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Introduction

The present umbrella review aims to summarize the evidence of the efficacy and benefit of
combined brain tissue oxygen monitoring and intracranial pressure (ICP) monitoring
compared with ICP monitoring based therapy alone. In this study, we systematically
searched five databases to retrieve systematic reviews (SRs) regarding the efficacy of ICP
monitoring on patient outcomes following traumatic brain injury (TBI). This overview was
prepared following the guidelines established by the Joanna Briggs Institute (|Bl) for
umbrella reviews. No restrictions were placed on the date, language, or country of
publication. Three SRs and meta-analyses met the inclusion criteria for the study. The
SRs and meta-analyses (SR-MAs) included randomized controlled trials (RCTs) and
observational studies. Specifically, two SRs were rated as high quality by A
MeaSurement Tool to Assess systematic Reviews 2 (AMSTAR 2), while one was rated as
moderate quality. Two of the SR-MAs reported on the mortality outcome, with two
reporting on the functional outcome and one reporting on the length of hospital stay
outcome. One of the SRs indicated that using combined brain tissue oxygen monitoring led
to a reduction in mortality. Two of the SRs had mixed results. Two articles found that
hospital length tends to be shorter with combined therapy than with ICP monitoring-based
therapy alone. Our observations suggested that brain tissue oxygen combined with
ICP/cerebral perfusion pressure (CPP) guided therapy provides a favorable outcome in
TBI patients than standard ICP-/CPP-guided therapy. The combined therapy has little effect
on mortality rate, ICP, CPP, and length of stay.

brain protection has been known for a long time, brain oxygen
monitors were only recently included in management guide-

Adequate tissue perfusion and oxygenation are crucial inneu-  lines for severe traumatic brain injury (TBI).! In several past
rocritical care, and their impairment results in brain damage.  studies, the relationship between raised intracranial pressure
Although the importance of perfusion and oxygenation in  (ICP) and poor outcome is well established in patients with
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severe TBL.'™* With technological advancement, ICP monitor-
ing has evolved; however, it is resource-intensive and time-
consuming. Therefore, ICP monitoring has not been routinely
done in cases of severe TBI. However, with the recent updates
and guidelines by the Brain Trauma Foundation, more centers
have adopted the practice of ICP monitoring in severe TBI3
While secondary brain injury does not necessarily correlate
with changes in ICP or cerebral perfusion pressure (CPP), it
should be noted that proper resuscitation efforts aimed at
restoring normal ICP and CPP may not always suffice in
preventing brain hypoxia following TBIL.> Still, the only ran-
domized controlled trial (RCT) that compared the ICP-targeted
management and clinical management based on physical and
radiological examination failed to demonstrate the benefit of
invasive ICP monitoring in reducing mortality or improving the
outcome.® As detailed earlier, several other reasons explain
how brain tissue oxygenation might be impaired in normal ICP
or CPP. As brain tissue oxygen delivery is a rate-limiting step, it
has been the main subject of discussion in the recent consen-
sus meeting on the utility of multimodal neuromonitoring in
TBI patients.” The objective of this overview is to summarize
the comparative effects and benefits of a neurocritical care
protocol of therapy-guided brain tissue oxygenation (BtiO,)
and ICP monitoring versus only ICP or CPP monitoring for the
treatment of TBI.

Methods

We conducted an umbrella review to summarize the possible
benefits and usefulness in a neurocritical care unit of therapy-
guided BtiO, and ICP monitoring in patients with head trauma.
The methodology followed the Joanna Briggs Institute (JBI)
manual for evidence synthesis in its umbrella review.®

Inclusion Criteria

Participants

All patients with severe closed head trauma with an indication
for ICP monitoring according to the Brain Trauma Foundation
guidelines were included in the study.

Intervention

Invasive monitoring of ICP was done using different methods
(external ventricular drainage, catheter with intraparenchy-
mal sensors, or epidural catheters) and multimodal moni-
toring that included brain tissue oxygenation measure.

Comparison

Studies described therapy-guided for BtiO2 and ICP monitoring
and compared with ICP or CPP alone and clinical and imaging
follow-up were inlcuded.

Outcomes

Primary

Mortality was defined as the mortality rate of patients with
TBI at follow-up, 1 point on the Glasgow Outcome Scale
(GOS), or a modified Rankin scale (mRS) score of 6.
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Secondary

Intensive care unit (ICU) stay was defined by median days of
ICU stay and complications (cardiovascular, infectious,
thromboembolic, ischemic, etc.).

Type of Studies

This review considered systematic reviews of prospective,
retrospective, or cross-sectional and observational studies.
Systematic reviews that include case reports, case series, and
preclinical were excluded. Systematic reviews evaluating
noninvasive measurements of ICP as diameter of the optic
nerve sheath were excluded.

Search

The following databases were searched for systematic reviews:
Cochrane Injuries Group Specialized Register (up to
May 2022); the Cochrane Library (till May 2022); Medline
(Ovid) till February 2021; Embase (Ovid); PubMed (http://
www.ncbi.nlm.nih.gov/sites/entrez; May 2022); LILACS (May
2022); Scopus (May 2022); Web of science (May 2022); and
CINALH (May 2022), with Medical Subject Heading (MeSH)
and descriptors in health sciences (DeCs) for the ILACS search.
We adopted the following search strategy: (“intracranial pres-
sure” OR “cerebrospinal pressure” OR “cerebrospinal fluid”)
AND (monitor*) AND (“Brain tissue oxygen” OR “Cerebral
oxygenation” or “BtiO, monitoring” OR “PbtO,”) AND (trau-
matic brain injury OR head trauma OR Craniocerebral Trauma
OR head injuries OR Brain injuries) AND (Systematic AND
review) OR Meta-analysis) AND ((“Animals” [Mesh]) NOT
(“Humans” [Mesh] AND “Animals” [Mesh])). The detailed
search strategy is shown in The Appendix.

Selection of Studies

Search results were entered into the Mendeley reference
manager version 1.19.4 (George Manson University, Fairfax,
Virginia, United States). Two reviewers independently
reviewed the titles and abstracts for eligibility of the studies.
Full texts were extracted and were shortlisted as per the
inclusion criteria. Disagreements were resolved by consen-
sus. The results of the search are arranged in a PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-analysis) flowchart.’

Assessment of the Quality of the Included Systematic
Reviews

The methodological quality of the systematic reviews of
included randomized clinical trials was analyzed with the A
MeaSurement Tool to Assess systematic Reviews Assess
systematic Reviews (AMSTAR) tool'® (see Appendix).
AMSTAR is a valid, reliable, and easy-to-use tool. It consists
of 11 items and has content validity to measure the
methodological quality, in addition to the reliability of
systematic reviews. Each of the 11 items is assigned a score
of 1 if it meets the specific criterion or a score of 0 if it does not
meet the criterion, is not clear, or is not applicable. The
interpretation of the critical appraisal is divided into three
levels: 8 to 11 points are of high quality, 4 to 7 points are of
moderate quality, and 0 to 3 points are of low quality.
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Risk of Bias of the Included Studies

The risk of bias in the included studies is made through the
ROBIS (the risk of bias in systematic reviews) tool.'! This tool
was completed in three phases: (1) assess relevance (option-
al), (2) identify concerns with the review process, and (3)
judge the risk of bias in the review. Signaling questions were
included to help assess specific concerns about potential
biases with the review. Phase I was omitted as it was not
relevant to the result in the risk of bias assessment.

Results

The initial search identified 72 related articles. After removing
duplicates, 50 articles underwent title and abstract screening
(=Fig. 1). Of these 30 studies screened, 5 eligible full-text were
assessed, 2 were excluded'?'3 with reasons, and 3 systematic
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review and meta-analysis (SR-MA) were included'#"'® in the
present umbrella review.

Study Characteristics

All the included studies conducted a meta-analysis and
were published in 2012, 2017, and 2022. The included
SR-MA had a total of 16 studies, of which 4 were RCTs, 2
were prospective observational studies, 8 were retrospec-
tive observational studies, and 1 was a historical control
study. The present overview presents a summary from
1,955 patients. Of these, 915 patients had a combined
BtiO, and ICP monitoring, while 1,040 patients had only
ICP monitoring. =Table 1 describes the study design, char-
acteristics, conclusions, and outcome assessment of each
study. Individual findings on the outcomes of the included
SR-MAs are shown in =Table 2.

Records identified through database
searching
(n=78)
SCOPUS: 54
g MEDLINE/PUBMED: 11
‘.g LILACS: 2
é CINALH:5
E Web of science: 6
.g Cochrane Library, EMBASE: 0
) S l
Records after duplicates removed
(n =50)
o0
£
= Records excluded not
2 3 evaluate Intracranial
A Records screened pressure monitoring
(n = 30) (n=5)
) S—
A
Full-text articles assessed Full-text articles excluded,
Z for eligibility » forinclude patients with
3 (n=29) Not Answer PICO
=2 Question (n =2)
w
| S——
—
E 3 systematic Review
3 included in qualitative
£ analysis
| S—

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart showing details of study selection.
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Abbreviations: CPP, cerebral perfusion pressure; ICP, intracranial pressure.
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Risk of Bias

Two SR-MAs reported on the risk of bias tool used in the
study as Cochrane risk of bias tool, Newcastle-Ottawa Scale,
and GRADE quality scale, while one SR-MA did not mention
the risk of bias assessment (=Fig. 2). Quality assessment of
the included SR-MA is shown in =Tables 3 and 4. According
to the AMSTAR tool, two SR-MAs were of high quality,'*1°
while one was of moderate quality'” (~Table 3). According to
the ROBIS tool, there was low risk of bias in most of the
domains in two SR-MAs'*4'® and unclear in one SR-MA'?
(=Table 4).

Mortality Rate

Two of the three included SR-MAs reported on the mortali-
ty."*1® One study found an association between increased
survival and combined BtiO, therapy,'* while one study did
not find any association'® and the third study suggested that
there is improved survival in severe TBI patients with
combined BtiO, therapy.'® The heterogeneity of the mortal-
ity outcome was high in two studies''® and low in one
study.'® The pooled analysis showed that there was no
obvious differences between the two treatments in the
overall mortality rate (risk ratio [RR]=2.1; 95% confidence
interval [CI]: 1.4-3.1; odds ratio [OR]=0.76; 95% CI: 0.54-
1.06; and OR: 0.54; 95% CI: 0.31-0.93).'4-1°

Favorable Outcome

The favorable outcome was assessed using the Glasgow
Outcome Scale/Glasgow Outcome Scale, Extended (-
GOS/GOSE) system and functional independence measure
(FIM), both based on neurological function recovery. All
three included SR-MAs reported on the functional outcome
measured using GOS. The heterogeneity of the functional
outcome was high. Included SR-MAs showed good functional
outcome with the combined BtiO, therapy with good out-
come (OR: 1.26 [95% CI: 1.04-1.52]) and good outcome (OR:
1.31[95% CI: 0.89-1.93])."*1® We found that patients treated
with PbtO, combined therapy achieved better outcomes than
those treated with the standard ICP/CPP therapy.

Length of Stay

Only one included SR-MA mentioned the length of hospital
stay and found that there were reduced odds of length of
hospital stay with the combined therapy.'®

Discussion

Positron emission tomography studies in severe TBI have
revealed that perfusion-limited data may not be the sole
mechanism for secondary brain injury and ischemia, and
other means like intravascular microthrombosis, cytotoxic
edema, or mitochondrial dysfunction might be responsible
for brain hypoxia. Consequently, it may be necessary to
incorporate newer metabolic monitors, such as microdialysis
or direct BtiO,, to optimize TBI management and improve
outcomes.'’~20 Several systematic reviews have been pub-
lished describing BtiO, monitors that compare them with
other techniques.”’™%> Most studies have shown better
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monitoring: 94

3 (100%)

Study N Type of included | Quality of Results of outcome with
studies included studies heterogeneity
Nangunoori et al'®> | 491 Prospective Not reported Mortality
BtiO, and ICP observational RR: 2.1 (95% Cl: 1.4-3.1);
monitoring: 312 studies: 2 p < 0.001
ICP monitoring: 179 | Historical control Heterogeneity: high
studies: 2
Total: 4
Xie et al'® 1,250 RCT: 1 NOS score Mortality
BtiO, and ICP Retrospective High (8-9): 2 (22.22%) | OR: 0.76 (95% Cl: 0.54-1.06);
monitoring: 509 observational Moderate (5-7): p=0.01; I>=60%
ICP monitoring: 741 studies: 8 7 (77.77%) Heterogeneity: high
Total: 9 Low (0-4): 0 (0%) Good outcome:
OR: 1.26 (95% Cl: 1.04-1.52);
p=0.02; °=37%
Heterogeneity: low
Length of hospital stay
Standard mean differences:
0.13 (95% Cl: 0.11-0.37);
p=0.28; > =74%
Heterogeneity: very high
Hays et al'# 214 RCT: 3 GRADE Quality Mortality
BtiO, and ICP Scale: very low OR: 0.54 (95% Cl: 0.31-0.93);

p=0.03; > =42%

ICP monitoring: 120

Heterogeneity: low

Good outcome: OR: 1.31
(95% Cl: 0.89-1.93);
p=0.17; P=0%
Heterogeneity: low
Cardiovascular events:

OR: 1.44 (95% Cl: 0.61-3.12);
p=0.37; °=10%
Heterogeneity: low
Respiratory events: OR: 1.37
(95% Cl: 0.59-3.21);
p=0.46; > =15%
Heterogeneity: low

Abbreviations: Cl: confidence interval; ICP, intracranial pressure; NOS, Newcastle-Ottawa Scale; OR, odds ratio; RCT, randomized controlled trial; RR,

risk ratio.

outcomes and mortality reduction with the BtiO,-guided
therapy. However, the results were not uniform when com-
paring the BtiO,, ICP-/CPP-guided treatment with ICP/CPP
therapy. Therefore, our present overview provided impor-
tant information on a summary of current evidence on the
utility of BtiO, monitoring in managing severe TBI.

Severe TBI is defined clinically as a patient having post-
resuscitation GCS of 8 or less. Patients with severe TBI has a
high mortality rate of between 20 and 40%, and a further 20%
remain severely disabled and nonfunctional, adding to the
morbidity.?® The unfavorable outcome of TBI is mainly
related to brain damage at the time of impact. Primary TBI
is followed by damage in secondary and tertiary brain injury.
Most of the patients who have unfavorable outcomes are due
to secondary brain injury that happens primarily due to
impaired brain tissue and occurs in perfusion and
oxygenation hours, days, and weeks after the primary in-
sult.? Secondary cerebral ischemic injury has been noted in
over 90% of head injury fatalities, leading to a variety of
complex and potentially irreversible pathophysiologic

events, including hypoxia and ischemia, as well as impaired
cerebral metabolism.'3

Therefore, closely monitoring these intracranial physio-
logical variables is paramount to identifying secondary brain
injury before it escalates and becomes irreversible. The
classification of neurologic monitoring can be broadly cate-
gorized into four types, which include pressure (such as ICP
for CPP estimation), blood flow (such as thermal diffusion or
transcranial Doppler), electrophysiology (such as electroen-
cephalogram), and metabolic measures (including jugular
venous oximetry, cerebral microdialysis, and direct brain
tissue oxygen).”’ Studies have mentioned that neuromoni-
toring of the intracranial physiological variables helps in
early identification of secondary brain injury and thereby
helps in targeting the management for optimal outcome.'>
ICP monitoring is often described as essential for this pur-
pose, and current management guidelines for severe TBI are
centered on the control of ICP and CPP."”

Prior studies have shown reliable evidence that impaired
brain tissue oxygenation, particularly hypoxia, is associated

Indian Journal of Neurotrauma © 2024. The Author(s).
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Rsk Bias n the Review

Synthesis and findings

Data collection and Study appr aisal

IdentFication and selection of studies

Study eligibility Criteria

Raghuwanshi et al.

0% 50% 100%
W HighRisk m®mModerateRisk ®Low Risk No Clear Risk
Fig. 2 Risk of bias graph: each risk of bias item presented as percentages across all included studies.
Table 3 AMSTAR tool: assessment to methodological quality on systematic review included
AMSTAR questions
Study 1 2 3 4 5 6 7 8 9 10 11 Total Quality of
systematic
review
Nangunoorietal' | Yes | Yes | Yes | Yes | Yes | No No No No No Yes | 6/11 Moderate
Xie et al'® Yes | Yes | Yes | Yes [ No Yes | Yes | Yes | No Yes | Yes | 9/11 High
Hays et al'4 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes [ 11/11 High

Abbreviations: NA, not applicable; NR, not reported.

Table 4 Risk of bias assessment with Bristol University’s ROBIS tool: review authors’ judgments about each risk of bias item for each

included systematic review

Phase 2 Phase 3
Study Study eligibility Identification and Data collection Synthesis and Risk bias in
criteria selection of studies | and study appraisal | findings the review
Nangunoori et al'? Low risk Moderate risk No clear risk Low risk Moderate risk
Xie et al'® Low risk Low risk Low risk Moderate risk Low risk
Hays et al' Low risk Low risk Low risk Low risk Low risk

with an increased mortality risk and poor outcome following
severe TBI. It has been estimated that one episode of hypoxia
doubles the mortality after severe TBL'>27~3" The correlation
between patient-centered outcomes and information obtained
from a BtiO, monitor has resulted in the creation of a BtiO,-
based treatment approach for severe TBI that serves as an
adjunct to current therapies for managing ICP and CPP. A direct
BtiO, measurement of 10 to 15 mm Hg has been suggested as
the critical threshold related with ischemic damage and poor
patient outcome.?”->?-3> The findings suggest that suboptimal
brain oxygen levels, indicated by hypoxia levels of less than

Indian Journal of Neurotrauma © 2024. The Author(s).

10 mm Hg, unfavorably influence clinical outcomes following
severe TBI. Furthermore, the use of BtiO, probes is deemed safe
in this context. The results, therefore, implicate that efforts
geared toward enhancing BtiO, levels could potentially
improve patient outcomes following severe TBL.'?

However, despite the developments, current therapies have
not been proven to be very successful in the clinical environ-
ment, although they are productive in the laboratory.3®=3% It is
anticipated that the results of the ongoing multicenter study
Brain Oxygen Optimization in Severe Traumatic Brain Injury
Phase 3 (BOOST-3) will further show the comparative
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effectiveness of brain tissue oxygen and ICP monitoring versus
ICP alone.°

Conclusion

Our results show that BtiO,-based therapy combined with
ICP-/CPP-based therapy results in better outcomes after
severe TBI than ICP-/CPP-based therapy alone. The results
of this study suggest that implementing a clinical protocol
targeting both PbtO, and ICP, in conjunction with maintain-
ing normal PbtO, levels, may potentially enhance the out-
come of severe TBI patients. The combined therapy has little
effect on the mortality rate, ICP, CPP, and length of stay.

Funding
None.

Conflict of Interest
None declared.

References
1 Bullock MR, Povlishock JT. Guidelines for the management of severe

traumatic brain injury. Editor’'s commentary. ] Neurotrauma 2007;

24(1, Suppl 1):2, S1

Chesnut RM, Marshall LF, Klauber MR, et al. The role of secondary

brain injury in determining outcome from severe head injury. J

Trauma 1993;34(02):216-222

Lane PL, Skoretz TG, Doig G, Girotti M]. Intracranial pressure

monitoring and outcomes after traumatic brain injury. Can | Surg

2000;43(06):442-448

Marmarou A, Anderson RL, Ward D, et al. Impact of ICP instability

and hypotension on outcome in patients with severe head

trauma. ] Neurosurg 1991;75(Suppl):S59-S66

Stiefel MF, Udoetuk ]D, Spiotta AM, et al. Conventional

neurocritical care and cerebral oxygenation after traumatic

brain injury. ] Neurosurg 2006;105(04):568-575

Chesnut RM, Temkin N, Carney N, et al; Global Neurotrauma

Research Group. A trial of intracranial-pressure monitoring in

traumatic brain injury. N Engl ] Med 2012;367(26):2471-2481

Chesnut R, Aguilera S, Buki A, et al. A management algorithm for

adult patients with both brain oxygen and intracranial pressure

monitoring: the Seattle International Severe Traumatic Brain Injury

Consensus Conference (SIBICC). Intensive Care Med 2020;46(05):

919-929

Aromataris E, Munn Z JBI Manual for Evidence Synthesis; 2020.

Accessed April 30, 2023 at: https://jbi-global-wiki.refined.site/

space/MANUAL

Moher D, Liberati A, Tetzlaff ], Altman DGPRISMA Group.

Preferred reporting items for systematic reviews and meta-

analyses: the PRISMA statement. BM] 2009;339:b2535

10 Shea BJ, Reeves BC, Wells G, et al. AMSTAR 2: a critical appraisal
tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both. BM]
2017;358:j4008

11 Whiting P, Savovic ], Higgins JP, et al; ROBIS group. ROBIS: a new
tool to assess risk of bias in systematic reviews was developed. ]
Clin Epidemiol 2016;69:225-234

12 Lazaridis C, Andrews CM. Brain tissue oxygenation, lactate-pyruvate
ratio, and cerebrovascular pressure reactivity monitoring in severe
traumatic brain injury: systematic review and viewpoint. Neurocrit
Care 2014;21(02):345-355

13 Maloney-Wilensky E, Gracias V, Itkin A, et al. Brain tissue oxygen
and outcome after severe traumatic brain injury: a systematic
review. Crit Care Med 2009;37(06):2057-2063

N

w

IN

(%]

(o))

~

o]

=}

14

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Hays LMC, Udy A, Adamides AA, et al. Effects of brain tissue
oxygen (PbtO,) guided management on patient outcomes
following severe traumatic brain injury: a systematic review
and meta-analysis. ] Clin Neurosci 2022;99:349-358
Nangunoori R, Maloney-Wilensky E, Stiefel M, et al. Brain tissue
oxygen-based therapy and outcome after severe traumatic brain
injury: a systematic literature review. Neurocrit Care 2012;17
(01):131-138

Xie Q, Wu HB, Yan YF, Liu M, Wang ES. Mortality and outcome
comparison between brain tissue oxygen combined with
intracranial  pressure/cerebral perfusion pressure-guided
therapy and intracranial pressure/cerebral perfusion pressure-
guided therapy in traumatic brain injury: a meta-analysis. World
Neurosurg 2017;100:118-127

Maragos WF, Korde AS. Mitochondrial uncoupling as a potential
therapeutic target in acute central nervous system injury. ]
Neurochem 2004;91(02):257-262

Marmarou A, Signoretti S, Fatouros PP, Portella G, Aygok GA,
Bullock MR. Predominance of cellular edema in traumatic brain
swelling in patients with severe head injuries. ] Neurosurg 2006;
104(05):720-730

Menon DK, Coles JP, Gupta AK, et al. Diffusion limited oxygen
delivery following head injury. Crit Care Med 2004;32(06):
1384-1390

Stein SC, Graham DI, Chen XH, Smith DH. Association between
intravascular microthrombosis and cerebral ischemia in
traumatic brain injury. Neurosurgery 2004;54(03):687-691,
discussion 691

Haitsma IK, Maas Al. Monitoring cerebral oxygenation in
traumatic brain injury. Prog Brain Res 2007;161:207-216

Lang EW, Mulvey JM, Mudaliar Y, Dorsch NW. Direct cerebral
oxygenation monitoring: a systematic review of recent publi-
cations. Neurosurg Rev 2007;30(02):99-106, discussion 106-107
Mazzeo AT, Bullock R. Monitoring brain tissue oxymetry: will it
change management of critically ill neurologic patients? ] Neurol
Sci 2007;261(1-2):1-9

Nortje J, Gupta AK. The role of tissue oxygen monitoring in patients
with acute brain injury. Br ] Anaesth 2006;97(01):95-106

Rose JC, Neill TA, Hemphill JC IIl. Continuous monitoring of the
microcirculation in neurocritical care: an update on brain tissue
oxygenation. Curr Opin Crit Care 2006;12(02):97-102

Murray GD, Teasdale GM, Braakman R, et al. The European Brain
Injury Consortium survey of head injuries. Acta Neurochir (Wien)
1999;141(03):223-236

Bardt TF, Unterberg AW, Hartl R, Kiening KL, Schneider GH,
Lanksch WR. Monitoring of brain tissue PO, in traumatic brain
injury: effect of cerebral hypoxia on outcome. Acta Neurochir
Suppl (Wien) 1998;71:153-156

Chang JJ, Youn TS, Benson D, et al. Physiologic and functional
outcome correlates of brain tissue hypoxia in traumatic brain
injury. Crit Care Med 2009;37(01):283-290

Valadka AB, Gopinath SP, Contant CF, Uzura M, Robertson CS.
Relationship of brain tissue PO, to outcome after severe head
injury. Crit Care Med 1998;26(09):1576-1581

van den Brink WA, van Santbrink H, Steyerberg EW, et al. Brain
oxygen tension in severe head injury. Neurosurgery 2000;46(04):
868-876, discussion 876-878

van Santbrink H, Maas Al, Avezaat C]. Continuous monitoring of
partial pressure of brain tissue oxygen in patients with severe
head injury. Neurosurgery 1996;38(01):21-31

Dings J, Jager A, Meixensberger ], Roosen K. Brain tissue pO2 and
outcome after severe head injury. Neurol Res 1998;20(Suppl 1):
S71-S75

Farrar JK. Tissue PO, threshold of ischemic cell damage following
MCA occlusion in cats. | Cereb Blood Flow Metab 1991;11
(Suppl 2):5553

Kiening KL, Unterberg AW, Bardt TF, Schneider GH, Lanksch WR.
Monitoring of cerebral oxygenation in patients with severe head

Indian Journal of Neurotrauma © 2024. The Author(s).


https://jbi-global-wiki.refined.site/space/MANUAL
https://jbi-global-wiki.refined.site/space/MANUAL

Brain Tissue Oxygenation Guided Therapy in TBI

35

36

37

injuries: brain tissue PO, versus jugular vein oxygen saturation. ]
Neurosurg 1996;85(05):751-757

van Santbrink H, vd Brink WA, Steyerberg EW, Carmona Suazo JA,
Avezaat CJ, Maas Al. Brain tissue oxygen response in severe
traumatic brain injury. Acta Neurochir (Wien) 2003;145(06):
429-438, discussion 438

Birmingham K. Future of neuroprotective drugs in doubt. Nat Med
2002;8(01):5

Bullock MR, Lyeth BG, Muizelaar JP. Current status of
neuroprotection trials for traumatic brain injury: lessons from
animal models and clinical studies. Neurosurgery 1999;45(02):
207-217, discussion 217-220

Indian Journal of Neurotrauma © 2024. The Author(s).

38

39

40

Raghuwanshi et al.

Clifton GL, Miller ER, Choi SC, et al. Lack of effect of induction of
hypothermia after acute brain injury. N Engl ] Med 2001;344(08):
556-563

Narayan RK, Michel ME, Ansell B, et al. Clinical trials in head
injury. ] Neurotrauma 2002;19(05):503-557

Bernard F, Barsan W, Diaz-Arrastia R, Merck LH, Yeatts S, Shutter LA.
Brain Oxygen Optimization in Severe Traumatic Brain Injury
(BOOST-3): a multicentre, randomised, blinded-endpoint,
comparative effectiveness study of brain tissue oxygen and
intracranial pressure monitoring versus intracranial pressure
alone. BM] Open 2022;12(03):e060188



Brain Tissue Oxygenation Guided Therapy in TBI Raghuwanshi et al.

Appendix: Search Strategy

PUBMED/MEDLINE

#1 Craniocerebral Trauma [mesh] OR Brain Edema [mesh] OR Glasgow Coma Scale [mesh] OR Glasgow Outcome Scale [mesh]
OR Unconsciousness [mesh] OR Cerebrovascular Trauma [mesh] OR ((head or cranial or cerebral or brain* or intra-cranial or
inter-cranial) AND (haematoma™* or hematoma* or haemorrhag* or hemorrhage* or bleed* or pressure)) OR (Glasgow AND
scale) OR (“diffuse axonal injury” OR “diffuse axonal injuries”) or (“persistent vegetative state”) OR ((unconscious® OR coma*
OR concuss®) AND (injury*OR injuries OR trauma OR damage OR damaged OR wound* OR fracture*OR contusion” OR
haematoma*OR hematoma* OR haemorrhag” OR hemorrhag* OR bleed* OR pressure))

#2 (intracranial AND pressure) OR (cerebrospinal AND pressure)

#3 (patient AND monitor*) OR (physiologic* AND monitor*)

#4 (Systematic AND review) OR Meta-analysis

#5 ((“Animals” [Mesh]) NOT (“Humans” [Mesh] AND “Animals” [Mesh]))

#1 AND #2 AND #3 AND #4 NOT #5

LILACS
trauma AND head AND intracranial pressure AND (db:(“LILACS”) AND type_of_study:(“systematic_reviews”))
EMBASE 15

1. exp Brain Injury/
2. exp Brain Edema/
3. exp Glasgow Coma Scale/
4. exp Glasgow Outcome Scale/
5. exp Rancho Los Amigos Scale/
6. exp Unconsciousness/
7.((brain or cerebral or intracranial) adj5 (edema or edema or swell*)).ab,ti.
8. ((head or crani* or cerebr” or capitis or brain* or forebrain* or skull* or hemispher* or intra-cran® or inter-cran*) adj5 (injur”
or trauma* or damag” or wound* or fracture* or contusion®)).ab,ti.
9. (Glasgow adj (coma or outcome) adj (scale* or score*)).ab,ti.
10. Rancho Los Amigos Scale.ab;ti.
11. ((unconscious” or coma* or concuss”® or ’persistent vegetative state’) adj3 (injur* or trauma* or damag* or wound* or
fracture®)).ti,ab.
12. Diffuse axonal injur*.ab,ti.
13.((head or crani* or cerebr” or brain® or intra-cran” or inter-cran*) adj3 (haematoma* or hematoma* or haemorrhag” or
hemorrhag* or bleed” or pressure)).ab,ti.
14. exp Coma/
15.0r/1-14
16. exp Intracranial Pressure/
17. exp Cerebrospinal Fluid Pressure/
18. (intracranial adj3 pressure).ab,ti.
19. (cerebrospinal adj5 pressure).ab,ti.
20.16 or 17 or 18 or 19
21. exp Patient Monitoring/
22. ((physiologic* adj3 monitor*) or patient* monitor*).ab,ti.
23.21 o0r 22
24.23 and 20
25. exp Intracranial Pressure Monitoring/
26.24 or 25
27.26 and 15
28. exp Systematic reviews/
29. exp meta-analysis/
30.28 or 29
31. exp animal/ not (exp human/ and exp animal/)
32.30 not 31
33.27 AND 30 AND 32

Cochrane Library
(“intracranial pressure” or “cerebrospinal pressure” or “cerebrospinal fluid”) and (monitor*) and (traumatic brain injury OR
head trauma OR Craniocerebral Trauma OR head injuries OR Brain injuries)
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