
Türk Göğüs Kalp Damar Cer Derg  2010;18(4):259-263 259

Türk Göğüs Kalp Damar Cerrahisi Dergisi

Turkish Journal of Thoracic and Cardiovascular Surgery

Early results of surgery for acute type A aortic dissection without
using neurocerebral monitoring

Nöroserebral izlenme yapılmadan uygulanan akut tip A aortik diseksiyon cerrahisinde erken 
sonuçlar
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Amaç: Bu çalışmada, akut tip A aortik diseksiyon onarımı 
sırasında tek taraflı anterograd serebral perfüzyonun rutin 
kullanımıyla, ameliyat sırası nörofizyolojik izlenme gerek-
siniminin ortadan kalkabileceği belirlendi.
Çalışmaplanı:Eylül 2000 ve Aralık 2009 tarihleri arasın-
da, kliniğimizde akut tip A aortik diseksiyonu ile cerrahi 
onarım yapılan ardışık 66 hasta çalışmaya alındı. Arteryel 
perfüzyon, 57 hastada (%86.4) sağ aksiller arterden, geri 
kalan dokuz hastada (%13.6) ise femoral arter bölgesinden 
kanülasyonla sağlandı.
Bul gu lar: Ameliyat sonrası hastane mortalitesi %13.6 
(n=9) idi. Ameliyat sonrası hemoraji ya da tamponad nede-
niyle yedi (%10.6) hastaya yeniden sternotomi gerçekleşti-
rildi. Ameliyat sonrası dokuz hasta (%13.6) inotropik des-
tek aldı. Ameliyat sonrası altı hastada atriyal fibrilasyon 
saptandı. Ortalama yoğun bakım ünitesi kalış süresi ve 
hastane kalış süresi sırasıyla 5.1±4.4 (dağılım 2-26) gün 
ve 10.8±8.9 (dağılım 7-60) gün idi. Ortalama ekstübasyon 
zamanı 15.4±13.9 (dağılım 7-74) saat idi. Ameliyat sonra-
sı dönemde yaşayan hastalardan birinde yeni geçici nöro-
lojik defisitler gelişti.
Sonuç:Akut tip A aortik diseksiyon cerrahisi sırasında, 
tek taraflı anterograd selektif serebral perfüzyon teknik-
leri, rutin serebral monitörizasyon cihazları kullanılmadan 
uzun süren sirkülatuvar arrest dönemlerinde bile güven-
li beyin koruması ve azalmış serebral komplikasyon ora-
nı sağlayabilir.
Anah tar söz cük ler: Anestezi; aortik rüptür; beyin koruma; sereb-
ral perfüzyon; cerrahi.

Background:This study aimed to determine if the routine 
use of unilateral antegrade cerebral perfusion during repair 
of acute type A aortic dissection can eliminate the need for 
intraoperative neurophysiologic monitoring.
Methods: Between September 2000 and December 2009, 
66 consecutive patients with acute type A aortic dissec-
tion underwent surgical repair in our clinic. In 57 patients 
(86.4%), arterial perfusion was provided through a right 
axillary artery cannula and in the remaining nine patients 
(13.6%) the arterial perfusion site was the femoral artery.
Results: Postoperative hospital mortality was 13.6% 
(n=9). Postoperative hemorrhage or tamponade requiring 
resternotomy occurred in seven patients (10.6%). Nine 
patients (13.6%) required postoperative inotropic sup-
port. Postoperative atrial fibrillation was observed in six 
patients. Mean intensive care unit stay and hospital stay 
were 5.1±4.4 days (range, 2 to 26 days) and 10.8±8.9 days 
(range, 7 to 60 days), respectively. Mean extubation time 
was 15.4±13.9 hours (range, 7 to 74 hours). One of the 
surviving patients experienced new transient neurological 
deficits in the postoperative period.
Conclusion:Unilateral antegrade selective cerebral perfu-
sion techniques may provide reliable brain protection and 
reduce cerebral complication rates without the use of rou-
tine cerebral monitoring devices, even for longer periods 
of circulatory arrest during surgery of acute type A aortic 
dissection.
Key words: Anaesthesia; aortic rupture; brain protection; cere-
bral perfusion; surgery.
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Acute type A aortic dissection represents an emergency 
situation that requires immediate surgical interventi-
on to prevent aortic rupture and possible death. Despite 

advances in surgical techniques and strategies, operati-
ons for acute type A aortic dissections are still associa-
ted with high mortality rates, especially in the presence 
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of perioperative organ malperfusion.[1] Postoperative 
neurological damage has been a major problem for acute 
type A aortic dissection.[2,3]

Neurological complications associated with this 
injury significantly increase the incidence of morbidity 
and mortality.[4] The presence of a neurological deficit 
preoperatively has been associated with hospital morta-
lity rates as high as 58% giving rise to the question of 
whether or not emergent surgery is prudent in this pati-
ent population.[5,6]

Cerebral protection techniques described in the lite-
rature include deep hypothermic circulatory arrest, ret-
rograde cerebral perfusion and antegrade selective cereb-
ral perfusion.[7,8] Recently, the use of unilateral selective 
antegrade cerebral perfusion has been gaining popularity 
in the repair of aortic arch aneurysm or dissections.[9-12] 
Various cerebral monitoring techniques, including the 
use of electrophysiology, ultrasound, oxygen saturation, 
or near infrared spectroscopy are available.[4]

The aim of this study was to evaluate our experience 
for antegrade cerebral perfusion technique without the 
use of a neurophysiologic monitoring technique in acute 
type A aortic dissection repairs.

PATIENTS AND METHODS
Between September 2000 and December 2009, 66 con-
secutive patients with acute type A aortic dissection 
underwent surgical repair at our clinic. In 57 of 66 pati-
ents (86.4%), arterial perfusion was performed through 
the right axillary artery and this single arterial access 
enabled both whole-body perfusion during cardiopul-
monary bypass (CPB) and unilateral antegrade cereb-
ral perfusion (UACP). In the remaining nine patients 

(13.6%) the arterial perfusion site was the femoral 
artery. Unilateral antegrade cerebral perfusion (via an 
8 Fr catheter in the right upper brachial artery) was per-
formed in four of the nine femoral artery cannulation 
patients. The remainder of the patients[5] underwent sur-
gical intervention without UACP. Demographic and cli-
nical data are presented in table 1. All patients were ope-
rated on an emergency basis immediately after the diag-
nosis was established. Computed tomography and echo-
cardiography were the common modality of definitive 
diagnosis, and transesophageal echocardiography was 
used as a confirmation test, when possible.

Anesthetic and perfusion protocol

In the operating room, veins on both arms were cannula-
ted with 16-G catheters after a five-lead electrocardiog-
ram and SpO2 monitoring. Blood pressure was monito-
red with a left radial or brachial arterial line and a doub-
le lumen catheter in the right internal jugular vein was 
used for central vein pressure monitoring under local 
anesthesia. Rectal and nasopharyngeal temperature 
was monitored for all patients (Drager PM 8040-Cato, 
Lübeck, Germany).

The technique of anesthesia was standardized for 
all patients. Anesthesia was induced with intraveno-
us 0.1 mg/kg lidocaine, 0.1-0.3 mg/kg midazolam and 
10-20 µg/kg fentanyl. Vecuronium, 0.1 mg/kg, was used 
to facilitate endotracheal intubation. Anesthesia was 
maintained with 20-40 μg/kg fentanyl and isoflurane 
0.2-2%, whereas N2O was not used. Doses of the anest-
hetics used were adapted to maintain optimal anesthe-
tic and surgical conditions, while maintaining hemody-
namic stability. Throughout the operation, fentanyl 
5 μg/kg was administered as a standard application 

Table 1. Demographic and clinical characteristics of patients*
 n %

Mean age (years) 54.2±14.8 (16-90)
Male/female 48/18 
Body surface area (m2) 1.84±0.18 (1.48-2.25)
Marfan syndrome 4 6.1
Previous cardiac operation      3 4.5 (1 AVR and 2 CABG)
Severe aortic insufficiency 18 27.3
Shock 24 36.4
Cardiac tamponade 27 40.9
Visceral ischemia 4 6.1
Renal ischemia 6 9.1
Cerebral ischemia 9 13.6
Spinal chord ischemia 1 1.5
Lower limb ischemia 11 16.7
Right upper limb ischemia 7 10.6
Cardiopulmonary resuscitation 2 3.03
*: Data are presented as mean ± standard deviation, number of patients and percentage; AVR: Aortic valve replace-
ment; CABG: Coronary artery bypass graft.
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Table 2. Operative procedures*
 n %

Proximal repair  
Supracoronary aortic graft 48 72.7
Modified Bentall procedure            18 27.3

Distal extent of repair  
Ascending aortic replacement alone 12 18.2
Hemiarch replacement 47 71.2
Aortic arch replacement 7 10.6

Concomitant  procedures:  
Coronary artery bypass grafting 6 9.1
Mitral valve replacement 1 1.5

*: Data are presented as number of patients and percentage.

before the incision and sternotomy, and at the beginning 
of CPB. Hypertension was treated by increasing the con-
centration of isoflurane or with nitroglycerine or nitrop-
russide, as appropriate. Hypotension was corrected with 
intravascular volume replacement or epinephrine, as 
indicated. Isoflurane 0.2-1% was administered during 
the entire period of CPB.

Roller pump and membrane oxygenator were used 
for extracorporeal support. The patients who under-
went UACP were cooled to a rectal temperature of 
22-26 °C. To increase the tolerance of the neurolo-
gic tissue for ischemia, the patients’ heads were pac-
ked in ice bags for topical head cooling and intrave-
nous methylprednisolone 500 mg and mannitol 1 g/kg 
were given to all patients immediately before cir-
culatory arrest. The patients were placed in a head-
down tilt position for hypothermic circulatory arrest 
(HCA) and unilateral antegrade cerebral perfusion. 
Hypothermic circulatory arrest was performed after 
achieving a rectal temperature of 18-20 °C in patients 
who were perfused through the femoral artery cannu-
la. Hemotocrit was maintained at more than 20-25% 
during CPB.

Surgical technique
Our arterial and venous cannulation technique has 
been described in detail previously.[11] The ascending 
aorta was cross-clamped and cold blood cardiople-
gia was delivered continuously in a retrograde man-
ner to achieve cardiac arrest. Subsequently, intermit-
tent retrograde cold blood cardioplegia was adminis-
tered in every 20 minutes. In 55 patients with UACP, 
during the period of systemic circulatory arrest, the 
brain was continuously perfused via the right axillary 
artery at a temperature of 22-25 °C with a mean volu-
me flow of 8-10 ml/kg/min (500-750 ml). Nine pati-
ents who were perfused only through the femoral arte-
rial cannula were cooled to 20 °C and deep hypother-
mic total circulatory arrest was used as a neuroprotec-
tive strategy without UACP. All distal anastomoses and 
arch reconstructions were performed with an open aor-
tic anastomosis technique. Operative data is shown in 
table 2. Nitroglycerine infusion of 1-3 μg/kg/min was 
given after rewarming depending on the blood pressu-
re. Postoperative sedation was provided with midazo-
lam infusion if necessary. Neurological outcomes and 
postoperative complications were evaluated and recor-
ded in the intensive care unit.

Definitions
Postoperative low cardiac output syndrome was defined 
as a cardiac index lower than 2 L/min/m2 and the need 
for inotropic agents. Renal failure was defined as pro-
longed oliguria or anuria with elevated blood urea nit-

rogen and creatinine levels requiring forced diuresis or 
hemofiltration.

Cerebral malperfusion was diagnosed by the new-
onset neurological deficit, either focal or a generalized 
dysfunction; such as confusion, disorientation, dysart-
hria, hemiplegia, and paraplegia and was diagnosed cli-
nically and confirmed by cerebral computed tomog-
raphy. Multiorgan dysfunction syndrome was defined as 
severe dysfunction of two or more organ systems.

Data were expressed as mean ± standard deviation 
(SD) and number of patients and percentage. Because 
the aim of the study was to determine the neurolo-
gic outcome and because low mortality and neurolo-
gic events occurred, we did not perform a statistical 
analysis.

RESULTS
Postoperative mortality was 13.6% (n=9). Preoperative 
organ malperfusion was present in all nine patients that 
died. Visceral ischemia was noted in three patients; 
cerebral ischemia was present in two patients; myo-
nephropatic metabolic syndrome occurred in two pati-
ents; and, one patient suffered multiorgan failure. One 
patient who suffered from cardiac arrest was immedia-
tely resuscitated then underwent the operation and died 
intraoperatively.

Mean intensive care unit stay and hospital stay were 
5.1±4.4 days (range, 2 to 26 days) and 10.8±8.9 days 
(range, 7 to 60 days), respectively. Mean extubation time 
was 15.4±13.9 hours (range, 7 to 74 hours). The eight 
patients who were not suitable for immediate extubation 
were sedated with midazolam infusion and were extu-
bated later.

Preoperative cerebral ischemia was present in nine 
patients. Of the seven surviving patients, four patients 
had complete resolution of their preoperative neurolo-
gic deficit. In the remaining three patients, preoperative 
neurological dysfunction persisted; however, there was 
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a new transient neurologic deficit in the postoperative 
period in one patient.

Postoperative hemorrhage or tamponade requiring 
resternotomy occurred in seven patients (10.6%) and 
nine patients (13.6%) required postoperative inotropic 
support. Postoperative atrial fibrillation treated with 
amiodarone infusion was seen in six patients (9%).

Lower limb ischemia did not recover postoperatively 
in one patient (1.5%). Postoperatively, two patients (3%) 
underwent laparotomy for visceral ischemia, and died 
despite full support.

Complications related to axillary artery cannulation 
occurred in two patients (3%). One patient (1.5%) with 
femoral artery cannulation experienced femoral arterial 
thrombosis in the postoperative period.

DISCUSSION
Aortic dissection surgery is one of the life saving emer-
gent procedures. For that reason, the operation should be 
completed with minimal complications in optimal con-
ditions. The use of neurophysiologic monitoring techni-
ques involving cerebral blood flow and oxygen saturati-
on measurements, and electrical activity of both perip-
heral and central nervous systems have allowed clinici-
ans to assess the function of these structures intraope-
ratively.[4] The ideal technique for monitoring the ner-
vous system during dissection repairs would be a conti-
nuous, objective method of rapidly assessing perfusion, 
oxygenation, and activity. The equipment should be por-
table, compact, reliable, and easy to use, and the results 
should be accurate and reproducible. Technicians sho-
uld be experienced and have certifications in the moni-
toring techniques that are being performed. Various 
monitoring techniques, including the use of electroph-
ysiology, ultrasound, or near infrared spectroscopy are 
available.[4] We did not use any of the neurophysiolo-
gic monitoring systems in our study and did not experi-
ence any new permanent neurologic deficits among our 
cohort. We believe that UACP technique via the right 
axillary artery minimized these complications. There is 
general agreement that volatile anesthetics reduce ische-
mic cerebral injury. Isoflurane neuroprotection has been 
demonstrated in a variety of experimental models of isc-
hemia.[13] We also think that our anesthetic technique 
with isoflurane may also support cerebral protection.

The cerebral protection methods currently used for 
aortic surgery are profound HCA, retrograde cereb-
ral perfusion, and antegrade selective cerebral perfu-
sion. Although refinements continue to be made and 
results are getting better, brain injury is known to occur 
in association with all cerebral protection techniques 
suitable for these operations.[14] Many aortic surgeons 

favor hypothermic circulatory arrest during arch rep-
lacements. However, this technique provides the surge-
on with only a limited time to carry out the aortic repa-
ir, and neurologic complications have been correlated 
with the use of deep hypothermic circulatory arrest.[3] 
The technique also requires the prolongation of CPB to 
rewarm the patient, which can cause some complicati-
ons. Retrograde cerebral perfusion was, and still is, used 
by some groups as an adjunct to hypothermic circula-
tory arrest to enhance cerebral protection during thora-
cic aortic surgery. It remains unclear whether retrograde 
cerebral perfusion provides effective cerebral perfusi-
on, metabolic support, washout of embolic material, and 
improved neurologic and neurophysiologic outcome.[15] 
Recently, the use of selective antegrade cerebral perfu-
sion has been gaining popularity in the repair of aortic 
arch aneurysms or dissections.[9,10] We have also perfor-
med antegrade perfusion via the right axillary artery in 
acute type A dissection because of the following consi-
derations: (i) unique arterial cannulation site; (ii) avoi-
dance of any additional manipulation of the brachiocep-
halic arteries; (iii) antegrade flow pattern of the CPB; 
(iv) continuous antegrade cerebral perfusion; (v) use of 
moderate hypothermia for both brain and lower body; 
and (vi) limited circulatory arrest of the lower body.

The concept of unilateral selective cerebral perfusi-
on may raise concerns about the adequacy of preserva-
tion of the contralateral hemisphere. The visual confir-
mation of the returning blood through the left common 
carotid and subclavian arteries during antegrade perfu-
sion is a valuable indicator for contralateral hemisphe-
ric perfusion.[9] We observed return of blood in all pati-
ents and considered this evidence of adequate perfusion 
of the contralateral hemisphere in all patients.

During the aortic dissection surgery some addi-
tional techniques may increase tolerance for cereb-
ral ischemia and reduce injury. We used mannitol and 
metylprednisolone to protect the brain against ische-
mic injury. Mannitol is well known to reduce cerebral 
edema after ischemia. Mannitol can also scavenge free 
radicals and thus reduce the degree of tissue damage 
caused by superoxide radicals.[16] To increase the tole-
rance of the neurologic tissue for ischemia, the pati-
ents’ heads were also packed in ice bags for topical head 
cooling. By means of antegrade selective cerebral per-
fusion (ASCP), the repair time can be safely prolon-
ged as compared to deep HCA with or without retrog-
rade cerebral perfusion, allowing more complex repa-
irs to be performed.[12,17] Research shows that unilateral 
cerebral perfusion through the axillary artery for arch 
surgery under moderate hypothermia is safe.[18,19] We are 
also convinced that perfusion at moderate hypothermia 
would be satisfactory for cerebral protection during uni-
lateral antegrade cerebral perfusion.
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In conclusion, one of the cerebral monitoring tech-
niques may be used in aortic surgery if feasible. But 
ASCP via the axillary artery and other cerebral protec-
tion techniques may provide reliable brain protection 
and reduce cerebral complication rates without routine 
cerebral monitoring devices, even for longer periods of 
repair during surgery for acute type A aortic dissection.
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