
Abstract 

Objectives: Surgical procedures for various aortic arch pathologies still result in high mortality and 
morbidity. Success in these aortic procedures is directly related to cerebral protection techniques dur-
ing circulatory arrest. Herein, we analyzed risk factors for postoperative neurological dysfunction.
Methods: Between June 2008 and April 2010, 104 patients underwent surgery for aneurysms or dis-
sections using hypothermic circulatory arrest, with or without retrograde cerebral perfusion or ante-
grade cerebral perfusion. The mean age of patients was 68.5 ± 12 years, and 63.5% were male. Sixty 
patients were treated for acute aortic dissection, eight patients for chronic dissection, and 36 patients 
for a degenerative and atherosclerotic aneurysm.
Results: Hospital mortality was 2.9%, and the overall post-operative neurological dysfunction rate was 
16.3%. In addition, the incidence of permanent and temporary neurological dysfunction was 12.5% 
and 3.8%, respectively. Univariate analysis of risk factors for permanent neurological dysfunction re-
vealed that acute aortic dissection, emergency case pre-operative neurological dysfunction, partial arch 
replacement, cannulation from cardiac apex, and deep hypothermic circulatory arrest plus retrograde 
cerebral perfusion duration were associated with post-operative permanent neurological dysfunction. 
Multivariate analysis revealed that pre-neurological dysfunction and deep hypothermic circulatory ar-
rest plus retrograde cerebral perfusion duration were significant independent risk factors for perma-
nent neurological dysfunction. 
Conclusions: Prolonged duration of deep hypothermic circulatory arrest plus retrograde cerebral per-
fusion and pre-operative neurological dysfunctions were risk factors for permanent neurological dys-
function. The moderate hypothermic circulatory arrest plus an antegrade cerebral perfusion method 
used at our institution can reduce the incidence of postoperative neurological dysfunction.
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Introduction
The rates of mortality and morbidity 

following surgery for various aortic arch pa-
thologies, including acute aortic dissection 
or atherosclerotic aneurysms, remain high. 
In particular, postoperative neurologic dys-
functions are a serious outcome. Success 

in aortic procedures is directly related to 
cerebral protective techniques applied dur-
ing circulatory arrest, including deep hy-
pothermic circulatory arrest (DHCA) and 
moderate hypothermic circulatory arrest 
(MHCA). The choice of optimal strategies 
for cerebral protection and surgical tech-
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Increased of Langerhans Cells in Smokeless 
Tobacco-Associated Oral Mucosal Lesions

Érica Dorigatti de Ávila1, Rafael Scaf de Molon2, Melaine de Almeida Lawall1, Renata Bianco 
Consolaro1, Alberto Consolaro1

Abstract

Objective: To evaluate the changes in the number of Langerhans Cells (LC) observed in the epithelium of 
smokeless tobacco (SLT-induced) lesions. 
Methods: Microscopic sections from biopsies carried out in the buccal mucosa of twenty patients, who were 
chronic users of smokeless tobacco (SLT), were utilized. For the control group, twenty non-SLT users of SLT 
with normal mucosa were selected. The sections were studied with routine coloring and were immunostained 
for S-100, CD1a, Ki-67 and p63. These data were statistically analyzed by the Student’s t-test to investigate the 
differences in the expression of immune markers in normal mucosa and in SLT-induced leukoplakia lesions. 
Results: There was a significant difference in the immunolabeling of all markers between normal mucosa 
and SLT-induced lesions (p<0.001). The leukoplakia lesions in chronic SLT users demonstrated a significant 
increase in the number of Langerhans cells and in the absence of epithelial dysplasia. 
Conclusion: The increase in the number of these cells represents the initial stage of leukoplakia. 
Key words: Smokeless tobacco, leukoplakic lesions, cancer, langerhans cells, chewing tobacco.

Introduction

Among tobacco users, there is a false be-
lief that SLT is safe because it is not burned, 
which leads many people to quit cigarettes 
and start using SLT [1]. However, SLT con-
tains higher concentrations of nicotine than 
cigarettes and, in addition, nearly 30 carci-
nogenic substances, such as tobacco-specific 
N-nitrosamines (TSNA), which is formed 
during the aging process of the tobacco, [2-4] 
and which presents high carcinogenic poten-
tial. Moreover, because the tobacco has direct 

contact with the oral mucosa and creates a 
more alkaline environment, its products may 
even be more aggressive to tissue [5]. The 
percentage of SLT users is lower compared 
to cigarette users; however, usage is increasing 
among young individuals and it is therefore a 
significant and disturbing danger [6,7]. 

Initial studies on the effects of SLT on the 
oral mucosa demonstrated the formation of 
white lesions induced by chronic exposure to 
tobacco, characterized by epithelial thicken-
ing, increased vascularization, collagen altera-
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niques for ascending or arch aortic repair is essential 
for improving the surgical outcome of atherosclerotic 
aneurysms or dissections. DHCA has been widely used 
for thoracic aortic repairs. However, the safe duration 
of DHCA is limited, and DHCA is usually performed 
with retrograde cerebral perfusion (RCP) or antegrade 
cerebral perfusion (ACP).

In the present study, we retrospectively examined 
the risk factors for neurological dysfunction in patients 
undergoing aortic surgery receiving DHCA or MHCA, 
with either RCP or ACP.

Patients and Methods
Between June 2008 and April 2010, a total of 104 

patients underwent surgery for aneurysms or dissec-
tions using hypothermic circulatory arrest (HCA), 
with or without RCP or ACP. The study was restricted 
to the hospitalization period, and the collected data 
were retrospectively analyzed. The mean patient age 
was 68.5 ± 12 years (range 19 to 85 years), and 63.5% 
were males. A total of 60 patients (57.5%) were treated 
for acute aortic dissection, eight (7.7%) for chronic dis-
section, and 36 (34.6%) for a degenerative and athero-
sclerotic aneurysm. The patient demographic and pre-
operative data are summarized in Table 1. 

Analysis was focused on permanent neurological 
dysfunction (PND). PND was defined as the pres-
ence of permanent deficits persisting at discharge, or 
focal brain lesions confirmed by computed tomogra-
phy (CT) scanning or magnetic resonance imaging 
(MRI). Temporary neurological dysfunction (TND) 
was defined by symptoms of transient confusion, agita-
tion, lethargy, obtundation not associated with stroke, 
temporary monoparesis, dysarthria, or diplopia. CT or 
MRI revealed no new lesions in all patients. 

Surgical Techniques and Neuroprotection
Anesthesia was induced and maintained in the 

standard manner. The radial artery was cannulated 
for continuous blood pressure monitoring, and a 
transesophageal echocardiographic probe was placed 
for assessment of cardiac function. Temperature probes 
were used for esophageal, urinary bladder, and rectal 
temperature monitoring. Following median sternoto-
my and administration of systemic heparin, the right 
atrium, the ascending aorta or femoral artery, right ax-
illary artery, or cardiac apex for arterial inflow were can-
nulated. Bicaval cannulation for venous drainage with 
left ventricular venting was performed. For patients 
with acute dissection and right axillary perfusion or 
cardiac apex perfusion, femoral perfusion was used to 
avoid malperfusion. 

After cardiopulmonary bypass (CPB), the patients 
were cooled to a target temperature. In the early se-
ries with DHCA plus RCP, target temperatures of the 
esophagus, bladder, and rectum were 20-22°C. In the 
late series with MHCA, the target temperature was 25-
28°C. For patients with ascending aortic perfusion or 
right axillary perfusion, the ascending aorta was cross-
clamped and opened, and antegrade blood cardiople-
gia was administered directly into the coronary ostia. 
Maintenance of myocardial protection was achieved 
with a 20-minute interval administration of retrograde 
coronary sinus cardioplegia. For patients with cardiac 
apex perfusion, maintenance of myocardial protection 
was intermittently administered by retrograde coro-
nary sinus cardioplegia.

After reaching the target temperature, the ascend-
ing aorta and transverse arch were opened. In the early 
series with DHCA plus RCP, venous pressure was 
maintained at 10 mmHg, and an RCP flow of 200 ml/
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Variable                                                                          No. of Patients
Gender

Male 66 (63.5%)
Female 42 (36.5%)

Age 65.9±12
Causes

Acute aortic dissection 60 (57.7%)
Chronic aortic dissection 8 (7.7%)
Atherosclerosis 36 (34.6%)
Marfan syndrome 3 (2.9%)

Urgency
Emergency 62 (59.6%)

Coexisting diseases
Hypertension 85 (81.7%)
Diabetes mellitus 12 (11.5%)
Chronic obstructive pulmonary disease 5 (4.8%)
Smoking 56 (53.8%)
Coronary artery disease 14 (13.5%)
Chronic renal failure 4 (3.8%)
Preoperative neurological dysfunction 8 (7.7%)

Table 1. Patient demographic and preoperative data (n = 104).
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min was generated. In the middle series with DHCA 
plus ACP, a 10-12 F ACP balloon-tipped cannula was 
inserted from within the aorta into the innominate 
artery, left carotid artery, and left subclavian artery 
under visual control, and the balloon tip pressure was 
maintained at 40-50 mmHg, with an ACP flow of 200 
ml/min for a total of 600 ml/min. In the series with 
MHCA plus ACP, the target temperature was 25-28°C, 
and ACP flow was identical to the middle series. Hy-
pothermic circulatory management was achieved using 
the Alpha stat method. All distal aortic anastomoses 
were performed using an open distal technique during 
hypothermic arrest.

In patients with ascending aortic replacement or 
partial arch replacement for acute type A aortic dis-
section, dissected layers of the aortic wall were recon-
structed with inner and outer Teflon felts and a mono-
filament suture. A single-branched Dacron graft was 
anastomosed, and distal perfusion was commenced 
using a branch graft. In patients with an ascending aor-
tic aneurysm, the aortic wall was reconstructed with an 
outer Teflon felt strip and monofilament suture. The 
patients were subsequently warmed, and the ascending 
aorta was transected around the sinotubular junction. 
The aortic root was inspected, and a decision for com-
posite replacement or valve sparing was made accord-
ing to pathology.

In patients with aortic dissection, the proximal false 
channel was closed with inner and outer Teflon felt 
strips and was arbitrarily fixed using fibrin tissue ad-
hesive. Proximal anastomosis was then performed. In 
the case of partial arch replacement, the innominate ar-
tery was reconstructed using a branch graft. In patients 
with total arch replacement for an aortic arch aneurysm 
and aortic dissection, open distal anastomosis was per-
formed, and the elephant trunk technique was used for 
distal anastomosis [1,2]. Antegrade distal aortic perfu-
sion was commenced with a branch graft, and the pa-
tients were warmed. When reconstruction of the left 
subclavian artery was difficult following recommence-
ment of distal aortic perfusion, reconstruction was per-
formed prior to reperfusion. Thereafter, proximal anas-
tomosis and an aortic valve, or aortic replacement, were 
performed, and the left common carotid and innomi-
nate arteries were reconstructed. Surgical techniques 

and neuroprotection are summarized in Table 2. If 
patients exhibited severe atheromatous changes in the 
descending aorta, femoral perfusion was used to flush 
out debris from the aorta following distal anastomosis.

Statistics
Statistical analysis was performed using StatView 

5.0 (SAS Institute, Cary, NC) software. Probability (P) 
< 0.05 was considered significant. Frequency and per-
cent values (% values) of categoric variables and mean, 
average, and standard deviation values of continuous 
variables were determined. The 95% confidence inter-
vals (CI) were also calculated. Univariate and multivar-
iate logistic regression analysis were used to investigate 
risk factors for PND.

Variable                                                                          No. of Patients
Aortic surgeries

  Ascending aortic replacement 59 (56.7%)
  Partial arch replacement 4 (3.8%)
  Total arch replacement 29 (27.9%)
  Aortic root replacement 13 (12.5%)

Aortic valve surgery
  Aortic valve replacement 10 (9.6%)

Cannulation sites
  Cardiac apex 52 (50%)
  Ascending aorta 33 (31.7%)
  Subclavian artery 4 (3.8%)
  Femoral artery 15 (14.4%)

Brain protections
  DHCA 2 (1.9%)
  DHCA+RCP 65 (62.5%)
  HCA+ACP 37 (35.6%)

Lowest core temperature
  Deep hypothermia (20-220C) 91 (87.5%)
  Moderate hypothermia (25-280C) 13 (12.5%)

Others
  Duration of brain protections

    DHCA (min) 22.5±0.7
    DHCA+RCP (min) 32.8±9.1
    HCA+ACP (min) 105.5±46

  Minimum rectal temperature (0C) 22.4±2.5
  Operation time (min) 371.8±110.9
  Cardiopulmonary bypass time (min) 209.3±60.5
  Cardiac ischemic time (min) 109.3±36.3

Table 2. Surgical techniques and brain protection.

ACP: antegrade cerebral perfusion, DHCA: deep hypothermic 
circulatory arrest, HCA: hypothermic circulatory arrest, RCP: 
retrograde cerebral perfusion
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Results
Hospital mortality was confined to three patients 

(2.9%); these patients died from acute type A dissec-
tion. One patient died from low cardiac output fol-
lowing myocardial infarction, one patient died from 
low-oxygen brain injury and pneumonia following 
post-operative cardiac tamponade, and one patient 
died from cardiac tamponade following post-operative 
re-dissection. 

The overall post-operative neurological dysfunc-
tion rate was 16.3%. The incidence of permanent neu-
rological dysfunction was 12.5%, with acute aortic 
dissection in 12 patients and a true aneurysm in one 
patient. Of the patients who experienced cerebral in-
farction, two patients exhibited apallic syndromes, two 
patients exhibited paraplegia, and one patient exhibited 

Variable                                                                          No. of Patients
Postoperative neurological dysfunction 17 (16.3%)
     Permanent neurological dysfunction 13 (12.5%)
           Cerebral infarction 8
           Apallic syndrome 2
           Paraplegia 2
           Ischemic encephalopathy 1
     Temporary neurological dysfunction 4 (3.8%)
           Transient disturbance of consciousness 2
           Transient convulsive seizure 2
Paroxysmal atrial fibrillation 17 (16.3%)
Cardiac tamponade 4 (3.8%)
Pneumonia 3 (2.9%)
Acute myocardial infarction 2 (1.9%)

Table 3. Postoperative complication.

ischemic encephalopathy. The incidence of temporary 
neurological dysfunction was 3.8%, with acute aortic 
dissection in three patients and chronic aortic dissec-
tion in one patient. Two patients experienced both 
transient disturbances of consciousness and convulsive 
seizures. In elective operations, the incidence of per-
manent neurological dysfunction was 2.4%. Following 
surgery, various complications developed, including 
paroxysmal atrial fibrillation in 16.3%, post-operative 
cardiac tamponade in 3.8%, pneumonia in 2.9%, and 
acute myocardial infarction in 1.9% (Table 3). 

The duration of the intensive care unit stay and 
post-operative hospital stay of patients who developed 
PND was significantly extended (16.2 ± 10.4 days) 
compared with the remaining patients (9.1 ± 7.6 days). 
There was no significant difference in age (P = 0.48) or 
sex (P = 0.17) between the two groups. Univariate anal-
ysis of risk factors for PND revealed that acute aortic 
dissection (P < 0.03), emergency case (P < 0.04), pre-
operative neurological dysfunctions (P < 0.05), partial 
arch replacement (P < 0.05), cannulation from cardiac 
apex (P < 0.05), and DHCA plus RCP duration (P < 
0.02) were associated with post-operative PND (Table 
4). Multivariate analysis revealed that pre-neurological 
dysfunction (P < 0.04) and DHCA plus RCP duration 
(P < 0.03) were significant independent risk factors for 
PND (Table 4). Data comparing the onset PND group 
and the non-PND group are shown in Table 5. 

The PND rate was 13.3% (2/15) in femoral perfu-
sion, 25% (1/4) in subclavian perfusion, 3% (1/33) 
in ascending aortic perfusion, 19.2% (10/52) in api-

Variable
Univariate Multivariate

P value Odds ratio (95%CI) P value Odds ratio (95%CI)
Male 0.1737 0.443 (0.137-1.432) 0.4894 0.581 (0.125-2.708)
Acute aortic dissection 0.0253<0.03 10.75 (1.341-86.16)
Emergency 0.0313<0.04 9.84 (1.227-78.888)
Smoking 0.2409 0.490 (0.149-1.614) 0.5393 0.610 (0.126-2.955)
Preoperative neurological dysfunction 0.041<0.05 5.16 (1.069-24.906) 0.0378<0.04 5.665 (1.103-29.104)
Partial arch replacement 0.0464<0.05 8.091 (1.033-63.344)
Cannulation from cardiac apex 0.0494<0.05 3.889 (1.004-15.07)
DHCA+RCP duration 0.0197<0.02 1.05 (1.008-1.094) 0.0226<0.03 1.049 (1.007-1.092)
Minimum rectal temperature 0.3815 1.108 (0.88-1.396) 0.4071 1.131 (0.845-1.514)
Operation time 0.3855 1.002 (0.997-1.007) 0.1682 1.004 (0.998-1.009)

Table 4. Risk factors for permanent neurological dysfunction determined by univariate and multivariate analyses.

CI: confidence interval, DHCA: deep hypothermic circulatory arrest, RCP: retrograde cerebral perfusion

Year 2013  |  Volume:2 | Issue:3 | 141-148  
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Variable
No. of patients

PND group Non-PND group
Male 6 (46.2%) 60 (66.7%)
Acute aortic dissection 12 (92.3%) 48 (52.7%)
Emergency 12 (92.3%) 50 (54.9%)
Smoking 5 (38.5%) 51 (56%)
Preoperative neurological dysfunction 3 (23.1%) 5 (5.5%)
Partial arch replacement 2 (15.4%) 2 (2.2%)
Cannulation from cardiac apex 10 (76.9%) 42 (46.2%)
DHCA+RCP duration (min) 37.5±6.7 31.8±9.3
Minimum rectal temperature (0C) 23±2.2 22.3±2.5
Operation time (min) 396.9±139.3 368.2±106.7

Table 5. Clinical data comparing the PND group and the non-PND group.

DHCA: deep hypothermic circulatory arrest, PND: permanent neurological dysfunction, RCP: retrograde cerebral perfusion

cal perfusion, 0% (0/2) in DHCA, 16.9% (11/65) 
in DHCA plus RCP, 5.4% (2/37) in HCA plus ACP, 
14.3% (13/91) in deep hypothermia, 0% (0/13) in 
moderate hypothermia, 13.6% (8/59) in ascending 
aortic replacement, 50% (2/4) in partial arch replace-
ment, 6.9% (2/29) in total arch replacement, 10% 
(1/10) in aortic valve replacement, and 0% (0/13) in 
aortic root replacement.

Discussion
The rates of hospital mortality following thoracic 

aortic surgery are reported as being between 3.8 and 
16.0% [3-6]. The hospital mortality rate in the present 
study was 2.9%, suggesting that the surgical techniques 
and neuroprotection methods at our hospital are above 
average. There are numerous reports on the neurologi-
cal outcome following thoracic aortic surgery and cer-
ebral protection. Ogino et al. reported on 531 patients 
who underwent arch surgery using ACP with right axil-
lary artery perfusion: the incidence of PND was 2.9% 
in total (3.3% in total arch replacement and 1.0% in 
partial arch replacement), and the incidence of TND 
was 9.9% in total (10.6% in total arch replacement and 
7.0% in partial arch replacement) [4]. Kazui et al. re-
ported on 472 patients who underwent aortic arch re-
placement using ACP: the overall post-operative TND 
and PND were 4.7% and 3.2%, respectively [3]. Toy-
ama et al. reported on 26 patients who underwent tho-
racic aortic repair with mild hypothermic circulatory 
arrest (34.3°C ± 1.9°C) and ACP: the overall post-op-
erative PND was 7.7% [5]. Apaydin et al. reported on 
339 patients who underwent ascending, root, and to-

tal arch replacement with cerebral protection (DHCA 
only, DHCA plus RCP, and DHCA plus ACP): the 
incidence of PND was 6.2% in total (4.1% in HCA 
only, 6.3% in DHCA plus RCP, and 10% in DHCA plus 
ACP), and the incidence of TND was 11.8% in total 
(6.2% in DHCA only, 12.5% in DHCA plus RCP, and 
21% in DHCA plus ACP) [6]. In the present study, 
the overall postoperative neurological dysfunction was 
16.3% (post-operative TND and PND were 3.8% and 
12.5%, respectively).

DHCA is a commonly used method for neuropro-
tection in aortic surgery and type A aortic dissection, 
and is a safe procedure for short periods of circulatory 
arrest. However, the safety limits of DHCA remain 
controversial. Svensson et al. reported that an excess 
of 25 minutes of circulatory arrest results in a high risk 
of transient neurological deficits, stroke, and mortal-
ity [7], while McCullough et al. reported that the pre-
dicted safe duration of DHCA at 15°C was 29 minutes 
[8]. In addition, Reich et al. reported that DHCA of 
25 minutes or more was associated with memory and 
fine motor deficits [9]. Cerebral protection methods 
currently include DHCA with or without RCP, as well 
as antegrade SCP. Although satisfactory results have 
been reported for DHCA with or without RCP, recent 
randomized clinical trials have revealed no evidence of 
cerebral metabolic, neurological, or neuropsychologi-
cal benefits for DHCA with or without RCP [10-12]. 
In the present study, the time of DHCA plus RCP was 
a significant risk factor for PND. McCullough et al. re-
ported that the HCA duration should be < 21 minutes 
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at an esophageal temperature of 20°C, and that the pa-
tient should be cooled toward an esophageal tempera-
ture of 10-11°C if the HCA period is anticipated to ex-
ceed 30 minutes [8]. Several experimental and clinical 
studies have shown that antegrade SCP presents sev-
eral advantages compared with DHCA with or without 
RCP.

Recently, ACP has been widely used for cerebral 
protection during hypothermic arrest. ACP extends 
the safe duration of circulatory arrest up to 90 min-
utes [13] and obviates the need for deep hypothermia, 
thereby reducing pump time and the risk of hypother-
mia-related complications, such as pulmonary insuffi-
ciency or coagulopathy. ACP is more effective in sup-
plying oxygenated blood to the brain, thus ensuring a 
more effective physiological brain energy metabolism. 
As such, ACP is considered the most reliable method 
for preventing ischemic injury to the brain [3]. Howev-
er, the optimal perfusion characteristics of ACP remain 
unknown.

The majority of PND cases are considered to result 
from an embolism due to atheroma or a clot [14], al-
though ACP requiring arch vessel cannulation was also 
suggested to result in cerebral embolism [15, 16]. Al-
though many ACP techniques have been reported, the 
simplest method for cerebral protection is unilateral 
ACP via the right axillary artery. The left carotid artery 
and left subclavian artery are clamped during circula-
tory arrest. Compared with bilateral perfusion, which 
incorporates cannulation to the right axillary artery 
or innominate artery, as well as the left carotid artery, 
unilateral cerebral perfusion has the advantage of mini-
mizing manipulation to aortic arch vessels. However, it 
remains controversial as to whether unilateral cerebral 
perfusion provides sufficient blood supply for the con-
tralateral hemisphere [17]. In terms of unilateral ACP, 
Willis circle variations, such as hypoplasia or arterio 
sclerosis obliterans alterations to the anterior and left 
posterior communicating arteries, may pose risks for 
contralateral lobe hypoperfusion [18, 19]. 

Although Bakhtiry et al. reported a good outcome 
following cannulation of the right axillary artery [20], 
the innominate artery, left carotid artery, and left sub-
clavian artery were cannulated in the present study for 
ascending aorta and aortic arch repairs because of a 

probable incomplete Willis circle. Results from the pre-
sent study revealed a post-operative PND rate of 5.4% 
using the HCA plus ACP method. However, a postop-
erative PND rate of 2.9% using the HCA plus unilateral 
ACP method [4] and a 2.2% incidence of PND fol-
lowing 181 aortic arch procedures with unilateral ACP 
[21] were previously reported. Nevertheless, a larger 
number of PND cases and increased mortality have 
been observed with unilateral ACP compared with 
bilateral ACP [22, 23]. Various ACP techniques have 
been described, the majority of which produce excel-
lent neurological results, although optimal perfusion 
characteristics remain undecided. Although unilateral 
cerebral perfusion has the advantage of minimizing ma-
nipulation to aortic arch vessels and avoiding emboliza-
tion, conclusive brain perfusion with three-vessel can-
nulation was preferred over the risk of embolization.

In the present study, the CPB time was not a sig-
nificant risk factor for PND. Nevertheless, the optimal 
systemic temperature in the CPB remains controversial 
[24]. Deep hypothermia results in adverse effects in-
cluding coagulopathy, fluid retention, and respiratory 
failure [25]. Therefore, moderate hypothermic circula-
tory arrest was used in combination with ACP at our 
institution. Bakhtiry et al. reported good results for aor-
tic dissections when ACP was controlled at a perfusion 
pressure of 75 mmHg and a flow rate of 1320 ± 160 ml/
min during HCA (rectal temperature of 30°C) [20]. 
Furthermore, Toyama et al. demonstrated that ACP 
was controlled at a perfusion pressure of 75 mmHg and 
a flow rate of 21.1 ± 4.3 ml/kg/min during HCA (rectal 
temperature of 30.6 ± 1.3°C) [5]. In the present study, 
the use of controlled ACP with a targeted perfusion 
flow pressure of 40 mmHg and a flow rate of 200 ml/
min for each cannula, with a total flow rate of 600 ml/
min and systemic temperature at 26-28°C, resulted in a 
low cerebral perfusion flow and pressure during HCA 
when compared to other studies [5, 20]. However, our 
low rate of hospital mortality and PND suggests that 
perfusion flow rate and target temperature were unre-
lated to neurological complications.

The type of aortic replacement method, tempera-
ture of hypothermic cardiac arrest, or the site of arterial 
cannulation were not risk factors affecting permanent 
neurological morbidity. However, acute aortic dissec-
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tion, emergency case, pre-operative neurological dys-
function, partial arch replacement, cannulation from 
cardiac apex, and DHCA plus RCP duration were as-
sociated with a high incidence of PND by univariate 
analysis. Following multivariate analysis, pre-operative 
neurological dysfunction, as well as DHCA plus RCP 
duration, were significant risk factors for PND, which 
mainly developed in the emergency cases of aortic dis-
section. In addition, the DHCA plus RCP duration was 
associated with PND. Previous experimental and clini-
cal studies have contested the ability of RCP to provide 
sufficient metabolic support, even at deeply hypother-
mic temperatures, suggesting that the major benefit of 
RCP is to assure maintenance of deep hypothermia 
during arrest of antegrade circulation [7]. Advanced 
age, HCA duration, atherosclerotic aneurysms, coro-
nary artery disease, hemodynamic instability, hyper-
tension, diabetes mellitus, and excessive transfusion 
were significant risk factors for PND in other studies 
[6, 13]. 

A limitation of our study is that it was a retrospec-
tive analysis at a single institution with a small num-
ber of cases. However, the relatively low incidence of 
neurological complications following elective surger-
ies demonstrated that our perfusion strategy results in 
adequate regional cerebral blood flow and meets the 
metabolic demands of the brain.

Conclusions
We found that prolonged duration of cerebral pro-

tection with DHCA plus RCP, as well as pre-operative 
neurological dysfunction, were risk factors for PND. 
The MHCA plus ACP method at our institution can 
reduce the incidence of postoperative neurological dys-
function.

Acknowledgments
No external funding was obtained for the work pre-

sented here.
Conflict of interest statement
The authors have no conflicts of interest to declare. 

        References 
1. Borst HG, Walterbusch G, Schaps D. Extensive 

aortic replacement using “elephant trunk” prosthe-
sis. Thorac Cardiovasc Surg 1983;31:37-40.

2. Noji S, Hashimoto A, Hirayama T, Hachiya M, 
Nakano K, Koyamagi H. [Surgical repair of distal 

aortic arch aneurysm using “elephant trunk” tech-
nique]. [Article in Japanese]. Nippon Kyobu Geka 
Gakkai Zasshi 1992;40:128-133.

3. Kazui T, Yamashita K, Washiyama N, Terada H, 
Bashar AH, Suzuki K, et al. Aortic arch replacement 
using selective cerebral perfusion. Ann Thorac Surg 
2007;83:S796-S798; discussion S824-S831.

4. Ogino H, Sasaki H, Minatoya K, Matsuda H, Tan-
aka H, Watanuki H, et al. Evolving arch surgery 
using integrated antegrade selective cerebral perfu-
sion: impact of axillary artery perfusion. J Thorac 
Cardiovasc Surg 2008;136:641-648.

5. Toyama M, Matsumura Y, Tamenishi A, Okamoto 
H. Safety of mild hypothermic circulatory arrest 
with selective cerebral perfusion. Asian Cardiovasc 
Thorac Ann 2009;17:500-504.

6. Apaydin AZ, Islamoglu F, Askar FZ, Engin C, Posa-
cioglu H, Yagdi T, et al. Immediate clinical outcome 
after prolonged periods of brain protection: retro-
spective comparison of hypothermic circulatory 
arrest, retrograde, and antegrade perfusion. J Card 
Surg 2009;24:486-489.

7. Svensson LG, Crawford ES, Hess KR, Coselli JS, 
Raskin S, Shenaq SA, et al. Deep hypothermia with 
circulatory arrest. Determinants of stroke and early 
mortality in 656 patients. J Thorac Cardiovasc Surg 
1993;106:19-28 ; discussion 28-31.

8. McCullough JN, Zhang N, Reich DL, Juvonen TS, 
Klein JJ, Spielvogel D, et al. Cerebral metabolic 
suppression during hypothermic circulatory arrest 
in humans. Ann Thorac Surg 1999;67:1895-1919; 
discussion 1919-1921.

9. Reich DL, Uysal S, Sliwinski M, Ergin MA, Kahn 
RA, Konstadt SN, et al. Neuropsychologic outcome 
after deep hypothermic circulatory arrest in adults. 
J Thorac Cardiovasc Surg 1999;117:156-163.

10. Bonser RS, Wong CH, Harrington D, Pagano D, 
Wilkes M, Clutton-Brock T, et al. Failure of retro-
grade cerebral perfusion to attenuate metabolic 
changes associated with hypothermic circulatory 
arrest. J Thorac Cardiovasc Surg 2002;123:943-
950.

11. Harrington DK, Bonser M, Moss A, Heafield MT, 
Riddoch MJ, Bonser RS. Neuropsychometric out-
come following aortic arch surgery: a prospective 



148

Arch Clin Exp Surg Year 2013  |  Volume:2 | Issue:3 | 141-148  

Shiraishi M et al.

randomized trial of retrograde cerebral perfusion. J 
Thorac Cardiovasc Surg 2003;126:638-644.

12. Ehrlich MP, Ergin MA, McCullough JN, Lansman 
SL, Galla JD, Bodian CA, et al. Predictors of ad-
verse outcome and transient neurological dysfunc-
tion after ascending aorta/hemiarch replacement. 
Ann Thorac Surg 2000;69:1755-1763.

13. Sakurada T, Kazui T, Tanaka H, Komatsu S. Com-
parative experimental study of cerebral protection 
during aortic arch reconstruction. Ann Thorac Surg 
1996;61:1348-1354.

14. Strauch JT, Spielvogel D, Lauten A, Galla JD, Lans-
man SL, McMurtry K, et al. Technical advances 
in total aortic arch replacement. Ann Thorac Surg 
2004;77:581-589; discussion 589-590. 

15. Bachet J, Guilmet D, Goudot B, Dreyfus GD, De-
lentdecker P, Brodaty D, et al. Antegrade cerebral 
perfusion with cold blood: a 13-year experience. 
Ann Thorac Surg 1999;67:1874-1878; discussion 
1891-1894.

16. Kazui T, Washiyama N, Muhammad BA, Terada 
H, Yamashita K, Takinami M. Improved results 
of atherosclerotic arch aneurysm operations with 
a refined technique. J Thorac Cardiovasc Surg 
2001;121:491-499.

17. Sanioglu S, Sokullu O, Ozay B, Gullu AU, Sargin 
M, Albeyoglu S, et al. Safety of unilateral antegrade 
cerebral perfusion at 22 degrees C systemic hypo-
thermia. Heart Surg Forum 2008;11: E184-187.

18. Taşdemir O, Saritaş A, Küçüker S, Ozatik MA, Sen-
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