Targeting optimal blood pressure monitoring: what’s next?
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The article “Optimal blood pressure during cardiopulmonary
bypass defined by cerebral autoregulation” by Hori et /. (1)
comes from a reputable group with extensive experience on
intraoperative brain monitoring during cardiac surgery using
continuous measurement of arterial pressure, cerebral blood
velocity [transcranial Doppler (T'CD)] and brain oxygenation
[near-infrared spectroscopy (NIRS)] (2-7). Using the mean
velocity index (Mx), a cerebral autoregulation index correlating
mean arterial blood pressure (MAP) and TCD-derived middle
cerebral artery (MCA) mean blood velocity, the authors sought
to define the lower and upper limits of cerebral autoregulation
(LLA and ULA, respectively) in 614 cardiac surgery patients
undergoing cardiopulmonary bypass (CPB). They further
tried to identify an “optimal-MAP” in this patient population,
defining it as a MAP at which cerebral autoregulation was
most performant (lowest Mx value). This current study is an
extension of their previous work, incorporating patients from
3 specific cohorts.

Interestingly, they found that 17% of patients had an
LLA above and 29% of patients had a ULA below the
population “optimal-MAP” of 78 mmHg. This implies
that adopting a one-size-fits-all approach of aiming a
MAP of 78 mmHg would be inappropriate for 46% of
patients by either under or overshooting MAP target. That
is as good as flipping a coin! Furthermore, they found a
strong association between the magnitude and duration of
hypotension under a patient’s specific LLA with the risk of
postoperative stroke. Their findings support the concept

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

of tailoring blood pressure targets to a patient’s individual
LLA to avoid severe postoperative complications.

The concept of an “optimal-MAP” as defined by the
authors is novel in this patient population yet benefits of
aiming such a MAP is uncertain. “Optimal-MAP” defined
in the study is analogous to the “optimal-cerebral perfusion
pressure (CPP)” previously defined in severe traumatic
brain injury patients using the pressure reactivity index
(PRx) as marker of cerebral autoregulation performance (8).
Individualizing optimal-CPP in such patients has demonstrated
potential clinical benefits (9). Brain injured patients are at high
risk of intracranial hypertension and disturbance of blood-brain
barrier, thus at considerable risk of cerebral hypoperfusion or
hyperperfusion if CPP target is inadequate. In brain injured
patients, identifying optimal-CPP where relative cerebral
vasoconstriction is maximal allows balance between benefits of
MARP augmentation on intracranial pressure (ICP) reduction
while reducing risks of cerebral edema by transudation
through leaky vessels. Contrarily to brain injured patients,
it is conceptually unclear how “optimal-MAP” titration in
cardiac surgery patients would confer benefit rather than
simply aiming a MAP superior to the LLA of bilateral
cerebral hemispheres to avoid hypoperfusion. A randomized
trial currently carried out by the authors comparing cerebral
autoregulation determined MAP versus standard care might
bring further arguments to pursue this approach.

In this current study, the authors only reported findings
from TCD-derived data. The same group had previously
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demonstrated that NIRS could represent an interesting
alternative to TCD (2,10). Contrarily to NIRS, TCD-
derived indices require a higher degree of expertise. Previous
studies demonstrated a correlation between Mx and a similar
NIRS-derived autoregulation index, the cerebral oximetry
index (COx) and the tissue oximetry index (TOx) (2,4-6,11),
in cardiac surgery as well as in non-cardiac surgery (12).
However, Mx and COx are not directly interchangeable since
determinant of mean velocity and cerebral oximetry remain
quite different and measurements are taken in distinct vascular
territories (MCA for T'CD and anterior cerebral artery for
NIRS). Despite absence of a true gold standard in continuous
cerebral autoregulation monitoring, TCD-derived indices
have been studied in a larger patient population. The reason
why Mx was selected for this study rather than the simpler
COx is unclear and unfortunately limits its clinical applicability
in common practice. Developing a simple method in
determining a given patient’s limits of cerebral autoregulation
is necessary considering the wide inter-individual range of
cerebral autoregulation in this patient population (3) and the
authors’ work in this field is commendable. Nevertheless,
several potential pitfalls related to the cerebral autoregulation
assessment in this patient population must be considered.

First, the LLA as well as cerebral autoregulation performance
in a given patient could vary during the surgical procedure
due to changes in variables such as patient temperature (13),
arterial partial pressure of carbon dioxide (14,15), the degree
of hemodilution (15), and CPB flow rate and duration, as
demonstrated by the authors in this study. Thus, target MAP
might have to be modified during the case to ensure adequate
cerebral perfusion. Also, intraoperative events, such as cerebral
emboli (Figure 1), can occur before, during or after CPB and
compromise brain perfusion.

Second, erroneous assumptions in variables used in
continuous monitoring of cerebral autoregulation could lead
to false inferences. For example, errors in measuring arterial
blood pressure could lead to inadequate conclusions on
cerebral autoregulation performance or MAP thresholds. Up
to 45% of patients undergoing CPB can develop a significant
gradient between radial and femoral arterial pressure. Relying
on radial artery measurements in such patients could skew
cerebral autoregulation assessment and greatly influence the
hemodynamic management (Figure 2) (16). Also, changes in
ICP due to venous congestion (17) following superior vena
cava compression or bicaval cannulation may unknowingly
reduce CPP (CPP = MAP - ICP), affecting cerebral blood
flow and cerebral autoregulation reserve. Untoward effects of
vasoactive agents used intraoperatively such as phenylephrine
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and norepinephrine, are associated with a reduction in NIRS
values (18,19). Independent effect of such commonly used
vasoactive and inotropes agents on cerebral autoregulation
indices requires further assessment.

Third, although taking cerebral autoregulation into
consideration to guide blood pressure management during
CPB is clinically attractive, however, one has to remember
that there is no gold-standard cerebral autoregulation metric.
In addition, there are multiple techniques to characterize
static and dynamic cerebral autoregulation. The utilization of
another method/metric in a comparable clinical situation (i.e.,
during CPB) could have led to different results (20).

Finally, intraoperative cerebral monitoring could
eventually challenge usual interventions currently used
to correct hypotension or hypertension. For example,
should clinicians similarly manage transient hypertension
and hypotension during CPB considering the presence
of hysteresis in the cerebral pressure-flow relationship?
Indeed, recent findings support the notion that the human
brain function is better adapted to react and compensate for
physiologically-induced transient hypertension compared
to transient hypotension, a notion not reflected in Lassen’s
original cerebral autoregulation curve (21). Conversely, what
should we do when blood pressure, TCD-derived blood
velocity and NIRS-determined brain oxygenation drop?
Should we correct it and how? A physiological approach
using advanced monitoring allows identification of etiology
and directed treatment. Reduced cerebral blood velocity and
desaturation can result from an intracranial or an extracranial
etiology. Using combined cerebral and somatic NIRS can
help identifying the right etiology (22,23). Harmonious and
parallel reductions in both cerebral and somatic NIRS values
are suggestive of a non-cerebral etiology, such as cardiac
dysfunction or bleeding, whereas isolated cerebral desaturation
will usually indicate an intracranial cause (Figure I). The
use of processed electroencephalogram (pEEG) is also very
useful when using TCD or NIRS. If NIRS-determined
brain oxygenation decreases, TCD-derived cerebral blood
velocity is normal and pEEG goes up, the brain desaturation
could solely be secondary to the patient’s awakening for
which increased sedation will correct it. However, if brain
oxygenation decreases, along with cerebral blood velocity and
pEEG, brain hypoperfusion is diagnosed. Modalities such as
cardiac and extracardiac transesophageal echocardiography
(TEE) (24,25) can also be useful in identifying the etiology
of hypotension or reduction in NIRS-determined brain
oxygenation during CPB. For instance, in patients on extra-
corporeal membrane oxygenation following cardiac arrest,
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Figure 1 Femoral (Pfa) and radial (Pra) arterial blood pressure (A), cNIRS (B) and TCD MYV expressed in % of baseline value (C) during CPB.
Note the significant increase in HITS appearing during declamping (D). Despite higher blood pressure (E) lower ¢NIRS (F) and lower TCD
mean velocity (G) are present suggestion a change in cerebral autoregulation. Note the absent changes in upper and lower extremity sNIRS
measured on the upper and lower extremity. cNIRS, cerebral near-infrared spectroscopy; CO,, end-tidal carbon dioxide; CPB, cardiopulmonary
bypass; EDV, end-diastolic velocity; EtCO,, end-tidal carbon dioxide; HITS, high intensity transient signals; HR, heart rate; MV, mean
velocity; PI, pulsatility index; PSV, peak systolic velocity; sSNIRS, somatic near infrared spectroscopy; TCD, transcranial Doppler.
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During CPB

Intraoperative monitoring

Figure 2 Femoral (Pfa) and radial (Pra) arterial blood pressure before (A) and after (B) CPB. Note the significant gradient after CPB
between the Pfa and the Pra. It was associated with no significant changes in the cNIRS signals and (C,E) the TCD MV in % from baseline.

(D) Detailed continuous hemodynamic data during the cardiac surgical procedure. Note how the gradient between the radial (green) and

the femoral artery (white) appeared during CPB. ¢NIRS, cerebral near-infrared spectroscopy; CPB, cardiopulmonary bypass; EDV, end-

diastolic velocity; HR, heart rate; MV, mean velocity; PI, pulsatility index; PSV, peak systolic velocity; TCD, transcranial Doppler.

Figure 3 Intraoperative hemodynamic instability associated with
(A) intraoperative hemothorax following mammary dissection and
(B) hemoperitoneum during cardiac surgery in an unstable patient
on extra-corporeal membrane oxygenator after chest compression
during cardio-pulmonary resuscitation resulting from liver

laceration. Ao, aorta.
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the reduction in brain oxygenation from acute anemia can be
secondary to an undiagnosed occult hemothorax (Figure 34) or
hemoperitoneum easily diagnosed with TEE (Figure 3B).

In conclusion, cerebral autoregulation monitoring and a
tailored approach to blood pressure targeting should be the
ultimate goal in every patient undergoing cardiac surgery.
But when things go wrong, what do we do next? Addressing
correct etiology with proper intervention will be the key to
improving outcome.
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