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Introduction
Multimodality monitoring
(MMM) for severe TBI
incorporates intracranial
pressure (ICP), brain tissue
oxygen (PbtO2), intracranial
temperature, cerebral blood
flow (rCBF), and
electrocorticography (dEEG)
to enhance the detection of
critical secondary injury. Our
institution adopted a standard
for MMM using a four-lumen
bolt to facilitate simultaneous
placement of multiple probes
through a single bur hole.

Methods
Data was retrospectively
collected from consecutive adult
patients with severe TBI admitted
to the Neuroscience Intensive
Care Unit (NSICU) between April
2015-March 2017 who underwent
four-lumen bolt placement and
MMM. Demographics, injury
characteristics, probe placement,
duration of monitoring and device
related complications were
reported.

Results
A total of 43 patients
underwent MMM (Table 1).
The majority (67.4% [29/43])
were nonsurgical and 95.3%
(41/43) were admitted
directly to the NSICU. MMM
was placed at a median of
12.5 hours (IQR: 9.0-21.4
hours) from the time of
injury. Probe placement was
typically placed in
nondominant frontal white
matter (48.8% [21/43]) or
contralateral to either
unstable frontal bone
fractures or craniectomy
(32.6% [14/43]).

Figure: Probe placement
and imaging findings. (A)
Good placement of MMM
probes. (B) Probe placement
too deep and crossed midline.
One patient had an enlarging
lesion from probe placement:
(C) Prior to four lumen bolt
and probe placement there
was no evidence of left frontal
hemorrhage or hypodensity.
(D) Probe placement resulted
in tract hemorrhage and
subsequent ischemic tissue.

One-third of the patients had
insertion related minor
imaging findings (e.g. small
tract hemorrhage, intracranial
bone chips, or
pneumocephalus; Table 2).
Two patients had a small
stable subdural hematoma
related to bolt placement and
one patient had an enlarging
area of subarachnoid
hemorrhage and ischemia
related to probe placement
(Figure), but no patients
required operative
intervention or developed a
probe related infection.

In all probes >75% of total
monitoring time provided
useable data (Table 3). There
was no association between
malpositioning and probe
malfunctioning; 56.8%
[21/37] of properly placed
probes experienced some
form of malfunction vs. 66.7%
[4/6] of malpositioned probes.

Conclusions
We conclude that use of a four
-lumen bolt facilitates MMM via
a single bur hole and can be
done safely in severe TBI
patients without clinically
significant complications. This
alternative to single ICP
monitoring can yield
advancements in patient care.
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