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Traumatic brain is a 

The foundation of care of the 

the This relies on 

to detect 

clinical condition in the most 

with severe TBI is the 

tools to at 

organ of the 

insults to 

but often these may 

thor"",,,,,,,,, that are used in the 

critical care environment all have nnl'ont,,,1 many of which may not be evident. TBI 

thresholds with age, and the much smaller treatment in children is further 

evidence base to their adult 

it is clear that our current tools for n,,,,,,,",,,., the brain are the benefit of 

additional bedside for and of children with severe TBI is 

uncertain. the aim of this 

tension 

cerebrovascular 

and the detection of 

A observational 

was to evaluate the 

insults and its on 

of brain tissue oxygen 

and the assessment of 

severe TBI in 

was undertaken of children with severe TBI who underwent 

over a 2 year at the Red Cross War Memorial Children'S The main cohort 

pressure of these underwent Pbt02 in addition to conventional 

and cerebral pressure In addition to selected also 

underwent TCD studies and of cerebrovascular to aid 

and outcome data were examined for associations with more than 5000 hours of 

data 

treatment 

of continuous variables. Detailed statistics were np,rfn"rn<,rl to answer 

related to the associations of these monitored variables with other clinical 

and outcome. 
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The main were: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

of low Pbt02 were very common after severe and often occurred 

ae~;DI1[e adherence to 

Clinical and other 

ischaemic eOISOCle 

treatment 

factors have a variable 

poor 

with brain 

and the Innm<=lnT of Low Pbt02 

infarction in children. 

Acute admission usedfororc)On,ostic,ltio do not nec;es~;a nr~'I"1i/~T the risk 

of ""p('nnl"1~lrv 

Pbt02 

In this 

Pbt02 were 

may be used to assess the of on intracranial 

the effects of ICP blood transfusion and normobaric on 

novel results. 

TCD-monitored flow velocities have associations with ICP and but show a wide 

which """'.<..,,'''' the differences between individual 

Bedside determination of with TCD is feasible in children with TBI. 

is common and the status of 

in ICP and Pbt02 in response to a 

is associated with 

in blood pressure. 

In summary. this is the work on Pbt02 in children with severe and the first 

to examine Pbt02 in combination with other 

and the status of The work 

of the of childhood 

with 

of the 

"'U~4\.1C"'l that modalities of ....,nn,t(\r' 

an individual that may tailor 

severe TBI. 

most TCD flow velocities 

that 1) contribute to our 

of 

to outcome 
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The brain is it is that the task of for a 

who has an acute brain 

clinician 

a should be an enormous 

for the task at hand. The tools we have at our 

that leaves the 

'''''',,''~I seem blunt at best 

and often we are left with a sense that we are around in the dark while 

of many of the that with severe 

brain. The final model we are faced with results from an 

to manage a 

nrr\tc,r-t the 

the of which is to the individual. I am of the as are many that 

to best a rational <>n'''Irn·:>,..n 

enable us for the task of 

is to take as much information available from the 

an individual. 

This is my to this thesis. 

with access to other forms of T",,"nnnlr,nu 

not as 

we have 

as many other units in the world may be 

to use what we have available to best 

understand how we can manage better. Because of the of brain any work 

runs a that seeks to look at as[)eCIS of the and the way that these 

risk of lack of cohesion. As best as 

the disturbance of brain that can 

and demonstrate the relevance of each to holr"n1, us achieve our 

world. 

Structure of the Thesis 

The thesis is divided into two main sections. Section A: 

to the It summarises in "'rllrI""m 

based on the 

The focus in this latter is on 

serves a to the section. 

on to 

in a 

even in the context of the 

is structured to a 

and clinical a<>~)<;;""L<> of 

of disturbances 

and Pbt02 that 

v 
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Section B: Patient Studies examines rC>I<",YQn to these 

children with severe TBI admitted to the Red Cross War Memorial Children's Hn'"n,',<> 

in 

Town. 

this 

CPP and Pbt02 

The research took the form of a observational of n-:ot"Qnt" 

The main cohort of "<1tic.ntc is 52 children who underwent 

between June 2006 and 2008. A within this cohort also underwent TCD studies and 

All interventions this were of our clinical nrntnf'nl for 

with TBI and were of the purposes of the The section is divided 

into a number of each of which rQV1,rg"'l'>nT<! a discrete observational Because of 

results for different sections were time some of the numbers of children 

included varied Where this is the case, the number of included the time 

over which were studied are 

The purpose of each of the in Section B is to demonstrate some of the ways in 

which treatment factors interact with each other and with outcome. It is the 

of these and the of better ways to detect 

and monitor will lead not to the benefit of an individual which is the 

but also to renewed enthusiasm among clinicians who have lost some of the drive to 

grasp the of a with a head 
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1 

in 

TBI is a contributor to the burden of disease. is the cause of death 

for children and adults between the ages of 1 and 34 years old in the United States 20, 320 and 

accounts for more than two thirds of the deaths in children between 5 and 19 years old 55. In children 

and young adults more lives are lost due to than all the other causes of death combined 226,320, 

and even up to age 65 remains the contributor to years of life lost. The 

situation in developing countries is even more Even infectious diseases are an 

cause of loss of life, the overall burden of trauma is usually than in the 

world, and is driven related to road traffic accidents and violence. In South 

for is the cause of death in young adults and children over the age of 4 

years 38, which is not too dissimilar to that of the United States and the overall 

burden of trauma is much When with data from the United the 

increased risk of in South Africa is stark the chances of due to in childhood 

5-15 years are more than 6-fold in South Africa 38,189. 

Of all those who sustain TBI have the chance of or 

disabled 50,185,363. TBI has been nllr'<:l":'" in as much as 70-80% of accidental deaths after trauma in 

children 185, 230. This is because these injuries are at least preventable; therefore, injury 

prevention programmes are But even once TBI has been the incidence of 

death and severe may still be ameliorated access to effective emergency care. 
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initiation of treatment to insults may contribute to the avoidance of as much as 

30% of deaths 328. more agg ressive treatment of 

105. 370 the 

TBI appears to have 

rates for TBI are outcome in the last decade 

and children in lower income and the uninsured in income 

appear to be at 

overall contribution of 

risk of poor outcomes 

to the burden of 

86, 321, 322. 

deaths alone 

there are 200 emergency 

the 

of the 

visits and many children may For each 

be left with some 

the immediate 

rOlc)qlc;a or disabilities that have for 

are and wider the economic costs of 

considerable. For the direct and indirect costs of motor vehicle accidents alone were 

46 billion in the United States for the year 2000 320. 

In many studies the definition of childhood varies. This influences the 

characteristics of the their and also outcome. 

Some studies include 18-21 years old 134,309.371 in their of In the 

children less than 15 years old are included. The age range included in a 

is because the mechanisms of differ and the of older 

adolescents may be more similar to that adults than younger children. of the 

thresholds used in the of older adolescents in the intensive care unit are similar to or the 

same as those used in adult 

In all series of 

mechanisms of 

86. 

severe TBI, 

on the 

are more often 

of the head 

variations in the relative 

363 Minor falls are common in mild TBI. Severe TBI in 

than . The common 

and the economic 

of mechanisms of are 

children is to be due to 

falls from a and non-accidental while older children are more likely to be 

2 
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in motor accidents. In that include older assault becomes more 

series for most from world In a common, but this is rare in true 

different economic milieu blunt and n""nal"<:I' assault in children is nor,nnearl 

these assaults are not accidental 

will be reserved in this 

described 

A wide range of has been 

for the 

405,412. On average, these studies of 

shaken 

for severe TBI in 

severe TBI 

the formal term 

curv!r ...... rna that has been 

from 

a 

to 57% 44,50.66.109.321. 

rate of 20-30%. Severe 

is rar,nn,a" in survivours 109. 411. A number of influence these 

with brain 

bias toward more favourable 

seleCllon criteria for the series 

care, and 

included in the 

rt:lr' ..... r'c exclude 

of care in the no!,plI81 

Bruce et al a very low rate of for children with severe TBI 44 This 

t'r\rHrr"'OrC\I as the authors that a rate of less than 1 0% should 

be trauma these results were not 

Johnson and fuelled the debate in their response to this article 

elsewhere. 

a 

series of 4041 children from 5 Level 1 trauma centres 

and none of the no~:;pl1aIS 

a local nmmltal this 

a 

rose to 

The overall rnn,rr<:llltu was 

rate less than 30%. For n<:l",c,ntc referred 

remains contentious 205. 

3 
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outcome 

Better outcomes after TBI in children with adults are often 206, 363 For 

Luerssen et al found a ",inniti(,!'llnt lower rate in a cohort of 1906 children with 

adults 206 

al 

adult and 

there are a number of n"Innn",nt factors that should be taken into account when 

these results. adult series include who are known to have a 

rate than younger adults 144,377,414, To Illustrate this Hukkelhoven et 

per 10 years of age, 

is different between 

that the Odd's for poor outcome in adults increases 

of the presence of risk factors 157, So,,,nr.rI the of 

TBI. For adults are more than children to suffer TBI as a result of 

When mechanism of rate for children with 

severe TBI appears to be similar to that of adults 167 brain 

is often touted as a for recovery after TBI, there is 

brain 18, 122, 123, 413, What is clear 

evidence of the 

is that within the 

group, young age is a risk factor for poor outcome 10,99, 120,206,274, In 

age is associated with while the reverse is found in adults 258, 

the assessment of in children is more Adults have a stable 

level of that be used as a baseline for when outcome is evaluated, 

on the other are recovery to a baseline is not a useful 

122 is influenced economic 

and level evaluation of outcome in children to detect 

tools not available to most clinicians 231, Even after mild TBI in 

term chronic ",,,,,n,,,,,,.,,,, may U""''''HJU that are often overlooked 143, 

The issue of the 

trauma cases are 

uma 

infrastructure for trauma is an one, Most 

in nontrauma centres 357 and some may even receive definitive treatment 

4 
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at adult 

dedicated 

on the 

infrastructure 

the 

Some authors contended that children with severe are best 

with trauma "'VI""",'I",n or accreditation 138,357 Their 

at a 

centre 

therefore the differences in children 

a 

is 

volumes at adult 

ill 

may offset the 

to 

On the other 

, ..... nt"",nC' of 

the 

but 

trauma centres. The relative benefits of each have been difficult to demonstrate in 

but the of current outcomes-based evidence does appear to favour the 

of children at dedicated trauma centres 357 

5 
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2 

The GCS has 

of outcome. In 

been used for the assessment of the level of consciousness in TBI and 

the of the GCS is limited in younger age groups, the 

nr"'''''''TI<l1 child. alternatives to the have been the Pediatric Coma 

335, 336 and the Children's Scale all scales that assess the level of 

consciousness may be limited may be in 

when used for trials of TBI 24,354. Hn'lA,,,,,,,,,,r the ,el"'ltatlnn GCS 

remains the standard for of n<>r,onrc and its association with outcome in TBI has been 

66,99,109,134,274.308 

to is associated with outcome after TBI. Unilateral and bilateral abnormalities 

have been associated with increased and in survivors 134, 223, 274, 280, 390. Unilateral 

abnormalities may be associated with raised ICP and transtentorial while 

bilateral non-reactive may be associated with brainstem death. Both may be related 

to brainstem ischaemia. From an of in the Traumatic Coma Database 223, 47% of 

with a unilateral unreactive and 82% of with unreactive were 

dead or in a Ve(let:atl,,'e state at The association between 

cisterns on head CT is also clear. Van 

abnormalities and 

et al 390 showed 

that 75% of with ("'"rnnl",'", obliteration of the cisterns also had unilateral or bilateral 

abnormalities. A combination of that included CT of cisterns and brain 

6 
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parenchymal lesions) and clinical findings (motor score, pupil abnormalities and age) correctly 

predicted outcome in 96% of their cases. 

The Role of Prehospital Hypotension and Hypoxia 

Incidence: Prehospital hypotension and hypoxia are common in paediatric TBI. Chiarreti et al 66 

reported hypoxia and/or hypotension in 68% and Ducrocq et al 99 reported hypotension in 31% in their 

respective series of children with severe TBI. The true incidence of hypotension in particular, though , 

is uncertain because the definition of hypotension in paediatric TBI varies between reports. Many 

studies report prehospital BP in children compared to an absolute systolic BP less than 90mmHg, but 

others suggest that systolic BP less than the 5th centile for age is a better predictor for outcome 71. 

Few studies report BP in relation to MAP thresholds, which is important because MAP is a better 

reflection of CPP. Also , in children height is an important factor influencing the normal range of BP, 

but is seldom considered. Height is related to BP independently of age 136, 299. It is an indicator of 

physiologic maturity and is better correlated with skeletal age than chronologic age. 

Relationship with outcome: Studies in adults and children report worse outcome if a patient 

experiences an episode of hypotension or hypoxia in the prehospital period. In adults, hypotension 

occurs in more than a third of patients and is associated with a 150% increase in mortality 64 . In 

children, the adverse effects of hypotension and hypoxia are also consistently reported 65, 66, 99,134,273. 

Pigula et al evaluated mortality in 58 head-injured children from an institutional series and 451 from 

the National Paediatric Trauma Registry to assess the impact of hypoxia and hypotension on 

outcome, using a systolic BP < 90 mmHg to define hypotension and Pa02 < 60 mmHg to define 

hypoxia, and found a mortality rate of 67% for patients who had experienced hypotension and/or 

hypoxia versus 16% for children with neither insult 273. They also found that hypotension was more 

predictive of mortality than hypoxia. However, it remains uncertain whether this close relationship 

between prehospital insults and poor outcome reflects the association of both with increased severity 

7 
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of or whether it ronro<,on;,<, a modifiable that can 'fn"H"'''''' outcome if corrected or 

avoided. 

Severe diffuse brain 

",roc-o,,, with 

in children associated with 

half of all children who 

therefore many children 

with severe TBI have 

109, 134 The addition of extracranial increases the incidence of and 

a consistent and is associated with worse outcomes 363, this is not 

109. Given their rO''>Tn,,,oI, head size and t=>\">,f\r't=>r1 neck muscles and 

children are at risk 

with the MRI 

edema or minor 

difficulties in 

abdominal 

ICU 107,357. 

is 

270. The range of 

and varies from mild or transient 

to deficits 

emergency 

and different 

best in a dedicated 

of Cord 

abnormalities 

disturbances 

Without 

correlates 

a normal 

In consideration of the 

chest and 

the child with 

trauma centre with a 

Unlike adult 

lesions 

is more common in children with severe TBI 42,274; mass 

removal are less common in children. Diffuse brain has been 

to be the commonest CT 

the likelihood of poor outcome 

in children with severe TBI and appears to increase 

, These may have rates well over 50% 13,274, 

The association between subarachnoid on head CT head and poor outcome in 

TBI has also been 274 

8 
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The most used head 1T''''''''',TlAn of TBI is 

these include: Diffuse 

Marshall et al 223, in 

which there are 6 

Diffuse II 

midline IV shift evacuated mass lesion lesion 

The and non-evacuated mass lesion not 

rar\nn,an in this paper occurred in the Diffuse 

lesion HrI'WP',/iOf there are 

IV and non-evacuated mass 

limitations of this classification 

, The diffuse and mass lesions are n'>"-:ltc,"'; in whereas in often 

occur mass lesion is not For 

haematomas have different outcomes but this is not reflected in the classification, 1"1"'lAfP'lfPr all CT­

used. based classifications have limitations and the Marshall classification continues to be 

The association of CT-based criteria and ICP variable. In the 

there was an association with elevation but others have not 

the Marshall 

found this 144. 

one third of with severe TBI and normal initial CT head scans may go on to 

('fo.<>"",ri ICP 203. Others have 

MRI is more sensitive than CT 

diffuse axonal 

199, 241. 

and white matter 

its use is nO'"lor'",1 

the risk of increased ICP with normal CT scans 152, 

for del:ectmq brain 

and may be more accurate 

in the acute and does not 

detection of 

outcome 108, 

alter 

9 
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Elevated ICP after TBI may occur as a result of intracranial 

venous and seizures. oedema occurs after 

mechanical microvascular tissue which results in breakdown of the blood-brain barrier and 

increased vessel with accumulation of water in the interstitial spaces. The process is 

mediated such as arachdonic histamine and free radicals. 

Cellular oedema on the other results from ischaemic and the failure of cellular energy 

there is 

ischaemia as a consequence of ionic 

also a neurotoxic that occurs in the absence of 

221. The extracellular-intracellular sodium is 

to the influx of water into the cells. Recent evidence 

is more nr"n-oln.::.n after head than oedema or vascular 

that cellular oedema 

222 

Cerebral 

vasoreactive 

causes brain due to Ani"",,'f1A of the vascular bed to a 

the mechanisms for which are unclear. The is not areas 

of do not correlate with abnormal areas on MRI scans 307. Functional 

between CBF and cerebral metabolism may be 74. increased CBF in the 

of normal or decreased metabolism causes h\J,..,,,,,r!:>""irY"l 

elevated ICP due to increased CBV 420. 

or in 

10 



Univ
ers

ity
 of

 C
ap

e T
ow

n

The causes and consequences of elevated ICP have a on outcome in TBI 6,224,279, 

420. ICP is elevated in 30-80% of without intracranial mass lesions 293,325 and the 

of deaths due to head are associated with elevated ICP 279. there is 

no Class I evidence the benefits of ICP and the 

evidence is 40 ICP with severe TBI and an abnormal CT head 

scan is recommended in adults and children based on the likelihood ICP 6,40,252. 

,,,,,,,hr.,,,,, about the of ICP nlT'"Ir''' continue to circulate 12,79,81,323 the 

benefits of ICP as an emergency appear to be clear when a has an intracranial mass 

lesion or is threatened imminent ICP in the ICU is limited in 2 

areas. 

which may 

adverse effects, 

use 

elevated ICP may occur (!Q('r.nr!<>,'l, to several different 

treatment. all interventions for rcp have 

the benefit of ICP. For 

recommended even 

each of 

the 

C02 

is in most and is therefore effective in 

ICP 265, the vasoconstrictive effects of may reduce CBF to ischaemic levels 

246 in absence of the cause of elevated ICP and for the effects of the 

ICP rY'If"nitl,>,irl" can be a blunt tool and may expose the to risks of ill-

advised treatment. 

the benefit of ICP all have me:tnclOOIOQ flaws 12,63,81, the studies 

323 that limit their uncontrolled elevated ICP poses considerable and well-

characterised risks to the known to be associated with poor in cerebral 

herniation and ischaemia. with ICP and treatment of elevated ICP have 

been associated with better outcomes in several studies 40 and therefore ICP is still 

11 



Univ
ers

ity
 of

 C
ap

e T
ow

n

recommended. 

63 

evidence for the benefits or limitations of ICP monitoring may be 

Ch 

Indications for ICP in children vary between different institutions 50. 243_ In the United 

60% of children with severe TBI ICP but there 

is between-centre variation 243_ 

without an ICP monitor in situ 243 

does appear that there is 

situation in some 

conformance with 

the benefit of ICP in 

receive ICP­concern, many 

there is this it 

...... n'lAfP'"'''' similar to the 87 

TB1 275
. 

In children the definition of elevated ICP is less clear than in adults because of 

norms with age. This is further 

about what CPP ,,,,,rIAT'" 

similar to that of adults In ICP> 

the different 

, and whether the 

index in children 

curve in children is 

is considered abnormal and the threshold at 

which treatment should be initiated 41 Lower thresholds for treatment are often considered for 

but there are no reliable data to this. the younger 

most threshold for ICP treatment remains 20 

characteristics of the brain which determine the at which a 

and the curve is similar ,then 

and 

If the anatomical 

arru\c", herniation 

a similar is similar to that of an adult 

threshold makes sense, as an CPP is maintained. This threshold 

of et al who found an inverse between CBF and ICP > the 

and and Marmarou who found in the index when ICP 

was elevated above 

2 
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Standard methods for ICP rnrlnn, ... nr,n are used in children. devices are used most 

and the Camino device 

used 

the 

These include the Cod man ICP 

less 

child with diffuse 

reduction with CSF removal are 

index is such that small 

l,-,c'tnrYHI is 

Irlc'trlrr", is also 

small ventricles in 

the benefits of ICP 

be of benefit in children because the 

in volume result in in ICP 325, 

13 
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The issue of what rn''l<;:YITI an cpp both adults and children (1ono,·",t,,<o 

debate. Debate also continues about whether I->_t<>rf"l!ot<:.rl treatment or 

better. There is a well-known association between low CPP and poor 

treatment is 

this may 

reflect its association with elevated ICP. On the other some argue that absolute ICP 

values are of lesser if CPP can be nracarllon several studies have 

shown the between low CPP and poor outcome in whether this reflects that 

association of both with increased of or whether active modulation of CPP benefits 

is much less certain. If the latter is the remains: what is the ,..,.nlr,m",1 CPP for 

":,,,nAl'<;: in adult TBI were recommended Rosner et al 300,301. In if 

is CPP will cause reduction of cerebral blood volume the active vasoconstrictive 

response of cerebral arterioles. This may avoid the cascade associated with CPP levels 

at the border of the lower of In so, ICP would be 

and there would be less risk of low CPP-related ischaemic eDiSOCles Elevated CPP may 

r.rf),r.I""m<:. with this 

an increase in BP may 

also CBF in ischaemic 76, 169, 331 

have the CPP may be 

and exacerbate tissue oedema 102, 261 this leads to a 

14 
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increase in "'''''TOlrn adverse most acute nlr"tA'''U distress 

without any clear evidence of n.ona,' .. 294 

An view emanated Lund ,nn/l'>c'"ml in ';;:jweaem where clinicians 

concern that this may exacerbate oedema and elevated ICP. 

pro,po:sed lower CPP to in adult of brain volume 

to limit oedema formation 22.104.129,262. Lower pressures are 

of metabolism 260,261.262" Their outcome results have been as as 

at any other centre and their is the lack of metabolic seen at 

lower pressures in their this has also not been without 

nTrJ"\\lQ,P;:"f 19, Other studies that CPP in the lower range may increase the incidence of 

ischaemic 174 and that increased CPP brain absolute CPP 

levels may not tissue therefore lower CPP levels may be hazardous in 

centres where measures of metabolism or tissue To illustrate this 

Thees et al demonstrated in an model of CPP that electrical 

silence occurred over a narrow range of but over a wide range of CPP 368, 

A middle ~nr)rnj"{'h sU~lQests that CPP should be 

that should be is not clear and there are several 

limitations. These include CPP based on maximal 

and measures. 

to the n<>ti,<>nt ..... "'."<"'1<" the 

all of which have 

15 
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In this heated debate about CPP t<:>rr'Qt", is further 

BP and ICP norms with age. there is little on what constitutes an 

CPP for age, or even the definition of It is clear that low initial BP correlates 

with 

Several studies 

reveals the 

examined various CPP thresholds in children with a summary of which 

the Jones et al considered a CPP threshold of 50 

children under 13 years old to be 170 Chambers et al 56 used a novel 

index to evaluate insults in critical CPP thresholds of 54 and 58 for age-

groups 7-10 and 11-15 years and rnn::>rl"'£1 the duration of time below these 

thresholds with outcome. The authors found the index to have a 

value for outcome. In an earlier paper, the same group 58 used curves in 

the determination of 45 to be the minimum CPP threshold for outcome 

in children. Prabhakaran et al 278 described 2 groups of children with severe one 

maintained at CPP > and the other at CPP > in this small 

there to be a trend towards better outcome in the CPP arm, but 2 in the CPP 

arm died while there were no deaths in the ICP arm. Vavilala et al found that all children who had 

an admission BP < 90 had a poor but that the 75th cenUle of BP for 

age was a better for outcome than the threshold. Downard et al 98 on the other 

hand found that CPP elevation> 50 was not associated with survival in their series 

of 188 that CPP may be as a proxy for the avoidance of 

Yet Hackbarth et al found that maintenance of an CPP was the most 

TBI 134 In their ~ 80% survival could be v"'J,,",,",',,",,", """rl""".,t factor for survival in 

if CPP was maintained> and> 90% survival if CPP could be maintained> 

16 
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None the above studies considered for age in the estimation of MAP or CPP. As discussed 

correlates better with skeletal age than with age and is related to BP 

of age 299. There are considerable differences in the BP normograms between children 

who are on the versus the centile of for age 136. 

Current recommendations for TBI the avoidance of CPP < in all children 

and CPP> an while that CPP 

17 
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u 

This section concentrates on clinical issues cerebral blood flow and 

that these have for cerebrovascular 

1. 

in 

and on 

on the .mr,I.,..",nf>n<> 

and outcome in TBI. 

Diffuse cerebral is common in children with severe TBI. or vascular 

was many to be the cause of this to 

elevated ICP in children with severe TBI. This was Bruce et al ,who 

SU!~QE;stE!a that the nr""rlf'lIm cause of diffuse in children was and vascular 

based on measurements of CT head scan values and a subset of 6 children 

in whom CBF studies were done. More r",('ontl" as a cause of diffuse 

has been 329. 420. The of 307 and even 

when it does occur, the r,'''':>tIr.n with elevated ICP is not obvious . When CBF values are 

with mean values for the age group the incidence of true appears to be much 

lower than believed 420 there may not be an absolute 

correlation between CBF and age, CBF values tend to increase from the lowest values at birth to a 

at age 3 to 5 years old and then decrease to adult levels 69,420 When to adult 

18 
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CBF values in normal children are Cerebral metabolic rate for rlV1H'Cm and cerebral metabolic 

rate for also appear to be low at birth and childhood but there are too few 

data to be more hc"rotl'lro when InH;>cnrCHln CBF values in children with correct 

ranges should be taken into account. 

critical values for cerebral ischaemia stroke occur when CBF to below 

18mll1 23, 
333, 416 and this is associated with electrical failure and EEG 

Mismatch between Inf'r"'';;,,,, and limited oxidative 

cellular acidosis and net energy loss. Further reductions lead to membrane and CBF < 

10mls/1 is to exist at the ischaemic core of an infarct 225. The likelihood of 

irreversible tissue ischaemia is a function of both the and duration of tissue 

333,416 

in TBI the between CBF and metabolism is much more and low CBF 

does not with cerebral ischaemia because it may be for reduced 

metabolic demand or mitochondrial 'normal' blood flow levels may be 

low in areas with increased metabolism if there is between CBF and 

metabolic needs. 

oxygen extraction and 

absolute values of 

metabolic needs after head mitochondrial increased 

between metabolism and CBF must be taken into account to f'I"1,'r"",'tl\J 

that thresholds of CBF for irreversible in TBI differ 

19 
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to those documented in stroke even 

oxygen are similar . 

thresholds of cerebral metabolic rate 

The in 

clear evidence of 

such as diffusion 

selection of for 

classic macrovascular ischaemia in with 

ischaemia in nn""_,.,.,,,"orn studies , may 

may a role in the 

of the 

of tissue 

and method of 

combined with the 

in TBI 235. The 

indices of 

ischaemia have constrained to define the incidence of cerebral ischaemia after TBL 

the 

elusive and the 

of cerebral ischaemia or tissue as a event has remained 

of ischaemia after TBI remains debated 35, 75,92,343,401 

there are several responses of in TBI, 

the 

the vascular 

of pressure 

of the 

responses to in and 

Since the earliest 

of pressure 

is a 

response in which cerebral blood vessels vary in calibre to in 

a constant CBF. cerebrovascular resistance varies with BP. to a 

MAP of 90 

a MAP of 1 

!:>{','nlll'\! is 

occur in arterioles less than 200 microns in wh ile between 

occur in vessels than 200 micron in diameter 181 Pressure 

active over a range of BP from MAP of to 1 272, and 

within seconds of the in BP. In this active range, cerebral arterioles 

constrict as BP is elevated and dilate as BP is lowered. As BP is lowered cerebral blood volume 

increases as does on intracranial 34. Below and above the lower and 
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upper CBF tends to vary with in BP. 

BP below the lower limit of AR decreases CBF and above the upper 

CBF and cerebral blood volume. These responses have been known to be active in 

normal brain , but more rOr'onthl the "<l,rrn,OnT of AR in TBI has been 

When AR is blood vessel calibre varies with BP as does CBF. 

if BP is elevated cerebral arterioles dilate and increase cerebral blood which in turn increases 

ICP. Cerebral blood volume and ICP may vary with f"'n,::onr",,,, in BP 34. I-<n,.,e'/e 

when AR is intact the reverse occurs decreased MAP may lead to increased ICP because 

cerebrovasodilation CPP at the lower of the curve. 

et al 181 demonstrated that the main cerebral blood volume in the area of 

the lower AR are the small arterioles which can diameter of 200%. 

These are sufficient to the ICP observed in response BP 382 

on the whether AR is intact or the same BP can have 

different cerebrovascular effects in individual 

AR also has for the OW:;::UlJOv of CBF to the tissues. At lower levels of 

AR may limit the normal BP and exacerbate the 

adverse effect of nHY,nT<>n on ",e/Y,r,n 

response to 

ischaemia. 

cerebral blood 

the status of AR has 

for the 

volume and ICP. In 

levels and cerebral at 

in TBI The status of AR 

3) increase 

and allow 

cerebral cerebral blood 

AR increases the risk of cerebral ischaemia at lower CPP 

CPP levels. These have 

1) be associated with choice of an 

lead to unintended consequences with 

of cerebral blood volume to treat raised ICP. 
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or 

studies conclude that AR is or lost in a but pressure rpOl,rmflT\I may be 

and not lost 186 This may result in a reduced vasoactive response to BP 

or a of the limits of e.g. AR may be initiated at a CPP 

threshold. Several studies have tested the relative ctr,,,,nl,tn of AR as an index rather than as an 

absolute assessment Rosner et al 300, 301 QQE~stE!a that the lower limit of AR is often 

after would avoid the cascade that 

results from CPP values at the lower range of the AR curve, where cerebrovascular dilation increases 

cerebral blood volume and therefore increases ICP et al found that a lower 

for AR occurred over a range of CPP values from in 

..... /"\,,""o\"or ICP 

because ICP 

where 

were used as 

may also 

is 

rr/"\,n<>lo markers of the status of which may be 

on the cerebral at the time of and the 

these are broad a clinical situation 

are not a to AR or 

n>=!l"'Iorno.nT in individual TBI ",,,,lfont,, 
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The of the status of AR has been described several ",cornrv.c which include the use of 

CBF studies 33, 247, TCD 346, 397, laser uv,,,..,,,,,, "'''''Alm"""" 184, 375, brain tissue oxygen 16\ a 

index of the continuous between MAP and ICP 346, and 

arteriovenous difference in oxygen as a marker of in CBF The most 

used bedside involve observation of the "nr'n'~.n between MAP 

and ICP over time and observation of CBF/FV responses to induced nur,,;,nr., 
80, 

83, 148, 149,268, 345, 346, 356 AR is often referred to as the static rate AR to describe the response to a 

or AR to describe 

the response to a in BP cuff deflation test or carotid 

similar results there may be variations 145,281, both of which 

369. TCD evaluation of AR is used because it does not ".."',""",,, on the more cumbersome or 

invasive methods of it poses no radiation risks and it can be at the 

bedside 80, 195, , Determination of the static rate of AR the TCD has been validated 

with PET and direct examination studies 254, 

An index is used to describe the the The 

used to ARI is: 

ARI ::: %LleCVR I or 

eCVR is the estimated cerebrovascular resistance and is the ratio of MAPI FV, LleCVR and LlCPP 

refer to the in the values AR LlMAP is used when ICP is 

not measured, 

An ARI value of 1 that the of AR is a value of 0 of 

and values between 0 and 1 reflect the relative of AR. the AR is a 

an ARI of 0.4 is used as a threshold to describe whether AR is intact or not 

others have used values, Values for ARI < 0.4 are associated with 

AR and values;,: 0.4 are associated with intact AR. 
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The 

limit 

a 

more 

BP 

to AR 

of elevation of the MAP used to test AR is variable. studies eleV81e MAP to 

20% of its baseline value 33, 376, 397, Others .nt""''"''''''' MAP over a range of 50-

186 The most information would be obtained from the range of AR with 

BP to detect the lower range of AR and elevation of the BP to detect its upper 

increases in MAP and may involve 

The former may more limited information but may be 

in the ICU. These nr~.t't't''''' information about the action of AR over a range of 

to be encountered for the individual either or as a consequence of 

intervention. 

The used to test static rate of AR are because may influence 

on FV. These cerebrovascu lar and confound the examination of the effects of BP 

include direct effects on vascular tone and an increase in the cerebral metaboHc rate of oxygen 

passage the blood brain barrier. The effects of adrenaline and noradrenaline have 

been examined in animals and humans in several studies that have 

the direct effects of these on CBF and ICP appear to be 

data, In 

and not 

ne(~es.sa!rily limited to their effects on MAP 25, 103,209,248,284.285,341,348,379, 

to increase BP in the of AR 33. 141, 149, 186, 380, IJh,::.n\l'lon 

direct effect on the cerebral vasculature as 

is the nrc,farran 

appears to have minimal 

does not reach concentrations 

shown ne(~es.sarv to effect rI"'rlr"'.,~ of vasoconstriction sufficient to influence cerebral blood volume 

181 the direct effects of on CBF are to be 62 

More r"'t'ont,\! the effects of on brain and ICP have been tested 

catecholamines 100 but less is known about its action in AR 
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The ICP responses to a rise in BP AR have been described as pressure 

pressure and pressure stable 186. Pressure responses are characterised increased 

ICP with induced n\l"crrcn pressure active responses reduced ICP 

and pressure stable response in ICP. The pressure stable response is 

consistent with in cases of very which 

should be evident from the baseline ICP values. et al 186 

intracranial 

demonstrated the 

from a pressure to a pressure stable at the lower limit of which SU(lae~S{S that it 

active pressure not all studies demonstrate a fall in ICP with 

increased BP 34. The limit of the lower ealkO()lnt of AR and the used for may 

these variable ICP responses to BP in who appear to have AR 34, 

247 the between AR and elevated ICP is Disturbed AR may 

intracranial n\l"crrcn but intracranial may, in AR 80,85. 

DCI!:stl'U on 

an CPP based on tested or observed AR responses is an attractive idea 347. The 

CPP is chosen based on the range of CPP over which AR is most active. this 

may achieve 2 1) it avoids the cascade associated with BP at the lower 

range of the AR threshold and achieves the lowest cerebral blood volume for a and it 

should on a basis. This may be true when the lower 

is known as it cannot be assumed that a universal threshold for CPP is for all 

therefore or lower CPP that is necessary for an individual may both have risks, A 

et al 182 would seem to this In their both 

and lower CPP increased contusion 

CPP. 

which was minimised over a short range of 
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there are nAtant"" 

close to 

response is maximal is not 

is and ICP is not 

associated with the risks of 

limitations of this !:Inr,rr.<,l"' 

about 

when AR is 

the CPP at which the AR 

to 

a lower CPP may be a 

it can be 

If 

not 

of 

can be established measures of substrate or metabolism. Measures the 

response of vessels cannot be with metabolism. 

this nnrA:::l('n may be or unwanted ICP related to intact or 

AR responses, the use of an CPP based on pressure AR criteria alone may be 

if the of is not 

AR has been 

on the 

in one to two thirds of with severe TBI 34, 247, 265, 306, 327, 397 

of the the baseline BP the 

time after TBI and the method of AR appears to be 

40% of n:::lti"'nt~ at some TBI 380, • The 

AR varies with time after 149,376, and may differ between 

399 measurements at a 

AR in n!:lt,Qntc with TBI. 

in time may not the true 

of 

in 

315, 

of 
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Several have shown an association between AR and poor outcome in adult and 

TBI 144, 269, 345, 398 et al 327 also showed that there was a between 

CPP and cerebrovascular resistance in children with but no between 

these measures children with poor outcome after TBI. Increased age and lower CPP appear to be 

associated with of AR 144, 

In """,'i",,,,,, with the studies of AR in there are much fewer studies in children with TBI 247, 

until these studies had not described the use of AR in the ICU 

examined 26 environment where it may be used as a 

children with severe TBI 

children 

children with 

after 

a modification of the 

in children with TBI. 

of head 

TCD, These studies 

Hn'IA''''''''''' whether the association of 

with increased of or whether 

to treatment. Muizelaar et al 

washouts, 

wash-in 

et al 

Vavilala 

described AR in 17 

et al examined 36 

while anaesthesia at a mean of 9,6 

the association of AR and poor outcome 

AR and poor outcome reflects the r""'3T11' ..... of both 

and therefore AR causes 

nr""",,,,nT'" a modifiable factor that influences is not clear. One r"m·r\cnc .. ~TI\,'O 

SU(JaE~stEla that the status of AR may influence the choice of ICP- or CPP-directed treatment 155, 

This is further Ov."ll'\lrOfi in 
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The '-'VI ... ..,",",' effect was named after Christian for the of the in 

of a wave when the receiver and of a wave are relative to each other. In a 

and transmitter of the wave and blood instrument the 

reflects the wave back to the 

is both th e r",r""''''''' 

TCD was introduced 

basal vessels of the circle of Willis a 2 mHz 

Aaslid in 1982 for insonation of the 

. Since then the instrument has 

become used for non-invasive estimation of intracranial The of the 

instrument is based on the maintained diameter of the MCA under 

conditions of BP and PaC02 1. absolute values may not in FV 

are to in CBF in the insonated vessel. TCD FV correlates well with CBF as 

measured 

be confounded 

and arteriovenous differences in oxygen 32.256.346,366. This 

vasospasm, in which the diameter of the conductance vessel is 

vasospasm can be detected the ratio 201. 

can 

TCD studies have been used for estimation of baseline cerebral blood detection of cerebral 

vasospasm 59,196,228.264, and in tests for determination of the cerebral vascular response to 

BP 195,257, PaC02 255.257, and metabolic 195,255. Use of TCD has also 

been for the noninvasive estimation of ICP and CPP 29, 314, and in the of brain 

death 240. 

The MCA is the most 

used. The 

adults. This distance is 

insonated intracranial vessel and a is 

of the MCA is identified at a of 50-55 cm from the surface 

shorter in on age. of insonation 
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on other nn\I"'''''', such as trauma. The which also 

the \loln(',I>, is chosen for measurement. In nQ''lQr,<:I1 TCD velocities are a reliable 

between the ultrasonic beam and the estimate of true velocities in the vessel. For of 

intracranial the maximum error should be less than 1 2. Practical difficulties with 

term insonation of the MCA limit the use of TCD as a continuous tool in TBI. 

TCD the 

increases with age to 

in CBF with age. In 

at 97 cm/s at 6 to 9 years 

is ",n.--.rnv. 24 This 

decreases to adult values of 

50 cm/s 380. The mean 

of CBF for age 

in TCD studies occurs at a 

There also appear to be 

in anterior and "n<'Tor,n FV 396 

Under constant conditions of BP and the of blood flow the conductance 

vessel reflects distal cerebrovascular resistance. A index can be calculated which reflects 

this. The most used index is the index 126: 

PI= where is FVd is diastolic FVand is the mean FV. 

Several studies have SU(laE!SH~d that the PI is useful for the non-invasive estimation of ICP and CPP 

in TBI 29,60, 200,242,283, 344,404 and of ICP 249,277, 310. In Bellner et 

correlation between PI and ICP in adult TBI , correlation coefficient 

ICP > can be detected with a of 0,89 and of 0,92 29 

found a 

and that 

et al 

found a increase in PI per increase in ICP 154 very few data exist on the PI in 

children with TBI. et al 238 rQr;rH'"tQri 

haematoma in infants and Trabold et al 378 

with poor outcome, This is further in 

of PI after evacuation of acute subdural 

that increased PI was ,n,..,on,"nf"O 

18, 

associated 
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can be 

TCD 

the 

201, 

index which was described in a that 

index == I where is the FV in the MCA and is the FV in the ICA 

The relevance of this ratio is based on the fact unlike the intracranial the extracranial 

ICA is not involved vasospasm; therefore in this vessel reflect in CBF 

whereas in intracranial vessel FV may arise from increased C8F or narrowed arterial 

as in vasospasm. When vasospasm occurs the ratio and vasospasm is jf 

the mean is >120 cm/s and the ratio is >3 . Mild vasospasm has been defined 

as ratios between 3 and 4, moderate between 4 and 6, and severe >6 264, 

confounds the between TCD FV and metabolism and between ICP and PI. In adult 

vasospasm may be common, in the late 227,228,264,419. n,h/.,u." vasospasm seems 

to be rare after T81 213. 
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n 

a on 

A fr<>rC>I'"j in the of ",,,,t.ont<:> with severe TBI in the ICU is to nrr""rlIO Q'ue::;,"",u,nt::: 

to the brain to avoid COI',",,,.n 

methods for and 

used that are worth discussion. 

limitations inherent in all of these forms of 

as a rrl'\,n<:>j·o marker and 

much attention has been focused on 

of the brain after TBL Several methods have been 

any method has been restricted 

used methods for direct and indirect 

of the of brain 

are reviewed 

of its use in the cohort of 

below. Pbt02 is reviewed here in detail because 

that form the bulk of this thesis. Continuous EEG ...... "n,t,..",.",., may 

also be used for the detection of subclinical seizures and assessment of level of consciousness 407 in 

the and may also demonstrate to brain .",,...h<l,c,..,... but is not reviewed here. 

The standard for oxygen and metabolic indices in the brain is PET 

very few centres have access to PET and additional infrastructure is to 

unstable of oxygen for PET 

to be stable and it is restricted in that it 

metabolism at one in time. TBI is a condition and ischaemic 

may have on outcome. For these reasons PET 

of oxygen 

of short duration 

little role in the continuous 

31 
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other brain 

intervention 132, 158,263,401 

involves the 

PET has a role to as a research tool for validation of 

and determination of metabolic and Y""'U'VI..I,v responses to 

insertion of a microcatheter with a 

solution at ultra-low flow rates. This allows free diffusion of water and solutes from the 

interstitial fluid to the solution. Tissue concentration determine diffusion across the 

which allows 

brain metabolism can thus be 

and 

or in a 

studies of 

One of the 

on the 

location. Most 

in children 292.372.374. 

limitations to the WI{]e~'D 

to be collected and 

the catheter can be 

work has been done in 

markers of 

brain 

there are very few 

use of as a clinical tool in the ICU is the 

infrastructure and expense for semi-continuous A pump is 

basis and an 

to infuse the 

for the <!::IITlnl;::'q, catheter with vials have to be on a 

is there are substantial 

current 

or technician 

does not continuous 

to work 

therefore 

ischaemic epISOCH:!S may be missed or intervention may be there is some concern that 

measures detect ischaemia at critical thresholds of CBF reductions below 

20mU1 but may not an at levels of that 

.U,.,(1lr,i'1 ischaemia 312. Lactate rises when Pbt02 is less than 1 in 

and human studies 146, and rises at very low levels of Pbt02 146 These concerns 

have limited the use of in the it remains an invaluable 

research for the determination of the tissue response to the"::>!,,o, intervention. 
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The use of SJV02 is common in the ofTBI if not 'Alllia", "",,,,,,i Most 

of the work that has been on SJV02 has been in adult TBI. little is known about 

SJV02 in for ,,1"''''01''"' of the catheter is 

The of the catheter is above the level of C1/C2 disc to minimise contamination 

from the facial vein. Correct of the of the catheter is "nlrt<l."lt because the 

SJV02 is based on the fact that the bulb of the internal vein drains blood. 

Incorrect 

carotid """,to.rYl 

or shift of the catheter may contaminate with blood from the external 

There is debate about which side should be monitored. Some choose the side of 

worst or bilateral 

nh'C::PI"\lIrlf'l the rise in 

SJV02 may be useful as a 

on the balance between 

most the side of dominant venous 

of each internal vein and 

measure of cerebral 

oxygen and demand 

of SJV02 is based 

r'orohr!>1 metabolic rate of 

The arteriovenous difference of oxygen and the cerebral extraction of oxygen can also be 

calculated. can be or 

a of SJV02 in the ICU directed at levels 

there is some debate on what threshold for treatment is and whether normal values 

may be even lower than believed 67, and low levels of SJV02 have been associated 

with poor outcome 77, 210 SJV02 has been to Pbt02 in several studies that 

demonstrate correlation between the 2 methods in some but not all 125,131,175,391 

SJV02 r",,",,,-linn may occur low in with focal ischaemia and even in 

near to brain death due to , The main limitations of relate to the failure to detect 

ran II,n '>. ischaemia 74, and the technical difficulties that reduce the time of 

88 
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Because SJV02 is a measure of ischaemia may occur without reduction 

in levels. Coles et al 74 demonstrated on average, 170mls 13 ± of 

brain was ischaemic 

that the catheter 

microthrombi at the 

amount of time of 

SJV02 rn!'",no,n below the threshold of 50%. This limitation may be of 

Technical n!'"n""orn may reduce the amount of time 

data of Positional of the 

and the need for calibration reduce the 

data. In centres that focus on SJV02 it appears that this time of 

data is 125. in average centres this may decrease to less than 50% 175, 

Latronico et al 191 found that data from SJV02 influenced that 3.4% 

of observations were below the threshold for treatment and that there was substantial difference 

between the 2 sides. these issues are debated 355. 

A number of methods have been described to monitor CBF or or flow vel'OCllIV as a 

of scans, xenon-enhanced CT scans, 

emission the thermodilution mO,T"'..-,,.. laser dOI)oh3r un"/nn",,,nl 

and TCD "ol,""ll'" as a are 

cumbersome and cannot be used for continuous rn""it,"\rir'r> Others may be more for the ICU 

but measure markers of CBF 

in the ICU has become available 383. a 

Pbt02 and in that it monitors a focal of brain. 

continuous local CBF 

it is similar to 

it may 

information similar to the above-mentioned modalities. 

A limitation of CBF is the of the between CBF and 

metabolism in TBI "''''TlonT''' flow and metabolism are linked in 

after TBI this may be disturbed. absolute levels of CBF may not be reliable. 
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CBF may be associated with increased metabolism or may be as in 

Low CBF may occur to metabolism or may reflect true ischaemia, 

NIRS is that uses the 

to reflect the concentrations of 

of infrared 

and 

transmission and 

to measure 

in tissues about 2 cm below the surface, Different methods include 

and nn'"c,>_r£,." oe(~trosc{)Ov 16 Transillumination is more difficult in adults and 

older children than in for whom NIRS is more established, While there are many of 

the usefulness of NIRS when there is no brain as in cardiac anaesthesia 250 and carotid 

rt",,''''f'i'f'lml\l 15, similar in TBI are limited, Of those that are some demonstrate 

results 11, but others raise concerns that the correlation with SJV02 and Pbt02 is 46, 

251, Technical factors that may interfere with (either no or an unreliable 

include a wet chamber between the oo[oale and subdural air after extracranial 

subdural subarachnoid and brain 

Normal NIRS values have been found with ischaemia 319, ThAn:;.tt"'llrA the use of NIRS in TBI 

may be limited with current 

alter this 

394,408 the of newer may 

Local brain tissue oxygen tenSion can be monitored with a catheter inserted into the of 

the into white matter. Two have been 

I\JJ) and Neurotrend The latter also 

measured tissue and PC02 but is no available, The Licox monitor is a Clarke-
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electrode that contains 2 electrodes covered a membrane. The amount of 02 across 

this membrane on local tissue and determines the between the 2 

electrodes . Initial animal work and bench followed human confirmed the 

of the Pbt02 

. The 

in vitro accuracy, and the low drift and zero drift over time 90, 150.175, 

area is 14-1 . Local tissue from the catheter is 

minimal and are rare 90. The time of data is in the of and 

calibration is not the Pbt02 are stable within hour 

sometimes the may take up to 2 hours 90,312.388. 

Normal values in humans are not """,,,,,,,,v known. Because the Pbt02 value is influenced 

local 

the 

the value varies 

monitored. 

on the metabolic and diffusion characteristics of 

may be reduced of ischaemia 

from studies which have measured Pbt02 in animal work and human studies 

normal brain that normal values for Pbt02 are around 89, 201 An 

increased likelihood of poor outcome is noted as Pbt02 falls below 

Scheufler et al demonstrated in an animal model that CBF levels below 20mll1 correlated 

with Pbt02 levels below 1 This 1 threshold also correlates with critical thresholds 

related to outcome in human studies 175. Pbt02 < 1 is associated with in 

decreased mitochondrial function and neuronal 145, 

Studies of Pbt02 in aneurysm surgery best demonstrate the decline in Pbt02 associated with 

ischaemia due to 95, 174 

Pbt02 values also 'ornrD,t"'!,"n based on the location of the The Pbt02 monitor may 

be in white matter or close to or 'Iesioned' 

brain 1. Pbt02 in brain appears to reflect in 

312, 388 not all agree on 160, Pericontusional brain may demonstrate altered 
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characteristics that a different to 'non-Iesioned' 

brain 168 

The best of what Pbt02 in the brain reflects is debated. Often considered a 

measure of the balance between and demand of oxygen in the it is also influenced 

other factors. Pbt02 has been associated with CBF 96, 97, 164,385, blood flow and 

nv"nc,n content 415, mean transit time of blood the brain . arteriovenous difference of 

nv"nQ,n 296 and venous P02 132, . Some of the factors that influence 

the Pbt02 value are discussed below. 

a measure of the pressure of Pbt02 is affected Pa02. 

even in conditions where arterial blood is near full saturation and increased Pa02 

contributes little to arterial oxygen increased Pa02 is followed increased Pbt02 

236 the arteriovenous difference of oxygen "'r,,, ... ,,',, influences Pbt02 296. 

leads to a decline in Pbt02 and increased anerobic metabolism 72, 

limitation of this is that the ventilator Fi02 

in absence of substantial 

used for tissue 

in oxygen 

133,358 and the 

be ,rn,r,,.,,1',,,,,t in n",:>rr\nrr>inr. tissue barriers to diffusion 

on Pbt02 and metabolism in TBI are 

17, 

influence the Pbt02 

dissolved oxygen may be 

pressure of oxygen in the tissues may 

The relative benefits of h",,,,,,,',""'" 

debated is further 
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Pbt02 varies with 

Under controlled 

in PaC02 if 1"'0,ro"'"""", "'I"'I C02 is 

these are linear 141 The Pbt02 

to the vasoactive effects of PaC02 

131, 160, 214, 316 

occur 

may induce or worsen 

cerebral ischaemia and may local cerebral blood flow and 

local in areas at risk of ischaemia 214 if 

increases cerebral blood and therefore the reduced CPP may have less n"::'rll('t,,, 

effects on Pbt02. and variations in the """'n .... th of C02 in the cerebral vessels as well 

as responses in abnormal may account for occasional 

response to C02 ('''':lnr.",,,, moderate-severe 

recommended 246, there continues to be debate is no 

risk of ",,"c'nnn::>,ru ischaemia due to n\lrl",nlP in human TBI 

reactions of Pbt02 in 

brain 

the extent of the 

Elevated ICP may reduce either the local pressure effect or reduction of CPP. 

of rlo,"'"rY'ln,ro", and barbiturate in adult TBI have demonstrated 

Pbt02 after relief of ICP 163, when results are an overall 

between ICP and Pbt02 may not be demonstrable 388 because of the many other factors that 

influence Pbt02. This further in 11, 13 and 15. 

Several studies have examined the between Pbt02 and CPP but have 

results 14, 45, 76, 89, 169, 219, Most studies the effects of induced 

on Pbt02 have demonstrated an increase in Pbt02 in response to 

"'H"n",. this has not been a universal To some extent these results may reflect variations in 

the <:tr,on,"Ith of AR and the ""',"I"r,n rt:,l",t,nn between CBF and CPP. In 
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Pbt02 shows a close with in CBF 141,415. Pbt02 may have a close 

with nrr,nn"'",,,, and warn of ischaemia, In the Scheufler et 

oxygen decrease in CPP was followed CBF al 312, a 

extraction 

decreases, 

while oxidase redox level and Pbt02 showed and 

Isovolemic haemodilution reduces brain and increases lesion size in TBI under 

conditions 137, and Pbt02 decreases after 

resuscitation 215,216. Results of studies such as combined with 

shock but 

nr"AIl".f1nt:> of the 

to 

role 

that Hb concentration as a carrier of oxygen and in oxygen content of 

that the avoidance of anaemia in TBI is warranted, the 

thresholds for transfusion are unclear because transfusion has 

transfused stored blood does not have the same oxygen as the and 

the of the in in the microvasculature is uncertain, Two centres have 

examined the effect blood transfusion on Pbt02 in adult TBI 193, 194, Blood transfusion had a 

on Pbt02 and the 

transfusion characteristics. Several 

transfusion on the 

of in Pbt02 was not pre­

factors may influence the effect of Hb and blood 

of the baseline brain 

age of the stored blood and alterations in The of blood 

transfusion on Pbt02 in TBI is examined in 16. 

f) to 

02 in the tissues occurs which is affected Pa02 2l P02 decreases 

in the extracellular space with distance from the vessel 313 and so the diffusion 

distance between the and the cell is an factor intracellular 02 tension, 

In TBI microvascular factors that may increase the diffusion distance for 02 include "''''''tn,v,,, cell 
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and arteriovenous 235 

diffusion-limited tissue 

more difficult to 

in TBI may be as 

If these factors a 

as but 

02 diffusion to the 

the pressure of 02 in the may be of than in normal 

Since the studies of Pbt02 in TBI in the and in the 90s 207, 233, 

several studies have examined the between Pbt02 and outcome after TBI in adult 

26, 350, 351, 384, 
417. Low Pbt02 occurs most in the first 24 hours after TBI 388. 

391, which is consistent with lower increased lactate and cellular acidosis seen in this time 

70 The risk of poor outcome after TBI has been linked to the and duration of low Pbt02 384, 

388. For Valadka et al 384 demonstrated that the Pbt02 values were below 20 

the 

threshold 

examined 

was the likelihood of with the difference between alive and dead 

at Pbt02 values less than 6 difference the lower the 

Pbt02 deteriorates to zero when brain death occurs 267, 339. Two studies have 

in Pbt02-monitored n<:lf,onte with historical and have that a 

may benefit et al 234 I'n,mn<:ln::,rI 2 groups of 

both of which had Pbt02 monitors Pbt02 was treated in the second 

group, CPP rno,nt<:l1',nn when Pbt02 was reduced. The Pbt02-treated group demonstrated a 

lower of tissue and a likelihood of favorable outcome. Stiefel et al 

350 found that treated with a Pbt02 monitor had a lower with 

in a historical cohort at their institution who were treated with ICP No 

randomised trials have been na.-tnr'"..,<::,rI to date. 

2 have been on Pbt02 in both of which involved rol;:>tl\,IO small 

who had a mean age of 14.65 years. numbers. Narotam et al 253 evaluated 16 

In their series there were 6 deaths no n:::>t;""nt<:: with normal initial Pbt02 died. Stiefel et al 352 
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r""nn""" 6 children severe in whom Pbt02 was ITlI"'·:lnTlM lower if ICP was than 20 

and CPP lower 40 

41 
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Section B focuses on discrete studies which have been structured around "'n~"'ltl(' from the 

observational data collected children who were treated for severe TBL 

8 summarises the process of data collection for these studies and the of data 

extracted. 9 discusses the broad of the ways in which these children were 

what thresholds for treatment were used and what interventions were CFrlnor",c,n 

10 summarises the clinical and 

cohort of 52 children which form the core of this 

and treatment variables in a 

and on which the are 

based. The data are to detect the of 

variables. The 

pose the 

are based on this cohort and 

11: 1) what is the association between Pbt02 and other and what are the 

associations between clinical and and outcome? 

12: what is the association between monitored variables and the risk of 

cerebral infarction? 

13: does adherence to treatment avoid brain 

14: what is the effect of ICP reduction with DCH on Pbt02? 

15: what effect does transfusion have on Pbt02 in children? 

16: does the use of scores the risk of ccr'l"\nfi<llru 

.11;"<"11'·'1 17: what effect does normobaric have an Pbt02 in children with TBI? 

.11;"</111-', 18: what are the between TCD-derived variables and CPP and Pbt02? 

19: what is the between the status of and clinical 

the ICP and Pbt02 responses to in BP? 
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This section summarises the process of COII!eCIIO and of data for the 

Three broad CaleO(:mElS of data were collected: 1) clinical and I1Q,,,",n,nr'" 

PhI/SIC)IO(lIC, and outcome data. Various treatment factors were also collected to SU!JPlf3ment the 

and 

MAP. 

The 

insertion 

used and 

The ends with a discussion of the broad statistical ",nnrr,,,, to the collected data. 

and clinical data collected on admission included: age of the 

mechanism of time of other 

time sequences were calculated: time of admission 

from to monitor duration of and 

of "'",nv,,,, were recorded 

initial and initial 

time of monitor 

oflCU 

standard definitions. 

was defined as Sa02 and was defined as BP 

for ",i",t.:,r'f'\I and with other studies. ow,eVE~r initial MAP was also 

n '" 1\1",<:.11 in with these. 
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In addition the classifications and were recorded: 

I",..:"n,,,, Coma Scale 

Coma Scale was used for 

documented. 

Postresuscitation GCS was recorded in all The Pediatric 

children 335,336. The motor of the GCS was cor,,,,,,,,,fo!l\I 

Paediatric Trauma Score The PTS includes 6 variables: mental 

skeletal and open wounds 364, 

Paediatric Index of The PIM 2 337 is a score that uses the 

collected on admission to the ICU: or r"''''''Tn.IO 

Pa02/Fi02 

surgery 

base excess, elective admission mechanical ventilation recovery from 

reactive (1), 

medications was excluded, 

and risk! low risk 

nonreactive or 

reactions were as 

nonreactive The influence of 

Head CT classification: The 

based on admission head CT scan 

of TBI was classified to the Marshall 223 

These are as described in 2. 

Patient was used in this to risk and to control for 

associations between variables since age may influence outcome 

56 

244 and thresholds 

variables: Intracranial was started as soon as ,",v."",,,,,,,,, after admission to 

the ICU and was continued until both ICP and Pbt02 were controlled for> 48 hours or the ",,,,bo,,,+ 

died. and Fi02 were recorded Data for some were also recorded in 

10-second the software of 
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across all manual were used for 

blood gas as per normal ICU nr('1,ln,.·nlc and when indicated. 

were identified and various tests and AR 

and excluded from Pbt02 data were collected 

run-in to avoid data from a 

a 2-hour 

catheter. Recorded 

data were checked for errors in 

Microsoft Excel and Access databases 

used whenever 

calculated: 

for more detailed 

Pbt02: When n<>t.ontc had 2 Pbt02 monitors in the lower 

process. All data were in 

were Raw 

the values were also 

of the 2 catheters was used to 

calculate the incidence of low Pbt02. values were calculated for each as: lowest Pbt02 

recorded the monitored 

and the number of 

In 

irreversible brain is determined 

mean Pbt02 

of Pbt02 < 1 

these 

and 

the first 24 hours of 

0) or Pbt02 < 

and because the likelihood 

of a measure low 

Pbt02 that reflects both was for each of < 1 

in each the value 10 minus was calculated (1 If 

Pbt02=1 a critical tissue !"!'If,ny.", 312. 384, then (1 

of all of these (1 values were <:1\1<'''::'''01'1 

This average was then 

in that 

overall tissue burden. 

of 

the number of eplSO(leS that 

This was termed the 

n;;m,n;""'Qn,,,, the 

of 

was less than 

to reflect the 

ICP: The ICP values were recorded for each mean ICP for the duration of 

mean ICP for the first 24 hours of the number of that ICP 

was the mean of all eOlsQ{jes when ICP was> ?nIYlm,l-In and the 
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CPP: Potential CPP insults were calculated for each as: initial CPP the lowest CPP 

and the number of that CPP was < and < 

{lyvnl:lnJ;ltin,n and Ventilation: was defined as Pa02 < on 

arterial blood 

observed 

or on orABG.The lowe~Pa02 

was also recorded. PaC02 was recorded as end-tidal C02 in some 

For arterial :::>m,nlt:'c:: of PaC02 were used. Both Pa02 and PaC02 were 

recorded in kPa. For associations between Pa02 and both are in for ease 

of use 

Arterial Hb was recorded as initial Hb lowest Hb and mean Hb for the 

duration of the ICU 

Serum The concentration of serum sodium was recorded in mmol/L. 

Fi02: The ventilator fraction of was recorded as an variable. 

Other monitored and calculated 

calculated were the TCD 

that were also recrded or 

inri",.,,,,," and Pbt02/Pa02 ratios related to the Fi02 

of the Pbt02 catheters. Further details of these ,,:::>,r<>n!'lgtgrc:: are in the sections on 

and 17 to 1 

treatments that received were recorded. These included the use of 

and 
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Patients were evaluated at clinical examinations. Assessments the neurosurgeon, 

rehabilitation and '''''{''-I(":oI. 

were considered in final outcome evaluation. 

Outcome was recorded the 'I"'h,ntnrn",orl into favourable 4, moderate 

or 5, and unfavourable state and severe 

is a 

the GOS was not 

used scale for assessment of 

outcome it 

and most neurosurgeons are 

familiar with its use 54, 66, 99, 172, 176, 229, 395, .... ,,' .. 'o'''or the Paediatric Cerebral Performance 

Scale was also used to confirm these data 15, . The PCPCS was also dichotomised 

(1-3 for favourable outcome and 4-6 for unfavourable Deaths were recorded as 

occurred in the ICU in the ward within 30 

All data were with R statistical 

a statistician 

data were examined with combinations of correlation 

r",r\"r4~"'rI as 

where 

effects 

univariate and multivariate linear 

Where necessary, additional statistical tools were 

odds models and 

and all 

and Stata software 

of Town. In 

coefficients 

linear mixed 

P-values are two-tailed. statistics are ror,,,nr,,,,, as mean 

SD or median and range and range, on distribution characteristics, In 

variables with normal distributions are described as mean ± 

skewed distributions are described as median nc>I'ltlf'C: of the statistical 

are in the section. Wherever 

were used rather than summary data. 

while those with 

for each 

raw data 



Univ
ers

ity
 of

 C
ap

e T
ow

n

9 

Data were collected prC)SpeC1We from a consecutive series of who underwent 

Pbt02 and ICP for severe TBI S at Red Cross War Memorial Children's 

between June 2006 and which forms the bulk of the in this some 

"<:Itl.::>"t" over a shorter of time to when the was done. 

Where the latter is the case, the 

old, which is in accordance with the admissions 

Children with TBI were considered for 

deteriorated to this level after 

dates are 

of the 

All "<:Itl.::>"t" less than 15 years 

if their 

extubation was 

GCS was S 8 or 

for a 

brain death was or the "<:>'Ii.::>,,t was considered to be 

initial assessment 3/15, dark brain on admission head CT scan and fixed dilated 

Occasional .... o>t,,,,,,,t,, did not receive rnrlnlt'>r' because Pbt02 catheters were not available or all 

Licox machines were in use. All of these ,..."t,,,,,,t,, survived. Outcome is restricted to the 

n<:lti.::>ntc: who received Pbt02 

Patients were resuscitated to the Paediatric Advanced Trauma Life uU'-'OJ'JI 

underwent endotracheal intubation and head CT and were ventilated in the 

ICU. Informed consent was taken from the of the child for intracranial 



Univ
ers

ity
 of

 C
ap

e T
ow

n

of ICP and CPP were in with the Guidelines for the Acute Medical 

of Severe Traumatic Brain in Infants, and Adolescents 4. 

intracranial haematomas were evacuated. General ICU treatment was directed towards 

and 

consisted of 

the head of the bed to 15 to 20°, maintenance of rectal 

maintenance of serum sodium;:;: 140 mmol/L. 

ICP was measured with a ""'T"IT"/ device or an 

monitors were used: Codman ICP 

and Pbt02. Basic 

and/or 

between 36 and 

monitor. Two 

elevation of 

and 

and available 

Camino NJ). ICP was treated if sustained at > 

there was a to lower this threshold in < 2 years old. If ICP was 

head CT to ensure that there had been no late of intracranial 

haematomas or The 

and where 

for elevated ICP was influenced the 

took into account concurrent 

TCD flow velocities and status of AR. Intracranial 110'~nll'0 the above conservative 

measures was with increased neuromuscular 

controlled moderate and/or saline and/or 

in a fashion. 

Controlled moderate n\l,'\or"""n' 28 to was used in accordance with 

5 and for brief as a second-tier to break of 
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Its use was controlled Pbt02 if Pbt02 was than 

and TCD. No 

transcranial TCD or Pbt02 

34 to 35 

was < 155 mmollL. 

underwent severe or 

occurred at lower 

If 

PaC02 was returned to 

saline was used to treat elevated ICP if the serum sodium 

was used for elevated ICP to conventional medical 

treatment if the 

effects in 

BP was stable, I-1rr",ntn was not used because of the concerns of adverse 

fatal lactic acidosis 9, 418, DCH was used as a second-tier th",r"''''\\/ for 

with rorr'<>f'tn"" elevated ICP who did not to or for 

ICP control where ICP increased to :2: or BP was too unstable for For DCH a 

unilateral skin was rrn,'rn".ti and the dura was with 

a The bone was stored in a bone in a sterile manner and 

within 4 to 6 but up to 3 months later on the clinical condition. 

nth,,,,rrni<> was not used. 

CPP was calculated as MAP minus ICP of CPP was based 

on the 8, which recommended CPP > as an 

that CPP may a continuum based on the age of the A more 

conservative was used for children < 2 years old for whom CPP of 45 was tolerated 

if Pbt02 was > In the to CPP was influenced the 

ICP and Pbt02 values for the as well as TCD and AR results where these 

were available. CPP was first the was euvolaemic. If intravenous 

isotonic were infused until an 

assessed clinical urine 

noradrenalin or tin,,<>,m was 

volume status was obtained. Volume status was 

central venous pressure and BP, If the 

was used to elevate MAP. 

If Pbt02 was low CPP > one of the methods orr.n'C1\1Q,n to ''''''1''11''''\\.10 Pbt02 was 

elevation of CPP 5 to 10 This was tested the Pbt02 and ICP response. If the 
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rr":::.nt".,, cPP to Pbt02 or caused elevation of as with this was 

discontinued, 

Pbt02 was measured with Licox catheters 

inserted into head 

lesions. In selleclted cases, catheters were 

which included 

which were 

white matter [f there were no localised 

in tissue considered to be at risk for ,,,,,h!>,orn 

near an area of 

with more marked The of the monitor was 

confirmed on head CT. An initial Fi02 confirmed that the was 

312 Pbt02 was as less than 20 and was treated 

a hierarchical treatment in a cause-directed This meant that at all times a cause for 

low was searched for and addressed where PO~5SI[)le, In the absence of 

cause the measures were used on TCD 

flow velocities and status of 1) elevated or borderline ICP was treated 

more if nr"""'o,'H "'..,"fin,,, BP was elevated to test Pbt02 at a CPP with 

volume 

elevated 

unless loss of AR caused concomitant increases in ICP with 

PaC02 was tolerated to induce cerebral vasodilation if ICP was not 

blood was transfused to increase Hb to ~ 10 and the fraction of oxygen was 

increased as an emergency rn..",...r':>n, measure or if Pbt02 remained low"""'''''''''''' "' .... t;'''';" of the 

above 

Patients remained intubated and ventilated for the duration of intracranial 

to maintain Sa02 > 95% and Pa02 

maintained in between 30-35 to unless 

Ventilation was 

PaC02 was 

in ICP or 

51 
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if extubation was eX[Jecrea to be 

after 1 
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This section ro.r,,-,,..I,,, the results of the 52 children with severe who ro ..... "",on the main for 

and clinical 

and outcome, TeD and AR results are their res;pectl\fe 

treatment 

sections 

18 and 1 because a smaller number of n<>t,a.ntc nested within this group 

because of selection criteria. 

These results to all children with TBI who underwent 

the June 2006 to 2008. Data collection was as cen'''i'',l·,ori 

and biased data recorded terminal 

excluded. Terminal data were defined as those collected after a 

criteria. For who received 

recorded data were 

accounted for 1.9% of this total. 

with 

or arlefactual data for 

and Pbt02 

8. To avoid skewed 

who died were 

had fulfilled brain death 

a total of 5619 hours of 

monitored variables 

Baseline and clinical variables on admission are summarised in Table 1 
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1 : 

Characteristic 

Gender 

Initial GCS 

GCS3 

GCS4 

GCSS 

GCS6 

GCS7 

GCS8 

Motor ofGCS 

reaction on admission 

PTS 

PIM 2 score 

CT classification 

Initial 

Initial 

Initial MAP 

reactive 

nonreactive 

nonreactive 

II 

III 

IV 

Evacuated mass lesion 

Non-evacuated mass lesion 

Value 

39/13 

5 1 

5 

9 

12 

10 

11 

5 

3 (1 

41 

5 

6 (11 

3.S (-1 to 

0.16 0.2 

3 

31 

13 

3 

2 

a 

14 

13 

76 ± 19 

Values are as mean ± SD median and range where <::n"'·rlt"~1i 

months-14 yrs 

or as numbers and 
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The distribution within age groups was: <2 years 9.6%), 2-3 years 4-7 years 

8-11 years 6, and 12-14 years There were 39 

and 13 

Mechanisms of were: motor vehicle accident-related in 40 (76.9%), crush injury in 3 (5.8%), 

wound in 4 (7.7%), blunt assault in 2 (3.8%), fall from a in 1 (1.9%), stab to the head in 

1 (1 and non-accidental accounted 

for 9.6% of cases (38%) roconlon with 

Thirteen an initial SBP < and 14 initial 

or before or on admission to the 
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The median time to start of Pbt02 

was started :5 12 hours after 

and> 24 hours after in 5 

was 9 hours 7-17 after 

between 13 and 24 hours in 13 n:::lt.ontc 

The of 

1 to 19 and duration of mnnit,"'lrirl .... was 5.3 ± 3.1 

in the ICU was 7.7 ± 4.3 

to 15 

Table 2 and 3 summarise the results for of variables and of abnormal values 

as~;OclatE:d with Pbt02 or ICP for variables There were no 

Technical 

There were no technical 

to an area of contusion 

in 3 

were encountered with 2 ICP monitors that 

encountered with the Pbt02 monitors. Pbt02 was monitored close 

not within the in 5 cases, and in 2 locations in the same 
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Values are "''l<r,r",,,,,,,,(1 as median and range. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

well as the number of 

as 

Characteristic 

Pbt02 

Pbt02<5 

Number of 

Pbt02<10 

Number of 

ICP 

ICP>20 

Number of 

m1CP>20 

9 terminal data 

to the variables in the Values are 

",",)IJU":"> above or below thresholds for all or number of 

who nor":'nl~Qn values above or below the 

Value 

9.7 range 0-28.3 

0 0-20 

1 range 0-22 

26 

28.3 range 0.6-53 

31 range 9-76 

14 (11-1 range 3-60 

14 (12-1 range 3-60 

6 (1 range 0-128 

43 

24 range 0-61 

as median 

as 

thresholds 
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cpp 

CPPlow (mmHg) 43 (33-50) range 0-73 

CPP<40 o (0-2) range 0-24 

Number of patients (CPP<40) 20 (38%) 

CPP<50 3 (0-12) range 0-77 

Number of patients (CPP<50) 58 (73%) 

Pa02 

Pa02<8 (episodes) o (0-0) range 0-16 

Number of patients (Pa02<8) 12 (23%) 

Pa0210w (kPa) 10.4 (8.4-13) range 5.5-38.3 

8a02 

Sa02<90 (episodes) o (0-1) range 0-9 

Number of patients (Sa02<90) 18 (35%) 

Hb 

Hb10w (g/dl) 8.8 (7.9-9.3) range 6-13.6 

Values are expressed as median (lOR) and range. 

59 
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Values for 

31 

lowest CPP was 43 

occurred in 20 n<>t,ont<! 

Pbt02 

for Pbt02 > 

occurred in 11 

and 

Of the 52 

received 

and were 14 (12-1 

DlSIJOE!S of ICP > occurred in 43 

for CPP 

of CPP 50 occurred in 58 

was 34 ± 13 

occurred in 26 n<>t,ontc: 

The medians for the lowest Pbt02 and 

underwent DCH (1 for diffuse brain 

received a 31 

Ten 

received 

Mean 

and Pbt02 < 

were 10 

(1 

and 

40 

to 

received HTS increase serum Na or to treat elevated These 'Qnir,,::,<! refer 

who underwent Pbt02 """",t,,,,,, 

This cohort of children a reliable of with severe TB I 

GCS of 5, mean age of 6.5 years abnormalities on admission were seen in 21 % of 

and 38% were is unusual in the 

but accounted for almost 10% in this group. 

Abnormalities in monitored variables were in these low BP and 

thresholds for insults each occurred in about one of the 

ventilation and of these variables were common. while in the 
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Pa02 and low 8a02 of these ICU occurred in 23 to 

elevation above occurred in more CPP decreased on occasion to less 

than in almost three of the and to less than in more than one 

third. Half of all t::>V"">rIiOn,~ari eplsQ(Jes when Pbt02 to < 1 and over 

of Pbt02 < .... frlfTIl-ln 

These data the of COI~nrlri insults in children with severe TBI and nrnMU1,,,, the 

in the Tnlln\Allnn 

6 
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Ii 

a in hi ren 

The of and critical care of children with severe TBI is to avoid or 

ameliorate to maximise the chance of a favourable outcome. Guidelines have been 

which aim to direct TBI based on available evidence 4. These 

resuscitation of the evacuation of intracranial control of 

most maintenance of and avoidance of insults. 

recommendations were set at the level of an because evidence from available studies was 

weak. Fewer studies are in TBI to adults and 

with to thresholds for are 

norms with age. 

A in neurocritical care is the 

evidence from nn'co'_,-nnrt""m 

of oxygen to the brain to 

and clinical studies 35,64, 

cerebral 

that 

adherence to 

cerebral 

information to 

between low Pbt02 and poor 

Pbt02 

These both involved small c",,-nnIQ'" 

is 

to poor outcome. 

and function may not avoid 

used to obtain additional 

with TBI. Studies in adults have confirmed the 

but 2 studies have examined Pbt02 in children 

and 16 In the 
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between Pbt02 and other markers in TBI has not been studied. 

aims to examine 1) the ral,::.f ...... , monitored and in 

and outcome in a .. ,,> •• on.£, with severe and the 

between Pbt02 and other pn'lfSI(Jlo.qlcal variables in severe TBI. 

Data 

Data from a consecutive series 

severe TBI at Red Cross Children's 

collected. The for 

who underwent Pbt02 and ICP mU,rm1'1 for 

from June 2006 to 2008 were 

initial assessment and 

data COlllecltlon and outcome assessment were summarised in 

and treatment variables in this cohort of 

8. 

Results for are 

in examines the associations between several variables and 

indices of Pbt02 and the associations between these variables and clinical outcome. Outcome was 

examined as described in 

PCPCS were examined. 

8. associations with overall GOS and 

correlation coefficients were used to test correlation between Pbt02 and other 

variables. between clinical and variables and outcome were 

examined with the Wicoxons rank sum test for continuous variables and Pearsons test for 

variables. Variables with in univariate were entered into a 

multivariate model. models were constructed for individual 

Pbt02 Values were examined as continuous and variables. 

models were constructed 

and Further 

for GOS 

was 

into favourable and unfavourable 

on all Pbt02 variables to derive 
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as 

Data 

as variables. Results are to examine thresholds of 

ratios and confidence intervals unfavourable outcome and death 

was set at 

range 

l"''''l"'r""tl\.''' statistics are 

52 with severe TBI who received 

as mean±SD or median and 

for CPP and Pbt02 between 

June 2006 and 2008 were 

The .... , .... ,,, .... '''' correlation coefficients and I'n.·'".' .... ''' for the associations between 

Pbt02<10 and and all 

treatment variables are shown in Table 1. No variable was 

but individual associations were found with initial GCS 

m1CP>20 

use of inr'ltrr'll"l"'" Pbt02<10, 

and 

associated with all 

PTS 

CPP<40 
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of each variable with Pbt02 

Pbt0210w Pbt02<5 Pbt02<10 mPbt0224 

Initial GCS 0.21 (0.1404) -0.35 (0.0113)' -0.26 (00625) 0.03 (0.8545) 

Motor GC5 0.17 (0.2307) -0.11 (0.4576) -0.21 (0.1378) 0.14 (0.3279) 

Gender -0.15 (0.2903) 0.002 (0.9887) 0.15 (0.2829) -0.20 (0.1495) 

Age 0.21 -0.01 (0.9327) -001 (0 9276} 0.041 (0.7748) 

PTS -0.15 (0.2817) 0.10 (0.4709) 0.33 (0.0175)* -0.08 (0.566) 

PIM2 -0.07 (0.6208) 1 (0.4568) 0.07 (0.6012) -0.09 (0.5321) 

CTclass -007 (0.6286) 0.09 (0.5474) -0.02 (0.8974) 0,04 (0.7652) 

ICP>20 -0.09 (0.5105) 0.02 (0.8658) 0.06 (0.6641) 0.05 (0.7091) 

m1CP>20 0.03 (0.8592) 0,07 (0.604) -0.04 (0.7821) 0.29 (0.0377)* 

ICPpeak -0.09 (0.4897) 0.11 (0.4421) 0.09 (0.5087) 0.15 (0.296) 

mlCP24 -0.18 (0.1989) 0.21 (0.1258) 0.14 (0.3294) 0.16 (0.2518) 

mlCP -0.18 (0.2121) 0.19 (0 1876) 0.12 (0.396) 0.15 (0.2801) 

CPPlow 0.38 (0.0065)* -0.26 (0.0641 ) -0.27 (0.054) 0.06 (0.6512) 

CPP<40 -0.31 (0.0269)' 0.32 (0.0212)' 0.19 (0.1702) -0.09 (0.5394) 

CPP<50 -0.23 (0.1093) 0.10 (0.4683) 0.1 -0.07 (0.621 ) 

Pupils -0.24 (0.0833) 0.23 (0.108) 0.22 (0.1236) 0.01 (0.9074) 

Initial hypoxia 0.03 (0.8548) 0.D7 (0.6193) 0.01 (0.9481) 0.08 (0.5686) 

Initial MAP -0.01 (0.948) -0.07 (0.6087) 0.08 (0.5577) -0.07 (0.6011) 

Initial 5BP<90 -0.01 (0.9171) 0.02 (0.9101) -0.04 (0.7724) -002 (0.8923) 

Initial Hb 0.04 (0.8021) -0.04 (0.77) 0.05 (0.6994) -006 (0.6498) 

Poly trauma 0.05 (0.7315) 0.05 (0.7342) -002 (0.882) -0.11 (0.4349) 

Pa02<60 -0.22 (0.1193) 0.25 (0.0789) 0.20 (0.1463) -0.40 (0.0037)* 

Pa0210w 0.06 (0.6541) 0.01 (09495) -0.04 (0.7602) 0.26 (0.0618) 

mPa02 -0.24 (0.0841) 0.26 (0.0584) 0.14 (0.318) -0.01 (0.9559) 

5a02<90 -0.28 (0.0438)* 0.27 (0.0544) 0.27 (0.0569) -0.20 (0.1616) 

Hblow 0.09 (0.5409) -0.18 (0.1943) -0.03 (0.8292) 0.09 (0.5238) 

mHb -0.16 (0.268) 0.01 (0.9209) 0.07 (0.629) -0.13 (0.3641) 

Duration. -0.04 (0.8249) -0.05 (0.7139) 0.041 (0.7753) -0.15 (0.2728) 

RBCT -0.08 (0.5951) 0.12 (0.3733) -0.02 (0.9113) -0.18 (0.2038) 

HTS -0.16 (0.2537) 0.041 (0.7758) 0.11 (0.426) -0.14 (0.3254) 

DCH -0.05 (0.7076) -0.10(0.465) 0.13 (0.341 0.07 (0.6168) 

Thiopentone 007 (0.6387) -0.16 (0.2477) 0 -0.13 (0.3581 

Inotropes (0.0276)* 0.10 (0.461) 0.31 (0.0277'- -0.31 (0.0276)* 
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Table 1: <':n~,,,,rnn"'n correlation coefficients 

and treatment variables. 

for associations between Pbt02 ,,,,,,,,,,,I,,,r<:: and 

with an asterisk CT CT 

HTS, \Jn~'rrt'.nlt' saline of times used in each 

of for ICP control; f'r<:>n,,,,,,..tl"lrYI\l used 

ni",(~lnn'v for mass lesion removal in one use of nl"1l"l"1n,"'" to increase BP. 

Overall mr.rt",lit\l was Of the who 3 died while in ICU died within 24 

hours of and 2 died after to the ward. All deaths occurred in 

and within 30 2 after range 1 

died within 24 hours of one 

arrest before admission to the ICU. a 

resuscitated she underwent ICP increase with Pbt02 

the arrest The other 2 

base of skull fractures with 

deaths were both related to 

intracranial carotid The 2 late deaths both 

who 

within hours of 

from 

to be 

related to that oll~"r""::"., after in itial at the scene of the 

Moderate to severe 

outcome was unfavorable 

was at 

in 12 

in 7 of the survivours. 

and favorable 

Dichotomised outcome results were the same between GOS and further 

was n",.rtt"\,·rn£,rj with the GOS. There were no ":>".",t',+,, ,,,::, survivors. Mean duration of 

survivors was 10.9 ± 5,4 months 3-22 

overall 

for 
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The between outcome as the variable and and 

treatment variables are summarised in Table 2. For ease of use, the are 

included in the results for the test was similar to those obtained with the 

Wilcoxon's and 

unfavorable outcome included: 

), 

In univariate 

variables that were 

(p=0.021 and 

were PIM 2 

occurred in 40% 

tests. Variables that had 

and initial GCS 

), Pbt02<5 

). 

all the above variables were still 

and mean Pa02 

with 

1), CT classification 

CPP<40 

), Pbt02<10 

Additional 

of who had a favorable outcome and in 92% 1 ) Pbt02<1 

of who had an unfavorable outcome. occurred in 10% and 67% 

in these groups roc,not""'o in n,=,',anTC' with favorable outcome and 

21.9 ± 1 in with unfavorable outcome. Pbt02 decreased to in all 

who brain death while monitored 

with mortality included initial GCS (p=0.0011), (p=0.001 mean Pa02 

(0.0052), Pbt0210w Pbt02<5 (p<0.0001), Pbt02<10 (p<0.0001), and 

(p=0.001 In univariate all of these variables remained 

while in addition the In",,,,,,,, PIM 2 

and 
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of variables between 2 groups for clinical outcome 

Values are ovnrlc,,,,,,,,on as median or number 

Variable Favorable Unfavorable Coefficient P-value 

Patient age 6 5.8 1] -0.06 0.6914 

Gender 1 [1-1] -1] 0.00 .0000 

Initial GCS 6 4 -0.46 0.0006* 

Motor GCS 3 3 -0.23 0.0941 

15 5 0.04 0.7995 

PTS 3.5 3.5 0.10 0.4653 

PIM2 0.07 1-0.1 0.13 0.20 0.1474 

ICP>20 5 [1 22.5 [1 0.21 0.1367 

m1CP>20 24 25.5 0.22 0.1217 

29 47 0.33 0.0168 

14 [11-16] 20 [1 0.32 0,0198 

13[11-15] 17 [1 0.30 0.0320 

44 29 -0.31 0.0236* 

CPP<40 0 3 0] 0.30 0,0304* 

CPP<50 3 8 0.21 0.1366 

1 [1 2 [1 0.40 0.0032* 

Initial 0 0 0.08 0.5770 

Initial MAP 71 -003 0,8556 

Initial SBP<90 0 0 -0.11 0.4570 

Initial Hb 10 1] 10.5 1] 0.02 0.8636 

Pa02<8 0 0 0.24 0.0901 

10.6 3] 9 -0.07 0.6146 

mPa02 23.2 [1 0,22 0.1162 

8.8 8.8 -0.1 0.4852 
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mHb 

Sa02<90 

Pbt02<5 

Pbt02<10 

HTS 

RBCT 

DCH 

Table 2: 

unfavorable 

9.8 

0 

0 

0 

0 

4 

24 

22 

7 (1 

4 (1 

of clinical and 

variable and outcome with the f"rv,rc,,,,,, 

and Pearson's Asterisks 

CT CT 
h"f'\,ort,,,,il' saline 

Innfrnln",o::; use of to increase BP. 

10.4 0.14 0.3167 

0.25 0.0787 

-0.49 0.0002* 

1 0.59 <0.0001* 

4 [1.8-1 0.55 * 

20.8 [11 -0.32 0.01 

20.5 0.52 0.0001* 

138 0.10 0.4789 

3 0.04 0.7542 

10 0.21 0.1416 

9 0.17 0.2235 

3 0.08 0.5721 

4 0.27 0.0507 

variables between who had favorable and 

correlation coefficients for the association between the 

results were found with Wilcoxons rank sum test 

of times use of 

of and duration of 

red blood cell 

for ICP control; 
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Outcome Variables that were entered into multivariate models included age, initial CT 

Pa02<60 and all of the Pbt02 was 

forced into the model because of its clinical All Pbt02 variables had 

with outcome in multivariate had a 

with outcome when 

dichotomised variable 

were also found for initial 

as a continuous variable 

at 1 

CT and 

but not when as a 

associations with outcome 

when tested multivariate 

models with some, but not all Pbt02 "<l,·",...".ot,::.rc Table 4 summarizes the Odd's ratios for 

the multivariate results of Pbt02 

variable. 

Pbt02 

outcome from mUltivariate 

Parameter 

Pbt02<5 for >1 hour 

Pbt02<10 for >2 hours 

P-values, 

examined as dichotomised variables with outcome as the 

dichotomous 

models 

P-value 

0.015* 

0.021* 

0.062 

0.002* 

OR 

24.6 

27.4 

10.8 

8.9 

47.6 

with 

Confidence Interval 

2.8-214.6 

1.9-391 

1.4-82.4 

0.9-87.5 

4.2-543.6 

ratios for unfavorable 

0.561 

0.54 

0.563 

0.521 

0.564 

confidence intervals and for each multivariate model 

variables not Odds ratios are r"'n,m1~'r! as the Odds of unfavorable outcome. 
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Variables that ronf'l;:>II"Iof'i in the final 

and the Pbt02 

in multivariate 

when tested in models with 

dichotomised Pbt02 ,,;:>,';:>m,oto tested with 

Pbt02 dichotomous 

multivariate models 

Parameter P-value 

0.016* 

for >1 hour 0.005* 

Pbt02<10 for >2 hours 0.017* 

0.012* 

OR 

26.9 

26.8 

20.4 

25.8 

43.3 

initial 

nn'~nTII\' associated with 

associated with 

as the f101"lorlf1 

the multivariate results for 

variable. 

with Odd's ratios for from 

Confidence Interval 

1.9-387.4 0.464 

2.7-265.0 0.33 

1.7-244.7 0.442 

2.1-323.9 0.439 

3.8-491.3 0.453 

Odd's ratios confidence intervals and for each multivariate model variables not 

Odds ratios are as the Odds of unfavorable outcome. 

71 
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In this 

is an 

we examined ~ol'"Tlr''' between and treatment and in 

and outcome in 52 children with severe TBL The main were: 1) Low Pbt02 

in children factor associated with and outcome 

with severe Pbt02 was less and for a duration of time in with poor 

with other such as initial and ICP had a variable ~""":lTIr'nc 

Pbt02, 

There are several limitations to this the size is it is 

because it includes children with severe TBI who were less than 15 

years old. Se:>.("nrlr1 the age range months old to 14 years wide differences in 

thresholds. a number of in each age should be 

examined as there may be differences in thresholds that may be tolerated. 

few institutions treat numbers of children with severe TBI for this to be 

in nale-c:enlre studies. In this age was included in all multivariate models 

to control for its effect on the association of different variables with and the associations 

between different variables and Pbt02. outcome evaluation in children is difficult and 

was not in this the GOS and used in 

this can be dichotomised to enable examination for associations with death and severe 

These outcome assessments are used in are "'~"""fI""<>1 and allow 

for with other studies. this was not a pure observational in that interventions 

were directed at low Pbt02. Untreated low may have different associations with other variables 

and outcome even Pbt02 is associated with the effect of 

interventions for low Pbt02 were not therefore no comment can be made on which 

methods may be what their adverse effects are, and what these may have on 
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outcome. the Pbt02 data does not contain detail to allow a more cn<>",t,,, conclusion 

on what are the thresholds for Pbt02 that are associated with poor outcome. these 

these results show the association between low Pbt02 and poor outcome in 

TBI and that future studies to examine the of interventions for low 

Pbt02 in children would be 

The between other measures and Pbt02 were variable. 

with low Pbt02 were seen with lowest of of 

and of Sa02<90%. The association between Pbt02 and measures of 

arterial is not because is a known insult that may 

worsen outcome in TBI 64,273. Pbt02 is a measure of oxygen therefore it is influenced 

Pa02 236,296. Mean Pa02 was in who had a poor outcome and who 

died. This may reflect Fi02 used in unsuccessful to increase low Pbt02 in these 

A direct 

data reveals the 

was associated with 

of 

between mean Pa02 and 

Pa02 levels occurred in the 

but not with 

TBI recommended 

because 

Of 

CPP above 

of the 

low Pbt02 

of the 

at the level of an 

and CPP may 

had a 

a continuum 8. Of the ICP 

mean ICP above 

ICP-directed versus CPP-directed 

either as better 278, 294. 

been 79, 81 

with mean Pbt02 in the first 24 hours 

of has been debated but no clear evidence 

the benefits of ICP monitor-based have 

thresholds for ICP and CPP do not 

treatment in individuals based on eCE~ss;anlv avoid brain 

additional measures has been 31,271,305 
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Indices of low Pbt02 were 

models. Other variables that had 

associated with poor outcome and 

with outcome in univariate 

in multivariate 

CT and low CPP. The latter variables were in multivariate 

models for GOS with some, but not with all of the Pbt02 indices. None of these variables 

had a with when included in models with Pbt02 indices. In 

multivariate models that included initial CPP and age, low Pbt02 

r-r"",,,,to,,tl,, as an factor associated with outcome and The likelihood of 

of low Pbt02. If poor outcome was 

Pbt02 was < 

related to the duration and the of the 

for more than 1 the Odd's ratio for poor outcome was 27.4 1.9-391) 

and the Odd's ratio for was 26.8 If Pbt02 was < 1 for more than 2 

hours the Odd's ratios for poor outcome and were 10.8 1 and 20.4 

These data confirm results from studies in adult 

group of children with severe TBI. 

with TBI in a 

This demonstrates a 

severe TBI after pal:;OI,am 

between low Pbt02 and measures of poor outcome 

and poor clinical outcome based on the GOS and 

of clinical and age. The overall 

between low Pbt02 and insults such as and Pa02 was 

but may be in individual ",,,,,.an',, 
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12 

in 

Note: In this cC/-h"" ... results of Pbt02 from n<:>tlcntc 

were included to increase the 

with other clinical conditions the 

and of results. If Pbt02 is same time 

related to cerebral the results should be consistent across different 

Cerebral infarction is a known of acute 

and is associated with poor outcome. In TBI for 

such as TBI and 

clinical studies demonstrate that 

traumatic cerebral infarction is common and may occur in 8 to 19% of adults with moderate or 

severe TBI 220,359, the incidence is lower if with mild TBI are included 239 Post-

mortem studies show that brain ischemia is common in n",t,ontc who die after TBI 127, 128. 

these studies have 

children is not known, This is In"'iYV',""1'''' 

examined adult 

because 

and the incidence of PTCI in 

remains the cause of death in many 

of the world and children who sustain TBI have the 1 ), 

infarction after other disorders e.g. is common and is associated with adverse 

if children are young or there is a in treatment 61, 317, 318. 340. 

the immature brain may be less tolerant of insults than believed 413 
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In all forms of acute a range of local and mechanisms may be involved in 

the 

mass 

vascular 

of cerebral infarction not nr""~,,,,~t at the time of admission to nn<>nlT,;:o1 

elevated of flow-metabolism 

vascular vasospasm. 

128. 239, 266, 359, This cerebral infarction 

however conventional ICU may not at risk of nVIJO):lC-IS 

or DCI until is too late to intervene. 

These include 

focal 

and direct 

Pbt02 rnnl~ltnlrmrl ",..'"n',,, may detection of DO:Xla-ISICm~ernia to 

enable intervention. n\M"\I~>r there are a number of uncertainties, Pbt02 is a measure of 

local tissue oxygen tension with a microcatheter that ,>"",,,Ie,,,, a volume of brain of 14-1 175, 

the Pbt02 monitor may reflect reductions in it 

may not exclude focal that occurs in other of the brain, It follows that the issue of 

of the monitor is 

some debate, It may be too 

the 

to view Pbt02 

of the Pbt02 is to 

as a measure of the balance between 

and demand because it is the dissolved oxygen in rather 

than arterial oxygen content or local oxygen 296 the between 

Pbt02 and DCI in TBI or has not been defined. some on Pbt02 and 

cerebral infarction after subarachnoid is available 162, 174, it is less certain whether 

information from Pbt02 monitors can detect or to infarction after TBI or 

this examined 1) whether Pbt02 DCI in children with 

in the association of other clinical and with 

and the incidence of DCI after severe TBI in children, 
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Data were extracted from children who underwent Pbt02 between June 2006 and 

200B. General selection of assessment and were as summarised in B. 

were included in the if 1) they had a Pbt02 had 

or and the last scan 

was at least one week after the initial unless an earlier scan demonstrated obvious 

infarction for who died within the first Patients who brain death criteria or 

in whom brain death was imminent in the emergency room on admission to the did not 

Patients who were admitted to the ICU but were to be extubated after 

admission because of 'ITIr1rr\\IQn condition also were not monitored. 

In head CT scans were on after 24 and thereafter when 

indicated. Initial head CT scans after TBI were to the Marshall 

classification 223. of with were examined for the presence of brain 

infective mass lesions and the of contrast enhancement. 

To determine if DCI the of all scans for each was 

reviewed and each CT scan was examined for brain h",,,",rion in vascular territories 

2 one of whom was a When there was a third 

reviewer examined the CT scan to reach consensus. All were blinded to the Pbt02 data. Well-

circumscribed 

were considered to 

on 

on CT scans but not nr£:l,,,.,,,,, ... t on the initial CT 

DCI. These were classified as infarction if 

scans or were observed on the last scan of who 

remained 

died. 
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To differentiate ischaemic lesions from contusion after a lesion had to 

be at 3 weeks or more after without of resolution 220, or had to be confirmed 

in who died before this time and who a 

examination If there was a on the initial scan, DCI was 

if this increased in size or a new in a anatomical 

was detected. DCI was classified 220, 359 as well-demarcated of low attenuation 

a watershed to 1) a known arterial vascular distribution 

distribution that affected zones between internal carotid or 

vertebral or in terminal zones of arteries. 

In as described. In antibiotics were 

administered for and ventriculostomies were for 

The of clinical and data was the same as documented 

Data were tested for with the test. and Pearson's correlation was 

used to test the association of individual variables with DCI. Correlation coefficients are as r. 

Differences between the 2 groups who rI<:>,,<:>I'"ln,,'rI DCI and those who did were further 

tested with the Wilcoxon rank sum test. Variables with were entered into a 

model to test for associations with DCI. Further was 

on all Pbt02 variables to derive to examine thresholds of Pbt02 as 
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and 

variables. 

range 

was set at Data are as mean ± SD or medIan 

had Pbt02 monitors between June 2006 and 2008. Five 

were excluded from 

less than one week after 

because no infarct was documented but their last head CT scan was 

re""ent<:>t,nn This left 57 """t,entc in the The indications for 

and clinical characteristics of the ",,,,t,entc are summarised in Table 1. The most common indication for 

Pbt02 

1 

was severe TBI This was followed 

"",t,Qntc with TBI had severe TBI and all with 

and were in coma 3 to 

IT",.n .. ,,,,,",,,, had tuberculous The mean age for all 

n<>t,entc with 

had severe edema 

Five of the 6 n<>t,ont", with 

was 6.1 ± 3.5 years. For 

TBI the mean age was 6.4 ± 3.4 years 9 months to 14 and for with 

the mean age was 3.8 ± 3.9 years 1-5 
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TBI 

TBM 

Bacterial 

Extracranial 

Metabolic 

GCS 

GCS3 

GCS4 

GCS5 

GCS6 

GCS7 

GCS8 

Thirteen """.onte 

1 bacterial 

reactive 

nonreactive 

nonreactive 

extracranial 

48 

5 

1 

1 

1 

7 

9 

13 

10 

12 

6 

6.1 ± 3.5 years 

43 

6 

8 

evidence for DCI on T""" .. ,'_' head CT scan (8 

of time for The median 

3 

from admission to last for survivors was 54 

deaths (1 in the whole group, All 9 deaths occurred within the first 30 

19-1 There were 9 

and 8 occurred 

while in the ICU. DCI were documented in 8 of the who died and in 5 (1 of the 

survivors. Table 2 lists the distribution of infarcts and Pbt02 location. In 2 of the 13 """,.on." 

with DCI, the infarct was in the Icnh'::>r''::> contralateral to the Pbt02 monitor 
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scan 

Left MCA frontal 

2 MCA Left frontal 

3 Left PCA Left 

4 Bilateral ICA frontal 

5 Left ICA Left frontal 

6 Left PCA Left frontal 

7 Left MCA Left frontal 

8 BiiaterallCA frontal 

9 Left MCA Left frontal 

10 Left MCA frontal 

11 Left MCA Left frontal 

12 Bilateral ICA 

13 Bilateral ICA frontal 

The incidence of DCI in TBI n<:>t'j",ntc:: in this group had Pbt02 monitors and met the 

was 16. 7%. To estimate the incidence of DCI for all who were treated for severe TBI 

this we further examined all admissions to the ICU for severe those who 

did not Pbt02 

but were not monitored with Pbt02. Most of these 

with severe TBI were also treated in the ICU 

had lor II Marshall scans and 

81 
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were extubated because of an level Pbt02 

was not instituted. The same criteria were for inclusion in the 

from Pbt02 Nineteen of these met the entry criteria for evaluation of 

and were examined. Of these one who had non-

accidental DCI. All in this group survived. 

for the whole group admitted to the ICU with severe TBI in the 2 year with 

without Pbt02 the incidence of DCI was 

13.4%. The results to who underwent Pbt02 

and 

Clinical and variables with the correlation coefficients for each variable and the 

of infarction for the 2 groups 

summarised in Table 3. The lowest Pbt02 was :5 

of Pbt02<10 occurred in all 

of those who did not. of 

<1 

with and without DCI 

.... ""nnt<- was almost 8-fold 

± 3 ). The duration of 

(1 0.4±11 1 versus 0.3±1.2 

1. 

Initial GCS 

Patient age 

ICP>20 

m1CP>20 [mmHg] 

3 

5.5 

10 

26 

6 

6 

5.5 [1 

24 

The 

1] 

with and without DCI on 

in all who 

with DCI but in 

occurred in 85% 

head are 

'''::'', .... n~>rI DCL 

41 8 of 44 

1 of 1 and 1 

of time that Pbt02 was 

without DCI (12.7 ± 13.2 versus 1.6 

was almost 35 times in the DCI group 

for the 2 groups is shown in 

-0.573 

0.103 

-0.026 

0.233 

<0.0001· 

0.445 

0.850 

0.081 

as 
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41 29 0.164 0.223 

20 [1 14 [11-16] 0.255 0.055 

14 [12-21] 13 [11-16] 0.177 0.187 

24 [1 44 -0.329 0.012* 

CPP<40 7 4] 0 0.275 

CPP<50 8 8] 3 0.142 0.294 

2 0.496 <0.0001* 

Initial 0 0[0-'1] -0.060 0.655 

Initial MAP 69 -0.142 0.291 

Initial SBP<90 0 0 0.176 0.192 

Initial Hb 8.7 1] -0.251 0.060 

Pa02<8 0 0 0.104 0.439 

10.2 10.7 3] 0.037 0.785 

mPa02 21.7 [16.2-28.1] 19.6 [1 0.052 0.700 

8.7 8.8 0.028 0.836 

mHb 10.5 10 0.158 0.241 

Sa02<90 0 0 0.158 0.239 

0 7] -0.626 <0.0001* 

Pbt02<5 6 6J 0 0.681 <0.0001* 

Pbt02<10 6 9] 0 0.646 <0.0001* 

13.3 1-1 -0.454 0.0004* 

54.6 0 0.641 <0.0001* 

of clinical and variables between who DCI and 

those who did not of and duration of 

correlation coefficients for the association between the variable and DCI 

with the Asterisks denote results. 
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Figure 1: Comparison between patients with and without DCI for the Time-Hypoxia product (Chapter 

8) reflecting the burden of brain hypoxic-ischaemic injury (p<0 .0001). 

Relationship between Physiological Variables and DCI 

Variables that had significant relationships with DCI (Table 3) included initial GCS, pupil reactivity, 

CPP10w, CPP<40 and all Pbt02 parameters (Pbt02Iow, Pbt02<5, Pbt02<10, mPbt0224 and Time-

Hypoxia product. There was a trend observed for association between ICP and DCI (m1CP24 

[p=0.055] and m1CP>20 [p=0.081]) and initial Hb (p=0.06). Pbt02 parameters were then examined 

with logistic regression to determine the risk of DCI at defined thresholds (Table 4) . The Odd's ratios 

(OR) for DCI and 95% confidence intervals (CI) for specific Pbt02 parameters were as follows: if 

mPbt0224 was less than 16.5mmHg the OR for infarction was 22.5 (5-107), if a patient experienced 

84 
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Pbt02<10 for more than hour the OR was 54 

more than 1 hour the OR was 70 

<0.0001 

Pbt02<5 for >1 hour <0.0001 

Pbt02<10 for >1 hour <0.0001 

<0.0001 

<0.0001 

and if 

in 

143 

70 

54 

22.5 

45 

13-1526 

10-476 

6-477 

5-107 

8-260 

Pbt02<5 for 

Odd's ratios confidence intervals for Pbt02 n:::.r:::.mplpr.:, Odds ratios are .. ::>n,,.,,"',,,,,,, as the Odds of 

".:>".:>,,...,,,n("1 DCI. 

and clinical variables found to have a 

entered into multivariate models. Different Pbt02 

models. and Pbt02 

with DCI in univariate were 

were examined in multivariate 

remained in the final model. Pbt02 

factors associated with DCI in 

multivariate 

multivariate 

and each Pbt02 remained 

and 

in 

8; 

GCS also was an variable associated with DCI when tested 
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and but not when tested Pbt02<5 Pbt02<10 

Pbt02 was on more than one occasion were almost 27 times more 

When 

to have 

DCI than those with one or no ':;"IJI;:)V'Jt::;:) when controlled for GCS 

1, CI 0.6-1 and 4, CI 0.4-41). ICP and CPP 

did not have an association with DCI. There was a trend to with 

when tested with Pbt02<10. GCS was associated with DCI when tested with 

o and mPbt0224 but not when tested 

5 shows results for Pbt02<5 in a ITI\IQn,,,,,, model with 

5: 

Pbt02 < 5 for >1 hour 

GCS 5 

>2 

0.002 

0.110 

0.240 

26.9 

9.3 

4.0 

and 

Odd's ratios and 95% confidence intervals 

This examined associations between clinical and 

and DCI in 57 selected children with acute 

Pbt02<5 11 

3.5-206 

0.6-143 

0.4-41 

for Pbt02<5, GCSS5 and 

and in 

in an ICU. The main 

were: 1 Low Pbt02 is an factor associated with DCI in children with severe 

Pbt02 was 

than those DCI is very 

and reduced for a 

if Pbt02 is 

duration of in with DCI 

>1 which is consistent with 

similar thresholds associated with clinical outcome after T81 384, and with critical reductions in C8F 147, 
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,and when Pbt02 was < for more than 1 hour the risk of DCI was very 

95%CI 

There are several limitations to this this is a center and 

at another centre for external the number of ,,<:>ti.antc who DCI was 

small. Pbt02 or elevated ICP was treated this This may bias the 

results. It also remains unclear whether treatment of low Pbt02 can reduce the incidence of brain 

ischaemial n\HI" .. 'i'" or DCI. If so, it is not known which intervention is best suited to DC I. 

ischaemia in areas remote from the Pbt02 monitor that did not 

progress to 

cerebral ischaemia. 

I.e. these data do not nr,..""",c an estimation of the true incidence of 

CT was used to 

resonance 

be underestimated. Hn,Ajc\IO 

care and is the most used 

61. 220. 239. 287. 318. 340. 359 

cerebral infarction. 

for infarction. 

not all 

the true incidence of DCI may 

in neurocritical 

rar,,"''''''' that describe DCI after head 

who had a Pbt02 monitor were and 

included in the because of the exclusion criteria. who did not have follow-

All of these survived their 

deficit who underwent 

Pbt02 those with were selected because of their 

tho.rot,nr." this may bias our results toward a incidence of infarction in this 

the Pbt02 data does not contain detail to allow a more conclusion what 

duration below individual Pbt02 thresholds may be tolerated. these results cannot define the 

reasons some who low Pbt02 to infarction and some do not. This 

may relate to the duration of the level of the metabolic of the tissue or 

intervention for these these data confirm a 

between low Pbt02 and DCI. 
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The vast .....,,,,,,,,ru of children in this had TBI. The exact incidence of ngl"""'" brain ischaemia 

after and in in elucidated in because 

variations or limitations in various rn;Q,rQr,r.';Q the 'Q"nrrc: in the literature are rnlntll,N Some 

PET studies after TBI 

PET scans are 

a very low of ischaemia measures 401 ..... n"Alo::>',/gr 

on more stable 

limited. Data from clinical studies 

measures of and mnrt""TI studies 75, 128, 351 a much incidence of np,,;o"/O'n 

in more 

PTel in adults is known to be associated with poor but the incidence and of PTel in 

the is not known. Marino et al 220 rn..-,,",rl'or! PTel in 19% of adults after head 

PTel was the of outcome at 6 months. 

""'TlonTC with moderate TBI and who were in the leu for less than 48 hours. Tawil et 

al 359 a PTel incidence of 8% in r":"",,,,nTC with severe TBI but also excluded all who 

died within the first 24 hours of admission and those with diffuse cerebral infarction due to 

this incidence may on which were evaluated and how the 

of PTel was made. The incidence of PTel in this was 13% in children with severe 

TBI. This differed from the above in adult TBI in that it considered with 

severe TBI and included who died within the first 24 hours and who had diffuse infarction due 

to It is to establish the incidence of PTel in a since 

TBI differs from adult TBI in several ways. For may 

have a effect on adverse outcomes in children than in adults 273, the immature brain may be 

vulnerable to 287, 413, and is NAI, 

which is known to have a incidence of infarction this 

"'Oltlenfc who had a Pbt02 monitor and intervention for low therefore the results may not 

eCE:!ss,anlv be to all children with severe TBI who are not monitored, 
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in this had In the infarction after Six of the 

may occur in 61,340; the exact incidence on the cause of the infection and clinical 

appears to increase the incidence of infarction in children with 

with each had a ventricular catheter to drain CSF and 

ICP was normalised in aiL Infarction was because 5 of the 6 had where 

cerebral infarction is common due to the thick exudate that accumulates in 

the basal cisterns around the arteries of the circle of Willis 112,317. In these cerebral ischaemia 

may occur normal ICP and treatment with antituberculous and steroids 

Pbt02 is a measure of local oxygen t",ni"""in 

brain oxygen when it is 

what the Pbt02 monitor value best needs better it 

appears that the information can be used to limit cOf'Ar.n brain 

ICP elevation of blood and normobaric have been 

oronm;ea to treat brain ,,,,_,'H/rlnV'<:I 76, 168, 194, 263, 301, 338, 349, 373, These interventions may be 

effective in low Pbt02 in 

adverse effects of each. A Pbt02 

with critical brain 

or any other monitor of brain 

"<:It,<>n'", and so may avoid 

there are 

may 

better 

of 

treatment of 

to all and focus on those most 

deleterious side­

to benefit from a 

intervention. 

This found that low in 

associated with DCI in children with acute 

and did not 

when of a 

DCI. 

an nrl'~n".nr!,ont factor 

measures of brain 

detection of low 
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may afford clinicians 

in ,,,, __ ,,.0'''1'''''' care and <:tn~'('ITII('~1 in 

to 

severe 
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13 

ren 

in 

Critical care units that treat children often may not have access to advanced 

and infer the of brain from recommended for 

Hb and Pa02. each these continues to be debated 3, 8, 193. 294 

These do not nel:;e~;sa account for local and 

in local oxygen and 

factors which may 

influence cellular such as cerebral 

269, 327 TI"',AI_rnOT mismatch 74 and increased tissue diffusion barriers 235 

Cpp after TBI remains defined. 

cerebral ischaemic 300, but may increase 

CPP has been advocated to 

adverse effects 294. A association 

between insults and poor outcome is well documented in TBI studies 54.56,66,71. 

98. 170, 180, 273 there is little consensus on CPP for or even the definition of 

8. 
299 The between CPP and metabolism may be disturbed many 

factors 74, 368 Conventional CPP treatment f<>rno't'" may not nr"''''Q'~T cerebral ischaemia in 

all n:::>flonf", whereas may exacerbate edema and 

increase the risk of acute distress 102,294 Pbt02 may address 

some of these issues and allow CPP to be tailored to the and child. This 

evaluates Pbt02 in children with severe TBI to determine whether achievement of 

91 
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Data were collected 

for brain 

2007. 

and intracranial treatment avoids brain tissue 

from consecutive who underwent Pbt02 and ICP 

over a 9-month at Red Cross Children's from June 2006 to 

Patient data were to 1) the incidence of low Pbt02 and examine the 

association between outcome and Pbt02. The incidence of low Pbt02 was calculated for the entire 

duration of 

Pa02 and 

and for the time when conventional to maintain 

were met. For this 

CPP < 

data were excluded when time-linked 

vLl'';;'V'''''';;' of 

fifth for age or clinical of shock 3. Hb and Pa02 < 

< 90% were 

Pa02 were consistent with 

This allowed examination of Pbt02 levels when 

""",nt,,,, th res holds. 

BP less than the 

or 

Hb and 
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Patient 

In the study with severe TBI underwent Pbt02 Mean age was 6.B ± 3.4 

years. and clinical characteristics are summarised in Table 1. 

Table 1: and clinical characteristics on admission for 26 TBI patients for examination 
with Pbt02 and treatment 

Characteristic Data 

6.8 ± 3.4 (9 months-14 

Gender: Male/Female 22/4 

Mechanism of 

MVA 17 

MVA passenger 4 

Blunt assault 2 

Gunshot wound to the head 2 

Crush 

Postresuscitation GCS 

GCS3 

GCS4 6 

GCS5 B 

GCS6 5 

GCS7 4 

GCSB 2 
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Median GCS 5 

GCS motor score 3 ± 1 (1 

abnormalities 

Unilateral non-reactive 2 

Bilateral non-reactive 3 

13 

Time to start of 13 ± 15.4 hrs 

Initial Hb 10 ± 1.66 

Initial MAP 78 ± 16 

oflCU 8±4.2 

of 7.4 months 

Initial CT features 

Diffuse 3 

Diffuse II 12 

Diffuse III 6 

Diffuse IV 3 

Evacuated mass lesion 2 (1 1 

!\Jon-evacuated mass lesion 0 

Where ap~)IICcIO data are ",,,,,,,nt<,rl as means ± standard deviation, except where stated otherwise. EDH, 

extradural hematoma; subdural hematoma. 
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ICP and Pbt02 

hours in 7 

was started within 12 hours of in 17 ,·v·,.,,,,,,.,, and between 12 and 24 

I\n("\,n.fl"\rlr", was started after 24 hours in 2 ~~t'~n'" who were 

other units. Both these 

start of after 

had normal I) admission CT scans. The average time to 

was 13 ± 15.4 hours. The mean duration of intracranial 

123.7 ± 67.1 hours. Mean ICP and CPP the of were 15 ± 8 

15 

16 

Mean maximum ICP and mean minimum CPP were 35 ± 19 

Pbt02 data from 3217 hours were 

of the 2 catheters was used to calculate 

had 2 Pbt02 monitors in 

incidence of low Pbt02. For all 

was 

and 68 ± 

and 40 ± 

the lower 

mean 

Pbt02 the of Mean minimum and maximum Pbt02 were 

10 ± 6.5 and 67 ± 19 

occurred in 24 

Brain oxygen values less 20 

and for the time 

15 1 

At least one of Pbt02 

or 5 for the entire 

were met are 

in Tables 2 and 3 For the defined 11% data 

were excluded because at least one for this was and 23.5% 

were excluded because the defined were not achieved. This left 2107 hours for in 

Sa02 ;:: which all 

and Hb 

were ICP was < 

the achieved 

ePISO(leS of Pbt02 less than 20 56% had 

CPP 50 Pa02;:: 60 

80% of 

less than 15 

had one or more 

32% had 
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less than 10 and 12% had ePISO(Jes less than 5 20% of had no 

ePISO(Jes of Pbt02 < the time that were 

2: 

5 18 

15 

6 

Table 2: No. of number of "OIt,,,,nt,, ",'vncn"",," 

in 17 

7 

1 (1 

5 (1 

one or more eplsO(leS of Pbt02 less than the 

thresholds. cumulative duration of calculated as an average 

from the number of n<:ot,,,,n'<> with Pbt02 values below the r.nrrA"n()y,nirlCl threshold and as median 

in hours. 
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<20 

<15 

<10 

<5 mmHg 

Table 3: No. of "",tion'h:: 

20 

14 

8 (32%) 

3 (1 

number of 

thresholds, Duration, cumulative duration of 

number of with Pbt02 values below the 

treatment were 

5.5 

2 (1 

1.5 (1 

1 (1-1 

one or more eplso(]es of Pbt02 below the ro""o,I''''.(O 

calculated as an average from the 

threshold and nr"'''<;:F'n as median 

range) in hours. * For one patient treatment targets were not met at any 

died within 24 hours of injury), 

during the dataset (this 

This examined 26 children with severe TBI who underwent continuous Pbt02 

their ICU care. Each child was to for 

TBI 4. These and other and Hb among other 

variables while the child receives ICU care. The from this is 

achieving these compromised Pbt02 was common and about one third of 

had evidence of significant brain (Pbt02 < 10mmHg). 



Univ
ers

ity
 of

 C
ap

e T
ow

n

There are several 

that efforts to correct 

limitations to this the is not a pure observational 

rrlr,rf\,y"c,ori Pbt02 were made. This may bias the results. Second, the 

in 

size is small which means results are the data are in that 

who had met treatment «:"('IO',C for and Hb still had severe 

brain < 1 the range of children included in our is 

The children in this were all less than 15 years however. reflect 

of older in a This is since the 

adolescents may be more similar to that of adults than that younger children. There are also very 

few less than one year of age. This is since these "",tront", may have different 

characteristics to that of older children. Because the size is age-

levels of Pbt02 could not be examined. the mean time to start of Pbt02 

was late. With earlier start of brain have been 

the included in this the first who had Pbt02 

at our institution. There a curve associated with 

how to to the information it these these 

tor'hn,f\lrVH' and 

are consistent 

with those observed in adult TBI in the after resuscitation 351 and in 

"""",,,,,nt after TBI in children may need further 

that 

that describe 

The have summarized the current literature on TBI care 4 and 

of data available to evidence-based n,n,tf\""f\I", of 

severe TBI. thresholds to treat Hb 

the foundation TBI care, are not established in children. In most 

clinical studies that address TBI include few and so differences in 

variables often are indiscernible. In the treatment of ICP 2: 7n'Ylrr,l-ln 
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was recommended as an and a 

as an 

below the fifth 

was recommended 7,8 

for age or of 

for cpp for CPP 

resuscitation was defined as SBP 

IVlJCJAla was defined as Pa02 

3 the definition of is 273 

recent studies increased Pbt02 and cerebral metabolism with normobaric 

in adults have stirred debate about what in 

TBI 236, 263, 290, 373 Conservative thresholds for blood 

critical care with recent trends T<l"nnrlr1 

of these criteria for 

been associated with variable 

threshold was selected for 

for cerebral ischaemia and the 

chosen for in this 

adults 194, 

because TBI 

for this group 

288 The 

Hb has 

A less restrictive 

be at risk 

The treatment 

were based on reasonable thresholds for these 

from the current literature there insufficient data to a standard for each 

3,7,8 

These results demonstrate that low Pbt02 was 

<lUt~4U<llC resuscitation and critical care 

of with 

treatment were met. In 

common what appears to be 

",pronerllon to current TBI 

did not ",,,r",,,,Y,,,,n any eplSO(leS of Pbt02 < 20 

almost one third had one or more ePISO(leS of 

Pbt02 1 This is consistent with observations in adults the hours of 

resuscitation after TBI 351 These data also the results of PET studies which showed 

ischaemia in head CPP and ICP control 74, and nn'~t_'Ylnrt""m 

brain examinations 128 whether low Pbt02 benefits the with 

severe TBI still needs to be determined, 
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On the basis of these and other data that show a incidence of brain 

treatment reference to current it appears reasonable to 

argue that other measures of brain or metabolism are needed in an to nnltimic:", 

treatment of children with severe TBI. What also will need is whether correction of t'nlrn .... rn' ...... i"·or! 

or in any of the other modalities has any deleterious effects. 

IIIIIIII 
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14 

in a 

Insu 

In oaj9d1atrlc trauma admission clinical assessment and clinical can be used to 

treatment rot()COIS and to outcome 50. In these various 

GCS ,Paediatric Trauma Score 365, Paediatric Index of 

brain CT classification 223 are associated with the 

outcome after severe TBI is affected also 

of the 

cerebral that evolves 

e.g. the 

390 and 

the 

after the initial insult Common C""'""Ar ..... cerebral insults in TBI that are associated with 

adverse outcomes include elevated and brain 

334 These and other while U'UClUIC. are common 

and may contribute to death in as much as 42% of children who die after admission for head 328 

The outcome and the various or used to 

trauma is well described. the between these 

of and the likelihood of insults is less well-defined. 

This examines the between acute measures of "";;1\/;:;:",,,, on admission and the 

cerebral insults after ICU admission in children with severe 

TBI. 
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Clinical and 

included in this 

data were obtained as described 

underwent continuous ICP> CPP and Pbt02 

Patients were 

and initial 

was classified ':>f'l'f"rlln 

Paediatric Index of 

Each of these 

motor of the Paediatric Trauma Score 

and the Marshall CT classification of head 

had to be recorded for an individual to be included in the 

The details of these are 8. also was used in this to 

risk since age may influence outcome. 

Abnormal values for Pa02 and were examined for association 

with each of the above clinical scores. Treatment factors were also 

The individual acute clinical scores and head CT classification recorded in each were 

evaluated as 

variables. 

and 

with 

evaluates 

The Pearson 

variables and 

correlation coefficients were used to determine 

variables. For scores, the Pearson's 

as 

between scores 

was used for relations 

variables and Kruskal-Wallis for continuous variables. The Kruskal-Wallis test 

between 2 medians while the in the covariates. 

was used to test the distribution of """'an,,,n<><, within the individual 

scores. Scores that were in univariate were entered into a multivariate 
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model. Significance was set at p=0 .05. Data are reported as means ± SO or medians (interquartile 

range and/or range). 

Results 

Clinical Characteristics 

Fifty-two paediatric patients with severe TBI who were monitored for ICP, CPP and Pbt02 between 

June 2006 and May 2008 were included in the study. Clinical, demographic, physiological and 

treatment variables for these patients have been summarised previously in Chapter 10. 

Univariate Analysis 

GCS: Postresuscitation GCS was significantly associated with lowest CPP (p=0 .004), CPP<40 

(p=0.017), CPP<50 (p=0 .019) , Pbt02<5 (p=0.008) [Fig .1], and Pbt02<10 (p=0.045). There were no 

associations with any other physiological or treatment variables, including the indices of elevated ICP. 

25 

20 

15 - 01 
Hours 

10 
- Min 

... Median 
5 

__ .-o.-

J 
""F' = 

I , I 

Max 

o - 03 

3 to 4 5 to 6 7 to 8 

GCS 

Figure 1: Box-and-Whisker plot for initial GCS and episodes of Pbt02<5mmHg. GCS is 

grouped in 3 categories: 3-4 (n=14), 5-6 (n=22) and 7-8 (n=16), with the respective frequencies of 

episodes of Pbt02<5mmHg shown for each. 
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" ..... ,,,,,,.\'1" of the GCS: The motor response of the GCS had no Motor 

variables when 

examined 

relation with any 

when the data were with the n""'~rrr\<>n'", correlation coefficient 

Pbt02<10 

the Kruskal-Wallis test a 

was observed. 

PIM 2: The PIM 2 score was associated with CPP<40 

). 

with Pbt02<5 

m1CP>20 

and 

and 

PTS: The PTS had a weak with a but not with any other variables. 

1""'~I"TI,vn'v on admission: ra'-lit"TI\JlT\I was associated with lowest CPP 

and a ). 

CT classification: Individual to admission head CT scan 

with m1CP>20 and lowest CPP 

DCH also was associated with individual Marshall "",;'an.".;"", 

the various CT ,,""al'l,"""'" were dichotomised to 1+11 and 

were observed: lowest CPP CPP<50 

CPP<40 

demonstrated 

and 

When 

associations 

and 

The of within the 

different: most ",,,,tiont,,, demonstrated II and III 

of the classification was 

on the initial head CT of 52 
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80 

70 I 
I 

60 "'i"" 

50 1- = I:;D 

- 01 
mmHg 40 

-Min 
= 

30 = Median 

20 

10 

I 
1= I = I ..I.. 

==- 1 

=Max 

- 03 

0 i i I 

1+11 III+IV 1+11 III+IV 

Lowest CPP mlCP 24 

Figure 2: Box-and-Whisker plot CT classification with Lowest CPP and m1CP24 . Relationship 

between CT classification (only diffuse injury 1+11 compared with III+IV, n=50) and lowest CPP and 

mean ICP for the first 24 hours (mICP24 ). Evacuated mass lesion patients excluded (n=2). 

Age: Age was significantly associated with: lowest CPP (p=O.007), CPP<40 (p=O.001), and CPP<50 

(p=O.002) but with no other variables. 

Treatment variables: Head CT classification was significantly associated with DCH (p=O.015) (more 

patients with Diffuse Injury 3 and 4 received DCH). Pupil reactivity demonstrated a trend towards a 

significant association with DCH (p=O.056) and thiopentone (p=O.073). No other scores demonstrated 

any other associations with treatment variables. 
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Variables found to be t'f"<>ntll\1 associated with cerebral insults were entered into 

multivariate 

m1CP>20 

lowest CPP 

These results are summarised in Table 1. The PIM 2 score was with 

), and CPP<40 ). Initial GCS was associated with 

and Pbt02<5 was associated with lowest Pbt02 

and had a trend towards an association with lowest CPP CPP<40 

and Pbt02<10 

and CPP<50 

was associated with lowest CPP ), 

). There were no scores that had associations 

and No associations 

Pbt02<5 

CPP<40 

with 

between CT or motor f"nrYln, ... no of the GCS and any of the measured variables 

were found in multivariate 

treatment variables in multivariate 

There were no between scores and 
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Table 1: Multivariate of Clinical and ""'Plrn.~n .. 

The associations between scores and 

are shown. Asterisks 

ICP 

CPP 

ICP>20 

m1CP>20 

mlCP24 

Lowest CPP 

CPP<40 

CPP<50 

Pa02<60 

Lowest Pa02 

measures with 

results. 

Predictive score 

None 

PIM2 

PIM2 

None 

None 

Initial GCS 

PIM 2 

None 

None 

None 

)[1 

or trends 

* 

* 

* 

* 

7.1] * 

* 

67 to 

to -1.1] * 
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Pbt02 

Lowest Pbt02 

Pbt02<5 

Pbt02<10 

Confidence Interval 

Initial GCS 

to 

to 

to 1 

* 

* 

IfT\J_nA.fn children with severe TBI were studied to examine the between acute scores of 

age, and 

Pbt02 and 

had a consistent rol·:.t"\nC 

PIM 2, 

in 

and 

elevated 

were that none of the 

and the of the association 

with 

results 

measures of C""'(WII' 

that while acute 

cerebral insults no,,,,,,,on the different scores. These 

outcome may not 

whether a will cerebral insults after severe TBI. 

GCS: The between GCS and outcome after TBI is well described 

Since sedation in the acute may influence two nnrl,::>n·l<::. of the 

and verbal the motor rrI .... " .. n,ont of the GCS is often to a 

r""r'i"\rt""l'1 that a more reliable assessment. In a series of severe TBI, 

threshold GCS of 5 or less was associated with and poor outcome. In our 

demonstrated an association with different measures of CPP and Pbt02. !-in'AlCHOr 

initial GCS 

GCS was not 
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associated with various measures of elevated ICP, the motor of the GCS 

had no consistent with cerebral insults, 

PTS: The PTS is a combined trauma and score 1"101./0"-''''<:'1"1 to outcome in 

trauma 

associated with increased 

Its use has been in TBI 99, 130 and PTS<3 is 

used in the assessment of 

trauma in this to correlate with any of the variables known 

to be associated with "'<::>"Ar,t1 insults. 

PIM 2: PIM 2 is 

variables and 

on admission to the ICU. It is easier to use than PRISM III which has 7 

not on admission but the first 24 hours in the ICU 

not "'''''''('11',1'''' for the evaluation of trauma non,an,,,, PIM 2 has been to 

have a close with outcome in paled Iatric head 130 

associated with several indices of elevated ICP, Mo'we'ver we did not 

observed that PIM 2 was 

an association between 

PIM 2 and eOiSOCles of (,A,nn,'Arr .. ,,,,,,,; Pbt02 or c"",rern 

reaction is associated with outcome after TBI 224, 390, In this 

was associated with Pbt02 and CPP but not with elevated ICP. 

CT classification: There are several classification that 

used 

to relate the initial CT head 

scan to outcome 66, 274,367. The most (,A,nrr,An is that Marshall 

et al 223. In this we observed that the Marshall was associated with some indices of 

the association of cisterns and midline shift 

with ICP, III and IV were associated with DCH in univariate which 

reflects both its association with elevated ICP and the to n<::>r"tnrrn DCH in the of 

obliterated cisterns and ICP. we did not observe an association between the Marshall 

and Pbt02 and with CPP<50 in univariate 

In the age was related to all indices of cpp, This may reflect the lower 

thresholds in younger children or the 

age. 

to CPP values with 
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A number of ph'fSic)loClica 

There were also no 

measures had no <>t",n",I"H"''''' with acute assessment scores 1 ). 

treatment CT classification with DCH 

There are a number of limitations to this the size is small. It is 

that with a more consistent rpr!'1tlrm between the various scores and 

variables may have been seen. the was limited to who 

received CPP and Pbt02 Often ICP and CPP or BP are evaluated as 

may occur even when ICP and CPP are or even 

normal 13), so the addition of Pbt02 as an indicator of can 

detect of that may be otherwise undetected. some but not all 

scores used to were examined. For the scores were not 

obtained: Head Abbreviated PRISM III, and Relative 

Head Score. Instead the scores chosen for the are used in 

trauma units and ICUs. the insults we evaluated did not include or 

have seizures or the insults chosen for 

been rArl,,,1rAi1 and each is known to be associated with adverse outcome after TBI. 

it cannot be excluded that 

did not confound these results. 

identification and treatment of insults 

of 

clinical scores, Similar treatment was delivered to all 

were 

scores and the 

cohort of 

1 if there were 

of these would 

was not directed 

insults in this series 

associations between the risk 

have been demonstrated in this 
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Acute assessment scores that describe the sustained children with severe TBI have 

a variable with markers of cerebral after admission to the 

PICU. 

cerebral 

there were associations between individual scores and select measures of ",,;;,,'rm,(1 

none of the scores evaluated 

Based on these used to 

initial treatment appear to have a limited value in 

insults. Therefore clinicians should remain 

who with head trauma. 

each and every 

who is at risk for <:!e/'nr,t1 

for the ne\"ell"1,nlTl of <:!Q,'nr,t1 

insult. 

cerebral 

insults in all 

1 1 
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15 

on 

the 1""::""01",,,1 between ICP and Pbt02 is variable when data from all are 

elevated ICP may have 

situation that may reveal this 

on Pbt02 in individual One such 

is elevated ICP DCH. Because this is 

no."tl"w'rnc.£i for ICP to medical tho,r""H/ ICP is elevated 

There has been renewed interest in DCH for the treatment of elevated ICP in TBI. 

studies have been in adults 48, there are few .OY,Ar!c limited to 

rOY'Artc are 

described in adult 

small studies 3D, 110, 111, 

163,291,349 

This examines the ICP and Pbt02 

DCH for elevated ICP to medical 

304, 360 in Pbt02 after DCH have 

in children with traumatic brain 

DCH. 

many 

and these 

been 

after 

112 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Data for consecutive less than 15 years old who underwent 

TBI at Red Cross Childrens between June 2006 and 2008 were collected. 

for diffuse was where mass lesions were 

removed were excluded. Data were extracted for ICP and Pbt02 before and after the 

patients were treated for ICP and Pbt02 as previously described. 

MAP and Pbt02 for the 4 hour before 

for 

All 

the 4 hour 

were made between values for 

after DCH and the 24 hour after DCH. cases in which the Pbt02 

catheter remained in the same location were Pbt02 data were excluded if a new Pbt02 

catheter positioned surgery. Data are presented as means ± standard deviation or 

median and IQR. Differences were defined as if p < 0.05. The 

Wilcoxon test was used to compare pre- and Outcome was 

assessed with the GOS. 

Seven patients underwent DCH for diffuse swelling this 

excluded from because a new Pbt02 had been 

Pbt02 data from 1 

in a different location 

were 

the 

One other was not considered because DCH had been nOI"tnr'l"Y"Ie,rI for removal of 

and intracerebral haematomas. ICP data for 7 and Pbt02 data for 6 

were Mean age was 7 ± 4.6 years old. Median GCS before DCH was 5 4 to 

At the time of a unilateral unreactive was documented in 2 and 

unreactive in 2. In all elevated ICP was to conventional medical 

management before DCH. In 3 thiopentone was used before DCH. 
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ICP before and after DCH (n=7): Baseline ICP (average of 4 hours before craniectomy) was 42 ± 

15mmHg compared with 14 ± 7mmHg immediately after DCH (first 4 hours, p<O.0001) and 15 ± 

6mmHg for the 24 hour period after DCH (p<O.0001) (Table 1 and Figure 1). There was no significant 

difference between ICP in the 4 hours after craniectomy and the 24 hour period after DCH (p=O.61) . 

No patients required thiopentone therapy after surgery. 

ICP before and after craniectomy 
90 

SO 

70 

60 t-
50 ql 

mmHg 
40 

30 

20 

10 

0 

d =j T 
T I -- I = I I = I 

I .J. 1 
I I 

-min 

-mcd 

-max 

q3 

baseline ICP ICP 4hrs post ICP 24 hrs post 

Time periods 

Figure 1: Box-and-Whisker plot demonstrating ICP before and after DCH. ICP values for (as 

medians, interquartile range [q1, q3], minimum and maximum) for 4 hours before craniectomy (first 

column: Baseline ICP) compared with ICP immediately after craniectomy (second column: ICP 4 hrs 

post) and over the 24 hour period after DCH (third column: ICP 24 hrs post). 1\1=7 patients. 

Pbt02 before and after DCH (n=6): Episodes of Pbt02 < 10mmHg occurred in 4 of these patients in 

the 4 hours before DCH . For each of these 4 patients mean Pbt02 before craniectomy was < 

20mmHg (mean for 4 patients, 11 ± 7mmHg). In 2 patients mean Pbt02 before DCH was >20mmHg 

(23±4mmHg and 39 ± 2mmHg). For all 6 patients, mean baseline Pbt02 was 18.7 ± 12.8mmHg 

compared with 33.3 ± 17mmHg (p=O.038) in the first 4 hours after DCH and 42.8 ± 15.4mmHg 
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(p=O .027) for the whole 24 hour postoperative period (Table 1 and Figure 2). For the 2 patients whose 

mean baseline Pbt02 was >20mmHg, Pbt02 in the first 4 hours after surgery was slightly lower 

(2S±11 mmHg) than at baseline (31 ± 9mmHg) but then recovered to values slightly higher than 

baseline (37 ± 18mmHg in the 24 hour postoperative period). When only patients with low Pbt02 

before surgery were considered (n=4), baseline Pbt02 was 11±7mmHg compared with 

37.7±19mmHg for 4 hours after DCH and 4S.7±13 for 24 hours after DCH (p<O .0001). MAP before 

surgery was 91 ± 13 mmHg and 78 ± 11 mmHg for the 24 hour period after craniectomy. 

Corresponding Fi02 was 73 ± 21 and 48 ± 6. 

Pbt02 before and after craniectomy 

100 

90 ~i'" 

80 -- - --
70 q1 

60 -min 

mmHg 50 

40 

30 

20 

10 

0 

.... I =1:-J I = I I 
- --

=Gl I I 
1 - I T 

, I 1 

=med 

-max 

q3 

Baseline Pbt02 Pbl02 - 4 hrs post Pbt02· 24 hrs post 

Time periods 

Figure 2: Box-and-whisker plot demonstrating Pbt02 before and after DCH. Pbt02 values (as 

medians, interquartile range (q1, q3), minimum and maximum) for 4 hours before craniectomy (first 

column : Baseline Pbt02) compared with Pbt02 immediately after craniectomy (second column: 

Pbt02 4 hours post) and over the 24 hour period after craniectomy (third column: Pbt02 - 24 hrs 

post). N=6 patients. 
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1: 4 4 

Baseline 4 hours after 24 hours after 

ICP (7 42 ± 15 14 ± 7* 15 <0.0001* /<0.0001 

Pbt02 18.7±12.8 33.3±17* 42.8±1 0.038* / 

Data are means ± standard deviation. 

Mean time of was 12 ± months 6-21). Outcome was favourable in 4 and 

unfavourable in 3 There were no survivors and no all survivors 

were h""~n""rI home. One had a shunt for 

This old was a n<>"<>,,,rn involved in a MVA in which he sustained an isolated head 

He was intubated at the scene, which he was to the emergency room of the 

where 1.5 hours after his GCS was 4T/15 hnr>rrrle:>1 flexion motor 

His BP was 110/63 and his Hb was 10.1 He had no other from 

his Pa02! Fi02 ratio was 19 kPal 0.3. Head CT revealed features of a diffuse axonal 

with some effacement of the basal cisterns 3 Pbt02 and rcp catheters were in 

the left frontal lobe for in the ICU. Head CT obtained after the monitors were 

confirmed that the catheters were located and not in an area of 

Moderate ICP elevation up to in the initial 

measures, sedation 

Initial Pbt02 were within an 

was treated 

and 

range than 20 

with medical 

saline 

At 20 
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hours post-injury however, ICP progressively increased despite medical treatment including increased 

sedation, mannitol, hypertonic saline, and BP optimisation. Barbiturate therapy was not commenced 

due to the labile nature of his BP. Pbt02 readings remained stable during the early phase of ICP 

elevation but decreased steadily thereafter. Since he had failed medical treatment of increased ICP 

and there was progressive Pbt02-compromise, the patient was taken to the operating room for a DCH 

24 hours after his injury and 3 hours after his ICP first increased . The course of ICP and Pbt02 

readings before surgery is shown in Fig 4. 

Figure 3: a+b, CT head of the patient before surgery; c+d, CT head of the patient after 

DCH. 
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6 543 2 1 0 
Hours prior to DC 

4: 

A ICP and Pbt02 from the contralateral 

were thus available. In the before ICP was 

45 and Pbt02 was with an Fi02 of 60% Fi02 of 31 kPal 0.6. His 

BP and Hb were 4.1 1201 85 and 12.2 The Fi02 (1 and MAP 

(1 were increased. this increased the Pbt02 to 16 still 

When the bone was removed the Pbt02 increased over the next 3-4 

minutes to 26 On further increased to 34 The dura 

was closed At the end of the t'r"'nlOf'tnrn 

and Pbt02 was The MAP was 67 and Pa02 a 

Fi02 of was The ntr~'r.n,or",·h"o Pbt02 data is shown in 5. 
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Figure 5: Graph showing the time course of Pbt02 changes during surgery 
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Figure 6: Time course of ICP (above) and Pbt02 (below) before and after decompressive 

craniectomy (surgery at 0 point) 
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The immediate course is shown in 5. was continued 72 hours after 

surgery, 

brain 

which time ICP remained and there were no eplSOCles of 

Over the 72 hours mean ICP was 10.9 

4-1 and mean Pbt02 was 53.3 22.0 - 86.1). The Pbt02 

in the upper range than 40 

third oO!no[)enauv'e may have 

oedema were seen in the craniectomised 

Ventilation was continued for 7 after surgery in 

No 

on the second and 

or increased 

head CT scan 3 

because of a tract infection. 

The ~.,,~~ •. ~ bone CIJ'O,,",l;;;U 3 months after surgery. At last was 

deficits and 

(14 months after 

deficits remained which he had no some 

This short examines the ICP and Pbt02 after DCH in children with severe TBI. The 

main were that ICP decreased hcto:.n;ri<>lil" after DCH and that this was an 

immediate and sustained increase in Pbt02 when the Pbt02 was low. 

after DCH on the baseline Pbt02 before DCH. 

For the 2 in whom Pbt02 was before surgery, Pbt02 was 

after surgery but recovered so that mean Pbt02 for the 24 hour was 

lower 

than 
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before surgery. Elevated ICP in these before DCH may have been on the basis of 

hyperaemia; however, TCD studies had not been 

Pbt02 was (YHnnlrnn1,c:e'l1 

These 

had 

had also 

of critical 

< 20 

a Fi02 to 

with Pbt02<10 

during this 

to DCH in 4 of 6 whose Pbt02 were 

brain Each of these 

There was an immediate and 

in Pbt02 in these 

The immediate 

after DCH. This increase was and allowed a reduction of 

Fi02 minutes of bone removal and 

the case illustration. 

ICP was 

surgery. 

reduced by DCH and was sustained. No 

are in 

further after 

This demonstrates the ICP and Pbt02 after lar"'1"\rYH' in children with 

raised ICP. ICP was the most likely factor compromising Pbt02 before 

immediate after surgery in patients with low Pbt02. 

data may not reveal a relationship between ICP and elevated ICP may 

and reduction of for with is associated with changes in Pbt02. 

the 

analysis of all 

Pbt02 

121 



Univ
ers

ity
 of

 C
ap

e T
ow

n

16 

in h 

Anemia in ill is common. 3 after admission to an up to 95% of 

are anemic 7S. 

53% in adult in 

For who remain in the ICU for 

from 14-50% in ICUs and 20-

and differences in case-mix 21.402,403. 

than a week after severe brain up to 85% 

receive RBCT 78. The purpose of RBCT is to increase the nY\I"""n_r':::I 

blood the Hb concentration with the ultimate tissue nY111"~'n~.tinin 

humans the critical Hb threshold below which oxygen decreases is 

In 

but 

it is below 5 177 adults are able to increase their cardiac index to ('nrn(l.o.n<':::1 

for a reduced Hb concentration as low as 5 after isovolemic hemodilution 410. This cardiovascular 

reserve, nn\,.,,,,\,,,,, may be in who so 

can be increased in these when Hb is less than 6 the 

remains debated 177 because it to elucidated how to balance the 

risks of anemia 

severe brain 

the known risks of transfusion individual and in those with 

In recent years evidence from several clinical studies 295. has resulted in a shift 

in transfusion in ICUs. awareness of hazards of RBCT has resulted in a 

more conservative to the use of RBCT. A recent review found that in the 

of studies the risks of RBCT the benefits. From RBCT 
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was an 

alternative 

risk factor for increased risk of 

with Odd's ratios of 1 

that have an oxygen 

nosocomial infection and acute 

1.8 and 2.5 217. Others have 

to avoid the risks of RBCT 215, 

298 a restrictive transfusion when Hb is less than is in common use 

and recommended for children and adults in the ICU 139, 183. this threshold may not be 

for all Patients with acute cardiac for appear to benefit from a 

with severe TBI may have different transfusion 

232 because they are at risk of "PI~nrln cerebral ischaemia. This is supported by 

evidence that acute hemodilutional anemia 

contusion volume and exacerbates poor outcome in 

brain increases 

the increase in 

CBF associated with 137. Acute anemia also decreases Pbt02 

216. RBCT may increase Pbt02 in some adult patients after brain injury but a 

effect of RBCT on Pbt02 is not inevitable 194, 338. The reasons for this are unclear. Furthermore, the 

effect of RBCT on Pbt02 in children with TBI has not been studied. the purpose of this 

was to examine the influence of RBCT on Pbt02 in hemodynamically stable children with 

severe TBI. 

Clinical and 

and March 

data were obtained for children admitted with severe TBI between June 2006 

who received and Pbt02 and a RBCT. 

Patients who received RBCT and Pbt02 monitoring were included in the if: 1) > 18 hours had 

I..ICI,.",,,,,U since the time of injury, > 12 hours had since the was 
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and no or vasoactive were in use, 

was not in the 6 hours before and 4 hours after Fi02 was altered less than 

1 and 

stable Pbt02 

a 4-hour before and after there was no active 

had been obtained for at least 4 hours before the Pbt02 

catheter had been inserted into tissue that normal on CT head scan, and no other RBCT 

had been in the 48 hours (a second in a was included for 

if it was > 48 hours after the 

The decision to transfuse n<:>t.ontc was made the from the 

purposes of this 

a Hb of < 

In RBCTwas stable with 

but the transfusion for individual varied based on their clinical 

condition. The Hb concentration was checked within 6 hours of all RBCTs All were 

transfused with RBCs der:lletE~d of their coat. The additive solution contained 

adenine and r"Tr"'T",_nn 

For each RBCT 

before and after 

of a 

the Tr'''''''''lnl'l data were collected: volume of blood Hb concentration 

and age of transfused blood. Since the effect of RBCT varies 

for the volume was as 

area data recorded included time-linked variables for 

Fi02 for the 4-hour no'· ... .".lc before and after and 24 hours after RBCT. 

and 

surface 

CPP and 

Values for Pbt02 before and after RBCT were as 3 different time-based variables. 

Pbt02 in the hour before RBCT was with Pbt02 in the first hour after RBCT 

and all Pbt02 values for the 4-hour before RBCT were 

Pbt02 values for the 4-hour after RBCT before and 

,.,.,,,.rli<>tol,, before RBCT were with Pbt02 24 hours later ' ..... ".belcf{e and 

rnn<:>.c,n with 

Pbt02 values 
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CPP and Fi02 values were also documented at each of these time The in each 

variable after RBCT for each of these variables are r.nr,r;""'nrl as and ilFi02 for each of 

the time 

were considered 

e.g. 

whereas 

..... ,,-,,,-,,,,,. and 

""'-.n: ... ?4hrs was considered a late 

Variables were tested for with the test. Paired t-tests and 

variables before and after 

Wilcoxon tests 

were used to examine differences in 

linear was then used to examine the effects of nn"c,r"",., and transfusion 

variables on the difference between values before and after RBCT. Covariates in this model 

included initial 

ilCPP and ilFi02. 

in 

a 

duration of blood of 

model was constructed covariates that were 

in the univariate model. A mixed effects rt:><;!<;!.n,n model was used to test differences 

between and controls in baseline variables and in controlled for ilCPP and ilFi02. 

Results are 

March 2008. 

were excluded from 

or 

RBCT was started 

surgery was 

evaluated. 

as mean ± SO range and where 

correlation coefficients are was set at p < 0.05. 

with severe TBI underwent Pbt02 between June 2006 and 

received a RBCT. Nineteen of the transfused "",',nn'" 

for the reasons: 1) the was unstable 

were made to Fi02 the Pbt02 catheter was inserted <4 hours before 

transfusion was started before Pbt02 catheters were 

the ). This left 19 RBCTs in 17 

and transfusion variables are listed in Table 1. 

or 

that were 
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1 : 7 

19 

of 5A ± 3.4 yrs 

Time of RBCT and 2 (1 [1 

Initial GCS 5±1 

Iisolated TBI B/9 

Initial Hb BA ± 0.8 

VollBSA 312.1 ± 83.8 mls/m2 (1 

blood and 11 

Hb after RBCT 2.8 ± 1.1 

Time of time after that RBCT was administered; VoIiBSA, volume surface area; of 

duration of RBC range. Data are "'''rl,r",,,,,,,,,,rI as means ± SO 

where """,,..iti,~rl 

variables for transfused are summarised in Table 2. Baseline values for The main 

the 4-hour before RBCT were: Pbt02 2B.7±6.8 CPP 64±15 

for 12 

and Fi02 47±13%. 

20-25 Mean baseline Pbt02 before RBCT was 

for 6, and for 1. 
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29.9±8.4 (1 35.6±11.9 (1 0.022* 

2S.7±6.S (1 33.8±11.2 (1 0.001S* 

29.9±8.4 (1 31.6±8.7 (1 0.433 

65±17 70±14 -104) 0.053 

64±15 (37-109) 70±13 (47-113) 0.021* 

65±17 (3S-109) 6S±15 (47-96) 0.163 

47±13 (30-S5) 47±12 (30-S0) 0.725 

47±13 (30-90) 47±14 (30-95) 0.474 

47±13 (30-85) 46±15 (30-8S) 0.454 

Means for absolute and were 5±6 mmHg, 9±10 mmHg, and 0±3% 

after increased from baseline after 79% 5, mean of transfusions 

and decreased after 21 % mean Overall, both ) and 

after increased after RBCT raw difference was 5.13mmHg for 4 hours 

after with 4 hours after was also increased RBCT 

and there was a trend to for Fi02 before and after RBCT 



Univ
ers

ity
 of

 C
ap

e T
ow

n

were not however ~Fi02 had a with in univariate 

but not with is remained after for 

Fi02 

Leal-Noval et al 194 roroon"H that the maximum increment in Pbt02 after RBCT was at 3 

therefore the effect of RBCT on was further 1 ). 

Cerebral pressure: There between the 

and initial Hb 

when these variables were controlled for 

was the absolute difference in 

Baseline Hb: For n""flonfc with an initial Hb ~ 

~ was 8.5 ± 7.6 and 3.6 ± 4.8 

12.1 ± 11.3 versus 6,4 ± 

VollBSA versus 303 ± 73 were also 

Baseline Pbt02: baseline values of Pbt02 were associated with a 

and both 

remained 

When 

with initial Hb > 

and 

in lower Hb group. 

increase in 

Pbt02 Y'I<::!f.ontc with lower baseline correlation between baseline mean 

""'-"'-M>,. before and was a between baseline 

a definitive conclusion cannot be made based on the confidence interval 

then 

and 

-0.203-
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lIi 

lC) " lC) 
X 
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.. 

lC) .'If lC) 
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" .. "- .. 
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" " '" " .. .. 
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Initial Volume BSA 

1: !-i.r:::1ln'"" curve 

Above each box is the ",,,rro.C'..,,,,,,,;' correlation coefficient 

where 'a' is the and 'b' is the or coefficient for 

the covariate 'x', 
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of transfused blood: Duration of blood did not have a consistent rol,:lfIrm with 

that 

received blood '''l'''",r.'f 

the m:::>,nnt\l of 

c:tnr:::>",o did not have an adverse effect. Hn' .. "'''"...,, 

,.,:::>t,ont<:: also tended to have In 

old. Patients rO("O'Htnrl older blood stored 

in Pbt02 the 4 whose tended to have 

t"Pbt02 was also tended to receive older blood Table 

of ............ ""' .... absolute and relative in Pbt02: The relative increase of 

from was 17±21% -4 to and was 

increased from baseline values demonstrated similar results relative 

and absolute that t"CPP and initial Hb influenced 

t"Pbt02. the t'n<>nno in Pbt02 remained mti"<:1,'">t when these were considered 

of 

5 and 

with 

t"Pbt02 and 

When 

This U';;",V\J'U 

covariates from univariate were 

was lost when other variables 

were introduced into the model 

9, No variables had ""n'~.~",,,, CPP or 

Fi02 values at 24 hours after RBCT values were 

We did not similar. The mean 

find any 

of 

increased 

factors were 

VollBSA 

was 1 confidence interval 

for Hrs· 

whose Pbt02 increased or decreased after RBCT: When with 

were 

ro",no,r-t to baseline values 

mn:::>re:,rl with those with decreased 

was 

which may reflect intervention to increase Pbt02 in these Other 

with increased Pbt02 tended to have increases in 

baseline and lower initial Hb. the number of 
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where Pbt02 decreased was small (n=4) it difficult to conclude whether these 

differences are real or not. 

are 

control 

control 

4hrs Hrs, n=1 

Hrs, Values 

as median range). 

Hrs Hrs 

4hrs before 1 ) 

Hrs 

Hrs 

0.111 

(1 2 (1 1 

1 ) 8.4 

(1 1 0.1 

12 (11-1 6 

of transfused and non-transfused To examine the influence of 

change of Pbt02 with time after injury we matched transfused with 

with severe TBI who did not receive RBCT but received Pbt02 monitoring. Two 

were matched to each transfusion in a age and the time after 
131 
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of the transfusion, Inclusion criteria for both RBCT and control were the same and the 

same data obtained the same time nOI'lnrl'" after were collected both 

groups, One could not be matched for time of transfusion received 14 

after and control 

difference in initial Hb between 

after values but .6.Fi02 was similar 

controls for 

increased in 

in 

was not 

Hr 

of transfused 

of transfused 

between 

appear well-matched There was a 

and controls, were also differences in Fi02 before and 

differences between 

but no difference in 

of controls. At 24 hours after 

of controls. In covariate 

and controls when controlled 

and 

Pbt02 had 

H,s 
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litf,:::.r.:.nr,oc in cases 

p 

0.023 0.89 -0.32 0.37 

Time -0.34 0.79 -2.95 2.26 

Hb Initial -2.02 <0.0001* -2.54 -1.49 

4hrs before -3.71 0.12 -8.48 1.07 

Pbt02 4hrs after 0.40 0.90 -5.91 6.72 

CPP 4hrs before -1.98 0.52 -8.23 4.27 

C P P 4hrs after 3.85 0.24 -2.65 10.35 

Fi02 4hrs before 7.67 0.01* 1.95 13.39 

Fi02 4hrs after 8.35 0.01* 2.25 14.45 

Pbt02 24hrs after -2.58 0.39 -8.61 3.44 

CPP 24hrs after 3.28 0.33 -3.43 10.00 

Fi02 24hrs after 5.99 0.13 -1.81 13.80 

APbt02 4hrs 4.11 0.025* 0.55 7.67 

ACPP 4hrs 5.80 0.012* 1.37 10.23 

AFi02 4hrs 0.68 0.28 -0.58 1.95 
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This examined the influence of RBCT on Pbt02 in children with severe TBI The main 

were that: 1) Pbt02 increased in the after RBCT the first hour and over 

the first 4 with baseline This was lost 

24 hours after transfusion. The results were similar when absolute or relative in Pbt02 were 

When transfused and non-transfused 

differences for the in Pbt02 were observed in the 1 and 4-hour but not at 24 

The of the in Pbt02 had a consistent 

The absolute differences in Pbt02 after RBCT were small difference 5.1 

when L'lCPP was controlled for 

In summary, Pbt02 I'h,,,nr10C were influenced the '=>I'r'n",n", were 

and initial confined to the 

Hb was lower. 

There are a number of 

results should be 

of and 

after and were 

limitations to this 

fluctuations of CPP 

the of these variables we controlled for 

and examined Pbt02 

remain 

over time 

that 

when baseline Pbt02 was 

the size is therefore these 

were made the time 

both can influence Pbt02. To reduce 

had strict criteria 

to matched non-transfused controls. 

or minor It 

ventilator that were not controlled for could have influenced the results. 

of Pbt02 over time after have influenced the results. We therefore 

excluded RBCT within 18 hours of few were less than one year 

which is true in most head these results best to children 

between the ages of 1 and 15 years. levels in the RBC were not 
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therefore no direct comment can be made on the effect of reduced 

L";.Pbt02. it is well known that declines 

levels in 

with 

concentrations on 

and it is almost 

eOleIE!O at 3 weeks 409. of volunteers occurs within 24 to 48 

hours after RBCT and is most within the first 4-8 hours 116; therefore we measured both 

and late (24 hours) effects of RBCT on Pbt02 in this most in this 

had baseline Pbt02 

oxygen-su pply 

than 20mmHg. These results therefore may not to children with 

or reduced cerebrovascular reserve. we did not examine the 

relative risks and benefits of RBCT or its impact on outcome but chose rather to focus on its effect on 

brain tissue 

The of how RBCT influences Pbt02 in TBI has not been studied. In 

2 centres have addressed this in adults and these include both TBI and subarachnoid 

192,194,338. There are some differences between these studies and the one. 

the cohort in this is restricted to TBI. the inclusion criteria for this 

were strict to limit the influence of other factors on Pbt02. the data 

were further examined matched controls who did not receive RBCT to examine whether time 

influenced the data were over 4-hour 

before and after RBCT to allow for in Pbt02 in both time 

Smith et al 338 evaluated Pbt02 after RBCT in adults with TBI and subarachnoid and 

found that Pbt02 increased in 74% of Only the mean increase in Hb and haematocrit were 

associated with the change in Pbt02 after RBCT. Leal-Naval and 194 

transfusion Pbt02 with a 

78.3% of adult with TBI. 

absolute 

baseline 

in Pbt02. The relative 

i.e. RBCT was more 

values and found that Pbt02 increased in 

found no associations between other variables and the 

in had an inverse with 

to increase Pbt02 when initial Pbt02 was lower. The 
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increase in Pbt02 was sustained in 

of those with baseline Pbt02 :2: 1 

of with baseline Pbt02 < 1 but in 

at 24 hours after RBCT. In a "U'J"<::;~U from this 

and also observed an inverse between duration of 19 

increase in Pbt02. In the the of in whom increased Pbt02 

RBCT was similar to the above studies (79%). In this initial CPP and baseline 

Pbt02 were associated with the in Pbt02 in 

a "D.:::n,nn~D to 

Baseline Pbt02 and Hb may be 

and so need evaluation. For 

variables that nrc"'''"'f a response to RBCT 

the ';:)UIUI'GlA;:) 

with RBCT 124.218. . In 

i.e. RBCT may 

conditions 1 

some studies demonstrate no in tissue 

this may be associated with a lack of an debt' in 

i"YIr"1,r""",rl tissue !")v""",n",I",!")n when used in demonstrate 

. This may in the in Pbt02 we 

observed were small because our exclusion criteria were strict and the likelihood that 

with low Pbt02 received other nlM,P\l~" when we dichotomised the cohort 

into a baseline Pbt02 or less than25 we did not observe a effect of RBCT on a 

low baseline Pbt02. In fact the VUICJV,'''", This may a II error. 

that the of RBCT to in ischaemic tissue is it is also 

because the haematocrit then associated with increased and altered 

flux 358. since Pbt02 in 

the increase in Pbt02 may appear small since these 

have a oxygen extraction fraction. Consistent with 

"""'H""',",' risk for cerebral ischaemia 20ml/1 

demonstrate Pbt02 increases with normobaric 

RBCT effect on Pbt02 when baseline Hb was less than 

on a balance between 02 and 

with a low baseline Pbt02 may 

et al 147 observed that at 

were the least 

there was a 

studies in 

to 

'''hiP''>'' did not observe this 194,338 While it may be use our data to define 

a "threshold" below which RBCT is beneficial in severe TBI, caution must be exercised 
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since the 

and 

size is small and several also a such as volume of blood 

CPP 

Recent studies in cardiac surgery and adult males with TBI that blood than 

14 or 19 old may be deleterious or not alter brain oxygen 179, ,There are 

several reasons "older" transfused blood may be less decreased 

decreased reduced adenosine and nitric increased pro-

and oxygen 'sensor' in the blood 68, 106, 124, 282, The data do not 

allow conclusions to be made about how the age of transfused blood affects Pbt02 since 

the of transfused blood in this was < 14 old 11 and 4 

transfusions were associated with a decrease in Pbt02, Mowever there were effects of RBCT 

on Pbt02 even when blood stored for 19 to 28 was used. It is conceivable that real differences 

may occur when blood is stored for than 28 116 or, may 

tissue in conditions of limited oxygen 282. Other studies have also 

failed to demonstrate any adverse effect of duration of ",u\r<>""" 282,386,387,406. this 

remains unresolved. 

The results of this show that RBCT increases Pbt02 in most children with severe TBL 

The overall is not sustained over time and may result from """"(,\n""'<:> 

in CPP. It was not to determine Pbt02 decreased after some transfusions, 

Further will be needed to examine the effects of RBCT on the transfusion 

and the risk-benefit ratio of RBCT children with TBI. This 
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cerebral ischaemia must be that may increase risk but do not 

confer clear benefit should be used with caution. 
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Pbt02 is influenced the Pbt02 response to increased Pa02 varies 

between The determinants and of the of this Pbt02 response are 

unclear and the benefits of to the are not established as Normobaric 

has been as a for low Pbt02 in TBI, but there is some evidence 

to it may be 

TBI have been 

because the 

the risks of 

it remains controversial. All of the studies of normobaric in 

There are no available data for children. This is 

of childhood TBI differs from that of adults. 

in neonatal resuscitation are well known. this aimed to 

examine the effects of tan(lnr"""MI h',lnc,rrw on Pbt02 in children with severe TBI. 

Children with severe TBI who received a Pbt02 monitor between June 2006 and 2008 were 

Daily tests of the Pbt02 monitor function formed part of the nrn,tnt'nl for Pbt02 included in the 

and were by temporarily increasing the Fi02 setting on the ventilator while 

the Pbt02 response. Data from these Fi02 tests were used in this Test 

results were included in the if the values were recorded: 1) pre- and values 
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and baseline values for Hb and TCD recorded 

a standard from the the Pbt02 monitor. TCD studies were ,,,,,,"'tnr,,,,c.r! 

TCD machine and 2 mHz TCD studies were """"Tnr"rn",,.., 

on the to the intracranial catheters to insonate the MCA a 

The mean FV obtained was recorded. 

Tests were included in the 

monitor in situ for more than 2 

with 

if the 1) was 

had a stable Pbt02 

had a Pbt02 catheter 

had the Pbt02 

did not have vasospasm 

in white 

matter on head CT scan. An arterial was taken the Fi02 increase and 

after 15 minutes at the 

calculated from the 

Fi02 The oxygen content arterial was 

Ca02 02/1 + x 

Differences between and after test 15 minutes at the Fi02 values were 

recorded as APaC02 and ACPP. Fi02 was increased to 1 in most but 

not all Because the baseline Fi02 also between the ratio of the in 

Pbt02 for the in Pa02 was calculated to assess the response of Pbt02 to 

the Pa02. This was termed the oxygen and was used as the 

which other variables were tested for association. Pa02 is in 

ease of 

were the 

in 

with Pbt02. 

tests for in whom Pbt02 catheters were in 

of the To 

in whom catheters had been 

these results we also 

close to contusions on 

examine differences in response based on location of the catheter. To limit 

of the data was restricted to catheters in tissue. 

for 

variable 

and 

white matter 

these to tests 

head CT scan to 

further 
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Variables were tested for with the test. Differences between before test and 

after test values for Pa02 and Pbt02 were examined with the Wilcoxon's rank sum test. The 

between 6Pa02 and 6Pbt02 was examined with correlation and Pearson's 

''''.,lY'It\lY'I,ont correlation, Correlation co-efficients are n:'r,nrrl'ln as r. Linear was used to 

examine the rol,:>"t',n<:!rHn between 6Pbt02 and 6Pa02 and Li.Ca02 while 

Li.CPP. 

was used to account intra- and ,nT£,nrirl 

for and 

differences 

between tests with catheters in nr"'IYH>I_'" brain and those located near contusions for 

baseline values and 6Pbt02/Li.Pa02. Linear rOf1,roc,.:, 

and the variables: baseline 

of 24 1 ). 

with outcome and other indices 

which included Pbt02<10, 

was used to examine the 

baseline 

between 

and 

was further examined for 

low Pbt02 for the whole duration of the 

and lowest Pbt02. 

Li.Pbt02/6Pa02 was also examined with transformation because it was assumed to follow a 

distribution and hence the transformed data follow a normal distribution. 

Results are 

was set at 

as mean ± SD or median and 

A total of 43 tests in 28 ... "',n,,",, were nC'Trmrn for which all 

were 24 who had catheters in 

scans and 4 (8 who had catheters 

range and range, 

data were available, There 

white matter 

close to contusions 

head CT 

Baseline variables for the A are summarized in Table 1. In A, baseline Pbt02 was less 

141 
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than 1 

(1 of 35 

at the time of 

Table 1: Baseline variables for 

Characteristic 

Outcome GOS1 

GOS2 

GOS3 

GOS4 

GOS5 

of 

Baseline Pa02 

on 3 occasions (3 35 

with catheters in 

Value 

5.75 

3 (1 

0(0%) 

4 (1 

7 

10 

2 (1 

(11 

31 

(l 

Results for baseline variables for tests in nl'ltiF'n't!': with catheters in 

24 of of the test 

and less than 10 in 1 

white matter A). 

range or number 

range 9 months to 11 years 

1-8 

7J 

ra 

tests in 

1:::: first 24 
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Pbt02 in normal-appearing tissue and peri-contusional locations 

Patients in Group A and Group B were tested for differences in Pa02, Pbt02, Pbt02/Pa02, 

~Pbt02/~Pa02 , CPP, and FVMcA. There were no significant differences between tests with catheters 

placed in normal-appearing tissue (Group A; n=35 tests, 24 patients) and tests with catheters placed 

close to contusions (Group B; n=8 tests, 4 patients) for Pbt02 (p=0 .08), Pbt02/Pa02 (p=0 .975), 

Pa02 (p=0.069) or baseline CPP (p=0.479). In Group B, the FVMcA was slightly lower (median [lOR] : 

90 [73-96] cm/s versus 103 [90-123] cm/s; p=0.045). ~Pbt02/~Pa02 was also slightly higher in Group 

B (median [lOR]: 27.9% [21 .9-32 .5] versus 14.3% [7.6-22.7]; p=0.049) but not when controlled for 

baseline Pbt02/Pa02 (p=0.055) . These are represented in Figure 1. The remaining results for further 

analysis below apply to patients in Group A only. 

TeD FV 

o ... 
o 
N 

o 
o 

o 
co 

o 
CD '--_-=-::;::-~ ___ ___,------' 

6 

Pbt02/Pa02 
ratio 

<D 
6 

Of) 

6 

N 
6 

Group A 

Group A 

Group B 

oup B 

Figure 1: Boxplots for TeD FVMCA (above) and Pbt02/Pa02 ratio (below) for Groups A and 

B. 
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Induced increased both Pa02 ) and Pbt02 ). 

Pa02 was 148 ± 59 and Pa02 was 350 ± 114 Baseline Pbt02 was 32 ± 15 

and POSl-{eS{ Pbt02 was 75 ± 59 . Baseline Pa02 and Pbt02 were not 

related ). There was a between APbt02 and APa02 

was maintained when controlled for AC02 and ACPP 

the test. APbt02 and ACa02 were also related 

APbt02/APa02 was itlr,,,nfll\l related to baseline Pbt02 , linear 

APbt02/APa02 was not related to baseline CPP 

of 

were no 

of 

There was a trend to 

values found with after estimate O. 

with 

There 

between APbt02/APa02 other indices of low Pbt02 for the duration 

APbt02/APa02 was related to dichotomised with and without 

transformation of APbt02/APa02. This .. p""tirln remained when controlled for baseline 

and age confidence interval 

APbt02/APa02 was associated with a lower of outcome. 
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O. 
<.0 " c::i ,. 

,"" 
1.0 
0 

* V .. 
c::i 

" .. 
~ 
0 

.. 
~ .. 
0 .. .. 

" • .. 
c::i .. 

" .. " " .. .. .. .. 
0 .. 
c::i 20 40 60 80 

is 

Estimate StdErr Confidence Interval 

LlPbt02/Pa02 -1.839 0.811 0.023 0.03-0.78 

Pbt02,1 0.057 0.042 0.170 0.98-1.15 

PT -0.265 0.231 0.251 0.49-1.21 

-0.148 0.152 0.332 0,64-1.16 

PT of Log transformation was used to create a normal distribution of 

Li.Pbt02/Pa02, 
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This examined the effect of increased Pa02 increased on Pbt02 in 

children with severe TBI. The main 

for in PaC02 and 

were: 1) induced h" ... or('\v'<l 

and this increase was 

was increased with 

increased 

related to the 

baseline 

in 

an the response of Pbt02 

increased response of Pbt02 to Pa02 

outcome. 

was associated with a lower of 

There are a number of in this the size was therefore 

some may not have been demonstrated. the limited 

size a number of results were found. TCD-derived was recorded but not 

local CBF. is a useful marker CBF in the MCA but does not 

local measures of reflect local CBF. Because Pbt02 is a measure of local oxygen 

CBF may have been better suited to this in close to and may 

have demonstrated between local blood flow and the measured variables. 

the increase in Fi02 was not standardized. Pbt02 were 

to the of in Pa02. 

no comment can be made on the ''''''''Tlfm 

oxygen content. venous saturation 

venous saturation was not 

between Pbt02 and the arteriovenous 

was not 

to 

of routine clinical 

local tissue 

relative 

in 

and 

indices of brain rlv,u'''''n 

cerebral metabolism was not no comment can be made on whether the 

observed increase in Pbt02 is beneficial to the tissues. a short duration of induced 

was no,rtn,"rn"n which was of our routine of the catheter response. 

does not on in adverse consequences 

exposure to normobaric or benefits to the there were few tests 
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that were nQ'"Tnrrn,,'n when Pbt02 was low was less than 1 

this group could not be the number of 

other factors related to outcome may not be 

these this is the first to examine the 

in 1 

with poor outcome was 

from these results, 

h\lrlOrr,VI<:I on Pbt02 

in children with severe TBI, and demonstrates that increases Pbt02 but that 

this effect varies on baseline Pbt02, The location of the catheter and of time after 

be 

Determinants of the Pbt02 response 

Pbt02 was increased hlJt"\or"l"\V'I<> in this however the Pbt02 response relative to 

the in Pa02 I The of this 

response was related to baseline allow on the 

on tension in the 

Rosenthal et al demonstrated a rlO,r"\ol"\rI,>nr'o the Pbt02 on the achieved Pa02 with increased 

which in turn was related to 296, 297 Their results showed a 

between and the of CBF and cerebral arteriovenous oxygen difference. Even 

used a combination and local their results that is more 

indicative of diffusion. This is consistent with the views of Menon et al 235 and Bullock 41 that 

increased oxygen tension in the tissue may overcome diffusion barriers. 

This nrrlnn,rt between baseline Pbt02 and oxygen ro"",£'m,ilfll is in 1<i::'I'>nlr,n with the 

results of et al 147 who also demonstrated a lower Pbt02 response in with low baseline 

Pbt02 as did et al 204, Of in the the Pbt02 response was not related to 

whereas in the et al the Pbt02 response correlated with local CBF, This 

be the fact that their examined 2 measures local 

while our correlated Pbt02 with a measure flow 

Of interest was the inverse between ilPbt02 I ilPa02 and outcome in the 

One ~ fue of local 02 in the microcirculation, The normal 
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response to increased oxygen tension in the tissues is 

may be or even in or ischaemic tissue 

grlf,IT\,:>rlr'rl may also different responses of Pbt02 to in PaC02 in 

this 

415 A similar 

versus 

the increased response of Pbt02 reflect loss of normal tissue 

which may in turn be associated with poor outcome. A similar was 

Van Santbrink et al 393 in adult in which with a lower 02 had better 

outcomes. low response of Pbt02 in the was also associated with low 

baseline and low Pbt02 is associated with poor outcome. Given the results of the by 

et al 147, in which with had the lowest response to it 

have been that a low response to would have been associated with poor 

outcome in our results. A reason for this is that very few that were tested had low 

baseline Pbt02. It is that both very and very low Pbt02 responses to may be 

associated with poor but are measures of different processes. These data do not allow 

further clarification 

Does normobaric ... """",nYI benefit cerebral metabolism? 

The issue of the benefits of continues to be debated. On one it is 

that increased oxygen tension a small in arterial oxygen content. 

dissolved oxygen in the 2-3% of overall oxygen . If 

arterial blood is near full 

tissues. 

to the brain, 

oxygen tension in the tissues may 

For P02 decreases 

does not 

ITlnr("\\,,,;;, mitochondrial function in ways not 

in the extracellular space with 

oxygen 

vessel increased oxygen tension in the may the diffusion of oxygen in 

conditions where diffusion barriers are increased due 

and arteriovenous 

diffusion-limited ischaemia may be as 

in the microvasculature In these 

as ischaemia. dissolved 
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oxygen may be nr<>fQ,ron,ti used for tissue 133, 358 tissue most at risk of 

brain demonstrates the lowest response of Pbt02 to h\lrlArr)y 

to increase oxygen extraction 235 

and n"r,nv." tissue may 

have limited 

Several clinical studies in adult with TBI have to the 

h\l'''Io,'nv,i<:> on brain tissue metabolism but the results have been 91,211, 

et al 373 demonstrated a reduction in the 10'-"";'H". ratio with normobaric 

et al 211 showed a similar reduction in lactate but no rnvpmpnT in the 

ratio. et al 91 nA,'fn"rn<,ti a PET 5 .... ""·.on,T'" and failed to detect an 

of normobaric 

289, 290, 373. T olias 

but a 

in 

measures of CMR02 with "'''''',rt"\v 

with PET and demonstrated an 

a later et al 263 examined local 

in tissue at risk for ischaemia. The effect of 

in on the nature of the ischaemic insult. For may 

ischaemia induced MCA UL.L,'U;')'UI size and 

in rats with 

outcome 202, 330 

while in worse outcome was observed with h\lIno"nV'<l cardiac arrest 400 

are 

Potential hazards of n\l,,,,>r,"\v include the ""', .... ",r",tlf,n of nv,,/nc:.n reactive atelectasis and 

breakdown of the blood brain 

into infarcts. In trauma it appears that acute in 

neonates in there are substantial concerns about the effects of \/n,::.rnv,lOl on DNA 

and brain 342, in older n<>t.ont", short term exposure to 

normobaric h"'~~r~~,,~ well tolerated with few effects 330 and does not appear to 

increase free radical in the brain 94, 

may cause reduction in CBF in normal these reductions are to be 

small if 

and when do occur 

is not used 330. 

may in be 

CBF reductions are not lOlIVV::l\/c:. 

concomitant reductions in PaC02 49. Even if 

cerebral vasoconstriction does occur, this may redirect blood from rAI,,,tl\,'''' normal to ischaemic 
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territories. studies have shown CBF and in ischaemic 

core and tissue 330. Different microvasculature responses to increased oxygen tension and 

a reduction in metabolic burden due to decreased may in 

Similar to normobaric increases Pbt02 in children with severe TBI in 

brain tissue. There was a wide range in the response of Pbt02 to increased Pa02. 

The of this response was related to baseline Pbt02. Of 

with a poor outcome tended to have Pbt02 responses to a Pa02 which 

disturbances of local responses to in Pa02. 
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lin a 

TCD studies of the are to monitor cerebral I"\Qmf1,(1\1n<>,m and 

few in other monitored variables such as ICP and Pbt02. 

studies have rQr,ni'"1IQri between TCD ,<>nr"lQtQ'C: and and these have been 

n",,-Tnrma.ri in adult 392 the TCD-derived index has been ,cr,nrtQri to be 

1'1'-'<00'" associated with ICP and CPP in adult little is known about these in 

TBI 

childhood TBI 

These are 

to their adult 

OeltwElen TCD-derived 

issues because cerebral differ in 

and clinical and 

with severe TBI. it examines 1) the 

this aimed to examine the 

variables in children 

and clinical and 

between the 

between 

severe the incidence of vasospasm in pal3dl;atn 

index and ICP and CPP. 

the n:",::mrm 

Methods and Materials 

TCD studies rl",·""c.ri on 

where 

with severe TBI were recorded and 

as a bedside 

All studies were 

a standard TCD machine 

with a 2MHz The MCA was insonated on both sides 

of insonation of the MCA varied age and other factors such 

151 
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as Recorded ,,..,,,,p,p,,,, included mean and diastolic FV and PI. The 

recorded mean was used for all with other variables. The PI was calculated as the 

index which is the difference between the and the 

the mean 

PI:::: 

For 

no to 

intracranial ",,<n.o<orc­

were 

with clinical variables TCD were included in the if 1 

r<>nnOT<:>rc had been made in the nr<:.rorlrn,n 2 and PaC02 was in 

vasospasm was not 

and the Pbt02 catheter had been 

variables 

to the 

MAP and Pbt02 data at the time of the 

in white matter on 

head CT scan. The influence of Pa02 on the Pbt02 value was considered to the 

Pbt02/Pa02 ratio rather than absolute Pbt02. Studies vasospasm were also excluded from 

of PI. 

was defined 

calculated 

to the criteria of 

FV in the 

201. The 

internal carotid 

ratio was 

was if this ratio was >3 and was >120 cm/s. Studies with vasospasm were identified 

and excluded from as was ;;>n,nrr.n 

Statistical 

to test 

of data was tested with the "",n,,,n"'I"'I_1I 

correlation between means of 

test. Sn"""'·rn~.n correlation coefficient was used 

but a ,.."',,.,,0 re:>I and 

linear mixed effects 

between studies 

1) clinical variables 

selected 

models were used to account for inter- and intra-individual differences 

observations. Data were tested for associations between and 

age, CT of and 

variables recorded at the time of the 
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and markers of "'Ar'r1""n, insults for the duration of ICU 

and Pbt02<1 

Outcome the GOS for the as an ordinal 1 to 

and dichotomous variable 1 to 3, and GOS 4 to controlled for the of 

variables was tested for associations with selected 

variables such as Pbt02 and PaC02 data GEE. These values were recorded at the 

time of the TCD 

120cm/s and 2:1 

and were tested 

variable. 

FVMCA as a continuous and dichotomous < 

PI Correlation and GEE were used to examine the between PI and ICP and 

CPP at the time of the TCD 

Data are as means ± SO or median and range was set at 

A total of 291 TCD in 34 met the criteria for into the 

was detected in 4 studies in one which were excluded from further 

which were used for Of the 

fulfilled the criteria for examination with selected 

to the side of the TCD examination Table 1 

summarises variables. 
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1: 

Characteristic Value 

6.5 range 0.75-14 years old 

Initial GCS 6 3-8 

95 range 32-180cm/s 

PI 0.78 range 0.31-1.42 

ICP 13 

CPP 97 range 31-105 

Outcome 

GOS 1 3 

2 0 

GOS3 6 

GOS4 3 

GOS5 12 

of 3 range 1-10 

Pbt02 28 range 13-84 

Pbt02/Pa02 23 (1 % 

Patients number of ;:HU~II"'''', n=287 unless otherwise. Pbt02/Pa02 is 

Pbt02 of concurrent Pa02. 

variables: There were no associations between 

or initial CT classification with GEE. HfTIM"""CC 

when studies from 1 were considered 

as the 

and initial 

age had a 

i.e. was in younger ne:>ti"'nt", in the first 24 hours after There was no 
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between 

when the first 2 

and the of in 

lower in the first 24 were 

hours ± 25 cm/s on 1 versus 106 ± 25 cm/s on 2, ). was on 2 

(106 ± 25 

Markers of 

ICP>20 

and lowest on 

insults: 

and Pbt02<10 

5 ± 15 

with but not with 

Outcome: The rol,:.tlr" .. ch,,·, between and outcome was examined for of each from to 

6. Me"{I"""n 6 there were too few observations to There was no overall 

when other between and outcome ). There was no 

trauma were examined with outcome as a dichotomous to 1 to 

or as an ordinal variable 9 to 0.71, 

Examination of means demonstrated a 

when the 

1 to 

between PI and ICP 

observations were used and within 

individuals was accounted for there was no r<>I,:;>tIr,nchln between P.1. and ICP 

<1 and :::::1) also showed no intra-class coefficient examination of PI 

with ICP ). 

There was, "''''''AlO'lIOr a between PI and CPP with examination of both means 

and observations 1). Hn',AI<>"I",r there were too few observations of low 

CPP to test the and nOl'ITIf',n, of the CPP threshold at 50 
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Figure 1: Scatterplots for ICP (above) and CPP (below) against PI. Spearman's r (p-value) 

above box. 
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n=115 

Pbt02: When was examined as a continuous there was a trend towards an 

association of 

data from 

estimate 

with 

1 were examined 

The overall 

dichotomous variable with 

in 

and ICP: PaC02 

between ICP and 

values for all but this was not 

when controlled for PaC02 and CPP. when 

was correlated with Pbt02/Pa02 

when was examined as a 

tested. The Pbt02/Pa02 ratio was 

were not related to There was a 

even when controlled for PaC02 and CPP 

there was no difference in ICP when studies with ;::;120cm/s or <120cm/s 

were 

ratio>3 and was >120 was 

Of the 4 studies in which vasospasm was in this 

at any time. for this Pbt02 was in 

detected 1 of 34 

Pbt02 was not less than 

other TCD studies for 

this where there was no vasospasm than in the above-mentioned 4 studies. 

>120 cm/s was found in 16% of all studies but these did not fulfil criteria vasospasm. 
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This examined children with severe TBI for .""':>f.r,,, between TCD-derived 

intracranial 

r::>n,,,,T,p,r<:: and 

outcome and 

The main 

was not 

1 ) clinical variables initial markers of "o'~,",r.rl.-, 

and 

were: 1) was 

recorded at the time of the TCD 

lower on to 2. 

demonstrated to be associated with outcome on any of the there were no other 

between and clinical from a with 

maximum ICP the PI index was not related to but was there was a 

between CPP and was associated with a 

Pbt02/Pa02 on 1) and studies showed 

>1 vasospasm was uncommon and was in 1 

FVand 

The 

between CBF 

not 

variables 

correlation between 

the 

what the 

and ICP is at odds with the inverse 

and ICP in a et al 329. It is 

for this difference is. One Uv~,;:'llJII 

a r.,...,,...,,,;o marker of CBF and does not measure actual the .ol-"t.",,,, 

that TCD FV is 

between the 

2 measures should be reliable if vasospasm is excluded as was done in this 

reason may relate to the fact that the et al were 

PaC022.1 and CBF results were not corrected for PaC02. All 

TCD were in the 

tended to be associated with ICP and 

range and 

which may reflect a 

towards h\Jr\or~.o 

Lower 

demonstrate a clear 

with increased cerebral blood volume in some 

1, was associated with low 

between FV and 

we did not 

others have demonstrated that 

low CBF correlates with poor outcome The lack of the may 

of normal CBF levels for age. The numbers in this were too small to relate to the 

demonstrate a <;:.n.nlTl(':cl result while for of and age. The association between 
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low CBF and poor outcome may reflect mitochondrial dysfunction and 

metabolism as much as it may reflect ischaemia 401. The combination with low Pbt02 

cerebral 

in this study) 

may ischaemia or failure of local 

Two studies have examined TCD flow velocities and Pbt02 in adult with TBI. Van Santbrink 

et al 392 found a correlation between and Pbt02 values in adult TBI 

within 8 hours of but no correlation this et al 89 found that Pbt02 

the time course of after in adult n"ti",nk The results of our are 

consistent with these 

The between PI and ICP was not in the study. This is in contrast to 

several studies that have relationship between ICP and PI in adult TBI 

In therefore, PI is an unreliable guide for the estimation of absolute ICP. The 

reasons for this are but may involve the differences between adult and paediatric TBI in 

cerebral 

differences 

and pressure-volume index 325. Alternatively, 

was done in this with may different results 

studies. A potential limitation may be that few studies were 

elevated above The between PI and ICP above 20 

for intra-individual 

to the adult 

when ICP was 

may be different. 

our data cannot exclude that PI may still be a useful guide to relative ICP in an individual 

and other causes of elevated such as n\lrlrl""l"o may demonstrate different relationships 

that PI may still be useful in the non-invasive between ICP and PI. our results do 

assessment of CPP in children with severe TBI. These results are consistent with the 

results of Chan et al in adult 

threshold value of PI for 

with TBI 60. The data are not to a 

nor have we calculated or 

CPP. this that further studies are warranted because TCD is 

is non-invasive. Therefore, it may be of benefit in the acute assessment of 

for PI in relation to 

available and 

who have not 
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had an ICP monitor inserted or in ,.,"'T.on .. " with mild-moderate TBI who are not 

may be at risk of deterioration. 

monitored but 

was uncommon in this which is consistent with the results of Mandera et al 

Based on their and ours, it appears that vasospasm is less common in children than in adult 

TBI 227,228,419. The reasons for this are unclear but warrant further One limitation is 

that only the was used to detect vasospasm, It is that a may have 

been found with insonation of all the basal vessels. 1 of the studies demonstrated 

true or CBF with increased is 120cm/s. Whether this '''''1''''''''.'''''' 

unclear and also needs to be The distinction between vasospasm and increased flow in the 

MCA should be clear. 

This examined the between TCD and clinical and 

variables in children with severe TBI. PI is not a reliable indicator of absolute ICP in 

children with severe 

associated with 

PI is associated with lower CPP. 

Pbt02 and ICP values. was uncommon. 

was 

the range in 

was very wide differences between 

individuals with TBI and may argue uniform treatment of all ,.,,,,t.o .... t<: with strict treatment 

+",rflO"<: while the individualisation of treatment 
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re u in 

Pressure (AR) may be after TBI; or 

of a nr,...t,...,-,...I for with TBI is not common in the 

the that the status of AR may have on in 

the ICU the role that AR may play in the of TBI in children 

is 

critical care unit have been 

such as ICP and 

aimed to examine 1) the 

and the 

to the status of AR in the 

AR was of the clinical 

assist clinical decisions about the 

few studies of 

to date. 

in 

of 

to 

the of the status of AR on 

TBI has not been examined. this 

2) the associations of TBI with clinical 

on ICP and Pbt02 in severe TBI with 

of a ICU. 

of I nformation from these tests was used to 

of BP. For awareness of the 

effects of increased BP on ICP and Pbt02 informed decisions about whether BP was 

advisable as a therapeutic intervention for low Pbt02. observation of the between 

BP and ICP is for this purpose because the 2 factors interact in different ways. Elevated 

BP may increase ICP if AR is increased BP may occur to elevated 

161 
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ICP due to a response, the and effectiveness of a to 

elevate MAP to ICP control and reduce the risk of ischaemic such as that 

recommended Rosner et al is not clear in absence of about the status of AR. 

The method orr.nl,,,,e,'; for 

in which a titrated 

Before MAP was 

the 

both sides were insonated in most 

ICP and Pbt02 monitors were 

the Pbt02 and were 

of AR was similar to that described Vavilala et al 397, 

is used to elevate MAP 20% of the baseline value, 

were made of Pbt02 and 

rOI"r.rrllnr.c taken from to the 

When the MAP increase reached 20% of its baseline 

recorded, Thereafter MAP was returned to its baseline value 

and 

range of 

were ror.o",I",'; for a final time, was when PaC02 was in the 

An 

ARI= 

to 

index 

to methods 

I ,,,,UIV.,,'" 

was calculated based on the response of to elevated MAP 

described 268 The used to calculate ARI is: 

or %LlCPP lrl""nanrli on whether ICP is 

eCVR is the estimated cerebrovascular resistance and is the ratio of MAPI FV, LleCVR and LlCPP 

were calculated as the difference between the values at baseline and after elevation of MAP, An ARI 

value of 1 that the ",lr<''''/'1lh of AR is 

and values between 0 and reflect the relative 

an ARI of 0.4 is 

a value of 0 

of AR. 

absence of 

the AR is a 

to describe whether AR is intact or not. 

Values for ARI <0.4 are associated with AR and values 2:0.4 are associated with intact AR 
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Variables were tested for with the test. 

coefficients were used to test the correlation between ARI and 1) 

of baseline pn'VSI10I0'QIC:a 

the in variables with 

and Pearson's correlation 

and clinical factors 

Linear 

was used to test these variables 

was used to test the variables 

ARI as a continuous variable and 

dichotomised ARI and Variables 

in univariate were then tested in multivariate 

ARJ and was also tested the GaS as a dichotomous score with 

1 to 3 as unfavorable and GaS 4 to 5 as favorable and 

as an ordinal score 1 to with a odds model. When for 

associations between ARI and outcome the worst ARI for each was used. 

Data are t:lvr,yt:l,<:<:e:.rl as means ± SO or median and was set at 

lTT\I_TH,'n AR tests for which all data were available were in 24 with severe TBI. 

age was 6.3 ± 3.2 years old 1 to 11). Median nn'~tre:.<: GCS was 6 

4 to 7, range 3 to Mean baseline CPP and Pbt02 before were 13 ± 67 

and 28.3 ± 13.9 Sixteen tests were "o,-tnr',,",c.rI within the first 24 hours of 

Median 

AR tested once 

the definition of 

of 

in the 

in 29% of 

was 2 1 to 3, range 1 to Four children (1 had 

all others had AR tested twice or more. AR was 

at some their ICU There was 
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no association between ARI and time after was no 

and AICP across all tests 

between ARI as a continuous variable and clinical and 

summarised in Table 1, Differences between variables for tests with AR 

groups are shown in Table 2. Baseline values for MAP and 

in the 2 groups. 

ICP: ARI and was associated with AICP 

between AMAP 

factors are 

and intact 

were similar 

with no ICP 

rn\lQr"""f\, associated with ARI, i.e. 

or a reduction in ICP when BP was 

ARI values were associated 

while lower ARI values were 

associated with increased ICP 

and when ARI was 

increased with in 4/43 tests 

1 and When ARI was 

AICP was 2.9 0 to 

median AICP was -0.5 

When ARI was 

-2 to 

ICP 

with no increase or reduction in ICP in 39143 tests 

when ARI was <0.4 ICP increased in 7/9 tests and decreased in 2/9 

tests 

Pbt02: ARI and was also In" .... ''' .... '\1 associated with APbt02 

the in Pbt02 were less limited the ARI dichotomised 

increased in most cases when BP was the of this 

response remained related to the of ARI When ARI was 

median APbt02 was 1 and when ARI was was 4 2.9 to 

When ARI was Pbt02 increased with in 30143 tests (70%) with no 

increase or reduction in Pbt02 in 13/43 tests when ARI was <0.4 Pbt02 

increased in 9/9 tests (1 

decreased or remained 

Initial GCS: Initial GCS was 

When with the tests in which ARI was ;::0.4 and ICP 

Pbt02 still increased in 67% of cases of 39 

associated with ARI 7, 

with an initial GCS of 3 were more to have a low ARI, Baseline baseline ICP and 

age were included into the multivariate model because of clinical relevance. Initial GCS was an 
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nrc.!",,!"',r.r of ARI in multivariate in this model The 

point of best discrimination for initial GCS was an ARI of 0.68 

Estimate StdErr P-value 95%CI 

-0.001 0.027 0.967 -0.054 to 0.052 

Baseline FV -0.001 0.001 0.608 -0.003 to 0.002 

Baseline ICP -0.005 0.007 0.453 -0.019 to 0.009 

Baseline Pbt02 -0.000 0.003 0.862 -0.006 to 0.005 

Baseline MAP -0.000 0.003 0.929 -0.006 to 0.005 

~MAP -0.001 0.004 0.878 -0.009 to 0.008 

~ICP -0.044 0.015 0.003* -0.074 to -0.015 

~Pbt02 -0.087 0.026 0.001 * -0.138 to -0.035 

Mean Pbt02 0.002 0.003 0.604 -0.004 to 0.008 

Mean ICP 0.006 0.008 0.453 -0.010 to 0.022 

Mean CPP 0.006 0.004 0.159 -0.002 to 0.014 

Pbt02/Pa02 -0.061 0.412 0.881 -0.868 to 0.746 

Initial GCS 0.056 0.024 0.017* 0.010 to 0.102 

0.005 0.013 0.727 -0.021 to 0.030 

of after injury (first 24 1); baseline FV, baseline TCD FVMCA; mean Pbt02, mean ICP 

and mean CPP refer to mean values for the duration of !"lnil-".i.,,.., for each patient; Std Err, standard error of the 

mean. Baseline values refer to immediately before testing. results are 

denoted 
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in in 2 tests 

ARI<O.4 ARI2:0.4 

<1ICP 2.9 to -0.5 to 0.019* 

<1Pbt02 4 to 0.019* 

Baseline ICP 16.8 (13-1 13 (9-1 0.164 

Baseline 28.3 28.6 0.578 

Pbt02/Pa02 19.2 19.2 (1 0.890 

Baseline MAP 79 79 0.905 

Baseline 93 104 21) 0.808 

ratio between Pbt02 and concurrent as a no,'''Q"t"",,,, 

The between ARI and outcome was <>V''Iil""llr<>/'1 in a number of ways, combinations of 

ARI as the continuous and dichotomous variable and outcome as the 

ordinal and dichotomous variable. No 

values 0.243 to 

between ARI and outcome was found of p-

This examined associations between the indices of AR the TCD-derived 

response to elevation of and clinical and factors in children with severe TBI. ARI 

was calculated as an index of the of AR. The main were 1) AR was 

demonstrated in of "' ..... 'n"." low ARI was associated with low initial 

when AR is weak ICP increases with elevated when AR is or ICP 



Univ
ers

ity
 of

 C
ap

e T
ow

n

remains or decreases when BP is Pbt02 in most increased with 

elevation of MAP but the of this response was still related to and an association 

between ARI and outcome was not demonstrated. 

There are several limitations to this 

rtr.,·..,.,,,,/"'I on every and the time and of 

AR 

was variable. 

was not 

who 

died within the first 24 hours did not In/"'leFf1Ir. AR was not every 

and AR was not if unstable or if there had been a 

deterioration in ICP control. the of AR in this may 

underestimate the true we cannot exclude the IJv".;::mJII that may 

have direct cerebrovascular effects. Hr.'lAle'lieF appears to have minimal direct effects 

on cerebral blood vessels 62, 181 and for this reason it is n"""eF<>1 the nF""te:>nre:>/"'I for AR 

we cannot exclude that at BP may have other 

cerebrovascular consequences, such as and edema 

102 we did not test AR across the full of the 

with 

MAP. 

intact AR may have tested rllt1'e:>r~'nrll\1 at different MAP intervals or over a range of 

....t,..,r,..,""tin,n about the AR was used in this as a to 

intracranial in a range of elevated MAP that the individual 

or that clinicians may have used to rnnr"",n Pbt02. Th~'re:>f(\r"" 

may 

we cannot 

these results to the full of BP over which AR is C;;AfJC,-,'C;;U to be active in n"",::IIT!"nl individuals. 

these the results of this confirm the association of AR 

with low initial and demonstrate the inverse between the of the AR and the 

in ICP and Pbt02 with an increase in BP. 

AR was not associated with outcome in this Several other have 

demonstrated an association between AR and poor outcome 

reflect the individual that both AR and poor outcome have with 

of On the other because the status of AR determines the cerebral hn''Yu''.,rh 



Univ
ers

ity
 of

 C
ap

e T
ow

n

response to and induced in 

worsen outcome 

it is that AR may 

AR may 

lead to cerebral ischaemia or cerebral at CPP levels. A 

the lack of between AR and outcome in the of 

was variable and the most may not have been tested. this 

is true of many of the other studies that have shown a between AR and 

outcome. An alternative is that results from AR which 

may have confounded the association with outcome. that 

responses to the status of AR may influence outcome warrants further 

to 

It is well that BP have a variable volume nO'''IOI1,n on 

the status of AR. Rosner et al 300, 301 that CPP be maintained at to 

manage rcp cascade with lower CPP when AR is 

arterioles vasoconstrict with increased cerebral 

blood volume and ICP. 

blood 

if AR is this would increase CBF and cerebral 

rcp. This increase of ICP when AR is is demonstrated in 

the nr""""'>I"I' !-1"'UVP,,,,,,,r in a small nrrlnnrTln of cases the response of ICP was 

Le. there was an increase in ICP even when AR was to be intact. There are a number of 

for these cases, the time AR there may have 

been in ICP unrelated to the test which may confound these results. 

the distinction between versus intact AR is not The of AR is a 

therefore an ARI of 0 

near or to 1) is ovr,ortorl in 

r';',..,';'('lf\/ in 

demonstrate the increased risk of 

absent AR. maximal ARI 

individuals and reduced ARI is associated with rI""('rp~~,,, 

these limitations 

ICP when BP is increased in with 

these results 

AR. 
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Several studies have examined the relationship between CPP and and the 

6). In influence of CPP on the results have been "'''''''",f'T 

these studies do not whether AR was intact or not, but cite AR as a reason for 

variability in the relationship between BP and Pbt02. Menzel et al 237 examined the 

between fluctuations in CPP and Pbt02 in with TBI and uninjured animals. 

Pbt02 were closely correlated with CPP changes in the head-injured patients but not in the 

uninjured which the authors was due to either or local failure of 

AR in the head-injured Few human studies have measured the relationship between 

AR and Pbt02. et al 161 reported a close association between Pbt02 and the status 

of AR as determined observation of the between ICP and fluctuations in 

BP in adult TBI. One 

increased BP in 14 adult 

examined formally tested AR (with TCD) and the Pbt02 response to 

187 found a 

of 70-90 that correlated with the 

Pbt02 response may be useful in the 

related to ARI, often increased 

in the Pbt02 response in the region 

of 

of AR. The 

The authors that the 

in our 

intact AR that local 

mechanisms may be impaired even when AR is intact. This local disturbance of 

in locations 272. When ARI was mechanisms may be particularly 

;:::0.4 and ICP decreased or remained in response to increased Pbt02 still increased 

in most cases the Pbt02 response may reflect local mechanisms as much as it 

does 

AR has been to be more commonly if baseline ICP is 80. In the 

study, ARI was not associated with baseline ICP, it is that this may in be 

influenced the fact that ICP was usually at the time of ICP was ;:::20 mmHg at 

the time of in 21 % of cases (11 of mean ARI was similar in with and 

without ICP ;::: 20 0.76 versus Others have an association between 

and that children who have on may 

have a incidence of AR 397. This ral·.,tirm was not demonstrated in the 
169 
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Patients with 20 cm/s had a mean ARI of 0.76 

with 20 cm/s at the time of The 

it should be on the basis of measures of the 

metabolism. 

demonstrate a ro!,,,t,,...n 

In this low initial 

TCD-derived absolute values of flow 

between AR and true 

was associated with worse 

to an ARI of 0.77 in those 

in children is not 

between CBF and 

may not be to 

function in children with severe 

TBI. AR was associated with increased ICP when BP was increased. The Pbt02 response 

to increased BP was also related to the but increased even when AR 

to be which may reflect mechanisms. Formal 

of AR may assist clinical in ,,""A"CH' TBI. 
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severe 

171 



Univ
ers

ity
 of

 C
ap

e T
ow

n

severe 

were: 

1 ) were 

is an 

ratio 

1) 

a 

in 

an 

common severe 

a 

on 

in 

to 

to 

not 

on 

were 

ot1",Qf'l'c; were 

is 



Univ
ers

ity
 of

 C
ap

e T
ow

n

uncommon. 

7) 

rlo,..,or.rI not 

1 

In 

outcomes 

a 

on 

not 

in 

in 

status 

are 

in 

a in 

is in 

on 

an 

in 

severe 

insults 



Univ
ers

ity
 of

 C
ap

e T
ow

n

in in 

to 

to a outcome. 

15 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 Aaslid Nornes H: "'""r<>tl<:::I1 

Stroke ':;''''."TV·-vL. 989 

2. Aaslid Markwalder Nomes H: Noninvasive transcranial 

HO,,,,,,,f\1 in basal cerebral arteries. J 1982 

3. Adelson Bratton du 

for the acute medical of severe traumatic brain 

adolescents. 4. Resuscitation of blood pressure and 

for the severe "olri;""tr;/" traumatic brain 

8,2003 

4. Adelson Bratton Chesnut du 

for the acute medical of severe traumatic brain 

adolescents. 1: Introduction. Pediatr Crit Care Med 

5. Adelson Bratton du 

the acute medical of severe traumatic brain 

adolescents. 

traumatic brain 

6. Adelson 

for the acute 

adolescents. 

12. Use of 1'1\["<>"1<> in the acute 

Pediatr Crit Care Med 2003 

Bratton Chesnut du 

medical of severe traumatic brain 

5. Indications intracranial pressure 

severe traumatic brain Pediatr Crit Care Med 4:S1 2003 

7. Adelson Bratton Chesnut du 

for the acute medical of severe traumatic brain 

in humans. 

ultrasound of flow 

Goldstein et al: Guidelines 

in 

and 

and 

brain-

Pediatr Crit Care Med 4:S12-

Goldstein et al: Guidelines 

in and 

2003 

Goldstein et al: Guidelines 

in and 

of severe 

Goldstein et al: Guidelines 

in and 

in with 

Goldstein et al: Guidelines 

in and 



Univ
ers

ity
 of

 C
ap

e T
ow

n

adolescents. 6. Threshold for treatment of intracranial hur,onco Pediatr Crit Care Med 

2003 

8. Adelson Bratton Chesnut du Goldstein et al: Guidelines 

for the acute medical of severe traumatic brain in and 

adolescents. 8. pressure. Pediatr Crit Care Med 4:831 2003 

9. Adelson Bratton Chesnut du Goldstein et al: Guidelines 

for the acute medical of severe traumatic brain in and 

adolescents. 9. Use of sedation and neuromuscular blockade in the treatment of severe 

traumatic brain Pediatr Crit Care Med .... ""1 ... -' 2003 

10. Adelson B, Kochanek Wisniewski Marion Yonas H: Cerebrovascular 

response in infants and young children Tnllr.\A"lnrt severe traumatic brain A 

Pediatr 

11. Adelson Nemoto 

children after traumatic brain 

12. 

pressure 

13. Aldrich 

in 

14. AI-Rawi 

brain tissue 

1992 

Hutchinson 

Zentralbl Neurochir 61 

1997 

Colak Painter M: The use of near infrared e"''''-'Tlr,,<:; in 

A Acta Neurochir 71 1998 

Alexander M: Outcomes of blunt head trauma without intracranial 

2007 

Luerssen 

children. A 

2000 

Piechnik 

between 

Foulkes Jane et al: Diffuse brain 

from the NIH traumatic coma data bank. J 

Pickard PJ: 

and identification of CPP thresholds. 

15. AI-Rawi 

infrared 

PJ: Tissue oxygen index: Thresholds for cerebral ischemia near-

Stroke 2006 



Univ
ers

ity
 of

 C
ap

e T
ow

n

16. AI-Rawi Smielewski P, PJ: Evaluation of a near-infrared 

for the detection of intracranial nVIH'f"rl in the adult head. Stroke 

300) 

2001 

17. Ananda Morris 

causal of 

international selfotel trial. Acta Neurochir 

Marshall LF: The 

following severe head 

73:99-102,1999 

antecedent events, and 

executive committee of the 

18. Anderson Morse Haritou F, Rosenfeld J: Functional ,a..,,,u,,v or 

after Pediatrics 116:1374-1 2005 

19. Andrews Citerio G: Lund or contrived over-

of limited data? Intensive Care Med 32:1461-1 2006 

20. Arias Anderson Kochanek KD: Deaths: Final data for 2001 

National Vital Statistics 1-116,2003 

21. Armano Gauvin F, Ducruet Lacroix J: Determinants of red blood cell transfusions in a 

22. 

critical care unit: A 

2005 

Grande Nordstrom CH: A new 

haemodynamic principles for brain volume 

Crit Care Med 33:2637-

of brain oedema based on 

Intensive Care Med 1994 

23. 

1 

J, S\llrYl{1.n L: Thresholds in cerebral ischemia - the ischemic Stroke 

1981 

24. Balestreri M, M, Chatfield Steiner Schmidt Smielewski P, et al: Predictive 

value of lasao'w coma scale after brain trauma: in trend over the ten years. J Neurol 

75:161-1 2004 

25. Bandres J, Yao L, Nemoto Yonas J: Effects of dobutamine and 

brain blood flow and metabolism in unanesthetized monkeys. J 

1992 

Anesthesiol 

on whole 

177 



Univ
ers

ity
 of

 C
ap

e T
ow

n

26. Bardt Hartl Schneider Lanksch WR: of brain 

tissue P02 in traumatic brain Effect of cerebral on outcome. Acta Neurochir 

71:153-1 1998 

27. Zimelka Lubbers OW: Evaluation of to describe the oxygen 

pressure field within the tissue. Biochem "'"u,;;"'''''' A Mol 1 2002 

28. Bellander Cantais E, Enblad Hutchinson Nordstrom Robertson et al: Consensus 

on in neurointensive care. Intensive Care Med 30:2166-21 2004 

29. Bellner J, Romner Kristiansson Brandt L: Transcranial 000018 

index reflects intracranial pressure Neurol 62:45-51; 

discussion 51,2004 

30. ,",or,,£>r Schwarz Huth R: 1-I\1I.,,,,rt,,n,f' saline solution and 

treatment of intracranial h\ll"\or1'or"" in nQ/'i,,,,·t .. f' severe traumatic brain J Trauma 

2002 

31. Bhatia AK: in the intensive care unit. II. cerebral 

Intensive Care Med 33:1322-1 2007 

32. Powell 

blood flow 

Rutt Browse NL: Transcranial measurement of middle cerebral 

A validation 

33. Bouma Muizelaar JP: R~I;:)tl(m 

with intact and with 

34. Bouma 

volume 

1992 

35. Bouma 

Muizelaar Bandoh 

in severe head 

Muizelaar Choi 

Stroke 17:913-915,1986 

between cardiac 

J 

and cerebral blood flow in 

1990 

Marmarou A: Blood pressure and intracranial pressure-

with cerebral blood flow. J 77:15-19, 

Newlon HF: Cerebral circulation and metabolism 

after severe traumatic brain The elusive role of ischemia. J 



Univ
ers

ity
 of

 C
ap

e T
ow

n

36. Bouma Muizelaar Choi Fatouros HF: evaluation of 

cerebral blood flow in xenon-enhanced 

J 1992 

37. Bowman Martin Sharar Zimmerman FJ: Racial 

Med Care ,+O;OC'O-IJ::1\ 

in outcomes of persons 

with moderate to severe traumatic brain 2007 

38. Bradshaw Bourne Nannan N: What are the 

children? South African Medical Research Council 

causes of death among South African 

Brief 3:2003 

39. Brain Trauma American Association of 

Joint Section on Neurotrauma and Critical 

Chestnut et al: Guidelines for the "'n,~(.,.:'m'''nt of severe traumatic brain 

thresholds. J Neurotrauma 24 1 2007 

40. Brain Trauma American Association of 

Joint Section on Neurotrauma and Critical 

Chestnut et al: Guidelines for the of severe traumatic brain 

intracranial pressure J Neurotrauma 24 1 2007 

41. Brain Trauma American Association of 

Joint Section on Neurotrauma and Critical 

Chestnut et al: Guidelines for the 

pressure thresholds. J Neurotrauma 24 

42. Bruce Alavi Bilaniuk L, Dolinskas 

head in children: The of 

43. Bruce 

1 

of severe traumatic brain 

2007 

Uzzell B: Diffuse cerebral 

brain edema". J 

Bilaniuk 

of 

Bratton 

IX. Cerebral 

of 

Bratton 

VI. Indications for 

of 

Bratton 

VIII. Intracranial 

1981 

L, et al: 

treatment and outcome 

Zimmerman 

severe head in children. Childs Brain 

5:174-191,1979 

44. Bruce 

children. J 

Schut L, Bruno Wood 

1978 

LN: Outcome severe head in 



Univ
ers

ity
 of

 C
ap

e T
ow

n

45. Bruzzone Bellinzona Imberti Stocchetti N: Effects of cerebral 

pressure on brain tissue P02 in 

1998 

46. Buchner 

with severe head Acta Neurochir 

J, J, Roosen K: Near-infrared 

monitor cerebral nV'/rlc,n after severe brain Zentralbl Neurochir 61 

47. Bullock MR: 

48. Bullock 

traumatic 

49. Orr 

Good or bad? J 

lesions. 

Rankin 

in the unanesthetized pony. J 

Newell 

uL·J-tU. 2006 

2003 

et al: 

LC: Cerebral blood flow 

48:10-15, 1980 

50. Cantais Paut Viard L, Camboulives J: the 

71: 111-113. 

not useful to 

2000 

of 

of 

traumatized children in the intensive care uniLlntensive Care Med 27:1511-1517, 2001 

51. Carli p. G: Severe traumatic brain in children. Lancet .... v,".""v...,~ 2004 

52. Carson Poses 

on 

Berlin Trout et al: Effect anaemia and 

Lancet 348:1055-1 1996 

53. Casutt Seifert Pasch Schmid Turina MI, DR: Factors the individual 

effects of blood transfusions on oxygen rlQII\JQl"\1 and oxygen Crit Care Med 27:2194-

1999 

54. Claret Teruel Cambra Lasaosa 

Rico A: Intracranial pressure and cerebral 

Pons Odena 

pressure as risk 

with traumatic brain J 2007 

55. Center for Disease Web-based statistics query and 

Online at Accessed 15 2008. 

Julian 

in children 



Univ
ers

ity
 of

 C
ap

e T
ow

n

56. Chambers Jones Lo Fulton Andrews et al: Critical thresholds of 

intracranial pressure and cerebral pressure related to age 

2006 Neurol 

57. Chambers Treadwell L, Mendelow AD: 

adults and children. Br J 

cause and incidence of 

14:424-431, 2000 

head J 

insults in 

58. Chambers Treadwell L, Mendelow AD: Determination of threshold levels of cerebral 

pressure and intracranial pressure in severe head characteristic 

curves: An observational in 291 J 94:412-416, 2001 

59. Chan Dearden Miller JD: The increase in cerebral blood 

flow A transcranial ultrasound 1992 

60. Chan Miller JD, Dearden Andrews 1111,("1r1ll::'\1 S: The effect of in cerebral 

pressure upon middle cerebral 

saturation after severe brain J 

blood flow 

77:55-61. 1992 

and bulb venous oxygen 

61. et al: Cerebral in 

and childhood bacterial 2003 

62. Cherian L, Goodman 

after cortical 

Robertson Cerebral effects of 

and CritCare Med 27:2512-2517.1999 

63. Chesnut RM: Re: Intracranial pressure in is associated with 

of survival. J Trauma 65:500-501, 2008 

64. Chesnut Marshall Klauber Blunt Baldwin et al: The role of 

65. Chiaretti 

initial 

2002 

in outcome from severe head J Trauma 34:21 

De Benedictis Della Corte F. Piastra Viola L. Polidori 

on the outcome of children with severe head Childs Nerv 

1993 

of 

1u.,J"T-UU, 

181 



Univ
ers

ity
 of

 C
ap

e T
ow

n

66. Chiaretti Piastra Pulitano Pietrini 

outcome of children with severe head An 

2002 

67. 

saturation. J Neural 

68. Chin-Yee I, 

Transfus Sci 1 

Calzolari F. Trasforini 

d'Almeida MS: The red cell 

1997 

Rosa Barbaro et al: Prrltlnnc::tif' factors and 

Childs Nerv 18: 129-1 

L, Latronico N: Normal 

2003 

lesion and its 

bulb oxygen 

for transfusion. 

69. Chiron Maziere Zilbovicius Laflamme L, Masure et al: in 

cerebral blood flow brain maturation in children and adolescents. J Nucl Med 33:696-

1992 

70. Clausen T, Khaldi Zauner Reinert 

homeostasis after severe traumatic brain 

71. Coates Vavilala Mack 

and location of on outcome Tnlln'Mln 

Med 2005 

nor,hole,... E, Menzel 

1 

Suz P, Sharar 

et al: Cerebral acid-base 

2005 

et al: Influence of definition 

severe ''';;'''!'<lltn traumatic brain Crit Care 

72. Alexander Smith Reivich Wollman H: Effects of and normocarbia 

on cerebral blood flow and metabolism in conscious man. J 23:183-1 1967 

73. Coles Coleman Smielewski P, Minhas et al: 

head Effect on ischemic burden and cerebral oxidative metabolism. Crit Care Med 

2007 

74. Coles Smielewski Chatfield Steiner Johnston et al: Incidence and 

mechanisms of cerebral ischemia in clinical head J Cereb Blood Flow Metab 24:202-

211,2004 



Univ
ers

ity
 of

 C
ap

e T
ow

n

75. 

traumatic brain 

Pickard 

of cerebral 

et al: ischemic 

J Cereb Blood Flow 

Metab 24: 191-201, 2004 

76. Coles Steiner Johnston Coleman Smieleweski et al: Does induced 

cerebral ischaemia within the traumatized human brain? Brain 1 

2004 

77. Cormio 

head 

Valadka Robertson CS: Elevated 

90:9-15,1999 

venous oxygen saturation severe 

78. ... OTTlnl'Or A: Transfusion nr<l,,"'tir'''' in the ill. Crit Care Med 

31 :S668-71! 2003 

79. Cremer OL: Does ICP make a difference in neurocritical care? Eur J Anaesthesiol 

2008 

80. Cremer van Amelink de Smet Moons Kalkman CJ: Cerebral 

responses to blood pressure in the 

presence or absence of intracranial Anesth 99: 1211 2004 

81 Cremer van van Wensen Brekelmans Moons Leenen et al: 

intracranial pressure and intensive care on functional outcome severe head 

82. 

83. 

Crit Care Med 33:2207-2213, 2005 

Salvador Coles Chatfield Johnston et al: 

thresholds for irreversible tissue rI,::,rn'::'f'IO in contusional 1"(:>[111("\1'"'''' TFH",'Mlr", traumatic brain 

Brain 128:1931-1 2005 

Smielewski Menon 

Stroke 27: 1829-1 

Pickard JD: 

1996 

of cerebral 



Univ
ers

ity
 of

 C
ap

e T
ow

n

84. 

85. 

head J 

86. de Villiers 

admitted to two 

Smielewski 

from 

in 

Lavinia Pickard Panerai R: An assessment of 

fluctuations of cerebral blood flow A two 

and mean flow index. Anesth 1 u .... L....;· ... -" 2008 

Piechnik Steiner Pickard JD: 

2001 

Batha JL: A yotr",..,c"ot"ti\lo of children 

Town" 5 Afr Med J 66:801 1984 

87. Dean Adelson Pineda Leonard JR: with evidence­

based recommendations for the treatment of severe traumatic brain 

107:387-391,2007 

88. Dearden S: Technical considerations in continuous 

measurement. Acta Neurochir 59:91 1993 

in children. J 

venous oxygen saturation 

J, 89. 

cerebral 

Neurochir 

/loi"vo"ch,oYr,oY J, Amschler J, Raosen K: Brain tissue in relation to 

pressure, TCD 

........... "'.,,-.... ..., ..... 1996 

and after severe head Acta 

90. J, Raosen K: Clinical ovr,,,or,anr'o with 118 brain tissue oxygen 

pressure catheter 

91. 

metabolic rate for oxygen measured 

head J 1 2007 

43:1082-1 1998 

Powers WJ: Effect of 

emission in 

on cerebral 

with acute severe 

92. MN, Videen Yundt K, Zazulia et al: 

after severe traumatic brain cerebrovascular and metabolic effects of J 

96: 1 03-1 2002 



Univ
ers

ity
 of

 C
ap

e T
ow

n

93. Diringer Yundt K, Videen TO, Adams Zazulia 

cerebral metabolism as a result of early moderate n\l'",Pf",;;.,nT 

Deibert E, et al: No reduction in 

following severe traumatic brain 

J 92:7 -13, 2000 

94. Rice Di HF, Woodward Bullock R: Increased free radical 

due to subdural hematoma in the rat: Effect of increased oxygen fraction. J 

Neurotrauma 1 1998 

95. EM, Watson Broaddus WC, Bullock R: 

monitoring of substrate aneurysm and hematoma surgery: Initial in 16 

87:809-816,1997 

96. Doppenberg Zauner Bullock Ward 

brain tissue oxygen tension, carbon dioxide 

Fatouros PP, HF: Correlations between 

pH, and cerebral blood flow - a better way of 

JU-,YJ .... 1998 the brain? Neurol 

97. Zauner Watson Bullock R: Determination of the ischemic threshold for 

brain oxygen tension. Acta Neurochir 71:166-1 1998 

98. Downard Hulka F, Mullins 

pressure and survival in 

99. 

and 

Piatt J, Chesnut Quint P, et al: 

J Trauma 

of cerebral 

2000 

Blanot Laurent-Vannier Renier et al: 

and outcome in children with traumatic severe brain 

of a French trauma center. Pediatr Crit Care Med 7:461 2006 

100. Dudkiewicz 

pressure with 

101. Duhaime 

the 

Proctor KG: Tissue of cerebral 

Crit Care Med: Aug 1, Ahead of 2008 

Christian 

syndrome". N 

Zimmerman RA: Nonaccidental head injury in infants -

J Med 338:1822-1 1998 



Univ
ers

ity
 of

 C
ap

e T
ow

n

102. Durward Del Maestro Amacher Farrar JK: The influence of 

pressure and intracranial pressure on the de\felclOrYle of cerebral edema. J 

1983 

103. Edvinsson L, Lacombe Owman 

cerebral blood flow of rats induced 

Scand 1 

104. Eker 

head 

:L0'::1-L.'::10. 1979 

B, Grande Schalen 

with a new thOle",,..,, based on 

microcirculation. Crit Care Med 26:1881-1 1998 

105. Elf Nilsson P, Enblad P: Outcome after 

and aeIa-alD 

Nordstrom CH: 

for brain volume 

brain 

J: 

stimulants. Acta 

outcome 

and 

an 

arterial 

in 

severe 

insult program and standardized neurointensive care. Crit Care Med 30:2129-21 2002 

106. Ellsworth ML: The red blood cell as an oxygen sensor: What is the evidence? Acta 

Scand 168:551 2000 

107. Farrell A: ...... O\/onnl of and associated with blunt 

i-In'C1nii,,,,le with intensive care units versus other Pediatr Crit Care Med 

2004 

108. Wilde Johnson Hunter L, et al: nFYIot.,,, MRI 

in the thalamus and brainstem in children after moderate to severe traumatic brain J 

Neurol 2008 

109. Feickert Drommer R: Severe head in children: of risk factors on 

outcome. J Trauma 1999 

110. Peter JC: 

in children with severe head S Afr Med J 

111 Peter JC: 

traumatic brain Childs Nerv 1 

treatment for "brain 

2006 

r",,,,.,,u',-, ":r<>n,,nt,(\f,",M in children with severe 

2003 



Univ
ers

ity
 of

 C
ap

e T
ow

n

112. Peter JC: for tuberculous Childs Nerv 

2007 

113. Sandler Le Roux Peter AC: Continuous 

and intervention for cerebral ischemia in tuberculous Pediatr Crit Care Med "'."',,-,1"-" 

2008 

114. Fiser DH: /""\::.::.t::~,::. the outcome of intensive care. J Pediatr 121 1992 

115. Fiser 

overall 

N, Roberson Zolten Brodie-Fowler M: of 

at and cerebral 

intensive care unit with outcome measures collected at and 1 and 6-

month assessments. Crit Care Med 28:261 2000 

116. Martin Dietz Sibbald WJ: red blood 

cells stored in citrate 

rats. Crit Care Med 

117. Clark 

vasoconstrictive effects of 

95:2453-2461, 2003 

dextrose adenine-1 for 28 

1997 

Detre JA, Ratcliffe 

fails to 

Guvakov 

and arterial 

118. 

J Neurol 

M: The rol,,,r,rm between the blood pressure and the tonic 

1 : 187 -197, 1938 

tissue nv"nc:;>n in 

et al: cerebral 

at 1 ATA. J 

of the arteries. 

119. Tasker Morris UK Paediatric Traumatic Brain 

et al: Prediction of raised intracranial pressure severe traumatic 

brain injury in children: for trial Pediatr Crit Care Med 9:8-14, 2008 

120. Freeman 

cerebral 

1 

Armstead WM, Fisk DM, Vavilala MS: 

after moderate to severe 

2008 

age as a risk factor for 

traumatic brain 

187 



Univ
ers

ity
 of

 C
ap

e T
ow

n

121. Gatto Hoffman Mueller Flores Charbel FT: domain near-

infrared <>n".t'tr,n<>("nr\\ in the assessment of brain nV\U"1cn<>t,nn A validation in live 

"UI..'1<:i"l<> and cadavers. J Neurosci Methods 1 2006 

122. Giza Mink Madikians Pediatric traumatic brain Not little adults. Curr 

Crit Care 13:143-1 2007 

123. Giza Prins ML: Is 

traumatic brain 

fantastic? Mechanisms of altered after 

Dev Neurosci "'0;,,)0''1:-,) 2006 

124. Yazici I, Kusza M: Effects of fresh versus banked blood 

transfusions on mlt'rnt'. and tissue nV',If.,,, .... ,,, in the rat cremaster model. 

141 2007 

125. Valadka Uzura CS: of 

saturation and brain tissue P02 as monitors of cerebral ischemia after head 

venous oxygen 

Crit Care Med 

1999 

126. DH: Arterial assessment ultrasound. Proc R Soc Med 67:447-

1974 

127. Graham Adams D: Ischaemic brain in fatal non-missile head J 

Neurol Sci 39:21 1978 

128. Graham Ford I, Adams Teasdale Lawrence et al: Ischaemic brain 

is still common in fatal non-missile head J Neurol 

1989 

129. Grande PO: The "Lund the treatment of severe head 

and clinical Intensive Care Med 32: 1 2006 

130. Grinkeviciute Kevalas Saferis Matukevicius Tamasauskas A: Predictive 

value of C\lCfI;;un in severe head Medicina 43:861 2007 



Univ
ers

ity
 of

 C
ap

e T
ow

n

131 

tissue 

132. 

brain tissue 

Hutchinson 

after traumatic brain 

Hutchinson 

method. J 

AI-Rawi 

with 

Swart et al: 

venous oxygen saturation for 

brain 

cerebral 

emission 

2002 

1999 

et al: Measurement of 

to validate a novel 

133. Habler Kleen Hutter Podtschaske Tiede et al: Effects of 

Transfusion 38: 135-ventilation on hemodilution-induced in anesthetized 

1998 

134. Hackbarth Rzeszutko Sturm Danders J, Kuldanek OJ: Survival and 

functional outcome in traumatic brain A rotlr("\"no,~t""o review and of 

factors. Crit Care Med 30:1630-1 2002 

135. Hahn McLane DG: Risk factors in the outcome of children with minor head Pediatr 

1993 

136. AL: of the evidence for the lower limit of "\I~'rr'"lr and mean arterial 

pressure children. Pediatr Crit Care Med 8:1 2007 

137. Hare Mazer Hutchison McLaren Liu Rassouli et al: Severe hemodilutional 

anemia increases cerebral tissue acute neurotrauma. J 103:1021-1 

2007 

138. Hartman 

traumatic brain 

Watson 

is 

Linde-Zwirble Clermont Lave J, Weissfeld L, et al: Pediatric 

in the united states. Pediatrics 122:e1 2008 

139. Hebert Wells Marshall J, Martin et al: A 

controlled clinical trial of transfusion in critical care. transfusion 

in critical care Canadian critical care trials group. N J Med 340:409-

417,1999 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Yetisir Martin Wells Marshall J, et al: Is a low transfusion 140. Hebert 

threshold ill with cardiovascular diseases? Crit Care Med 2001 

141. Morabito GT: Carbon dioxide 

and pressure of brain 2001 

142. HQrnrln Smith Morabito between brain 

tissue oxygen tension and CT and initial results. AJNR Am J Neuroradiol 

26: 1 095-11 2005 

143. Hessen Anderson 

brain Brain 

Nestvold K: IVIMPI-2 

2008 

23 years after n<l".ti,<l,tr,t' mild traumatic 

144. Hiler 

initial 

Hutchinson Smielewski Matta et al: Predictive value 

scan, intracranial pressure, and state 

with traumatic brain 104:731 2006 

145. Valadka 

response after severe head 

146. Valadka Goodman 

ischemia measured in the brain 

147. 

induced 

148. 

Valadka 

reduced in 

Valadka Robertson CS: 

Gonzalez J, Chacko Mizutani et al: 

J 97: 1 054-1 061, 2002 

Robertson CS: Patterns of energy substrates 

J Neurotrauma 21 :tI~4-::J!UO. 2004 

Robertson CS: Brain tissue oxygen tension response to 

brain. J 2008 

of assessed the cuff 

deflation method. Neurocrit Care 4:127-1 2006 

149. 

Role of 

150. 

accuracy, 

Valadka Robertson CS: Intracranial pressure response to induced 

pressure 

Alessandri 

Inn,r!_Y"rrn drift and 

2005 

57:91 2005 

Behr 0: Brain oxygen In-vitro 

of Licox- and Neurotrend sensors. Acta Neurochir 



Univ
ers

ity
 of

 C
ap

e T
ow

n

151. Hoffman Charbel Gonzalez-Portillo Ausman JI: Measurement of ischemia 

n""v."·,,, in tissue oxygen, carbon and Neural 51 :n:J4-t:I:J 1999 

152. Ball M: l\lormal in acute head 

'V~o'''''''''n of intracranial pressure, ventricular and outcome. 1 1982 

153. Holzschuh 

brain tissue 

1997 

154, Jakobsen 

pressure. Acta Neural Scand 

155. Howells Elf Jones 

Metz Brawanski A: 

pressure and near infrared "'n~,,...tr""'f'n 

Enevoldsen E: Transcranial 

1993 

of cerebral 

Neural Res 1 

in raised intracranial 

E, I, Nilsson et al: Pressure as a 

in the treatment of cerebral 

102:311-317,2005 

pressure in with brain trauma. J 

156. Albus 

oscillations and 

and concomitant 

157, Hukkelhoven 

Otahal J, 

in the are 

Heinemann et al: Gamma 

sensitive to decreases in 

in mitochondrial redox state. J Neurosci 28: 1153-1 2008 

et al: 

Patient age and outcome ,nllf1\AJIn 

Farace 

severe traumatic brain 

Habbema 

An 

Marshall 

of 5600 J 

2003 

158. Hutchinson 

between cerebral blood 

rni,'rA,rii",I",:oi", and 

2002 

159. Hutchison Ward 

after traumatic brain 

AI-Rawi 

substrate 

Lacroix J, Hebert 

in children. N J Med 

Chatfield Coles 

and metabolism in head 

et al: Correlation 

A combined 

J Cereb Blood Flow Metab 

Barnes Bohn et al: 

2008 

191 



Univ
ers

ity
 of

 C
ap

e T
ow

n

160. Imberti Bellinzona M: Cerebral tissue P02 and moderate 

in with severe traumatic brain 

161. Schuhmann Soehle 

cerebrovascular after traumatic brain 

rp,,",rTl\lIiT\I Crit Care Med 34: 1783-1 2006 

162. Schuhmann Soehle 

J 96:97-1 2002 

J: Continuous assessment of 

brain tissue oxygen pressure 

J: Continuous of 

cerebrovascular after subarachnoid brain tissue oxygen pressure 

and its relation to "p,,,,,,,;,,, cerebral infarction. Stroke 38:981 2007 

163. 

oxygen in 

Soehle J: Effects of nO/'r.nnnr,,,",,c I'r<l;nlc,l'tn,Yr\\J on brain tissue 

with intracranial h,u"orlon"", 74:513-515,2003 

164. 

monitored 

2005 

Schuhmann Winkler J: Correlation of 

cerebral blood flow and brain tissue oxygen. Acta Neurochir 147:51 

165. Jennett Bond M: Assessment of outcome after severe brain n~rn:::lr!A Lancet 1'''+<';''-H''+ 1975 

166. Jensen Hahn E: Risk factors of intracranial pressure 

devices: A critical review. Neurol47:1 1997 

167. Johnson 

Pediatr 28:167-1 

168. Johnston Steiner 

cerebral pressure 

S: Severe 

1998 

Chatfield 

head 

Coles Hutchinson AI-Rawi 

on 

brain ()Y"""An:::lti()n after traumatic brain 

and 

Intensive Care Med 30:791 2004 

Coles Chatfield Smielewski 

in children with 

and actual fact. 

et al: Effect of 

and focal 

et al: Effect of 169. Johnston 

cerebral 

Steiner 

pressure and metabolism after head 

Crit Care Med 33:1 2005 



Univ
ers

ity
 of

 C
ap

e T
ow

n

170. Jones Andrews Easton Minns RA: Traumatic brain in childhood: Intensive care 

time series data and outcome. Br J 2003 

171. Josan S: • a(,·tr. rrn, may be effective in the treatment of 

after traumatic brain Childs Narv 22:1268-1 2006 

172. Kan 

2006 

173. 

Amini Hansen K, White 

.Qr'rnrr,\l for severe traumatic brain 

Martin Kordestani Counelis Hovda 

Walker 

in children. J 

flow as a of outcome traumatic brain 

174. KeU-White Hutchinson 

and 

AI-Rawi 

aneurysm surgery: 

on infarction. J 

et al: Outcomes after 

1 

et al: Cerebral blood 

86:633-641, 1997 

et al: Cerebral 

of blood pressure, 

96:1013-1019,2002 

175. Bardt 

,",,,,f.ont,,, with severe head 

Schneider Lanksch WR: of cerebral 

vein oxygen Brain tissue P02 versus 

saturation. J 85:751 1996 

176. Kieslich M, 

severe head 

Galow Lorenz Jacobit G: and mental outcome after 

in childhood: A of 318 children. Disabil Rehabil 

2001 

77. Klein 

2007 

Carson JL: Red blood cell transfusion in clinical ~.~~t",~ Lancet 370:415-

178. Knudson Lee Erickson Morabito GT: Tissue oxygen 

shock and resuscitation: A of lactated 

saline and HBOC-201. J Trauma 

179. Koch Li L, Sessler 01, et al: Duration of red-cell 

and after cardiac surgery. N J Med 358:1229-1 2008 



Univ
ers

ity
 of

 C
ap

e T
ow

n

180. Kokoska Pittman Weber TR: worsens 

in 

Smith 

with severe head trauma. J Pediatr 

181. Kontos Wei Navari Levasseur 

cerebral arteries and arterioles to acute 

1978 

Rosenblum WI, Patterson 

and Am J 

outcome 

1998 

of 

234:H371 

182. 

cerebral 

1 

Kern Thomale Lanksch 'HO'Fno,r,., AW: of 

pressure on contusion volume J 

183. Lacroix J, Hebert Hutchison Hume Tucci Ducruet et al: Transfusion 

for in intensive care units. N 

184. Lam Poon WS: 

with head J 

185. Lam 

Anaesth 

MacKersie A: Paediatric head 

1999 

J Med 356:1609-1619, 2007 

laser tlr.',Alty,,,,tl",/ in 

and Paediatr 

186. Chesnut RM: A bedside method for lnut:>Clln<> the .",",,,,r." and critical thresholds of 

cerebral pressure 

2000 

187. 

severe traumatic brain 

188. 

review of recent 

in severe traumatic brain Br J 14:117-

Mehdorn HM: Tissue and cerebral after 

Crit Care Med 31 :267-271, 2003 

Mudaliar NW: cerebral r.v"non"'!''''n - a 

Rev 30:99-1 2007 

189. Rutland-Brown Thomas KE: Traumatic brain injury in the United States: 

and deaths. Centers for Disease Control and 

National Center for Prevention and 2004 



Univ
ers

ity
 of

 C
ap

e T
ow

n

190. LASSEN NA: Cerebral blood flow and oxygen 

1959 

in man ...... " .. ,'" Rev 39:1 

191. Latronico N, Beindorf Rasulo Febbrari P, Stefini Cornali et al: Limits of intermittent 

bulb oxygen saturation in the of severe head trauma 

46:1131 2000 

192. Leal-Noval Munoz-Gomez Arellano-Orden Marin-Caballos Marin 

with severe et al: of age of transfused blood on cerebral in male 

traumatic brain Crit Care Med 36:1290-1 2008 

193. Leal-Noval Munoz-Gomez Murillo-Cabezas F: concentration in 

with subarachnoid acute ischemic stroke and traumatic brain Curr 

Crit Care 14: 156-1 2008 

194. Leal-Noval Rincon-Ferrari 

Caballos et al: Transfusion of 

Marin-Niebla A, 

nrt"',"'\1',,,, concentrates 

in with severe traumatic brain injury: A 

32: 1733-1 2006 

195. Lee OF, Oertel M, McArthur Glenn TC, 

pressure autoregulation, and metabolic suppression 

J 2001 

A, Arellano-Orden Marin-

a variable increment on cerebral 

Intensive Care Med 

P, et al: Carbon dioxide r.,><,,,t"IIT' 

after head injury: A transcranial doppler 

196. Lee Martin Alsina McArthur Zaucha K, Hovda et al: 

significant cerebral vasospasm and outcome after head 

87:221 1997 

197. E, Lubbers Wrabetz W: 

different arterial 02 pressures. Arch 359:81 

J 

of local tissue P02 of the brain cortex at 

1975 

198. Levin Aldrich 

injury in children: 

Foulkes 

of the Traumatic Coma Data Bank. 

Bellefleur M, et al: Severe head 

31 . ..,.,..,..-....,... 1992 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Wilde Chu Hanten Li et al: Diffusion tensor in 199. Levin 

relation to 

Rehabil23:1 

and functional outcome of traumatic brain 

2008 

in children. J Head Trauma 

200. Lewis M, J, 

severe head trauma. Acta Neurochir 

201. Nornes 

and blood 

P: cerebral 

1998 

pressure 

Nakstad Cerebral vasospasm 

measurements. Acta Neurochir 100:1 

in 

1989 

202. Liu Liu 

normobaric n\lr,ar"v treatment 

Liu KJ: Electron 

the brain 

resonance­

('I'\(\/ne::.n::.t,nn in a 

rat model of transient focal cerebral ischemia. J Cereb Blood Flow Metab 26:1274-1 2006 

203. Lobato Rivas Gomez Castaneda Canizal Sarabia et al: " ....... "_111 

who talk and deteriorate into coma. of 211 cases studied with 

J ,1991 

204. L, Valeriani Rossi De Marchi Stocchetti N: Effects of n\fr.",rr.v,::. on brain 

tissue oxygen tension in cerebral focal lesions. Acta Neurochir 

205. Luerssen Garton HJ: Severe head 

Pediatr the article Johnson and 

206. Luerssen Klauber 

207. Maas Fleckenstein 

studies and 

Marshall LF: Outcome from head 

head J 

de van Santbrink H: 

clinical results of continuous 

and brain tissue oxygen tension. Acta Neurochir 

81:315-317,2002 

and actual fact. 

1999 

related to age. A 

68:409-416, 1988 

1993 

cerebral 

of fluid 

208. Maas Stocchetti Bullock R: Moderate and severe traumatic brain adults. lancet 

Neurol 7:728-741,2008 



Univ
ers

ity
 of

 C
ap

e T
ow

n

209. McCulloch J, Pickard 

Relevance of the blood-brain barrier. Am J ........ ,,", .... 

AM: Cerebral circulation and 

:'+0":>-'+00. 1976 

210. Macmillan Andrews PJ, Easton VJ: Increased 

outcome in traumatic brain J Neurol 

is associated with poor 

2001 

211. Ghisoni L, Locatelli 

in cerebral metabolism after 

2003 

212. Malone Dunne J, 

of shock CO\'OYIT\l 

2003 

213. Mandera 

transcranial 

2002 

is 

et al: Lack of 

in severe head J 

Putnam Scalea LM: Blood 

with worse outcome in trauma. J Trauma !l4:tI!:-ItI 

M: in cerebral assessed 

in children after head Childs Nerv 18:124-1 

214. Morabito Erickson Pitts et al: Cerebral 

shock: Perils of n\lr\cn,c and the of 

J Trauma 48: 1 VL,';-v,,,". discussion 1 2000 

215. Erickson Holcroft N, et al: 

resuscitation with the substitute HBOC-201: Effect on brain tissue Adv 

Med 8ioI530:311-317, 2003 

216. Pitts Morabito Gibson J, Gimbel et al: Brain tissue nV\,It'H::,n 

and alterations in ventilation. J Trauma 46:261 1999 

217. Marik Corwin HL: of red blood cell transfusion in the "r.t""<:>II,, ill: A <:'\J<::tprn:::ltlf' review 

of the literature. Crit Care Med: 1, E-Pub ahead of 2008 

218. Marik Sibbald WJ: Effect of stored-blood transfusion on oxygen in with 

JAMA 1993 



Univ
ers

ity
 of

 C
ap

e T
ow

n

219. Marin-Caballos 

Ferrari 

head 

Murillo-Cabezas F, 

J, et al: Cerebral 

observational 

Rincon­

pressure and risk of brain hur" ... """ in severe 

2005 

220. Marino Pinelli L, Manzoni Gritti et al: cerebral 

infarction in ...... 'n'on'" with moderate or severe head trauma. 67:1165-1171,2006 

221. Marmarou Fatouros Barzo Portella et al: Contribution of 

edema and cerebral blood volume to traumatic brain in J 

93:183-1 2000 

222. Marmarou Fatouros Portella Bullock MR: Predominance of 

cellular edema in traumatic brain in with severe head J 104:720-

2006 

223. Marshall Bowers Marshall Klauber 

J 

et al.. A new classification of head 

1991 

based on 

224. Marshall HM: The outcome with treatment in severe head 

Part I: The of intracranial pressure 1979 

225. Marshall RS: The functional relevance cerebral blood flow matters to the 

and brain. Curr Neurol 2004 

226. Martin Mathews Strobino et al: Annual of 

vital statistics: 2006. Pediatrics 121 :788-801,2008 

227. Martin Doberstein Zane Caron Thomas Becker DP: Posttraumatic cerebral 

arterial spasm: Transcranial dOI)PIE:'lr blood and J 

1992 

228. Martin Patwardhan Alexander Africk Lee Shalmon et al: Characterization 

of cerebral 

vasospasm. J 

severe head trauma: and 

87:9-19,1997 



Univ
ers

ity
 of

 C
ap

e T
ow

n

229. Marton Mazzucco Nascimben Martinuzzi P: Severe head in 

causes and factors for outcome. Childs Nerv 23:873-

2007 

230. Walker Johnson Matlak ME: Causes and in severe 

trauma. JAMA 245:719-721,1981 

231 MacKenzie Durbin 

An evaluation of its 

Aitken Jaffe 

and 

Paidas et al: The Pediatric 

children with traumatic brain 

Med RehabiI86:1901-1 2005 

232. Marshall Yetisir et Effect of a 

liberal versus restrictive transfusion on in with moderate to severe head 

Neurocrit Care 2006 

J, Roosen K: Studies of tissue P02 in normal and 

human brain cortex. Acta Neurochir iJ::7.vO··U0. 1993 

234. 

treatment 

235. Menon 

oxygen 

236. Menzel 

in 

cerebral blood 

237, Menzel 

J, Vath J, Kunze Roosen K: Brain tissue 

after traumatic brain J Neurol 

2003 

Smielewski Chatfield et al: Diffusion limited 

Crit Care Med 32:1384-1 2004 

Zauner 

after severe head 

J, Reinert Clausen et al: Cerebral 

and effects of arterial on 

metabolism and intracranial pressure. J Anesthesiol 11 :240-251! 

J, Henze Clausen T, Marx et al: Brain tissue 

for assessment of 

Anesthesiol 15:33-41, 2003 

Hillman 

results a new J 



Univ
ers

ity
 of

 C
ap

e T
ow

n

238. Rackelbom Renier Carli P: evacuation of 

acute subdural hematoma 

evaluation. Childs Nerv 

cerebral 

2005 

in children: A transcranial 

239. Mirvis Wolf 

CT: 

Corradino 

and outcome. AJR Am J 

IN: Posttraumatic cerebral infarction 

154: 1293-1 1990 

240. Monteiro LM, Bollen van Huffelen Jansen NJ, van AJ: 

Transcranial to confirm brain death: A rno,o;,._", Intensive Care Med 

32:1937-1 2006 

241. Morais Gaia Andrade AF: Clinical of 

resonance in acute traumatic brain uU.;}V·-;}O 2008 

242. Moreno 

severe head 

243. Morris 

I\IIn,nit,-.rir,,, and 

244. Morrison 

outcome 

245. Muizelaar 

Mesalles Gener J, Tomasa 

with transcranial ru"",,,,,::or 

Roca J, et al: 

Focus 

the outcome of 

2000 

Parslow UK Paediatric Traumatic Brain 

et al: Intracranial pressure severe traumatic brain in 

Intensive Care Med 32:1606-1612, 2006 

Fackler De Maio Paidas CN: and age effects on 

traumatic brain Pediatr Crit Care Med 5:145-151, 2004 

Marmarou DeSalies Ward Zimmerman Li et al: Cerebral blood 

flow and metabolism in head-injured children. Part 1: h'oll<>to,-.ne> 

71 :63-71, 1989 

with score, 

and PVI J 

246. Muizelaar Marmarou A, Ward Kontos Choi Becker et al: Adverse effects of 

in with severe head A randomized clinical trial. J 

1991 

247. Muizelaar Marmarou Newlon Wachi A: Cerebral blood flow and metabolism 

in children. Part 2: J 71 1989 



Univ
ers

ity
 of

 C
ap

e T
ow

n

248. Grant Martinez A: A of the effects of 

and 

71:19-21,1998 

on cerebral blood flow and oxygen utilisation. Acta Neurochir 

249. Nadvi Ou Trevou MO, Van Oellen Gouws E: The use of transcranial 

as a method of 

1994 

intracranial pressure in hydrocephalic children. Br J 

250. Fleck T, Barth H, Stiller B, Ewert P, et al: Relation of cerebral 

tissue index to central venous oxygen saturation in children. Intensive Care Med 

30:468-471,2004 

251. N, Fleck T, Schubert Ewert Peters B, 

cerebral tissue nv,,,nt:.no:o index measured near-infrared 

saturation in children. Intensive Care Med 31 :o<;·o-()::)U 2005 

252. Kishore Becker Ward Enas 

pressure: To monitor or not to monitor? A review of our 

1982 

et al: 

and venous 

between 

bulb 

et al: Intracranial 

with severe head J 

253. Narotam Rao Taylon C: Cerebral AVIH,,,,n in 

trauma: Its relevance to trauma and outcome. J Pediatr 41 :505-513,2006 

254. Newell OW, Aaslid Lam Winn HR: of flow and 

autoregulation in humans. Stroke 1994 

255. Newell 

head 

256. 

Aaslid Stooss Seiler 

with transcranial 

Chan 

in ventilated head 

CT. Acta Neurochir 2000 

Reulen HJ: Evaluation of 

Acta Neurochir 

responses in 

139:804-817, 1997 

Metreweli C: Transcranial 

Correlation with stable xenon-enhanced 



Univ
ers

ity
 of

 C
ap

e T
ow

n

257. Poon Chan Lam Lam WW: Is transcranial aOIJPlj~r 

in rlQl!Qrrn, C02 ",ru,",\! and pressure 

Acta Neurochir 81:125-1 2002 

258. Niedzwecki Ketchum Cifu Dillard Monasterio EA: Traumatic brain 

A 

Marwitz 

of functional outcomes between children and adults. J Head Trauma 

Rehabil 23:209-219, 2008 

259. Nishimura 

and 

Iwasaki 

cerebral 

Shibata S: cerebral blood flow 

Aviat Environ Med 78:1121-11 2007 

260. Nordstrom CH: Assessment of critical thresholds for cerebral pressure 

2003 bedside of cerebral energy metabolism. Focus 1 

261. Nordstrom CH: Assessment of the cerebral pressure in 

Anesth 101 "-,, .. '-vv'v. 2005 

262. Nordstrom CH: Cerebral pressure between 50 and 60 may be beneficial in 

A insult 

author 2006 

263. ",n"",<:'\! I. FI, Smielewski et al: Effect of 

Qn<,tln,n and metabolism after severe traumatic brain 

Care Med 36: 273-281,2007 

on 

Crit 

264. Oertel Boscardin 

vasospasm: The 

265. Oertel 

blood pressure 

head J 

Obrist 

and metabolic 

97:1045-1 

Glenn McArthur Gravori T, et al: Posttraumatic 

and time course of an underestimated A 

J 103:81 2005 

I-tt,('<>('\1 of h\l"Qr,/Q"tiI,,,ti,., 

in intracranial pressure after 

2002 



Univ
ers

ity
 of

 C
ap

e T
ow

n

266. Gan Solanki et al: 

and outcome of cervical associated with head in Childs 

Nerv 2008 

267. Palmer Bader MK: Brain tissue oxygenation in brain death. Neurocrit Care 2:1 2005 

268. Panerai RB: Assessment of cerebral pressure 

measurement methods. Meas 1 1998 

in humans - a review of 

269. Panerai 

cerebral 

Kerins Fan L, Yeoman PM, Evans DH: Association between 

and in severe head BrJ 18:471 2004 

270. cord without in 2 decades later. 

55:1 2004 

271. Patel Menon Tebbs Hawker Hutchinson PJ: neurocritical 

care and outcome from head Intensive Care Med 2002 

272. Paulson Edvinsson L: Cerebral Cerebrovasc Brain Metab 

Rev 2:161-1 1990 

273. Wald SL, Shackford Vane DW: The effect of n\lr"'\T<,n and on children 

with severe head injuries. J Pediatr 28:31 1993 

274. Pillai 

brain 

factors in children with severe diffuse 

Pediatr 34:98-1 2001 

275. Plotz Markhorst D: Traumatic brain 

intracranial pressure 

van Heerde 

Does it outcome? Intensive Care Med 33: 1 

and 

2007 

276. Pollack MM, Patel KM, Ruttimann UE: PRISM III: An 

Crit Care Med 1996 

277. 

for blocked 

RD: The 

shunts. Eur J Pediatr 1 

risk of mortality score. 

index as a test 

1 1991 



Univ
ers

ity
 of

 C
ap

e T
ow

n

278. Prabhakaran P, Oakes 

cerebral 

severe traumatic brain J 

Winkler 

to intracranial 

04~~O~. 2004 

Givens TG: A pilot trial 

in children with 

279. Prabhu Zauner Bullock MR: !:>n,:.mont of traumatic brain In Winn HR 

Elsevier pp 5145-5180 

280. Prasad Kramer L: Predictors of outcome .""""" ......... traumatic 

brain in young children. Pediatr 2002 

cerebral in severe 281 

head its 

",,.,-,,,...,<...2008 

Biestro A: One-minute 

with static A transcranial aOlJDU3r 

Neurocrit Care 

282. Raat the microcirculation: The 

93:12-18,2007 

r<!norll\/Q from blood transfusion and 

blood <!tnr!:>n,o Vox 

283. Ract Le Bruder B: Transcranial dOlJDI13r ultrasound 

for the m~,n::l,n""rTl""lnT of severe traumatic brain Intensive Care Med ,),);;0'+;:)-(1;:) ,2007 

284. Ract of the cerebral effects of and in 

Intensive Care Med 27:101-1 2001 

285. Ract 

1 2001 

after traumatic brain 

Mazoit 

and 

286. Raimondi Di Rocco C: Cerebral 

and childhood: A of 

Samii 

287. Ransom Mann Vavilala Haruff 

to child abuse. Child Abuse 

288. Reiles Van der Linden P: Transfusion 

l'nrTlnil,:.t,::.(f'; Crit Care 11: 2007 

Tadie M: and 

insult. J Neurotrauma 18:1247-

in diseases in 

1978 

Rivara FP: Cerebral infarct in head 

2003 

in ill Has the been 



Univ
ers

ity
 of

 C
ap

e T
ow

n

289. Reinert Barth Rothen Schaller B, Takala J, Seiler RW: Effects of cerebral perfusion 

pressure and increased fraction of oxygen on brain tissue oxygen, lactate and in 

with severe head Acta Neurochir 145:341 2003 

290. Reinert Schaller Widmer HR, Seiler Bullock R: Influence of oxygen on 

lactate metabolism after diffuse brain J 101 2004 

291. Reithmeier T, Lohr Pakos Ketter G, Ernestus RI: Relevance of ICP and pti02 for indication 

and of 

147:947-51,2005 

292. Richards Tolias 

outcome in the 

2003 

in patients with malignant brain edema. Acta Neurochir 

NG: Extracellular to ratio may 

brain: A clinical in children. Pharmacol Res 48:101-

293. Robertson C: Critical care of traumatic brain injury, In Winn HR 

Elsevier Inc., pp 5103-5144 

Youmans 

294. Robertson Valadka Contant Cormio M, et al: Prevention 

of ischemic insults after severe head Crit Care Med 1999 

295. Robinson Ahn J, Stiffler Hurd H, Zarzaur et al: Blood transfusion 

is an of increased in blunt and 

2005 

296. Rosenthal Sorani Martin C, Morabito Obrist WD, et al: Brain tissue 

oxygen tension is more indicative of oxygen diffusion than oxygen and metabolism in 

with traumatic brain injury. Crit Care Med 36:1917-1 

297, Rosenthal Hemphill Sorani M, Martin Morabito 0, Meeker M, et al: The role of lung 

function in brain tissue oxygenation following traumatic brain injury. J 

298. Rosenthal Morabito Cohen 

solution-201 to 

A, 

resuscitation 

1 uO:.O::1'-OO 2008 

Panter et al: Use of 

and 



Univ
ers

ity
 of

 C
ap

e T
ow

n

or'r\nnanl brain in a swine model of traumatic brain and 

J 2008 

299. Rosner Prineas Daniels SR: Blood pressure nomograms for children and 

sex, and age, in the united states. J Pediatr 123:871 1993 

300. Rosner S: Cerebral pressure "'''''''rY'I,:::.nt in head J Trauma 

1990 

301. Rosner Rosner Johnson AH: Cerebral pressure: nrnTnr"nl and 

clinical results. J 1995 

302. Rossi Balestreri Bellinzona Valeriani Bruzzone et al: 

and 

Neurochir 

tension in cerebral tissue cerebral ischaemia: A swine model. Acta 

76:1 2000 

303. Rossi Stocchetti L, Balestreri Zanier et al: Brain oxygen 

oxygen and oxygen arterial hun,orr,v,,,, in a model of cerebral 

ischemia. J Neurotrauma 18:163-1 2001 

304. Rut Heckmann Schroth I, Reiss I, Borkhardt et al: 

and """"I':""hl for ratr·",,...tr.nl intracranial in children: Results 

of a Crit Care 7:R1 2003 

305. Saatman Duhaime Maas Valadka et al: 

traumatic brain injury for ho,·",,,,,o,,, J Neurotrauma 25:71 2008 

306. J, Munar F, 

cerebrovascular and 

III}. Acta Neurochir 

307. Sakas Bullock 

h\lr''''n''m''~ after focal head 

Patterson J, 

in humans: A 

Pedraza 

in 

UCLc-u,aCL.CI A: Evaluation of 

with diffuse brain 

1998 

Teasdale GM: Focal cerebral 

J 1995 



Univ
ers

ity
 of

 C
ap

e T
ow

n

308. Salorio Siomine White 

traumatic brain 

Natale 

A 

et al: Intensive 

care unit variables and outcome after 

survivors. Pediatr Crit Care Med 2008 

309. Mack Rivara 

outcome in children with severe traumatic brain 

310. Sanker Richard 

intracranial pressure 

Childs Nerv 

in children and 

1991 

Vavilala MS: Time of 

J Neurotrauma "::>:<+l;j':O-~)UL 

K: Transcranial YVIJIJ"'" 

acute brain 

and 

2008 

or 

and 

311 Sarrafzadeh Bardt Schneider 

in contusioned vs. nonlesioned brain 

Lanksch WR: Cerebral 

Pti02 with Licox and 

Paratrend. Acta Neurochir 71 :186-1 1998 

312. Scheufler Lehnert Rohrborn Nadstawek J, Thees C: Individual value brain tissue 

"'''''''''''' pressure, microvascular oxygen 

reduced cerebral energy state 

AnesthesioI16:210-21 2004 

redox and 

acute in cerebral 

in 

J 

313. Scheufler KM, Rohrborn Zentner J: Does tissue "V\!f1t:>n_T,::.nc:: reflect cerebral 

and 95:1 

314. Schmidt I, Piechnik 

of the estimation of cerebral 

J Neurol 

2002 

Matta 

pressure 

2001 

Whitfield et al: 

transcranial 

315. Schmidt 

of pressure 

Steiner Balestreri Smielewski Piechnik et 

after traumatic brain J 2003 

316. Schneider Sarrafzadeh Lanksch WR: Influence of 

and in with intracranial Acta 

Neurochir 71 1998 



Univ
ers

ity
 of

 C
ap

e T
ow

n

317. Schoeman Laubscher Donald PR: Serial lumbar CSF presure measurements and cranial 

in tuberculous Childs Nerv 1 U.L..v ... r-v 

2000 

318. Schoeman Van Laubscher Donald PR: Serial CT 

319. Schwarz Litscher Kleinert 

Anesthesiol 8: 189-1 1996 

320. 

25:3-19,2003 

MacKenzie EJ: 

198 cases. J Child Neurol 1 

Jobstmann R: Cerebral 

the health 

321. <";",!rnnlo. Bass 

S Afr Med J 

Peter JC: Severe head in children a 

1998 

322. Shafi de la Plata Diaz-Arrastia Frankel Elliott 

exist in trauma care. J Trauma 63: 1138-11 2007 

323. Shafi Diaz-Arrastia Madden Gentilello L: Intracranial pressure 

of 

is associated with of survival. J Trauma IJ"+:,J,J;~-,J,,+V, 2008 

324. Shah Localio 

of acute 

36:2309-2315.2008 

on 

Kahn 

in 

325. Marmarou A: Clinical of the 

1982 J 56:81 

326. Callahan J. Wolfla C: The 

monitor in 244 Neurol 1996 

ill trauma 

in childhood 

1995 

in dead J 

Rev 

but tAr,'1,.,tton 

et al: Ethnic 

in 

et al: The of 

Crit Care Med 

index in treatment of 

cerebral pressure 

327. JA: Cerebral blood flow and metabolism in children with 

severe head 

58: 153-1 

2: Cerebrovascular resistance and its determinants. J Neurol 

1995 



Univ
ers

ity
 of

 C
ap

e T
ow

n

328. PM, 

children with head 

A, 

BMJ 300:87-91, 1990 

JA: Avoidable factors to death of 

329. Stuart Matthews JA: Cerebral blood flow and 

metabolism in children with severe head Part 1: Relation to age, coma score, 

intracranial pressure, and time after J Neurol 58:145-1 

1995 

330. Shin Dunn AK, Jones Boas Lo Moskowitz et al: Normobaric 

cerebral blood flow and and inhibits peri-infarct in 

focal ischaemia. Brain 130:1631-1 2007 

331. Shin 

hypertension 

Stroke39: 1548-1 

Nishimura M, Jones Boas DA, Moskowitz et al: Mild induced 

blood flow and oxygen metabolism in transient focal cerebral ischemia. 

2008 

332. M, van Bommel J, Ince C: Assessment of tissue Intensive 

Care Med 25: 1 044-1 1999 

333. BK: and treatment of focal cerebral ischemia. Part I: J 

77:169-1 1992 

334. Andrews Jones Wardlaw Miller JD: insult to The 

J Neurol insults for survival after traumatic brain 

66:26-31, 1999 

335. P: Pediatric coma scale. Lancet 1982 

336. Cockington Hanieh Raftos J, Reilly PL: Head injuries in infants and young 

children: The value of the Paediatric Coma Scale. Review of literature and on a study. Childs 

Nerv 7:183-1 1991 

337. Slater Shann F, Pearson 

version of the index of 

Paediatric Index of 

Intensive Care Med 2003 

PIM2: A revised 



Univ
ers

ity
 of

 C
ap

e T
ow

n

338. Smith Stiefel Bloom Gracias et al: Packed red blood cell 

transfusion increases local cerebral rWIJr,c>n Crit Care Med 33:1104-11 2005 

339. Smith Counelis Stiefel 

oxygen tension in clinical brain death: A case series. Neurol Res 

K, Leroux PD: Brain tissue 

2007 

340. 

bacterial m",.nlr,n 

341. Sokrab 

J, 

J Neurol 

Johansson BB: 

noradrenaline and nr,,:'n\!'I<=>n 

1989 

342. Sola Deulofeut R: 

Davis TL: Cerebral infarction in childhood 

44:581 1981 

cerebral blood flow in acute 

in the conscious rat. Acta 

induced 

Scand 137:101-1 

as a neonatal health hazard: Call for detente in clinical 

nr..,,,'>r',-, Acta Paediatr 96:801-812,2007 

343. Soustiel 

metabolism 

344. 

Sviri GE: of cerebral metabolism: Non-ischemic of oxidative 

severe traumatic brain Neurol Res .... ""vv·-r-vvv. 2007 

Radanovic Vrankovic Has Muzevic et al: Transcranial 

as an outcome forecaster severe brain Br J 

""U,-'-""vV. 2006 

345. Steiner 

pressure 

Coles 

is related to 

2003 

Minhas et al: Cerebrovascular 

cerebral oxygen metabolism after head J Neurol 

346. Steiner 

cerebrovascular 

Chatfield Smielewski P, 

A validation 

et al: Assessment of 

in Stroke ................ v ..... ·· ....... Vv, 

2003 

347. Steiner Piechnik Smielewski Chatfield Menon et al: Continuous 

mn,nitl"'lrir,n of cerebrovascular pressure allows determination of cerebral 

pressure in with traumatic brain Crit Care Med 2002 

2 0 



Univ
ers

ity
 of

 C
ap

e T
ow

n

348. Steiner Johnston Chatfield Salvador Coles et al: Direct 

of cerebrovascular effects of and Crit 

Care Med 32:1049-1 2004 

349. Stiefel Smith Bloom E, Gracias et al: Cerebral 

for the treatment of rofr,,,,,,tf'\r\l intracranial 

1 01 :241 2004 

Gracias Garuffe 350. Stiefel 

Reduced 

mf'\nltl,rirlf'l J 

with severe traumatic brain 

103:805-811,2005 

et al: 

treated with brain tissue oxygen 

351. Stiefel Udoetuk Gracias et al: 

Conventional neurocritical care and cerebral ,-,v','rt",n<> after traumatic brain J 

1 2006 

352. Stiefel Udoetuk Storm Sutton LN, Kim et al: Brain tissue oxygen 

in with severe traumatic brain J 105:281 2006 

353. Stocchetti De Marchi Croci Benti Grimaldi N: cerebral 

pressure 1f'"'''''I<''''' low values of local brain tissue 02 tension in focal lesions. Acta Neurochir 

71: 62-1 998 

F. Canavesi Beretta L, Citerio et al: Inaccurate 354. Stocchetti 

assessment of co"or,,\! in head J Neurotrauma 21 1131-1 2004 

355. Stocchetti Rossi S: Re: Limits of intermittent 

of severe head trauma 

bulb oxygen saturation 

"O;"O''f-''oo. 2001 

in the 

356. Strebel Lam IVlatta B. Aaslid Newell OW: 

anesthesia. 

and static cerebral 

and nYI'\,n,-,lrn 

1995 

211 



Univ
ers

ity
 of

 C
ap

e T
ow

n

357. 

2008 

S, Ford HR: Outcomes in n"",!,,,,,tr,f' trauma care. Semin Pediatr 17:110-115, 

358, Suttner Kumle Rohm F, et al: The influence of IInr,,"nQlr red 

blood cell transfusion with 1 00% oxygen ventilation on and 

skeletal muscle oxygen tension after cardiac surgery. Anesth 99:2-11,2004 

359. Tawil I, Stein Mirvis Scalea TM: Posttraumatic cerebral infarction: 

and risk J Trauma 0'1>;0'1>:::1-00,). 2008 

360. Rosenfeld J, Shann F, Lewis et al: A randomized trial of very 

n''''f'tA,.,..", in children with traumatic brain and sustained intracranial 

Childs Nerv 17:154-1 2001 

361. O'Brien J, Trottier L, Lesko et al: Red blood cell 

transfusions and nosocomial infections in n:::>TI"'nT~ Crit Care Med ....... <-""1<- 2006 

362. Teasdale Jennett B: Assessment and nrr\nn,l'\c," of coma after head Acta Neurochir 

976 

363. DiScala Barlow B: and head The 

1990 

364. Mollitt Talbert M: The trauma score as a of 

child, J Pediatr 

365. Mollitt Gans DiScala C: The trauma score as a 

nr.::.rlir,tnT of An assessment J Trauma ...... '7L."r'7L.'"', 1988 

366, ter Minassian Melon Lodi Bonnet F, I-<"""Nr.n L: -n"'nn<~'" in cerebral 

blood flow PaC02 variations in ",,,,t,ont,,, with severe closed head between 

the Fick and transcranial am)OII"r methods, J 88:996-1001, 1998 

212 



Univ
ers

ity
 of

 C
ap

e T
ow

n

367. Teruel 

head 

Rico Cambra Lasaosa 

children: 

Julian 

evaluation as a 

Costa Clara ,.1M: Severe 

factor. J Pediatr 

42: 1903-1 2007 

368. Thees Scheufler 

pressure 

and nY\'''f'''n 

Nadstawek J, Zentner J, Lehnert 

intracranial 

Intensive Care Med 

A sufficient 

2003 

Lam Aaslid Newell DW: 

measurements. Stroke 26:1014-1019, 1995 

Hoeft A: 

of 

of static and 

of cerebral 

cerebral 

cerebral 

370. Tilford Aitken Anand Green Goodman Parker et al: for 

ill children with traumatic brain 

2005 

371. Tilford JM, Aitken Goodman 

in the treatment of 

372, Tolias Richards 

children with severe head 

2002 

A 

Adelson PD: 

traumatic brain 

S: 

A 

Crit Care Med 33:2074-2081, 

the of 

J Trauma 63:S11 2007 

of extracellular amino acid release in 

Acta Neurochir 81 

373. Tolias Reinert Seiler Gilman Scharf Bullock MR: Normobaric 

in cerebral metabolism and reduction in intracranial pressure in with severe 

head historical cohort-matched J 1 01 """h,---r~r..,. 2004 

374, Tolias 

with severe head 

375. Tonnesen Larsen Paulson 

S: Extracellular 

Childs Nerv 

is valid for measurement of cerebral blood flow 

2005 

1 

in the brains of children 

2002 

J, Knudsen GM: Laser 

lower limit in rats. 

213 



Univ
ers

ity
 of

 C
ap

e T
ow

n

376. Tontisirin Armstead W, P, Moore Y, Zimmerman et al: 

in cerebral as a function of time in children after severe traumatic brain 

A case series. Childs Nerv 23:1163-11 2007 

377. TorneUa Mostafavi Riina J, Turen Reimer Levine et al: and 

in trauma J Trauma 1999 

378. Trabold F, Blanot Carli GA: The value transcranial 

doppler studies in children with moderate and severe head 

2004 

Intensive Care Med 30:108-112, 

379. Tuor 

flow and 

Edvinsson L, McCulloch J: Catecholamines and the between cerebral blood 

use. Am J 251: 1986 

380. Armstead WM, Vavilala MS: Cerebral blood flow and after 

traumatic brain Pediatr Neurol 2008 

381. AW, Hartl Bardt T, Sarrafzadeh Lanksch WR: Multimodal 

in patients with head injury: Evaluation of the effects of treatment on cerebral 

J Trauma 1997 

382. Ursino Di Giammarco P: A mathematical model of the between cerebral blood 

waves. Ann Biomed volume and intracranial pressure The of 

19:1 1991 

383. Vajkoczy P, Roth Horn Lucke Thome Hubner U, et al: Continuous of 

cerebral blood flow: and clinical validation of a novel thermal diffusion 

J 2000 

384. Valadka Contant Uzura M, Robertson CS: of brain tissue 

P02 to outcome after severe head injury. Crit Care Med 26: 1576-1581, 1998 

385. Valadka 

blood flow. Acta Neurochir 

Y, Robertson CS: Brain tissue P02: Correlation with cerebral 

81 :299-301, 2002 

214 



Univ
ers

ity
 of

 C
ap

e T
ow

n

386. Vamvakas 

in "",trent", 

Carven JH: 

coronary 

of <OIn,,,,,,,o red cells and 

surgery. Transfusion 40:101-1 2000 

387. van de L, Lorinser J, """",,,,,"',.,,, Westendord Brand A: Effects of CTn,,,,,.,,,, time of 

red blood cell transfusions on the 

46:1712-1718,2006 

of coronary Transfusion 

388. van den Brink van 

al: Brain oxygen tension in severe head 

Avezaat Suazo 

2000 

389. Van der Linden De Hert Belisle De Groote Mathieu 

effects of red blood cell transfusion and blood flow tissue /'"\VIH"1C,n 

rI"" ... on,rI"" .... t conditions. Am J Crit Care Med 163:1605-1 2001 

390. van 

comatose 

GJ:The 

59:951 

value of 

1983 

et 

et al: 

in oxygen 

in 

391. van Santbrink Maas Avezaat CJ: Continuous n'"\nnlu", pressure of brain tissue 

oxygen in with severe head 38:21-31,1996 

392. van Schouten JW, Avezaat Maas AI: Serial transcranial 

measurements in traumatic brain with SDeCI81 on the 

Acta Neurochir 144: 141-1 2002 

393. van Santbrink vd Brink Carmona Suazo Avezaat 

tissue oxygen response in severe traumatic brain Acta Neurochir 

Maas AI. Brain 

...... " .... Lv-~'U 2003 

394. Vavilala MS: Cerebral Patience is a virtue but not a virtue the Pediatr 

Crit Care Med 8:192-1 2007 

395. Vavilala Bowen Lam Uffman Powell J, Winn et al: Blood pressure and 

outcome after severe traumatic brain J Trauma 55:1039-1 2003 

215 



Univ
ers

ity
 of

 C
ap

e T
ow

n

396. Vavilala Kincaid Suz P, Rozet I, Lam AM: Gender differences in 

cerebral blood flow \/PI,nr,1tv between the anterior and nf'l<>fo,"f'lr circulations in 

children. Pediatr Res 2005 

397. Vavilala Lee Boddu Visco Newell Zimmerman 

traumatic brain Pediatr Crit Care Med 

398. Vavilala Tontisirin Fisk Mitchell et al: 

and 6-month outcome in children with severe traumatic brain 

et al: Cerebral 

2004 

cerebral 

Dev Neurosci 

399. Vavilala Tontisirin Armstead Zimmerman Chesnut et al: 

differences in cerebral in children with moderate and severe traumatic 

brain Neurocrit Care Dec 13 E-Pub. ,2007 

400. Vereczki Martin Rosenthal Hot Hoffman 

oxidative 

Fiskum G: Normoxic resuscitation 

after cardiac arrest metabolic and 

neuronal death. J Cereb Blood Flow Metab 26:821 2006 

401. Hattori Wu Martin et al: Metabolic crisis without 

brain ischemia is common after traumatic brain A combined and 

emission 

402. Vincent 

transfusion in 

403. Vincent 

2006 

404. 

Sci Monit 11 

J Cereb Blood Flow Metab 

Baron Reinhart Gattinoni L, 

ill ,..,,,,,,,,,>,,,«, JAMA 288:1499-1 

2005 

L, Webb 

2002 

et al: Anemia and blood 

M: Transfusion in the intensive care unit Crit Care Med 34:S96-101, 

Partheni 

the transcranial 

""""'·-0L. 2005 

Kaliora Haftouras Pessach 

index in 

KS: cerebral 

with severe brain trauma. Med 

216 



Univ
ers

ity
 of

 C
ap

e T
ow

n

405. Wahlstrom Olivecrona Koskinen Naredi S: Severe traumatic brain 

!:It",nt.,,· Treatment and outcome an intracranial pressure 

the Intensive Care Med 31 2005 

406. Walsh McArdle F, McLellan Prescott et al: Does the "tn,,,,.,,,, 

time of transfused red blood cells or indexes of tissue in anemic 

ill Crit Care Med 32:364-371, 2004 

407. SA: Multimodal brain 

Where does continuous EEG fit in? J Clin 

408. 

Clin 

Schmidt 

2007 

SA: 

409. Feiner J, Hopf Lieberman J, 

stored blood are efficacious in 

deficits in humans. 2006 

in the intensive care unit: 

2005 

in neurocritical care. Crit Care 

et al: Fresh blood and 

anemia-induced brain 

410. Viele 

and metabolic response to 

Lieberman J, Noorani M, et al: Human cardiovascular 

severe isovolemic anemia. JAM A 279:217-221, 1998 

411 Wesson 

trauma. J Trauma 

Filler 

;:)O:::l'-;:):::lL. 1989 

Pearl RH: Functional outcome in 

412. White Farukhi Bull J, Gordon Paidas et al: Predictors of outcome in 

children. Crit Care Med """'t-,J"'tu. 2001 

413. Thornhill JA: The effect of age on to brain 

Neurosci Biobehav Rev 21:167-1 1997 

414. AL, Ho W, So Graham et al: risk trauma in older adults 

in A multicentre 39: 1 034-1 041, 2008 

415. Zauner Bullock HF: Brain oxygen, and 

Evaluation in the feline brain. 37:11 1995 
217 



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n

416. Zauner Bullock Warner DS: Brain and energy metabolism: 

Part I 51 :289-301, 2002 

417. Zauner Woodward Choi Bullock R: Continuous 

of cerebral substrate n.oll\/QCU and clearance: Initial OYI"'Ior.o in 24 with severe 

acute brain 

418. 

alternative to 

2008 

41 Zubkov Lewis 

41:1082-91,1997 

Zurakowski Fontaine Mason KP: Is 

for sedation CT? 

Raila J, Parent AD: Risk factors for the 

traumatic cerebral vasospasm. NeuroI53:126-1 2000 

420. 

Neurotrauma 1 

Muizelaar JP: Severe 

1999 

head The role of 

a safe 

of 

revisited. J 

2 8 




