascending and total arch replacement for 
retrograde type A aorta dissection and four patients required open repair for thoracoabdominal 
aorta aneurysms. Other reinterventions included proximal extension for type I endoleak, coil 
embolization for type II endoleaks and EVAR for abdominal aneurysm. (Table 8.)
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DIsCussIOn

Acute type B aortic dissection is a cardiovascular catastrophe associated with high morbidity 
and mortality.1, 2 According to current guidelines, medical treatment should be offered to those 
presenting with uncomplicated aortic dissection, while TEVAR should be reserved for those 
patients presenting with malperfusion or aortic rupture.3, 4 The recent long-term outcomes of 
the INSTEAD-xl trial have shown that TEVAR in uncomplicated ABAD is associated with 
better aortic remodeling and improved long-term aorta-specific survival compared to medical 
therapy alone.11 However, TEVAR drawbacks are not isolated to early mortality, but also 
include the number of reinterventions, which is relative high in TBAD compared to TEVAR 
in thoracic aortic aneurysms.5, 7 FLT portends a better outcome in these patients, as persistent 
pressurization of the false lumen is associated with aortic related events like aortic dilatation and 
rupture. By coverage of the entry tear and directing blood-flow to the true lumen, stent graft 
placement can induce false lumen thrombosis, promoting remodeling of the aorta and prevent 
late expansion and malperfusion.8, 9 Our analyses showed that patients with a patent false lumen 
at presentation and branch vessel involvement are less likely to develop FLT and potential have 
a worse outcome.

Previous reports showed that FLT can be obtained in 40-90% of TBAD patients treated with 
TEVAR, which is relative high compared to our results of 32%.8-10, 12, 13 Our analyses showed 
that FLT at 1 year was predominantly obtained in patients with (partial) false lumen thrombosis 
at presentation. These findings suggest that patients with high flow in the false lumen, as a 
result from sufficient in and outflow, are less likely to benefit from TEVAR. This observation 
is supported by the fact that 90% of the non-FLT patients still had a patent entry tear after 
TEVAR. This confirmed previous findings of Kusagawa et al., who showed that remaining 
intimal tears in the thoracic aorta hamper shrinkage of the thoracic false lumen.14 However, 
outflow or retrograde perfusion of the false lumen can also be constituted by perfusion through 

Table 8. Early and midterm outcomes of 43 TEVAR patients.

full lumen thrombosis (n = 16) no full lumen thromboses (n = 27) p-value

Early outcomes
30-day Mortality 0(0) 0 (0) 1.000
Spinal cord ischemia 0(0) 0 (0) 1.000
Stroke 2 (12.5) 1 (3.7) .545

Duration FU (years) 3.2 ± 1.9 2.3 ± 1.4 .113
Endoleak 8 (50) 16 (59.3) .555
Reintervention 7 (43.8) 14 (51.9) .607
Late Mortality 2 (12.5) 3 (11.1) 1.000
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branch vessels, which was confirmed by our multivariate analyses. Our findings showed that 
branch vessel involvement indicates that the presence of re-entries is predictive of reduced false 
lumen thrombosis and aortic remodeling, thus warranting additional endovascular interventions 
or even potential conversion to open surgical repair.

The extent of distal coverage remains controversial since the primary focus of TEVAR in 
TBAD focusses on coverage of the proximal entry tear. The drawback of this approach is that 
it overlooks additional problems encountered more distally, like additional re-entry tears, 
branch vessel involvement, or a collapsed true lumen. While we routinely place a stent graft 
over the proximal entry tear and reserve deployment of additional grafts to those presenting 
with a major endoleak or TL collapse, the use of two-component devices might address these 
issues in a better fashion.15 With this technique, standardized TEVAR is supplemented with 
placement of uncovered stent over the entire length of the dissection in order to appose the 
dissected segment to the aortic wall thereby stabilizing the lamella, while preserving blood-flow 
to the visceral vessels and spinal cord. Indications for this technique are currently dynamic 
malperfusion and distal true lumen collapse. Our findings suggest that this technique might be 
extended to those patients with an entry-tear in the vicinity of the branch vessels or involvement 
of one the branch vessels. Some groups evidenced that the petticoat technique stabilized the 
abdominal segment and was beneficial maintaining the overall aortic volumes, although they 
didn’t observe remodeling of the abdominal aorta.15-17 Nevertheless, before such techniques are 
implemented in practice in the United States further studies are mandatory.
We observed favorable true lumen expansion and false lumen reduction for both group over 
time. In our analysis, we found significant more reduction of the thoracic false lumen in FT 
patients compared with non-FT (-52.3% vs. -32.4%; p = .043), while there also was a tendency to 
significant reduction in the abdominal aorta for FT-patients as continuous perfusion of the false 
lumen in the abdominal aorta can lead to a significant increase in abdominal aortic diameter. 
In the non-FT group, four patients required open surgical repair for type IV aneurysms during 
follow-up, showing the clinical importance of false lumen thrombosis over the entire length of 
the aorta. Previous reports showed that smaller preoperative true lumen volumes and smaller 
maximum descending aorta diameter were independent predictors of postoperative FT, which 
could not be confirmed by our analyses.18 However, the post-operative reduction of the false 
lumen was significantly more distinct in FT-patients, suggesting that if there is a tendency to 
remodeling, this will become apparent directly after surgery.

There are several limitations in the present study including its retrospective design, single-centre 
site and a small number of patients, which limits the power of the study. The short follow-up 
time might have influenced the results, as the benefits of TEVAR will likely become more 
prominent after 2 years. In addition, static CTA does not provide the correct visualization 
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of this dynamic disease process. Future studies using 4D PC-MRI, which can both visualize 
and quantify flow characteristics in relationship to aortic expansion, will allow us to better 
understand this dynamic disease in the future.19

COnCLusIOn

This study was performed, in order to better define those patients that would most likely 
benefit from TEVAR following TBAD. Our study showed that patients with a fully patent 
false lumen at presentation and branch vessel involvement are less likely to develop full false 
lumen thrombosis and thus benefit from standard TEVAR. These patients may require a more 
extensive procedure, with more aortic coverage and more aggressive stent grafting of end organ 
vessels, such as the mesenteric and renals, to prevent long-term complications.
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summARy

Despite major improvements in diagnosis and management over the last couple of decades, 
acute aortic dissection remains a catastrophic event with high morbidity and mortality.1-4 
However, progressively over time, a better understanding has been developed, because the 
incidence of the disease has increased due primarily to the aging population, but especially due 
to several new insights.5-8 These latter have been focusing in particular, on the importance of 
pre-operative risk stratification, detection of specific predictive imaging signs and the usefulness 
of minimally invasive therapies, which are studied in this thesis. In addition, several new fields 
of aortic dissection research have been developed, like fluid-dynamic and computational 
analysis studies, ex vivo and in vitro experiments and basic sciences studies with detection of 
specific genes and biomarkers.2-5, 9, 10 As a results, over the recent years several new insights have 
lead to a substantial change our paradigm regarding aortic dissection diagnosis, therapy and 
prognosis.9, 11, 12

In Chapter 2 we summarize the most up-to-date knowledge regarding the current management 
strategies of aortic dissection. Primary conservative treatment with anti hypertensive agents in 
combination with close surveillance seems to be justified for acute type B aortic dissection 
(TBAD) until complications like aneurysmatic dilatation, rupture or progression of the 
dissection occurs. Medical therapy is focused to decrease aortic wall stress, by lowering systolic 
blood pressure and heart rate. Beta-blockers, calcium channel blockers and/or ACE-inhibitors 
are administered at presentation an continued for the rest of the patients life. Randomized 
controlled trials, designed to evaluate the use of Thoracic endovascular aneurysm repair 
(TEVAR) together with best medical treatment in uncomplicated TBAD have failed to show 
benefits above medical therapy alone at 2 years follow-up.9, 13 Although thrombosis of the false 
lumen and reduction and aortic remodeling was more common in the stent graft group, long 
term outcome have to be awaited.9, 13 Recently, a study showed that TEVAR, in addition to 
optimal medical treatment, is associated with improved 5-year aorta-specific survival, but the 
high periprocedural mortality warrants caution in the preemptive use of this technique in all 
patients.14 Especially considering that 50% of patients have excellent outcome after medical 
treatment alone, the TEVAR related complications and the costs of such procedures.4, 10, 14, 15

Clinical predictors in acute Type B dissection
Several clinical predictors for the outcome in TBAD were investigated with the use of the 
International Registry of Acute Aorta Dissection (IRAD) database.16 The classic presentation 
of a patient with TBAD is an acute ripping or tearing pain located in chest, back or abdomen. 
Some patients, however, present with painless acute aortic dissection which can lead to a delay 
in diagnosis and treatment.17 In Chapter 3 we analyzed 43 patients with a painless dissection, 
which is a relatively rare presentation and is often associated with a history of atherosclerosis, 
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diabetes, prior aortic disease including aortic aneurysm and an iatrogenic origin. A trend was 
observed in an increased mortality in these patients, which may be the result of a delay in 
diagnosis and management. Although diagnosis is complicated, physicians must be aware 
of this relative rare presentation of TBAD. Another rare presentation is TBAD with arch 
involvement, which the guidelines suggest to be operated on but with developing techniques, 
arch dissections might be treated with less invasive treatment options.12, 18 Especially patients 
with an entry-tear in the descending aorta and retrograde extension into the arch might benefit 
from stent graft placement, which we studied in Chapter 4. We found that these patients were 
more likely to present with complications, but management did not differ between groups. 
Because the in-hospital and mid-term outcome were comparable with TBAD, these finding 
suggest that in absence of life threatening complications, a more aggressive approach is not 
justified, and these patients can be treated with medical treatment alone. Another subset of 
patients are those with aortic intramural hematoma type, which is a result from a hemorrhage 
within the aortic wall characterized by a crescentic thickening in the absence of an intimal 
flap or entry tear.19, 20 In Chapter 5 we evidenced that IMHB patients tend to have a more 
benign course compared to TBAD and most frequently can be treated medically as they are 
associated with a lower mortality and less aortic enlargement is less common during follow-up. 
The clinical presentation of ABAD is heterogeneous and strongly predicts in-hospital outcome.4 
Chapter 6 provides a simple bed-side tool to predict in-hospital mortality in TBAD patients. 
Increasing age (OR 1.03, 95%CI 1.00-1.06, p=.044), hypotension/shock (OR 6.43, 95%CI 
2.88-18.98 p=.001), periaortic hematoma (OR 3.06, 95%CI 1.38-6.78, p=.006), descending 
diameter ≥5.5cm (OR 6.04, 95%CI 2.87-12.73, p<.001), mesenteric ischemia (OR 9.03, 95%CI 
3.49-23.38, p<.001), acute renal failure (OR 3.61, 95%CI 1.68-7.75 p=.001) and limb ischemia 
(OR 3.02, 95%CI 1.05-8.68, p=.040) are associated with a higher mortality. This model can 
be used in clinical practice to assist physicians in their choice of management and can help to 
inform patients and their families regarding these procedures and expectations.

Predictors of aortic growth in uncomplicated TBAD
Like previously stated, uncomplicated TBAD receiving antihypertensive therapy have acceptable 
in-hospital mortality, with up to 90% of patients surviving to hospital discharge. However, 
aortic dilatation occurs over time leading to complications and interventions, with mortality 
rates ranging between 18-52% after 5 years.1, 4 Generally, late mortality is aortic-related and 
blood flow dynamics of the false lumen in the sub-acute and chronic setting appear to be an 
important prognostic predictor for aneurysmatic dilatation.21-23 Previous reports evidenced that 
the risk of death during follow-up in patients with a partial false lumen thrombosis was increased 
by a factor 2.7, in comparison with patients with a completely patent false lumen, while patients 
with fully thrombosed false lumen have an even more beneficial outcome.24 Because it is unclear 
if the higher mortality in patients with partial false lumen thrombosis can be contributed to 
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aortic dilatation, Chapter 7 provides data of aortic growth rates for this subset of patients. 
Our analysis showed that partial lumen thrombosis appeared to be an independent predictor 
of higher aortic growth when compared to those presenting with patent and/or complete 
thrombosis of the false lumen, requiring more intensive follow-up and potentially benefitting 
from prophylactic intervention. Because these findings were supported by several other clinical 
and bioengineering studies, which demonstrated that increased inflow and impaired outflow of 
the false lumen can lead to a significant increase in pressure in the false lumen, we hypothesized 
that the number of entry-tears is important for aortic dilatation.25 Chapter 8 evidenced that 
growth rates were significantly higher in patients with one entry tear compared to those with 
multiple entry tears detected on the first CTA after clinical presentation. Preemptive thoracic 
endovascular aorta repair might be beneficial in these patients, especially since these patients 
are most likely to develop a positive aortic remodeling, after stent graft placement. Other 
morphologic predictors for aortic dilatation were studied in Chapter 9. Multivariate linear 
regression analysis showed that male gender and a saccular false lumen were associated with a 
significantly increased aortic growth rate. On the contrary, increasing age, increased number of 
entry tears, false lumen located on the aortic outer curvature and a circular configuration of the 
true lumen were associated with reduced aortic growth. Early assessment of these morphologic 
signs may be useful in the selection of ABAD patients who might benefit from closer radiologic 
surveillance or prophylactic intervention.

Predictors of outcome in TeVAR for TBAD
TEVAR of the descending thoracic aorta is widely adopted as a it has proven to be a superior 
treatment option in patients with TBAD compared to open surgical repair.14, 26, 27 However, these 
procedures are associated with complications like aortic neck dilatation, stent graft migration, 
endoleaks and retrograde dissection and these may require secondary interventions.14, 26, 27 
Complications might derive from stent graft itself or based on patient characteristics. Chapter 10 
assessed the influence of oversizing of the stentgraft on graft related complications. Oversizing 
of the stent graft is essential, as it provides the radial force of the stent graft against the aorta 
necessary to fixate the device against the aortic wall, but excessive oversizing is associated 
with an increased risk of oversizing. A trend was noted for type I endoleaks during follow-
up in patients with < 10% oversizing, but no significant differences were observed. Therefore, 
the current guidelines regarding stent graft oversizing for seem appropriate.28 In Chapter 11 
we studied predictors for false lumen thrombosis. In TBAD patients, complete false lumen 
thrombosis after TEVAR is associated with better long-term outcome as it leads to better 
aortic remodeling.29-31 In our series, we found that patients with a fully patent false lumen at 
presentation and branch vessel involvement are less likely to develop full false lumen thrombosis 
and these patients are less likely to benefit from standard TEVAR. These patients may require a 

Tolenaar.indd   158 19-2-2014   12:46:24



Summary and General discussion

159

12

more extensive procedure, with more aortic coverage and more aggressive stent grafting of end 
organ vessels.

Conclusions and future perspectives
This thesis investigated patients with acute TBAD. Medical treatment is still the therapy of 
choice in these patients, but several subset of patients have been identified in the first part 
of this book that warrant additional attention. TBAD patients presenting with aortic arch 
involvement and those with intramural hematoma type B have proven to have comparable 
outcomes to “classic” TBAD, and medical therapy should be considered the best therapy 
available. In addition we provided a bed-side tool that can assist physicians in their decision 
making regarding intervention counsel patients and their family.
Predictors of aortic growth and complications during follow-up remain a debated topic in 
aortic dissections, because of the high late mortality rates associated with this disease. Due to 
periprocedural complications, routine stent graft placement has failed to show to be beneficial 
in the short term and a more patient specific approach is warranted.9, 13 Several morphologic 
predictors, associated with aortic dilatation, were identified. Partial thrombosis of the false 
lumen, reduced number of entry tears and the involvement of branch vessels have shown to 
be predictors of aortic dilatation and these patients might benefit from preemptive stent graft 
placement. Future randomized controlled trials and longer follow-up from the initial trials 
should be awaited to fully understand the importance of these predictors.
In the last section we looked at predictors for outcome in patients treated with thoracic 
endovascular aneurysm repair of the descending thoracic aorta. Stent graft placement is widely 
adopted as it has proven to be a superior treatment option in patients with TBAD compared to 
open surgical repair. Patients with a patent false lumen status and branch vessel involvement are 
less likely to develop false lumen thrombosis and physicians should consider a more extensive 
procedure with extensive aortic coverage and more stent placement of the affected organ vessels.
Development of new low-profile and more reliable devices will lead to a further increased use of 
TEVAR in TBAD. Especially, since a recent study showed that TEVAR in addition to optimal 
medical treatment is associated with improved 5-year aorta-specific survival and delayed disease 
progression in uncomplicated TBAD.14 Although these findings might suggest that preemptive 
TEVAR should be considered in all stable type B dissection patients, our studies showed that 
medical therapy alone can be sufficient in many patient, which is important for both the 
morbidity and mortality as for the related costs. To further stratify patients that benefit from 
these procedures, dynamic imaging and specific biomarkers will play a key-roll. Future studies 
using dynamic CT and 4D PC-MRI, which can both visualize and quantify flow characteristics 
in relationship to aortic expansion, will allow us to better understand the dynamics of this 
disease and the influence of endovascular therapies on this process.32

Tolenaar.indd   159 19-2-2014   12:46:24



Chapter 12

160

RefeRenCe LIsT

(1)  Estrera AL, Miller CC, III, Safi HJ, Goodrick JS, Keyhani A, Porat EE, et al. Outcomes 
of medical management of acute type B aortic dissection. Circulation 2006 Jul 4;114(1 
Suppl):I384-I389.

(2)  Nienaber CA, Eagle KA. Aortic dissection: new frontiers in diagnosis and management: 
Part II: therapeutic management and follow-up. Circulation 2003 Aug 12;108(6):772-8.

(3)  Suzuki T, Mehta RH, Ince H, Nagai R, Sakomura Y, Weber F, et al. Clinical profiles and 
outcomes of acute type B aortic dissection in the current era: lessons from the International 
Registry of Aortic Dissection (IRAD). Circulation 2003 Sep 9;108 Suppl 1:II312-II317.

(4)  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 
International Registry of Acute Aortic Dissection. Circulation 2006 Nov 21;114(21):2226-
31.

(5)  Loewe C, Czerny M, Sodeck GH, Ta J, Schoder M, Funovics M, et al. A new mechanism by 
which an acute type B aortic dissection is primarily complicated, becomes complicated, or 
remains uncomplicated. Ann Thorac Surg 2012 Apr;93(4):1215-22.

(6)  Olsson C, Thelin S, Stahle E, Ekbom A, Granath F. Thoracic aortic aneurysm and dissection: 
increasing prevalence and improved outcomes reported in a nationwide population-based 
study of more than 14,000 cases from 1987 to 2002. Circulation 2006 Dec 12;114(24):2611-
8.

(7)  Sundt TM, III, Orszulak TA, Cook DJ, Schaff HV. Improving results of open arch 
replacement. Ann Thorac Surg 2008 Sep;86(3):787-96.

(8)  Trimarchi S, Eagle KA, Nienaber CA, Pyeritz RE, Jonker FH, Suzuki T, et al. Importance 
of refractory pain and hypertension in acute type B aortic dissection: insights from 
the International Registry of Acute Aortic Dissection (IRAD). Circulation 2010 Sep 
28;122(13):1283-9.

(9)  Nienaber CA. Influence and critique of the INSTEAD Trial (TEVAR versus medical 
treatment for uncomplicated type B aortic dissection). Semin Vasc Surg 2011 Sep;24(3):167-
71.

(10)  Parker JD, Golledge J. Outcome of endovascular treatment of acute type B aortic dissection. 
Ann Thorac Surg 2008 Nov;86(5):1707-12.

(11)  Elefteriades JA, Hartleroad J, Gusberg RJ, Salazar AM, Black HR, Kopf GS, et al. Long-
term experience with descending aortic dissection: the complication-specific approach. Ann 
Thorac Surg 1992 Jan;53(1):11-20.

Tolenaar.indd   160 19-2-2014   12:46:24



Summary and General discussion

161

12

(12)  Hiratzka LF, Bakris GL, Beckman JA, Bersin RM, Carr VF, Casey DE, Jr., et al. 2010 
ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM Guidelines for the diagnosis 
and management of patients with thoracic aortic disease. A Report of the American College 
of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines, 
American Association for Thoracic Surgery, American College of Radiology,American 
Stroke Association, Society of Cardiovascular Anesthesiologists, Society for Cardiovascular 
Angiography and Interventions, Society of Interventional Radiology, Society of Thoracic 
Surgeons,and Society for Vascular Medicine. J Am Coll Cardiol 2010 Apr 6;55(14):e27-e129.

(13)  Brunkwall J, Lammer J, Verhoeven E, Taylor P. ADSORB: a study on the efficacy of 
endovascular grafting in uncomplicated acute dissection of the descending aorta. Eur J Vasc 
Endovasc Surg 2012 Jul;44(1):31-6.

(14)  Nienaber CA, Kische S, Rousseau H, Eggebrecht H, Rehders TC, Kundt G, et al. Endovascular 
repair of type B aortic dissection: long-term results of the randomized investigation of stent 
grafts in aortic dissection trial. Circ Cardiovasc Interv 2013 Aug;6(4):407-16.

(15)  Walker KL, Lipori P, Lee WA, Beaver TM. Cost of thoracic endovascular aortic repair versus 
open repair and implications for the US health care system. J Thorac Cardiovasc Surg 2010 
Jan;139(1):231-2.

(16)  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 Feb 16;283(7):897-903.

(17)  Imamura H, Sekiguchi Y, Iwashita T, Dohgomori H, Mochizuki K, Aizawa K, et al. 
Painless acute aortic dissection. – Diagnostic, prognostic and clinical implications.-. Circ J 
2011;75(1):59-66.

(18)  Tsai TT, Isselbacher EM, Trimarchi S, Bossone E, Pape L, Januzzi JL, et al. Acute type B 
aortic dissection: does aortic arch involvement affect management and outcomes? Insights 
from the International Registry of Acute Aortic Dissection (IRAD). Circulation 2007 Sep 
11;116(11 Suppl):I150-I156.

(19)  Sawhney NS, DeMaria AN, Blanchard DG. Aortic intramural hematoma: an increasingly 
recognized and potentially fatal entity. Chest 2001 Oct;120(4):1340-6.

(20)  Song JK. Diagnosis of aortic intramural haematoma. Heart 2004 Apr;90(4):368-71.
(21)  Jonker FH, Trimarchi S, Rampoldi V, Patel HJ, O’Gara P, Peterson MD, et al. Aortic 

expansion after acute type B aortic dissection. Ann Thorac Surg 2012 Oct;94(4):1223-9.
(22)  Song JM, Kim SD, Kim JH, Kim MJ, Kang DH, Seo JB, et al. Long-term predictors of 

descending aorta aneurysmal change in patients with aortic dissection. J Am Coll Cardiol 
2007 Aug 21;50(8):799-804.

(23)  Sueyoshi E, Sakamoto I, Hayashi K, Yamaguchi T, Imada T. Growth rate of aortic diameter 
in patients with type B aortic dissection during the chronic phase. Circulation 2004 Sep 
14;110(11 Suppl 1):II256-II261.

Tolenaar.indd   161 19-2-2014   12:46:24



Chapter 12

162

(24)  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 Jul 26;357(4):349-59.

(25)  Tsai TT, Schlicht MS, Khanafer K, Bull JL, Valassis DT, Williams DM, et al. Tear size and 
location impacts false lumen pressure in an ex vivo model of chronic type B aortic dissection. 
J Vasc Surg 2008 Apr;47(4):844-51.

(26)  Beregi JP, Haulon S, Otal P, Thony F, Bartoli JM, Crochet D, et al. Endovascular treatment 
of acute complications associated with aortic dissection: midterm results from a multicenter 
study. J Endovasc Ther 2003 Jun;10(3):486-93.

(27)  Eggebrecht H, Nienaber CA, Neuhauser M, Baumgart D, Kische S, Schmermund A, et al. 
Endovascular stent-graft placement in aortic dissection: a meta-analysis. Eur Heart J 2006 
Feb;27(4):489-98.

(28)  Svensson LG, Kouchoukos NT, Miller DC, Bavaria JE, Coselli JS, Curi MA, et al. 
Expert consensus document on the treatment of descending thoracic aortic disease using 
endovascular stent-grafts. Ann Thorac Surg 2008 Jan;85(1 Suppl):S1-41.

(29)  Conrad MF, Crawford RS, Kwolek CJ, Brewster DC, Brady TJ, Cambria RP. Aortic 
remodeling after endovascular repair of acute complicated type B aortic dissection. J Vasc 
Surg 2009 Sep;50(3):510-7.

(30)  Rodriguez JA, Olsen DM, Lucas L, Wheatley G, Ramaiah V, Diethrich EB. Aortic 
remodeling after endografting of thoracoabdominal aortic dissection. J Vasc Surg 2008 
Jun;47(6):1188-94.

(31)  Sayer D, Bratby M, Brooks M, Loftus I, Morgan R, Thompson M. Aortic morphology 
following endovascular repair of acute and chronic type B aortic dissection: implications for 
management. Eur J Vasc Endovasc Surg 2008 Nov;36(5):522-9.

(32)  Clough R, Taylor P. Future imaging techniques in aortic pathologies and clinical implications. 
J Cardiovasc Surg (Torino) 2013 Feb;54(1 Suppl 1):15-9.

Tolenaar.indd   162 19-2-2014   12:46:24



Chapter 13

Dutch Summary – Nederlandse Samenvatting

Tolenaar.indd   163 19-2-2014   12:46:24



Chapter 13

164

InLeIDInG

Acute aortadissectie is een levensbedreigende cardiovasculaire aandoening, welke optreedt 
bij 2,9-4,0 per 100.000 mensen per jaar, met een toenemende incidentie ten gevolge van de 
toegenomen levensverwachting van de bevolking. Aortadissectie wordt veroorzaakt door een 
scheur in de binnenste laag (intima) van de grote lichaamsslagader (aorta), waardoor er bloed 
kan stromen tussen de verschillende lagen van de aortawand en deze splijt. Het septum of 
de intima flap die daarbij ontstaat zet zich longitudinaal voort, meestal stroomafwaarts, en 
verdeelt de aorta in een tweetal kanalen: een waar en een vals lumen. Het valse lumen kan 
het ware lumen dichtdrukken en daarbij de hoofdaftakkingen van de aorta afsluiten wat kan 
leiden tot levensbedreigende complicaties, zoals doorbloedingsstoornissen. De prognose van 
aortadissectie bij onbehandelde patiënten is slecht, met een mortaliteit van 20-30% voordat 
zij het ziekenhuis bereiken en van meer dan 50% binnen de eerste 48 uur na opname in het 
ziekenhuis.

Classificatie
In de loop der jaren zijn er verschillende classificatiesystemen voorgesteld gebaseerd op de 
locatie van de intima scheur, de omvang van de dissectie en het tijdsinterval tussen het begin 
van de klachten en ziekenhuisopname. De Stanford-classificatie is het meest gebruikte systeem 
en verdeelt dissecties in type A en type B. Bij type A aortadissectie (TAAD) is de stijgende 
aorta aangedaan, terwijl het bij een type B aorta dissectie (TBAD) uitsluitend de dalende 
aorta betreft. De proximale intima scheur is gelokaliseerd in de stijgende aorta in 60% van de 
patiënten, 10% in de aortaboog en 30% in de dalend aorta, zodat een derde van de patiënten 
geclassificeerd kan worden als een type B dissectie.

symptomen
TBAD manifesteert zich gewoonlijk tussen het vijfde en zevende levensdecennium. Het 
merendeel van de patiënten klaagt over een plotselinge, zeer hevige, scheurende pijn achter 
het borstbeen of in de rug tussen de schouderbladen met soms uitstraling naar de nek. De pijn 
wordt veelal beschreven als de meest hevige pijn die de patient ooit heeft ervaren. Echter, de 
diagnose aortadissectie is soms lastig te stellen vanwege de variëteit in klinische presentatie 
welke gelijkenis vertoont met meer voorkomende aandoeningen zoals een hartinfarct. De 
meest bedreigende complicaties van een aortadissectie, naast ruptuur, zijn gerelateerd aan de 
obstructie van de aftakkingen van de aorta met als gevolg dat er doorbloedingsstoornissen 
(malperfusie) ontstaan met eind-orgaan ischemie. Dit komt voor in ongeveer 25-50% van 
de TBAD patiënten Andere complicaties zijn aortaruptuur en shock, hartfalen, ruggenmerg 
ischemie, cerebrovasculaire accidenten, mesenteriale malperfusie/ ischemie en nierfalen.

Tolenaar.indd   164 19-2-2014   12:46:25



Dutch Summary – Nederlandse Samenvatting

165

13

Risicofactoren
Meerdere aandoeningen worden geassocieerd met aortadissectie doordat ofwel de druk op de 
vaatwand wordt verhoogd danwel de sterkte en elasticiteit van de vaatwand afneemt. Systemische 
hypertensie, toenemende leeftijd en atherosclerose zijn de belangrijkste risicofactoren, terwijl 
andere risicofactoren zoals aangeboren bicuspide of unicommissurale aorta klep, cocaïne 
misbruik en zwangerschap minder vaak voorkomen. Bindweefselziekten zoals Marfan, 
Ehlers-Danlos en Loeys-Dietz syndroom resulteren in structurele zwakte van de vaatwand 
en deze aandoeningen zijn dan ook sterk gerelateerd aan de incidentie van aortadissecties. 
Deze patiënten dienen frequent gecontroleerd te worden en komen soms in aanmerking voor 
profylactische interventies. Recent zijn er meerdere genen geïdentificeerd, waarvan bekend is 
dat deze predisponeren voor thoracale aorta aneurysmata en aortadissectie.

Diagnose
Computertomografie-angiografie (CTA) is een techniek waarbij het vaatstelsel in beeld wordt 
gebracht middels röntgenstraling en het toedienen van contrastmiddel. Doordat dit onderzoek 
een sensitiviteit en specificiteit heeft van bijna 100% voor aortadissecties, is het momenteel de 
eerste keus als diagnosticum voor additioneel onderzoek. Magnetic Resonance Imaging (MRI) 
wordt ondanks een goede sensitiviteit en specificiteit zelden in de acute fase gebruikt, vanwege 
de lange onderzoeksduur. Arteriografie, waarbij beeldvorming wordt verkregen middels het 
plaatsen van een catheter in de bloedbaan, wordt alleen toegepast bij patiënten met verdenking 
op malperfusie welke direct interventie behoeven. Dit invasieve onderzoek is meestal een eerste 
stap voor verdere endovasculaire behandeling.

Therapie
De initiële behandeling van aorta dissectie is gericht op het stabiliseren van de patiënt en het 
voorkomen van progressie van de dissectie en aortaruptuur. Strikte bloeddruk regulatie wordt 
geadviseerd voor alle patiënten. Echter bij persisterende lage bloeddrukken dienen patiënten 
intraveneus vloeistoffen te krijgen, gecombineerd met vasopressoren om de orgaandoorbloeding 
te handhaven. Bij patiënten met normale of hoge bloeddruk is de medische behandeling er 
juist op gericht de druk op de vaatwand te verlagen. Het huidige beleid bij ongecompliceerde 
TBAD is reductie van de bloeddruk en het verlagen van de frequentie van de hartslag. Deze 
conservatieve, medicamenteuze behandeling bestaat uit β-blokkade, calcium antagonisten 
en ACE-remmers en is geassocieerd met een ziekenhuissterfte van ongeveer 3-10%. Echter, 
patiënten die de acute fase overleven, predisponeren voor verwijding van de aorta (aneurysma) 
en ruptuur tijdens follow-up, ondanks adequate medicamenteuze behandeling. Operatief 
ingrijpen is momenteel alleen geïndiceerd bij patiënten met een gecompliceerd beloop zoals een 
snelle toename van de diameter van de aorta, een dissectie die zich stroomopwaarts voortzet 
(retrograde dissectie), malperfusie en/of tekenen van een dreigende ruptuur. De invoering van 
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endovasculaire therapieën heeft gezorgd voor een verandering van ons paradigma. Tijdens een 
thoracale endovasculaire aortareparatie (TEVAR) wordt middels een katheter een kunststof 
buis, de zogenaamde stent graft, geplaatst in de aorta waarbij de intima scheur wordt afgedekt 
en de bloedstroom naar het ware lumen hersteld. Het minimaal invasieve karakter van deze 
procedures is geassocieerd met een lage morbiditeit en mortaliteit (10-20%) in vergelijking met 
open chirurgische technieken (20-30%) en geniet derhalve de voorkeur.
Ondanks de acceptabele resultaten op korte termijn, blijken de lange termijn resultaten van 
medicamenteuze behandelding voor ongecompliceerde TBAD minder gunstig, met een 
gerapporteerd sterftecijfer tussen de 18-52% na 5 jaar en vele patiënten behoeven als nog 
een operatieve interventie. Meerdere studies hebben onderzocht of vroegtijdige interventie 
in alle TBAD patiënten tot een gunstiger resultaat leidt, maar noch open chirurgische noch 
endovasculaire interventies konden een significante verbetering aantonen, mede door aan de 
procedures gerelateerde complicaties Een specifieke benadering gericht op de individuele patiënt 
zou echter kunnen resulteren in een gunstiger resultaat voor alle patiënten op de lange termijn. 
Patiënten met een grote kans op herstel dienen alleen medicamenteuze behandeling te krijgen, 
terwijl de patiënten die predisponeren voor aorta dilatatie, ruptuur of andere complicaties op 
lange termijn misschien kunnen profiteren van een vroegtijdige interventie.

Doelstellingen van dit proefschrift
In dit proefschrift hebben wij getracht klinische en radiologische voorspellende factoren te 
identificeren die belangrijk zijn voor de lange termijn uitkomsten in TBAD. Aan de hand van 
deze criteria hopen we een patiëntenprofiel te kunnen definiëren, waardoor gedifferentieerd kan 
worden tussen welke patiënten operatief ingrijpen behoeven en welke patiënten conservatief 
behandeld kunnen worden.

samenvatting
hoofdstuk 2 geeft een overzicht van de huidige behandeling van TBAD gebaseerd op de meest 
recente literatuur. Primair conservatieve behandeling middels medicamenteuze therapie in 
combinatie met frequente follow-up blijkt gerechtvaardigd totdat complicaties zoals dilatatie 
van de aorta, progressie van de dissectie of een ruptuur optreden. B-blokkers, calcium-
kanaalblokkers en ACE-remmers zijn adequate medicamenten en dienen levenslang te worden 
gecontinueerd. Gerandomiseerde studies hebben geen voordeel kunnen aantonen ten gunste 
van thoracale endovasculaire aorta reparatie middels een stent (TEVAR) in vergelijking met de 
beste medicamenteuze behandeling in ongecompliceerde TBAD na 2 jaar follow–up en derhalve 
geniet een conservatieve behandeling in deze patiëntenpopulatie momenteel de voorkeur. Deze 
studies toonden echter wel aan dat thrombose van het valse lumen en remodellering van de 
aorta vaker voorkwamen in de TEVAR groep, hetgeen geassocieerd bleek met een gunstiger 
resultaat; echter de lange termijn resultaten moeten worden afgewacht.
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klinische prognostische factoren bij de behandeling van TBAD
In het eerste deel zijn verschillende klinische entiteiten voor het resultaat bij de behandeling 
van TBAD onderzocht met behulp van het Internationale Register van Acute Aorta Dissectie 
(IRAD). De klassieke presentatie van een patiënt met TBAD is een acute, scheurende pijn 
achter het borstbeen of in de rug. Er zijn echter patiënten die zich presenteren met een pijnloze 
dissectie, waardoor er een vertraging in de diagnosestelling en behandeling ontstaat met 
mogelijke gevolgen van een te late behandeling. In hoofdstuk 3 analyseerden we 43 patiënten 
met een pijnloze dissectie. Deze betrekkelijk zeldzame presentatie blijkt geassocieerd te zijn 
met een voorgeschiedenis van artherosclerose, diabetes, en eerdere aandoeningen van de aorta. 
Tevens bleek de dissectie vaak van iatrogene oorsprong. Een trend werd waargenomen voor een 
verhoogde mortaliteit bij deze patiënten, ten gevolge van een vertraging in de diagnosestelling en 
behandeling. Hoewel het pijnloze karakter de diagnose lastig maakt, moeten artsen zich bewust 
zijn van deze relatieve zeldzame presentatie van TBAD . Een andere zeldzame presentatie is 
TBAD waarbij tevens de aortaboog is aangedaan. Volgens de huidige richtlijnen hebben deze 
patiënten een verhoogd risico en dienen zij geopereerd te worden. Met de ontwikkeling van 
nieuwe technieken zouden deze patiënten kunnen worden behandeld met minder invasieve 
interventies. Vooral patiënten met een entry- scheur in de dalende aorta en retrograde uitbreiding 
naar de aortaboog zouden kunnen profiteren van een stent graft plaatsing. (hoofdstuk 4) 
Onze analyse toonde aan dat deze patiënten meer kans hebben op complicaties, er was echter 
geen verschil wat betreft behandeling tussen patiënten met of zonder uitbreiding naar de boog. 
Aangezien de resultaten op korte en middellange termijn vergelijkbaar waren met klassieke 
TBAD, suggereren deze bevindingen dat patiënten waarbij de aortaboog is aangedaan maar 
zonder levensbedreigende complicaties medicamenteus behandeld kunnen worden. Een andere 
subgroep van TBAD patiënten wordt gevormd door patiënten met een intramuraal hematoom 
(IMHB). Door een bloeding in de aortawand ontstaat er een excentrische verdikking van 
de aortawand, echter zonder intima scheur of intima flap, hetgeen wordt beschouwd als 
een voorloper van een klassieke aortadissectie. In hoofdstuk 5 hebben we aangetoond dat 
IMHB patiënten vaak een benigne ziekteverloop hebben in vergelijking met TBAD en veelal 
medicamenteus behandeld kunnen worden aangezien deze patiëntengroep tijdens follow–up 
een lagere mortaliteit en minder aorta dilatatie blijkt te hebben. Uit deze studies blijkt dat de 
klinische presentatie van ABAD heterogeen is en voorpellend is voor het eindresultaat bij deze 
patiënten. In hoofdstuk 6 ontwikkelden we een eenvoudig predictiemodel om ziekenhuissterfte 
in TBAD patiënten te voorspellen. Hogere leeftijd, hypotensie/shock, periaortic hematoom, een 
aortadiameter ≥ 5,5 cm, mesenteriale ischemie, acuut nierfalen en ischemie van de extremiteiten 
zijn geassocieerd met een hogere mortaliteit. Dit model kan gebruikt worden in de kliniek om 
artsen te adviseren in hun therapiekeuze, maar ook om patiënten en hun familie te informeren 
ten aanzien van de prognose.
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Prognostische factoren van aortadilatatie in ongecompliceerde TBAD
Zoals reeds eerder vermeld heeft de conservatieve behandeling van ongecompliceerde TBAD 
een aanvaardbare sterfte in het ziekenhuis van 1-10%, echter de lange termijn mortaliteit 
varieert tussen 18 en 52 % na 5 jaar. Dit wordt voornamelijk veroorzaakt door aorta dilatatie 
en de daaraan gerelateerd interventies en complicaties. De bloedstroom en de dynamiek van 
het valse lumen in zowel de sub-acute als chronische fase blijken een belangrijke prognostische 
factor te zijn voor aneurysmatische dilatatie in TBAD. Eerdere studies hebben aangetoond dat 
het risico op overlijden tijdens de follow-up bij patiënten met een partieel gethromboseerd vals 
lumen verhoogd is met een factor 2,7 in vergelijking met patiënten met een volledig patent 
vals lumen. Aangezien het onduidelijk is of de hogere mortaliteit bij patiënten met een partieel 
gethromboseerd vals lumen gerelateerd is aan aorta dilatatie, onderzochten wij in hoofdstuk 7 
aorta dilatatie in de verschillende subgroepen. Deze studie toonde aan dat een partieel 
gethromboseerd vals lumen een onafhankelijke prognostische factor is van verhoogde aorta 
dilatatie in vergelijking met degenen die zich presenteren met patent of volledige gethromboseerd 
vals lumen. Patiënten met een partieel gethromboseerd vals lumen zouden mogelijk profiteren 
van een intensievere follow-up en eventueel profylactische interventie. Deze bevindingen 
worden ondersteund door verscheidene andere klinische en biomechanische studies, waarbij 
werd aangetoond dat een verhoogde instroom en verminderde uitstroom van bloed in het valse 
lumen kan leiden tot een aanzienlijke druktoename. Onze hypothese is dat het aantal intima 
scheuren bij presentatie van invloed is op de aorta dilatatie tijdens follow-up. hoofdstuk 8 
toont dat de mate van dilatatie significant hoger is in patiënten met een solitaire intima scheur 
in vergelijking met patiënten met meerdere scheuren. Preventieve stent graft plaatsing zou 
bij patiënten met een solitaire intima scheur raadzaam zijn, voornamelijk omdat zij hierna 
de grootste kans hebben op een volledig gethromboseerd vals lumen en remodellering van de 
aorta. hoofdstuk 9 bestudeert verschillende morfologische prognostische factoren voor aorta 
dilatatie. Multivariate lineaire regressie analyse toonde aan dat het mannelijke geslacht en een 
sacculair vals lumen zijn geassocieerd met een significant verhoogde groei van de aortadiameter. 
Daarentegen bleken een hogere leeftijd, meerdere intima scheuren, een vals lumen gelokaliseerd 
aan de buitenste kromming van de aorta en een cirkelvormige configuratie van het ware lumen, 
geassocieerd te zijn met verminderde groei van de aortadiameter. Vroege identificatie van deze 
morfologische kenmerken kan van belang zijn bij de selectie van ABAD patiënten die kunnen 
profiteren van striktere follow-up of een profylactische interventie.

Prognostische factoren voor de uitkomst van TeVAR in TBAD
TEVAR wordt beschouwd als een superieure behandeling voor TBAD aangezien het minder 
invasief is dan een open operatie, met een lagere morbiditeit en mortaliteit. Niettemin worden 
deze procedures in verband gebracht met complicaties zoals dilatatie van de aorta ter hoogte 
van de proximale stent graft, stent graft migratie, endoleaks en retrograde dissecties, welke een 
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secundaire ingreep vereisen . Endoleak is een lekkage van bloed langs de stent graft, waardoor 
er een bloedstroom blijft bestaan naar het valse lumen. Deze complicaties kunnen ontstaan 
door problemen met de stent graft zelf of zijn gerelateerd aan anatomische en morfologische 
kenmerken van de dissectie. hoofdstuk 10 onderzoekt de invloed van oversizing van de stent 
graft op stent graft-gerelateerde complicaties. Tijdens een TEVAR procedure wordt de aorta 
diameter ter hoogte van de proximale en distale aanhechtingsplaatsen van de stent graft bepaald 
om de maat van de stent graft te berekenen. Daarbij wordt bij voorkeur een wat grotere stent 
graft gebruikt, zodat deze zich in de aortwand drukt en zichzelf fixeert, ook wel oversizing 
genaamd. Een te kleine stent kan leiden tot stent graft migratie of lekkage langs de stent graft 
(Type I endoleak), terwijl teveel oversizing kan leiden tot het afknikken van de stent graft. In 
onze studie zagen we een trend voor type I endoleaks in patiënten met < 10 % oversizing. De 
huidige richtlijnen dat een stent graft 10-20% oversized dient te worden, lijken derhalve correct 
te zijn. In hoofdstuk 11 onderzochten we voorspellende factoren voor vals lumen thrombose. 
In TBAD patiënten wordt een compleet gethromboseerd vals lumen na TEVAR geassocieerd 
met beter resultaat op lange termijn omdat het leidt tot een remodellering van de aorta en 
geassocieerd is met minder complicaties. In onze serie, bemerkten we dat patiënten met een 
volledig patent vals lumen bij presentatie en betrokkenheid van een van de aftakkingen van de 
aorta een verminderde kans hebben op een gethromboseerd vals lumen. Deze patiënten lijken 
minder te profiteren van een standaard TEVAR procedure en dienen mogelijk een uitgebreidere 
procedure te ondergaan waarbij een groter deel van de aorta en zo nodig de aftakkingen worden 
gestent.

Conclusies en toekomstperspectieven
In dit proefschrift zijn studies beschreven die verschillende prognostische factoren voor de 
klinische resultaten in patiënten met een acute type B aorta dissectie onderzochten.
Medicamenteuze behandeling is geïndiceerd in alle TBAD patiënten, echter in het eerste deel 
van dit proefschrift hebben we verschillende subgroepen geïdentificeerd die extra aandacht 
verdienen. TBAD patiënten met betrokkenheid van de aortaboog presenteren zich meer 
frequent met complicaties terwijl patiënten met een intramuraal hematoom type B een meer 
benigne ziekteverloop lijken te hebben. Echter onze studies hebben bewezen dat deze patiënten 
groepen vergelijkbare uitkomsten hebben met een “klassieke” TBAD en niet een meer of minder 
agressieve behandeling behoeven te ondergaan. Daarnaast hebben we een model ontwikkeld 
gebaseerd op verschillende klinische factoren dat artsen kan bijstaan bij hun besluitvorming ten 
aanzien van een interventie en begeleiding van patiënten en hun familie. Verdere studies zullen 
de waarde van dit model moeten aantonen, terwijl daarbij ook de behandeling en de lange 
termijn uitkomsten in overweging moeten worden genomen.
Prognostische factoren van aorta diameter groei en complicaties tijdens de follow-up is 
momenteel een van de meest besproken onderwerpen in dit onderzoeksveld, vooral door de 
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hoge mortaliteit die is geassocieerd met dit ziektebeeld op de lange termijn. Vanwege de hoge 
incidentie van complicaties periprocedureel, blijkt profylactisch TEVAR niet gunstiger te zijn 
op de korte termijn en is een meer patiënt specifieke aanpak gerechtvaardigd. Verschillende 
morfologische factoren geassocieerd met aorta dilatatie zijn in dit proefschrift geïdentificeerd. 
Partiële thrombose van het valse lumen, het aantal intima scheuren en de betrokkenheid van de 
aftakkingen van de aorta blijken voorbodes van aorta dilatatie te zijn en deze patiënten kunnen 
mogelijk profiteren van preventieve stent graft plaatsing. Toekomstige gerandomiseerde studies 
en de verdere follow-up van eerdere studies moeten worden afgewacht om het belang van deze 
factoren volledig te begrijpen.
In het laatste deel hebben we gekeken naar prognostische factoren voor de uitkomst van TEVAR 
in TBAD patiënten. TEVAR heeft bewezen een superieure behandelingsoptie te zijn voor 
patiënten met TBAD ten opzichte van open chirurgische correctie. Patiënten met een patent vals 
lumen en betrokkenheid van de aftakkingen van de aorta hebben minder kans op vals lumen 
thrombose en artsen moeten overwegen om een uitgebreidere procedure te verrichten waarbij 
de aorta over een langer traject wordt behandeld en eventueel ook de aangedane aftakkingen 
seperaat. De invloed van bijvoorbeeld de petticoat techniek, waarbij non-coated stent grafts 
in de gehele aorta en stents in de aftakkingen zelf worden geplaatst, dient verder te worden 
onderzocht. Daarnaast zal de ontwikkeling van nieuwe en meer betrouwbare devices leiden tot 
een verdere toename in het gebruik van TEVAR in TBAD. Een recente studie toonde aan dat 
TEVAR naast optimale medische behandeling is geassocieerd met een verbeterde 5-jaars aorta-
specifieke overleving en vertraagde progressie van de ziekte bij ongecompliceerde TBAD dan bij 
medicamenteuze behandeling alleen. Hoewel deze bevindingen zouden kunnen suggereren dat 
men moet overwegen om alle TBAD patiënten te behandelen middels TEVAR, blijkt uit onze 
studies dat er specifieke subgroepen zijn waarbij medicamenteuze therapie alleen voldoende 
kan zijn. Resultaten van gerandomiseerde studies waarbij specifieke klinische en morfologische 
karakteristieken worden meegewogen bij de behandeling zullen leiden tot een verandering van 
het huidige paradigma. Het implementeren van de resultaten zal leiden tot zowel een verlaging 
van de morbiditeit en mortaliteit van TBAD alsook van de kosten voor de gezondheidszorg. 
Verder zal het gebruik van dynamische scans zoals dynamische CT en 4D-PC-MRI, waarbij de 
invloed van de verschillende factoren op de hemodynamiek en aorta dilatatie zowel gevisualiseerd 
als gekwantificeerd kan worden, ons in staat stellen om het dynamisch proces van deze ziekte en 
de invloed van endovasculaire therapie beter te begrijpen.
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