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Relatore
Note di presentazione
A total of 226 measurements of cerebral blood flow (CBF) were performed in 96 postoperative patients with aneurysmal subarachnoid haemorrhage (SAH). The global CBF was significantly reduced in the first week after SAH, and the extent of the CBF reduction was less in the patients with good outcome than in those with fair/ poor outcome. The good outcome patients showed a progressive increase in CBF in the following 3 weeks. Although the CBF decreased further in the second week in some of those patients, it turned to a steady increase thereafter. On the other hand, in the fair/poor outcome patients CBF remained far below the normal control value for at least 3 months after SAH. When looking into the effect of age on CBF in the patients with good outcome, those in their thirties and forties had a significantly reduced CBF during the first 2 weeks, whereas in those in their fifties and sixties a significant reduction persisted for 3 months to 1 year after SAH. Management of the older patients needs special attention even if they are apparently in good clinical condition, since the CBF threshold to ischaemia is diminished.
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Spreading depression and blood itself probably play   
important roles in causing changes in metabolism.  
      Beaulieu et al 2000 

Clinical and experimental studies have shown hypo-  
metabolism  after  SAH  with  no  changes  in  CBF.   

 Neuro-Intensive Care, Spedali Civili University Hospital of Brescia, ITALY Dr. FRANK  RASULO 

Hayashi et al 2000 
Prunell GF et al 2004  

SAH  
without  Vasospasm 

CBF  
CMRO2 
CBV  

OEF  NORMAL 

PRIMARY METABOLIC DEPRESSION 

Kent D Yundt et al .(1997) 

Relatore
Note di presentazione
The exact etiology of the reduction in metabolic activity during the first minutes after SAH is still not well known.

Metabolic alterations may have a role in the reduction of CBF after SAH.Clinically, a decrease in the cerebral oxygen consumption and changes in the levels of Metabolites relatedto the cellular oxydative energy are common after SAH. Experimental studies have also shown a reduction in CMRO2, increase in lactate, FFA and Glutamate levels and reductions phosphocreatine and hexokinase levels.
Bendersonet al 1998

Hypometabolism could also be to the direct effect of deposition of blood in the Subarachnoid space. In accordance with this view, it has been reported that Mitocondrial function is impaired in the acute phase after SAH.
Marzatico et al. 1990

Further investigatins are necessary to determine whether the blood flow and metabolic declines are indeed interrelated or whether they are independent phenomena of the post-SAH brain
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Note di presentazione
Global or Local



Cerebral O2 Monitoring in SAH 





P. Pandin et al. 
OJA, 2014 

Relatore
Note di presentazione
Per avere informazioni sull’O2 cerebrale utile conoscere O2 delivery e metabolismo..



SjO2 

Relatore
Note di presentazione
Fig 1 Schematic representation of the tip of the Licox brain tissue
oxygen sensor. 1, Polyethylene tube with diffusible membrane; 2, gold
polarographic cathode; 3, silver polarographic anode; 4, electrolyte
chamber; 5, brain parenchyma. (Adapted from the manufacturer’s
manual.)
Nortje and Gupta
96
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Fig 2 Schematic representation of the tip of the Neurotrend sensor
demonstrating the microporous polyethylene tube (1), the three optical
sensors, namely the PbO2 sensor (2) (ruthenium dye in a silicone
matrix), the PbCO2 sensor (3) (phenol red in a bicarbonate solution), the
pH sensor (4) (phenol red in a polyacrylamide gel) and the
thermocouple (5) (copper and constantan wires) all suspended in phenol
red and polyacrylamide gel (6) and implanted in the brain parenchyma
(7). (Adapted from the manufacturer’s manual.)
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 DIRECT INVASIVE PbtO2 MONITORING DEVICES 

GMS-Integra, (Kiel- Mielkendorf, Germany)    -   
 
Codman, Johnson & Johnson (Raynham, MA, USA)   - 
 
Raumedic (Münchberg, Germany)    
 
Oxford Optronix (Oxford, UK)  
 
Ocean Optics (Dunedin, FL, USA)  
 
Inter Medical Co. Ltd. (Nagoya, Japan)     - 

Licox -     
 
Neurotrend -    
 
Neurovent-PTO -   
 
MPBS -    
 
Foxy, AL-300 -    
 
PO2-100DW -  

Polarographic (“Clark”) cell 
 
Optical sensors  
 
 
 
Luminescense quenching 
 
 
 
Clark type electrode 

Device   Manufacturer       Sensor type 

Licox sensor Neurotrend sensor 

Relatore
Note di presentazione
The Neurotrend probe uses optical sensors. Measurements are obtained through a dye which is connected to a fiberoptic cable. The properties of the dye change along with gas concentrations and pH of adjacent tissues, which in turn reflects tissue partial pressure of oxygen. The Neurotrend probe contains four sensors, it measures pbtO2, ptiCO2, tissue pH, and tissue temperature. Its sampling area is around 2mm2 . The Neurotrend probe yields lower values compared to the Licox probe. This is a difference due to the probe’s monitoring techniques, which users must be aware of. It does not indicate measurement validity.

The Licox probe uses a polarographic (“Clark”) cell in which oxygen diffuses from the tissue through the catheter polyethylene wall into its inner electrolyte chamber. Oxygen is transformed at the electrode where it determines an electrical current. The electrical current reflects tissue pbtO2. Its sampling area, depending of the type of oxygen sensor, is around 13mm2  to 18 mm2 .
The Neurotrend probe yields lower values compared to the Licox probe. This is a difference due to the probe’s monitoring techniques, which users must be aware of. It does not indicate measurement validity.

The “Neurovent-PTO” is a sensor which measures pbtO2, ICP and brain temperature. The pbtO2 measurement principle is based on exciting a flourescent dye with light. PbtO2 is calculated from the fading properties of the fluorescent dye, so called “luminescense quenching”. Its sampling area is around 22mm2  [71].

The Oxford Optronix and the Foxy-ptiO2 sensor also use the “luminescense quenching” technique. The Oxford Optronix sensor, referred to as “multi-parametric brain sensor” [MPBS] also measures laser-Doppler based cerebral blood flow and ICP [149, 245]. It is a prototype and has been used in animals [246]. The Foxy AL-300 has also been used in animals [247].

The “PO2-100DW” is a micro polarographic cell sensor (Clark type electrode) and has been used in an animal studyFig 1 Schematic representation of the tip of the Licox brain tissue
oxygen sensor. 1, Polyethylene tube with diffusible membrane; 2, gold
polarographic cathode; 3, silver polarographic anode; 4, electrolyte
chamber; 5, brain parenchyma. (Adapted from the manufacturer’s
manual.)
Nortje and Gupta
96
Downloaded from http://bja.oxfordjournals.org/ by guest on March 17, 2016

Fig 2 Schematic representation of the tip of the Neurotrend sensor
demonstrating the microporous polyethylene tube (1), the three optical
sensors, namely the PbO2 sensor (2) (ruthenium dye in a silicone
matrix), the PbCO2 sensor (3) (phenol red in a bicarbonate solution), the
pH sensor (4) (phenol red in a polyacrylamide gel) and the
thermocouple (5) (copper and constantan wires) all suspended in phenol
red and polyacrylamide gel (6) and implanted in the brain parenchyma
(7). (Adapted from the manufacturer’s manual




8-12 µm  

Relatore
Note di presentazione
The Unisense oxygen microsensor is an excellent research tool for high quality oxygen measurements. The microsensor can be made with tip sizes of only 2-3 µm allowing for non-destructive measurements of oxygen at high spatial resolution in numerous applications. The response time ca be less than 0,3 sec and the oxygen microsensor has an insignificant oxygen consumption giving you fast and accurate oxygen measurements.
The oxygen micro- and minisensors are all Clark-type sensors measuring oxygen partial pressure. The working principle of the oxygen microsensor is based on diffusion of oxygen through a silicone membrane to an oxygen reducing cathode. The reducing cathode is polarized against an internal Ag/AgCl anode.The oxygen microsensor has a guard cathode that removes oxygen in the electrolyte, thus minimizing zero-current and pre-polarization time. The resulting sensor signal is in the pA range and is measured by a high quality picoammeter e.g. the Unisense Microsensor Multimeter.



LX  and  NV probes measure different PbrO2 values  
in routine monitoring in patients after SAH and TBI.  
Our  data  therefore  do  not  support the view that  
both probes can be used interchangeably. 

Licox              -           Raumedic 

DIFFERENT  VALUES 

Probes cannot be used interchangeably in patients after SAH  



DIFFERENT  THRESHOLD VALUES BETWEEN SAME DEVICES 

DIFFERENT  VALUES 

Relatore
Note di presentazione
Not only different probes, but between same probes….and same centres!!!!!!



where ? 

The probability that a single focal probe will be situated in the territory of severe CVS and infarction varies over a wide range.  
 
Focal ptiO2 or MD measurements are useful for MCA and ICA aneurysms, but may have a high (50%) failure rate in patients  
with VBA and ACA aneurysms. More reliable CVS or infarction detection was observed in MCA and ICA.  

Relatore
Note di presentazione
PbtO2  monitoring is a local measure of interstitial and capillary O2  averaged over a probe area of 13 mm2 .

The probability that a single focal probe will be situated in the territory of severe CVS and infarction varies over a wide range. More reliable CVS or infarction detection was observed in MCA and ICA. 

In our opinion, focal ptiO2 or CBF or microdialysis measurements are useful for MCA and ICA aneurysms, but may have a high (25– 50%) failure rate in patients with VBA and ACA aneurysms.




& CBF 

Relatore
Note di presentazione
Arriviamo all’utilità della Ptio2….ma bisogna tener ben presente che non sempre la PbtO2 si muove nello stesso senso del CBF 



FiO2, CBF 



FiO2, CBF 



FiO2, CBF 



FiO2, CBF 



as a THERAPY GUIDE 



as a THERAPY GUIDE 
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Note di presentazione
Ma cosa succede se giro la manopolina?



&  FiO2 



high-flow oxygen therapy reduces infarct volumes in animal stroke models, and improves clinical 
deficits in patients with acute stroke  

   Singhal Ab et al. Normobaric hyperoxia reduces MRI diffusion abnormalities 
   and infarct size in experimental stroke. Neurology (2002) 58:945–952 

    
   Singhal AB, et al A pilot study of normobaric oxygen therapy in acute ischemic 

   stroke. Stroke (2005)36:797–802  

Increasing FiO2 in patients with brain injury increased O2 delivery to the brain and  
decreased the level of lactate levels as measured by microdialysis .  

  Bergsneider M, Hovda DA, Shalmon E, et al: Cerebral hyperglycolysis 
  following severe traumatic brain injury in humans: A positron 

  emission tomography study. J Neurosurg 86:241-251, 1997 

Increased inspired oxygen concentration as a factor in improved brain tissue  
Oxygenation and tissue lactate levels after severe human head injury.  
        Menzel M et al: J Neurosurg 91:1-10, 1999 

Benefits of increased PaO2 to the brain 

An increase in PbtO2 is associated with improved brain metabolism, measured with 
cerebral microdialysis  

   Normobaric hyperoxia-induced improvement in cerebral metabolism and reduction in  
   intracranial pressure inpatients with severe head injury: a prospective historical  

   cohortmatched study. Tolias CM et al. J Neurosurg (2004) 101:435–444 

&  FiO2 
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&  FiO2 

Relatore
Note di presentazione
Other groups have expressed concern about the findings that normobaric hyperoxia alone can improve cerebral oxygenation. Blood hemoglobin, which is almost completely responsible for O2 delivery to tissues, is almost fully saturated at room air. In contrast, the amount of O2 dissolved in blood is negligible. Therefore, increasing FiO2 does not significantly increase the O2 content carried by blood to hypoxic tissue. Although PbrO2 increases with an increase in FiO2, the increase does not necessarily correlate with an increase in the supply of O2 to tissue.

To show an improvement in cerebral metabolism
in response to increased FiO2, studies must show that ATP
generation and the cerebral metabolic rate of O2 (CMRO2)
consumption increases after this type of therapy as measured by
microdialysis. Until these studies and additional clinical outcome
studies are performed, hyperoxia should not be used for
the routine treatment of TBI patients.

Although PbtO2 is influenced by factors
that regulate CBF, and in particular CO2 and MAP [75], a
PbtO2 monitor is not simply an ischemia monitor [78, 79].
Instead, it likely is a marker of the balance between
regional oxygen supply and cellular oxygen consumption.
It also is influenced by changes in diffusion distance
between capillaries and cells and the proportion of arterioles
and venules where the probe is placed [7, 32, 77]; that
is, PbtO2 may reflect oxygen diffusion rather than total
oxygen delivery or cerebral oxygen metabolism. Other factors
known to influence PbtO2 include FiO2, arterial partial
pressure of oxygen (PaO2), MAP, CPP, CBF, and Hgb
concentration, to name a few, and it may be inversely
correlated with oxygen extraction fraction on PET [80].
Importantly, a PbtO2 monitor is different from a jugular bulb
catheter that reflects the venous oxygen content in blood
exiting the brain and so indicates the balance between oxygen
delivery and oxygen utilization. By contrast, PbtO2 is more a
measurement of the oxygen that accumulates in brain tissue.
Recently, Rosenthal et al. [76] challenged 14 severe TBI
with an increase in FiO2 to 1.0 (oxygen reactivity), a
10 mmHg increase in mean arterial blood pressure (cerebral
autoregulation), and a 10 mmHg decrease in PaCO2 (CO2
cerebral vascular reactivity). They made the following
important observations: (1) PaO2 and PbtO2 both increased
with an oxygen challenge. However, there was not a
substantial change in oxygen delivery, and regional
CMRO2 remained unchanged. (2) During a MAP challenge,
there was a small increase in CBF, and the mean
PbtO2 increased. A significant change in CMRO2 was not
observed. (3) Hyperventilation reduced CBF, and this
increased AVDO2. Although there were several study
limitations, their data further suggest that PbtO2 reflects
the product of CBF and the arteriovenous difference in
oxygen tension, PbtO2=CBFÅ~AVTO2; that is, the interaction
between plasma oxygen tension and CBF is an
important determinant of PbtO2. This finding is consistent
with experimental studies, which indicate that PbtO2 does
not simply reflect CBF [79], PET studies in human TBI that
show that diffusion abnormalities can contribute to cerebral
hypoxia [7], and microdialysis studies that indicate that
increases in markers of anaerobic metabolism can occur
independently from CPP [81]. In other words a PbtO2
422 Childs Nerv Syst (2010) 26:419–430
monitor can provide some insight into both ischemic and
non-ischemic derangements of brain physiology after TBI.
Rosenthal et al. [76] also compared the mean ratio of tissue
to arterial oxygen concentration and the ratio of tissue to
venous oxygen concentration. These values were was less
than 2–2.5% consistent with Kety and Schmidt’s original
hypothesis that the concentration of oxygen in brain tissue
is very small relative to the oxygen content of arterial and
venous blood [23, 82].
Despite  these  promising  studies, there  remains  debate  about  the physiological efficacy of normobaric 
hyperoxia with some PET and microdialysis studies, suggesting that it does not improve brain metabolism.
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Effect of normobaric hyperoxia on cerebral oxygenation, metabolism and  
oxidative stress in patients with subarachnoid hemorrhage caused  

by intracranial aneurysm rupture.  
Solodov AA, et al. Anesteziol Reanimatol. 2013 Jul-Aug;(4):66-71 

&  FiO2 

Increase of FiO2 from 0.3 to 0.5 and 1.0 was accompanied with brain oxygen tension 
(PbrO2) increase and cerebral extraction ratio for oxygen (O2ER) decrease. Application 
of normobaric hyperoxia had no effect on ICP, cerebral perfusion pressure, arterial 
blood pressure and cerebral metabolism.  

Conclusions: 

Relatore
Note di presentazione
The development of cerebral vasospasm in subarachnoid hemorrhage (SAH) due to cerebral aneurysms rupture results in cerebral circulation disturbances. Application of normobaric hyperoxia can be an effective way for improving of oxygen delivery to injured brain tissues. The purpose of this study was to assess of normobaric hyperoxia influence on intracranial pressure (ICP), cerebral oxygenation and metabolism, oxidative stress and endogenous factors of vascular regulation in II critically ill patients with nontraumatic SAH due to cerebral aneurysms rupture. Increase of FiO2 from 0.3 to 0.5 and 1.0 was accompanied with brain oxygen tension (PbrO2) increase and cerebral extraction ratio for oxygen (O2ER) decrease. Application of normobaric hyperoxia had no effect on ICP, cerebral perfusion pressure, arterial blood pressure and cerebral metabolism. 



Effect of hyperbaric oxygen therapy on cerebral vasospasm: a vascular  
morphometric study in  subarachnoid hemorrhage 

Özgür Çelika et al. International Journal of Neuroscience Volume 2014: 124(8)   

&  Hyper-FiO2 

Relatore
Note di presentazione
This study was undertaken to investigate the preventive or therapeutic effect of hyperbaric oxygen therapy (HBOT) on cerebral vasospasm following experimental subarachnoid hemorrhage (SAH). Twenty rabbits were assigned randomly to one of four groups. Animals in Group I were not subjected to SAH or sham operation (control group, n = 5). Animals in Group II were subjected to sham operation and received no treatment after the procedure (sham group, n = 5). Animals in Group III were subjected to SAH and received no treatment after SAH induction (SAH group, n = 5). Animals in Group IV were subjected to SAH and received five sessions of HBOT at 2.4 atmospheres absolute (ATA) for 2 h (treatment group, n = 5). Animals were euthanized by perfusion and fixation 72 h after procedures. Basilar artery vasospasm indices, arterial wall thicknesses, and cross-sectional luminal areas were evaluated. Statistical comparisons were performed using Kruskal–Wallis and Mann–Whitney U tests. Mean basilar artery vasospasm index in the treatment group was significantly smaller than in the SAH group. Mean basilar artery wall thickness in the treatment group was significantly smaller than in the SAH group. Mean basilar artery cross-sectional luminal area in the treatment group showed an increase relative to the SAH group, but this difference remained statistically insignificant. Our results demonstrated that repeated application of HBOT at 2.4 ATA for 2 h attenuated vasospastic changes such as increased vasospasm index and arterial wall thickness. HBOT is thus a promising candidate for SAH-induced vasospasm. Further studies are needed to evaluate maximal effect and optimal application regimen.
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Note di presentazione
Tutti sappiamo che con l’ossigeno,”non si scherza col fuoco”…..va monitorizzato



Intraoperative brain oxygenation monitoring and vasospasm in  
aneurysmal subarachnoid hemorrhage.  

Cerejo A et al.  Neurol Res 2012; 34(2): 181-6. 

The finding of low intraoperative basal PbtO(2) values may be an indicator for a high risk 
of occurrence of post-operative TCD vasospasm in cases of aneurysmatic SAH. 

INTRA-OPERATIVE 

28 aSAH patients  

Post-operative TCD vasospasm developed in 13 patients, all of them with basal values 
inferior to 10 mmHg.  
 
PbtO(2) basal value was significantly lower in cases that developed TCD vasospasm.  

Relatore
Note di presentazione
Abstract
BACKGROUND: 
Vasospasm is a frequent complication of subarachnoid hemorrhage (SAH), implicated in poor outcome, and prediction of its occurrence might be important on the therapeutic approach of this condition. Brain oxygenation in aneurysmal SAH was prospectively monitored during surgery in 28 patients, using brain tissue oxygen pressure (PbtO(2)), studying its association with the occurrence of post-operative vasospasm, detected by transcranial Doppler.
METHODS: 
PbtO(2) monitoring was performed during surgery of 28 patients with aneurysmal SAH, using a polarographic microcatheter (Licox; GMS, Kiel, Germany), inserted into the cerebral tissue. The aneurysms were localized in the anterior communicating artery (AcoA) complex (eight cases), in the posterior communicating artery (Pcom) origin (seven cases), and in the middle cerebral artery (MCA) bifurcation (13 cases). Basal PbtO(2) values, obtained immediately before application of temporary or definitive clips, were studied according to age, clinical status and CT findings. The association between the basal values and the occurrence of increased blood flow velocity in the post-operative transcranial Doppler (TCD vasospasm) was investigated.
RESULTS: 
Post-operative TCD vasospasm developed in 13 patients, all of them with basal values inferior to 10 mmHg. PbtO(2) basal value was significantly lower in cases that developed TCD vasospasm. This association was independent of age, clinical status, or CT findings.
CONCLUSION: 
The finding of low intraoperative basal PbtO(2) values may be an indicator for a high risk of occurrence of post-operative TCD vasospasm in cases of aneurysmatic SAH.




NeuroRadiology Suite 

100% of instances the mean PbO2  increased after spasmolysis and correlated with improvement in angiographic  VS . 
 
CPP, ICP, SaO2, and FIO2, did not show any statistically significant difference before and after spasmolysis. 

Relatore
Note di presentazione
BACKGROUND AND PURPOSE: Cerebral vasospasm resistant to medical management frequently requires
intra-arterial spasmolysis. Angiographic resolution of vasospasm does not provide physiologic
data on the adequacy of reperfusion. We recorded pre- and postspasmolysis PbO2 data in the
endovascular suite to determine whether this physiologic parameter could be used to determine when
successful reperfusion was established.
MATERIALS AND METHODS: Eight patients with 10 Licox monitors and cerebral vasospasm underwent
intra-arterial spasmolysis. Pre- and postspasmolytic PbO2 was recorded for comparison. Other physiologic
parameters, such as CPP, ICP, SaO2, and FIO2, were also recorded.
RESULTS: Mean prespasmolysis PbO2 recordings were 35.2 and 27.3 for the mild-to-moderate and
moderate-to-severe vasospasm group, respectively. Mean postspasmolysis PbO2 increased to 40.3
and 38.4, respectively, which was statistically significant (P  .05) for both groups. In 100% of
instances in the moderate-to-severe group and 83% of instances in mild-to-moderate group, the mean
PbO2 increased after spasmolysis and correlated with improvement in angiographic vasospasm. Other
physiologic parameters, such as CPP, ICP, SaO2, and FIO2, did not show any statistically significant
difference before and after spasmolysis.
CONCLUSIONS: PbO2 monitoring provides the interventionalist with an objective physiologic parameter
to determine adequate spasmolysis. Further investigation is needed to establish target PbO2 rates
indicative of adequate reperfusion, which can be used in the endovascular suite.



Relative importance of hypertension compared with hypervolemia for increasing cerebral 
oxygenation in patients with cerebral vasospasm after subarachnoid hemorrhage.  

Raabe A et al. J Neurosurg 2005; 

 55 periods of moderate hypertension  -  pbtO2 increases 50 cases (90%), 
Complications in 3 patients (8%). 

 25 periods of hypervolemia, pbtO2 increases during three intervals (12%), 
Complications in 9 patients (53%). 

 10 periods of hypervolemic hypertension, pbtO2 increases during 6 of the intervals (60%), 
Complications in 5 patients (50%). 

In poor-grade aSAH patients, moderate hypertension in a normovolemic, hemodiluted patient is an effective method 
of improving cerebral oxygenation and is associated with a lower complication rate compared wit hypervolemia 

The utility of pbtO2 for optimizing Triple-H therapy in SAH patients 

Optimizing Triple-H  

Relatore
Note di presentazione
PbtO2 technology has been used to investigate the utility of hypervolemia and hypertension therapy for prophylaxis and treatment of symptomatic cerebral vasospasm in SAH [278]. The authors, most interestingly, report that during 55 periods of moderate hypertension pbtO2 increases were found in 50 cases (90%), with complications occurring in three patients (8%). 

During 25 periods of hypervolemia, pbtO2 increases occurred during three intervals (12%), with complications occurring in nine patients (53%). 

During the 10 periods of aggressive hypervolemic hypertension, pbtO2 increases were found during six of the intervals (60%), with complications in five patients (50%). 

They concluded that “in poor-grade patients, moderate hypertension (CPP 80-120 mm Hg) in a normovolemic, hemodiluted patient is an effective method of improving cerebral oxygenation and is associated with a lower complication rate compared with hypervolemia or aggressive hypertension therapy”. A similar conclusion has been reported from another group [55]. Both reports support the utility of pbtO2 for optimizing Triple-H therapy in SAH patients.



The utility of pbtO2 for optimizing Triple-H therapy in SAH patients 

While volume expansion results in an increase CBF, hypervolemia 
reverses the hypertension-induced benefit on PtiO2. 

Vasopressor-induced elevation 
of MAP caused an increase of 
CPP and Pti02 in SAH patients. 

Effects of hypervolemia and hypertension on regional cerebral blood flow, intracranial 
pressure, and brain tissue oxygenation after subarachnoid hemorrhage.  

Muench E, Horn P, Bauhuf C, et al. Crit Care Med 2007; 35(8): 1844-51 

Optimizing Triple-H  

Relatore
Note di presentazione
Furthermore…
Experimental Part
effectof the threecomponents of triple-H therapy under physiologic conditions in an experimental pig model. 

Clinical Part
In the next step we applied the same study protocol to patients following aneurysmal subarachnoid hemorrhage.

Conclusions: Vasopressor-induced elevation of mean arterial pressure caused a significant increase of regional cerebral blood flow and brain tissue oxygenation in all patients with subarachnoid
hemorrhage. Volume expansion resulted in a slight effect on regional cerebral blood flow only but reversed the effect on brain tissue oxygenation. In view of the questionable benefit of hypervolemia
on regional cerebral blood flow and the negative consequences on brain tissue oxygenation together with the increased risk of complications, hypervolemic therapy as a part of triple-H therapy should be applied with utmost caution. 


A recent animal research and clinical intervention study investigated the effect of the three components of the triple-H therapy.13 This study showed that vasopressor-induced hypertension caused a significant increase in regional cerebral blood flow and brain tissue oxygenation (PBrO2) in ten patients with subarachnoid hemorrhage. Interestingly, this study also showed that, while volume expansion resulted in an increase in cerebral perfusion, hypervolemia reversed the hypertension-induced increase on PBrO2. 
A recent systematic review showed that, despite the widespread use of triple-H therapy to prevent vasospasm after SAH, there is insufficient evidence-based data to make recommendations for its use as a prophylactic treatment for vasospasm.14




Augmentation of CI can improve  
cerebral oxygenation after SAH. 

Optimizing Triple-H  



High dose erythropoietin increases brain tissue oxygen tension in  
severe vasospasm after subarachnoid hemorrhage.  

Helbok R et al. BMC Neurol 2012; 12: 32. 

ERYTHROPOIETIN TREATMENT  

EPO increases PbtO2 in poor grade SAH  patients with severe cerebral vasospasm.  
No clear effect on metabolism or outcome. 

Relatore
Note di presentazione
 Background: Vasospasm-related delayed cerebral ischemia (DCI) significantly impacts on outcome after aneurysmal
subarachnoid hemorrhage (SAH). Erythropoietin (EPO) may reduce the severity of cerebral vasospasm and improve
outcome, however, underlying mechanisms are incompletely understood. In this study, the authors aimed to
investigate the effect of EPO on cerebral metabolism and brain tissue oxygen tension (PbtO2).
 Methods: Seven consecutive poor grade SAH patients with multimodal neuromonitoring (MM) received systemic
EPO therapy (30.000 IU per day for 3 consecutive days) for severe cerebral vasospasm. Cerebral perfusion pressure
(CPP), mean arterial blood pressure (MAP), intracranial pressure (ICP), PbtO2 and brain metabolic changes were
analyzed during the next 24 hours after each dose given. Statistical analysis was performed with a mixed effects
model.
 Results: A total of 22 interventions were analyzed. Median age was 47 years (32–68) and 86% were female. Three
patients (38%) developed DCI. MAP decreased 2 hours after intervention (P<0.04) without significantly affecting
CPP and ICP. PbtO2 significantly increased over time (P<0.05) to a maximum of 7 ± 4 mmHg increase 16 hours
after infusion. Brain metabolic parameters did not change over time.
 Conclusions: EPO increases PbtO2 in poor grade SAH patients with severe cerebral vasospasm. The effect on
outcome needs further investigation.



PRBC TRANSFUSION &  
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Note di presentazione
 Abstract
Background Anemia adversely affects cerebral oxygenation
and metabolism after subarachnoid hemorrhage
(SAH) and is also associated with poor outcome. There is
limited evidence to support the use of packed red blood cell
(PRBC) transfusion to optimize brain homeostasis after
SAH. The aim of this study was to investigate the effect of
transfusion on cerebral oxygenation and metabolism in
patients with SAH.
Methods This was a prospective observational study in a
neurological intensive care unit of a university hospital.
Nineteen transfusions were studied in 15 consecutive
patients with SAH that underwent multimodality monitoring
(intracranial pressure, brain tissue oxygen, and cerebral
microdialysis). Data were collected at baseline and for 12 h
after transfusion. The relationship between hemoglobin
(Hb) change and lactate/pyruvate ratio (LPR) orbrain tissue
oxygen (PbtO2) was tested using univariate and multivariable
analyses.
Results PRBC transfusion was administered on the
median post-bleed day 8. The average Hb concentration at
Electronic supplementary material The online version of this baseline was 8.1 g/dL and increased by 2.2 g/dL after  transfusion. PbtO2  increased between hours 2 and 4 posttransfusion
and this increase was maintained until hour 10.
LPR did not change significantly during the 12-h monitoring
period. After adjusting for SpO2 , cerebral perfusion
pressure, and LPR, the change in Hb concentration was
independently and positively associated with a change in
PbtO2  (adjusted b estimate =  1.39 [95 % confidence
interval 0.09–2.69]; P =  0.04). No relationship between
the change in Hb concentration and LPR was found.
Conclusions  PRBC transfusion resulted in PbtO2
 improvement without a clear effect on cerebral metabolism
prior to SAH.



Index of PtiO2 Pressure Reactivity  
For  Determining   Autoregulation 
The    index   of    PtiO2     pressure 
reactivity   (ORx)   was   calculated  
as  the  moving  linear  (Pearson’s) 
correlation   coefficient    between 
values  of  CPP  and PtiO2 from the 
previous 60 minutes of monitoring. 

& CVA 

Relatore
Note di presentazione
ORx indicates impaired autoregulation in patients who develop delayed infarction after SAH. Furthermore, 
this index may distinguish between patients who finally develop delayed infarction and those who do not.





High cerebral perfusion pressure improves low values of local  
brain tissue O2 tension (PtiO2) in focal lesions.  

Stocchetti et al. Acta Neurochir Suppl. 1998; 71:162-5 

EFFECTS OF CPP on  

In ischemic areas PtiO2 is dependent on CPP suggesting both a derangement of  
pressure autoregulation and high regional cerebrovascular resistences (CVRs).  
 
Low PtiO2 was associated with normal CPP, thus indicating that CPP could be an  
inadequate estimate of rCBF in focal ischemic areas.  
 
Arterial hypertension, capable of increasing CPP above normal values, appeared  
useful in normalizing tissue oxygenation in ischemic areas. 

Relatore
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ORx
Arterial hypertension is widely applied to improve regional cerebral blood flow (rCBF). We measured local brain tissue O2 pressure (PtiO2) in low density lesions at computerized tomography (CT) of the head before and after manipulation of mean arterial pressure (MAP) in order to increase cerebral perfusion pressure (CPP). Nine patients, 7 subarachnoid hemorrhage (SAH), 1 severe head injury, 1 meningeoma, were included in our study. A flexible polarographic microcatheter for PtiO2 measurement was placed at the border of the low density area found at CT. PtiO2 was continuously measured for 615 hours. Hypoperfusion in low density areas was detected by perfusional single photon emission computed tomography (SPECT). We recorded 22 episodes of induced or spontaneous increase of MAP. Initial PtiO2 regularly improved after the CPP increase (r2 0.74 in induced episodes). Low PtiO2 showed a greater percent increase for unitary changes of CPP than normal-high PtiO2. Baseline PtiO2 below 20 mm Hg was associated with normal CPPs; 5 readings of PtiO2 below 20 mm Hg normalized when a higher CPP was obtained. Our results show that in ischemic areas PtiO2 is dependent on CPP suggesting both a derangement of pressure autoregulation and high regional cerebrovascular resistences (CVRs). Low PtiO2 was associated with normal CPP, thus indicating that CPP could be an inadequate estimate of rCBF in focal ischemic areas. Arterial hypertension, capable of increasing CPP above normal values, appeared useful in normalizing tissue oxygenation in ischemic areas.



& Multi Modal Monitoring 



A  higher  pro-inflammatory response was 
associated  with  the  development of DCI,  
whereas  admission  disease  severity  and  
early brain tissue hypoxia were associated  
with  higher  CMD-MMP-9 and (CMD)-IL-6  
levels and a poor functional outcome. 

& MMM 
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The goal of the current study was to study pathophysiological events involved in the development of EBI in poor-grade aSAH patients by investigating brain hemodynamics— ICP, cerebral perfusion pressure (CPP), and Pbt O2— and brain metabolic changes in combination with the local inflammatory response by cerebral microdialysis (CMD)-IL-6 and the function of the BBB by CMD-MMP-9 in the brain extracellular fluid. We intended to focus on the early phase after aSAH and relate these findings to clinical course and outcome.

 Monitoring of such events in the very early phase in humans is challenging; however, invasive multimodal neuromonitoring devices  allow continuous data acquisition for intracranial pressure (ICP), brain tissue oxygen tension (Pbt O2 ), cerebral blood flow, and at least hourly information on brain metabolism already within the first 24 hours after aneurysm bleeding [6]




Chen HI, Stiefel MF, Oddo M, et al. Neurosurgery. 2011;69:53–63. 

Cerebral hypoxia (PtiO2 < 20 mm Hg) and cerebral energy dysfunction (LPR > 40) 
may occur despite normal levels of ICP and CPP in the poorgrade SAH population  

& MMM 
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E tutto questo può avvenire in assenza di alterazioni della ICP o CPP
npn basta la ICP e CPP
Per cui monitorando solo questi parametri non sarebbe stato sufficiente a captare la sofferenza cerebrale
ICP and cerebral perfusion pressure (CPP) monitoring have been the cornerstone parameters in the management
of comatose 
Chen et al. in a cohort of 19 patients with poor grade SAH, demonstrated that ICP and CPP monitoring may not be sufficient to detect episodes of cerebral compromise, such as severe brain hypoxia detected by PtiO2
catheter (PtiO2 of not more than 10 mm Hg) or brain energy dysfunction detected by CMD (LPR of at least 40).

The sensitivities of abnormal ICP or CPP levels for elevated LPR and reduced PtiO2 were 21.2 %, and critical levels of LPR or PtiO2 were found on many occasions when ICP or CPP was normal. 

patients with acute brain injury. 

Chen et al. in a cohort of 19 patients with poor grade SAH, demonstrated that ICP and CPP monitoring may not be sufficient to detect episodes of cerebral compromise, such as severe brain hypoxia detected by PtiO2
catheter (PtiO2 of not more than 10 mm Hg) or brain energy dysfunction detected by CMD (LPR of at least 40).

The sensitivities of abnormal ICP or CPP levels for elevated LPR and reduced PtiO2 were 21.2 %, and critical levels of LPR or PtiO2 were found on many occasions when ICP or CPP was normal. 

ICP and CPP monitoring may not be sufficient to detect episodes of cerebral compromise, such as severe brain hypoxia detected by PtiO2
catheter (PtiO2 of not more than 10 mm Hg) or brain energy dysfunction detected by CMD (LPR of at least 40).




Patients who die after aneurysmal SAH tend to have lower mean PbtO2 levels and a greater duration of compromised PbtO2 during their hospital course than survivors of SAH. 

& Outcome 
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Object. Poor outcome is common after aneurysmal subarachnoid hemorrhage (SAH). Clinical studies suggest that cerebral hypoxia after traumatic brain injury is associated with poor outcome. In this study we examined the
relationship between brain oxygen tension (PbtO2) and death after aneurysmal SAH.
Methods. Forty-six patients, including 34 women and 12 men (Glasgow Coma Scale Score ≤ 8 and median age 58.5 years) who underwent PbtO2 monitoring were studied prospectively during a 2-year period in a neurosurgical
intensive care unit at a University Level I Trauma Center. Brain oxygen tension, intracranial pressure (ICP), mean arterial pressure, cerebral perfusion pressure (CPP), and brain temperature were continuously monitored, and treatment was directed toward ICP, CPP, and PbtO2 targets. The relationship between PbtO2 and 1-month survival was examined.
Results. Data were available from 5424 hours of PbtO2 monitoring. For the entire cohort the mean ICP, CPP, and PbtO2 were 13.85 ± 2.40, 84.05 ± 3.41, and 30.79 ± 1.91 mm Hg, respectively. Twenty-five patients died (54%).
The mean daily PbtO2 was higher in survivors than nonsurvivors (33.94 ± 2.74 vs 28.14 ± 2.59 mm Hg; p = 0.05). In addition, survivors had significantly shorter episodes of compromised PbtO2 (defined as 15–25 mm Hg) than nonsurvivors (125.85 ± 15.44 vs 271.14 ± 55.23 minutes; p < 0.01). Intracranial pressure was similar in survivors and nonsurvivors. In contrast, the average CPP was significantly lower in nonsurvivors than survivors (76.96 ± 5.50 vs 92.49 ± 2.75 mm Hg; p = 0.01). When PbtO2 was stratified according to CPP level, survivors had higher PbtO2 levels. Following logistic regression, the number of episodes of compromised PbtO2 (odds ratio 1.1, 95% confidence
interval 1.003–1.2) and number of episodes of cerebral hypoxia (< 15 mm Hg; odds ratio 1.3, 95% confidence interval
1.0–1.7) were more frequent in those who died.
Conclusions. Patient deaths after SAH may be associated with a lower mean PbtO2 and longer periods of compromised cerebral oxygenation than in survivors. This knowledge may be used to help direct therapy.
(DOI: 10.3171.JNS.2008.109.12.1075)



& Outcome 

Favorable outcomes had a 70 % rate of response to  
PbtO2-directed interventions   
Poor outcomes had a 45 % response rate. 

In multivariate analysis, only age and response to  
PbtO2-directed intervention correlated with outcome.   

vasopressors and FiO2 most efficacious in normalizing PbtO2 

Medical interventions other than those to treat ICP and CPP can  
improve PbtO2. 

Successful medical treatment of brain hypoxia was associated  
with decreased mortality.  

Bohman et al. 
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Abstract
Background Brain oxygen (PbtO2) monitoring can help guide care of poor-grade aneurysmal subarachnoid hemorrhage (aSAH) patients. The relationship between PbtO2- directed therapy and long-term outcome is unclear. We
hypothesized that responsiveness to PbtO2-directed interventions is associated with outcome. 
Methods Seventy-six aSAH patients who underwent PbtO2 monitoring were included. Long-term outcome [Glasgow Outcome Score-Extended (GOS-E) and modified Rankin Scale (mRS)] was ascertained using the social security death database and structured telephone interviews. Univariate and multivariate regression were used to identify variables that correlated with outcome.
Results Data from 64 patients were analyzed (12 were lost to follow-up). There were 530 episodes of compromised PbtO2 (<20 mmHg) during a total of 7,174 h of monitor time treated with 1,052 interventions. Forty-two patients (66 %) survived to discharge. Median follow-up was 8.5 months (range 0.1–87). At most recent follow-up 35 (55 %) patients were alive, and 28 (44 %) had a favorable outcome (mRS B3). In multivariate ordinal regression analysis, only age and response to PbtO2-directed intervention correlated significantly with outcome.  Increased age was associated with worse outcome (coeff. 0.8, 95 % CI 0.3–1.3, p = 0.003), and response to PbtO2- directed intervention was associated with improved outcome (coeff. -2.12, 95 % CI -4.0 to -0.26, p = 0.03). Patients with favorable outcomes had a 70 % mean rate of response to PbtO2-directed interventions whereas patients
with poor outcomes had a 45 % response rate (p = 0.005).
Conclusions Response to PbtO2-directed intervention is associated with improved long-term functional outcome in aSAH patients.

Abstract
Background Brain tissue oxygen (PbtO2) monitoring is
used in severe traumatic brain injury (TBI) patients. How
brain reduced PbtO2 should be treated and its response to
treatment is not clearly defined. We examined which
medical therapies restore normal PbtO2 in TBI patients.
Methods Forty-nine (mean age 40 ± 19 years) patients
with severe TBI (Glasgow Coma Scale [GCS] B 8)
admitted to a University-affiliated, Level I trauma center
who had at least one episode of compromised brain oxygen
(PbtO2 <25 mmHg for >10 min), were retrospectively
identified from a prospective observational cohort study.
Intracranial pressure (ICP), cerebral perfusion pressure
(CPP), and PbtO2 were monitored continuously. Episodes
of compromised PbtO2 and brain hypoxia (PbtO2
<15 mmHg for >10 min) and the medical interventions
that improved PbtO2 were identified.
Results Five hundred and sixty-four episodes of compromised
PbtO2 were identified from 260 days of PbtO2
monitoring. Medical management used in a ‘‘cause-directed’’
manner successfully reversed 72% of the episodes of
compromised PbtO2, defined as restoration of a ‘‘normal’’
PbtO2 (i.e. C25 mmHg). Ventilator manipulation, CPP
augmentation, and sedation were the most frequent interventions.
Increasing FiO2 restored PbtO2 80% of the time.
CPP augmentation and sedation were effective in 73 and
66% of episodes of compromised brain oxygen, respectively.
ICP reduction using mannitol was effective in 73%
of treated episodes, though was used only when PbtO2 was
compromised in the setting of elevated ICP. Successful
medical treatment of brain hypoxia was associated with
decreased mortality. Survivors (n = 38) had a 71% rate of
response to treatment and non-survivors (n = 11) had a
44% rate of response (P = 0.01).
Conclusion Reduced PbtO2 may occur in TBI patients
despite efforts to maintain CPP. Medical interventions
other than those to treat ICP and CPP can improve PbtO2.
This may increase the number of therapies for severe TBI
in the ICU.




& Outcome 

et al. 

Hypoxic lactate production was higher among non-survivors than survivors (figure A) 
Hyperglycolytic lactate was associated with better long-term recovery (figure B) 

Relatore
Note di presentazione
The pathophysiological basis of outcome prediction using neurochemical biomarkers should take into account the findings of Oddo et al.3  that describe two sources of elevated lactate. Each lactate source is diff erently correlated with long-term outcome. These authors defi ned metabolic events associated with 
“ hypoxic lactate”  corresponding with lactate values >4 mmol/L in association with PbtO2  < 20 mmHg. Here, hypoxic lactate measures were correlated with poor outcome. Alternately, 
“hyperglycolytic lactate”  was defi ned by lactate values >4 mmol/L in association with pyruvate values >119 μ mol/L. Here, high lactate values were correlated with a positive outcome. Lactate elevation per se may not be an unfavorable sign. We found that a pattern of hyperglycolytic lactate elevation was associated with good outcome, whereas hypoxic lactate elevations were associated with mortality and reduced likelihood of good recovery. Our findings are consistent with the existence of 2 sources of brain lactate: (1) increased glycolytic lactate secondary to aerobic metabolism, corresponding to satisfied energy needs and neuronal survival, ie, “good” lactate and (2) increased hypoxic lactate secondary to anaerobic metabolism, resulting from cell energy failure and neuronal loss, ie, “bad” lactate. These distinct brain metabolic patterns were associated with different patient outcomes. The association of cerebral hyperglycolysis with outcome suggests this may be a compensatory response to avert energy failure.13 Recent animal experiments from our group show that administration of exogenous lactate exerts significant.
Increased lactate levels alone, however, are not entirely specific as a marker for tissue hypoxia and can increase in critically ill patients with adequate delivery of O2 to brain tissue because of a condition known as hyperglycolysis, in which glucose supply outstrips O2 delivery.




   Ischemic neurochemical patterns: 
 
lactate/pyruvate ratios  
 
cerebral lactate concentrations   
 
 
Cerebral glucose levels  
 
PbtO2  (<20 mmHg) 

& Outcome 

DCI 
 
Unfavorable 
outcome.  

detected before the  
occurrence of delayed  
cerebral ischemia 
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E questi patterns sono presenti PRIMA della comparsa si DCI

From those studies based on local monitoring (i.e., clinical microdialysis and PbtO2  levels), neurochemical profi les were correlated with the occurrence of delayed cerebral ischemia and functional outcome. For example, ischemic neurochemical patterns characterized by elevation of lactate/pyruvate ratios (>40), low cerebral glucose levels (<1 mmol/L), increased  cerebral lactate concentrations (>4 mmol/L), and decreased PbtO2  (<20 mmHg) were associated with delayed cerebral ischemia and an unfavorable outcome.1,2  Importantly, because these neurochemical alterations are detected before the occurrence of delayed cerebral ischemia, they can be used to inform rapid changes in patient treatment to avoid irreversible cerebral damage, such as a cerebral infarct.




& Management 

Relatore
Note di presentazione
In a cornerstone paper reporting the simultaneous continuous measurement of main parameters of brain metabolism (O2, CO2, brain extracellular glucose and lactate), Zauner et al. demonstrated that brain tissue pO2 was the strongest predictor for outcome in a population of 24 severely head injured patients [17]. The diagnostic sensitivity was 92% and the diagnostic specificity was 84%. It was also demonstrated that the mean brain pO2 was significantly correlated with GCS on admission, cerebral perfusion pressure (CPP) and brain extracellular glucose. The patients with a brain pO2 below 19±8 mmHg all had a poor outcome (death or vegetative on the Glasgow outcome scale). In Table 1 the brain oxygen pressure and outcome versus other monitored parameters, in the 24 studied patients are reported



de Oliveira Manoel et al. Critical Care (2016)  

guided therapy 
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Fig. 4 Approach to low brain tissue oxygen. Consider the combined used of PtiO2 and microdialysis catheter to detect non-hypoxic patterns of
cellular dysfunction [97]. According to the manufacturer, an equilibrium time as long as 2 hours may be necessary before PtiO2 readings are
stable, because of the presence of the tip surrounding microhaemorrhages. Sensor damage may also occur during insertion. Increase inspired
fraction of oxygen (FiO2) to 100 %. If PtiO2 increases, it confirms good catheter function. Oxygen challenge to assess tissue oxygen reactivity. FiO2
is increased from baseline to 100 % for 5 minutes to evaluate the function and responsiveness of the brain tissue oxygen probe. A positive
response happens when PtiO2 levels increase in response to higher FiO2. A negative response (lack of PtiO2 response to higher FiO2) suggests
probe or system malfunction. Another possibility if there is a negative response is that the probe placement is in a contused or infarcted area.
Follow-up computed tomography might be necessary in this situation to ensure appropriate probe position. Mean arterial pressure (MAP)
challenge to assess cerebral autoregulation. MAP is increased by 10 mm Hg. Patients with impaired autoregulation demonstrated an elevation in
ICP with increased MAP. When the autoregulation is intact, no change or a drop in ICP levels follows the elevation in blood pressure. Another
way to assess cerebral autoregulation is the evaluation of the index of PtiO2 pressure reactivity. When autoregulation is intact, PtiO2 is relatively
unaffected by changes in CPP, so the index of PtiO2 pressure reactivity is near zero [170]. The threshold haemoglobin (Hgb) of 9 mg/dl to indicate
blood transfusion was based on a previously published PtiO2 study [171]. CPP cerebral perfusion pressure, CSF cerebrospinal fluid, CT computed
tomography, ICP intracranial pressure, PaCO2 arterial partial pressure of carbon dioxide, PaO2 partial pressure of oxygen in arterial blood, PtiO2 brain
tissue oxygen pressure, RASS Richmond Agitation-Sedation Scale, SAH subarachnoid haemorrhage, SBP systolic blood pressure



NIRS 

It is a noninvasive technology using near-infrared spectroscopy (NIRS) to monitor 
regional cerebral tissue oxygen saturation (rSO2). 

Non-invasive monitor of cerebral and myocardial oxygen 
sufficiency and circulatory parameters.  
Jobsis FF. Science ;1977, 198:1264-7. 

 
Regional cerebrovascular oxygen saturation measured by optical spectroscopy 

in humans. McCormick PW. Stroke; 1991, 22:596-602. 

Near-InfraRed Spetroscopy 

NIRS 
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Ability of light waves of near-infrared wavelength (i. e. 700–1,000 nm) to penetrate scalp, skull and brain to a depth of a few centimetres. These light waves are differentially absorbed by oxygenated haemoglobin (HbO2), deoxygenated haemoglobin (Hb) and cytochrome aa3 (CytOx). Quantification of this optical attenuation is achieved by using reflectance spectroscopy based upon the modified Beer–Lambert law. Measurements are obtained by optodes placed 4–6 cm apart on the forehead, thereby estimating oxygen content of all vascular compartments (arterial, capillary and venous) within a “banana”-shaped region of the brain. The measurements reflect relative concentrations of HbO2, Hb and CytOx Cerebral oximetry estimates regional tissue oxygenation by transcutaneous measurement of the cerebral cortex, an area of the brain that is most susceptible to changes in oxygen supply and demand and has limited oxygen reserve.  Measurement is based on the ability of light to penetrate the skull and determine hemoglobin oxygenation according to the amount of light absorbed by hemoglobin (near-infrared spectroscopy, NIRS)4 (Fig. 1) Unlike pulse oximetry, NIRS cerebral oximetry uses 2 photo-detectors with each light source, which allows selective sampling of tissue beyond a specified depth beneath the skin. Near-field photo-detection can then be subtracted from
far-field photo-detection to provide selective tissue oxygenation measurement. Adhesive pads are applied over the frontal lobes that both emit and capture reflected near-infrared light passing through the cranial bone to and from the underlying cerebral tissue.
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    Currently five FDA cleared devices: 
 
 Somanetics–INVOS 

 
 
 

 CASMED–Fore-sight 
 
 
 

 Ornim–Cerox 
 
 
 

 Nonin-Equanox 
 
 

 Masimo O3 

NIRS 



NIRS & TCD 

Acta Neurochir 1998  



Bedside assessment of cerebral vasospasms after subarachnoid  
hemorrhage by near infrared time-resolved spectroscopy. 

Yokose N.  Adv Exp Med Biol. 2010;662:505-11 

7 - aSAH patients (WFNS grade V). 
 
SO(2) and TCD performed repeatedly .  
 
In 3 patients, rSO(2) abruptly decreased 5 and  
9 after SAH. DCA revealed severe vasospasms in  
these patients.  
 
TCD detected vasospasm in 2 of 3 cases and  
failed to do so in one.  
 
TRS-rSO(2) could detect vasospasms after SAH by 
evaluating the cortical blood oxygenation. 

NIRS & TCD 

 8 patients CoSO2 decreased 5 and 9 days  
     after SAH.  

 
 DSA revealed diffuse vasospasms in 6/8 SAH 

patients.  
 

 TCD failed to detect the vasospasm in 4 cases, 
which TR-NIRS could detect. 
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AbstractWe examined the usefulness of near infrared time-resolved spectroscopy (TRS) for detection of vasospasm in subarachnoid hemorrhage (SAH). We investigated seven aneurysmal SAH patients with poor clinical conditions (WFNS grade V) who underwent endovascular coil embolization. Employing TRS, we measured the oxygen saturation (SO(2)) and baseline hemoglobin concentrations in the cortices. Measurements of TRS and transcranial Doppler sonography (TCD) were performed repeatedly for 14 days after SAH. In four of the seven patients, the SO(2) and hemoglobin concentrations measured in the brain tissue of the middle cerebral artery territory remained stable after SAH. However, in three patients, TRS revealed abrupt decreases in SO(2) and total hemoglobin between 5 and 9 days after SAH. Cerebral angiography performed on the same day revealed severe vasospasms in these patients. Although TCD detected the vasospasm in two of three cases, it failed to do so in one case. TRS could detect vasospasms after SAH by evaluating the cortical blood oxygenation.



Case 2. A 42-year-old male patient presented with SAH H&H grade 2 and Fisher grade 3 due to a ruptured aneurysm 
    of the ACoA (Figure 4(a)).  
 

Following embolization the patient suffered from headaches,  
but he was alert without neurological deficits at all times.  
 
NIRS showed normal and stable rSO2 values (Figure 5).  
 
TCD showed elevated blood flow velocities of the left ACA and 
MCA up to 220 cm/second.  

MRA showed left ICA and ACA spasm (Figure 4(b)),  the clinical  
condition of the patient remained stable without deterioration. 

The patient was discharged without neurological deficits.  

NIRS & TCD 
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Case 1. A 70-year-old female patient presented with SAH
H&H grade 5, Fisher grade 4 due to a ruptured leftsided
PCA aneurysm with intracerebral and intraventricular
hemorrhage. The aneurysm was treated surgically, and the
patient remained sedated and intubated, receiving mechanical
ventilation postoperatively. In the continuing course,
TCD showed elevated blood flow velocities of both MCA
and ACA arteries of up to 200 cm/second. Despite triple H
therapy and nifedipine application, NIRS showed left-sided
decrease of rSO2 below 40% on day 5 after onset (Figure 2).
Intrinsic and extrinsic factors were normal at that time (MAP
127mmHg, SaO2 99%, FiO2 60%, t 38.3◦C, pCO2 35%, and
Hb 11.3 g/dL). Left frontal applied ICP probe showed no
significant changes at the same time (ICP 11mmHg, CPP
118 mmHg). Subsequently performed native CT and PW-CT
scans showed neither perfusion deficits nor ischemic stroke
(Figures 3(a) and 3(b)).
Left-sided rSO2 values remained on a low level with
further decrease. Two days later, ICP increased slowly and
reached the maximumof 39mmHgon day twelve after onset.
In parallel to this right-sided rSO2, values decreased as well.
Newly performed CT scan showed a marked left hemispheric
ischemic stroke with shift of the midline strictures and signs
of brain herniation (Figure 3(c)). In consideration of the
poor clinical condition, the age, and occurrence of distinct
ischemic stroke, we decided to limit the therapy. The patient
died on day twelve after onset.



NIRS & TCD 



Integrative monitoring with APCO and NIRS may 
provide continuous, realtime, and clinically relevant 
information useful for evaluating the effectiveness of 
medical treatment of vasospasm with DOB. 

Artery-based pulse contour cardiac output (APCO)  
NIRS rSO2 monitoring for reversing vasospasm  
with Dobutamine-induced  hyperdynamic  therapy. 

NIRS & Therapy 
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 Background Hemodynamic augmentation by increasing
cardiac output with dobutamine (DOB) is believed to be a
useful method of elevating decreased cerebral blood flow
in the territory affected by vasospasm following aneurysmal
subarachnoid hemorrhage (SAH). We described the
clinical utility of uncalibrated radial artery-based pulse
contour cardiac output (APCO) and near-infrared spectroscopy
regional cerebral oxygen saturation (rSO2)
monitoring for reversing vasospasm symptoms with
DOB-induced hyperdynamic therapy.
 Methods Seven consecutive patients who underwent
surgical clipping within 24 h of SAH onset and subsequently
developed delayed ischemic neurological deficits
attributable to vasospasm were investigated. They were
treated with DOB administered at a dose of 3 lg/kg/min
and then increased in 3 lg/kg/min increments until resolution
of the symptoms. Continuous APCO and rSO2
measurements in conjunction with the assessment of clinical
courses and outcomes were performed.
 Results In spasm-affected territories, decreased and/or
fluctuating rSO2 was detected at baseline compared with
recordings in other brain regions. Patients who exhibited
rapid elevation of APCO in response to an incremental
dose of DOB had subsequent uptake and stabilization of
rSO2 followed by improvement of vasospasm-related
clinical symptoms with a maximal dose of DOB, resulted
in favorable functional outcomes thereafter. A fairly strong
relationship was found between peak APCO slope and



NIRS + Thermal Diffusion, TCD, ICP 

NIRS & Therapy 
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Abstract
Background This study investigated if cerebral blood
flow (CBF) regulation by changes of the arterial partial
pressure of carbon dioxide (PaCO2) can be used therapeutically
to increase CBF and improve neurological
outcome after subarachnoid hemorrhage (SAH).
Methods In 12 mechanically ventilated poor-grade SAHpatients,
a daily trial intervention was performed between
day 4 and 14. During this intervention, PaCO2 was
decreased to 30 mmHg and then gradually increased to 40,
50, and 60 mmHg in 15-min intervals by modifications of
the respiratory minute volume. CBF and brain tissue oxygen
saturation (StiO2) were the primary and secondary
endpoints. Intracranial pressure was controlled by an
external ventricular drainage.
Results CBF reproducibly decreased during hyperventilation
and increased to a maximum of 141 ± 53 % of
baseline during hypercapnia (PaCO2 60 mmHg) on all days
between day 4 and 14 after SAH. Similarly, StiO2
increased during hypercapnia. CBF remained elevated
within the first hour after resetting ventilation to baseline
parameters and no rebound effect was observed within this
time-span. PaCO2-reactivities of CBF and StiO2 were
highest between 30 and 50 mmHg and slightly decreased at
higher levels.
Conclusion CBF and StiO2 reproducibly increased by
controlled hypercapnia of up to 60 mmHg even during the
period of the maximum expected vasospasm. The absence
of a rebound effect within the first hour after hypercapnia
indicates that an improvement of the protocol is possible.
The intervention may yield a therapeutic potential to prevent
ischemic deficits after aneurysmal SAH.



 Stroke. 2012;43 

 Conclusions—Disturbed autoregulation in the first 5 days after SAH significantly 
increases the risk of DCI. Autoregulatory disturbances can be detected using near-
infrared spectroscopy and transcranial Doppler technologies. 

Assessment of autoregulation using TCD or NIRS can be used to gage the risk of DCI. 

NIRS & CVA 

Relatore
Note di presentazione
 Background and Purpose—Delayed cerebral ischemia (DCI) is a recognized contributor to unfavorable outcome after
subarachnoid hemorrhage (SAH). Recent data challenge the concept of vasospasm as the sole cause of ischemia and
suggest a multifactorial process with dysfunctional cerebral autoregulation as a component. We tested the hypothesis
that early autoregulatory failure, detected using near-infrared spectroscopy–based index, TOxa and transcranial Doppler–
based index, Sxa, can predict DCI.
 Methods—In this prospective observational study we enrolled consecutive patients with aneurysmal SAH that occurred <5
days from admission. The primary end point was the occurrence of DCI within 21 days of ictus. The predictive value of
autoregulatory disturbances detected in the first 5 days was assessed using univarate proportional hazards model and a
multivariate model.
 Results—Ninety-eight patients were included. Univariate analysis demonstrated increased odds of developing DCI when
early autoregulation failure was detected (odds ratio [OR], 7.46; 95% confidence interval [CI], 3.03–18.40 and OR,
4.52; 95% CI, 1.84–11.07 for Sxa and TOxa, respectively) but not TCD-vasospasm (OR, 1.36; 95% CI, 0.56–3.33). In
a multivariate model Sxa and TOxa remained independent predictors of DCI (OR, 12.66; 95% CI, 2.97–54.07 and OR,
5.34; 95% CI, 1.25–22.84 for Sxa and TOxa, respectively).
 Conclusions—Disturbed autoregulation in the first 5 days after SAH significantly increases the risk of DCI. Autoregulatory
disturbances can be detected using near-infrared spectroscopy and transcranial Doppler technologies. ( Stroke.
2012;43:3230-3237.)
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NIRS 

NIRS ??? 



Studies into the clinical efficacy of NIRS monitoring have thus far failed to definitively  
show that interventions to correct cerebral desaturations improve neurological outcomes.  

NIRS LESSONS LEARNED 

Relatore
Note di presentazione
Jobsis first described the technique of using NIRS to measure cerebral tissue oxygenation in 1977 [20]. Light in the near-infrared wavelengths range penetrates skin and skull more readily than light at other frequencies. Near-infrared light is largely absorbed by pigmented compounds called chromophores. These chromophores include oxyhaemoglobin and deoxyhaemoglobin, along with bilirubin, lipids, melanin, and cytochrome c oxidase. Changes in light attenuation reflect changes in chromophore concentration. As the concentrations of bilirubin, lipids and melanin remain constant in an indi- vidual patient over the monitoring period, changes in light absorption are related to changes in haemoglobin, deoxyhae- moglobin and cytochrome c oxidase - the concentrations of which depend on tissue oxygenation and metabolism. The Beer-Lambert Law describes the idealised situation where the attenuation of light between its source and a detector is due solely to absorption by chromophores. This law states that attenuation is directly proportional to three variables: chromophore concentration, the distance travelled by the light between the source and detector, and the extinc-tion coefficient of the chromophore (which describes the absorptive properties of a chromophore at a given wave-length) [21]. By measuring the change in attenuation at two wavelengths and using the known extinction coefficients of oxyhaemoglobin and deoxyhaemoglobin at those wave-lengths, the concentration change of oxyhaemoglobin and deoxyhaemoglobin can be determined [22]. In vivo, this situation is complicated by scattering of light. Some light is scattered away from the detectors and is lost, other light scatters multiple times before reaching the detector and so has a much greater path length. Light scattering is dependent on cell density and is therefore expected to remain constant over the monitoring period [22]. The Beer-Lambert law must be modified to include a multiplier to account for the increase in path length due to scattering (called the differential path length factor, calculated to be six in brain tissue) and an additive factor to account for the losses due to scattering (this amount is unknown)[22]. NIRS devices employ different tech- niques to overcome the difficulty due to scattering, including spatially resolved spectroscopy, frequency resolved spectros- copy, and time-resolved spectroscopy [21]. To try to eliminate light attenuation from the extracranial tissues, two detectors can be used. The signal from the closer detector (assumed to be largely extracranial attenuation) is subtracted from the detector placed further away. All NIRS devices require an algorithm to turn the mea-sured changes in light attenuation into a physiologic variable. Algorithms are of central importance. Studies showing the application of different algorithms to the same data yields different chromophore concentrations [23]. Comparison between devices is therefore problematic. The vascular compartment in brain tissue is predomi-nantly venous (70-80%), versus arterial (20-30%) [22]. Com-mercial cerebral oximeters assume a fixed ratio of either 70:30 or 75:25 for venous to arterial blood volume [21]. If the oxygen saturation of cerebral venous blood is about 60%, and the saturation of arterial blood is 98-100%, the average regional oxygen saturation will be 60-70%. This represents the equilibrium between the cerebral blood flow and the cerebral metabolism of oxygen [22]. Cerebral oximetry there-fore gives real-time information on the balance between oxygen supply and demand [21]. Review of cerebral oximetry 545



NIRS ??? 



Measurement  of  rSO2  was  no 
better than flipping a coin in the 
detection of cerebral ischemia. 

1 TBI and 10 SAH 

NIRS ??? 

Relatore
Note di presentazione
1 TBI and 10 SAH. 
Abstract Near-infrared spectroscopy (NIRS) has gained acceptance for cerebral monitoring, especially during cardiac surgery, though there are few data showing its validity. 
We therefore aimed to correlate invasive brain tissue oxygen measurements (PtiO2) with the corresponding NIRS-values (regional oxygen saturation, rSO2). We also studied whether NIRS was able to detect ischemic events, defined as a PtiO2-value of \15 mmHg. Eleven patients were studied with invasive brain tissue oxygen monitoring and continuous-wave NIRS. PtiO2-correlation with corresponding NIRS-values was calculated. We found no correlation between PtiO2- and NIRS-readings. Measurement of rSO2 was no better than flipping a coin in the detection of cerebral ischemia when a commonly agreed ischemic PtiO2 cut-off value of\15 mmHg was chosen. Continuous- wave-NIRS was unable to reliably detect ischemic cerebral episodes, defined as a PtiO2 value \15 mmHg. Displayed NIRS-values did not correlate with invasively measured PtiO2-values. CW-NIRS should not be used for the detection of cerebral ischemia.
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 Significant differences between devices  

 There is no established norm as to baseline cerebral saturations 

NCS (Non Ci Siamo) NCC (Neuro Critical Care) 

 There is little evidence that the absence of desaturation indicates adequate cerebral 
blood flow  

 NIRS is nonspecific in nature  

 too many false-positive readings  

 extracranial tissues affect NIRS  Any false negatives ???? 

NIRS ??? 

Relatore
Note di presentazione
While all NIRS devices use the same general principles, there are significant differences between devices. They use different sources of light, different numbers of wavelengths of light emitted, and different distances between light-emitting optodes and sensors. As mentioned previously, devices also use a variety of algorithms to transform the raw data into a cerebral saturation reading. The combination of these differences makes comparisons between the devices difficult, hindering comparisons and meta-analysis of studies. It also complicates attempts to establish normal values and a threshold for desaturation 

There is no established norm as to baseline cerebral saturations. Factors such as low cardiac output, pulmonary disease, cerebral vascular disease, and anaemia, can reduce cerebral arterial oxygen supply and cause low baseline saturations. Such factors are likely to be in part responsible for the wide intra and inter-individual variations in baseline values. However, there is significant variation in baseline saturations reported even in normal adult subjects [43]. 

3)that the absence of desaturation indicates adequate cerebral blood flow [2]. It is possible that if the sensor is applied over an abnormality such as an area of previous stroke, scar formation from head injury, or congenital brain abnormality, that saturations may be falsely reassuring [7]. This may be of particular significance for the use of NIRS in aortic surgery. 

4) NIRS is nonspecific in nature. A decrease in cerebral saturations may reflect a derangement of systemic perfu- sion, regional cerebral hypoperfusion, relative hypoxaemia, increased cerebral metabolic rate, or some other such com- bination of factors [47]. In the randomised trial carried out by Murkin et al. [33], interventions were successful in correct- ing desaturations in only 80% of cases. In the trial by Slater et al. [25], there was no significant difference in the rates of desaturation between the intervention and the control group. 
[48]. 

5) The extent to which extracranial tissues affect NIRS readings is debated. Many NIRS monitors use a subtraction algorithm, where the light absorption from superficial tissues is subtracted from deeper tissues (using the placement of sensors at different distances from the light source). This approach was validated in a study of 14 patients where the near-infrared chromophore indocyanine green was injected into the carotid artery during cerebral angiography [49]. When dye was injected into the internal carotid artery, the attenuation of light increased as the distance from the light source increased. This was not the case when the dye was injected into the external carotid. In a study of 60 patients undergoing carotid endarterectomy, investigators found a significant reduction in the NIRS cerebral oxygenation when the internal carotid artery was clamped, but not when the external carotid was clamped [50]. While these studies support the assertion that NIRS is relatively unaffected by extracranial oxygenation, other investigators have challenged this. In a study of patients undergoing spine surgery, inflation of a tourniquet resulting in scalp ischaemia altered NIRS readings by up to 17% (particularly in older generation devices) suggesting light attenuation from extracranial tissues was not reliably removed by the subtraction algorithm [51]. Monitors differ in their approach to dealing with possible contamination by extracranial tissue, and this is another reason it is uncertain whether data 

6) Some have claimed that NIRS has too many false-positive readings [6]. This criticism is supported by case reports in the literature that describe patients who have woken with no neurological deficits after prolonged periods of profound desaturation 



Cerebral oximetry in dead subjects 
Schwarz GJ. Neurosurg Anesthesiol. 1996 

18 dead subjects  15 healthy 

INVOS 3100 cerebral oximeter 
mean rSo2 in the dead subjects was 51.0 %  

mean rSo, in the control group was 68.4 %  

After removal of the brain at autopsy in five  
of the dead subjects, the rSo2 was 73.4% 

Six of the18 dead had values above the lowest  
values found in the healthy adults (>=60%).  

NIRS ??? 

Relatore
Note di presentazione
Summary: Near-infrared spectroscopy is a technique used to monitor cerebral oxygenation. To validate the method, we measured regional oxygen saturation (rSo2) in the brains of 18 dead subjects (mean age, 74.4 +/- 14.6 years) 19.8 +/- 18.2 h (range, 1-73) after cessation of systemic circulation, and in 15 healthy probands (mean age, 34.2 +/- 8.7 years) with an INVOS 3100 cerebral oximeter. The mean (+/-SD) rSo2 in the dead subjects was 51.0 +/- 26.8% [range, 6-88%; left, 48.4 +/- 28.0% (n = 21); right, 54.4 +/- 25.7% (n = 16)]. The mean rSo, in the control group was 68.4 +/- 5.2% (range, 60-76%; left, 68.1 +/- 5.0%; right, 68.7 +/- 5.6%). After removal of the brain at autopsy in five of the dead subjects, the rSo2 was 73.4 +/- 13.3% (15 measurements). Six of 18 of the dead subjects had values above the lowest values found in the healthy adults (>=60%). These findings raise concerns about the validity of cerebral rSo2 data in adults obtained by the INVOS 3100 system.
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rSO2 saturation during 214 autopsies,  
values ranged from 0.3% to 95%  
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TCD - Transcranial Doppler 
CTA -  Angio CT 
CTP - Perfusion CT 
DSA - Digital Subtraction Angiography 
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Cerebral O2 Monitoring in SAH 
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fluoromisonidazole ([18F]FMISO) 

oxygen 15–labeled PET 

CONCLUSIONS AND RELEVANCE Tissue hypoxia is not confined 
to  regions  with  structural  abnormality  and  can occur in the 
absence of conventional macrovascular ischemia. 

Relatore
Note di presentazione

Fluorine 18–labeled fluoromisonidazole ([18F]FMISO) is a hypoxia PET tracer that undergoes irreversible selective bioreductionwithin hypoxic but viable cells18 and has been used after stroke19-21 and subarachnoid hemorrhage.22

oxygen 15–labeled positron emission tomography (15O PET)

Hypoxia may be unrelated to CBF and may be related to other mechanisms, such as a diffusion barrier to oxygen into edematous tissue,4,12

Hypoxia and ischemia both appear in the post-TBI brain, but regions of the brain can be hypoxic but not ischemic, and vice versa. This suggests that hypoxia may be unrelated to CBF and may be related to other mechanisms, such as a diffusion barrier to oxygen into edematous tissue,4,12

IMPORTANCE Combined oxygen 15–labeled positron emission tomography (15O PET) and brain tissue oximetry have demonstrated increased oxygen diffusion gradients in hypoxic regions after traumatic brain injury (TBI). These data are consistent with microvascular ischemia and are supported by pathologic studies showing widespread microvascular
collapse, perivascular edema, and microthrombosis associated with selective neuronal loss.
Fluorine 18–labeled fluoromisonidazole ([18F]FMISO), a PET tracer that undergoes irreversible
selective bioreduction within hypoxic cells, could confirm these findings.
OBJECTIVE To combine [18F]FMISO and 15O PET to demonstrate the relative burden,
distribution, and physiologic signatures of conventional macrovascular and microvascular
ischemia in early TBI.
DESIGN, SETTING, AND PARTICIPANTS This case-control study included 10 patients who
underwent [18F]FMISO and 15O PET within 1 to 8 days of severe or moderate TBI. Two cohorts
of 10 healthy volunteers underwent [18F]FMISO or 15O PET. The study was performed at the
Wolfson Brain Imaging Centre of Addenbrooke’s Hospital. Cerebral blood flow, cerebral blood
volume, cerebral oxygen metabolism (CMRO2), oxygen extraction fraction, and brain tissue
oximetry were measured in patients during [18F]FMISO and 15O PET imaging. Similar data
were obtained from control cohorts. Data were collected from November 23, 2007, to May
22, 2012, and analyzed from December 3, 2012, to January 6, 2016.
MAIN OUTCOMES AND MEASURES Estimated ischemic brain volume (IBV) and hypoxic brain
volume (HBV) and a comparison of their spatial distribution and physiologic signatures.
RESULTS The 10 patients with TBI (9 men and 1 woman) had a median age of 59 (range,
30-68) years; the 2 control cohorts (8 men and 2 women each) had median ages of 53 (range,
41-76) and 45 (range, 29-59) years. Compared with controls, patients with TBI had a higher
median IBV (56 [range, 9-281] vs 1 [range, 0-11] mL; P < .001) and a higher median HBV (29
[range, 0-106] vs 9 [range, 1-24] mL; P = .02). Although both pathophysiologic tissue classes
were present within injured and normal appearing brains, their spatial distributions were
poorly matched. When compared with tissue within the IBV compartment, the HBV
compartment showed similar median cerebral blood flow (17 [range, 11-40] vs 14 [range,
6-22] mL/100 mL/min), cerebral blood volume (2.4 [range, 1.6- 4.2] vs 3.9 [range, 3.4-4.8]
mL/100 mL), and CMRO2 (44 [range, 27-67] vs 71 [range, 34-88] μmol/100 mL/min) but a
lower oxygen extraction fraction (38%[range, 29%-50%] vs 89%[range, 75%-100%];
P < .001), and more frequently showed CMRO2 values consistent with irreversible injury.
Comparison with brain tissue oximetry monitoring suggested that the threshold for increased
[18F]FMISO trapping is probably 15mmHg or lower.
CONCLUSIONS AND RELEVANCE Tissue hypoxia after TBI is not confined to regions with
structural abnormality and can occur in the absence of conventional macrovascular ischemia.
This physiologic signature is consistent with microvascular ischemia and is a target for novel



 
Left frontal applied ICP probe showed no significant changes at the same 
time (ICP 11mmHg, CPP 118 mmHg).  
 
Subsequently performed native CT and PW-CT scans showed neither 
perfusion deficits nor ischemic stroke (Figures 3(a) and 3(b)). 

Case 1. A  70-year-old  female  presented  with  SAH H&H grade 5,  
              Fisher grade 4 due to a ruptured left sided PCA aneurysm. 

TCD showed elevated blood flow velocities  (200 cm/sec) of both  
 MCA and ACA arteries  despite triple H therapy and nifedipine.  

Two days later, ICP increased slowly and reached the maximum of 39mmHg on day 
twelve after onset. 
 
In parallel to this right-sided rSO2, values decreased as well. 
 
Newly performed CT scan showed a marked left hemispheric ischemic stroke with 
shift of the midline strictures and signs of brain herniation (Figure 3(c)).  

In consideration of the poor clinical condition, the age, and occurrence of distinct ischemic stroke, we decided to limit the therapy.  
The patient died on day twelve after onset. 

NIRS showed left-sided decrease of rSO2 below 40% on day 5 after onset 
(Figure 2). 

NIRS & TCD 

Relatore
Note di presentazione
Case 1. A 70-year-old female patient presented with SAH
H&H grade 5, Fisher grade 4 due to a ruptured leftsided
PCA aneurysm with intracerebral and intraventricular
hemorrhage. The aneurysm was treated surgically, and the
patient remained sedated and intubated, receiving mechanical
ventilation postoperatively. In the continuing course,
TCD showed elevated blood flow velocities of both MCA
and ACA arteries of up to 200 cm/second. Despite triple H
therapy and nifedipine application, NIRS showed left-sided
decrease of rSO2 below 40% on day 5 after onset (Figure 2).
Intrinsic and extrinsic factors were normal at that time (MAP
127mmHg, SaO2 99%, FiO2 60%, t 38.3◦C, pCO2 35%, and
Hb 11.3 g/dL). Left frontal applied ICP probe showed no
significant changes at the same time (ICP 11mmHg, CPP
118 mmHg). Subsequently performed native CT and PW-CT
scans showed neither perfusion deficits nor ischemic stroke
(Figures 3(a) and 3(b)).
Left-sided rSO2 values remained on a low level with
further decrease. Two days later, ICP increased slowly and
reached the maximumof 39mmHgon day twelve after onset.
In parallel to this right-sided rSO2, values decreased as well.
Newly performed CT scan showed a marked left hemispheric
ischemic stroke with shift of the midline strictures and signs
of brain herniation (Figure 3(c)). In consideration of the
poor clinical condition, the age, and occurrence of distinct
ischemic stroke, we decided to limit the therapy. The patient
died on day twelve after onset.



Studies in the rat cortex show that up to 20% of capillaries may not contain erythrocytes.  
 
Therefore non-Hgb O2 transport may be important, and since the driving force for O2 delivery to 
the cells (mitochondria) is the O2 tension gradient, it provides a rationale for a clinical use of 
therapy designed to improve brain oxygenation. 

Basic mechanisms of diffusive and diffusion-related oxygen  
transport in biological systems: a review.  

Groebe K, Thews G (1992) Adv Exp Med Biol 317:21–33 

There is “acellular blood flow” in the brain.  

“acellular blood flow”  

Relatore
Note di presentazione
Once arterioles increase the blood flow, the capillaries are hyperperfused. One popular hypothesis was that a large number of capillaries are 'unused' and thus available to accept this increased flow, leading to an increased blood volume within the capillaries (capillary recruitment hypothesis). Recent studies have however failed to demonstrate such mechanism. Instead, individual capillaries tend to distend, i.e. to reduce their resistance, leading to an increased blood flow. This distension would, in the same time, increase the total surface of the local capillary bed, which could increase the transfer of oxygen and glucose to active neurons. Thus, the response of the capillary bed to increased blood flow from the arterioles is to increase the blood flow velocity with an unknown contribution to the decreased resistance. However, such increase in the velocity corresponds to an increased transit time which in turn decrease the likelihood for a Hd molecule to exchange its oxygen.
A close relationship exists between the local capillary density in different brain structures and their local blood flow and metabolism. Capillary density appears to have developed depending on local functional demands. Investigation of single capillary perfusion has shown that all capillaries are perfused with plasma in the brain at any time point. Theories of capillary cycling and capillary recruitment have been based on experimental artifacts. Indirect evidence exists for a heterogeneity of perfusion under normal conditions, especially with respect to erythrocyte flow. The capillary diffusion capacity depends on, among other things, the available capillary surface area, which would increase with recruitment of capillaries. In the case of capillary perfusion heterogeneity, the capillary diffusion capacity may also be increased by homogenization of the perfusion rate (slowly perfused capillaries becoming faster perfused). This could give a physiological impression of an "apparent" increase in the capillary surface area. It is recommended that the terms "capillary cycling" and "recruitment" should be used in conjunction with more specific explanations, like "recruitment of erythrocytes" and "recruitment of previously nonperfused capillaries".
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The probability that a single focal probe will be situated in the territory of severe CVS and infarction 
varies over a wide range. More reliable CVS or infarction detection was observed in MCA and ICA.  
 
In our opinion, focal ptiO2 or CBF or microdialysis measurements are useful for MCA and ICA 
aneurysms, but may have a high (25– 50%) failure rate in patients with VBA and ACA aneurysms. 

where ? 
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Note di presentazione
 Abstract
Background Brain tissue oxygen (PbtO2) monitoring is
used in severe traumatic brain injury (TBI) patients. How
brain reduced PbtO2 should be treated and its response to
treatment is not clearly defined. We examined which
medical therapies restore normal PbtO2 in TBI patients.
Methods Forty-nine (mean age 40 ± 19 years) patients
with severe TBI (Glasgow Coma Scale [GCS] B 8)
admitted to a University-affiliated, Level I trauma center
who had at least one episode of compromised brain oxygen
(PbtO2 <25 mmHg for >10 min), were retrospectively
identified from a prospective observational cohort study.
Intracranial pressure (ICP), cerebral perfusion pressure
(CPP), and PbtO2 were monitored continuously. Episodes
of compromised PbtO2 and brain hypoxia (PbtO2
<15 mmHg for >10 min) and the medical interventions
that improved PbtO2 were identified.
Results Five hundred and sixty-four episodes of compromised
PbtO2 were identified from 260 days of PbtO2
monitoring. Medical management used in a ‘‘cause-directed’’
manner successfully reversed 72% of the episodes of
compromised PbtO2, defined as restoration of a ‘‘normal’’
PbtO2 (i.e. C25 mmHg). Ventilator manipulation, CPP
augmentation, and sedation were the most frequent interventions.
Increasing FiO2 restored PbtO2 80% of the time.
CPP augmentation and sedation were effective in 73 and
66% of episodes of compromised brain oxygen, respectively.
ICP reduction using mannitol was effective in 73%
of treated episodes, though was used only when PbtO2 was
compromised in the setting of elevated ICP. Successful
medical treatment of brain hypoxia was associated with
decreased mortality. Survivors (n = 38) had a 71% rate of
response to treatment and non-survivors (n = 11) had a
44% rate of response (P = 0.01).
Conclusion Reduced PbtO2 may occur in TBI patients
despite efforts to maintain CPP. Medical interventions
other than those to treat ICP and CPP can improve PbtO2.
This may increase the number of therapies for severe TBI
in the ICU.



NIRS & TCD 



Changes in PbtO2 had a similar tendency with the  
hemoglobin parameters. There was significant correlation  
between changes in PbtO2 and HbO2 (correlation . 0.76)  
but not with changes in HbR (correlation . 0.06). 

NIRS & WiFi 



Cerebral O2 Monitoring in SAH 
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Other groups have expressed concern about the findings that normobaric hyperoxia alone can improve cerebral oxygenation. Blood hemoglobin, which is almost completely responsible for O2 delivery to tissues, is almost fully saturated at room air. In contrast, the amount of O2 dissolved in blood is negligible. Therefore, increasing FiO2 does not significantly increase the O2 content carried by blood to hypoxic tissue. Although PbrO2 increases with an increase in FiO2, the increase does not necessarily correlate with an increase in the supply of O2 to tissue.

To show an improvement in cerebral metabolism
in response to increased FiO2, studies must show that ATP
generation and the cerebral metabolic rate of O2 (CMRO2)
consumption increases after this type of therapy as measured by
microdialysis. Until these studies and additional clinical outcome
studies are performed, hyperoxia should not be used for
the routine treatment of TBI patients.

Although PbtO2 is influenced by factors
that regulate CBF, and in particular CO2 and MAP [75], a
PbtO2 monitor is not simply an ischemia monitor [78, 79].
Instead, it likely is a marker of the balance between
regional oxygen supply and cellular oxygen consumption.
It also is influenced by changes in diffusion distance
between capillaries and cells and the proportion of arterioles
and venules where the probe is placed [7, 32, 77]; that
is, PbtO2 may reflect oxygen diffusion rather than total
oxygen delivery or cerebral oxygen metabolism. Other factors
known to influence PbtO2 include FiO2, arterial partial
pressure of oxygen (PaO2), MAP, CPP, CBF, and Hgb
concentration, to name a few, and it may be inversely
correlated with oxygen extraction fraction on PET [80].
Importantly, a PbtO2 monitor is different from a jugular bulb
catheter that reflects the venous oxygen content in blood
exiting the brain and so indicates the balance between oxygen
delivery and oxygen utilization. By contrast, PbtO2 is more a
measurement of the oxygen that accumulates in brain tissue.
Recently, Rosenthal et al. [76] challenged 14 severe TBI
with an increase in FiO2 to 1.0 (oxygen reactivity), a
10 mmHg increase in mean arterial blood pressure (cerebral
autoregulation), and a 10 mmHg decrease in PaCO2 (CO2
cerebral vascular reactivity). They made the following
important observations: (1) PaO2 and PbtO2 both increased
with an oxygen challenge. However, there was not a
substantial change in oxygen delivery, and regional
CMRO2 remained unchanged. (2) During a MAP challenge,
there was a small increase in CBF, and the mean
PbtO2 increased. A significant change in CMRO2 was not
observed. (3) Hyperventilation reduced CBF, and this
increased AVDO2. Although there were several study
limitations, their data further suggest that PbtO2 reflects
the product of CBF and the arteriovenous difference in
oxygen tension, PbtO2=CBFÅ~AVTO2; that is, the interaction
between plasma oxygen tension and CBF is an
important determinant of PbtO2. This finding is consistent
with experimental studies, which indicate that PbtO2 does
not simply reflect CBF [79], PET studies in human TBI that
show that diffusion abnormalities can contribute to cerebral
hypoxia [7], and microdialysis studies that indicate that
increases in markers of anaerobic metabolism can occur
independently from CPP [81]. In other words a PbtO2
422 Childs Nerv Syst (2010) 26:419–430
monitor can provide some insight into both ischemic and
non-ischemic derangements of brain physiology after TBI.
Rosenthal et al. [76] also compared the mean ratio of tissue
to arterial oxygen concentration and the ratio of tissue to
venous oxygen concentration. These values were was less
than 2–2.5% consistent with Kety and Schmidt’s original
hypothesis that the concentration of oxygen in brain tissue
is very small relative to the oxygen content of arterial and
venous blood [23, 82].
Despite  these  promising  studies, there  remains  debate  about  the physiological efficacy of normobaric 
hyperoxia with some PET and microdialysis studies, suggesting that it does not improve brain metabolism.
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