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Introduction 

The current most widely practised technique for the 
management of acute type A aortic dissection (ATAAD) 
consists of replacement of the ascending aorta and “hemi-
arch” with an open distal anastomosis, together with either 
aortic valve resuspension and obliteration of the aortic 
root false lumen or a Bentall’s procedure. The implicit 
assumption is that this prevents aortic rupture, aortic 
regurgitation, and coronary ischemia while removing the 
primary tear and restoring antegrade true lumen perfusion. 
The belief is that this procedure is the most likely to yield 
a live patient, even in the hands of inexperienced cardiac 
surgeons in the middle of the night. Furthermore, it is 
assumed that any future aortic complications are very 
uncommon, and if they occur are very delayed and can be 
managed in experienced aortic centres with acceptably low 
morbidity and mortality. These noble intentions are difficult 
to argue against, but what evidence do we have that these 
assumptions are correct? May a seemingly more extensive 

procedure which more completely and reliably corrects the 
underlying pathology, yield better outcomes both in the 
early phase as well as the longer term? 

How good is the conservative approach?

The latest college guidelines are rather vague in their 
recommendations. The 2010 American guidelines state 
“…all of the aneurysmal aorta and the proximal extent of 
the dissection should be resected… (Class IC)” (1). The 2014 
European guidelines recommend “…ascending aortic 
replacement or hemiarch replacement alone is technically 
easier..”, but recognise “…Patients with visceral or renal 
malperfusion...might profit from extended therapies, such as 
‘frozen elephant trunk’…” (2)

The logical way to assess any surgical philosophy in the 
treatment of ATAAD, is by evaluating its acute safety as a 
salvage procedure and its ability to bring the patient’s long-
term outlook back to that of the underlying population.
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Acute results

Notwithstanding the recent strides in surgical tools and 
intensive care, the mortality of ATAAD has remained at 
17–26% in the IRAD registry (3). Understandably, the 
acute salvage is strongly influenced by the occurrence and 
extent of pre-operative complications such as shock and 
various organ malperfusion, as conveniently summarised by 
the Pennsylvania University classification (4). Nevertheless, 
this cannot be the whole explanation, as demonstrated in a 
series of 360 patients operated on for ATAAD from Olsson 
et al. (5), where the mortality was still 14% in the most 
frequent (61%) and lowest risk (Penn Aa) subgroup, where 
one would have expected an outcome approaching that of 
an elective operation. 

It is not difficult to envisage why a more conservative 
operation may fail to achieve its goals. Namely persistence 
of false lumen pressurisation. In the aortic root, this can 
result in severe aortic regurgitation and coronary ischemia, 
while distally it may result in organ or limb ischemia. 
Finally, in either direction, it can lead to disruption of fresh 
suture lines with uncontrollable bleeding.

Medium and long-term outcomes

If the long-term fate of the distal aorta after the open distal 
anastomosis “hemi-arch” repair for ATAAD is examined 
superficially, the outcomes seem not too pessimistic with 5- 
and 10-year survival of 70–80% and 50–65% respectively, 
and a distal re-operation rate of 5–15% and 15–25% at 
5 and 10 years (6-8). However, a more careful analysis 
reveals a very different picture. Firstly, it is vital to make 
the distinction between type A’s with versus those without 
involvement of the descending aorta at the initial event. 
Those with dissection confined to the ascending with 
or without the arch (“extended” De Bakey Type II) and 
representing around 35% of all ATAAD, clearly have a 
much better outlook with 5-year survival and freedom 
from distal re-intervention of 80% and 100% respectively, 
versus 63% and 53% in those with Type I ATAAD (9). 
Secondly, persistence of false lumen (FL) patency portends 
worse 10-year survival (60% vs. 90%) and freedom from 
distal re-intervention (64% vs. 94%) (10). Thirdly, re-
intervention, while it can be performed with very good 
outcomes in experienced aortic centres (11), still carries 
significant complications compared to equivalent first time 
aortic surgery in those institutions, let alone in the hands 
of the average cardiac surgeon. Even totally endovascular  

re-interventions carry significant risks of not only mortality, 
but stroke and paraplegia and are plagued by endoleaks (12). 
Finally, and most disturbingly, many of the aortic ruptures 
occurred in patients under close and regular surveillance (7). 

Mechanism of false lumen growth

Putting aside the favourable subgroup with either De Bakey 
Type II ATAAD or thrombosed FL, we clearly have room 
for improving acute and chronic outcomes in the proper 
Type I cases with patent distal FL.

It is essential to go back to basics and try to understand 
the mechanism behind FL patency and its continued 
growth. There are the usual factors such as a weakened wall 
consisting of fewer layers, LaPlace’s law acting on a larger 
total external diameter of the aorta compared to prior to the 
dissection and dependence of some branches for their blood 
supply from the FL. While these are definitely important 
factors, a major component is a newly created unfavourable 
hemodynamic situation for the FL in some situations. 
These tend to be in cases where there is a large proximal 
descending aortic re-entry tear (which becomes the new 
entry tear after the surgical repair of the proximal aorta), 
and small distal re-entry tears. This creates a situation where 
blood enters the FL freely during systole, but has a hard 
time emptying itself in diastole through the serpiginous 
and small distal tears, compared to the rapid distal run off 
in the true lumen (TL) (13). Hence the mean pressure in 
the FL is greater than would be expected from systemic 
blood pressure measurements. This explains the seemingly 
paradoxical situation where partial thrombosis of the FL 
has a worse outcome than a completely patent one (14).  
Here, the thrombus is not only a marker of slow flow 
associated with poor drainage of FL, but also aggravates the 
situation by further reducing the size of the diastolic egress, 
making the FL even more hypertensive. Added to this are 
the high shear forces from turbulence in the FL near the 
proximal entry site (15). 

How can we improve the early and late results? 
Understanding the underlying mechanisms, there are two 
potential modes of attack.

Obliterate large proximal entry sites

Total arch replacement (TAR)
Performing a routine TAR in ATAAD, has the potential 
to remove more intimal tears apart from the primary tear. 
It may also capture more of the very proximal descending 
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tears. This has been reasonably criticised as possibly 
carrying a higher early complication rate in the acute 
setting. Nonetheless, several current series including ours 
have reported excellent outcomes (16,17). A recent large 
meta-analysis has not shown an increase in mortality 
with TAR (18), so the acute results are not objectively 
worse. Unfortunately, the analysis also failed to show any 
significant reduction in long-term distal aortic events. This 
is not altogether surprising, given that the extra volume 
of aorta and number of re-entry sites removed in TAR 
compared to hemi-arch is small compared to the amount 
remaining in the residual thoraco-abdominal aorta.

Nonetheless, the added benefits of TAR go beyond. 
Firstly, when combined with appropriate management 
of the root, TAR minimises the need for a difficult re-
sternotomy to treat residual disease in the proximal aorta 
and arch. Secondly, providing a Dacron long “landing zone” 
away from the arch branches greatly increases the facility 
and options of future endovascular treatment.

Total arch replacement and “Frozen Elephant Trunk”
Extending the length of descending aorta whose intimal 
tears are sealed, either with an open or endovascular stent 
graft, can be reasonably expected to improve the outlook 
for the distal aorta. Indeed, if one examines the segment of 
aorta treated, there is more than 90% chance of achieving 
thrombosis and shrinkage of the FL (19). Disappointingly, 
this beneficial effect tended to be confined to the stented 
segment, with few obtaining positive remodeling in the 
lower thoracic and abdominal aorta. The reasons for this 
include large distal re-entries, especially at visceral branches 
or iliacs, and new intimal tears from the trauma of the 
distal edge of the stent on the fragile intima (Figure 1: 1b 
and 3b). On the other side of the equation, there have 
been disturbing reports of 7.5% procedural incidence of 
paraplegia (20), a hitherto rare complication of ATAAD 
repair, especially when prolonged periods of circulatory 
arrest without antegrade cerebral perfusion and higher 
perfusion temperatures, and elephant trunks extending 
beyond T9 are used. Furthermore, if future procedures 
are required on the distal thoraco-abdominal aorta, the 
complexity and risks are still significant. 

Distal fenestration

Localised 
The percutaneous creation of a more generous re-entry 
was first described in 1990 (21). Once a communication 
between true and false channels is created with a wire, it 
can be enlarged with a balloon or even a stent. This can be 
quite effective in relieving TL collapse in the vicinity of an 
ischaemic visceral artery. This approach may be quite useful 
for the rapid relief of organ ischemia, but is generally not 
sufficient to ensure complete decompression of the FL.

Extensive
A more extensive fenestration can be very effectively done 
surgically and has been shown to give good long-term 
outcomes not only to relieve organ ischaemia, but also to 
prevent aortic aneurysm formation (22). Nonetheless, the 
open procedure is a significantly invasive procedure. A 
percutaneous “cheese wire” technique for creating a long 
fenestration has been described (23), but is technically 
challenging and has had limited application. A more facile 
technique involves the initial placement of bare metal stents 
in the lower thoracic and whole of the abdominal TL, 
which are then balloon expanded to produce a longitudinal 
and complete fenestration (24). 

Figure 1 Modes of failure in endovascular stenting after ascending 
aorta or “hemi-arch” repair for ATAAD.

1 Inability to cover tears in the 
(a) arch or (b) visceral branches

2 Retrograde perfusion of FL 
from a covered brach

3 Intimal tears from (a) proximal 
or (b) distal end of stent

4 Branches dependent on FL 
perfusion
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The paradigm shift: total aortic repair for ATAAD
 

Utilising the preceding deliberations, we have arrived at a 
novel formulation for the management of ATAAD, with the 
desire of combining a safe acute operation together with the 
potential for achieving long-term healing of the entire aorta, 
with minimal future complications or need for re-intervention. 

Stage 1

The majority of patients presenting with ATAAD will proceed 

to a “Branch First” total aortic arch repair as previously 
described by us (25). Essentially this consists of sequential 
short period clamping and re-perfusion of the 3 arch branches, 
without circulatory arrest and using a modified trifurcation 
graft with a side perfusion port (Figure 2).

The distal anastomosis can be performed with a cross 
clamp allowing distal organ perfusion to continue, although 
if there is any concern about quality of distal aortic wall or 
potential for distal malperfusion, we don’t hesitate to use 
a short period of distal circulatory arrest with open distal 
anastomosis. It is essential to construct the trifurcation to 

Figure 2 Reproduced with permission (26). Copyright 2016, AME Publishing Company. Following establishment of cardiopulmonary 
bypass, the “branch-first” aortic arch reconstruction proceeds as follows: (A) the innominate artery is clamped proximal to its bifurcation 
and distal to its origin from the arch. Right hemispheric cerebral perfusion is maintained through the left common carotid and subclavian 
arteries via collateral channels. Apart from the circle of Willis, there is a plethora of extra-cranial collateral channels that augment cerebral 
perfusion during individual clamping of branch vessels. These include collateral channels between; the external and internal carotid arteries; 
the right and the left carotid arteries; the upper and lower body; and the subclavian and carotid arteries (4); (B) the innominate stump is 
ligated and the anastomosis to the first limb of the branched graft completed; (C) antegrade right hemispheric cerebral perfusion is resumed 
via the perfusion side arm. Left hemispheric cerebral perfusion during construction of the left common carotid anastomosis is maintained 
via the same collaterals described above; (D) subclavian anastomosis is completed and all three arch branches are perfused; (E) anastomosis 
of the arch graft to the distal arch. Note that the distal anastomoses can be performed in zone 2 which is usually better quality tissue, allows 
improved access to the anastomoses and reduces the risk of recurrent laryngeal nerve injury. Antegrade flow is recommenced via the “ante 
flow” side arm of the graft. After completion of the root anastomosis, connection of the TAPP graft to the ascending graft proceeds without 
interruption of cerebral perfusion.

A B C

D E
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main Dacron graft anastomosis sufficiently proximally, to 
allow a long “landing zone” for subsequent endovascular 
stenting. 

We don’t routinely use The FET technique unless we 
have concern about the proximal descending aorta being 
very fragile, or containing a primary tear with retrograde 
ATAAD, or a large re-entry tear with pre-operative distal 
mal-perfusion.

Liberal use is made of valve sparing root replacement or 
Bentall’s procedure when appropriate.

Stage 2

The decision to proceed to stenting of the remaining 
dissected thoracoabdominal aorta is dependent on clinical 
and imaging grounds. In the uncommon situation of 
a patient presenting with advanced visceral ischaemia, 
stenting is performed preoperatively allowing time for 
metabolic derangements to be corrected before ATAAD 
repair. Stenting has also been undertaken immediately 
after the completion of ATAAD repair in a few cases, for 

persistent malperfusion despite redirection of flow to the 
TL proximally. The majority have undergone the second 
stage either after discharge from ICU or on an early 
readmission. The indications for these included evolving 
malperfusion, a rapidly enlarging false lumen on CTA, or 
collapsed true lumen. 

Stenting of the remaining dissected thoracoabdominal 
aorta proceeds as follows. In the angiography suite, a 
covered endovascular stent is placed with a generous 
overlap proximally to the previously set up long landing 
zone, and extending distally to the level of mid descending 
aorta (Figure 3)

Uncovered dissection stents (Zenith Dissection 
endovascular stent, Cook Medical Inc., Bloomington, 
IN, USA) are then deployed through the remaining 
thoracoabdominal aorta to the bifurcation (Figure 4). Stent 
graft overlap in the visceral aorta is avoided as this can 
make it difficult to wire visceral vessels if branch stenting is 
required. The stents are then balloon dilated (Coda Balloon 
Catheter, Cook Medical Inc., Bloomington, IN, USA) to 
rupture the septum between true and false lumens. Balloon 

Figure 3 Reproduced with permission (26). Copyright 2016, AME Publishing Company. (A) A covered stent graft (Zenith TX2 TAA 112 
Endovascular Graft, Cook Medical, Bloomington, IN, USA) is introduced and positioned within the predesigned Dacron proximal landing 
zone; (B) the first stent is deployed so that the distal end is positioned at the junction of middle and upper third of the descending thoracic 
aorta. Further covered stent grafts can be deployed down to the diaphragm/celiac trunk if required but increased coverage is associated with 
increased risk of spinal cord injury; (C) digital subtraction angiography demonstrating the covered stent extending from the Dacron landing 
zone into the upper descending aorta.

BA C
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dilatation begins at the overlap between covered and 
uncovered stents and proceeds distally (Figure 5). Successful 
rupture of the septum is indicated by a “popping” sensation 
on the end of the syringe and a sudden enlargement of 
the TL, which doesn’t recoil back after balloon deflation 
(Figure 6). This serves the purpose of creating a single 
aortic channel, expanding the true lumen completely and 
decompressing the false lumen to appose the layers of the 
aorta, allowing healing of the layers and aortic remodelling. 
In the medium to long term, it removes the chronic driving 
force behind false lumen growth and combined with the 
structural support to the wall that the stents provide, 
reduces aneurysmal dilatation. This is much easier to 
achieve in the acute setting before the septum wall becomes 
stiff and unyielding, making it difficult to fenestrate. It is 
important not to inflate the balloon to a diameter greater 
than the maximum aortic diameter of that segment as 
measured on CTA, as this may lead to aortic rupture.

If there is compromise to the visceral vessels which have 
some supply from the false lumen (particularly the renal 
arteries), it is pertinent to place a wire into these vessels 
before inflation to ensure timely access to the vessel should 

Figure 4 Reproduced with permission (26). Copyright 2016, AME Publishing Company. The remaining thoracic (A) and abdominal 
(B) aorta down to the aortic bifurcation is then lined with bare metal uncovered stent grafts (Zenith Dissection endovascular stent, Cook 
Medical Inc., Bloomington, IN, USA); (C) deployment of the uncovered stent graft with small overlap of previous stent.

Figure 5 Reproduced with permission (26). Copyright 2016, 
AME Publishing Company. An angioplasty balloon (Coda Balloon 
Catheter, Cook Medical Inc., Bloomington, IN, USA) is then 
used to sequentially expand the bare metal stents and rupture the 
septum between the TL and FL to create a single aortic channel.

CBA
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perfusion be compromised with balloon inflation. In these 
cases, a covered visceral branch vessel stent can be deployed 
to re-establish flow to the compromised vessel (Figure 7).

Contraindications to balloon inflation include the 
presence of leak or suspicion of contained rupture with 

periaortic haematoma, or subacute dissection with large 
volume of false lumen thrombus leading to the risk of 
embolism.

Finally, aortography is performed to confirm patency of 
the aorta and visceral vessels and obliteration of false lumen 
flow (Figure 8).

Early experience

Over the past 5 years, in the setting of ATAAD, total 
aortic repair by the techniques described above has been 
performed in 15 patients with an age range of 19–74 years 
old. Twelve of these patients (80%) have undergone total 
aortic repair in the acute setting with thoracoabdominal 
stenting performed within 14 days of initial surgery. There 
have been no operative or 30-day mortalities in this group 
with procedural success achieved in all patients as defined 
by uniluminal flow and reversal of malperfusion. There has 
been one permanent neurological event after stenting with 
minor residual deficit and no instances of paraplegia or 
access complications. Follow up CTA in the medium term 
has demonstrated no residual false lumen flow, aneurysm or 

Figure 6 Balloon dilation of bare metal stent demonstrating 
rupture of septum (27).
Available online: http://www.asvide.com/article/view/24377

Figure 7 Reproduced with permission (26). Copyright 2016, AME Publishing Company. (A) This patient also required stent grafting to the 
left renal artery and left common iliac artery. At the conclusion of the procedure, aortography is performed and the patency of the aortic 
lumen and the visceral and other branch vessels are confirmed; (B) digital subtraction angiography demonstrating restoration of flow to left 
renal artery after visceral branch stenting.

A B

Video 1. Balloon dilation of bare metal stent 

demonstrating rupture of septum
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dissection (Figure 9).

Conclusions

Replacement of the ascending aorta and hemi arch with 
an open distal anastomosis has long been the standard 
in the management of ATAAD. It is seen as simple 
and reproducible and the most likely to yield a live 

patient, especially in inexperienced hands. However, this 
conservative approach may expose the patient to the acute 
complications of malperfusion and to a more complex 
and risky situation in the medium to long term. A more 
radical approach to ATAAD, if it can be performed safely, 
would minimise the acute hazards and risks of future 
interventions. It has been demonstrated that repair of 
ATAAD involving more extensive replacement of the arch 
can be performed safely in the acute setting. The Branch-
First arch replacement technique allows safe and controlled 
replacement of the arch with a long Dacron landing zone 
for subsequent thoracoabdominal stenting. By treating 
the whole dissected aorta, we aim to obliterate the false 
lumen and ensure true lumen flow, preventing the acute 
complications of branch vessel malperfusion while also 
reducing the incidence of late aneurysmal formation. 
Although long term follow up is still required, and in 
particular, outcomes of stent graft treatment of patients with 
aortopathies remains unknown, we believe that total aortic 
repair in suitable patients with ATAAD has the potential to 
improve early and late outcomes.
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Figure 8 Final angiography demonstrating true lumen flow with 
no filling of false lumen (28).
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Figure 9 CT Aortogram at 4 years post total aortic repair for ATAAD. (A) 3D reconstruction demonstrating a stable aorta with no false 
lumen patency; (B) 3D reconstruction of visceral branches including left renal artery stent.
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