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Introduction

Type A (Stanford) De Bakey I aortic dissection involving the aor-
tic arch remains a catastrophic event and seems to be associated 
with a center dependent in-hospital mortality of  11 to 26% [1-3]. 
Additionally, a 9 to 14.7 % incidence of  postoperative neurologi-
cal impairment has been reported [4, 5]. Recently, in 278 patients 
with a repair of  type A aortic dissection Lee and coworkers ob-
served an incidence of  14.7 % for postoperative early and late 

onset of  nonreversible neurologic complications mainly includ-
ing ischemic stroke and hypoxic encephalopathy. The mortality 
rate in this group was reported to be 43.9%, which compared 
to the overall in-hospital mortality of  10.1%, seems to be inap-
propriately high [6]. Additionally, to the occurrence of  permanent 
neurological damage, the incidence of  postoperative delirium as a 
reversible neurological deficit is considerably higher. Liu and col-
leagues found an incidence for postoperative delirium after type 
A aortic dissection surgery of  34% [7]. In the last decades, differ-
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Abstract

Introduction: To investigate relationship between intraoperative regional oxygen cerebral desaturation (rScO2) and the incidence 
of  neurological deficit after aortic arch surgery in adult patients.
Methods: This study was conducted in a retrospective fashion. 53 patients undergoing aortic arch surgery with antegrade selec-
tive cerebral perfusion during deep hypothermic circulatory arrest between 2010 and 2012 were included.
ln all patients cerebral monitoring was performed using the near-infrared spectroscopy (NIRS) and a bispectral index electroen-
cephalography (BIS). Cumulative values of  rScO2 decrease > 20% of  the baseline level (min%) captured as the area under the 
curve (rScO2 AUC) were calculated. Patients were divided in two groups: patients with (N-group) and without (Non-N group) 
a nonreversible neurological deficit, and patients with (D-group) and without (Non-D group) a reversible neurological deficit. 
Results: Of  53 patients, 49 (93%) suffered an aortic dissection Stanford Type A/De Bakey Type I and 4 (8%) patients a De Bakey 
Type II. Six (11%) patients died. Eleven (21%) patients developed a nonreversible (stroke, hemorrhage) and 23 (43%) patients 
a reversible neurological deficit (postoperative delirium). Postoperative delirium was significantly more frequent in the N-group 
(91%) compared to the Non-N group (33%). No significant difference was found for absolute rScO2 values < 50% and for the 
rScO2 AUC in both hemispheres between all groups. 
Conclusion: Regional oxygen cerebral desaturation measured by NIRS appears to be a poor indicator for neurological outcome 
after aortic arch surgery in adults.

Keywords: Type A Aortic Dissection; Selective Antegrade Cerebral Perfusion; NIRS; Neurological Deficit.
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ent surgical approaches of  selective cerebral perfusion techniques 
during deep hypothermic cardiac arrest (DHCA), such as the uni-
lateral antegrade cerebral perfusion (ACP) or the selective ante-
grade cerebral perfusion (SACP) have been developed to reduce 
the incidence of  intraoperative cerebral ischemia [6-12].

Although these surgical protective measures have reduced the oc-
currence of  reversible and nonreversible brain injury after aortic 
arch surgery, the incidences of  these frequently fatal complica-
tions are still very high. 

For several years transcranial Doppler (TCD), quantified elec-
troencephalography (EEG), somatosensory evoked potentials 
(SSEP) and near infrared spectroscopy (NIRS) for detecting cer-
ebral oxygenation and perfusion disturbances during these pro-
cedure have been well established in order to decrease morbid-
ity and mortality [8]. The combination of  EEG bispectral index 
monitor (BIS) with NIRS, allowing monitoring of  brain electri-
cal activity and the oxygen saturation of  regional cerebral tissue 
(rScO2) in a continuous, non-invasive, examiner independent way, 
has become more popular worldwide without any hard scientific 
evidence [9]. Some case reports and clinical series during ACP 
have shown that cerebral NIRS has been essential in diagnosing 
otherwise clinically silent arterial cannula malposition, catheter 
balloon migrations or disturbances of  the contralateral cerebral 
perfusion [10-13]. However, results of  different investigations 
show a doubtful clinical impact of  NIRS in the context of  emer-
gency interventions such as aortic dissection [14, 15]. Especially 
the role of  NIRS monitoring for early detection of  clinically rel-
evant cerebral perfusion disturbances and its predictive capabil-
ity for the occurrence of  postoperative reversible and irreversible 
cerebral dysfunction is unclear. 

The aim of  this retrospective study for patients undergoing aor-
tic arch surgery for type A aortic dissection, was to investigate 
any association of  changes in continuously measured bilateral 
rScO2 values, using near infrared spectroscopy with the incidence 
of  postoperative neurological deficit. Defined primary outcomes 
were postoperative stroke, hypoxic encephalopathy and/or in-
tracerebral hemorrhage (nonreversible neurological deficit); sec-
ondary outcome was the occurrence of  postoperative delirium 
(reversible neurological deficit).

Methods

This study was approved by the Cantonal Ethics Committee 
Zurich, Switzerland (Registration Number: KEK-ZH-Nr. 2013-
0028). 

Between July 2010 and October 2012 perioperative data from 
85 patients with acute aortic dissection type A undergoing aortic 
arch surgery at the University Hospital Zurich, Switzerland, were 
retrospectively collected. Inclusion criteria were type A aortic dis-
section following Stanford classification and performing SACP of  
the right and left common carotid artery DHCA. Exclusion crite-
ria were: pre-existing acute or chronic pre-operative neurological 
deficit, DHCA of  more than 10 min before SACP or incomplete 
documentation of  the perioperative data, with particular interest 
in obtaining a full data set from the anesthetic procedures as well 
as the ICU stay.

Anesthetic Techniques

After arrival in the emergency department of  the hospital, stand-
ard monitoring following ASA guidelines, as well as intravenous 
access and arterial cannulation introduced into the left radial ar-
tery were installed. Hemodynamic goals maintained were a sys-
tolic blood pressure between 80 and 90 mmHg with a target heart 
rate of  60 to 80 bpm. 

If  not previously obtained, a multi-detector computed tomogra-
phy (MCT) of  the thorax and abdomen was performed to con-
firm the diagnosis [16]. Patients were transferred immediately 
afterwards to the cardiac operating theatre. Before induction of  
anesthesia standard monitoring for aortic arch surgery accord-
ing to the institutional guidelines was applied. A bispectral index 
electroencephalography sensor (BIS) with four elements (BISTM 
Quatro Sensor; Aspect Medical Systems, Inc Leiden, The Nether-
lands) was placed on the left side of  the patient’s forehead. (BIS 
VISTATM Monitoring System, Aspect Medical Systems Inc. Nor-
wood, MA, USA). For bifrontal detection of  the regional cerebral 
oxygen saturation (rScO2), two self-adhesive optodes (Disposable 
Adult SomaSensor SAFB-SM, Somanetics Corporation, Troy, MI, 
USA) were affixed as well on the patient’s forehead, based on the 
manufacturer’s recommendations, and connected to the INVOS® 
5100 system (INVOS 5100 (Somanetics Corporation Troy, MI, 
USA). 

Induction of  anesthesia was achieved with intravenous propofol 
(bolus doses of  1.0–2.0 mg/kg), fentanyl (3-10µg/kg) and pancu-
ronium (0.1mg/kg). We maintained general anesthesia via a con-
tinuous infusion of  propofol (target rate 0.07–0.2mg/kg/min) 
and remifentanil (0.1-0.3 µg/kg/min) titrated to BIS values of  40 
- 60. After endotracheal intubation, the patients were mechanical-
ly ventilated (Dräger Primus EM anesthesia device, Drägerwerk 
AG & CoKgAA, Lübeck, Germany) using standardized volume-
controlled modes. 

Monitoring installed post induction of  general anesthesia prior 
to surgical intervention included: a second arterial line, inserted 
in the right radial artery, a four-lumen central venous catheter 
(Arrow International, Reading, PA, USA), and an 8.5F introduc-
er (Arrow International Reading, PA, USA) introduced into the 
right internal jugular vein in order to install a pulmonary catheter, 
enabling continuous measurement of  cardiac output and mixed 
venous oxygenation saturation as well as a thermistor tipped uri-
nary bladder catheter.

In the absence of  any contraindications, a transesophageal echo-
cardiography probe (TEE, Philips Healthcare, Bothell, WA, USA) 
was introduced to confirm diagnosis and guidance of  hemody-
namic management. A loading dose of  tranexamic acid (TXA) 
(15mg/kg body weight) over 20 min was administered followed 
by a continuous infusion of  TXA of  1.5 mg/kg/h during the 
procedure until four hours after arrival in the ICU.

Surgical Techniques

Following the preparation of  the right subclavian artery heparin 
100 IU per kilogram body weight was intravenously given, and an 
8mm vascular graft (FlowLine Bipore Heparin, JOTEC GmbH, 
Hechingen, Germany) was anastomosed in end-to-side fashion 
to the infraclavicular right subclavian artery. Arterial cannulation 
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was carried out with a 20-French (Fr), cannula (Elongated One-
Piece Arterial Cannula, Medronic, Minneapolis, MN, US) inserted 
through the vascular graft and connected to the extracorporeal 
circuit. The right subclavian artery distally to the anastomosis was 
entangled by a vessel loop to avoid hyperperfusion of  the right 
upper limb. Alternatively, depending on the surgeon’s preference, 
the arterial cannula was inserted directly after open puncture of  
the subclavian artery.

Following a median sternotomy and opening of  the pericardium 
anticoagulation for the CPB was completed by administration of  
an additional dose of  heparin 200 IU per kilogram of  body weight 
targeting an activated clotting time (ACT) of  above 400 seconds. 

After cannulating the right atrial appendage with a double-staged 
cannula CPB was started. Patients were cooled down to a bladder 
temperature (Tempblad) of  28°C, Additionally oesophageal tem-
perature (Tempoesoph) was measured. Once the target temperature 
was reached, extracorporeal circulation was stopped, the brachio-
cephalic trunk was clamped, and the ACP was started. The as-
cending aorta was incised and the heart was arrested by admin-
istration of  Bretschneider cardioplegia solution directly into the 
coronary ostia. An additional perfusion catheter for ACP was in-
serted into the ostium of  the left common carotid artery. SACP 
was performed at a flow of  8-15ml/kg/min achieving a target 
perfusion pressure between 40-60mmHg at bladder temperatures 
of  ca. 28°C [17]. A Fogarty catheter occluded the ostium of  the 
left subclavian artery to maintain the perfusion pressure in the 
cerebral circulation and to avoid possible steal phenomenon. The 
surgical technique of  hemi-arch and frozen stent graft arch re-
placement have been described elsewhere [18]. Once the aortic 
arch repair was completed, the aortic graft was cannulated to re-
start the systemic CPB and rewarm the patient. During rewarm-
ing, the surgeons peformed the proximal anastomosis between 
supracoronary aorta and graft, or in case of  destruction of  the 
aortic root, a composite graft was implanted which was then con-
nected to the graft in the distal ascending aorta and arch.

During rewarming of  the patient, the rate of  body temperature 
increase via the CPB was controlled to warrant a temperature gra-
dient of  less than 10°C between the venous inflow and the heat 
exchanger of  the CPB. After the target bladder (Tempblad) and 
esophageal (Tempesoph) temperature of  respectively 35° and 36°C 
was reached, extracorporeal circulation was weaned off. Follow-
ing meticulous hemostasis, the chest was closed according to cur-
rent surgical standards. 

Cerebral Monitoring

In all patients, both techniques of  cerebral monitoring were used: 
the unilateral recording of  BIS and the bifrontal detection of  
regional cerebral oxygen saturation (rScO2) measured by NIRS. 
The principles of  spatially resolved NIRS and the INVOS® 5100 
system have been investigated and described in detail in previous 
studies [19-21]. A decrease of  the absolute rScO2 value below 50% 
or a decrease by > 20% of  the initial measured baseline value was 
considered as threshold values, conform with previous defined 
standards [22]. Additionally, the calculated amount of  the rScO2 
Area Under the Curve (rScO2 AUC), defined as the time (min) 
spent below the threshold multiplicated with the magnitude of  
the decrease of  rScO2 below the threshold (%), has been shown 
to be associated with the incidence of  cerebral damage [23, 24]. 

The units of  the rScO2 AUC are min%. In 2011, the algorithm for 
automatically detection of  the rScO2 AUC was implemented in 
the INVOS® 5100 system. At the time of  this retrospective study, 
there were no standardized treatment guidelines for the event of  a 
significant drop of  rScO2 (decrease of  > 20% of  the baseline val-
ue of  rScO2) available in the literature. Desaturations were treated 
at the discretion of  the attending anesthetists.

Demographic and Postoperative Data Collection

From all patients included in this study, the demographic data 
and medical history were collected postoperatively via electronic 
patient records. The type of  the acute aortic dissection, as well as 
the extend of  the dissection into the carotid and vertebral arteries 
were recorded in the operation protocol. The following data was 
obtained form the documentation in the intensive care unit: the 
incidence of  postoperative delirium, stroke, intracerebral hemor-
rhage, postoperative death, repeated surgery, peri-and postopera-
tive occurrence of  atrial fibrillation (AF), continuous veno-ve-
nous hemofiltration/dialysis, ventilation time (Venttime), ICU stay 
(ICUstay) and length of  hospital stay (Hospitalstay) in addition to the 
need and result of  a cranial tomography. 

The primary outcome was defined as the occurrence of  post-
operative nonreversible neurological deficit, presented as an is-
chemic stroke and/or intracerebral hemorrhage, confirmed by a 
neurological examination and cranial imaging (CT or MRI scan). 
Secondary outcome was determined by the appearance of  a post-
operative delirium, which was defined as a reversible neurological 
deficit.

A positive diagnosis of  a postoperative delirium was made using 
the Richmond Agitation and Sedation Scale (RASS) with a value 
> 1+ (the patient being restless, anxious or apprehensive with 
non-aggressive or vigorous movements) and the Intensive Care 
Delirium Screening Checklist (ICDSC) if  the recorded score was 
≥ 4 up to the maximum of  8.

Data Collection from the Anesthesia Protocol

The following intraoperative data were obtained from documen-
tation in the anesthetic protocol: BIS, regional cerebral oxygen 
saturation of  the left (rScO2left) and right (rScO2right) frontal/
parietal cortex, heart rate (HR), mean arterial pressure (MAP), 
pulse oximetric oxygen saturation values (SpO2), central venous 
pressure (CVP), systolic, mean and diastolic pulmonary arterial 
pressure (PAPsyt/mean/diast), mixed venous oxygen saturation values 
(SvO2), continuous cardiac output (CCO), bladder (Tempblad) and 
oesophageal (Tempoesoph) temperature, inspired oxygen content 
(FiO2), end expiratory carbon dioxide tension (ETCO2), inspira-
tory (Pinsp) and end-expiratory (PEEP) ventilation pressures as 
well as data from routinely performed arterial blood gas analyses. 
While on CPB continuous blood gas analysis was performed using 
an optical fluorescence and reflectance based in-line (CDI blood 
parameter monitoring System 500™, Terumo cardiovascular Sys-
tems Corporation, Japan). The CDI system was intermittently 
calibrated by means of  arterial blood gas analyses. Additionally, 
the maximum and minimum results of  the following measures: 
bladder temperature (tempbladdeep), bladder (TempbladSACP) and 
esophageal (TempoesophSACP) during SACP, lowest(CPBSCAPdeep) 
and highest (CPBSCAPhigh) blood flow during SACP, lowest FiO2 
during SACP (FiO2SCAPdeep), lowest PaO2 during SCAP (Pa-
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O2SCAPdeep), lowest (PaO2SCAPdeep) and highest (PaCO2SCAPhigh) 
PaCO2 during SCAP and lowest Hb during SCAP (HbSCAPdeep) 
were collected. Furthermore, the intraoperative support with 
catecholamines, phosphodiesterase 3 inhibitors, vasodilators 
perioperative veno-arterial extracorporeal membrane oxygena-
tion (ECMO), the amount of  transfused red blood cells (RBC), 
fresh frozen plasma (FFP), platelets (Plt), fibrinogen (FBG), fac-
tor XIII, prothrombin complex (4 factor) and recombinant factor 
VIIa were listed separately. 

Time requirements for the following procedures were docu-
mented at the end of  the surgery: Anesthesia time, surgery time, 
CPB time, cumulative cross clamping time (CrCltime) DHCA 
time(DHCAtime), SACP time (SCAPtime) and reperfusion time 
(Reperftime). 

For analysis two patient groups were defined: Patients developing 
a non-reversible neurological deficit (N-group), patients without 
a nonreversible neurological deficit (Non-N group), patients de-
veloping a reversible neurological deficit (D-group) and patients 
without a reversible neurological deficit (Non-D group).

Statistical Analysis

Since the algorithm for the automatic detection of  the rScO2 AUC 
in the INVOS® 5100 system was not available during the entire 
study period, the rScO2 AUC for each patient were calculated 
separately using the periodically documented rScO2 values of  the 
left and right forehead in the anesthesia protocol. Presuming that 
between two documented rScO2 values the respective first docu-
mented value remained constant, the rScO2 AUC were calculated 
by both multiplying the magnitude of  the decrease of  rScO2 be-
low the threshold value with the period between the respective 
two documented values in min and adding the results (min%) of  
each period during the entire course. 

All perioperative data were retrospectively collected. Discrete and 
binary data were compared using the Fisher’s exact or chi square 
test. For ordinal and continuous data, the Mann-Whitney test was 
used for comparison between groups and the Wilcoxon signed 
rank test for comparison within the groups. Continuous data was 
presented as mean ± SD (25% and 75% percentile). The rScO2 
values at different points in time were compared using an analy-
sis of  variance for repeated measurements (ANOVA) including 
applying the Bonferroni correction. Because of  the retrospective 
data collection, a p-value < 0.01 was considered to be significant. 
The statistical analysis was performed using the SPSS version 21 
(SPSS Science, Chicago, IL).

Results

A total of  85 patients were operated within the study period. 
Thirty-two had to be excluded by applying the exclusion criteria. 
Fifty-three patients were analyzed. In six (11%) patient’s death was 
inevitably: two patients died because of  severe cerebral infarction, 
three as a result of  multi organ failure and massive transfusion 
and one due to a postoperative pulmonary embolism. Eleven pa-
tients (21%) developed a nonreversible and 23 (43%) a reversible 
neurological deficit. Cerebral computed tomography confirmed a 
left hemispheric insult in three patients, a right hemispheric insult 
in two further patients and an insult involving the temporal lobe, 

the paraventricular region, the internal capsule, the brain steam 
and the infratentorial region in the remaining six patients. 

Patient demographic data did not differ significantly within the 
two groups (Table 1a and b). In no patient, a cannula malposition 
causing a sudden drop of  rScO2 of  one of  the hemispheres after 
initiation of  the SACP was observed.

Patients who Developed a Nonreversible Neurological defi-
cit (N-group)

Patient’s characteristics and Type of  aortic dissection of  N-group 
and Non-N group are presented in table 1a. Table 2a shows that 
the mean DHCAtime was longer and the mean amount of  adminis-
tered FBG higher in the N-group compared to the Non-N group. 
However, this observation did not reach a level of  significance 
(p = 0.05 and p = 0.03, respectively). In each patient of  the N-
group the rScO2 AUC were always > 150 %min on both frontal 
hemispheres. Although mean rScO2 AUC values of  both hemi-
spheres (rScO2 AUCright and rScO2 AUCleft) were higher in the N-
group compared to the Non-N group, this observation cannot be 
considered significant as well due to p- values of  0.20 and 0.20, 
respectively. Additionally, the mean rScO2 AUCleft values showed 
a trend toward higher values compared to rScO2 AUCright in both 
groups (Table 3a). The mean of  the deepest measured BIS val-
ues (BISACPdeep) in the N-group compared to the Non-N group 
was lower during the SACP period, without reaching any signifi-
cant level (p = 0.18), as shown in table 3a. Postoperative delirium 
occurred significantly more often in the N-group (p = 0.001) 
compared to the Non-N group (Table 4a). Cerebral computed 
tomography (CCT) was significantly more frequently performed 
in the N-group (p < 0.001) with pathological findings involving 
the left side of  the brain (CCTpath left) more frequently, confirmed 
by p < 0.001 in the N-group compared to the Non-N group. The 
application of  CVVHD was more common in the N-group, but 
this observation was not significant. All other outcome criteria as 
reoperation, atrial fibrillation, ventilation time, time spent in the 
ICU, length of  stay and death did not significantly differ between 
both groups as shown in table 4a.

Patients who Developed a Reversible Neurological Deficit 
(D-group)

Type of  aortic dissection and known pre-existing conditions were 
not significantly different in the D-group compared to the con-
trol group (Non-D group). Aortic dissection combined with dis-
section of  both common carotid arteries was significantly (p = 
0.007) more frequent in the D-group. The combination of  aor-
tic dissection with unilateral dissection of  the left or right com-
mon carotid artery occurred as well more frequently in the D-
group but did not show any significant difference in incidence 
in both groups with p = 0.01 and p = 0.08, respectively (Table 
1b). During the period of  SACP we observed a trend towards 
lower blood flow (CPBSACPdeep) in the D-group compared to the 
Non-D group. The number of  patients receiving dobutamine (p 
= 0.08), the mean volume of  RBC (p = 0.01) and platelets (p = 
0.061) transfused, total amount of  FBG (p = 0.02) and factor 
XIII (p = 0.08) administered during the course of  the procedure 
seemed to be higher in the D-group, however without achieving 
significance (Table 2b). All other measured parameters were not 
different in between the groups. During SCAP the mean right 
and left rScO2 in patients of  the D-group showed a trend towards 
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Table 1a. Patient Characteristics (n = 53), Data are Expressed as Number (%) or Mean ± SD (IQR 25;75).

Group N Group Non-N p-value
N 11 (21) 42 (79)

Sex (m/f) 9/2 (82/18) 31/11 (74/26) 0.71
Age (ys) 65.7 ± 9.6 (59.3; 72.2) 62.5 ± 14.7 (57.9; 67.1) 0.52

Weight (kg) 79.1 ±13.1 (70.3; 87.8) 79.5 ± 12.8 (75.5; 83.5) 0.81
Height 175.4 ±7.9 (170.1; 180.6) 173.1 ± 7.4 (170.8; 175.4) 0.4

BMI (kg/m2) 25.6 ± 2.6 (23.8; 27.3) 26.5 ± 3.6 (25.4; 27.6) 0.48
Aortic dissection

Type A/I 7 (78) 38 (91)
Type A/I ruptured 1 (9) 3 (7)

Type A/II 1 (9) 1 (2)
Diss CCAright 4 (36) 6 (14) 0.19
Diss CCAleft 3 (27) 7 (17) 0.42
Diss CCAboth 2 (18) 4 (10) 0.21

Pre-excisting conditions
AHT 8 (73) 23 (55) 0.28
CHD 1 (9) 0 0.05
AVD 0 4 (10) 0.29

Marfan disease 0 1 (2) 0.61
A1DM/A2DM 1 (9) 0 0.05

COPD 3 (27) 2 (5) 0.02
CHRF 1 (9) 0 0.05
Anemia 1 (9) 2 (5) 0.58
Nicotine 5 (46) 18 (43) 0.88

Abbreviations: Group N, patients with nonreversible neurological deficit ; Group C, patients without nonreversible neurological deficit ; SD, standard deviation ; BMI, 
Body Mass Index; Type A/I, aortic dissection type A (Stanford classification) / I (DeBakey classification) = dissection of  the ascending aorta, aortic arch and descend-

ing aorta; Type A/I ruptured, Type A/I with tear of  all vessel wall units and bleeding in the space outside the aortic vessel ; Type A/II, aortic dissection type A (Stanford 
classification) /II (DeBakey classification) = dissection confined to the ascending aorta ; Diss CCAright, Dissection with participation of  the right common carotid artery; 
Diss CCAleft, Dissection with participation of  left common carotid artery; Diss CCAboth, Dissection with participation of  both common carotid arteries; AHT, Arterial 
Hypertension ; CHD, Coronary Heart Disease; AVD, Aortic Valve Disease; A1DM/A2DM; Diabetes mellitus Class A1 or A2; COPD, Chronic Obstructive Pulmonary 

Disease ; CHRF, Chronic Renal Failure.

Table 1b. Patient characteristics (n = 53), data are expressed as number (%) or mean±SD (IQR 25;75).

Group D Group Non-D p-value

N 23 (43) 30 (57)

Sex (m/f) 18/5 (78/22) 22/8 (73/27) 0.76

Age (ys) 65.4 ± 13.3 (57.0; 76.0) 61.5 ± 14.1 (50.8; 73.3) 0.36

Weight (kg) 78.2 ± 10.8 (70.5; 85.0) 80.3 ± 14.1 (69.8; 90.2) 0.67

Height 174.4 ± 8.3 (168.0; 178.0) 172.9 ± 6.8 (168.8; 177.3) 0.56

BMI (kg/m2) 25.7 ± 3.0 (23.7; 27.8) 26.8 ± 3.7 (24.6; 29.7) 0.33

Aortic dissection

Type A/I 22 (96) 25 (83)

Type A/I ruptured 1 (4) 3 (10)

Type A/II 0 2 (7)

Diss CCAright 7 (30) 3 (10) 0.08

Diss CCAleft 8 (35) 2 (7) 0.01

Diss CCAboth 5 (22) 1 (3) 0.007

Pre-excisting conditions

AHT 15 (65) 16 (53) 0.42 

CHD 1(4) 0 0.43 

AVD 2 (9) 2 (7) 1.00 

Marfan disease 0 1 (3) 1.00 

A1DM/A2DM 0 1 (3) 1.00 

COPD 3 (13) 2 (7) 0.64 

CHRF 1 (4) 0 0.43 

Anemia 0 3 (10) 0.25 

Nicotine 10 (44) 13 (43) 1.00 
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Abbreviations: Group D, patients with delirium (reversible neurological deficit); Group Non-D, patients without delirium; SD, standard deviation ; BMI, Body Mass In-
dex ; Type A/I, aortic dissection type A (Stanford classification) / I (DeBakey classification) = dissection of  the ascending aorta, aortic arch and descending aorta ; Type 
A/I ruptured, Type A/I with tear of  all vessel wall units and bleeding in the space outside the aortic vessel; Type A/II, aortic dissection type A (Stanford classification) 
/II (DeBakey classification) = dissection confined to the ascending aorta; Diss CCAright, Dissection with participation of  the right common carotid artery; Diss CCAleft, 
Dissection with participation of  left common carotid artery; Diss CCAboth, Dissection with participation of  both common carotid arteries; AHT, Arterial Hypertension; 

CHD, Coronary Heart Disease ; AVD, Aortic Valve Disease ; A1DM/A2DM ; Diabetes mellitus Class A1 or A2 ; COPD, Chronic Obstructive Pulmonary Disease; 
CHRF, Chronic Renal Failure.

Table 2a. Data of  the intraoperative course of  patients with nonreversible neurological deficit (group N) and without nonre-
versible neurological deficit (group Non-N), data are expressed as number (%) or mean ± SD (IQR 25;75).

Group N Group Non-N p-value
Surgerytime, min 411.8 ± 140.3 (288; 564) 374.9 ± 120.9 (290; 426) 0.56

CPBtime, min 232.8 ± 79.0 (159; 258) 218.6 ± 84.0 (152; 265) 0.55 
CrCltime, min 127.2 ± 57.9 (65; 188) 125.9 ± 53.2 (82; 160) 0.96

DHCAtime, min 2.0 ± 2.3 (0; 3.0) 0.8 ± 1.4 (0; 0.5) 0.05
SACPtime, min 55.1 ± 35.7 (29; 82) 43.1 ± 22.3 (30; 57) 0.54
Reperftime, min 69.1 ± 38.4 (35; 111) 59.4 ± 39.2 (34; 77) 0.35

Tempbladdeep, °C 26.0 ± 2.4 (24; 28) 26.9±2.7 (26; 28) 0.20 
CPBSACPdeep, l*min-1 0.8 ± 0.2 (0.7; 1.0) 0.9 ± 0.3 (0.7; 1.1) 0.54 
CPBSACPhigh, l*min-1 2.8 ± 1.3 (1.8; 3.7) 2.9 ± 1.3 (1.8; 4.0) 0.89 

FiO2SACPdeep 0.37 ± 0.05 (0.3; 0.4) 0.37 ± 0.07 (0.3; 0.4) 0.56 
PaCO2SACPdeep, kPa 4.0 ± 0.9 (3.9; 4.8) 4.0 ± 0.7 (3.6; 4.7) 0.73 
PaCO2SACPhigh, kPa 5.1 ± 0.9 (4.8; 5.6) 5.5 ± 1.0 (5.1; 6.0) 0.32 
PaO2SACPdeep, kPa 27 ± 6.5 (23.9; 32.8) 26.4 ± 7.8 (22.1; 32.5) 0.67 
HbSACPdeep, g*dl-1 8.1 ± 2.1 (6.4; 10.6) 7.9 ± 1.6 (6.5; 9.2) 0.76 
TempbladSACP, °C 28.6 ± 2.1 (27.9; 30.1) 28.3 ± 3.0 (27.7; 30.1) 0.61 
TemptympSACP, °C 25.5 ± 3.6 (23.7; 28.0) 25.2 ± 2.7 (24.0; 27.4) 0.91 

IABP 0 2 (4.8) 0.46 
ECMO 0 1 (2.4) 0.61 
Nor-Epi 11 (100) 42 (100) 1.00 

Epi 5 (45.5) 15 (35.7) 0.55 
Dob 4 (36.4) 14 (33.3) 0.85 
Mil 4 (36.4) 9 (21.4) 0.31

Glyc 1 (9.1) 2 (4.8) 0.58 
Phen 1 (9.1) 1 (2.4) 0.23 
RBC 6.2 ± 7.4 (0;8.0) 5.0 ± 7.4 (0; 6.0) 0.46 
FFP 2.6 ± 6.9 (0;2.0) 2.0 ± 4.7 (0; 1.8) 0.99 
Plt 3.1 ± 1.9 (2.0;4.0) 2.4 ± 2.1 (1.0; 3.0) 0.16 

FBG,g 8.0 ± 3.8 (6.0;12.0) 5.4 ± 3.8 (3.5; 8.0) 0.03 
F XIII, IU 1568 ± 1300 (1250;1250) 988 ± 789 (0; 1250) 0.13 

Prothromplex, IU 1546 ± 1369 (500;2000) 1238 ± 1128 (375; 2000) 0.48
rFVIIa 1 (0;0) 1 (0; 0) 0.23 

Abbreviations: CPB time, periode of  cardiopulmonary bypass in min; CrCl time, periode of  clamping the aortic vessel in min; DHCAtime, periode of  deep hypothermic 
cardiac arrest in min; SACPtime, periode of  selective antegrade cerebral perfusion in min; Reperftime, periode of  reperfusion in min ; Tempdeep, deepest temperature dur-
ing DHCA and selective antegrade cerebral perfusion (SACP) in ° Celsius; CPBSACPdeep and CPBSACPhigh, deepest and highest blood flow during SACP; FiO2SACPdeep, 

deepest inspired Oxygen content during SACP; PaCO2SACPdeep and PaCO2SACPhigh, deepest and highest arterial carbon dioxide tension during SACP; PaO2SACPdeep, 
deepest arterial oxygen content during SACP; HbSACPdeep; deepest haemoglobin content (g/dl) during SACP; TempbladSACP and TemptympSACP, deepest bladder and 

tympanic temperature during SACP; IABP, inta-aortal ballon pump; ECMO, extracorporeal membrane oxygenation; Nor-Epi; Norepinephrine; Epi, Epinephrine; Dob, 
Dobutamine; Mil, Milrinone; Glyc; Glyceroltrinitrat; Phen, Phentolamine mesilate; RBC, packed red blood cells; FFP, fresh frozen plasma concentrates; Plt, platelet 

concentrates; FBG, fibrinogen in gram (g); F XIII, coagulation factor XIII in international units (IU); Prothromplex, components of  coagulation factor II, VII, IX, X 
and Protein C and S concentrations, quantified in international units (IU); rFVIIa, recombinant human coagulation factor VIIa.

higher values than in the Non-D group (p = 0.08 and p = 0.04, 
respectively) and the mean of  the deepest measured BIS values 
(BISACPdeep) were lower during the SACP period, but again, with-
out reaching any significance (p = 0.02), as shown in table 3b. No 
statistical significant differences between the groups were found 
in the rScO2 AUC of  both hemispheres, although the rScO2 AU-

Cright showed a trend towards higher values and the rScO2 AUCleft 
towards lower values in the D-group compared to the Non-D 
group. Two patients in each group showed no significant decrease 
of  rScO2 during the course of  the procedure, with an rScO2 AUC 
value of  zero. Cerebral computed tomography (CCT) was signifi-
cantly more frequently performed in the D-group (p < 0.001). 
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Pathological findings on the right side of  the brain (CCTpath right) 
were more frequently but not significantly (p = 0.07) observed in 
the D-group if  compared to the Non-D group. Ventilation time 
(p < 0.001), ICU stay (p < 0.001) and length of  stay (p < 0.001) 
of  the D-group were significantly longer compared to those in 
the Non-D group. Nonreversible neurological deficit, rate of  re-
operation, atrial fibrillation, application of  CVVHD did not differ 
significantly between both groups (Table 4b). 

No significant association was found between the occurrence of  
nonreversible (N-group) or reversible neurological deficit (D-
group) with parameters as Tempbladdeep, TempbladSACP, Tempoe-

sophSACP, COSCAPdeep, COSCAPhigh, FiO2SCAPdeep, PaO2SCAPdeep, 
PaO2SCAPhigh, PaCO2SCAPhigh and HbSCAPdeep. 

In the subgroup of  patients who died, the mean rScO2 AUC val-
ues detected on the left (p = 0.02) and right forehead (p = 0.40) 
were higher compared to the values detected in the surviving 
patients (Table 5), however this observation did not reach a sig-
nificance level. In this group, mean surgery time showed a trend 
towards a longer time span and the mean transfusion of  RBC 
was subsequent higher (p = 0.05) but both observations did not 
achieve significance if  compared to the surviving patients. The 
FFP transfused was significantly (p = 0.007) higher in the patients 

Table 2b. Data of  the intraoperative course patients with delirium (group D) and without delirium (group Non-D), data are 
expressed as number (%) or mean ± SD (IQR 25; 75).

Group D Group Non-D p-value
Surgerytime, min 399.7 ± 127.1 (290; 478) 369.4 ± 123.2 (291; 415) 0.52

CPBtime, min 226.9 ± 88.5 (151; 265) 217.5 ± 78.8 (157; 259) 0.88 
CrCltime, min 127.6 ± 65.5 (67; 188) 125.1 ± 43.6 (97; 196) 0.67 

DHCAtime, min 1.4 ± 2.2 (0; 3.0) 0.8 ± 1.2 (0; 2.0) 0.54
SACPtime, min 43.4 ± 22.1 (26; 60) 47.2 ± 28.4 (33; 57) 0.55
Reperftime, min 62.6 ± 33.6 (34; 78) 66.5 ± 43.1 (33; 82) 0.57 

Tempbladdeep, °C 26.4 ± 2.8 (24.2; 28) 27.0 ± 2.5 (25.8; 28) 0.54 
CPBSACPdeep, l*min-1 0.8 ± 0.3 (0.6; 1.0) 1.0 ± 0.3 (0.9; 1.1) 0.02 
CPBSACPhigh, l*min-1 2.9 ± 1.4 (1.6; 4.0) 2.9 ± 1.2 (2.0; 3.7) 0.91 

FiO2SACPdeep 0.37 ± 0.06 (0.3; 0.4) 0.36 ± 0.07 (0.3; 0.4) 0.63 
PaCO2SACPdeep, kPa 4.1 ± 0.8 (3.8; 4.7) 4.0 ± 0.8 (3.5; 4.7) 0.56 
PaCO2SACPhigh, kPa 5.4 ± 0.9 (5.0; 5.7) 5.5 ± 1.0 (5.1; 5.9) 0.87 
PaO2SACPdeep, kPa 26.4 ± 8.2 (21.6; 32.6) 26.7 ± 7.1 (22.8; 32.7) 0.94
HbSACPdeep, g*dl-1 8.3 ± 1.7 (7.1; 9.4) 7.7 ± 1.7 (6.0; 9.2) 0.22 
TempbladSACP, °C 28.0 ± 2.0 (26.8; 30.0) 28.6 ± 3.3 (27.9; 30.3) 0.25
TemptympSACP, °C 24.8 ± 3.2 (22.4; 27.8) 25.6 ± 2.5 (24.4; 27.7) 0.20

IABP 1 (4.3) 1 (3.3) 1.00
ECMO 0 1 (3.3) 1.00 
Nor-Epi 23 (100) 30 (100) 1.00 

Epi 9 (39.1) 11 (36.7) 1.00 
Dob 11 (47.8) 7 (23.3) 0.08
Mil 7 (30.4) 6 (20.0) 0.52

Glyc 1 (4.3) 2 (6.7) 1.00 
Phen 0 2 (6.7) 0.50 
RBC 6.6 ± 5.9 (1.0; 8.0) 4.3 ± 8.3 (0; 4.0) 0.01
FFP 2.7 ± 5.5 (0; 4.0) 1.7 ± 4.9 (0; 0) 0.25
Plt 2.8 ± 1.7 (2.0; 4.0) 2.3 ± 2.3 (1.0; 3.0) 0.06 

FBG,g 7.2 ± 3.7 (4.0; 10.0) 5.0 ± 3.8 (2.0; 8.0) 0.02 
F XIII, IU 1370 ± 1054 (1250;1250) 905 ± 789 (0; 1250) 0.08 

Prothromplex, IU 1543 ± 1348 (500; 2000) 1117 ± 1006 (0; 2000)  0.31
rFVIIa 0.09 ± 0.29 (0; 0) 0.18 ± 099 (0;0) 0.43

Abbreviations: CPB time, periode of  cardiopulmonary bypass in min; CrCl time, periode of  clamping the aortic vessel in min; DHCAtime, periode of  deep hypothermic 
cardiac arrest in min; SACPtime, periode of  selective antegrade cerebral perfusion in min; Reperftime, periode of  reperfusion in min ; Tempdeep, deepest temperature dur-
ing DHCA and selective antegrade cerebral perfusion (SACP) in ° Celsius; CPBSACPdeep and CPBSACPhigh, deepest and highest blood flow during SACP; FiO2SACPdeep, 

deepest inspired Oxygen content during SACP; PaCO2ACPdeep and PaCO2ACPhigh, deepest and highest arterial carbon dioxide tension during SACP; PaO2ASACPdeep, 
deepest arterial oxygen content during SACP; HbSACPdeep; deepest haemoglobin content (g/dl) during SACP; TempbladSACP and TemptympSACP, deepest bladder and 

tympanic temperature during SACP; IABP, inta-aortal ballon pump; ECMO, extracorporeal membrane oxygenation; Nor-Epi; Norepinephrine; Epi, Epinephrine; Dob, 
Dobutamine; Mil, Milrinone; Glyc; Glyceroltrinitrat; Phen, Phentolamine mesilate; RBC, packed red blood cells; FFP, fresh frozen plasma concentrates; Plt, platelet 

concentrates; FBG, fibrinogen in gram (g); F XIII, coagulation factor XIII in international units (IU); Prothromplex, components of  coagulation factor II, VII, IX, X 
and Protein C and S concentrations, quantified in international units (IU); rFVIIa, recombinant human coagulation factor VIIa.
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who died. 

Discussion

The main findings of  this retrospective study in patients under-
going aortic arch repair in deep hypothermic arrest and SACP 
are: (1) there was no association found between the primary or 
secondary outcomes and a decrease of  rScO2 by more than 20% 
from baseline, a decrease of  the absolute value of  rScO2 < 50% 
and a rScO2 AUC; with the primary outcome being defined as the 
incidence of  postoperative stroke, hypoxic encephalopathy and/
or intracerebral hemorrhage, and the secondary outcome as the 

occurrence of  postoperative delirium. (2) Postoperative delirium 
was significantly more frequent in the N-group compared to the 
Non-N-group. 

There seems to be no general consensus on the level of  cerebral 
deoxygenation (rScO2) representing a dangerous level and there-
fore an increased morbidity & mortality risk during cardiovascular 
surgery. Samka et al., compared NIRS with the neurologic ex-
amination of  patients undergoing carotid endarterectomy under 
regional anesthesia and demonstrated a reduction in rScO2 > 20% 
from the baseline being associated with the development of  neu-
rological symptoms [22]. In patients during implantable cardio-

Table 3a. Intraoperative data of  cerebral monitoring of  patients with nonreversible neurological deficit (group N) and with-
out nonreversible neurological deficit (group Non-N), data are expressed as number (%) or mean ± SD (IQR 25;75).

Group N Group Non-N p-value
rScO2rightinitial 69.0 ± 10.3 (63; 78) 65.7 ± 15.1 (58; 74) 0.44 
rScO2leftinitial 67.7 ± 12.6 (59; 79) 66.1 ± 15.2 (60; 77) 0.98 

rScO2%ACPright 82 ± 11 (65; 100) 86 ± 49 (64; 87) 0.79
rScO2%ACPleft 67 ± 16 (54; 74) 74 ± 35 (55; 88) 0.61 

rScO2right > 20% 11 (100) 36 (85.7) 0.18 
rScO2left > 20% 11 (100) 39 (92.9) 0.36 
rScO2right < 50% 8 (72.7) 31 (73.8) 0.94
rScO2left < 50% 8 (72.7) 33 (78.6) 0.68

rScO2 AUCright, %min 2028 ± 1895 (362; 4356) 1267 ± 1690 (164; 1589) 0.20
rScO2 AUCleft, %min 2395 ± 1928 (593; 4710) 1727 ± 1803 (364; 2725) 0.20

BISACPdeep 4.7 ± 4.9 (0;7) 10.2 ± 11.8 (1; 17) 0.18 

Abbreviations: Nonreversible neurological deficit, neurological damage as stroke or intracerebral haemorrhage; rScO2rightinitial and rScO2leftinitial, first original measured 
regional cerebral oxygen saturation count (rScO2) at right and left frontal side before induction anaesthesia (baseline value); rScO2%ACPright and rScO2%ACPleft, deepest 
measured relative value (in% from the baseline value) of  rScO2 on the right and left frontal side during antegrade cerebral perfusion (ACP); rScO2 right > 20%, regional 

cerebral oxygen saturation value decrease > 20% from the baseline value at right frontal area; rScO2 left > 20%, regional cerebral oxygen saturation value decrease > 
20% from the baseline value at the left frontal area; rScO2 right < 50%, regional cerebral oxygenation saturation value < 50% of  the baseline value at the right frontal 
area; rScO2 left < 50%, regional cerebral oxygenation saturation value < 50% of  the baseline value at the left frontal area; rScO2 AUCright, rScO2AUCleft, BISACPdeep, 

deepest Bispectral Index EEG count during antegrade cerebral perfusion (ACP).

Table 3b. Intraoperative data of  cerebral monitoring of  patients with delirium (group D) and without delirium (group Non-
D), data are expressed as number (%) or mean ± SD (IQR 25;75).

Group D Group Non-D p-value
rScO2rightinitial 65.4 ± 13.8 (59; 72) 67.0 ± 15.3 (60; 79) 0.45 
rScO2leftinitial 64.8 ± 14.2 (60; 75) 67.5 ± 14.4 (61; 76) 0.71 

rScO2%ACPright 92 ± 45 (68; 100) 80 ± 44 (60; 84) 0.08 
rScO2%ACPleft 78 ± 24 (64; 87) 68 ± 37 (50; 81) 0.04 

rScO2right> 20% 18 (78.3) 24 (80.0) 0.83 
rScO2left > 20% 18 (78.3) 24 (80.0) 0.83 
rScO2right < 50% 18 (78.3) 21 (70.0) 0.55 
rScO2left < 50% 18 (78.3) 23 (76.7) 0.50

rScO2 AUCright, %min 1769 ± 1913 (210; 3962) 1162 ± 1584 (239; 1545) 0.42 
rScO2 AUCleft, %min 1653 ± 1801 (308; 2719) 2029 ± 1867 (560; 3159) 0.40 

BISACPdeep 6.1 ± 10.0 (0; 8) 11.4 ± 11 (2.5; 19) 0.02 

Abbreviations: Delirium, defined as a measured value > +1 based on the Richmond Agitation and Sedation Scale (RASS); rScO2rightinitial and rScO2leftinitial, first original 
measured regional cerebral oxygen saturation count (rScO2) at right and left frontal side before induction anaesthesia (baseline value); rScO2%ACPright and rScO2%ACPleft, 
deepest measured relative value (in% from the baseline value) of  rScO2 on the right and left frontal side during antegrade cerebral perfusion (ACP); rScO2 right > 20%, re-
gional cerebral oxygen saturation value decrease > 20% from the baseline value at right frontal area; rScO2 left > 20%, regional cerebral oxygen saturation value decrease 
> 20% from the baseline value at the left frontal area; rScO2 right < 50%, regional cerebral oxygenation saturation value < 50% of  the baseline value at the right frontal 

area; rScO2 left < 50%, regional cerebral oxygenation saturation value < 50% of  the baseline value at the left frontal area; rScO2 AUCright, rScO2 AUCleft, BISACPdeep, deep-
est Bispectral Index EEG count during antegrade cerebral perfusion (ACP).
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Table 4a. Data of  conducted investigations and outcome data of  patients with nonreversible neurological deficit (group 
N) and without nonreversible neurological deficit (group Non-N), data are expressed as number (%) or mean ± SD (IQR 

25;75).

Group N Group Non-N p-value
CCTfreq 9 (81.8) 15 (35.7) 0.001

CCTpath right 1 (9.1) 1 (2.4) 0.23
CCTpath left 6 (54.5) 0 <0.001
Delirium 10 (90.9) 13 (30.0) 0.001 
Re-Op 4 (36.4) 11 (26.2) 0.51

AF 6 (54.5) 17 (40.5) 0.40
Death 2 (18.2) 4 (9.5) 0.42

CVVHD 5 (45.5) 8 (19.0) 0.07
Venttime, h 139.2 ± 169.7 (19.0; 214.0) 86.0 ± 140.0 (12.0; 74.0) 0.18
ICUstay, h 170.5 ± 171.2 (35.0; 254.0) 118.6 ± 152.6 (26.4; 141.0) 0.28 

Hospitalstay, d 25.7 ± 29.5 (5.0; 33.0) 14.2 ± 10.6 (7.5; 18.0) 0.39 

Abbreviations: Nonreversible neurological deficit, neurological damage as stroke or intracerebrale haemorrhage; CCTfreq, frequeny of  cranial computed tomography 
(CCT) performed in the groups; CCTpath right, pathological CCT findings on the right side; CCTpath left, pathological CCT findings on the left side; Delirium, defined as a 

measured value > +1 based on the Richmond Agitation and Sedation Scale (RASS); Re-Op, repeated operation; AF, atrial fibrillation; CVVHD, Continuous veno-venous 
hemodialysis; Venttime, period of  ventilation on the intensive care unit (ICU) in hours (h); Hospitalstay, time to hospital discharge in day’s.

Table 4b. Data of  conducted investigations and outcome data of  patients with delirium (group D) and without delirium 
(group Non-D), data are expressed as number (%) or mean ±SD (IQR 25;75).

Group D Group Non-D p-value
CCTfreq 17(73.9) 7(23.3) >0.001

CCTpath right 5(21.7) 1(3.3) 0.07 
CCTpath left 4(17.4) 2(6.7) 0.39
Delirium 7(30.4) 4(13.3) 0.180 
Re-Op 8(34.8) 7(23.3) 1.00

AF 12(52.2) 11(36.7) 0.28 
Death 0 6(20.0) 0.03

CVVHD 5(21.7) 8(26.7) 0.76
Venttime, h 161.7 ± 185.2(36; 205) 47.5 ± 81.1(9; 34) <0.001
ICUstay, h 214.8 ± 157.6(113; 254) 63.9 ± 83.1(22; 72) <0.001

Hospitalstay, d 24.9 ± 21.4(12; 31) 10.0 ± 7.1(7; 13) <0.001

Abbreviations: Delirium, defined as a measured value > +1 based on the Richmond Agitation and Sedation Scale (RASS); CCTfreq, frequeny of  cranial computed 
tomography (CCT) performed in the groups; CCTpath right, pathological CCT findings on the right side; CCTpath left, pathological CCT findings on the left side; Deficitneuro, 

nonreversible neurological deficit (stroke, intracerebral haemorrhage); Re-Op, repeated operation; AF, atrial fibrillation; CVVHD, Continuous veno-venous hemodialysis; 
Venttime, period of  ventilation on the intensive care unit (ICU) in hours (h); Hospitalstay, time to hospital discharge in day’s.

Table 5. Data of  conducted investigations of  patients who died (n =6) or survived (n = 47), data are expressed as number 
(%) or mean ±SD (IQR 25;75).

Group death Group survive p-value
rScO2AUCright, %min 2425 ± 2958 (1029; 5036) 1297 ± 1529 (193; 1722) 0.40 
rScO2AUCleft, %min 3779 ± 2221 (2187; 5315) 1621 ± 1648 (427; 2530) 0.02 

surgery time, min 501.8 ± 160.9 (352; 680) 367.4 ± 112.5 (288; 420) 0.04
RBC 13.8 ± 15.5 (3.3;26.3) 4.2 ± 5.0 (0; 6.0) 0.05 
FFP 7.7 ± 9.2 (0; 15.0) 1.4 ± 4.1 (0;0) 0.007

Abbreviations: rScO2AUCright and rScO2AUCleft, Area Under the Curve of  each percent of  regional cerebral oxygen saturation values < 80% multiplied with the time 
(%min) from the right and left frontal side; RBC, red blood cell package; FFP, Fresh Frozen Plasma package.
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verter defibrillator testing Edmonds et al., discovered, that a loss 
of  consciousness was accompanied by a decline of  rScO2 > 20% 
[25]. Based on these studies and the recommendations of  Murkin 
and co-workers, the perilous level of  cerebral desaturation in this 
retrospective investigation was defined as a decline of  rScO2 > 
20% of  the baseline value and an AUC > 150% min [23]. The de-
crease of  rScO2 by more than 20% from baseline, the decrease of  
the absolute value to rScO2 < 50% and the rScO2 AUC in this in-
vestigation were not significantly different between patients who 
developed postoperative nonreversible (N-group) or reversible 
(D-group) deficit compared to those without any neurologic defi-
cit (Non-N and Non-D-group). However, it is noteworthy that 
all patients who developed a postoperative nonreversible neuro-
logical deficit always showed a bilateral rScO2 AUC > 150 % min. 
Additionally, the bilateral rScO2 AUC showed a trend towards 
higher values in the N-group compared to the Non-N group. In 
46 patients scheduled for aortic arch surgery and SACP Olsson 
and colleagues reported a sensitivity up to 83% and a specificity 
up to 94% in identifying postoperative stroke, if  rScO2 decreased 
to values between 76 to 85% of  the baseline [10]. In their study, 
the relative rScO2 values measured during SACP were significantly 
lower in the ischemic compared to the apparently well-perfused 
hemisphere in the six patients who developed a stroke. The mean 
relative rScO2 values measured during SACP in our study were 
also found to be lower in patients developing a nonreversible neu-
rological deficit compared to the patients without nonreversible 
neurological harm but this finding did not reach significance. Ad-
ditionally, in the N- and Non-N group, mean relative rScO2 values 
of  the left forehead tended to be lower compared to those meas-
ured on the right forehead without association to a likely stroke 
location. These findings could be explained by technical limita-
tions of  the NIRS and the detection of  tissue saturation in a small 
area of  extracranial and brain tissue, near a watershed area. All pa-
tients of  the N-group underwent cerebral computed tomography. 
In three patients a left hemispheric insult, in two patients a right 
hemispheric insult and in the remaining six patients’ diverse cer-
ebral insults were found in areas which cannot be monitored by 
a NIRS device: the temporal lobe, the paraventricular region, the 
intern capsule, the brain stem and the infratentorial area of  the 
brain. Urbanski et al., investigated NIRS in 122 patients under-
going aortic arch surgery using unilateral cerebral perfusion [14]. 
They reported a presumed insufficient crossover perfusion in one 
patient following an intense drop of  the absolute rScO2 value to 
15%. This was successfully treated by changing from uni- to bilat-
eral perfusion of  the brain feeding arteries. In the remaining 121 
patients, no drop deeper than an absolute rScO2 value of  40% or 
70% of  the baseline rScO2 was found, but five patients developed 
a permanent and nine a temporary neurological deficit. As in this 
retrospective investigation, they found no association between the 
occurrence of  adverse neurological outcome and the values of  
regional cerebral oxygen saturation. In 200 patients undergoing 
coronary artery bypass graft surgery, Murkin and colleagues inves-
tigated the impact of  corrected significant cerebral desaturations. 
They defined cerebral desaturations as a decrease of  rScO2 below 
70% of  baseline for one minute or longer and profound desatura-
tions where rScO2 AUC < 70% of  baseline was > 150% min. Sig-
nificantly less major organ morbidity or death was reported in the 
intervention group of  this study [23]. However, although the rate 
of  stroke was lower in the intervention group compared to the 
not treated group, this finding was of  no significance. It is worth 
mentioning, that the highest measured rScO2 AUC values in this 
retrospective investigation were found in patients who did not 

suffer any nonreversible or reversible cerebral deficit. The highest 
measured rScO2 AUC value in the N-group was 5253% min, in 
the D-group without nonreversible cerebral deficit 6021% min 
and in the Non-N and Non-D-group 7131% min. rScO2 AUC 
values > 2000% min were found in 11 patients who did not suffer 
any cerebral deficit, in six patients of  the N-group and in eight 
patients of  the D-group (data not shown). These findings ad-
ditionally suggest that the oxygen saturation measurements with 
NIRS do not exclusively reflect the saturation of  the brain tissue, 
but might be significantly influenced by the perfusion of  extracer-
ebral tissue. Recently Zanatta and Forti reported a supplementary 
patient related limitation of  the NIRS by mentioning the signifi-
cantly higher incidence of  frontal brain atrophy in elderly patients 
[26]. This patient related condition might not allow an accurate 
measurement of  cortical tissue oxygenation, because of  a too low 
penetration depth in patients suffering from frontal cortical atro-
phy, even a sufficient cortical saturation level might not be picked 
up in these patient’s due to the lack of  penetration of  NIRS.

As expected, the postoperative delirium was significantly more 
frequent in the N-group compared to the Non-N group. The in-
cidence of  delirium post-stroke in non-surgical patients is esti-
mated to vary from 13% to 48% and is independently associated 
with poor functional outcome, death and prolonged institutionali-
zation [27]. In this investigation 64% of  the N-group and 38% of  
the Non-N group suffered from postoperative delirium. Although 
not significant, the rScO2 AUC values of  the D-group were noted 
to be higher on the right forehead whereas the rScO2 AUC values 
on the left side appeared lower compared to corresponding values 
of  the Non-D group. These findings indicate that there is no as-
sociation between a significant drop, the drop size and its duration 
of  rScO2 measured by the NIRS in the context of  predicting the 
incidence of  a postoperative delirium.

Although not significant, the mean value of  the deepest measured 
BIS during SACP was lower in the N-group and in the D-group 
compared to the corresponding Non-N and Non-D groups. 
Stecker et al., investigated the impact of  moderate to deep hypo-
thermia on brain electrical activity in 109 patients undergoing deep 
hypothermic circulatory arrest with neurophysiologic monitoring. 
The mean nasopharyngeal temperature when periodic complexes 
appeared in the EEG after cooling was 29.6 ± 3°C, EEG burst 
suppression appeared at 24.4 ± 4°C, and electroencephalic silence 
appeared at 17.8 ± 4°C [28]. Burst suppression ratio (BSR), quan-
tifying the percentage of  suppressions during burst suppression 
pattern is integrated in the BIS algorithm. In ten healthy volun-
teers undergoing propofol infusion Bruhn et al., reported a linear 
correlation of  BSR values > 40% with BIS values from 30 to 
zero [29]. Tobias et al., reported BIS values of  7 ± 5, 14 ± 3 and 
37 ± 12 while the EEG showed ≤ 2, 3-5, and ≥ 6 bursts/min in 
7 patients who received treatment with pentobarbital for an el-
evated intracranial pressure [30]. The observation of  deepest BIS 
values during SACP of  0 to 7 in the N-group, 0-8 in the D-group 
compared to 1-17 in the Non-N group and 2.5 to 19 in the Non-
D group suggest an association of  a more pronounced electrical 
silence EEG during SACP with the development of  a reversible 
or nonreversible neurological deficit. In addition to temperature 
and drug effects, perfusion disturbances causing reduced oxygen 
supply might be responsible for the higher decrease of  BIS dur-
ing SACP in the N- and D-group. However, this hypothesis seems 
limited by the use of  only unilateral placement of  BIS electrodes, 
mainly on the left forehead. 
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In patients who died, mean rScO2 AUC on both sides of  the fore-
head, but in particular the rScO2 AUC on the left forehead were 
found to be higher compared to those of  the surviving patients. 
However, this observation could not be determined to be signifi-
cant. In the two patients who developed severe cerebral infarction 
the rScO2 AUC value was only in one case associated with a cor-
responding injured cerebral hemisphere. In all other patients who 
died, death was not caused by cerebral injury but due to multior-
gan failure within the framework of  intraoperative hemorrhagic 
shock necessitating massive transfusion. The high rScO2 AUC 
values measured in these patients might suggest a role of  NIRS 
in detecting general perfusion disturbances of  the whole body, as 
already published by Fischer and colleagues [31]. 

In patients suffering type A aortic dissection in most cases the 
cerebral vascular condition, possible modifications of  the cerebral 
autoregulation and the circle of  willis variability is unknown. Ap-
plication the NIRS optodes at the forehead should provide an 
estimate of  cortical tissue oxygen saturation about 1cm2 areas of  
brain in the watershed region at the confluence of  anterior and 
middle cerebral arteries and may thus detect hypo-or hyperperfu-
sion in the anterior circulation. However, this does not provide 
information on other areas of  the brain, including brain stem, 
middle and posterior cerebral circulation and on areas with im-
paired perfusion caused by atherosclerosis. Because data on the 
specificity of  rScO2 monitoring for ensuring cerebral perfusion 
are currently not available, there is little evidence on whether the 
absence of  acute reductions in rScO2 ensures adequate cerebral 
blood flow in the measured area. While in deep hypothermia and 
SCAP the cerebral autoregulation is largely retained, the reheating 
phase leads to marked disturbances of  the cerebral autoregula-
tion, leading to states of  possible hypo-or hyperperfusion [32]. 
Especially in this phase the contamination of  the rScO2 measure 
by oxygen saturation of  the extracerebral tissue is increasing and 
makes a safe assessment and estimation of  the rScO2 difficult. 
Conversely, the extent to which the extracerebral oxygen desatu-
ration due to vasoconstriction of  the peripheral vessels influences 
the rScO2 measured by the NIRS is not sufficiently investigated. 
In addition to physiological and anatomical factors intraoperative 
changes in the fluid content of  the tissues as development of  
postoperative edema and circulation-assisted pharmacotherapy 
have significant impact on the rScO2 measure and may explain the 
results of  this investigation. 

Being aware of  the limitations of  this investigation we would like 
to highlight the retrospective design and the need for offline cal-
culation of  the rScO2 AUC values. Although no malposition of  
cannulas during SCAP have been observed, within the interval 
between two respective documented values, small but also sub-
stantial changes of  the rScO2 may have occurred. Unrecorded 
minor changes of  the rScO2 could have a significant impact on an 
offline calculation of  the rScO2 AUC. All intraoperative recorded 
quantitative and continuous data were collected from the anesthe-
sia protocol, where the data was only periodically documented. 
That no medium or long-term outcome data was collected from 
the released reports of  the university hospital and the hospitals to 
which the patients were transferred to for further treatment is a 
non incisive further limitation of  this analysis. 

In addition, we defined perilous levels of  cerebral desaturation as 
a drop of  rScO2 at each hemisphere > 20% from the baseline or a 

drop of  the absolute rScO2 value to < 50%. However, there is no 
consensus in the literature as to the level of  cerebral oxygenation 
that constitutes a significant desaturation during cardiac surgery. 
Although, Murkin and colleagues considered the area under the 
curve of  saturations < 70% of  baseline and defined rScO2 AUC 
> 150% -min as a measure of  profound desaturation, they could 
not show a significant difference in the neurologic outcome in 
the treatment compared to the non-treatment group [23]. In a 
recent study by Slater and colleagues a calculated rScO2 score of  
> 3000% seconds was associated with an increased risk of  neuro-
cognitive decline and longer hospital stay in 240 coronary artery 
bypass surgery patients if  the absolute rScO2 value dropped < 
50% [24]. In our retrospective investigation patients without any 
decrease of  the rScO2 > 20% and therefore no rScO2 AUC have 
developed a reversible neurological deficit. Finally, the only small 
number of  patients included in this investigation may possible 
effect the outcome. In particular, the considerable number of  ex-
cluded anesthesia protocols in which documented data was inac-
curate; either missing, not clearly readable or not assignable, could 
have had a relevant impact on our results.

Conclusion

Regional cerebral oxygenation saturation measurement by near in-
frared spectroscopy with the INVOS 5100 device does not appear 
to detect or predict nonreversible or reversible neurological deficit 
in patients with aortic dissection type A undergoing aortic arch 
surgery with selective antegrade cerebral perfusion. 
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