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Aortic dissection affects 4.8 per 100,000 individ-
uals per year, representing an important health 
care burden in both the acute and chronic 
phases.1 These patients are extremely challeng-

ing to manage, and there is always a certain degree of 
unpredictability. Current definitions characterize aortic 
dissections as hyperacute, acute, subacute, or chronic 
if they occur in the first 24 hours, 1 to 14 days, 15 to 
90 days, and > 90 days, respectively.2 These time defini-
tions are of the utmost importance when considering 
endovascular repair of aortic dissections due to the dif-
ferences in aortic fragility and plasticity.3

Aortic rupture in the setting of aortic dissections 
results in a high rate of death due the outcomes of open 
repair and the inability to adequately address the false 
lumen (FL) with the currently available endovascular 
options. Rupture may occur in the acute setting due to 
extreme aortic fragility and inadequate impulse control.4 
In the chronic phase, rupture usually occurs secondary 
to aneurysmal degeneration.4 Both occur at high rates 
in these patients.4,5 Durham et al showed that during 
follow-up of uncomplicated medically managed type B 
aortic dissections (TBADs) at 4 years, 29.2% of patients 
required aortic-related interventions and 38.3% died.4 
Therefore, adequate and thorough follow-up of these 
patients is mandatory to offer repair of late aneurysm 
degenerations before they rupture. An et al found that 
only 14% of patients followed guideline-directed follow-
up strategies after initial type A aortic dissection (TAAD) 
repair.6 This is especially worrisome if distal dissection 
and persistent FL exist due to the risk of aneurysm degen-
eration and future complications.7-9

This article uses cases of acute and chronic aortic dis-
section ruptures to illustrate the challenges encountered 
and the various possible options for repair.

ENDOVASCULAR MANAGEMENT OF  
AORTIC RUPTURE

Endovascular management of aortic dissection rup-
tures is challenging for three reasons: (1) proximal land-
ing zones may be affected by the dissection, (2) distal 
landing zones may be affected by the dissection, and 
(3) persistent FL reentry flows make it impossible to seal 
a rupture if not addressed. For example, after a thoracic 
endovascular aortic repair (TEVAR), FL perfusion may be 
maintained by four types of entry flows: type Ia (proxi-
mal perigraft flow), type Ib (distal perigraft flow due to a 
distal stent graft–induced new entry tear [SINE] or septal 
fenestration), type II entry flow (through collaterals com-
munication with the FL), or type R (antegrade flow from 
the true lumen [TL] into the FL through distal branch 
fenestrations—uncovered intercostal arteries, visceral or 
renal arteries, lumbar arteries, iliac branches—or septal 
fenestrations).2 These different types of entry flows may 
be managed with different techniques.2 For type I endole-
aks, proximal or distal extension of the repair may be the 
best option; however, for type II or type R entry flows, 
direct FL occlusion techniques may be better.10-12 

Whereas cases of acute TBAD ruptures in the descend-
ing thoracic aorta may be treated with simple TEVAR, in 
chronic TAADs or TBADs with aneurysmal degeneration 
and rupture, usually a simple TEVAR is not sufficient due 
to enlargement of landing zones and large FL. In these 
cases, a safe nondissected proximal landing and address-
ing FL reentry flows distally are both usually necessary.13 
In these postdissection aneurysm ruptures, if the patient 
has previously had proximal aortic repair due to a previous 
TAAD and the dissection involves the arch, we will start by 
using an arch endograft, which is usually a graft intended 
for another patient and adapted either by having longer 
stents or by switching the order of the target vessels in the 
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inner branches.9 If there is a healthy landing zone at least in 
zone 2, we would perform a TEVAR (with or without cer-
vical debranching depending on the case, vertebral artery 
origin and collateralization with the basilar artery, and aor-
tic cover extension) with 10% to 20% proximal oversizing 
depending on the quality of the landing zone and no over-
sizing distally, which usually implies using a tapered graft. 
Distally, we size the graft according to the largest diameter 
measured in the TL, which has been coined by Spear et 
al as the “croissant length.”14 We avoid using endografts 
with proximal uncovered stents in the proximal landing 
zone, and our graft of choice is the Zenith TX2 dissection 
endovascular graft (ZDEG, Cook Medical), with available 
diameters varying between 22 and 42 mm. 

After performing TEVAR, we assess false flow by 
obtaining an angiogram directly in the FL below the 
endograft. If FL perfusion is identified, then FL occlusion 
techniques are employed. At this point, it is important 
to actively look for reentries even in the iliac arter-
ies—especially when using larger sheaths—that might 
occlude the reentries and give a false impression of no 
FL filling. In case of FL perfusion, we start by deploying 
a candy-plug (CP) device (Cook Medical) parallel to the 
distal end of the TEVAR and may add plugs or coils if FL 
perfusion is still present after the CP implantation.

If the rupture occurs at the thoracoabdominal level, 
exclusion of the rupture involves hybrid repair or using 
solely endovascular techniques with off-the-shelf grafts, 
physician-modified endografts, or parallel grafts to treat 
the visceral vessels. 

In a rupture setting for both acute or chronic dissec-
tions, one must keep in mind where the rupture has 
occurred and how will it be possible to achieve rupture 
seal with proximal and distal extension but also FL 
occlusion.

CASE 1: CHRONIC TBAD WITH 
POSTDISSECTION TAAA RUPTURED AT THE 
DESCENDING THORACIC AORTA

A man in his early 60s was admit-
ted to the emergency department 
due to acute back pain and hypoten-
sion. He had a previous history of 
acute TBAD managed conservatively 
but had been lost to follow-up in 
another institution. CTA performed 
at admission showed a large type 2 

postdissection thoracoabdominal aortic aneurysm 
(TAAA) with a ruptured FL at the descending thoracic 
aorta. He was immediately transferred to the operat-
ing room, and through bilateral percutaneous femoral 
access, first underwent Ishimaru zone 2 TEVAR (using 

a ZDEG-PT-34-30-162 endograft), followed by balloon 
inflation inside the endograft for hemodynamic control. 

After stabilizing the patient, an angiogram was 
obtained in the ascending aorta showing correct proximal 
seal and at the distal aorta both in the TL and the FL just 
distally to the TEVAR showing retrograde perfusion of the 
FL. A 46-mm, third-generation CP device was advanced 
inside the FL and deployed parallel to the distal end of 
the thoracic endograft. Due to residual FL perfusion in the 
existing gutters around the CP, further occlusion plugs 
(Amplatzer II, Abbott) and coils were placed on both 
sides of the CP to fill all the remaining space. After the 
CP was positioned, due to significant remaining gutters, 
the FL around the CP was catheterized, and a sheath was 
brought to the left of the CP, then over and curved to the 
right of the CP. By placing the sheath in this position, we 
were able to gradually deploy occlusion plugs and coils on 
both sides of the CP, followed by further coiling from the 
contralateral femoral access for definitive seal. The aneu-
rysm was successfully sealed, and the patient survived. 
The next step is preparation for complete endovascular 
repair using a custom-made fenestrated device.

CASE 2: CHRONIC TAADs AFTER 
PREVIOUS PROXIMAL AORTIC REPAIR 
AND DESCENDING POSTDISSECTION TAA 
RUPTURE

A man in his early 70s presented with a contained rup-
ture of thoracic aortic descending post–type A dissection 

Figure 1.  CTA showing a contained rupture of a post–type A 
thoracoabdominal aneurysm (TAA). The rupture is seen 
in the descending thoracic aorta. Three-dimensional (3D) 
reconstruction of the rupture (A). Axial CTA showing multiple 
lumens in the thoracic aorta (B). Axial CTA showing the con-
tained rupture (arrow) (C). Axial CTA showing our intended 
distal landing zone above the celiac trunk (D).
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aneurysm (Figure 1A-D). He underwent previous proxi-
mal hemiarch repair at another institution and had devel-
oped an arch and descending thoracic aneurysm but had 
been lost to follow-up. The dissection had multiple flaps 
(Figure 1B) and a very large FL at the descending thoracic 
level (Figure 1C). Additionally, his left carotid artery was 
occluded.

Due to the lack of proximal landing zone in the arch, 
we planned for a complete arch repair using a custom-
made, triple-inner-branched arch graft (Cook Medical) 
ordered for another patient, followed by descend-
ing TEVAR and CP just above the visceral vessels 
(Figure 2A). Due to the enlarging diameter of the whole 
aorta and various distal communicating tears, FL occlu-
sion was not expected with a simple TEVAR.

The procedure was performed with right axillary artery 
and left brachial artery cutdown and bilateral percuta-
neous femoral access. The arch branch graft device was 
deployed using the previous aortic graft as proximal seal 
and the first and second antegrade inner branch for the 
innominate and left subclavian artery (LSA), respectively 
(Figure 2B). The third retrograde branch was sealed with 

an Amplatzer II occlusion device using the preloaded 
catheter and wire for access (Figure 2C). After this, 

Figure 2.  Graft plan from a triple inner arch branch graft we had on the shelf for another patient and a CP (left) (A). Intraoperative 
image showing the arch device deployed and both inner branches stented, the first antegrade branch for the innominate artery 
and second antegrade branch for the LSA (B). Intraoperative image showing placement of an occluder plug in the retrograde 
branch (C). Intraoperative image showing a snare coming from the innominate branch and a wire from femoral access to achieve 
a through-and-through wire from the branch to advance the thoracic endografts (D). Placement of the CP device in the FL (E). 
FL angiogram showing residual flow in the aneurysm sac (F). Further cooling of the FL around the CP device (G). Final angiograms 
of the FL showing adequate seal (H, I).
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Figure 3.  Final control angiograms (A, B). Control CTA with 
3D reconstruction (C).
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a distal TEVAR was performed. During the TEVAR pro-
cedure, difficulties in advancing the endografts were 
encountered due to extreme angulations of the tho-
racic aorta, during which time the patient developed 
an uncontained rupture and cardiac arrest, requiring 
an endoclamping balloon (Figure 2D) and resusci-
tation maneuvers; the patient recovered after one 
cycle of advanced resuscitation life support. To allow 
the advancement of the thoracic grafts, a through-
and-through wire was placed through the first arch 
branch to the femoral access (Figure 2E). TEVAR was 
performed to the level of the supraceliac aorta, and a 
self-occluding third-generation CP device was placed 
parallel to the distal end of the TEVAR to achieve FL 
seal (Figure 2F). Although the patient was stable, a 
distal reentry flow to the FL was seen in late phases of 
the control angiogram (Figure 2G), which was sealed 
with further coiling of the FL around the CP device 
(Figure 2H and 2I). Control angiography and early CTA 
showed adequate patency of both arch branches and 
aneurysm seal with no endoleaks or reentry flows to the 
aneurysm (Figure 3).

Discussion
We recently published a similar case in which a patient 

in his mid 50s presented with a post-TAAD rupture who 

had previous proximal ascending aortic wrapping.9 In 
the urgent setting, he underwent a triple-branched arch 
repair using a custom-made device designed for another 

Figure 5.  Control 3D reconstruction of the CTA showing correct 
placement of the thoracic endograft and mesenteric perfusion 
but persistent TL compression in the abdominal aorta (A). Axial 
CTA showing correct stent placement and mesenteric perfu-
sion but persistent TL compression below (B).
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Figure 4.  Preoperative CTA showing the large entry tear (left), the extremely compressed TL (middle) and superior mesenteric 
artery malperfusion (right) (A). Placement of thoracic endograft in Ishimaru zone 2 (B). Deployment of thoracic endograft (C). 
Diagnostic angiogram showing the superior mesenteric artery malperfusion (D). Control superior mesenteric artery angiogram 
after stenting (E).
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patient, distal TEVAR, and concomitant placement of a 
CP device for FL occlusion. To adjust the graft design to 
the patient, the LSA and left carotid artery were stented 
in a switched position with the retrograde inner branch 
for the left carotid and the second antegrade inner 
branch for the LSA. The patient was successfully treated, 
and follow-up CTA showed adequate aneurysm exclu-
sion and perfusion of all branches.9

CASE 3: ACUTE TBAD RUPTURE AFTER 
TEVAR AND PETTICOAT FOR MESENTERIC 
AND DISTAL MALPERFUSION

A man in his mid 50s was admitted due to acute 
TBAD with severe intractable hypertension, mesenteric 
ischemia, and lower limb bilateral ischemia (Figure 4A). 
He underwent TEVAR in the hyperacute phase using 
a ZDEG endograft with proximal landing in Ishimaru 
zone 2 with LSA coverage and distal landing 3 cm above 
the celiac artery (Figure 4A and 4B), followed by direct 
superior mesenteric artery stenting with a covered bal-
loon-expandable stent (Figure 4C). After 24 hours, due 
to persistent lower limb malperfusion and compressed 
TL below the TEVAR (Figure 5A and 5B), a PETTICOAT 
(provisional extension to induce complete attachment) 
was performed using a Zenith dissection bare-metal 
stent (Cook Medical). Twelve hours later, the patient 
developed an aortic rupture at the thoracoabdominal 
level (Figure 6A and 6B). However, the patient was 
hemodynamically stable under permissive hypoten-
sion protocol, and the CTA showed no active contrast 

extrusion. He urgently 
underwent thoracoabdom-
inal repair using a T-branch 
graft (Cook Medical) with 
a distal unibody and right 
iliac branch device, fol-
lowed by left carotid–to–
left subclavian bypass to 
improve spinal cord perfu-
sion (Figure 6C and 6D). 
All bridging stents were 
placed through the struts 
of the previous bare-metal 
dissection aortic stent. 
The rupture was sealed, 
and the patient survived. 
However, he developed 
spinal cord ischemia and 
only recovered partially 
after all adjunctive rescue 
measures.

CONCLUSION
Ruptured aortic dissections are challenging and some-

times desperate cases, requiring advanced endovascular 
skills and an experienced team in complex endovascular 
aortic repair. For proximal seal, a healthy, nondissected 
proximal aortic landing zone is necessary. For distal seal 
in the thoracic aorta, usually additional techniques for 
FL occlusion are necessary such as the use of CP devices, 
occlusion plugs, and coils. If distal seal is necessary below 
the thoracic aorta, usually complete aortic repair is nec-
essary with higher risks of spinal cord ischemia. Ideally, 
aortic dissections that survive the acute phases should be 
extensively monitored to repair aneurysm degenerations 
in a timely manner before they rupture.  n
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