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Objective 

This randomized, prospective, blinded study was designed to 
evaluate the impact of cerebral oximetry monitoring and 
an intervention protocol on clinical outcomes in patients 
undergoing elective CAB surgery.

We postulated that the majority of interventions to optimize 
cerebral oxygen saturation would have a beneficial systemic 
effect for enhancing global tissue perfusion and potentially 
improve outcomes. 

We therefore hypothesized that use of intraoperative NIRS 
monitoring with a predetermined treatment protocol 
designed to minimize decreases from baseline rSO2 values 
would result in improved outcomes in elective patients 
undergoing CAB surgery.

Patients 
200 coronary artery bypass patients of age >18 yr and 
scheduled for primary elective CAB surgery with use of 
cardiopulmonary bypass (CPB).

Protocol 

Patients were randomized to either intraoperative cerebral 
regional oxygen saturation (rSO2) monitoring with active 
display and treatment intervention protocol (intervention, 
n=100), or underwent blinded rSO2 monitoring (control, 
n=100). 

In the intervention group, a prioritized intraoperative 
management protocol was used to maintain rSO2 values at 
or above 75% of the baseline threshold.

Results 

Significantly more patients in the control group 
demonstrated prolonged cerebral desaturation (P=0.014) 
and longer duration in the intensive care unit (P=0.029) versus 
intervention patients. 

There was no difference in overall incidence of adverse 
complications, but significantly more control patients had 
major organ morbidity or mortality versus intervention 
group patients (P=0.048). 

There was a significant (P<0.05) inverse correlation between 
intraoperative rSO2 and duration of postoperative 
hospitalization in patients requiring >=10 days postoperative 
length of stay.

Conclusions of the authors 

That treatment of declining rSO2 prevented prolonged 
desaturations and was associated with a shorter ICU LOS 
and a significantly reduced incidence of major organ 
morbidity and mortality (MOMM). 

While none of the interventions undertaken are outside the 
range of good clinical practice, it is clear that in the absence of 
feedback from a specific indicator of end-organ compromise 
(e.g., cerebral desaturations), the ability of the clinician to 
detect and optimize otherwise silent but potentially adverse 
perturbations in clinical variables remains limited. 

This indicates a clinical benefit to monitoring and managing 
cerebral oxygen saturation during CAB surgery.

Key message 

Monitoring cerebral rSO2 in coronary artery bypass patients 
avoids profound cerebral desaturation and is associated with 
significantly fewer incidences of major organ dysfunction.
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P � 0.017), significantly more profound desaturations
(AUC�40% 21.93 vs 4.91%min, P � 0.02), and a trend for
more prolonged cerebral desaturation (AUC�70%�150
min% 14.3% vs 2.2%, P � 0.07) than patients without such
complications. Mean rSO2 trended lower in those pa-
tients with any complication (n � 56; Table 3) com-
pared with those without complications (n � 144)
being 61.9% � 7% vs 64.0% � 6.4% (P � 0.056),
respectively. As shown in Figure 2, post hoc analysis of
all patients irrespective of group demonstrated a
significant correlation (r2 � 0.29, P � 0.05) between
mean intraoperative rSO2 and duration of postopera-
tive LOS in those patients requiring prolonged hospi-
talization of 10 or more days. Overall there was a
trend for mean rSO2 in those patients with postopera-
tive LOS � 10 days (n � 17) to be lower than in
patients (n � 183) with postoperative LOS � 10 days
(60.43% � 7.7% vs 63.79% � 6.6%; P � 0.0716).

In 56 of 100 patients in the intervention group, there
were one or more episodes of cerebral desaturation
which were treated with predefined interventions
with an overall success rate of 80.4% (45/56 patients).
Of these patients, 2 required 1 intervention, 10 re-
quired 2 interventions, 4 required 3 interventions, and
40 required �3 interventions. As shown in Table 5, the
three most frequent interventions for increasing rSO2
were increasing MAP, increasing pump flow, and
normalizing Paco2, respectively. These interventions

were effective in restoring rSO2 to within 75% of
baseline values in �50% of instances used.

DISCUSSION
This randomized, prospective, blinded study was

designed to evaluate the impact of cerebral oximetry
monitoring and an intervention protocol on clinical
outcomes in patients undergoing elective CAB sur-
gery. Several limitations of this study must be consid-
ered. Cerebral oximetry monitoring was not continued
into the ICU. Although this was essential to mainte-
nance of blinding, it limited the extent and duration of
interventions that were used while the patients were
ventilated to the intraoperative period. Also, because
of resource limitations, there was no formal assess-
ment of cognitive or neurologic outcomes, clinically
apparent stroke being detected on routine postopera-
tive assessment rather than specifically sought using
cognitive testing and a structured and systematic pre-
and postoperative neurologic examination, as we
have previously described (21). Such sensitive organ-
specific assessments may well have increased the
sensitivity of this study to detect significant differ-
ences in neurobehavioral outcomes, in addition to
detecting differences in overall clinical morbidities as
described.

As shown in Table 2, there were significantly more
patients in the intervention group who received 2 m
KIU “pump dose” aprotinin administration. Although
6 m KIU “full dose” aprotinin has been associated
with decreased incidences of stroke and overall mor-
tality (22,23), this has not been demonstrated for lower
aprotinin dosages (24), and is thus unlikely to have
influenced clinical outcomes in the current study. It
may also be that monitoring alone, by an overall
increase in vigilance, may have improved clinical
management and outcomes. Since cerebral oximetry
patches and a monitor were present intraoperatively
in both the control and intervention groups, the im-
provements in clinical outcomes demonstrated in the
intervention group were unlikely to have been due to
any such nonspecific “study effect” (i.e., Hawthorne
effect) (25).

This study was powered to detect a 50% decrease in
the incidence of overall complications assuming an
incidence of 40% in control patients, whereas the
observed incidence of complications was 30% with a
nonsignificant decrease to 23% in intervention group
patients. While the number of patients experiencing
any complications did not differ significantly between
groups, there was significantly less major organ mor-
bidity or death in patients in whom cerebral oxygen
saturation was monitored and treated. As seen in
Table 2, this resulted in a significant shortening of ICU
LOS, and a trend to fewer patients having prolonged
hospitalization in the intervention as compared with
the control group. As shown in Table 4, for those
patients who underwent CAB alone (n � 194) the

Figure 2. LOS is postoperative length of stay. rSO2 is regional
cerebral oxygen saturation. Linear regression analysis of
mean intraoperative rSO2 in patients with prolonged hospi-
talization of 10 or more days demonstrating a correlation
between lower values of rSO2 and increased duration of
prolonged hospitalization.

Table 5. Type of Cerebral Regional Oxygen Saturation (rSO2)
Interventions in the Intervention Group

Intervention
No. of

patients
%

Efficacy
Raise pump flow 39 67
Raise MAP 42 62
Normalize Paco2 34 50
Deepen anesthesia 27 48
Increase Fio2 28 43
Pulsatile perfusion 6 17
No. of patients indicates those patients in whom a specific intervention was undertaken; %
Efficacy indicates those instances in whom the intervention was successful in restoring rSO2.
For some patients multiple interventions were used at various intervals such that No. of
patients is larger than the Intervention group total. MAP is mean arterial blood pressure.
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