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Abstract

Type A aortic dissection most often requires emergent surgery to prevent malperfusion, stroke, and/or rupture of aorta. The
conduct of the surgery is mostly targeted at restoring true lumen flow. In this regard, institution of cardiopulmonary bypass
and circulation management is key to allow adequate systemic flow, perfusion of brain and visceral organs and comprehensive
systemic cooling to achieve circulatory arrest when needed. Different strategies have been used with varying success rates, with
the most common being femoral cannulation. More recently axillary and central cannulation strategies have shown satisfactory
results with the promise of antegrade flow. Cannulation approach should, therefore, depend on individual patient characteristics,
presentation and true lumen anatomy.

Introduction

Aortic dissection results when intimal disruption leads to entry of blood into a cleavage plane in the diseased
media, creating a false lumen within this disrupted aortic layer. This false lumen is separated from the
true lumen by an intimal-medial flap. Further propagation of the dissection depends on the balance of the
hydrodynamic gradient between the two lumens 1. The hydrostatic pressure within the false lumen may give
rise to additional intimal tears as exit points, most commonly at aortic branch origins, which may establish
significant re-entry sites into the true lumen 2.

The further expansion of the false lumen may lead to an increased risk of aortic rupture, and/or collapse
of the true lumen which may possibly lead to hypo-perfusion of the involved vascular bed, often referred
as “malperfusion”. Aortic rupture/tamponade is the commonest cause of mortality after type-A aortic dis-
section, followed by visceral ischemia from malperfusion 3. End-organ malperfusion has been reported in
16% to 34% of type-A aortic dissections, and may involve any of the major arterial branches resulting in
myocardial, cerebral, spinal cord, visceral and/or limb ischemia4, 5 6 . The counterbalance of forces between
the two lumens can also lead to a state of dynamic obstruction as evident by the waxing and waning of
peripheral pulses. This is due to the mobility of the intimal-medial flap with dynamic prolapse of the false
lumen membrane into the branch vessel ostium. A greater circumferential extent of dissection, higher blood
pressure, increased heart rate and lower peripheral resistance to true lumen outflow may exacerbate this
process.7

When cardiopulmonary bypass is initiated to perform repair of an acute Type-A dissection, it is critically
important that arterial cannulation achieves adequate/preferential true lumen perfusion. This should prevent
false lumen expansion that may lead to progression of dissection, rupture, and malperfusion.

Preoperative Evaluation:
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Despite continuous improvements in diagnostic techniques and refinements in management strategies, surgical
mortality for Type-A dissection patients remains high, and is mostly influenced by the patient’s clinical status
at presentation. 8 Without surgical intervention, the mortality of type-A dissection has been reported to
be approximately 1 to 2% per hour after symptom onset, with up to 90% of patients dying within 30days
5. Time is therefore of paramount importance. A high degree of clinical suspicion for Type-A dissection
should be maintained for any patient who presents with sharp chest or back pain, pulse deficit or waxing
and waning of peripheral pulses, and any hemodynamic instability.9

Once suspected, imaging options such as computed tomography (CT), transthoracic and/or transesophageal
echocardiography (TEE), and magnetic resonance imaging can be utilized for confirmation.10, 11 Definition of
anatomic details are important to achieve true lumen cannulation when establishing cardiopulmonary bypass.
A multislice ECG-gated CT angiography will best define the anatomic details about true and false lumens,
extent of dissection, and status of the intimal-medial flap.12 However, if hemodynamic instability precludes
definitive CT imaging, intra-operative TEE may provide relevant details about the anatomy. Intra-operative
echocardiographic guidance should always be available to confirm true lumen cannulation. 13 14

Cannulation Strategy:

The most common approaches to establish arterial inflow have utilized the femoral artery, the subcla-
vian/axillary artery, and/or more recently the ascending aorta or proximal aortic arch.15E ach strategy
offers different advantages and inherent risks for complications, and the optimal cannulation for CPB is still
debated16. A recent meta-analysis 17 found better short term outcomes with antegrade perfusion via axil-
lary artery while another meta-analysis from Benedetto and colleagues18 found reduced in-hospital mortality
and incidence of permanent stroke with antegrade perfusion via central cannulation (including both axillary
and direct aortic cannulation) when compared to femoral artery retrograde flow. Etz and colleagues found
better long term survival with antegrade perfusion (included both axillary artery and direct ascending aorta
cannulation) 19. Other studies have found no difference 2021-23. Patient’s hemodynamic stability, extent of
dissection, level of the planned distal repair and surgeon’s preference are some of the variables that determine
the choice20.

Femoral Artery:

Historically, femoral cannulation has been the most commonly used approach, and even in contemporary
series it is utilized in almost 1/3 of all repairs 15, 24 . The femoral artery can be accessed either by direct
cannulation (percutaneous using modified Seldinger technique, or after an open cut down), or by connection
to an 8 mm or 10 mm polyester graft sewed to the native vessel in an end-to-side configuration.

The use of femoral artery as site for arterial inflow is best when the following pre-requisites are met: a) the
vessel is not dissected; b) the femoral artery originates from the true lumen of the dissected aorta, ideally
with patent true lumen at the aortic bifurcation; and c) absent or minimal atherosclerotic disease. On rare
occasions, especially in patients who are hemodynamically unstable, femoral artery cannulation is attempted
even when it appears to be dissected; in such a situation one should endeavor to place the cannula into the
true lumen using modified Seldinger technique.

Retrograde blood flow established by this approach can lead to possible detrimental effects such as cerebral
embolization, central organs malperfusion 25, 26, and might even worsen proximal flow 27. Evidence of any
malperfusion when initiating cardiopulmonary bypass should lead to rapid weaning off bypass followed by
search for alternate cannulation sites. Due to the retrograde nature, the flow into false lumen may lead to
further false lumen expansion and extension of the dissecting intimal flap 28.

Axillary Artery:

Right Axillary artery has been used as a site for arterial inflow in as many as 27% of cases in United States 15

and has been favored by some surgeons who have reported excellent results27. The advantage lies in achieving
antegrade flow into the proximal arch, most often into the true lumen. Further, at the time of arch repair,
when circulatory arrest is commenced, by clamping the proximal innominate artery it may act as the inflow

2
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for unilateral antegrade cerebral perfusion. To gain access to the artery an incision is made 2 finger breadths
below the clavicle just medial to the deltopectoral groove. Most use an 8 to 10 mm polyester graft sewed
end to side to the axillary artery. This graft is then connected to the arterial limb of the cardiopulmonary
bypass circuit.

However, one disadvantage lies in the additional time ( 15-30 minutes) needed for dissecting and sewing a
graft, more so in obese patients. Furthermore, if the originating segments of subclavian or innominate artery
are dissected, use of this approach may lead to further malperfusion or worsening of the arch disruption. In
a hemodynamically unstable patient, alternate access sites such as direct aortic or femoral artery may be
more desirable. 27

Central: Direct Aortic Cannulation

Over the last decade several centers have shown feasibility and safety of direct aortic cannulation even
in an acutely dissected aorta13, 28, 29. This technique allows a more rapid initiation of cardiopulmonary
bypass and offers the benefits of proximal antegrade perfusion of the true lumen. Many surgeons use this
approach preferentially in the setting of hemodynamic instability and when preoperative imaging shows a
severe dissection/disruption of the innominate artery. In most patients an anteriorly positioned true lumen
is observed which allow easy accessibility of the true lumen via a needle and wire under echocardiographic
guidance 27. Other surgeons use this technique routinely even when the innominate artery is not dissected
and the true lumen is more posteriorly positioned, reporting excellent results 13. Frederick and colleagues
have described 3 types of anatomy relevant to direct aortic cannulation of the true lumen (Figure 1) ; Level
1 comprises those patients, in whom a portion of the true lumen is identifiable and accessible anteriorly in
the ascending aorta; Level 2 are those patients in whom the true lumen is posterior and the false lumen is
anterior while Level 3 are those patients in whom a complete or nearly complete circumferential dissection
of the aorta occurs, resulting in a free-floating ascending aorta true lumen, which expands during ventricular
systole and contracts during diastole. While Level 1 provides for easy access (Figure 2), Level 2 and 3 would
require the needle to traverse through the false lumen, and puncture the intimal-medial flap into the true
lumen (Figure 3).

Some surgeons hesitate to cannulate the ascending aorta directly due to concerns about possible rupture
during cannulation. This is mostly not observed 29. The cannulation site is eventually excised at the time of
circulatory arrest during open arch repair. At the conclusion of the open arch repair/replacement, the arch
Dacron graft is directly cannulated to resume antegrade cardiopulmonary bypass.

Double Cannulation:

Minatoya and colleagues have described a routine use of cannulating both the axillary artery and femoral
artery during emergent acute DeBakey Type 1 dissection repair to overcome the shortcomings of either
method. In their series of 88 patients, in-hospital mortality was 2% and perioperative stroke was 6%. 30.
These results are comparable to studies using other cannulation strategies19, 20, 22, 27.

To Cross-clamp or Not to Cross-clamp

When David and colleagues retrospectively analyzed Type-A dissection surgical outcome, they noted worse
results in the group with retrograde perfusion through a femoral artery and a cross-clamp applied to the
ascending aorta during cooling 31. They believed this may be due to increased pressure in the false lumen
occurring when the largest connection between the 2 lumens (the primary tear) is excluded by the application
of the cross clamp, creating more distal re-entry points. A more recent report utilizing axillary artery
cannulation has also recommended a no-clamp technique32. However safety in cross clamping the ascending
aorta has been amply demonstrated as long as antegrade true lumen perfusion is achieved either through
a direct aortic or axillary artery cannulation 33-35 36. Applying a cross clamp in the early cooling phase
reduces the chances of myocardial ischemic injury that may arise from a flap obstructing the flow into either
coronary artery, prevent left ventricular distension from severe aortic regurgitation that can overwhelm the
LV vent, and finally allows an efficient use of the cooling period to work on the proximal aorta and root,

3
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saving precious bypass time. If the application of cross clamp leads to any pressure changes in the radial
or femoral artery pressure lines 34, it may be a sign of malperfusion despite the best efforts in ensuring
true lumen cannulation. The cross-clamp should then be removed to allow restoration of more normal flow
patterns with reassessment of the etiology for the malperfusion.

Our preferred Approach:

In our recent retrospective review of Type-A dissection patients, femoral artery was the commonest can-
nulation site (51.5%), followed by central/aortic (27.5%), axillary artery (19.7%), and innominate artery
(1.3%). A non-femoral approach has increased over time with more central/aortic cannulation in the last 5
years20. Our present approach is reflective of a flexible outlook tailored to patient characteristics and to the
individual surgeon’s preference and experience.

Preoperative evaluation and set-up:

If the patient is hemodynamically stable, we prefer to have a preoperative cardiac gated CT angiogram of
the chest, abdomen and pelvis to clearly delineate the anatomy of the aorta, extent of dissection and true
and false lumen orientation. Otherwise, a hemodynamically unstable patient is wheeled straight into the
operating room and TEE is used to provide us with relevant anatomical inputs. A right radial and femoral
arterial line is placed to assess for proximal and lower body perfusion during bypass and after repair.

Cannulation Strategy and setting up of cardiopulmonary bypass:

Our preference is antegrade perfusion if at all feasible. Due to the ease and relatively rapid initiation of
cardiopulmonary bypass, we have of late preferred to use the direct ascending aorta true lumen cannulation
over a guidewire under echocardiographic guidance. In patients who present with rupture or contained
rupture of the ascending aorta/root, and/or are extremely unstable to even allow us to do a sternotomy,
femoral artery cannulation can still be used. On occasions when the intimal flap has been found occluding
the origin of arch vessels, double cannulation with axillary artery plus central or femoral artery cannulation
has been performed to maintain both upper and lower body perfusion and achieve uniform systemic cooling.

For venous cannulation, we prefer the right atrium. Often times we cannulate the superior vena cava as well.
This additional cannula can be used for retrograde cerebral perfusion during circulatory arrest. However, in
an unstable patient with ruptured ascending aorta/root and cardiac tamponade, opening the pericardium
can potentially lead to sudden hypertension and potential exsanguination of the patient. In such patients
cannulating the femoral vein with a multistage venous cannula is an option. Once on pump and with
ongoing systemic cooling, pericardium is opened to allow for controlled decompression. If then the drainage
is believed to be inadequate, one can switch to right atrial cannulation.

Most often, Type-A dissection leads to significant aortic regurgitation due to loss of commissural support.
This leads to left ventricular distension, especially as the heart fibrillates with systemic cooling. Hence
venting of left ventricle is critical. A left ventricle vent advanced through the right superior pulmonary vein
is the commonest approach.

Cerebral protection:

Most times due to the emergent nature of a dissection repair, neuromonitoring (EEG) is not available and
systemic cooling for at least 45mins is preferred. While in elective arch surgery more tepid hypothermia
levels have been advocated, in the setting of relatively unpredictable conditions intrinsic to acute dissection,
we feel deeper levels of hypothermia provide increased level of safety. If the anticipated circulatory arrest
time is less than 30mins, we prefer retrograde cerebral perfusion, although some surgeons continue to use
use deep hypothermic circulatory arrest alone for simple “open distal anastomosis”. For longer periods of
circulatory arrest or when more than a hemiarch reconstruction is needed, we utilize selective antegrade
cerebral perfusion (perfusion pressure between 40-60 mmHg, flow rates between 6-10 mL/kg/min).

Cross-clamp and Open arch repair:

4
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We routinely cross-clamp the mid ascending aorta once antegrade true lumen perfusion is established through
central aortic or axillary artery cannulation. As soon as the cross-clamp is applied, we carefully watch the
radial and femoral artery pressure lines for a few seconds. Rarely, significant pressure changes may occur
possibly indicating malperfusion, in which case we release the cross clamp and continue with systemic cooling
till circulatory arrest.

After the application of the cross-clamp, the proximal aorta is transected just above the level of sinotubular
junction and direct ostial cardioplegia is delivered to achieve cardioplegic arrest.

Once systemic cooling is achieved to the desired level, the cross clamp is removed and circulatory arrest is
commenced. Retrograde cerebral perfusion is initiated. The ascending aorta and proximal arch are excised.
Additional arch segments are excised depending upon the extent of the dissection into the arch vessels 37.
Retrograde flow of dark blood through the arch vessels is watched for. An open hemiarch repair is often
adequate. If an arch reconstruction beyond hemiarch is required, retrograde cerebral perfusion is switched
to bilateral selective antegrade cerebral perfusion. We avoid the use of Bioglue or hemostatic adhesive
substances.

Once the arch repair is completed, the arch polyester graft is cannulated and systemic antegrade cardiopul-
monary bypass is resumed.

The goal is to maintain antegrade true lumen perfusion throughout the conduct of the operation.

Conclusion:

While no cannulation strategy has been shown to be absolutely superior, a tailored approach dependent
on individual patient characteristics and true lumen anatomy should dictate the cannulation strategy. The
guiding principle should be to restore and maintain true lumen perfusion. While direct aortic cannulation
certainly achieves that, use of axillary artery or even femoral artery can be considered if anatomically suitable.
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