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Abstract  

Coronary artery bypass surgery, performed with or without cardiopulmonary 
bypass, is frequently followed by postoperative cognitive decline. Near-infrared 
spectroscopy is commonly used to assess cerebral tissue oxygenation, especially 
during cardiac surgery. Recent studies have suggested an association between 
cerebral desaturation and postoperative cognitive dysfunction. We therefore 
studied cerebral oxygen desaturation, defined as area under the cerebral 
oxygenation curve <40% of >10 min.%, with respect to cognitive performance 
at 4 days (early) and 3 months (late) postoperatively, compared with baseline, 
using a computerised cognitive test battery. We included 60 patients, of mean 
(SD) age 62.8 (9.4) years, scheduled for elective coronary artery bypass 
grafting, who were randomly allocated to surgery with or without 
cardiopulmonary bypass. Cerebral desaturation occurred in only three patients 
and there was no difference in cerebral oxygenation between the two groups at 
any time. Among patients who received cardiopulmonary bypass, 18 (62%) had 
early cognitive decline, compared with 16 (53%) in the group without 
cardiopulmonary bypass (p=0.50). Three months after surgery, 11 patients 
(39%) in the cardiopulmonary bypass group displayed cognitive dysfunction, 
compared with four (14%) in the non-cardiopulmonary bypass group (p=0.03). 
The use of cardiopulmonary bypass was identified as an independent risk factor 
for the development of late cognitive dysfunction (OR 6.4 (95% CI 1.2–33.0) 
p=0.027. In conclusion, although cerebral oxygen desaturation was rare in our 
population, postoperative cognitive decline was common in both groups, 
suggesting that factors other than hypoxic neuronal injury are responsible. 
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Introduction 

Coronary artery bypass graft surgery (CABG) is frequently associated with a 
systemic inflammatory response (Laffey et al., 2002) and injury and dysfunction 
of several organs, including the brain (van Harten et al., 2012; Newman et al., 
2006; Selnes et al., 2012). Diffuse cerebral injury after CABG may result in 
delirium and/or cognitive decline. Previously, many postoperative 
complications after heart surgery were attributed to cardiopulmonary bypass 
(CPB). In recent years, however, doubt has been cast on this theory because 
retrospective and prospective studies have failed to demonstrate that CABG 
without CPB is associated with a reduction in the incidence of early mortality 
and major complications (Diegeler et al., 2013; Lazar, 2013; Shroyer et al., 
2009). Indeed, although CABG without CPB does not involve the inherent risks 
of extracorporeal circulation, aortic manipulation is often still required, and can 
be the cause of cerebral micro-emboli and infarction. However, the number of 
micro-infarcts is thought to be greater when CPB is used (Liu et al., 2009). 
Perhaps more importantly, cardiac surgery without CPB may introduce other 
potentially harmful risks, including temporary reduction in cardiac output 
during periods when the beating heart is manipulated. This variation in blood 
supply may reduce oxygen delivery and cause hypoxic tissue damage in 
vulnerable tissues, particularly the brain.  

Postoperative cognitive dysfunction may be difficult to diagnose, and results in 
changes in performance scores in cognitive function tests focused on domains 
such as attention, concentration, memory and executive function, without 
evidence of focal neurological damage. Sceptics claim that postoperative 
cognitive dysfunction is a statistical aberration arising from methodological 
weaknesses, or from other temporary factors such as fatigue and lethargy caused 
by residual drug effects and the stress response to surgery (Fisher et al., 1993). 
If, however, one accepts that postoperative cognitive dysfunction exists and is 
the result of diffuse neuronal injury, then there are two possible conclusions. 
The first is that CPB is not harmful, and that neuronal injury arises with both 
techniques (with and without CPB) as a result of common responses to surgery 
and anaesthesia (such as a priming-induced exaggerated inflammatory 
response)(van Harten et al., 2012). A second possibility is that both techniques 
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have adverse effects on the brain with similar cognitive consequences, but via 
different mechanisms. 

Near-infrared spectroscopy is commonly used to assess regional tissue oxygen 
haemoglobin saturation in the frontal cortex of the brain (Ghosh et al., 2012; 
Scheeren et al., 2012). It gives an indication of the balance between oxygen 
delivery and oxygen consumption, which may have prognostic value. A recent 
study showed that pre-operative cerebral oximetry values predicted various 
postoperative outcomes after coronary surgery using CPB (Heringlake et al., 
2011). Other studies have shown a correlation between the severity and duration 
of cerebral desaturation, with or without CPB, and subsequent postoperative 
cognitive dysfunction (de Tournay-Jette et al., 2011; Yao et al., 2004), although 
the evidence is somewhat weak (Zheng et al., 2013). To our knowledge, there 
have been no randomised trials comparing cerebral saturation during surgery 
with and without CPB to date. The aim of our randomised pilot study was to 
compare the incidence and severity of cerebral oxygen desaturation during 
coronary artery surgery with and without CPB. In addition, we sought to 
explore further the correlation between surgical technique, cerebral oxygenation 
and postoperative cognitive dysfunction. 

We hypothesised that significant cerebral desaturation occurs less commonly 
during surgery without CPB than with CPB, and that cognitive dysfunction 
would also be less common in this cohort of patients. We also hypothesised that 
postoperative cognitive dysfunction is associated with intra-operative cerebral 
hypoxia, but that the pattern would be different depending on whether CPB was 
used or not. 

 

Material & Methods 

This study was performed at the University Medical Centre Groningen, the 
Netherlands, between June 2011 and May 2012, after institutional review board 
approval and with written informed consent. A sealed envelope technique was 
used to randomise eligible patients to undergo coronary artery surgery either 
with or without CPB. Inclusion criteria were age >18 years and considered 
suitable for surgery with or without CPB by both the operating surgeon and the 
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responsible anaesthetist. Patients were not studied if they were likely to 
experience difficulty completing cognitive testing because of impaired hearing 
or eyesight, problems understanding the Dutch language, or impaired function 
of the dominant hand or arm. Other exclusion criteria included: history of head 
trauma, stroke or neurosurgery; severe or symptomatic carotid artery disease; 
systemic steroid therapy; and pre-existing acute or chronic renal impairment 
(creatinine concentration > 200 µmol.l-1). 

Anaesthetic management followed a strict protocol. Anaesthesia was induced 
with sufentanil 0.5 µg.kg-1 and propofol target-controlled infusion 2 µg.kg-1, 
adjusted thereafter to keep the bispectral index in the range of 30–50 throughout 
the procedure. Tracheal intubation followed the administration of either mg.kg-1 

pancuronium or 0.6 mg.kg-1 rocuronium. During the procedure, a continuous 
infusion of sufentanil and additional sufentanil boluses of 10 µg were given at 
the discretion of the anaesthetist. During surgery, standard monitoring included 
mean arterial pressure, heart rate, oxygen saturation, central venous pressure 
and central venous oxygen saturation. Patients were transferred postoperatively 
to the intensive care unit (ICU) and sedated with propofol by infusion until they 
were considered ready for tracheal extubation.  

Patients allocated to surgery using CPB received heparin 300 IU.kg-1, after 
which their ascending aorta and right atrium were cannulated. Cardiopulmonary 
bypass was non-pulsatile and mean arterial pressure was maintained around 60 
mmHg. Patients’ temperature was allowed to drift passively to 34°C. Cold 
blood cardioplegia (200 ml) was administered both antegrade (aortic root) 
and/or retrograde (coronary sinus) and repeated every 20 min. Patients 
randomly allocated to surgery without CPB also received heparin but at a dose 
of 200 IU. kg-1; cardiac stabilisation and displacement was obtained using the 
Acrobat and XPOSE-4 devices (both Maquet, Rastatt, Germany).  

Coronary anastomoses were facilitated by intracoronary shunts (Medtronic, 
Minneapolis, MN, USA) and a carbon dioxide with warm saline blower 
(Blower Mister; Maquet). Side-clamping of the aorta was required in 27 (90%) 
of patients operated without CPB when anastomosing the top end of the 
coronary grafts, whereas in 3 (10%) patients, a no-touch aorta technique was 
used. 
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Cerebral tissue oxygenation was measured by near-infrared spectroscopy using 
both the INVOS Cerebral Oximeter 5100C (Covidien, Dublin, Ireland) and the 
ForeSight Cerebral Oximeter (CASMED, Branford, CT, USA) simultaneously 
(Moerman et al., 2013). As the two cerebral oximeters showed a similar time 
course in most patients, with mean ForeSight values uniformly 15–20 
percentage points higher than respective INVOS values, we will present only 
measurements from one device, the INVOS. Immediately after arrival in the 
operating theatre, the cerebral oximetry sensors were applied bilaterally to the 
patient’s forehead and cerebral oximetry measurement was commenced. The 
anaesthetist responsible for the care of the patient remained blinded to the 
cerebral oximetry measurements throughout anaesthesia and surgery. 

With regard to neuropsychological testing, depression and anxiety were 
assessed using the Hospital Anxiety and Depression Scale (HADS) (Spinhoven 
et al., 1997) before the start of each cognitive test session. A cut-off HADS 
score of ≥ 8 was defined to identify patients with preexisting depression or 
anxiety. Cognitive function was assessed using the CogState brief computerised 
cognitive test battery (Cogstate Ltd, Melbourne, Vic., Australia), consisting of 
the detection task, the identification task, the one card learning task and the one 
back task (Fredrickson et al., 2010). These tests assess psychomotor speed, 
selective attention, long-term memory and working memory, respectively. Two 
sets of cognitive tests were performed on the day before surgery. The first set 
was a practice test and the second was used as the baseline test, as practice 
effects have been shown between the first and second set of tests (Falleti et al., 
2006). Follow-up tests were then performed at 4 days and 3 months 
postoperatively. The testing required approximately 15 min per session. Each 
task was explained to the participants by an investigator using standardized 
written instructions. For each postoperative cognitive test, a standardized 
change Z-score was calculated. This score, equivalent to a reliable change score, 
takes into account the test–retest variability among an age-matched normal 
control population. The standardised change scores of the individual tests were 
summed to generate a composite Z-score. Postoperative cognitive dysfunction 
was defined as a standardised change Z-score less than 2 in two or more 
individual tasks or a composite Z-score of less than 2 (Rasmussen et al., 2001). 
The evaluators were blinded to the patient’s group assignment. 
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The primary outcome of this study was significant cerebral desaturation, 
defined as cerebral oximetry AUC40 > 10 min.%; this was calculated from the 
integral of the cerebral oximetry signal over time, of the portions of the signal 
when the cerebral oximetry was < 40% (i.e. AUC40 = Σ [∫(40 - rSO2) dt] for all 
periods where 40 - rSO2 > 0). Secondary outcomes were the incidence of 
postoperative cognitive dysfunction at 4 days and 3 months postoperatively, the 
incidence of major complications, and the duration of ICU and hospital 
admission. Analyses were performed using SPSS statistics software version 20 
(IBM, New York, NY, USA). The Kolmogorov–Smirnov test was used to 
assess distribution of the data. Continuous data were analysed using Student’s t-
test and noncontinuous data using the Mann–Whitney U-test. Nominal data 
were analysed using the Pearson chisquared test or Fisher’s exact test as 
appropriate. In all cases, a two-sided p value < 0.05 was considered statistically 
significant. Univariate and multivariate logistic regression models were used to 
evaluate risk factors that may influence the occurrence of postoperative 
cognitive dysfunction, such as age, use of CPB, cerebral desaturation and 
neuropsychological state.  

 
Results 

A total of 60 patients undergoing elective CABG were enrolled (Fig. 1). 
Exclusion of eligible patients due to logistic reasons was quite common; these 
included the inability to schedule the operation of a consenting patient with a 
participating surgeon and anaesthetist, and the inability to record data from 
different patients having surgery at the same time. Mean (SD) age was 62.8 
(9.4) years and 54 (90%) patients were men; baseline characteristics between 
patients randomly allocated to surgery with or without CPB were similar (Table 
1).  
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Figure 1. CONSORT flow diagram of patients throughout the study.  

Data from one patient randomly allocated to surgery with CPB were excluded 
from analysis because he received surgery without CPB as he was found to have 
a ‘porcelain’ aorta, and after discussion, it was felt that avoidance of aortic 
cross-clamping was in his interests. Mean (SD) CPB time was 82.6 (22.6) min 
and aortic cross-clamp time was 53.1 (14.5) min. Mean arterial pressure at the 
end of surgery was significantly lower in patients who underwent surgery with 
CPB compared with those without CPB; other haemodynamic and systemic 
oxygenation variables were similar (Table 2). 
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Table 1. Baseline characteristics in patients randomly allocated to surgery with or 
without CPB. Variable are number (proportion), mean (SD) or median (IQR [range]). 

 
CPB, cardiopulmonary bypass; BMI, body mass index; LVEF, left ventricular ejection 
fraction; HADS, hospital anxiety and depression score; Hb, haemoglobin concentration; 
CRP, C-reactive protein; GFR, glomerular filtration rate; LDH, lactate dehydrogenase; 
NT-proBNP, N-terminal pro-brain natriuretic peptide.  

 All patients (n=59) With CPB  
(n = 29) 

Without CPB 
(n = 30) 

Men 53 (90%) 26 (90%) 27 (90%) 

Age; yr 62.8 (9.4) 62.6 (9.9) 63.0 (9.0) 

Educational status 
 Lower education 
 Higher education 

 
45 (76%) 
13 (22%) 

 
21 (75%) 
7 (21%) 

 
24 (80%) 
6 (20%) 

EuroSCORE 2.5 (1.8) 2.3 (1.7) 2.7 (1.9) 

Smokers  42 (70%) 22 (79%) 20 (67%) 
BMI; kg.m-2 27.8 (3.5) 28.1 (4.0) 27.5 (2.9) 
Diabetes  14 (23.3 %) 6 (20.7 %) 8 (26.7 %) 
Hypertension  17 (28.8 %) 10 (34.5 %) 7 (23.3 %) 
Pre-operative LVEF 
 55 - 70% 
 40 - 55 % 
 < 40 % 

 
30 (501%) 
25 (42%) 
4 (67%) 

 
17 (59%) 
10 (35%) 
2 (7%) 

 
13 (43%) 
15 (50%) 
2 (7%) 

 
HADS score (total) 
- anxiety  
- depression 

 
8.6 (5.7) 
5.5 (3.9) 
3.2 (2.6) 

 
9.2 (6.2) 
5.8 (4.3 
3.4 (2.8) 

 
8.0 (5.3) 
5.2 (3.5) 
2.9 (2.3) 

 
Duration of surgery; min 
Aortic clamp time; min 
CPB time; min 

 
188.0 (46.3) 
- 
- 

 
189.0 (31.6) 
53.1 (14.5) 
82.6 (22.6) 

 
186.0 (57.7) 
- 
- 

Grafts/patient  3.3 (0.8) 3.2 (0.9) 
Pre-operative levels: 
  Leucocytes; .109.l-1   
  Hb; g.dl-1 
  CRP; mg.l-1  
  Urea; mmol.l-1 
  Creatinine; µmol.l-1 
  eGFR; ml.min-1.1.73 m2 
  LDH; U.l-1  
  NT-proBNP; ng.l-1  
  Hs- Troponine T; ng.l-1 
 

 
8.1 (2.3) 
9.0 (0.8) 
0 (0-6 [0-65]) 
6.2 (1.9) 
90.0 (21.5) 
75.0 (18.6) 
169 (150-199 [71-860]) 
489 (94-1086 [53-1639]  
85 (23-735 [9-5325]) 
 

 
8.0 (2.3) 
9.1 (0.8) 
0 (0-3 [0-20]) 
6.6 (2.0) 
90.4 (24.0) 
76.0 (20.4) 
179 (145-201 [71-303]  
296 (93-586 [72-635]) 
70 (9-294 [9-294]) 
 

 
8.1 (2.3) 
8.9 (0.8) 
0 (0-8 [0-65]) 
5.9 (1.8) 
89.2 (19.3) 
74.0 (16.8) 
168 (151-193 [128-860]) 
572 (114-1538 [53-1639]) 
389 (25-977 [18-5325]) 
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Cerebral oximetry values were similar between the two groups (Table 3). The 
primary outcome (AUC40 > 10 min.%) was reached in only three patients; one 
who received CPB and two who did not. One of these patients (AUC40, 87 
min.%, Fig. 2), from the CPB group, suffered a peri-operative stroke. The other 
two patients fulfilled the criteria for both early and late postoperative cognitive 
dysfunction. Because of the low incidence of our predefined primary outcome, 
we performed a broader analysis using other cut-off points in cerebral oximetry 
values (Table 3). 

We calculated AUC parameters using less stringent absolute and relative 
desaturation thresholds, and also recorded the number of patients in whom 
cerebral oxygen saturation declined below 70% of baseline value, regardless of 
duration. There were no significant differences in any of these parameters 
between the two groups of patients. Median (IQR [range]) length of stay in ICU 
and in hospital was 1 (1–1 [1–12]) and 9 (6–12 [3–29]) days, respectively, in 
the CPB group, and 1 (1–1 [1–8]) and 8 (6–11 [4–15]) days for patients in the 
no-CPB group (p = 0.840 and p = 0.552, respectively).  

  

Table 2. Peri-operative haemodynamic and systemic oxygenation variables in patients 
randomised to surgery with or without cardiopulmonary bypass (CPB). Values were taken 
at baseline, intra-operativey at sternotomy, and at sternal closure indicating end of 
procedure; values are mean (SD). 
 Baseline p-

value 
Intra-
operative 

p-
value 

End of 
surgery 

p-
value 

Heart rate; beats.min 
 With CPB 
 Without CPB 

 
66.7 (12.2) 
66.6 (9.7) 

 
0.738 

 
63.2 (11.3) 
60.2 (10.5) 

 
0.336 

 
80.7 (28.9) 
81.9 (14.9) 

 
0.163 

MAP; mmHg 
 With CPB 
 Without CPB 

 
102.0 (14.3) 
95.6 (18.1) 

0.131 
 
88.2 (14.8) 
83.5 (15.6) 

 
0.328 

 
69.2 (15.7) 
73.0 (10.2) 

 
0.044 

CVP; mmHg  
 With CPB 
 Without CPB 

N/A 
N/A 

 
- 

10.3 (5.3) 
10.3 (4.7) 

 
0.618 

 
11.1 (4.7) 
11.7 (4.6) 

 
0.343 

SaO2 ; % 
 With CPB 
 Without CPB 

 
98.6 (1.5) 
98.5 (1.3) 

 
0.633 

98.6 (1.5) 
99.5 (1.4) 0.459 

 
98.1 (1.9) 
98.2 (2.2) 

 
0.805 

SpO2 central venous; % 
 With CPB 
 Without CPB 

 
N/A 
N/A 

 
- 

 
74.9 (7.7) 
72.6 (8.3) 

 
0.310 

 
69.3 (6.7) 
64.8 (13.0) 

 
0.288 
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Table 3. Pre- and intra-operative cerebral oximetry saturations in patients randomly 
allocated to surgery with and without CPB. Values are mean (SD), median (IQR 
[range]) or number (proportion). 

 

Pre-operatively, 16 (26%) patients scored above the cut-off HADS score of 8, 
suggesting the presence of depression or anxiety. At the first postoperative 
assessment, median (IQR [range]) scores were 10 (6–15 [0–30]) and 8 (4–11 
[0–18]) in CPB and no-CPB groups, respectively (p = 0.116). At 3 months, the 
scores decreased to 5 (2–8 [0–22]) vs 3 (1–7 [0–17]) in CPB and no-CPB 
groups, respectively (p = 0.243). Depression and anxiety were not associated 
with an increased risk of developing postoperative cognitive dysfunction 
(p=0.19) (Tab. 4). 

Early postoperative cognitive tests were performed a median (IQR [range]) of 4 
(4–6 [2–16]) days after surgery and compliance with tests was high. One patient 
who received CPB suffered a peri-operative stroke, and could not complete the 
tests at day 4, but was regarded as having early cognitive dysfunction. Two 
patients were only able to complete two of the four tests but fulfilled the 

 
Pre-operative 

All patients (n=59) With CPB (n=29) Without CPB 
(n=30) 

p-value 

Baseline; %       67.1 (9.4) 67.2 (10.1) 67.0 (8.8) 0.627 
Increase after pre-
oxygenation;% 
 

 
14.7 (6.0) 

 
15.4 (6.6) 

 
14.0 (5.2) 

 
0.409 

Intra-operative     

AUC <60%; min.% 117(12-806[0-3397]) 131(13-1165[0-3397]) 113(5-818[0-2178]) 0.665 
AUC <50%; min.% 0 (0-26 [0-1077]) 0 (0-120 [0-1077]) 0 (0-23[0-434]) 0.496 
AUC <40%; min.% 0 (0-0 [0-87]) 0 (0-0 [0-87]) 0 (0-0 [0-25]) 0.638 
 
AUC decrease from 
baseline 

    

     >10%; min.% 201(38-521[0-2981]) 227(88-577[1-2981]) 146(4-507[0-2024]) 0.124 
     >15%; min.% 60 (4-217 [0-1964]) 87 (11-240 [0-1964]) 36(0-206[0-1140]) 0.148 
     >20%; min.% 6  (0-59 [0-1039]) 10 (0-91 [0-1039]) 2.4 (0-37 [0-439]) 0.185 
     >30%; min.% 0 (0-0 [0-142]) 0 (0-1 [0-142]) 0 (0-0 [0-76]) 0.319 
Cerebral saturations 
< 70% of baseline 
at any time 

14 (24%) 9 (31%) 5 (17%) 0.195 

CPB, cardiopulmonary bypass. AUC, area under the curve 
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cognitive dysfunction criteria based on these tests. The remaining patients 
completed all tests. Among patients who received CPB, 18 (62%) fulfilled the 
criteria for cognitive dysfunction, compared with 16 (53%) in the no-CPB 
group, p = 0.50 (Figures 3 and 4). 

Further cognitive testing after 3 months was performed a median (IQR [range]) 
of 93 (92–102 [88–126]) days after surgery. Two patients refused to participate, 
one from each group, neither of whom had early cognitive dysfunction. Eleven 
patients (39%) in the CPB group displayed cognitive dysfunction (one of these 
was the patient who had suffered an ischaemic stroke), compared with four 
(14%) in the no-CPB group, p = 0.03 (Figures 3 and 4). There were four new 
cases of cognitive dysfunction after 3 months in the CPB group, and none in the 
no-CPB group (Fig. 4). The only risk factor for the development of late 
cognitive dysfunction was the use of CPB (OR 6.4 (95% CI 1.2–33.0); p = 
0.027) (Table 4). There was no association between any of the intra-operative 
cerebral oximetry variables and cognitive dysfunction at any stage.  

 

 

 

 
 
 
 
 
 

 

Figure 2. An example of continuous cerebral oxygen saturation (rSO2) measurements 
(blue line) and mean arterial pressure (purple line) recorded from baseline (before pre-
oxygenation) until skin closure in a 64-year-old woman randomly allocated to coronary 
artery bypass using cardiopulmonary bypass, being one of three patients that reached an 
area below the 40% level (AUC40) of more than 10 min.%. The AUC40 was 87 min.% 
(red area). This patient suffered a peri-operative stroke and died within a year of the 
procedure. 
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Figure 3. Incidence of postoperative cognitive decline in patients who underwent 
coronary artery bypass and were randomly allocated to surgery with or without 
cardiopulmonary bypass 4 days (blue) and 3 months (red) postoperatively. *p = 0.004.  

 

Table 4 Univariate logistic regression for the occurrence of cognitive dysfunction 3 
months after surgery in patients randomly allocated to surgery with and without CPB. 
Yes/No: n = 57; cognitive decline n = 11 (19%).  

Factor 
 

OR (95% CI) p-value 

With CPB vs without CPB 6.4 (1.2-33.0) 0.027 
 
rSO2 AUC40  > 10 %.min  

 
- 

 
0.999 

 
Age; years 1.01 (0.94-1.09) 

 
0.751 

 
Postoperative HADS 

 
1.06 (0.94-1.20) 

 
0.374 

CPB, cardiopulmonary bypass; HADS, hospital anxiety and depression scale. rSO2 
AUC40, area under the curve of the regional tissue oxygen haemoglobin saturation in 
the forebrain below 40%. 
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Figure 4. Timeline of individual standardised composite change Z-score, 4 days and 3 
months after surgery. The dashed horizontal line indicates the threshold of cognitive 
dysfunction. Patients randomly allocated to surgery with cardiopulmonary bypass 
(CPB) are indicated by the continuous lines and those without CPB are the broken lines. 
This enables individual tracing of the development or resolution of cognitive decline.  
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Discussion 

In this randomised pilot study, we found a very low overall incidence of 
significant cerebral desaturation, with no differences between patients in whom 
CPB was used and those in whom CPB was avoided. Despite this, a high 
proportion of patients fulfilled the criteria for cognitive dysfunction, which was 
more common in patients in whom CPB was used, although the study was not 
powered for this outcome. Although not a direct measure of brain tissue oxygen 
tension, cerebral oximetry is thought to give an indication of the balance 
between oxygen delivery and utilisation (Ghosh et al., 2012; Scheeren et al., 
2012). Delivery may be impaired by arterial hypoxaemia and/or impaired 
cerebral blood flow, and utilisation depends on diffusion, oxygen requirements 
and intact cerebral metabolic processes. Cerebral oximetry measurements 
mostly reflect venous oxygen haemoglobin saturation, and thus give an 
indication of tissue oxygen tension. A lower than normal cerebral oximetry 
value indicates an adverse balance between supply and demand, and in a 
surgical setting with general anaesthesia usually indicates insufficient cerebral 
perfusion. 

Although there is no agreement of what reduction in cerebral oximetry from 
baseline is abnormal in cardiac surgery (Zheng et al., 2013), the low incidence 
of marked desaturation found in our study is discordant with previous literature 
(Reents et al., 2002; Slater et al., 2009). The primary outcome for our study was 
based on a previously published study (Yao et al., 2004), which showed lower 
overall baseline and peri-operative cerebral oximetry levels, and deeper dips in 
cerebral oximetry saturations than our study population. Other studies have also 
suggested that significant desaturations could be expected in 30–40% of 
patients (Reents et al., 2002; de Tournay-Jette et al., 2011). 

A likely explanation of this difference is that our study population was 
particularly low-risk and undergoing coronary artery surgery alone, with a mean 
(SD) EuroSCORE of 2.5 (1.8), whereas other studies included older and higher-
risk patients, and also some patients undergoing valve surgery. As a 
consequence, a properly powered follow-up study would require a much larger 
group of low-risk patients or a selected sub-set of higher-risk patients. 
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The validity of cerebral oximetry measurements has been the subject of debate 
and controversy, with particular concerns about contamination of the signal by 
extracranial or scalp blood flow (Murkin et al., 2009). However, evaluation of 
the INVOS device has shown reasonable correlation with measured oxygen 
saturation levels (Colquhoun et al., 2012). The effects of signal disturbance by 
extracranial contamination have been evaluated in an innovative recent clinical 
trial, which showed that this was present with all existing monitors (Davie and 
Grocott, 2012). Nonetheless, in the presence of constant arterial oxygen tension 
and normal systemic haemoglobin oxygen saturation, trends and changes in 
cerebral oximetry values are still likely to provide a useful indication of changes 
in regional cerebral tissue oxygenation, at least in the frontal cortex. 

The overall incidence of cognitive dysfunction among our patients was 56% 
shortly after surgery and 26% after 3 months. The incidence of cognitive 
dysfunction is highly sensitive to the nature, timing and interpretation of test 
results (Rasmussen et al., 2001; Rudolph et al., 2010). Different techniques may 
be used; however, the incidence among our patients is generally comparable 
with the range of 26–71% reported after major surgery in elderly patients 
(Rasmussen, 2006), although there is some evidence that patients may recover 
more quickly after coronary artery surgery (Bruce et al., 2013). There is also 
some evidence that the incidence of cognitive dysfunction after coronary 
surgery may have been overestimated in the past (Cormack et al., 2012; Keizer 
et al., 2005; Selnes et al., 2012).  

We did show a small but statistically significant reduction in the incidence of 
cognitive dysfunction after 3 months in patients who had not received CPB, 
compared with those who had. Although our study was not powered for this 
outcome and no correction was made for multiple testing, this is in keeping with 
other studies specifically designed to investigate this outcome (van Dijk et al., 
2007; Jensen et al., 2008; Kennedy et al., 2013). 

Among the patients studied, significant intraoperative cerebral oximetry 
desaturation, albeit of low incidence, was associated with neurological 
consequences, namely stroke or cognitive dysfunction, in all cases. However, 
the majority of patients who fulfilled the criteria for cognitive dysfunction had 
normal or at least acceptable intra-operative cerebral oximetry values. This 
finding is in contrast to that of other groups who reported an association 
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between cerebral desaturation and postoperative cognitive dysfunction (Reents 
et al., 2002; Slater et al., 2009; de Tournay-Jette et al., 2011; Yao et al., 2004). 
The causes of cognitive dysfunction are likely to be different when tested for at 
an early stage compared with later after surgery. For example, it is probable that 
at the stage of our early tests (median postoperative day 4), factors such as 
residual opioid effects, sleep deprivation, lethargy and depression may have 
played a role. Anxiety and depression are also known to influence cognitive 
outcome (Biringer et al., 2005), and indeed our data do show a non-significant 
trend towards an association between the pre-operative and early postoperative 
hospital anxiety and depression scores and early cognitive dysfunction.  

While cerebral hypoxia appears not to have been a problem in the majority of 
our patients, it remains possible, but unproven, that surgery, anaesthesia and/or 
CPB initiate a number of pathophysiological processes, such as systemic and 
cerebral inflammation, that cause neuronal injury and result in persistent or late-
onset cognitive dysfunction. However, a recent meta-analysis suggested that, 
despite early cognitive dysfunction, cognitive function might even improve in 
the first year after coronary artery surgery (Cormack et al., 2012). In the 
absence of a gold standard method of assessing cognitive function, it remains 
unclear whether the finding of a high incidence among our patients represents 
true neuronal dysfunction. 

A limitation of our pilot study is the small sample size, making it difficult to 
draw firm conclusions. In addition, we chose to study low-risk cardiac surgical 
patients, which may limit the applicability of the findings to the broader cardiac 
surgery population. The postoperative cognitive tests should ideally have been 
performed at exactly the same time point in all patients, but this was not 
practically and logistically possible. We used total intravenous anaesthesia with 
propofol and sufentanil, as this is routinely used for cardiovascular surgery in 
our department. 

Our decision to exclude the patient with a porcelain aorta from further analysis 
may be subject to criticism; however, inclusion of the data from this patient in 
the analyses, whether on an intention-to-treat basis or on a per-protocol basis, 
does not alter the main findings.  
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Conclusion 

We found that significant cerebral oximetry desaturation was uncommon among 
low-risk patients undergoing coronary artery surgery, and that the incidence of 
desaturation, using a range of threshold criteria, was not different among 
patients randomly allocated to surgery with or without CPB. We therefore 
cannot recommend that cerebral oximetry should be routinely monitored in low-
risk patients undergoing coronary surgery. Nonetheless, the incidence of 
cognitive dysfunction among our patients was rather high in both groups, 
similar to that found in other published studies with higher incidences of intra-
operative cerebral desaturation, suggesting that factors other than intra-
operative hypoxic neuronal injury are responsible for the observed cognitive 
decline. 
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