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Recommendations for control of mean arterial blood pressure
during cardiopulmonary bypass

Recommendations Class® Level® Ref®

It is recommended to adjust the A 186,187

MAP during CPB with the use of
artelrial vasodilators (if MAP

>80 mmHg) or vasoconstrictors (if
MAP <50 mmHg), after checking

MAP iS used as a Surrogate and adjusting the depth of

anaesthesia and assuming

marker Of Org an perfusion and sufficiently targeted pump flow.

. . The use of vasopressors to force
should be maintained between |t
igher than 80 mmHg is not
recommended.

5 O and 8 O mmHg . It is recommended that

vasoplegic syndrome during CPB
be treated with a1 adrenergic
agonist vasopressors.

186,191,199

In patients with vasoplegic b e

syndrome refractory to al-
adrenergic agonist vasopressors,
alternative drugs (vasopressin,
terlipressin or methylene blue)
should be used, alone or in
combination with al-agonists.

Hydroxocobalamin may be used
to treat vasoplegic syndrome
during CPB.
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Transcranial Doppler Is Valid for
Determination of the Lower Limit of Cerebral
Blood Flow Autoregulation
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Patient Oriented Outcomes
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Transcranial Doppler for evaluation of cerebral autoregulation

Ronney B. Panerai
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Fig. 2 Mean arterial blood pressure (top trace) and cerebral blood
flow velocity (bottom trace) following the sudden release of inflated
thigh-cuffs. a The fast return of the CBFV signal to its baseline value
indicates a normal autoregulatory response. b CBFV follows the BP
tracing in a subject with an abnormal CA response
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Validation of a Stand-Alone Near Infrared Spectroscopy System
for Monitoring Cerebral Autoregulation during Cardiac Surgery

Masahiro Ono, MD, PhD', Yueying Zheng, MD?, Brijen Joshi, MD3, Jeffrey C. Sigl, PhD?,
and Charles W. Hogue, MD®
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Figure 2.

Cgrrelation and 95% confidence intervals between mean velocity index (Mx) and cerebral
oximetry index (COx). Mx was determined with a personal computer based system as the
correlation coefficient between transcranial Doppler measured cerebral blood flow velocity
and mean arterial pressure. COXx is the correlation between near infrared spectroscopy-
measured cerebral oximetry and mean arterial pressure.
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mortality after cardiac surgery
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Fig 1. Identification of optimal arterial blood pressure (MAPopt) and lower limit of autoregulation (LLA), as indicated by the arrows. Mx,
mean flow index; COx, cerebral oximetry index; CBFV, cerebral blood flow velocity; rSO,, regional cortical oxygen saturation.
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Fig1 The representative graph of autoregulation monitoring during CPB. The COx represents the correlation coefficient between low-frequency regional cerebral oxygen saturation and MAP. When
arterial pressure is above or below the autoregulation threshold, COx approaches 1, but when autoregulation is functional, COx is near zero. In this example, the lower limit of autoregulation based \
on the MAP at which COx >0.3 is ~55 mm Hg, and an ULA is at a MAP of 75 mm Hg. AP, arterial pressure.
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Near-infrared spectroscopy: unfulfilled promises
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Impact of 2 Distinct Levels of Mean Arterial Pressure
on Near-Infrared Spectroscopy During Cardiac Surgery:
Secondary Outcome From a Randomized Clinical Trial

Frederik Holmgaard, BMSc,* Anne G. Vedel, MD,* Theis Lange, MSc, PhD, 1+
Jens C. Nilsson, MD, PhD,* and Hanne B. Ravn, MD, PhD, DMSc*

the HMAP group (P = .042).

2019;128:1081-8)

(n = 88). Mean rScO, was significantly lower in
5; 95% confidence interval, 0.9-6.1; P =.010).
ied time points during the intraoperative period
nts experienced desaturation below 10% and
up (P =.013 and P = .009, respectively), and

the cerebral desaturation load below 10% relative to rScO, baseline was more pronounced in

CONCLUSIONS: In a randomized blinded study, we observed that a higher MAP induced by
vasopressors, with a fixed CPB pump flow, leads to lower mean rScO, and more frequent and
pronounced cerebral desaturation during CPB. The mechanism behind these observations is

not clear. We cannot exclude extracranial contamination ot the signal as a possible expla-
nation. However, we cannot recommend Increasing MAP by vasoconstrictors during cerebral

desaturation DEcause this IS nNot supporied by the finaings or the present study. (Anesth Analg




~  LIMITATIONS OF NIRS \

e s Penetration of light is limited to several centimetres in-depth, and the precise sampling volume and site of measurement are
not fully clear [62].
e s Hemoglobin in vessels of superficial structures may add extracerebral signals, and hence adding interference to CW-NIRS
measurements [62].
Bulky, sensitive to variations in room temperature, and exquisitely sensitive to outside light [63].
The signals also display drift and are sensitive to movement artifact [63].
Alterations in cerebral blood flow and metabolism following severe head injury are heterogeneous, and re-gional differences
measured by NIRS may not be reflected by a global measurement such as jugular venous bulb oximetry [64].
 The rS0; index reflects a regional measure, while the jugular venous gas analysis is global [66].
The pathlength factor and the depth concerning head swelling following trauma make the site of measure-ment and the
volume sample ambiguous [66].
v The cerebral signal could be contaminated by a reflected signal from extracerebral structures (e.g., bone, mus-cle) with
unpredictable partition and O, saturation characteristics [67].
e  The clinical use of NIRS remains limited by potential sources of error that include contamination of the signal by the
extracerebral circulation (principally the scalp), extraneous light, and the presence of extravascular blood [70].
e Hematomas may prevent sufficient photon transriceinn thrniah tha cnvtay duin 4 avonceivra ahensmbinn her tha cancanieaind
blood [71].
Edema directly beneath the optical probes may al ﬂ sSensors m\pﬂ
In NIRS studies, many severe TBI patients are exc ~
Other patient-related factors affecting the NIRS-d
or scar), brain malformation, polycythemia, and ¢

Review
Near-Infrared Spectroscopy (NIRS) in Traumatic Brain
Injury (TBI)

Maria Roldan © and Panayiotis A. Kyriacou *

Research Centre for Biomedical Engineering, School of Mathematics, Computer Sciences and Engineering,
University of London, London EC1V 0HB, UK; maria.roldan@city.ac.uk

* Correspondence: PKyriacou@city.ac.uk; Tel.: +44-(0)20-7040-8131 I
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Determining thresholds for three indices of autoregulation to
identify the lower limit of autoregulation during cardiac surgery
Xiuyun Liu, PhD', Kei Akiyoshi, MD', Mitsunori Nakano, MD':2, Ken Brady, MD3, Brian
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Figure 3.
l The extent of mean arterial blood pressure (MAP) below the lower limit of autoregulation ~ =

NO Lassen curv

volume index.

[LLLA; defined by Mx, Cox, and HVX) in patients with and without acute kidney injury

AKI) using Mann-Whitney tests. The bar is expressed as mean + SEM; n=176 for (A),
n=200 for (B) and n=192 for (C). More details can be found in Supplementary Table 2.
*p<0.05. Mx = mean flow index; COx = cerebral oximetry index; HVx = hemoglobin




Intraoperative Cerebral Autoregulation Assessment Using Ultrasound-Tagged
Near-Infrared-Based Cerebral Blood Flow in Comparison to Transcranial Doppler
Cerebral Flow Velocity: A Pilot Study

John M. Murkin, MD, FRCPC,* Moshe Kamar, MD,t Zmira Silman, MSc,t Michal Balberg, PhD,T
and Sandra J. Adams, RN*

Journal of Cardiothoracic and Vascular Anesthesia, Vol 29, No 5 (October), 2015: pp 1187-1193

Ultrasound

BONE §

DURA/CSF
BRAIN

Fig 4. Schematic of US-tagged NIR device, in which light source
indicates laser NIR, ultrasound indicates integral ultrasound crystal
incorporated into the device and imparting Doppler shift to NIR light,
sensor represents sensing component of UTLight Flowmetry NIR
device, and skin, bone, dura/CSF and brain represent various tissue
layers.
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Figure 2.

Average Mx and CFVx during cardiopulmonary bypass in SmmHg bins. Both Mx and
CFVx shows increase in their value as mean arterial pressure moves away from the optimal
blood pressure indicating trends towards pressure dependent changes in cerebral blood flow.
Mean arterial pressure at lowest Mx or CFVx were defined as the optimal blood pressure
(Black arrow). In this example, the optimal blood pressure based on MAP at which Mx is
the lowest is 80 mmHg. Similarly, MAP at which CFVXx is at the lowest is 80mmHg.
MxR=Mx Right; CFVx1=CFVx Right; MxL=Mx Left; CFVx2=CFVx Left;
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Neuroscience and Neuroanaesthesia

NEUROSCIENCE AND NEUROANAESTHESIA

Ultrasound-tagged near-infrared spectroscopy does
not disclose absent cerebral circulation in brain-dead

adults

A. Caccioppola’, M. Carbonara®, M. Macri’, L. L
F. Ortolano?, F. Triulzi®>*, E. R. Zanier>, T. Zoerls

Fig 2. Instrumental findings in brain-dead patients. From left to right: EEG recording (showing isoelectric signal) and two images
demonstrating absent intracranial progression of arterial blood flow, respectively, using angio-CT scan or angiography. These two images
come from separate patients (because multiple confirmatory exams directly concerning cerebral blood flow are not indicated in the same
subject). All these findings are consistent with absent cerebral blood flow. The last panel shows the ultrasound-tagged near-infrared
spectroscopy (UT-NIRS) recording, which seems to indicate persistent cerebral flow index in both hemispheres, in contradiction with the
other confirmatory tests. BD, brain dead.




Limifs of CA detected
before the surgerye

Real time monitoring? - Pa0;,

“Interestingly, the method determined a change in the
location of the LLA on average 7.0 times per case, with the

mean of the standard deviations around the per-case mean
LLA being 3.4 mmHg.”

Effect of
vasoactive
agents

Montgomery D, et al. Intraoperative Determination and
Reporting of Cerebral Autoregulation State Using Near-
Infrared Spectroscopy. Anesth Analg. 2020 Nov;131(5):1520-
1528. doi: 10.1213/ANE.0000000000004614. PMID:

33079875; PMCID: PMC7319873. /
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of Cerebral Autoregulation State Using Near-Infrared
Spectroscopy
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Figure 4. Cotrending algorithm per-
formance versus TCD reference. A,
Histogram of the LLA references taken
from TCD signal for the 69 patients in
this study. Many guidelines indicate
a blood pressure management of 50
or 60 mmHg, but approximately 50%
of patients have an LLA higher than
60 mmHg and 95% have an LLA >50
mmHg. B, Histogram of the LLAs calcu-
lated with our method. The distribution
strongly resembles the reference LLA
distribution. LLA indicates lower limit of
autoregulation; NIRS, near-infrared spec-
troscopy; TCD, transcranial Doppler.
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Fig 1. Real-time autoregulation display. Graph displaying mean arterial BP (mm Hg) (red line) over 6 h during congenital heart surgery.
Fluctuations of mean arterial BP expected during surgery attributable to surgical stimulation, arterial line flushes, surgical manipulations,
and vasoactive medication administration are shown. The limits of autoregulation are calculated and updated in green (lower limit of
autoregulation of 52 mm Hg and upper limit of autoregulation of 95 mm Hg). The right bar graph denotes the current pressure (mean
arterial BP of 40 mm Hg) in relationship to the limits of autoregulation (shaded in green). A warning flag is displayed because the current
pressure is below the lower limit of autoregulation. The histogram inset to the left represents the duration of the recording at each arterial
pressure.







