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Case Report: Cardiac Surgery
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Background: Arterial cannulation is a crucial step to treat acute aortic dissection Stanford type A (AADA). 
Direct “open” aortic cannulation (i.e., cannulation of the transected aorta under direct vision after opening it 
during a short period of normothermic circulatory arrest) has been described previously as an alternative to 
achieve fast direct aortic cannulation in cases that are not amenable for routine subclavian artery cannulation 
or true lumen cannulation of the ascending aorta using Seldinger’s technique (e.g., unstable patients with 
intramural hematoma or complete circular aortic dissection). Although acceptable results have been reported 
with direct “open” cannulation of the aorta, this technique poses a significant risk of cerebral embolism 
from debris or air. In this report, we describe our technique of direct “open” aortic cannulation during a 
temporary phase of normothermic circulatory arrest in conjunction with hypothermic retrograde cerebral 
perfusion (RCP) for cerebral protection (flush RCP).
Case Description: We present a case of a 67-year-old female patient with AADA, dissected right 
subclavian artery (RSA) and intramural hematoma of the ascending aorta. Venous drainage was realized 
with a two stage cannula. The superior vena cava (SVC) was cannulated for RCP with a 24 French angled 
cannula. The right atrium was drained and the aorta transected at an arterial pressure below 20 mmHg. 
The SVC was closed towards the right atrium and flush RCP was started. RCP pressure was kept below  
40 mmHg. The aorta was then cannulated under direct vision. Antegrade perfusion was started, the aortic 
arch was thoroughly deaired and RCP stopped. The patient underwent reconstruction of the dissected aortic 
root with neomedia and total aortic arch replacement with frozen elephant trunk (FET). The patient had an 
uneventful postoperative course and could be discharged on postoperative day eleven. 
Conclusions: Direct “open” aortic cannulation is a valuable alternative cannulation technique in selected 
AADA cases. However, we advocate to use it in conjunction with a short period of RCP. Temporary flush 
RCP likely prevents neurological complications during direct open aortic cannulation. This technique is 
useful in bailout situations in which routine subclavian artery cannulation or direct aortic cannulation over a 
wire cannot be safely performed. 
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Introduction

The arterial cannulation strategy is an integral part of the 
surgical management of acute aortic dissection Stanford 
type A (AADA) (1,2). Cannulation of the right subclavian 
artery (RSA) remains the most commonly used cannulation 
site in aortic dissections and elective aortic arch surgery 
(1-3). Femoral arterial cannulation is still a regularly 
used strategy in many centers in acute cases (1), despite 
its well established limitations, especially with regards 
to neurological complications (2,4,5). Central arterial 
cannulation has been suggested as a safe, effective and fast 
alternative method (2,6,7). However, it is not considered a 
universal approach, since anatomical conditions may hinder 
identification of the true lumen for direct access or increase 
the risk for embolic complications (e.g., thrombosed false 
lumen, intramural hematoma) (2). Direct “open” cannulation 
techniques after transection of the aorta in a short period 
of normothermic circulatory arrest have been proposed 
to overcome the issue of targeting the true lumen (8-10). 
However, opening the ascending aorta in normothermic 
circulatory arrest to cannulate the true lumen directly 
may result in neurologic complications due to cerebral 
hypoperfusion or cerebrovascular emboli from air or debris. 
We therefore suggest combining the direct open cannulation 
technique with a temporary period of hypothermic retrograde 
cerebral perfusion (RCP) via the superior vena cava (SVC). 
The latter has already been described as a temporary adjunct 
to standard bilateral antegrade cerebral perfusion (SACP) in 
aortic arch surgery (11) but to our knowledge has not been 
described together with direct open cannulation strategies. 
Herein we describe an AADA case, in which direct open 
aortic cannulation was achieved under cerebral protection 
with temporary retrograde “flush” perfusion (flush RCP). 
Both the aortic cannulation and RCP techniques were 
modified in comparison to the techniques described before 
(8-11). We present this case in accordance with the CARE 
reporting checklist (available at https://jovs.amegroups.
com/article/view/10.21037/jovs-21-4/rc).

Case presentation

All procedures performed in the case were in accordance 
with the standards of the institutional ethics committee 
and with the Helsinki Declaration (as revised in 2013). 
Written informed consent was obtained from the patient for 
publication of this case report and accompanying images. 
A copy of the written consent is available for review by the 

editorial office of this journal. 
A 67-year-old female patient presented on November 

4th, 2019 at a regional hospital with sudden backpain and 
collapse. The patient’s medical history showed arterial 
hypertension, hyperlipidemia and smoking as cardiovascular 
risk factors. She had suffered from pulmonary embolism 
two years before. At the time of presentation, she was not 
anticoagulated. Blood chemistry showed elevated D-Dimers. 
The patient underwent immediate computed tomography 
angiography (CTA) to rule out pulmonary embolism. CTA 
showed an AADA as an intramural hematoma of the entire 
aorta from the aortic root to the infrarenal aorta. The 
ascending aorta was aneurysmatic (52 mm), and the proximal 
descending aorta showed a diameter of 41 mm (Figure 1A).  
The RSA was dissected (Figure 1B). The patient suffered 
from persisting backpain despite sufficient blood pressure 
control and morphine treatment. The patient was referred 
to our tertiary center with the initial diagnosis of acute 
aortic dissection Stanford type B. On arrival of the patient 
and after evaluation of the external CTA scans the correct 
diagnosis of an AADA, DeBakey I as an intramural 
hematoma was established. The patient still suffered from 
refractory backpain. It was decided to perform emergency 
surgery with ascending aortic and complete aortic arch 
repair with frozen elephant trunk (FET) to treat both the 
ascending and proximal descending aorta.

Emergency sternotomy was performed and the 
pericardium opened. Since the RSA could not be used 
for cannulation and central aortic cannulation is our first 
choice for arterial access in acute dissection cases, the 
ascending aorta and aortic arch were inspected carefully 
for direct access. As seen in the CTA, direct access to 
the true lumen was limited. Epiaortic sonography and 
transesophageal echocardiography confirmed a circular 
intramural hematoma in the ascending aorta and aortic 
arch. The decision was made to perform a direct “open” 
cannulation of the true lumen with temporary flush RCP to 
avoid unprotected cannulation of the true lumen through 
the thrombosed false lumen. Purse string sutures were 
placed on the right atrial appendage (RAA), the SVC and 
the right superior pulmonary vein (RSPV). The surgical 
field was flooded with CO2. The RAA was cannulated 
using a standard two-stage venous cannula (Medtronic, 
36–46 French). The SVC was cannulated using a 90°-metal 
cannula (Medtronic, 24 French), which was connected via 
a Y-connector to the main arterial line. A vent catheter was 
placed in the RSPV (Figure 2). The aorta and pulmonary 
trunk were carefully divided to establish a position for later 
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Figure 1 Preoperative CT angiography. (A) Acute aortic dissection Stanford type A, DeBakey I as an intramural hematoma. (B) Dissection 
of the right subclavian artery (arrows). CT, computed tomography. 

Figure 2 Preparation for direct aortic cannulation under flush RCP. (A) Complete circular intramural hematoma of the ascending aorta and the 
aortic arch. (B) Cannulation of the RAA [1], the SVC [2] and the RSPV [3]. The SVC is closed towards the RA with a tourniquet. All lines are 
deaired. The SVC cannula is connected to the main arterial pump line via a Y-connector. (C) An additional arterial line is positioned at the table 
for cannulation of the aorta (arrow). The Y-connection is managed by the perfusionist near the pump (not shown). (D) To avoid a leakage from 
the SVC to the RA during RCP, die SVC can also be clamped between the cannula and the RA instead of snaring it with a tourniquet. RCP, 
retrograde cerebral perfusion; RAA, right atrial appendage; SVC, superior vena cava; RSPV, right superior pulmonary vein; RA, right atrium.

aortic clamping.
The heart was fibrillated and venous drainage as well 

as LA venting was started. After arterial pressure dropped 

to <20 mmHg, the ascending aorta was transected 
approximately 3 cm proximal to the innominate artery 
to allow for later clamping of the aorta. The SVC was 
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occluded towards the RA and retrograde cerebral “flush” 
perfusion [flush RCP; approximately 500–1,000 mL/min;  
central venous target pressure (CVP) ≤40 mmHg; blood 
cooling started with target temperature of 20 ℃] was 
commenced (Figure 3). The true lumen of the aorta was 
cannulated over a wire in the proximal aortic arch under 
direct visual control through the opened aorta. The 
puncture site of the true lumen was inspected from inside 
the aorta to avoid embolization of thrombotic material from 
the intramural hematoma. After aortic cannulation, the 
arterial line was flushed to deair the line and fill the aortic 
arch via antegrade and retrograde perfusion (Figure 4). 
The thrombotic material was removed from the aortic wall 
at the clamping site and the aorta was clamped proximal 
to the aortic cannula after thoroughly deairing the aortic 
arch. Near infrared spectroscopy (NIRS) was used to 
measure regional cerebral oxygen saturation (rSPO2). NIRS 
values remained at baseline throughout the cannulation 
and RCP period (NIRS immediately before establishing 
antegrade flow: right rSPO2 =63%, left rSPO2 =62%). After 
establishing antegrade flow RCP was stopped and the RCP 
line clamped (Figure 5). Venous drainage from the upper 
body was reestablished by opening the SVC towards the 
RA. Arterial blood flow into the aortic arch was increased to 

the target output value and the patient was cooled for later 
total aortic arch repair. After direct open aortic cannulation 
with flush RCP the aortic root was opened and blood 
cardioplegia was delivered in an antegrade fashion via the 
coronary ostia. 

The video shows the process of direct open aortic 
cannulation with flush RCP in real time. Cannulation from 
opening of the aorta until clamping took 3:16 min including 
removal of thrombotic material from the false lumen. 

The patient underwent aortic root reconstruction 
using the neomedia technique (PE patch from the PE 
prosthesis used for aortic replacement) followed by a 
supracommissural replacement of the ascending aorta 
(30 mm PE prosthesis, Terumo Aortic, Scotland). After 
reaching the target hypothermic circulatory arrest (HCA) 
temperature of 24 ℃, the ascending aortic graft was 
cannulated with a root cannula as described previously (12) 
and the vented heart was perfused with non-cardioplegic 
blood during the aortic arch procedure to reduce cardiac 
ischemia time (12). Total aortic arch repair was performed 
using a branched FET graft (Thoraflex Hybrid 30-32-
100B, Terumo Aortic, Scotland) as described previously (13).  
The patient had an uneventful postoperative course without 
neurological sequelae and was discharged in good health 
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Figure 3 Direct open cannulation of the aortic arch. (A) After venous drainage and LV venting the aorta is transected, the SVC is occluded 
towards the RA (in this case with tourniquet and clamp) and flush RCP started. (B,C) The aortic arch is cannulated over a wire under visual 
inspection of the cannulation site from within the aorta. (D) The cannula is connected to the additional arterial line at the table (see Figure 2).  
The cannula is thereafter deaired through the open aorta (see Figure 4). LV,  left ventricular; SVC, superior vena cava; RA, right atrium; 
RCP, retrograde cerebral perfusion.
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on the eleventh postoperative day (November 25th, 2019). 
Discharge CTA showed a sufficient morphological result 
(Figure 6). Follow up is now 27 months. Recent CTA 
control shows a favourable result.

Discussion

Direct cannulation of the ascending aorta or aortic arch 
has been proposed by several groups to manage arterial 

access in AADA (2,6,7). Although central cannulation 
is our first priority in acute dissection cases, we refrain 
from cannulating the true lumen through the false lumen, 
especially if it is completely or partially thrombosed. 
Cannulation of the RSA may be an alternative in these 
cases. It is routinely used as the standard access route 
for arterial cannulation in aortic arch surgery in most 
centers (1,3). However, RSA cannulation may not be 
an option (e.g., in hemodynamically unstable patients 

Figure 4 Deairing the aortic arch and clamping the aorta. (A) Antegrade perfusion of the aortic arch is commenced with the aorta open and 
RCP running. At this stage, antegrade and retrograde perfusion are used to ensure complete deairing and elimination of embolic particles 
from the supraaortic arteries. (B) In cases with a thrombosed lumen (i.e., IMH) the thrombotic material is removed to ensure safe clamping 
of the aorta proximal to the cannula. (C,D) The aortic arch is thoroughly deaired and the aorta clamped. RCP, retrograde cerebral perfusion; 
IMH, intramural hematoma. 
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Figure 5 Establishing isolated antegrade perfusion of the aortic arch. (A) After clamping of the aorta (see Figure 3), flush RCP is 
immediately stopped and the SVC opened towards the RA. The RCP line is clamped [1]. Arterial perfusion is now achieved over the aortic 
arch [2]. Systemic cooling is started. The SVC remains cannulated for later temporary flush RCP during aortic arch preparation, before 
SACP is established. (B) After direct open cannulation of the aorta the aortic root is visualized and cardioplegia given over the coronary 
ostia. RCP, retrograde cerebral perfusion; SVC, superior vena cava; RA, right atrium; SACP, standard bilateral antegrade cerebral perfusion.
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Figure 6 Postoperative result. (A) Postoperative CTA shows intended position of the FET graft in the descending aorta. (B) CTA 3D 
reconstructions after aortic root reconstruction using the neomedia technique and total aortic arch repair with a branched FET graft. CTA, 
computed tomography angiography; FET, frozen elephant trunk. 
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or if the RSA is involved in the dissection, as in the 
case presented here). Some centers have suggested an 
open cannulation technique of the true lumen in these 
situations (8-10). Although central cannulation has not 
shown to result in more neurological complications than 
femoral cannulation (14), open cannulation poses a risk 
of embolization by air, debris or thrombotic material (2).  
We therefore have adapted the method of direct open 
cannulation of the true lumen: our technique adds 
temporary RCP to retrogradely “flush” the head vessels 
(flush RCP) and eliminate air, debris and thrombotic 
material from the supraaortic arteries during direct open 
cannulation of the aorta. In comparison to established 
techniques of RCP during aortic arch repair (11,15) that 
use RCP pressures of 25–30 mmHg, we suggest to use a 
large 90° SVC cannula as it is routinely used for bicaval 
cannulations. It allows fast increase in flow to ensure 
retrograde flushing. We keep RCP pressure (as measured 
over the central venous line) below 40 mmHg. In a study 

by Ganzel et al. RCP pressures of up to 40 mmHg were 
reported to be safe and resulted in an cerebral oxygen 
desaturation of only 0.4%/min (16). This is in line with 
our finding that NIRS sPO2 values typically remain at 
baseline during open aortic cannulation under flush RCP. 
RCP pressures of 40 mmHg mostly correspond to a flow 
of <1,000 mL/min, depending on whether the azygos vein 
is included into the RCP perfusion territory or not. For 
short periods, RCP flow may be increased to a maximum of  
1,500 mL/min for flushing. However, perfusion pressures of 
>40 mmHg should be avoided to reduce the risk of cerebral 
edema (15).

We want to make clear that we do not advocate using 
RCP as an isolated method for cerebral protection, since 
SACP should be used for longer periods of circulatory arrest 
during complex aortic arch procedures (1,3). However, 
temporary RCP is an elegant adjunct to reduce the risk of 
emboli during open cannulation and aortic arch preparation 
before SACP is safely established (11). 
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In contrast to recently described methods of direct open 
cannulation of the aorta in acute dissections, we suggest  
cannulating the aortic arch over a wire and clamp the aorta 
proximally. To reduce the circulatory arrest time during 
open cannulation, other groups have suggested to place the 
aortic cannula directly through the transected aorta into 
the true lumen and snare the aorta with a tourniquet (8-10). 
However, with this technique the risk of leakages is high and 
the perfusion cannula typically obstructs the exposition of 
the aortic root. With the addition of flush RCP one can take 
the short period of time to place the arterial cannula over a 
wire into the aortic arch and clamp the ascending aorta. This 
helps to create an unobstructed surgical field and allows 
arterial access in a fast, predictable and reproducible fashion.

If one decides to use the open direct aortic cannulation 
technique in cases of intramural hematoma, as described 
here, thorough removal of thrombus from the clamping 
site is mandatory. This adds approximately another 60– 
80 seconds of circulatory arrest time. Without the need for 
thrombus removal, open direct aortic cannulation with RCP 
can be routinely achieved in less than 3 min (Video 1).

Time from opening the aorta until the start of antegrade 
cardioplegia was 5 min in our case. We have not observed 
myocardial damage under these conditions. Retrograde 
cardioplegia might be another option to protect the heart. 

In our view, open direct aortic cannulation is an elegant 

method in selected patients, in which standard cannulation 
methods cannot be performed safely (8-10). However, open 
direct aortic cannulation should be combined with temporary 
RCP to minimize the risk of cerebral embolic events.

Limitations: Direct “open” aortic cannulation during 
normothermic circulatory arrest should remain limited to 
selected AADA cases that are not amenable for standard 
arterial cannulation techniques. Even if direct open aortic 
cannulation is combined with temporary RCP to flush 
air and debris from supraaortic arteries, the phase of 
normothermic circulatory arrest should be kept below 
5 min to prevent organ damage. During this period the 
heart is also unprotected. One might consider retrograde 
cardioplegia administration to improve myocardial 
protection. Further studies are necessary to validate the 
benefits of this cannulation technique.
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Video 1 Direct open cannulation of the aortic arch during 
temporary flush RCP. The video shows the process of cannulation 
in real time. See figures and text for additional information. 
Duration from opening of the aorta until clamping of the aorta 
is just 3:16 min despite thorough removal of thrombotic material 
at the clamping site (1:10 min). In cases without false lumen 
thrombosis, direct cannulation of the aorta can be achieved in  
<3 min. RCP, retrograde cerebral perfusion.
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of the work in ensuring that questions related to the accuracy 
or integrity of any part of the work are appropriately 
investigated and resolved. All procedures performed in the 
case were in accordance with the standards of the institutional 
ethics committee and with the Helsinki Declaration (as 
revised in 2013). Written informed consent was obtained 
from the patient for publication of this case report and 
accompanying images. A copy of the written consent is 
available for review by the editorial office of this journal. 
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