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Abstract

Background: Cerebral autoregulation monitoring is a proposed method to monitor perfusion during cardiac surgery.
However, limited data exist from the ICU as prior studies have focused on intraoperative measurements. Our objective
was to characterise cerebral autoregulation during surgery and early ICU care, and as a secondary analysis to explore
associations with delirium.

Methods: In patients undergoing cardiac surgery (n=134), cerebral oximetry values and arterial BP were monitored and
recorded until the morning after surgery. A moving Pearson’s correlation coefficient between mean arterial proessure
(MAP) and near-infrared spectroscopy signals generated the cerebral oximetry index (COx). Three metrics were derived:
(1) globally impaired autoregulation, (2) MAP time and duration outside limits of autoregulation (MAP dose), and (3)
average COx. Delirium was assessed using the 3-Minute Diagnostic Interview for CAM-defined Delirium (3D-CAM) and
the Confusion Assessment Method for the ICU (CAM-ICU). Autoregulation metrics were compared using %2 and rank-sum
tests, and associations with delirium were estimated using regression models, adjusted for age, bypass time, and
logEuroSCORE.

Results: The prevalence of globally impaired autoregulation was higher in the operating room vs ICU (40% vs 13%,
P<0.001). The MAP dose outside limits of autoregulation was similar in the operating room and ICU (median 16.9 mm
Hgxh; inter-quartile range [IQR] 10.1—-38.8 vs 16.9 mm Hgxh; IQR 5.4—35.1, P=0.20). In exploratory adjusted analyses,
globally impaired autoregulation in the ICU, but not the operating room, was associated with delirium. The MAP dose
outside limits of autoregulation in the operating room and ICU was also associated with delirium.

Conclusions: Metrics of cerebral autoregulation are altered in the ICU, and may be clinically relevant with respect to
delirium. Further studies are needed to investigate these findings and determine possible benefits of autoregulation-
based MAP targeting in the ICU.
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Editor’s key points

e Cardiac surgery patients were monitored to determine

whether impairments in cerebral autoregulation

indices occurred more frequently in the ICU relative to
the operating theatre.

Globally impaired cerebral autoregulation occurred

more frequently in the operating theatre than the ICU,

although the duration of cerebral autoregulation
outside the upper and lower limits of autoregulation
was comparable for the operating theatre and ICU.

e A greater duration of cerebral autoregulation outside
the lower and upper limits of autoregulation was
associated with delirium.

e This association between cerebral autoregulation
indices and delirium requires further study, particu-
larly in the ICU setting.

A fundamental principle in the perioperative care of patients
undergoing cardiac surgery is to target adequate mean arterial
pressure (MAP) to maintain end-organ perfusion and in
particular brain perfusion.! However, there is no agreement on
what constitutes an adequate MAP to maintain end-organ
perfusion, with a systematic review identifying more than 40
definitions of hypotension in the perioperative literature.’
Hence, clinicians often utilise empiric MAP targets, with
modification based on individual patient profiles. Further, the
challenge of targeting adequate MAP during cardiac surgery is
not limited to the operating room, but also extends to the early
ICU period, where fluctuations in MAP are common.?

Monitoring cerebral autoregulation may provide insight
into adequate MAP for individual patients or physiologic states
of impairment in cerebral blood flow regulation.*> There are
several important metrics derived from cerebral autor-
egulation monitoring. First, the MAP at an individual’s lower
and upper limits of autoregulation (LLA and ULA, respectively)
can be identified, outside of which cerebral hypo- or hyper-
perfusion may occur. Second, because of global impairment in
cerebral autoregulation that is present at all MAPs in some
patients, the LLA and ULA cannot be identified. Finally, an
estimate of average autoregulation (across different time pe-
riods and changes in MAP) can be calculated.

Our previous studies demonstrate the possible clinical
significance of these metrics. During cardiopulmonary bypass,
the MAP at the LLA varies widely among patients.® The product
of the magnitude and duration of MAP (which we further refer
to as dose) that is less than the LLA during cardiopulmonary
bypass is associated with acute kidney injury, morbidity, and
mortality.”® Alternatively, the MAP dose greater than ULA is
associated with postoperative delirium.’ Importantly, the re-
sults of a recent clinical trial suggest a MAP greater than the
LLA during cardiopulmonary bypass may reduce delirium
incidence.'® Impaired autoregulation may also be associated
with cognitive decline after surgery.’

Studies to date primarily focus on the intraoperative
period, and in the ICU, cerebral autoregulation has not been
well characterised, especially with respect to postoperative
delirium. Studies in the cardiac surgery ICU found associations
between average'”'® or cumulative dysfunction of autor-
egulation'* and postoperative delirium, however, neither the
prevalence of impaired autoregulation nor the dose of MAP

outside limits of autoregulation were reported. Another study
found an association between deviations from optimal MAP in
the operating room and early ICU period and delirium on
postoperative day 2.

To address these gaps in understanding the burden and
clinical significance of cerebral autoregulation in the ICU, we
conducted an observational study in cardiac surgery patients.
We hypothesised that patients would experience a substantial
MAP dose outside the limits of cerebral autoregulation in the
ICU that is greater than when compared with the operating
room. In exploratory and secondary analyses, we also exam-
ined whether metrics of cerebral autoregulation in the oper-
ating room and the ICU would be associated with delirium.

Methods

This study was approved by the Johns Hopkins Institutional
Review Board (Baltimore, MD, USA) (IRB00086547). Patients
provided written informed consent. The first and last author
had full access to all data and take responsibility for their
integrity and analysis. This manuscript adheres to applicable
Equator guidelines.

Study design and patients

Data analysed were abstracted from an ongoing observational
study examining autoregulation characteristics in patients
undergoing cardiac surgery. All clinical management
(including BP management) was based on usual care, and
autoregulation monitoring was not used for clinical decision-
making. Patients were enrolled between October 2017 and
August 2019 at a single academic medical centre. Inclusion
criteria were >18 yr old and undergoing isolated or combined
coronary artery bypass, valve, aortic, or myectomy surgery.
Exclusion criteria were lung or heart transplant or planned
insertion of a ventricular assist device.

Cerebral autoregulation monitoring

Patients were monitored in the operating room after arterial
catheter placement and connection to an INVOS cerebral ox-
ygen monitor (Medtronic Inc., Minneapolis, MN, USA) using
bilateral sensors above the eyebrows on the forehead, as per
clinical use instructions. Monitoring continued in the ICU until
the morning after surgery. The acquisition and analysis of
MAP and near-infrared spectroscopy (NIRS) signals have been
described.* Arterial BP signals were digitised using an
analogue-to-digital converter. Digitised signals were acquired
and processed with a personal computer using ICM+ software
(Cambridge Enterprise Ltd., Cambridge, UK). Arterial BP and
regional oxygen saturation (rSO,) from the INVOS cerebral
oximeter (Medtonic, Dublin, Ireland) were time-integrated and
resampled as 10-s mean values, to remove pulse and respira-
tory frequency variations and preserve low frequency wave-
forms associated with autoregulatory vascular reactivity.
Next, a continuous, moving Pearson correlation coefficient
between 30 consecutive, paired MAP and rSO, signals was
calculated to generate the cerebral oximetry index (COx).* The
COx was updated every 10 s from an overlapping, moving 300-
s window and paired with the MAP value from the same 300-s
window. COx values are plotted as a function of MAP in 5 mm
Hg bins (Fig. 1a), and BP in the autoregulation range is indi-
cated by a COx value approaching zero (no correlation be-
tween changes in rSO; and MAP), while a COx approaching 1



Cerebral autoregulation after cardiac surgery | 969
a
E' 1 Lower limit of
% autoregulation
5C 06 2
< X
£3804
£=02
o 0 T T T T T T T
<37.5 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 21125
25
© 20
E 15
: 10
° 5
0 T T T T T
<37.5 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 =2112.5
MAP (mm Hg)
b
£ g8
@ — 0.7
E & 06 -
50 05+
S5 04
52031
25011
o O T T T T T T T T T
<375 40 45 50 95 100 105 110 >1125
25
g 20
2 f
= 5]
0 T T T T T T T T T T
<37.5 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 21125

MAP (mm Hg)

Fig 1. Cerebral autoregulation monitoring. (a) Cerebral oximetry index of autoregulation for each 5 mm Hg bin of mean arterial poressure.
The arrows indicate the MAP at the lower and upper limits of autoregulation, where the cerebral oximetry index increases to >0.3. A
histogram of % time at each MAP allows visualisation and calculation of the dose of MAP outside the limits of autoregulation. (b) A patient
with globally impaired cerebral autoregulation, defined by all estimates of the cerebral oximetry index >0.3 (dashed line).

indicates dysregulation (correlation between changes in rSO,
and MAP). Prior studies have demonstrated the validity of
NIRS-based measurement of cerebral autoregulation in com-
parison with methods using transcranial Doppler (TCD)-based
approaches.*!® The lower and upper limits of autoregulation
(LLA and ULA, respectively) were defined using an automated
curve-fitting algorithm'’ as the MAP at which the COx
decreased from >0.3 to <0.3 or increased from <0.3 to >0.3,
respectively, as MAP increased, in accordance with previous
methodology® (Fig. 1a). All estimates from the curve-fitting
algorithm were confirmed using visual inspection and were
derived from the entire period of monitoring in the operating
room and ICU. Monitoring data from each patient’s left and
right sides were averaged. Globally impaired autoregulation
was defined when all estimates of COx in each 5 mm Hg bin on
the left or right side were greater than the COx-specific cutoff
of 0.3'® (Fig. 1b).

Assessment of delirium

Trained research staff conducted delirium assessments daily
during three of the first four postoperative days using the

3-Minute Diagnostic Interview for CAM-defined Delirium
(3D-CAM) (reported sensitivity and specificity >94%).2 The
timing of the delirium assessment was based on our prior
studies”® and on a study demonstrating that >90% of delirium
occurs during this time.?? Training included written materials
on 3D-CAM administration, videos depicting standardised
assessment, observation of patient assessments, and super-
vised administration. For intubated patients, trained ICU
nurses administer the Confusion Assessment Method for the
ICU (CAM-ICU) several times per day, including administration
of the Richmond Agitation-Sedation Scale as per the CAM-ICU
protocol,”” and these assessments were used to identify
delirium in intubated patients. All delirium assessors were
masked to autoregulation data.

Perioperative clinical management and data

Perioperative care was according to usual practice. Anaes-
thesia was induced and maintained with fentanyl (5—20 pg
kg™?), propofol (0.5-2 mg kg™1), a neuromuscular blocking
agent, and isoflurane. Dexmedetomidine, ketamine, or both
infusions were used per anaesthesiologist discretion. During
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Table 1 Patient and surgical characteristics.

Cardiac surgery
patients N=134

Age (yr), median (IQR) 65 (58—71)
Male, n (%) 100 (74.6)
Race, n (%)
Caucasian 107 (79.9)
African-American 22 (16.4)
Other 5 (3.0)
Comorbidities, n (%)
Prior stroke 7 (5.2)
Hypertension 105 (78.4)
Congestive heart failure 40 (29.9)

Peripheral vascular disease 18 (13.4)
COPD 13 (9.7)
Tobacco (prior) 74 (55.2)
Diabetes mellitus 53 (39.6)
Log EuroSCORE, median (IQR) 3.45 (1.72—6.09)
Baseline medications

Aspirin-based inhibitors of platelet 101 (75.4)

aggregation, n (%)

Beta blockers, n (%) 96 (71.6)

Calcium channel blockers, n (%) 44 (32.8)

Angiotensin converting enzyme- 33 (24.8)

inhibitors, n (%)

Angiotensin II-receptor blockers, n 24 (18.1)

(%)

Statin, n (%) 107 (79.9)
Surgery, n (%)

CAB 82 (61.2)

CAB+valve 14 (10.5)

Valve 28 (20.9)

Aortic 10 (7.5)
Cardiopulmonary bypass duration 109 (83—138)

(min), median (IQR)
Lowest temperature on bypass (°C),
median (IQR)

33.8 (32—34.6)

Time to extubation (h), median (IQR) 4 (0-7.5)
LOS-ICU (h), median (IQR) 43 (23.8—69.8)
Epinephrine in the ICU on day of 109 (81.3)

surgery, n (%)

Maximum dose of epinephrine in the 0.05 (0.03—0.06)
ICU on day of surgery among patients
receiving epinephrine (ug kg™*
min~'), median (IQR)

Norepinephrine in the ICU on day of
surgery, n (%)

Maximum dose of norepinephrine in
the ICU on day of surgery among
patients receiving norepinephrine
(g kg~ ! min~1), median (IQR)

49 (36.6)

0.06 (0.03—0.09)

CAB, coronary artery bypass surgery; COPD, chronic obstructive pulmo-
nary disease; EuroSCORE, European System for Cardiac Operative Risk
Evaluation; IQR, inter-quartile range; LOS-ICU, length of stay in the ICU.

bypass, flow was maintained between 2.0 and 2.4 L min " m™2,
and MAP targets were established based on discussions among
the surgeon, anaesthesiologist, and perfusionist. MAP targets
in the ICU were 65—90 mm Hg, and inotropes were weaned
based on estimates of adequate perfusion. Sedation after
surgery was with propofol or dexmedetomidine until readi-
ness for extubation.

Patient and perioperative characteristics were collected by
review of the electronic medical record (EMR) by research staff.
Comorbidities were defined as present/absent and medica-
tions were recorded from the EMR. Surgical and anaesthetic
characteristics were abstracted from the surgical and

anaesthetic records, respectively. ICU characteristics were
abstracted from the flow sheets and the EMR.

Statistical analysis

Data for this analysis were obtained as part of an ongoing
cohort study. Before analysis, we conducted a power analysis
based on comparisons of dose of MAP outside the limits of
autoregulation in the operating room and the ICU. Based on a
dose of 15 (9) mm Hgxh in the operating room, we estimated
that we would have >80% power to detect a 33% difference in
dose in the ICU, using a significance threshold of P<0.05. As
secondary and exploratory analyses of observational data, we
examined associations of autoregulation metrics with
delirium.

The statistical approach was established before the anal-
ysis, based on prior methods from our research group, but was
not registered. Three cerebral autoregulation metrics were
derived. First, the percentage of patients with globally
impaired autoregulation in the operating room and the ICU
was calculated. Second, the MAP at the LLA and ULA was
defined using all intra- and postoperative data, and the total
dose that MAP was <LLA or >ULA was calculated for each
perioperative period. (Note, the mathematical definition of the
dose is SN ,(Magnitude; xATime) [mm Hgxh], where h stands
for hour, ATime is the time resolution (h), and Magnitude; are
the individual values for magnitude of MAP deviation <LLA or
>ULA.) Separately, the dose was normalised by monitoring
time, with results expressed in units of ‘(mm Hgxh) h™%.
Third, the average index of autoregulation was calculated as
the average of all COx values.

Patient characteristics and autoregulation metrics were
compared using Student’s t-test, Wilcoxon rank sum test,
Fisher’s exact test, and ? test. In exploratory analyses, logistic
regression was used to quantify the association between
postoperative delirium and (1) globally impaired autor-
egulation, (2) MAP dose outside limits of autoregulation, and
(3) average index of autoregulation. The distribution of MAP
dose outside limits of autoregulation was skewed, so these
values were considered as quintiles in regression models.
Models were adjusted for age and logistic EuroSCORE (both
with complete data) based on a priori decisions, and bypass
time was added subsequently. There was no loss to follow-up.

Results
Patient characteristics

A total of 134 patients were enrolled and a patient flow dia-
gram is shown (Figure S1). The median age of patients was 65
yr (inter-quartile range [IQR] 58—71), and 75% were male
(Table 1). Delirium was identified in 16.4% (22/134) of patients
(Day 1: nine patients, Day 2: five patients, Day 3: 12 patients,
Day 4: six patients). Compared with non-delirious patients,
delirious patients were similar in their age and in the duration
of cardiopulmonary bypass. However, the delirious patients
had a higher logEuroSCORE, were more likely to be female, and
have diabetes mellitus compared with non-delirious patients
(Table S1). The duration of arterial BP and rSO, monitoring in
the operating room was 4.8 (1.1) h (range 3.0—8.9 h). In the ICU,
the duration of arterial BP monitoring was 15.9 (2.6) h (range
7.3—20.2 h) and rSO, monitoring 14.8 (3.2) h (range 5.4—19.7 h;
some patients removed rSO, monitors prematurely).
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Globally impaired autoregulation

The number of patients with globally impaired autoregulation
(COx>0.3 at all MAPs) on at least one monitoring side (i.e. left/
right) was greater in the operating room (53 [40%)]) compared
with in the ICU (18 [13%]; P<0.001). In the operating room, the
prevalence of globally impaired autoregulation was greater in
delirious compared with non-delirious patients, but this dif-
ference was not statistically significant (Fig. 2a). However, in
the ICU, globally impaired autoregulation occurred signifi-
cantly more often in delirious compared with non-delirious
patients (Fig. 2b). In regression models, the odds of delirium
were higher for patients with globally impaired vs not
impaired autoregulation in the ICU in unadjusted models
(odds ratio [OR] 3.1, 95% confidence interval [CI] 1.03—9.5,
P=0.045) and models adjusted for age, duration of bypass, and
logEuroSCORE (OR 4.0, 95% CI 1.2—13.7, P=0.03) (Table S2).

MAP dose outside the limits of cerebral autoregulation

Of the 134 patients monitored in the operating room and ICU,
an LLA was identified in 105 patients and a ULA was identified

P=0.27
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Fig 2. Globally impaired autoregulation in delirious and non-
delirious patients. Globally impaired autoregulation (n=134) by
delirium status in both the operating room (a) and the ICU (b).
Globally impaired autoregulation is defined as all estimates of
the index of autoregulation (COx) in each 5 mm Hg bin greater
than the COx cutoff which distinguishes intact from impaired
autoregulation.

in 65 patients. The remaining patients with interpretable
curves exhibited globally impaired autoregulation (discussed
in previous section) or the COx did not increase above 0.3 at
the lower, upper, or both limits of autoregulation.

The total MAP dose outside the upper and lower limits of
cerebral autoregulation was similar in the operating room and
in the ICU (Table 2). However, the contribution of MAP<LLA vs
MAP>ULA was different. Specifically, the dose of MAP<LLA
was greater in the operating room compared with the ICU,
whereas for MAP>ULA there was no difference between the
two monitoring periods. When the total MAP dose was nor-
malised by the duration of monitoring to account for the
approximately three-fold longer monitoring times in the ICU,
all estimates of MAP dose outside the limits of cerebral
autoregulation were greater in the operating room (Table 2).

The MAP dose outside the limits of cerebral autoregulation
was greater in delirious vs non-delirious patients in the oper-
ating room (37.5 mm Hgxh, IQR 19.5—64.1 vs 16.2 mm Hgxh,
IQR 9.7—-29.2, P=0.005) (Fig. 3a), although was not significant in
the ICU (26.7 mm Hgxh, IQR 13.8—47.9 vs 14.5, IQR 4.2—32.4,
P=0.07) (Fig. 3b). In the operating room, the odds of delirium
were higher for each quintile of increasing MAP dose outside
the limits of cerebral autoregulation in both unadjusted
models (OR 1.77, 95% CI 1.14-2.74, P=0.01) and models
adjusted for age, duration of bypass, and logEuroSCORE (OR
1.75, 95% CI 1.10—2.77, P=0.02). Similarly, in the ICU, the odds
of delirium were higher for each quintile of increasing MAP
dose outside the limits of cerebral autoregulation in both un-
adjusted models (OR 1.53, 95% CI 1.02—2.32, P=0.04) and
models adjusted for age, duration of bypass, and logEuro-
SCORE (OR 1.80, 95% CI 1.11—2.91, P=0.02 (Table S3).

Average index of autoregulation

The mean COx was greatest (i.e. weakest autoregulation) in
the operating room (0.29 [0.17]) compared with in the ICU (0.19
[0.11]; P<0.001). There was no difference in average COx for
delirious compared with non-delirious patients in either the
operating room (0.28 [0.20] vs 0.29 [0.16], P=0.67) or ICU (0.21
[0.13] us 0.19 [0.11], P=0.52).

Discussion

This study demonstrates the potential value of cerebral
autoregulation monitoring in the ICU after cardiac surgery. In
the ICU, the MAP dose outside the limits of cerebral autor-
egulation, although comparable in magnitude to the intra-
operative period, was driven by a longer duration of exposure.
In exploratory analyses, both globally impaired autoregulation
and the MAP dose outside the limits of cerebral autoregulation
in the ICU were associated with delirium, although the inci-
dence of delirium was lower than in prior studies,'®* and
confirmatory studies are needed to support the latter results.

Identifying an adequate MAP to ensure cerebral perfusion
is a challenge for surgical patients, and cerebral autor-
egulation monitoring may identify personalised MAP targets
and other quantification of cerebral autoregulation. In the
operating room, individualised targets for adequate MAP have
proved to be clinically meaningful in observational studies®*
and a randomised trial.*’

Although the value of cerebral autoregulation monitoring
in the operating room is becoming evident, characteristics of
autoregulation in the ICU have not been well investigated,
although our data suggest they are clinically relevant. The



972 | Nakano et al.

Table 2 The product of magnitude and duration of mean arterial pressure outside the limits of autoregulation.

Cerebral autoregulation metric Operating ICU P-value

room

Product of magnitude and duration of Total (mm Hgxh) 16.9 (10.1-38.8)  16.9 (5.4—35.1) 0.20
MAP outside the limits of cerebral Normalised per hour of 4.1(2.4-7.3) 1.1 (0.4—-2.2) <0.001
autoregulation (i.e. MAP<LLA+MAP>ULA?®) monitoring (mmHgxh per hour)
median (IQR)

Product of magnitude and duration of Total (mm Hgxh) 12.7 (6.8—28.3) 9.3 (1.8—22.8) 0.01
MAP<LLA only,* Normalised per hour of 3.1 (1.6—5.6) 0.5 (0.1-1.4) <0.001
median (IQR) monitoring (mm Hgxh per hour)

Product of magnitude and duration of Total (mm Hgxh) 5.3 (2.8—-13.1) 5.3 (1.2—15.6) 0.74
MAP>ULA only,* Normalised per hour of 1.1 (0.6—2.7) 0.4 (0.1-0.9) <0.001

median (IQR)

monitoring (mm Hgxh per hour)

IQR, inter-quartile range; LLA, lower limit of autoregulation; ULA, upper limit of autoregulation.

2 Defined as the product of magnitudextime [i.e. "N ;(Magnitude; x ATime)]) that the MAP was below the lower limit of autoregulation, above the upper
limit of autoregulation or both combined together. Both total values (mmHgxh) and values normalised per hour of monitoring (mmHgxh per hour) are
presented. The normalised values reflect the greater duration of recording in the ICU.
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Fig 3. The product of magnitude and duration of mean arterial
presssure outside the limits of autoregulation in delirious and
non-delirious patients. The dose of MAP outside the limits of
cerebral autoregulation by delirium status (n=110) in both the
operating room (a) and the ICU (b). The dose of MAP outside the
limits of cerebral autoregulation refers to the product of
magnitude and duration of MAP below the lower limit of
autoregulation (LLA) and above the upper limit of autor-
egulation (ULA). In Panel b, three outlier values >220 are
depicted at 220 for purposes of scale.

prevalence of globally impaired autoregulation was 13% in the
ICU. These patients are likely sensitive to small changes in
MAP, as a result of reduced ability to regulate cerebral blood
flow across MAPs. Previous results in the operating room
demonstrated an association of globally impaired autor-
egulation with stroke,?® and the current results demonstrate
an association of globally impaired autoregulation in the ICU
with delirium. Interestingly, more patients had globally
impaired autoregulation in the operating room than in the
ICU, the reasons for which are unclear but could include drugs,
inflammation, or temperature. Regardless, the pathophysi-
ology of, and treatments for, globally impaired autoregulation
deserve further study.

The total dose of MAP outside the limits of cerebral autor-
egulation was similar in the ICU and operating room, implying
that potential cerebral malperfusion extends into the early
phase of ICU care. However, the intensity (total dose normal-
ised by time of monitoring) was less in the ICU and driven more
by MAP>ULA. The total dose reflects summation of potential
malperfusion, while the intensity reflects dose per hour. In
both the operating room and ICU, total dose of MAP outside the
limits of autoregulation was associated with delirium. These
results are conceptually similar to a study in which the cu-
mulative duration of cerebral autoregulation dysfunction in
the ICU was associated with delirium.* Although prior studies
identified the average index of autoregulation in the ICU as a
risk factor for delirium,'>'® the current study did not. Differ-
ences in the estimation of autoregulation and periods of
monitoring make the results difficult to compare directly.

A strength of this study is cerebral autoregulation moni-
toring in the ICU, which is a logical extension of prior operating
room studies. Although brain injury may be common in the
operating room, optimising postoperative management
through the continuum of care is also likely important given
neuropsychological sequelae of critical illness.”* The autor-
egulation monitoring used clinically-feasible technology and
the limits of autoregulation were estimated using transparent
algorithms.' There are several limitations. Foremost, delirium
was assessed once daily on three of the first four postoperative
days using the 3D-CAM or clinical CAM-ICU assessments (in
intubated patients). Some delirium may have been missed,
which is reflected in two-to three-fold less delirium than we
have reported previously.’” Reasons for less delirium
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compared with our prior studies include the brief nature of the
3D-CAM us full CAM, less extensive cognitive testing during the
assessment, no consensus committee for adjudication, and
less queries to nurses and family about episodic delirium. This
important limitation supports the need for confirmatory
studies of these findings. However, any measurement bias
should not be differential by autoregulation characteristics.
Autoregulation data were only recorded through the morning
of postoperative day 1. This design ensured that autoregulation
measurements preceded a delirium diagnosis, but periods of
MAP outside the limits of autoregulation may have been
missed, and future studies should monitor for longer. Only the
frontal cortex was monitored, so regional autoregulation in-
formation is unavailable. No brain injury biomarkers were
collected, although such data could have provided insights into
mechanistic relationships between delirium and autor-
egulation. Indeed, studies in cardiac and noncardiac surgery
demonstrated associations of markers of oxidative stress’” and
neuronal injury”®~?” with delirium. Finally, the sample size
limited the number of covariates in regression models and may
not be sufficient to detect a difference in average index of
autoregulation by delirium.

Cerebral autoregulation monitoring in the cardiac surgery
ICU may provide information to individualise MAP targets and
optimise cerebral autoregulation. Larger studies are needed to
examine relationships with delirium to determine whether
cerebral autoregulation monitoring in the ICU could guide
management.
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