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Introduction

Setting the mean arterial pressure (MAP) during cardiopul-
monary bypass (CPB) in cardiac surgery remains a real
challenge. A recent trial tested two levels of MAP (70-80
versus 40—-50 mmHg) to prevent cerebral injury [1] but did
not find any differences between the two treatment groups
and concluded that MAP had to be individualized for each
patient. This concept was largely explained in a recent
review [2]. Both hypotension and hypertension during car-
diac surgery are detrimental to cardiac surgical patients.
Blood pressure management based on a personalized target
is promising in further improving neurological outcomes
after cardiac surgery [2]. The remaining question is how to
identify this target in an individual patient. Currently, the
best tool to determine this target is probably cerebral auto-
regulation monitoring, as was concluded in a recent ran-
domized trial [3].

The cerebral autoregulation status can be measured by the
mean velocity index (Mx), which is a moving Pearson cor-
relation coefficient between paired MAP and cerebral blood
flow velocity values. It is able to give the autoregulation sta-
tus on a continuous basis. Other indices have been developed
for use during cardiac surgery, such as the cerebral oximetry
index (COx), using near-infrared spectroscopy (NIRS) tech-
nology [2, 4]. Overall, Mx is considered the best noninvasive
tool to assess autoregulation in the operating room [5], and it
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was evaluated in a recent randomized trial where its use to
set MAP during CPB decreased postoperative delirium.

Currently, in a large majority of publications, Mx is calcu-
lated as a continuous, moving Pearson’s correlation coeffi-
cient between MAP and transcranial Doppler ultrasound
(TCD) mean velocity (MV). Consecutive, paired, 10-s aver-
aged values over a 300-s duration are used for each calcula-
tion, incorporating 30 data points to display an Mx value.
When autoregulation is intact, there is no correlation between
cerebral blood flow (CBF) and MAP, and the Mx value
approaches 0. When autoregulation is impaired, the Mx
value approaches 1. The length of the average window is sel-
dom discussed in the literature. However, Mx was first devel-
oped in neurointensive care with small and slow variations in
MAP and very long data recordings (lasting for several
days). In the cardiac surgery field, there are bigger and faster
MAP variations. Therefore, the aim of this study was to test
anew setting of Mx calculation with shorter average periods.
We kept the same sample with 30 data points being used to
calculate Mx, but we decreased the average period from 10
to 2 s. Our hypothesis was that in cardiac surgery, the arterial
pressure modification amplitude and its consequences for
CBF would be better assessed with these more rapid
settings.

Materials and Methods

In patients under general anaesthesia, after induction, TCD
(Waki-Atys®) monitoring of the middle cerebral arteries was
performed using a smart automatic robotic probe. Digitized
arterial blood pressure and TCD signals were processed
using OptiMAP software. OptiMAP was developed to moni-
tor autoregulation and was installed in the TCD device
(Fig. 1).

The clinicians did not use the OptiMAP software and
autoregulation data to optimize haemodynamic status during
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Fig. 1 Two screenshots from OptiMAP software (the post-treatment
analysis screen) during cardiac surgery in the same patient. Left panel:
Quick assessment of the lower limit of autoregulation (LLA) with Mx,,
(grey bars) and Mx, (white bars) during 15 min of recording. Right
panel: LLA assessment with Mx, (grey bars) during the whole record-

the surgery. They had access only to the absolute values of
MYV and other traditional markers (the systolic velocity, dia-
stolic velocity, pulsatility index and their trends). MAP man-
agement was at the discretion of the clinicians, who could
change the goals on the basis of the monitoring data.

We compared two methods of Mx calculation offline to
assess the lower limit of autoregulation (LLA): Mx,,,, with
long averaging windows of 10 s [2, 3, 5], and MXx,,, with
short averaging windows of 2 s. Mx,,, requires a minimum
recording of 5 min of data to calculate the first value, and this
value is refreshed every 10 s. With Mx,,, the first value is
available after 1 min, and this is refreshed every 2 s. Mx,, and
Mx,, were used during a short 15-min recording to assess
LLA. As described in the literature, Mx,,, was used as the
gold standard to determine LLA on the overall recording
during the surgery. Autoregulation was considered lost
(defining the LLA) when Mx increased to >0.35.

Demographic and general data on the patient were col-
lected (age, sex, and data on the timing of different aspects of
the surgery), as well as haemodynamic data. The recordings
were post-analysed by one investigator not involved in
patient care. After the artefacts were cleaned up, the whole
monitoring was analysed with Mx;, and the 15-min sample
was analysed with Mx,; and Mx,,. The Mx values were plot-
ted as a function of MAP in 5-mmHg bins with the number
of MAP values used to construct each bin (Fig. 1).

Results

Five patients (three men and two women) were enrolled in
our preliminary pilot study. All results are expressed as
mean + standard deviation. The age of the patients was
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ing. The top graphs (A) show the mean arterial pressure (MAP) and
mean velocity trends during the whole procedure; the middle graphs
(B) show the Mx,, and Mx , trends; and the bottom graphs (C) show
the Mx values versus MAP clustered in 5-mmHg intervals, with the Mx
value 0.35 shown in each graph by a horizontal white line

71 + 6 years. The surgery lasted for 138 + 32 min and CBP
lasted for 72 + 33 min. MAP and MV on TCD were recorded
continuously for 117 + 24 min. MAP was very labile, vary-
ing between 33 = 10 and 92 + 10 mmHg throughout the
entire CPB recording. During the 15-min recording, MAP
was also very labile, varying from 40 =+ 6.3 to
90 £ 5.5 mmHg.

During a period of 15 min with huge and rapid variations
in MAP, LLA could not be calculated with Mx,,, in any
patient (the Mx value was never under 0.35), whereas LLA
was able to be calculated with Mx,, in all patients.

The LLA value calculated from the whole CPB recording
with Mx,o, was similar to that calculated using Mx,, in
15 min (70 £ 2.5 versus 73 + 3.5 mmHg).

During the whole recording, the MV value below LLA was
lower than the MV value above LLA (33 +9 versus 40+ 11 cm/s,
P =0.004). The MV value at LLA (38 = 10 cm/s) did not differ
from that at higher MAP values (40 = 11 cm/s), pleading also
for a correct LLLA assessment detection with the MXx .

In our cohort, the MAP value remained under LLA for
48 + 12% of the recording period.

Discussion

These data show that during acute variations in MAP (from
40 £ 6.3 t0 90 = 5.5 mmHg during a 15-min recording), Mxy,
can rapidly provide a minimal acceptable MAP value to pre-
serve CBF, whereas Mx, is unable to help clinicians in this
way. In the area of patient-centred care, use of Mx as a tool
to personalize MAP in each patient is promising.

Rapid cerebral autoregulation assessment at the start of
the procedure may lead the clinician to consider LLA as a
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possible MAP target. Decreasing the average window
exposes this marker to an increase in artefact noise on the
signal; thus, it is less efficient for longer trends, such as those
observed in the intensive care unit. However, in this specific
setting of haemodynamic instability, Mx,, can analyse cere-
bral autoregulation, unlike Mx,,,. Furthermore, despite its
short period of analysis, the LLA value observed with Mx,,
was also comparable to that observed with Mx,, during the
whole recording period.

Our study had several limitations. First, we chose as a
definition of autoregulation an Mx value lower than 0.35.
The Mx cut-off value indicating loss of autoregulation (and
thus providing the LLA) is not clearly known and has been
described as being between 0.25 and 0.5 [6]; a recent pro-
spective intervention study chose a value of 0.4 [3]. In that
study, the authors suggested that individualizing MAP dur-
ing CPB on the basis of cerebral autoregulation monitoring
could be effective in reducing the incidence of postoperative
delirium. They used LLA as the minimal tolerable MAP
value during CPB. They assessed LLA during the first part of
the surgery (before CPB was started). During CPB, the
patient’s MAP was targeted to be greater than the LLA value.
In the control group, the MAP targets were determined
according to institutional practice. The LLA value was deter-
mined prior to CPB on the basis of the highest MAP value at
which Mx increased from <0.4 to >0.4. When Mx did not
cross 0.4 clearly, LLA was defined as the blood pressure with
the lowest Mx value (the MAP value with the best autoregu-
lation). This methodological detail is very relevant. Indeed,
like those authors, we experienced some difficulties in
assessing LLLA quickly in the first part of the procedure with
the classic Mx as was described by Czosnyka et al. [5] more
than 10 years ago.

The main limitation of our study was definitely the small
number of patients. It was only a preliminary pilot study to
provide a proof of concept. Further studies are planned to
test this concept in a larger cohort.

Finally, a technical limit of Doppler measurement is the
recording of surgical artefacts. Indeed, we observed that the
surgeon’s electrosurgical knife generated noise during the
first part of the procedure. These artefacts interfere with use
of TCD and compromise use of Mx in the pre-CPB period.
To avoid this problem, it would be interesting to develop an
automatic ‘signal cleaner’ at some stage.

These difficulties in recording a good signal in the operat-
ing room provide a strong argument for developing quicker

LLA assessment techniques that could be used before the
surgery is started. With this new specific setting of Mx and
LLA calculation within a shorter period (15 min), we have
proposed a new tool to help clinicians use autoregulation
monitoring. With a MAP value below the LLA value 50% of
the time in this observational study, traditional management
of MAP may not be aggressive enough to avoid ischaemic
consequences for the brain.

Conclusion

Cardiac surgery is characterized by acute haemodynamic
variations. Use of a shorter Mx sampling window (2 s versus
10 s) allows accurate LLLA detection within 15 min. Such
rapid and sophisticated detection could assist clinicians with
better MAP target management during CPB. Further studies
should be performed to validate these initial findings.
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