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Abstract: Introduction. The monitoring of cerebral perfusion in patients with brain damage is a
major clinical challenge. Monitoring cerebral oxygenation (rSO2) by NIRS was introduced at the
turn of the 1980s, and many clinicians believed it was a valuable method for assessing cerebral
perfusion and subsequent measures to optimize cerebral flow. The main problem of NIRS usage is
the presence of the intermediate structures-skin, skull, meninges, cerebrospinal fluid-and their
influence on the outcome of the test. Therefore, it seems that NIRS assessment performed on a
patient during brain death attempts, can give an idea of the magnitude of the influence of these
intermediate structures on the monitoring result. Case. We present a retrospective analysis of
cerebral oxygenation measurements of a patient undergoing a brain death diagnostic procedure. A
clinical situation where the cerebral blood flow is stopped can give an idea of the specificity of the
method, particularly the impact of the influence of intermediate structures on the monitoring
outcome. In this case, the NIRS result is increased by the oxygenation of the patient before the
apnoea test. The influence of chromophores in the tissues surrounding the CNS, reflections and
scattering of the light wave spectrum have a very significant effect on the final result of cerebral
saturation measurement. Discussion. The majority of research observations describing changes in
cerebral perfusion or its optimisation may be burdened by the problem described, i.e., the significant
influence of measured oxygenation from intermediate structures. The specificity of NIRS to assess
cerebral perfusion requires careful analysis. The therapeutic implications of monitoring cerebral
oxygenation with NIRS are of great importance and, from the example presented and the literature
provided, the method should be used with caution. It has been shown that in a patient with brain
death, the result of NIRS oxygenation measurements depends on the surrounding structures of the
brain.
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1. Introduction

Monitoring cerebral oxygenation (rSO2) by NIRS was introduced at the turn of the 1980s, and
many clinicians believed it was a valuable method for assessing cerebral perfusion and subsequent
measures to optimize cerebral flow in patients with brain damage [1-3]. The problem is extremely
important because the assessment of cerebral perfusion is based on very invasive and sophisticated
diagnostic methods, hence the limitation in their application. The most commonly used invasive ones
include measurements of intracranial pressure (ICP), brain temperature (BT), brain oxygen tension
(PbtO2), neurochemistry via micro dialysis (MD), cerebral blood flow (CBF), and jugular oxygen
saturation (S5jvO2) [1,2].

The methods described allow monitoring of cerebral oxygenation and perfusion continuously.
Non-invasive examination of cerebral vascular blood flow by transcranial Doppler limits
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observations to the time when measurements are taken in the patient. Therefore, the introduction of
cerebral tissue saturation monitoring by non-invasive continuous observation has become an optimal
and easy tool in the diagnosis of patients with TBI [1]. However, the initial interest in the method and
the peak of the resulting medical research and publications ended in 2014- 2015 [2].

The problem includes serious questions about the validation of the method, the dependence of
the result on the presence of chromophores in intermediate structures. A very important argument
for this statement is based on observations published repeatedly, but based on studies conducted on
small groups of patients [4-6].

The main problem put forward is the presence of the described intermediate structures-skin,
skull, meninges, cerebrospinal fluid-and their influence on the outcome of the test. In order to exclude
the influence of chromatophores in superficial structures, two or more light detectors are used, which
allow separate data to be obtained from shallow and deep optical signals. This process is referred to
as spatial resolution. [7] There are a number of publications in the literature that show a significant
effect on the result of NIRS measurement through intermediate structures. These publications use the
phenomenon of orthostatic changes in blood flow in craniofacial structures, the effect of the Valsalva
maneuver [8]. The effects of vasoconstrictors and even mechanical restriction of flow through the skin
by pressure bands [9]. We present a case in which the described dilemma of NIRS reading sensitivity
is directly related to the diversification of CNS and craniofacial blood flow. NIRS assessment
performed on a patient during brain death attempts, in such a clinical situation in which cerebral
flow is stopped, can give an idea of the magnitude of the influence of these intermediate structures
on the monitoring result.

2. Case

We present the case of a 33-year-old female patient with a diagnosis of AML (Acute Myeloblastic
Leucaemia). The patient, was transferred from Haematology Unit to ICU following neurological
deterioration. On the basis of the imaging studies performed, the diagnosis was an acute intracranial
haemorrhage. Immediately after the CT scan, the patient underwent neurosurgical treatment. After
the surgical procedure, he was readmitted to the ICU. Despite the therapy, the patient was diagnosed
with the absence of brain reflexes. Among the imaging tests performed, there was a CT scan of the
CNS (Figure 1a,b) and CTA (Figure 2a,b), which showed catastrophic brain damage. Then, according
to institutional brain death guidelines clinical evaluations and apnoea tests were performed at certain
intervals (Current AAN brain death guidelines do not require multiple exams) [10].
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(b)

Figure 1. Head CT. The examination shows intermediate features of severe cerebral ischaemia. (a)
Loss of grey/ white matter differentiation in the supratentorial space with a sign of
pseudosubarachnoid haemorrhage. (b) Severe oedema of the posterior fossa structures (despite
suboccipital decompression), with completely obliterated basal cisterns and ischaemic-haemorrhagic
changes in the brainstem.
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(b)

Figure 2. Head Computer Tomography Angiography (CTA). 3D reconstruction of the CTA study.
(Left file) Left carotid arteries showing contrast flow obstruction in the extracranial segment of the C1
LICA (just behind the LCCA division) and in the extracranial segment of the V3/V4 LVA. (File right)
Right cerebral arteries shows contrast occlusion in the extracranial segment of the C1 RICA (before
entering the RTCA) and in the extracranial segment of the V.4 RVA.
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We present a retrospective analysis of cerebral oxygenation measurements using the INVOS™
Regional Oximeter in the presented case of a patient undergoing a brain death diagnostic procedure.
A clinical situation where the cerebral blood flow is stopped can give an idea of the specificity of the
method, particularly the impact of the influence of intermediate structures on the monitoring
outcome. The brain death determination was done according to accepted international protocols and
included a clinical exam and apnoea test.

In detail, the brain death protocol consisted of a consecutive series of tests to determine the
irreversible damage to the brain stem, including apnoea tests on two occasions. The respiratory centre
areactivity test is considered positive if there is a lack of respiratory activity during the 5-minute
apnoea observation of the patient with normal baseline gasometry during apnoea observation, and
there is an increase in CO2 level to a value above 60 mmHg, by at least 20% from baseline. The
diagnosis is made according to a protocol monitored by the Brain Death Committee [10].

Throughout the procedure, from the diagnosis of areflexia until the patient was pronounced
dead, the patient was monitored with NIRS (INVOS™ Regional Oximeter).

As can be seen, the level of cerebral oxygenation was relatively constant, symmetrical from both
cerebral hemispheres, and reached values close to 50%, both before and between the tests performed
(Figure 3). Prior to testing respiratory center drive, the patient was first provided with 100% FiO2.
On NIRS examination, a significant increase in rSO2 was observed with rSO2 reaching 60-70%
(improvement up to 20%). The increased saturation to a value close to rSO2 70% is maintained
throughout the whole apnoea trial and then, after the patient is ventilated again, a further increase in
the NIRS result is observed. Subsequently, a reduction in FiO2 to a baseline of 50% is followed by a
return of NIRS to baseline values. A similar pattern was seen in both apnoea tests (Figure 3).
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Figure 3. Measurements of cerebral oxygenation rSO2 (right and left hemisphere) in a patient during
diagnosis of brain death.

3. Discussion

In this case, the NIRS result is increased by the oxygenation of the patient before the apnoea test.
The influence of chromophores in the tissues surrounding the CNS, reflections, and scattering of the
light wave spectrum has a very significant effect on the final result of cerebral saturation
measurement. A very important argument for this statement is based on observations that have been
repeatedly published from studies conducted on small groups of patients [4-9]. This is exemplified
by the publication by Tatli and colleagues, who confirmed the lack of sensitivity of NIRS diagnosis
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for confirming brain death in patients [5]. Attempts to explain these observations have already been
described in publications, but the magnitude of the changes in oxygenation in NIRS measurements
in our study, i.e. an increase of more than 20% from baseline, shows the importance of the
measurement artifacts described. The problem of the variability of cerebral oximetry measurements
and its dependence on the ratio of intracranial and extracranial arterio- venous flow is complex. In
case the following increase in NIRS measurements, which is evidently initiated when pressure
ventilation with PEEP is switched on, is related to the phenomenon of venous outflow resistance. The
breathing can lead to a redistribution of venous blood, a predominance of the arterial component,
and an increase in the level of oxygenation in the measurements. The described dependency
additionally shows possible bias in the interpretation of measurements with NIRS [11].

The majority of research observations describing changes in cerebral perfusion or its
optimization may be burdened by the problem described, i.e., the significant influence of measured
oxygenation from intermediate structures. Despite the described dilemmas, publications continue to
confirm the usefulness of the method without considering the presented pitfalls [12,13]. Numerous
examples of the dilemma described can be found in works using NIRS monitoring in cardiac surgery.
Often the issue of autoregulation of cerebral flow is not taken into account, and the increase in arterial
pressure and improvement in surface saturation are translated into a positive effect of the applied
hemodynamic maneuvers [12-15]. The publication by Takegawa et al. provides an example of the
ambiguity of the problem [16]. A significant decrease in cerebral oximetry was observed in patients
with induced hypothermia. According to the authors, this contradicts the logic of reduced CNS
oxygen consumption. On the other hand, the authors do not link the possibility of the result of
reduced rSO2 with reduced blood flow through the described superficial structures, which depends
precisely on the external temperature. They explain this phenomenon by an increase in cerebral
vascular resistance and a decrease in brain blood flow, which is in particular the opposite of the
intended effects of hypothermia.

The specificity of NIRS to assess cerebral perfusion requires careful analysis. Despite the use of
spatial resolution, multiple light emitters and detectors, commercially available spectroscopes do not
deliver a pure cerebral oxygenation signal [9]. The therapeutic implications of monitoring cerebral
oxygenation with NIRS are of great importance and, from the example presented and the literature
provided, the method should be used with caution. It has been shown that in a patient with brain
death, the result of NIRS oxygenation measurements depends on the surrounding structures of the
brain. Their influence can be so significant that, after oxygenation of the patient, it is possible to obtain
NIRS measurements of rSO2 in a patient without cerebral flow that are comparable to measurements
in a healthy person. The example given vividly confirms the data from the literature and how large
the margin of error of the measurements and the subsequent misinterpretation of the results obtained
can be.

In a review published by Nature Publishing Groupe in 2022, which described the experience
with NIRS to date, we did not encounter clear conclusions [17]. Perhaps solving all the problems that
limit the method and taking into account artefacts that can affect the measurement result will increase
its specificity.

4. Summary

The described case of a patient undergoing the brain death protocol and the recording of the
obtained NIRS measurements confirm the limitations of the method in diagnosing brain death. We
show the extent to which the results are contaminated by intermediate structures. The extent of
measurement contamination can be related to other cases of monitored patients. This problem is
reflected in numerous publications in which the NIRS monitoring does not lead to improved patient
outcomes. The described example of continuous monitoring of a patient during attempts at brainstem
death is very illustrative and also gives an insight into the limitations of infrared spectrophotometry
in its broad application
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