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Objective 

Surgical repair of the aortic arch remains technically 
challenging and is associated with considerable morbidity 
and mortality. Cerebral oximetry is a noninvasive technology 
that can monitor the regional oxygen saturation of the frontal 
cortex. We hypothesized that magnitude and duration 
of decreased intraoperative regional oxygen saturation 
was associated with postoperative organ dysfunction. 
Additionally, we sought to identify regional oxygen saturation 
threshold values that are predictive of organ dysfunction. 

Patients 
31 patients undergoing elective thoracic aortic surgery 
with deep hypothermic circulatory arrest (DHCA), with or 
without anterograde selective cerebral perfusion (SCP), were 
monitored intraoperatively using the ForeSight cerebral 
oximeter.

Protocol 

After the induction of general anesthesia, 2 sensors were 
placed on the subjects’ foreheads bilaterally for continuous 
monitoring of SctO2 starting after induction of anesthesia 
until the end of surgery.

SctO2 minutes and the area under the threshold (AUT) spent 
beneath the absolute threshold limits of 50%, 55%, 60%, and 
65% were computed for both left and right sensors during the 
entire intraoperative period. 

Major complications were defined as death, stroke with 
persisting neurologic deficits at time of discharge, new onset 
of impaired myocardial function, respiratory failure, sepsis, 
delirium, new onset renal failure, gastrointestinal complication 
and severe volume overload. 

Minor or no complications included new onset of atrial 
fibrillation, minor volume overload, phlebitis, or no 
complication. 

Postoperative complications, extubation time, intensive care 
unit (ICU) length of stay (LOS), and hospital LOS data were 
collected and compared with SctO2 data and DHCA time.

Results 

Among the 30 patients, 30 major and 29 minor complications 
were identified. Sixteen (53.3%) patients had at least 1 major 
complication, 8 (26.6%) had at least 1 minor complication, 
and 6 (20%) had no complications reported. For the purpose 
of analysis, we defined a severe adverse outcomes (SAO) as 
having 1 or more major postoperative complications.  

Logistic regression was used to investigate the relationship 
between SAO and SctO2 exposure time under a given 
threshold (TUT). There were statistically significant 
associations between TUT and SAO incidence for SctO2 
thresholds of 60% and 65%. 

Finally, we explored the financial burden posed on our 
institution as a direct result of prolonged ICU and hospital LOS. 
For the purpose of illustration, we applied the predictive model 
to patients who spent more than 30 minutes beneath the SctO2 
threshold value of 60% as opposed to patients who did not. 
Median LOS was predicted to be 3 days longer (6 vs 3) in the 
ICU, and the total hospital stay was 4 days longer (13 vs 9), of 
which 2 days were attributable to ICU stay and 1 to non-ICU 
stay. The total cost of this additional stay was calculated to 
be $8300 at our institution using hospital financial estimates 
of cardiac surgical inpatient costs.

Logistic regression was used 
to investigate the relationship 
between SAO and SctO2 exposure 
time under a given threshold 
(TUT). There were statistically 
significant associations between 
TUT and SAO incidence for SctO2 
thresholds of 60% and 65%. 

Conclusions of the authors 

Decreased SctO2 values were associated with major 
complications, prolonged  postoperative mechanical 
ventilation, and prolonged ICU and hospital LOS. Both the 
nadir of SctO2 and the integral of low SctO2 over time were 
associated with severe adverse outcomes. Each additional 
decade of life was associated with doubled risk of severe 
adverse outcome (SAO).

Key message 

Study findings lend evidence to support the association of 
decreased perioperative cerebral oxygenation values with 
poor outcomes after aortic arch surgery.

Additionally, decreased cerebral oxygenation values are 
associated with an increased length of ICU and hospital stay.
Pubmed Link: 
https://www.ncbi.nlm.nih.gov/pubmed/20579669

Statistics
For 2 group comparisons, Fisher’s exact tests were used for categorical

variables and either the Student t tests or nonparametric Wilcoxon tests for

continuous variables, as appropriate. Age-adjusted logistic regression was

used to assess the association between exposure time and severe adverse

outcome (SAO), which was defined as having at least 1 major complication

after surgery. Effects of exposure time are expressed in terms of odds ratios.

Because of the small sample size, profile-likelihood confidence intervals

were used. The c-statistic, also known as the area under the receiver operat-
ing characteristic curve, was also reported to indicate the predictability of

obtaining a SAO, using age and exposure time as predictors. Owing to

the limited number of SAOs, no other covariates were considered in the

model. Spearman correlation coefficients were used to evaluate the strength

of associations between exposure time and area under the SctO2 threshold

for extubation, ICU time, and total hospital LOS time. We performed sen-

sitivity analyses to assess how deaths affect the associations between hospi-

tal outcomes and SctO2. The assumption here is that hospital LOS would

have been longer than the observed if death did not occur. The first analysis

assigned the maximum LOS in the study (¼102 days) to the extubation/

ICU/hospital LOS days for all 3 deaths. The second analysis assigned the

median hospital LOS for the SAO group (¼13 days) to the extubation/

ICU/hospital LOS days for the 1 patient who died before day 13. The last

analysis was based on the original data. All statistical analyses were carried

out using SAS (SAS Institute, Inc, Cary NC). The authors had full access to

the data.

RESULTS
Complete postoperative data were available for 30 pa-

tients. One patient was excluded from the study owing to in-

sufficient postoperative documentation. The demographics

SctO 2  < 50% 
(n = 5) 

SAO (n = 5) 100%   
Delirium 
Renal failure
Respiratory failure x 3  
Death x 2 
New onset myo cardial  
dysfunction 

Died (n = 2)  

SctO 2  < 55% 
(n = 11) 

SAO (n = 8) 73%   
Stroke 
Delirium 
Sepsis 
Respira tory failure x 2 
New onset myocardial  
dysfunction 
Severe volume overload 
Death 

Died (n = 3)  

SctO 2  < 60%
(n = 15) 

SAO (n = 11) 73%   
Stroke 
Delirium 
Gastrointestinal
complication 
Respiratory failure x 2 
Renal failure x 2 
Sepsis 

Died (n = 3)  

SctO 2  < 65% 
(n = 20) 

SAO (n = 13) 65%   
Respiratory failure 
Renal failure
Sepsis 

Died (n = 3)  

SctO 2  65%
(n = 10) 

SAO (n = 3)  30%   
Severe volume  
overload 
Delirium 
Stroke 

Died (n = 0)  
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FIGURE 1. CONSORT diagram of 31 patients undergoing elective thoracic aortic surgery with deep hypothermic circulatory arrest (DHCA). SAO, Severe

adverse outcome; SctO2, cerebral tissue oxygen saturation.

FIGURE 2. Area under the threshold (AUT). AUT (present)¼ AUT (past)þ
(SctO2 Threshold�SctO2 value) 3 sample rate. SctO2, Cerebral tissue oxy-

gen saturation.
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used to assess the association between exposure time and severe adverse
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ICU/hospital LOS days for the 1 patient who died before day 13. The last

analysis was based on the original data. All statistical analyses were carried
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the data.
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FIGURE 1. CONSORT diagram of 31 patients undergoing elective thoracic aortic surgery with deep hypothermic circulatory arrest (DHCA). SAO, Severe

adverse outcome; SctO2, cerebral tissue oxygen saturation.

FIGURE 2. Area under the threshold (AUT). AUT (present)¼ AUT (past)þ
(SctO2 Threshold�SctO2 value) 3 sample rate. SctO2, Cerebral tissue oxy-

gen saturation.
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For professional use. For a listing of indications, contraindications, precautions, warnings, and potential adverse events, please refer to the Instructions for Use 
(consult eifu.edwards.com where applicable).

Edwards devices placed on the European market meeting the essential requirements referred to in Article 3 of the Medical Device Directive 93/42/EEC bear the CE marking of 
conformity. 

ForeSight Elite tissue oximetry system is manufactured by CAS Medical, Inc., a subsidiary of Edwards Lifesciences.
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