
Chapter 6. Advanced neuromonitoring

I. RECOMMENDATIONS

Strength of Recommendation: Weak.
Quality: Low, from one moderate- and

one poor-quality class III study.

A. Level I

There are insufficient data to support
a level I recommendation for this topic.

B. Level II

There are insufficient data to support
a level II recommendation for this topic.

C. Level III

If brain oxygenation monitoring is
used, maintenance of partial pressure of
brain tissue oxygen (PbtO2) �10 mm Hg
may be considered.

II. EVIDENCE TABLE (see Table 1)

III. OVERVIEW

Children with severe traumatic brain in-
jury (TBI) frequently have abnormal cere-
bral hemodynamics, including intracranial
hypertension, cerebral hypoxia, delayed
and/or altered processing of electrophysiolog-
ical signals, and impaired cerebral autoregu-
lation. In addition to intracranial pressure
(ICP) monitoring, advanced neuromonitor-
ing techniques such as microdialysis, elec-
trophysiological assessments, and examina-
tion of cerebral autoregulation may help
identify and treat patients with these de-
rangements after TBI. The development of
advanced monitoring systems to provide
information regarding both cerebrovascu-
lar and metabolic function after TBI is
critical to providing optimal neurocritical
care. If treatment preventing unwanted
cerebral pathophysiological processes is
shown to improve outcome in children
with severe TBI, the use of monitoring
systems, beyond ICP monitoring, will
mark an important advance in the care of
patients with TBI. Advanced neuromoni-

tors may provide useful information
about derangements in cerebral oxygen-
ation, blood flow and metabolism, auto-
regulation, and function after severe pe-
diatric TBI.

IV. PROCESS

For this new topic, MEDLINE was
searched from 1950 through 2010 (Ap-
pendix B for search strategy), and results
were supplemented with literature rec-
ommended by peers or identified from
reference lists. Of 44 potentially relevant
studies, two were included as evidence for
this topic.

V. SCIENTIFIC FOUNDATION

Two class III publications met the in-
clusion criteria for this topic and provide
evidence to support the recommenda-
tions (1, 2). The recommendations on the
use of advanced neuromonitoring in this
chapter are for patients with no contra-
indications for neuromonitoring such as
coagulopathy (brain oxygenation) and for
patients who do not have a diagnosis of
brain death.

In 2009, a study by Figaji et al (1)
reported the relationship between PbtO2

and long-term outcome in 52 children
with severe TBI. Patients with compro-
mised PbtO2 were treated to a threshold
�20 mm Hg. Overall mortality was
nearly 10%. After considering other con-
ventional predictors, authors reported
that PbtO2 �5 mm Hg for �1 hr or �10
mm Hg for �2 hrs were associated with a
significantly increased risk of unfavorable
outcome (Glasgow Outcome Scale and
Pediatric Cerebral Performance Category
scores) and mortality, independent of
other factors that were also significant
(e.g., ICP, cerebral perfusion pressure,
Glasgow Come Scale, computed tomog-
raphy classification, and systemic hyp-
oxia). This study provided no comparison
group. All patients with compromised
PbtO2 were treated to maintain the tar-
geted threshold, and at the same time
they may have received various treat-
ments depending on other physiological
variables such as ICP, cerebral perfusion
pressure, systemic oxygen, and hemoglo-

bin. What can be inferred is that in this
sample of patients, those with higher
PbtO2 and fewer episodes of PbtO2 �10
mm Hg had better outcomes. We cannot
say that this relationship is a direct re-
sponse to treatment.

In 2006, a study by Narotam et al (2)
described changes in PbtO2 in relation to
changes in cerebral perfusion pressure,
FIO2, and PaO2 in 15 children ranging
from 1.5 to 18 yrs and Glasgow Coma
Scale score �8. Like with the previous
study, patients were managed to main-
tain a PbtO2 level �20 mm Hg. In addi-
tion, the authors aimed to assess a treat-
ment protocol (Critical Care Guide) for
manipulation of physiological factors that
influence oxygen delivery to the brain.
Survival was associated with normal ini-
tial PbtO2 (�10 mm Hg). There was no
difference in the mean initial PbtO2

among the ten survivors and six deaths at
3 months. Final PbtO2 in survivors was
higher than that in nonsurvivors (mean
PbtO2, 22.7 � 9.05 vs. 7.2 � 7.85 mm Hg;
p � .0045). However, only six patients
had elevated ICP, making the relation-
ship between ICP and PbtO2 difficult to
interpret. Like with the previous study,
we cannot infer from this study that re-
sponse to treatment influenced outcome.

In these two studies, a treatment
threshold for PbtO2 of 20 mm Hg was
used; however, they both reported an as-
sociation between unfavorable outcome
and PbtO2 �10 mm Hg. Although the
study by Figaji et al (1) reported an even
stronger association between PbtO2 �5
mm Hg and unfavorable outcome, until
proven otherwise, if this advanced moni-
toring modality is used, it would be pru-
dent to target the more conservative
threshold of �10 mm Hg.

VI. INFORMATION FROM
OTHER SOURCES

Several articles on advanced neu-
romonitoring in the pediatric TBI litera-
ture were identified in the search but
excluded from the evidentiary table be-
cause they simply described use of a given
advanced neuromonitoring device rather
than targeting a treatment value for that
monitor (i.e., a threshold parameter on
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the advanced monitoring device was not
specifically manipulated). Given that this
guidelines document is focused on treat-
ment, for these reports, a treatment rec-
ommendation regarding the monitoring
device could not be given. The devices in
those studies included brain microdialysis
(3), cerebral blood flow and autoregulation
monitors (4–7), signal processing of hemo-
dynamic and hydrostatic signals (8), and
jugular venous oxygen saturation monitor-
ing (9).

A. Indications From the Adult
Guidelines

Evidence from the adult guidelines
(10) supported a level III recommenda-
tion for use of jugular venous saturation
and PbtO2 monitoring, in addition to
standard ICP monitors, in the manage-
ment of adults with severe TBI. Evidence
suggests that episodes of jugular venous
desaturation (saturation �50%) are asso-
ciated with poor outcome and that this
value represents a treatment threshold
when using this monitoring technique.
Similarly, low values of PbtO2 (�15 mm

Hg) and the extent of their duration (�30
mins) are associated with high rates of
mortality and that 15 mm Hg represents
a treatment threshold value for PbtO2.
However, the accuracy of jugular venous
saturation and PbtO2 monitoring was not
evaluated. Although many technologies in-
cluding cerebral microdialysis, thermal dif-
fusion probes, transcranial Doppler, and
near-infrared spectroscopy were recognized
to hold promise in advancing the care of
adults with severe TBI, there was insuffi-
cient evidence to comment on the use of
these advanced neuromonitors in this pop-
ulation.

VII. SUMMARY

Overall, advanced neuromonitors have
been subjected to very limited clinical
investigation in pediatric TBI, particu-
larly study of their use specifically to
guide therapy. Most of the medical liter-
ature on these agents is composed of ob-
servational studies on relatively small
numbers and case series receiving some
form of local standard TBI care. The lack
of sufficient high-quality pediatric stud-

ies limits the conclusions that can be
made and differences between study
centers in the treatment of TBI and
inpatient populations limit the general-
izability of findings.

VIII. KEY ISSUES FOR FUTURE
INVESTIGATION

● Examine critical thresholds for each
neuromonitoring modality and de-
termine the risk-benefit ratio, cost-
effectiveness, comparative effective-
ness, and impact of neuromonitors
on patient long-term functional out-
comes.

● Address issues of single vs. multi-
modal neuromonitoring, reliability
of technology, optimal combination
of monitors, location of neuromoni-
tor vs. site of injury (hemispheric,
pericontusional), relationship be-
tween neuromonitor data and imag-
ing data, neuromonitor use for opti-
mization of treatment and patient

Table 1. Evidence table

Reference Study Description Data Class, Quality, and Reasons Results and Conclusion

New studies
Figaji et al, 2009 (1) Design: prospective cohort

N � 52
Age: 6.5 � 3.4 yrs (9 months to 14 yrs)
Protocol: treatment protocol was used

in patients with compromised PbtO2

to manage to a threshold
�20 mm Hg

Purpose: to examine the relationship
between factors, including PbtO2,

and outcome
Outcome: mortality; 6 months Glasgow

Outcome Scale score and Pediatric
Cerebral Performance Category

Class III
Moderate quality: unclear if outcome

assessment was unbiased

PbtO2 �5 mm Hg for �1 hr or PbtO2 �10
mm Hg for �2 hrs were independently
associated with higher risk of
unfavorable outcome defined as severe
disability or death (adjusted odds
ratio, 27.4; 95% confidence interval,
1.9–391), independent of other
significant factors such as intracranial
pressure, computed tomography, low
PaO2, and cerebral perfusion pressure

PbtO2 �5 mm Hg for �1 hr or PbtO2 �10
mm Hg for �2 hrs were independently
associated with mortality (adjusted odds
ratio 26.8; 95% confidence interval,
2.7–265)

Narotam et al,
2006 (2)

Design: prospective case series
N � 16
Age: 14 yrs (range, 1.5–18 yrs)
Glasgow Coma Scale: 3–12; 15

children had Glasgow Coma
Scale � 8

Protocol: patients with low PbtO2 were
managed to a threshold
�20 mm Hg

Purpose: to direct treatment based on
initial PbtO2 and to examine the
effect of a critical care guide to treat
low oxygen delivery

Outcome: 3-month mortality

Class III
Poor quality: unclear if sample

selection was unbiased; unclear if
outcome assessment was unbiased;
no control for confounders for
mortality outcome

None of the patients with normal initial
PbtO2 (�10 mm Hg) died

There was no difference in the mean initial
PbtO2 among the 10 survivors and 6
deaths (measured at 3
months) (16.07 � 18.7 vs. 6.76 � 6.69
mm Hg, p � .247)

Final PbtO2 in survivors was higher than
that in nonsurvivors (mean
PbtO2, 25.0 � 11.57 vs. 8.53 � 11.0 mm
Hg; p � .01)

PbtO2, partial pressure of brain tissue oxygen.
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prognosis as well as optimal duration
of advanced monitoring.

● Evaluate the role of advanced neu-
romonitoring on clinical decision-
making and patient outcomes.

● Develop additional bedside and non-
invasive advanced neuromonitors.
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