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Abstract t 

Background. Background. 
Antegradee selective cerebral perfusion (ASCP) has proved to be a reliable method 
off  brain protection during surgery of the thoracic aorta, but its use during aortic 
dissectionn surgery still remains controversial. In this study, we present our results 
afterr the operative repair of acute type A aortic dissections using ASCP and 
moderatee hypothermic circulatory arrest. 

Methods. Methods. 
Betweenn October 1995 and August 2001, 122 patients (76 men, 46 women) 
underwentt repair of acute type A aortic dissection with the aid of ASCP and open 
distall  anastomosis. The avarage age was 2 d deviation). 
Preoperativee complications included cardiac tamponade (n=34; 27.0%), aortic 
regurgitationn (n=27; 22.1%), and new neurological deficits (n=ll; 9%). 

Results. Results. 
Stepwisee logistic regression revealed preoperative cardiac tamponade (p=0.018) 
andd new neurological deficits (p=0.017) to be independent determinants for 
hospitall  mortality (19.7%). Permanent neurological complications occurred in 7% 
off  patients. Independent risk factors for temporary neurological dysfunction 
(11.2%)) included cardiac tamponade (p=0.019) and preoperative neurological 
deficitss (p=0.000). 

Conclusions. Conclusions. 
Inn our experience, the surgical treatment of acute type A aortic dissection with the 
aidd of ASCP was associated with acceptable hospital mortality and neurologic 
morbidityy rates. 
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Introduction n 

Despitee the fact that several advances in preoperative recognition, intraoperative 
techniquess and postoperative care have been achieved in recent years, the 
treatmentt of acute type A aortic dissection is still associated with considerable 
mortalityy and morbidity rates [1-4]. Antegrade selective cerebral perfusion 
(ASCP)) has proved to be a reliable method of brain protection during surgery of 
thee thoracic aorta [5-8]. However, since manipulation and cannulation of the arch 
vesselss are required, its use during aortic dissection repair is still debated. The 
purposee of this study was to review our experience in 122 consecutive patients 
undergoingg surgery for acute type A aortic dissection with the aid of ASCP and to 
determinee the risk factors associated with hospital mortality and adverse 
neurologicall  outcome. 

Materiall and methods 

Patients Patients 
Betweenn October 1995 and August 2001, 122 patients underwent surgical repair 
off  acute type A aortic dissection with the aid of ASCP, moderate hypothermia, and 
openn distal anastomosis at St. Antonius Hospital (Nieuwegein, the Netherlands) 
andd S'Orsola Hospital (Bologna, Italy). Medical records were reviewed for 
clinicall  variables including preoperative status, intraoperative data, and early 
postoperativee complications. Patients referred for chronic dissections were 
excludedd from the study. 

Seventy-sixx men (62.3%), and 46 women (37.7%) having a mean age of 2 
yearss (range 27 to 81 years) were enrolled in the study. All patients had precordial, 
back,, or abdominal pain at the onset of symptoms. Cardiac tamponade (n=34, 
27%),, new neurological deficits (n=ll, 9%), aortic valve insufficiency (n=27, 
22.1%),, and arterial hypertension (n= 52, 42.6%) were the most common 
preoperativee findings (Table 1). Preliminary diagnosis at the referring institutions 
wass usually made by means of echocardiography, computed tomographic scan or, 
occasionally,, by angiography. To prevent further delay, it is the policy of our 
institutionss to immediately transfer the patient to the operating room where a 
transesophageall  echocardiogram is performed under anesthesia for final 
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diagnosticc confirmation. 

Thee dissection always involved the ascending aorta. The tear site was located at 
thee ascending aorta in 84 patients (68.9%), at the transverse arch in 24 (19.7%), 
andd at the proximal descending thoracic aorta in 3 (2.5%). In the remaining 11 
patientss (9.0%), an entry tear was not found (probably because it was more distally 
located). . 

OperativeOperative technique 
AA median sternotomy was used in all 122 cases. After systemic heparinization, 
cardiopulmonaryy bypass (CPB) was performed using a cannula for arterial return 
inn the femoral artery having the best pulsation and a venous single-two stage 
cannulaa in the right atrium. The left side of the heart was vented through the right 
superiorr pulmonary vein. Myocardial protection was obtained by means of 
antegradee or retrograde infusion of cold crystalloid cardioplegia and topical 
pericardiall  cooling. 

Detailss of our cannulation technique and method of ASCP with moderate 
hypothermicc circulatory arrest have been previously described [9,10]. Briefly, 
afterr the cardiopulmonary bypass was instituted and the patients were cooled to a 
nasopharyngeall  temperature of 22 to 26°C (usually within 30 minutes), systemic 
circulationn was arrested and the aorta opened. With the patient in the 
Trendelenburgg position, two 15 F retrograde coronary sinus perfusion cannulas 
(Medtronicc DLP; Chase Medical Inc, Houston, TX) were inserted into the 
innominatee and left common carotid arteries through the aortic lumen. The left 
subclaviann artery was clamped or occluded with a Fogarty catheter (Baxter Health 
Care,, Irvine CA; IFM Clearwater, FL) in order to avoid the steal phenomenon. 

Cerebrall  perfusion was started at a rate of 10ml/min/kg and adjusted to maintain a 
rightright radial arterial pressure between 40 and 70 mm of Hg. During open distal 
anastomosiss [11,12], blood perfusion to the lower half of the body from the 
femorall  artery was discontinued. 

Afterr the distal anastomosis was performed, the proximal graft was cross-
clampedd and the extracorporeal circulation reinstituted in an antegrade manner 
troughh a side branch of the prosthesis. The intimal tear was always resected if 
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TableTable 1. Univariate analysis of hospital mortality, PND, and TND. 

Hospitall  mortality PND 
Riskk factor n Death% p n PND% p n 

TND D 
TND%% p 

0.649 9 

0.588 8 

0.371 1 

0.485 5 

0.207 7 

Renall  insufficiency 0.416 
Noo 115 19.1 

Yess 7 28.6 

0.029 9 

0.039 9 

0.553 3 

0.411 1 

Age>65 5 
No o 

Yes s 

Gender r 
Male e 
Female e 

Hypertension n 
No o 

Yes s 

Marfan n 
No o 

Yes s 

COPD D 
No o 

Yes s 

70 0 
52 2 

76 6 
46 6 

70 0 
52 2 

119 9 
3 3 

115 5 
7 7 

21.4 4 
17.3 3 

19.7 7 
19.6 6 

21.4 4 
17.3 3 

19.3 3 
33.3 3 

20.9 9 

Tamponade e 
No o 

Yes s 

Neurologic c 
symptoms s 

No o 
Yes s 

Aorticc insufficiency 
No o 
Yes s 

Redoo procedure 
No o 

112 112 

88 8 
34 4 

111 1 
11 1 

95 5 
27 7 

118 8 
4 4 

14.8 8 
32.4 4 

17.1 1 
45.5 5 

20.0 0 
18.5 5 

20.3 3 

66 6 
49 9 

71 1 
44 4 

65 5 
50 0 

113 3 
2 2 

108 8 
7 7 

109 9 
6 6 

87 7 
28 8 

106 6 
9 9 

88 8 
27 7 

111 1 
4 4 

9.1 1 
4.1 1 

5.6 6 
9.1 1 

6.2 2 
8 8 

7.1 1 

6.5 5 
14.3 3 

7.3 3 

4.6 6 
14.3 3 

7.5 5 

6.8 8 
7.4 4 

7.2 2 

0.463 3 

0.362 2 

0.488 8 

0.865 5 

0.405 5 

0.642 2 

0.097 7 

0.510 0 

0.602 2 

0.746 6 

60 0 
47 7 

67 7 
40 0 

61 1 
46 6 

105 5 
2 2 

101 1 
6 6 

101 1 
6 6 

83 3 
24 4 

98 8 
9 9 

82 2 
25 5 

103 3 
4 4 

10.0 0 
12.8 8 

11.9 9 
10.0 0 

8.2 2 
15.2 2 

11.4 4 

11.9 9 

10.9 9 
16.7 7 

8.4 4 
20.8 8 

7.1 1 
55.6 6 

11.0 0 
12.0 0 

11.7 7 

0.440 0 

0.512 2 

0.203 3 

0.787 7 

0.481 1 

0.519 9 

0.096 6 

0.001 1 

0.566 6 

0.617 7 
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Hospitall  mortality PND TND 

Riskk factor n Death% p n PND% p n TND% p 

Tearr site 
Ascendingg aorta 
Arch h 
Proximal l 
descendingg aorta 
Unknown n 

Failuree to 
resectt the tear 

No o 
Yes s 

Extentt of 
replacement t 

Ascending g 
aorta/hemiarch h 

Ascending g 
aorta+arch h 

Associated d 
procedures s 

No o 
Yes s 

CPBB time>180 
No o 
Yes s 

Myocardial l 
ischemicc time>120 

No o 
Yes s 

ASCPP time>60 
No o 
Yes s 

84 4 
24 4 

3 3 
11 1 

111 1 
11 1 

102 2 

20 0 

94 4 
28 8 

63 3 
59 9 

82 2 
40 0 

82 2 
40 0 

20.2 2 
12.5 5 

33.3 3 
27.3 3 

18.9 9 
27.3 3 

19.6 6 

20.0 0 

20.2 2 
17.9 9 

15.9 9 
23.7 7 

17.1 1 
25.0 0 

19.5 5 
20 0 

0.670 0 

0.371 1 

0.589 9 

0.510 0 

0.194 4 

0.213 3 

0.564 4 

81 1 
22 2 

2 2 
10 0 

105 5 
10 0 

98 8 

17 7 

87 7 
28 8 

61 1 
54 4 

79 9 
36 6 

79 9 
36 6 

3.7 7 
18.2 2 

10 0 

6.7 7 
10.0 0 

5.1 1 

17.6 6 

6.9 9 
7.1 1 

3.3 3 
11.1 1 

5.1 1 
11.1 1 

3.8 8 
13.9 9 

0.117 7 

0.529 9 

0.094 4 

0.625 5 

0.100 0 

0.211 1 

0.080 0 

78 8 
18 8 

2 2 
9 9 

98 8 
9 9 

93 3 

14 4 

81 1 
26 6 

59 9 
48 8 

75 5 
32 2 

76 6 
31 1 

11.5 5 
16.7 7 

12.2 2 

10.8 8 

14.3 3 

11.1 1 
11.5 5 

8.5 5 
14.6 6 

10.7 7 
12.5 5 

11.8 8 
9.7 7 

0.586 6 

0.328 8 

0.488 8 

0.598 8 

0.245 5 

0.509 9 

0.522 2 
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ASCP=antegradee selective cerebral perfusion; CPB=cardiopulmonary bypass; COPD=chronic 
obstructivee pulmonary disease; PND=permanent neurological dysfunction; TND=temporary 
neurologicall  dysfunction 

locatedd in the ascending aorta or in the transverse arch; the false lumen was 
occludedd with a monofilament suture using a Teflon (CR. Bard, Tempe, AZ) felt, 
gelatine-resorcinol-formaldehyde-gluee (GRF-glue, Fii, Sain-Just-Malmont, 
France)) or fibrinous glue (Tissue-col, Immuno AG, Vienna, Austria) to reinforce 
thee proximal and distal anastomotic sites. The reconstructive material was placed 
betweenn the dissected aortic layers. The extent of the replacement, determined by 
thee intimal tear location, and the associated procedures are summarized in Table 2. 

Whenn a complete aortic arch replacement was performed, "en bloc repair" (n=13) 
[13]]  or "separated graft technique" (n=7) [5] were used to reimplant the arch 
vessels.. The tools of cerebral monitoring included right and left radial arterial 
pressuree lines, electroencephalogram, regional oxygen saturation in the bilateral 
frontall  lobes by means of a near-infrared spectroscopy and transcranial Doppler 
measurementt of the blood velocity of the middle cerebral artery to confirm the 
properr placement and function of both cannulas when available. Transesophageal 
echocardiographyy was routinely used. 

StatisticalStatistical analysis 
Continuouss variables were expressed as mean  1 standard deviation, and 
categoricall  variables were expressed as percentages. All preoperative and 
intraoperativee variables (Table 1) were first analyzed using univariate analysis 
(unpairedd two-tailed t test, x2 t e st o r Fisher's exact test when appropriate) to 
determinee whether any single factor influenced hospital mortality and neurologic 
outcome;; p < 0.05 was considered to indicate statistical significance. Variables 
whichh had p < 0.05 in the univariate analysis were examined using multivariate 
analysiss by forward stepwise logistic regression in order to evaluate independent 
riskk factors for hospital mortality, permanent neurological dysfunction, and 
transientt neurological dysfunction. 

Thee analysis for permanent neurological dysfunction (stroke or coma) and 
transientt neurological dysfunction (postoperative confusion, agitation, delirium, 
prolongedd obtundation, or transient parkinsonism with negative brain computed 
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tomographyy scanning and complete resolution before discharge) were conducted 
separately.. Risk factors for permanent neurological dysfunction were examined in 
alll  patients who survived the operation long enough to undergo neurological 
evaluation.. Risk factors for transient neurologic dysfunction were assessed in all 
operativee survivors without permanent neurological dysfunction. Statistical 
analysiss was performed using SPSS 10.0 statistical software (SPSS Inc, Chicago, 
IL). . 

Results s 

CardiopulmonaryCardiopulmonary bypass data 
Thee mean CPB time was 4 minutes (range 85 to 493 minutes) and the mean 
myocardiall  ischemic time was 4 minutes (range 28 to 267 minutes). The 
meann ASCP time was 7 minutes (range 19 to 150 minutes). Sixty-five 
patientss (53.3%) had an ASCP time of more than 45 minutes, and 36 (29.5%) of 
moree than 60 minutes (Fig.1). The mean lowest nasopharyngeal and rectal 
temperaturess were C and , respectively. The mean 
lowestt blood temperature was 18.1 . 

HospitalHospital mortality 
Overalll  hospital mortality was 19.7% (24 of 122 patients). Causes of death were 
multiorgann failure (n=10), bleeding (n=4), late residual aneurysm rupture in the 
wardd (n=4), cardiac failure (n=2), coma (n=2), intestinal ischemia (n=l), and acute 
myocardiall  infarction (n=l). 

Usingg multivariate analysis, preoperative new neurologic deficits (p=0.017; 
OR=5.6)) and cardiac tamponade (p=0.018; OR=5.6) were indicated to be 
independentt determinants for hospital mortality (Table 3). Failure to resect the 
intimall  tear as well as prolonged CPB and ASCP times had no impact on hospital 
mortalityy (table 1). 

HospitalHospital morbidity 
Thee 2 patients who died in the operating room from bleeding, the 3 who died from 
multiorgann failure and the 2 who died from cardiac failure before sedation couldbe 
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discontinuedd were excluded from the analysis for neurological outcome. 

Permanentt neurological dysfunction occurred in 8 patients (7%). No predictive 
riskk factors for permanent neurological dysfunction were identified by 
multivariatee analysis. Transient neurologic dysfunction occurred in 12 of the 107 
survivorss without permanent neurological dysfunction (11.2%). Stepwise logistic 
regressionn indicated preoperative new neurological deficits (p=0.000; OR=14.6) 
andd cardiac tamponade (p=0.019; OR=5.4) to be independent predictors of 
transientt neurological dysfunction (Table 3). Failure to resect the intimal tear as 
welll  as prolonged CPB and ASCP times were not statistically associated with an 

TableTable 2. Overview of the operative techniques 

Operativee techniques No.. of patients (%) 
Proximall  aortic repair a 

Distall  aortic repair b 

Aorticc valve replacement 
Compositee graft replacement 
Aorticc valve resuspension 
Aorticc root remodeling 
CABG G 
Elephantt trunk 

1022 (83.6) 
20(16.4) ) 
77 (5.7%) 
10(8.2) ) 
4(3.3) ) 
66 (4.9) 
4(3.3) ) 
11 (0.8) 

aa Ascending aorta or hemiarch replacement; 

"" Ascending aorta and transverse arch replacement. 
CABG=coronaryy artery bypass grafting. 

increasedd risk of permanent or transient neurologic complications (table 2).Other 
postoperativee complications included renal insufficiency requiring dialysis in 11 
patientss (9%), respiratory insufficiency requiring mechanical ventilatory support 
off  more than 5 days in 27 (22.1%), acute myocardial infarction in 7 (5.7%), and 
bleedingg requiring a rethoracotomy in 17 (13.9%). 
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TableTable 3. Stepwise logistic regression for significant 
determinantsdeterminants of hospital mortality and TND. 

hospitall  mortality 
Predictorr p Odds 95% CL 

Ratio o 
Neww neurological deficits 0.017 5.6 1.33-20.22 
Cardiacc tamponade 0.018 5.6 1.22-8.96 

TND D 

P P 

0.000 0 
0.019 9 

Odds s 
Ratio o 
14.6 6 
5.4 4 

95%% CL 

6.40-316.73 3 
1.38-44.54 4 

CL=confidencee limit; TND=transient neurologic dysfunction. 

Comment t 

Althoughh the surgical outcome in patients with acute type A aortic dissection has 
substantiallyy improved in recent years, mortality and morbidity rates are still 
considerablyy high [1-4]. 

Inn our high-risk group of patients (Table 1), the hospital mortality, permanent 
neurologicall  dysfunction, and transient neurological dysfunction rates were 
19.7%,, 7% and 11.2%, respectively. Multivariate analysis indicated only 
preoperativee conditions, namely new neurological deficits and cardiac tamponade, 
too be independent predictive risk factors for hospital mortality and transient 
neurologicc dysfunction. None of the variables analyzed were statistically 
correlatedd with an increased risk of permanent neurological dysfunction. 

Itt has been demonstrated that a deep hypothermic circulatory arrest time of more 
thann 30, 45 and 60 minutes is associated with an increasing risk of transient 
neurologicall  dysfunction, stroke, and mortality, respectively [14,15]. Therefore, in 
ourr series, only 11 patients (9%), who had an ASCP time of less than 30 minutes, 
couldd have been treated by means of deep hypothermic circulatory arrest within 
thee safe time limit. Sixty-five patients (53.3%) had an ASCP time of more than 45 
minutes,, and 36 (29.5%) of more than 60 minutes (Fig. 1). In this study, which 
confirmss our previous findings [6,8-10], the duration of ASCP did not affect 
hospitall  mortality and neurological outcome. 
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FigureFigure 1. Distribution of patients by selective cerebral perfusion time. (ASCP= 
antegradeantegrade selective cerebral perfusion) 

61.5% % 

II I I I I I i I i i I i i I I I I I I I I I I i I i 

00 30 60 90 120 

ASCPP time (min) 

Byy means of ASCP, the time of circulatory arrest can be safely prolonged as 
comparedd to deep hypothermic circulatory arrest with or without retrograde 
cerebrall  perfusion, allowing more complex repairs to be performed [7]. This seems 
too be very important especially in the case of acute aortic dissection repair, 
permittingg unhurried and accurate reconstruction of the friable aortic tissue or 
moree extended aortic replacement. 

Recentt reports [16-21] indicate an higher risk of early mortality when 
simultaneouss aortic arch replacement is performed, ranging from 20% to 55%. In 
aa recent study, Kazui et al. [22] reported a hospital mortality of 21% in a selected 
groupp of 70 patients with acute type A aortic dissection undergoing complete aortic 
archh replacement with the aid of ASCP. In our series, a simultaneous aortic arch 
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replacementt was performed in 20 patients (16.7%) with a hospital mortality rate 
off  20% (4/20). The extent of the replacement did not affect either hospital 
mortalityy or neurological outcome. 

Thee technical complexity and cumbersome operative field, as well as manipulation 
andd cannulation of the arch vessels which might be involved in the dissection, are 
consideredd as possible drawbacks of ASCP. Preparation and insertion of the ASCP 
catheterss take less than 2 minutes in experienced hands. Our ASCP cannulas are 
flexiblee and can be easily placed towards the patient's head so as not to obscure 
thee operating field. Furthermore, they are connected to the oxygenator through a 
separatee single roller pump allowing separate control of systemic and cerebral 
perfusions.. Cannulation of the arch vessels, especially in case of acute dissection, 
iss certainly a delicate maneuver, and great care has to be taken. However, in our 
series,, no cannulation-related complications occurred. It was always possible to 
distinguish,, throughout the aortotomy, the true lumen of the arch vessels and to 
perform,, under direct visualisation, a safe cannulation. If the arch vessels are 
involvedd in the dissection and a simultaneous aortic arch replacement is 
performed,, the "separated graft technique" [22] can be used to reimplant the supra-
aorticc vessels. This provides an important advantage, that is, the anastomotic 
suturess are placed more distally on the arch vessels to which point the dissection 
doess not usually extend. 

Inn our series, no spinal cord injuries occurred after surgery. The mean circulatory 
arrestt time was 7 minutes, and the mean nasopharyngeal and rectum 
temperaturess were 23°C and 26°C, respectively. This proves that when ASCP and 
moderatee hypothermia are employed, it is safe to stop body circulation for about 
600 minutes. Using ASCP, spinal cord perfusion may continue through the right 
subclaviann and right vertebral arteries, as well as through the blocked left 
subclaviann and left vertebral arteries. This probably underscores the value of 
ASCPP and the importance of blocking the left subclavian artery. 

Cerebrall  monitoring plays a central role during aortic dissection repair. The 
installationn requires only a few minutes and malpositioning of the ASCP system as 
welll  as cerebral malperfusion at the institution of CPB can be easily and 
immediatelyy detected. If cerebral malperfusion occurs during the cooling period, 
eitherr a different arterial inflow site can be selected or, alternatively, if the patient's 
temperaturee is already low enough, circulatory arrest and ASCP can be promptly 
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instituted. . 

Inn summary, during surgery of acute type A aortic dissection, ASCP with moderate 
hypothermiaa provided reliable brain protection, even in longer periods of 
circulatoryy arrest which are anticipated in this complex form of aortic surgery. 
ASCPP is technically feasible, and resulted in low neurologic complication rate and 
acceptablee hospital mortality. 
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