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Introduction

Cardiopulmonary bypass (CPB) is essential for treating 
patients with Stanford type A aortic dissection (AAD) (1). 
Although different cannulation strategies were adopted 
based on the surgeon’s preference, skill, and patient’s 
anatomical characteristics, along with several successful 
cases, the controversy regarding how to select an optimal 

cannulation strategy, which can ensure good organ 
perfusion and reduce the risk of malperfusion (2), continued 
to exist (3). None of the existing cannulation strategies was 
perfect and without complications (4); each cannulation 
strategy was associated with different advantages and 
disadvantages owed to varying anatomical characteristics 
and flow patterns inside the aorta during CPB (5). Also, the 
situation becomes complicated when dissection develops 
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and something unexpected happens during the surgery. 
Therefore, it is necessary to assess each AAD patient and 
develop a suitable cannulation plan to obtain optimal 
perfusion. Although some literature significantly discusses 
the different cannulation methods in TAAD, no article 
fully summarized the cannulation methods, and neglected 
technologies and experiences still exist because of a lack 
of prompt updates and summary. This review summarized 
the advantages and disadvantages of different cannulation 
strategies in AAD and showed the techniques to fix failed 
cannulation. We have also emphasized vital details that have 
received limited attention in the literature. We present the 
following article in accordance with the Narrative Review 
reporting checklist (available at http://dx.doi.org/10.21037/
jtd-21-411).

Ascending aorta cannulation (AAC)

Despite several AAC reports stating that it is safe and 
effective (6,7), performing cannulation in ascending aorta 
and aortic arch remains a huge challenge. 

Proponents believe that this method can achieve 
anterograde perfusion and is easy to operate (3), but 
opponents argue that this method’s potential risks are 
significantly high. This approach’s main risk is that it may 
lead to further dissection or rupture of the aortic wall 
at the insertion site (7). Also, this procedure may cause 
critical organ malperfusion, such as brain malperfusion, 
if the cannula is inserted into the false lumen. In general, 
AAC needs the inclusion of sufficient normal arterial 
walls for insertion. Therefore, it is important to find and 
identify normal aortic wall tissues if AAC is used. Frederick  
et al. (8) reported three dissection anatomy in terms of the 
relationship of true and false lumens in the ascending aorta 
and how color can be used to distinguish the true lumen (the 
color of the vessel wall will be normal red) from the false 
lumen (the color of the vessel wall will be purple). Complex 
anatomy lesions increase the difficulty of cannulation, 
especially in 360° dissection. Preoperative computed 
tomography angiography (CTA) and intraoperative 
transesophageal echocardiography (TEE) can be used to 
identify the location of true lumen for cannulation (9). A 
needle was punctured into the true lumen, and a wire was 
then passed through it. This kind of Seldinger technique 
guided via intraoperative TEE is necessary for placing the 
cannula into the true lumen (10,11). Taguchi et al. (10) 
focused on practical skills, precautions, and pitfalls in the 
Seldinger technique. It emphasized that the ascending aortic 

cannula must be inserted significantly deep to place the tip 
in the aortic arch, especially in cases with a short ascending 
aorta. Also, as a bridge, safe femoral cannulation before 
AAC has been described by some researchers to reduce the 
risk of being fragile in the cannulation site of ascending 
aorta wall (12). If AAC fails, femoral artery cannulation is 
used as an alternative strategy to ensure safe surgery.

AAC is not suitable for circumferential dissection or 
almost circumferential dissection of ascending aorta. For 
such complicated cases, direct true lumen cannulation can 
be used (13), during which it is essential to know when 
inserting the cannula into the false lumen occurs. When 
the cannula is inserted into the false lumen, there will be a 
sudden rise in the pump pressure beyond the normal value 
after the start of CPB. Further, there will be a difference 
of more than 10% or a straight drop in rSO2 (14). Also, the 
pressure difference between the left and right radial artery 
will be above 20 mmHg (15). If cannula insertion into the 
false lumen occurs, the aortic vessel’s intima should be 
incised, and the cannula will be inserted into the true lumen 
under direct vision. If the failure occurs again, AAC can be 
converted to a femoral artery cannula.

Direct true lumen cannulation (DTLC)

DTLC is a true alternative lumen and antegrade perfusion 
technique used for patients who have failed AAC (16). 
Jakob et al. (17) described this technique as the venous 
blood being drained into the CPB reservoir until the 
systolic blood pressure dropped below 30 mmHg. The 
ascending aorta was transected, and the true lumen was 
identified, and then the cannula was inserted with direct 
vision. Finally, the cannula was secured with the previously 
placed tape, and CPB was started. In another report, 
Kitamura et al. chose a cannula with a bump and double 
tourniquet tape for cannulation (13). It is worth noting that 
they could complete cannulation within three min, and 
this technique is universally applicable to circumferential 
dissection or thrombosed ascending false lumen. These 
authors also mentioned that care should be taken to drop 
any clots into the true lumen when the ascending false 
lumen is thrombosed. Conzelmann et al. (18) shared a 
similar DTLC technique and regarded it as a ‘bail-out’ 
strategy when peripheral cannulation failed and 360-degree 
circumferential separation of the lumen occurred. 
Meanwhile, they highlighted the Overholt clamp placement 
behind the dissected aorta as the part of DTLC with the 
most significant amount of risk, although the adventitial 
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layer was carefully separated and kept intact with the 
ascending aorta and pulmonary artery.

Transapical aortic cannulation (TAC)

Though the TAC method sounds dangerous and 
challenging to implement, many surgeons still consider it 
an excellent choice. Moreover, some surgeons declare that 
this technique could be achieved rapidly and safely and is 
easy to learn (19). Meanwhile, TAC can provide enough 
antegrade flow and secure true lumen perfusion (20,21). 
This technique continues to be widely accepted. Sosnowski 
et al. (18) shared their surgical experience in detail. It is 
worth noting that the authors used a long arterial cannula 
(30.5 cm long and wire-reinforced to prevent kinking) to 
make sure that the arterial cannula passed through the apex 
of the left ventricle and that the aortic valve lay in the sinus 
of Valsalva. Moreover, the authors stated that no CPB-
related adverse clinical outcomes were noted even if the 
cannula was in the left ventricular outflow tract instead of 
in the sinus of Valsalva. Also, TEE supervision guidance 
during the TAC procedure is essential. Although some 
authors thought TAC caused hemodynamic instability 
due to hypotension and arrhythmia, it may confer a risk of 
delayed stroke. Hence, TAC with right axillary cannulation 
as an alternative was used to reduce mortality and morbidity 
owing to malperfusion risk (22). Indeed, owing to TAC’s 
ability to provide sufficient antegrade aortic flow and 
secure true lumen perfusion, malperfusion, and cerebral 
complications could be prevented (23-25). Moreover, no 
serious postoperative complications occurred, including 
pseudoaneurysm formation, left ventricle asynergy, and 
aortic valve regurgitation after surgery at the cannulation 
site (26). Hence, TAC was a safe method, especially in 
patients with diffuse atherosclerosis (27). However, TAC 
is not recommended for patients with aortic stenosis, 
re-operation, and pericarditis (28). On the other hand, 
Augoustides et al. (29) still had certain doubts about this 
method. They hypothesized that aortic valve regurgitation 
would cause blood to flow into the left ventricle in a 
retrograde way, which may result in insufficient forward 
blood flow perfusion and other lead to ischemia of 
vital organs, left ventricular dilatation with inadequate 
myocardial protection, and excessive left ventricular reflux. 
The disadvantage of TAC is that it does not clamp the 
ascending aorta during cooling, leading to loss of operating 
time, which can elongate the CPB time and increase the 
risk of complications.

Innominate artery cannulation (IAC) 

IAC is one of the most widely used methods in AAD (30). 
Some surgeons prefer IAC to other methods owing to its 
time-saving, easy, and reliable method in emergency cases 
where CPB needs to be quickly established (31-33). IAC 
cannulation has two methods: a side-arm graft (8–10 mm)  
technique, which is connected to a size of 20–22 French 
arterial cannula (34), and direct cannulation (the outlet of 
the cannulation facing to the aorta) with a size of 22–24 
French cannula connected (35). Although some surgeons 
favor this method, Ji et al. still believed that there is a 
potential risk when IAC is used to perfuse the brain. The 
main reason behind this could be that the blood flow 
distribution may depend on the resistance of the right 
axillary artery and left common carotid artery (CCA) when 
IAC is used; a decrease or increase in the resistance of the 
right axillary artery may lead to brain malperfusion (36). 
Hence, brain blood flow and oxygen consumption should be 
monitored by Transcranial Doppler ultrasonography (TCD) 
and near-infrared spectroscopy during the Anterograde 
perfusion technique (ACP). Also, IAC is not recommended 
for patients with the following conditions: second surgery, 
innominate artery dissection, or calcification (37).

Femoral artery cannulation (FAC)

As CPB can be rapidly set up through FAC, FAC is 
extremely suitable for AAD patients with hemodynamic 
instability. Compared with other cannulation methods, 
FAC can improve renal perfusion and decrease the risk of 
renal impairment after surgery (38). To a certain extent, 
if the renal artery is involved by dissection before surgery, 
then FAC should be adopted. The FAC’s biggest challenge 
is organ malperfusion that is caused due to false lumen 
perfusion and stroke resulting from plaque shedding during 
retrograde perfusion. Comparative studies have shown 
the association of FAC with higher mortality and stroke 
rates than axillary artery cannulation (39). In particular, the 
femoral artery is not an ideal cannulation site when severe 
atherosclerosis is observed in the thoracoabdominal aorta, 
iliofemoral system, and the femoral artery with an extended 
dissection flap (40). Therefore, FAC reduces complications 
by the femoral artery ultrasonic examination before the 
surgery (41). Also, FAC could lead to distal malperfusion 
due to cannula obstruction. Hence, the cannula’s size should 
be smaller than the vessel’s diameter to ensure blood supply 
to the distal extremities.
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Although the FAC-associated complications can be 
controlled at a low level by close monitoring, insufficient 
perfusion of organs is inevitable. Moreover, the clinical 
symptoms associated with insufficient perfusion in the 
spinal cord, mesentery, kidney, and other parts of the body 
are difficult to determine during the operation. Hence, the 
femoral artery, combined with another artery perfusion, is 
the preferred solution (42). 

Knowing how to identify the cannula into the false 
lumen is essential during FAC. The pump pressure would 
suddenly increase after pumping 50~100 ml liquid, or the 
pump pressure would keep rising when CPB is initiated. 
Malperfusion could be identified via the bilateral radial 
artery pressure and an abnormal drop in the cerebral oxygen 
value. When malperfusion occurs below the diaphragm 
level, the urine volume is significantly reduced during 
CPB. To address malperfusion caused by cannulation 
entering the false lumen. FAC cannulation was guided by 
the TEE Seldinger technique or combined with axillary 
cannulation (40,43). Further, the true lumen’s blood 
supply may be determined using color Doppler; however, 
its implementation in clinical practice is difficult due to 
technical inconvenience.

Right axillary artery cannulation (RAAC)

Dissection, arteriosclerosis and plaque are rarely involved 
in the axillary artery. Although axillary artery cannulation 
is relatively time consuming and carries the risk of vascular 
and nerve injury, it continues to be an appropriate choice 
due to its good cerebral protection effect and antegrade 
perfusion (44,45). Indeed, the 2014 ESC guidelines 
recommended RAAC as the preferred site for AAD (46). 
However, Imanaka et al. (47) reported that RAAC could 
lead to circumferential dissection at the bifurcation of the 
innominate artery near the right carotid and subclavian 
arteries, without any pressure on the right radial artery 
after the surgery. Therefore, it is crucial to monitor arterial 
pressure changes (left and right radial artery pressures, 
femoral artery pressure) during the operation to prevent 
adverse events when RAAC is used. Rokkas et al. (48) 
published a case report on acute intraoperative aortic 
dissection, wherein the ascending aorta and the aortic 
arch were dissected. The innominate artery was dissected, 
including one-third of its circumference anteriorly 
following AAC. CPB was at once paused, and left femoral 
artery cannulation was set up to resume CPB.

In most ADD patients, left axillary cannulation was 

usually not preferred and unnecessary (49,50). However, 
left axillary artery perfusion is essential for posterior 
brain perfusion in some patients, such as left vertebral 
arteries dominance lead to malperfusion (i.e., reducing 
rSO2) during antegrade selective cerebral perfusion (51). 
Therefore, it is important to confirm the laterality and 
contribution of the left and right vertebral arteries before 
surgery via CTA.

RAAC includes direct cannulation or side graft. 
Although the side vascular graft is time consuming and 
technically demanding, it can avoid the limited flow rate 
associated with the direct cannulation (52). RAAC does 
not cause distal limb ischemia; however, it can cause distal 
limb hyperperfusion syndrome. When the subclavian artery 
participates in the dissection, cannulation of the axillary 
artery may lead to retrograde carotid dissection and cerebral 
malperfusion (53).

When direct cannulation is complex, the side graft is 
preferred to reduce artery and brachial plexus injuries. 
The treatment after decannulation is simple and does not 
require repairing the cannulation incision. Therefore, the 
occurrence of axillary artery stenosis can be avoided. The 
factors that affect RAAC include hemodynamic instability, 
dissection or vascular wall thinness, obesity, small vessels, 
surgical techniques, and personal preferences (54). Owing 
to the influence of the circle of Willis, unilateral, bilateral, 
or whole-brain perfusion is selected based on cerebral 
oxygen or TCD during ACP. RAAC combined with FAC 
may further improve the brain protection effect (55).

Double arterial cannulation (DAC)

Various centers prefer DAC instead of using single arterial 
cannulation (SAC). The innominate artery or axillary 
artery combined with FAC is used for DAC perfusion. 
Clinical studies have confirmed that DAC can provide 
satisfactory cerebral and distal organ protection and avoid 
deep hypothermia-related side effects (56,57). The greatest 
advantage of DAC is that the RAAC can make up for the 
femoral artery-induced false cavity perfusion and that FAC 
can compensate for the insufficient flow of the RAAC. Lin 
et al. (58) explained that DAC might achieve better systemic 
perfusion than SAC through anterograde and retrograde 
perfusion, especially in dissected branch-vessels containing 
re-entry tear and compromised true lumen. In other words, 
DAC can supply more stable systemic perfusion compared 
to SAC. Hence, DAC is suitable for patients with stable 
hemodynamic status despite poor preoperative presentation. 

https://pubmed.ncbi.nlm.nih.gov/?term=Imanaka+K&cauthor_id=10917962
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This is because it can reduce postoperative complications 
associated with poor perfusion. Thus, DAC is effective for 
both the prevention and management of intraoperative 
malperfusion (56). In order to better understand, we had 
made some summaries in Table 1.

Cannulation strategy of dissection involved in 
the carotid artery

Unilateral, bilateral, partial, and circumferential dissection 
of the carotid artery is not acceptable as it results in the true 

narrow lumen and clinical signs of cerebral malperfusion. 
It is therefore essential to deal with this complexity 
appropriately.

Urbansk i  e t  a l .  (59 ,60)  reported  that  the  le f t 
CCA cannula t ion  combined wi th  FAC was  used 
in special circumstances, in which the innominate and 
carotid arteries showed severe compression of the true 
lumen by the false lumen. A 10 mm Dacron side graft was 
connected with a cannula in the left carotid artery and 
a flow of 0.8–1.0 L/min for ACP. They showed that the 
CCA, as a standard procedure, was an excellent cannulation 

Table 1 Advantages and disadvantage of various cannulations

Methods Advantages Disadvantages Assistant tech. How to fix if failed

AAC Quick establishment; true 
lumen and antegrade perfusion

Aortic rupture at the cannulation 
site; inserted into the false lumen; 
shock due to plaque falls off 
during cannulation

Seldinger technique under 
TEE

Termination of the CPB—
transected—the aorta—
insert the cannula into true 
lumen under direct vision; 
switch to the femoral artery

DTLC True lumen and antegrade 
organ perfusion

Short normothermic circulatory 
arrest; risk of rupturing the 
dissected aorta; false lumen clots 
drop into the true lumen

None declare Switch to the femoral artery

TAC Antegrade and true lumen 
perfusion; Reduction in the risk 
of false lumen perfusion

Bleeding; myocardial injury; 
increase in the risk of 
postoperative delayed stroke

TEE Switch to or combine with 
a femoral artery or axillary 
artery

IAC Avoid additional incision; 
Antegrade perfusion; Cerebral 
pressure monitoring using right 
radial artery cannula during 
ACP

Potential risk of cerebral 
embolism due to higher antegrade 
flow; leads to a new dissection 
or stenosis after the closure 
of the arteriotomy following 
decannulation

8 (or 10) mm vascular graft 
is anastomosed in an end-
to-side fashion to the IA 
(not essential)

Switch to or combine with 
femoral artery

FAC Rapid establishment of CPB; 
Satisfactory flow; Conducive to 
lower body perfusion including 
improved renal perfusion

Retrograde enlargement of 
dissection; false lumen blood 
supply; retrograde embolization; 
inconvenience for ACP

Seldinger technique; TEE Combine with an axillary 
artery or innominate

RAAC Antegrade and true lumen 
perfusion; Convenient for 
selective cerebral perfusion 

Time-consuming; damage 
brachial plexus neurography; 
limited perfusion; inconvenient to 
monitor the blood pressure of the 
right radial artery during ACP

None declare Switch to or combine with 
femoral artery

DAC Antegrade perfusion and 
retrograde perfusion

Increase in the incision and 
operation time

Seldinger technique TEE 
(not essential)

None declared

CAC Antegrade perfusion and ACP ACP; CAC 8 mm or 10 mm vascular 
prosthesis was used 
connected with a cannula; 
combined with femoral artery

Double CAC; excision of 
dissecting vessels and 
replacement of Dacron 
graft

ACP, anterograde cerebral perfusion; CAC, carotid artery cannulation
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site in AAD. They also discussed a case with AAD having 
signs of malperfusion wherein proximal aortic repair with 
CAC could have favorable surgical outcomes. In short, 
they believed that this surgical access was easy and quick 
and, therefore, suitable for emergencies. In cases with 
compression of the true lumen in both the carotid arteries 
and malperfusion before surgery, CCA cannulation ensures 
unilateral unrestricted cerebral perfusion during CPB and 
ACP. Consistent with the above observation, Dr. Bachet’s (61) 
positive opinion of this technique and supporting its wide 
application was extremely motivating.

It is difficult to deal with carotid circumferential or 
almost circumferential dissection in the innominate and the 
common carotid arteries. Urbanski et al. (62) suggested a 
solution to this problem. First, the CPB was set up through 
FAC combined with the left CCA, and the temperature 
was brought to 28 ℃. Second, the CCA with dissection was 
resected, and an 8-mm-wide Dacron graft was replaced. 
Third, the side graft was connected to the interposition 
graft end-to-side, followed by a connection to the bifurcated 
arterial line’s second arm to ensure sufficient cerebral 
perfusion during CPB and ACP.

It should be noted that combined FAC perfusion 
is necessary for complex cases. Also, Okita et al. (63) 
reported a successful strategy for the right carotid artery’s 
reperfusion before surgery in patients with preoperative 
brain malperfusion due to aortic dissection. This technique 
effectively improved blood flow to the brain prior to the 
surgery and helped patients recover from the effects of the 
surgery. An important part of this reperfusion technology 
involved setting up a simple bypass circuit between 
the common femoral artery and the right CCA. The 
reperfusion path can be described as follows: right common 
femoral artery (14-Fr double-lumen cannula)—small roller 
pump (a blood flow of 4–6 mL/kg/min)—heat exchanger 
coil (30 ℃)—right CCA (12-Fr pediatric arterial cannula).

Penza cannulation

Rosseykin et al. (64) reported a new cannulation technique 
called “Penza cannulation.” This is double artery perfusion, 
which included two steps: (I) the cannula was inserted into 
the true lumen of descending aorta via the left subclavian 
artery; and (II) the left subclavian artery, left CCA, and the 
brachiocephalic artery was replaced using a trifurcation graft 
with an added perfusion side-arm (“branch first” technique). 
ACP was resumed from the side-arm of the trifurcation graft. 
Although this study suggested that this method was simple, 

effective, and safe, and may be used as an alternative method 
in AAD, specific anatomical lesions, which would be more 
suitable for this method, were not mentioned. 

Cannulation strategy in anatomical variations 
aortic arch branches 

The presence of congenital anomalies of the aortic arch 
in AAD patients could not be ignored (65,66), and special 
cerebral perfusion strategies need to be considered based on 
different situations. Mogi et al. (67) shared their experience 
in dealing with the aberrant right subclavian artery and 
isolated left vertebral artery in AAD. They suggested that 
the isolated left vertebral artery be removed from the aortic 
arch, and reconstruction should be performed to improve 
brain perfusion during ACP. Maxwell et al. (68) described 
the monitoring, perfusion strategy, and surgical technique 
used in patients with congenital anomalies of the aortic 
arch. The aberrant right subclavian artery does not allow 
RAAC with monitoring of the left upper extremity arterial 
pressure. The management of “bovine” arch patterns 
during ACP requires clamping above or below the takeoff 
of the left CCA, resulting in unilateral or bilateral antegrade 
cerebral perfusion. Managing patients with a right arch is 
different from that of normal anatomy (for patients who 
have traditional mirror-image branching) or that of the 
aberrant right subclavian group (for patients who have a 
corresponding aberrant left subclavian artery).

Cannulation strategy For AAD patients with 
anatomical variations of the cerebrovascular 

The variation, malformation, dysplasia, and other 
cerebrovascular problems need special attention in certain 
AAD cases (69,70). Most studies concerned the circle of 
Willis (Circle) variants and the vertebral artery dysplasia 
(i.e., small, thin, and missing artery) (70-72). Although 
there was a debate on whether Willis’ circle is correlated 
with insufficient brain perfusion during ACP (70,73), 
considering the risk of insufficient cerebral perfusion 
during ACP, double/whole cerebral perfusion should be 
individually adopted.

Cerebral protective perfusion technique and 
intraperitoneal organ protective perfusion 
technique

ACP and retrograde cerebral perfusion (RCP) is the most 

https://pubmed.ncbi.nlm.nih.gov/?term=Mogi+K&cauthor_id=13677915
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commonly used cerebral protective perfusion technique 
(74-76). ACP can either be unilateral cerebral perfusion or 
bilateral cerebral perfusion and whole brain perfusion (77). 
According to the literature even at higher temperatures 
(24–28 ℃), unilateral perfusion is sufficient for short-term 
(<40 min) selective ACP (78). However, for long-term 
selective ACP, bilateral selective ACP shows improved 
brain protection (79). In addition, another significant factor 
that affects bilateral cerebral perfusion is the integrity of 
the Wills ring (80). Some data support the superiority of 
bilateral SCP over bilateral selective ACP, because most 
of the variations reported do not have haemodynamic 
significance during bilateral SCP (73). As the integrity 
of Wills ring is not the only decisive factor for bilateral 
cerebral perfusion, several authors have suggested the 
establishment of a comprehensive judgment on the basis 
of intraoperative monitoring results, such as rSO2, TCD, 
electroencephalograph (EEG), preoperative cerebral 
angiography and/or brain computerized tomography (70,81).

 It was noteworthy that Lin et al. (82) reported a novel 
perfusion method named ACP combined with retrograde 
inferior vena caval perfusion (RIVP). In short, two separate 
perfusion pumps were used during ACP, pump 1 for ACP 
and pump 2 for RIVP. The perfusion flow of pump 1 was 
maintained at 6 to 12 mL‧min−1‧kg−1 to keep rSO2 within ±10% 
of baseline. Pump 2 pressure was supported at 20 to 30 mmHg, 
and blood flow was supported at 8 to 12 mL‧min−1‧kg−1. 
Oxygenated blood flow in the liver and kidney was observed 
under TEE. This method terminated the history of no blood 
perfusion in the abdominal organs during conventional ACP 
and was greatly beneficial for liver and kidney and other viscera 
protection. Although this approach’s results are not fully 
proven, a multicenter clinical trial is underway, and we expect 
to see outcomes from this clinical trial (83).

Monitoring

Significance of TCD monitoring

During selective ACP, TCD can monitor the blood flow 
to the brain and assess cerebral perfusion (84). However, 
it can be troublesome to operate TCD due to excessive 
labor consumption and constant monitoring. Further, the 
utility and flexibility of TCD are inferior to that of rSO2.

Significance of cerebral oxygen saturation monitoring

Cerebral oxygen monitoring is necessary for AAD surgery 

to prevent focal neurologic deficit (85). Therefore, the 
monitoring is accurate and convenient and has more clinical 
application value than TCD (84,86). When the numeric 
value of rSO2 is lesser than 20% of the baseline value or an 
absolute value of 50, insufficient cerebral perfusion needs 
to be carefully identified (87); therefore, effective measures, 
such as the appropriate increase of CO2, maintaining 
blood flow and blood pressure, adjusting the position of 
cannulation or adding bilateral/global brain perfusion, need 
to be adopted to improve brain perfusion (88). Also, other 
assisting approaches, including using a balloon-tip cannula 
inserted into the left carotid artery (89), direct external 
clamping of the left carotid artery near its origin from the 
aortic arch, and application of external pressure with the 
ultrasound probe to partially compress the left carotid 
artery, will reduce the carotid “steal“ phenomenon and 
increase rSO2 (90).

Significance of arterial pressure monitoring

Pressure monitoring in both the radial arteries and bilateral 
cerebral oxygen saturation measurement helps identify 
malperfusion after establishing CPB (91). The blood 
pressure of the femoral and radial arteries is monitored at 
routine intervals. Simultaneously, attention needs to be paid 
to the lowest blood pressure of the femoral and left and 
right radial arteries before, during, and post-operation. 
Radial arterial contracture affects the blood pressure, and 
the recovery of postoperative femoral artery pressure also 
shows the correction of the false lumen, which is caused 
by aortic dissection (92). It should be noted that if RAAC 
is directly used without side graft, the right radial artery 
pressure might be disturbed. Hence, the radial artery’s true 
pressure needs to be determined by aortic root pressure 
measurement or cuff method of manometry.

Conclusions

The arterial cannulation site and strategy should be 
determined individually. The ideal AAD cannulation 
strategy aims to set up quick and satisfactory perfusion 
flow, minimize any organ malperfusion, prevent further 
expansion of dissection or aortic rupture, and supply 
optimal brain protection when ACP is needed. The 
selection of the right cannulation method is dependent 
on the vascular condition, hemodynamic of the patient, 
surgical technique, and preference of the surgeon. Each 
cannulation has its advantages and disadvantages, which 
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should be carefully weighed before surgery. DAC is the 
most recommended because it can supply a double and 
combined blood perfusion model.

It should be noted that none of the cannulation strategies 
are perfect for all AAD. Preoperative and intraoperative 
malperfusion, especially CPB-related malperfusion of 
the brain or malperfusion caused by cannulation, must be 
identified using different CTA methods, arterial pressure 
change, TEE, TCD, and cerebral oximetry monitoring.

For patients’ intraoperative brain protection, irrespective 
of the method used, the most important thing is to support 
the proper blood flow and oxygen consumption ratio during 
ACP. The best way to achieve this goal is to monitor the 
brain perfusion state by measuring both TCD and rSO2 
during ACP. 

Of note is that ACP combined with RIVP may become 
a popular perfusion method due to its possible abdominal 
organ protection.
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