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Today’s critical care clinician has a plethora of options for
monitoring the critically ill patient, specifically those patients
with brain injuries at risk for further deterioration related to
impaired blood flow, metabolism, or oxygenation. Monitoring
for the evolution of the primary injury and the development
of secondary injuries to the brain is paramount in the evalua-
tion, treatment, and prognosis of any neurocritical care pa-
tient. The evidence of such injury may require specific
monitoring with one of several techniques, and it is therefore
essential to be familiar with the basics of the various types of
monitoring available for the brain-injured patient.

Intracranial Pressure

Intracranial pressure (ICP) results from the volumes of three
intracranial components: brain parenchyma, cerebral blood

volume, and the volume of cerebral spinal fluid. The combi-
nation of these three components creates a near constant
sum that is subject to an autoregulatory system that can
maintain adequate cerebral blood flow despite variations in
pressure resulting from these three components.1 In the
critically ill patient, brain trauma or cerebral vascular injury
can result in swelling that increases the ICP to a point that
cerebral blood flow is compromised, resulting in the possi-
bility of ischemia. The normal ICP range in healthy adults is
typically 7 to 15 mmHg. As ICP approaches 20 to 25 mmHg,
the brain’s autoregulatory mechanisms may be overcome or
impaired. Consistent values above 20 mm Hg are associated
with worse outcomes.2 In addition to the values obtained
from ICP pressure monitors, the ICP waveform can be eval-
uated for changes.3 There are peaks along the ICP waveform:
P1, P2, and P3. P1, the first peak is indicative of arterial
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Abstract Multimodality monitoring provides insights into the critically ill brain-injured patient
through the assessment of biochemical, physiological, and electrical data that provides
insight into a patient’s condition and what strategies may be available to limit further
damage and improve the odds for recovery. Modalities utilized include evaluation of
intracranial pressure along with cerebral perfusion pressure to determine adequate
blood flow; continuous electroencephalography to protect the patient from seizures
and to identify early functional manifestations of ischemia and toxicity; transcranial
Doppler evaluation for bedside review of circulatory adequacy; tissue oxygen monitor-
ing to establish that brain tissue is receiving adequate oxygen from blood flow; and
microdialysis to evaluate themetabolic function of the tissue in areas of concern. These
monitors provide insights regarding specific aspects of brain tissue and overall brain
function in the critically ill patient. Although recommendations continue to evolve for
therapeutic targets for each of these modalities, an effective clinician may use each of
these modalities to evaluate patients on an individual basis to improve the outcome of
each patient, tailoring management to provide the care needed for any unique clinical
presentation.
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pulsation; P2 (tidal wave), which follows P1, results from
reflection of the arterial pulse and may be indicative of brain
compliance; P3, the final wave is the result of aortic valve
closure. In nonpathological waveforms, P1 is higher than P2.
However, if brain parenchyma becomes less compliant,
potentially due to swelling, the P2 wave will appear higher
than P1, or may join P1 as one combined and broader peak.
Recognition of the waveform morphology is complimentary
to the analysis of absolute ICP elevation.4

ICP can be evaluated noninvasively utilizing transcranial
Doppler (TCD) ultrasonography, pupillometry, and optic
nerve sheath diameter measurement with ultrasound. In-
vasivemethods include the use of external ventricular drains
(EVDs) or intraparenchymal monitoring systems. There is
debate regarding the accuracy of various methods of non-
invasive ICP monitors.5 EVD allows for not only monitoring
but also allows for therapeutic drainingof cerebrospinalfluid
(CSF). In addition, an EVD is the most accurate assessment of
global ICP, and it has the advantage of limited measurement
drift.6However, ICP cannot bemeasured, while the EVD is set
to drain. Furthermore, insertion and proper placement of an
EVD in a patient who has compressed or altered ventricular
anatomy may be challenging. Intraparenchymal pressure
sensors can be inserted through a burr hole to a depth of
1.5 to 2.0 cm into brain parenchyma.7 While two particular
sensors, the Codman and Neurovent, are compatible with
magnetic resonance imaging, intraparenchymal sensors do
not have the advantage of recalibration, cannot drain CSF,
and are more expensive.3

Measurement of cerebral perfusion pressure (CPP) is
valuable in the management of critically ill patients, and
reflects the perfusing pressure of the brain with respect to
ICP.8 CPP is the difference between the mean arterial pres-
sure (MAP) and the ICP. The typical CPP in an adult is more
than 50 mm Hg, but in the critically ill patient, current
guidelines recommend maintaining a CPP between 60 and
70 mm Hg.9 CPP less than 60 mmHg is associated with poor
outcomes.10 Utilization of CPP as a therapeutic target re-
quires awareness of the patient’s autoregulatory state. Im-
paired cerebral autoregulation may last up to 2 weeks
following severe brain injury.11 The loss of the autoregula-
tory mechanisms may result in the need for increased MAPs
tomaintain a desired level of CPP,whichmay in turn, result in
systemic complications, such as acute respiratory distress
syndrome.12

Both ICP and CPP are commonly utilized as management
targets following brain injury.2,6,9Management dictated by a
single value has been shown to be less efficacious than
management utilizing both values.13 Despite the reliance
on ICP and CPP for monitoring, the 2012 BEST TRIP trial
indicated that ICP targeted management aimed at maintain-
ing the ICP at 20 mm Hg or less was not superior to imaging
and clinical examination in treating patients with traumatic
brain injury (TBI).14,15Despite the lackof ICPmonitoring, it is
noteworthy that the control group received particularly
aggressive ICP lowering therapies, and that surgical and
critical care management deviated from traditional meth-
ods. Nonetheless, the utility of ICP monitoring as a sole

therapeutic target remains in question.16 ICP elevations
may result from a variety of anatomic and pathophysiologic
causes. Therefore, the use of additional monitoring modal-
ities may provide insight as to the cause of intracranial
hypertension.

Electroencephalogram

In critically ill patients, particularly those in a comatose state,
continuous electroencephalogram EEG (cEEG) monitoring is
a useful tool for detecting electrophysiologic changes. In the
critical care setting, the physical examination or evidence of
neurologic deterioration may be limited, and cEEG can
provide insights into a patient’s neurologic status that would
otherwise be unavailable to the clinician.17 EEG can be used
for detection of nonconvulsive seizures or ischemia, andmay
provide useful information regarding prognosis. Though the
information available via cEEG is substantial, there are also
several problems associated with the technology, including
cost and the need to consistently check leads andmonitor for
possible interference in the critical care setting. Given the
vast quantity of data, the cEEG may be more vulnerable to
misinterpretation of the results.18

EEG is able to dynamically evaluate brain function by
monitoring the electrical activity of the cortex using a
noninvasive approach with placement of electrodes on the
patient’s scalp. The number of electrodes utilized has varying
consequences. While a smaller number of electrodes pro-
vides flexibility to work around various other monitoring
devices and a potential for increased efficiency in regard to
application and maintenance, a larger, “full electrode” setup
involving 16 or more electrodes helps refine the signal, thus
reducing artifact, whichmay be a problem in the critical care
setting.19 In addition, a full set of electrodes provides the
possibility of a more refined localization of pathology, and a
higher number of electrodes establishes a system in which
interpretation may continue despite the loss of a single
electrode that may occur when moving a patient or due to
poor connection.20

Interpretation of EEG in the critically ill patient is very
different from the ambulatory patient. As such, it may be
difficult to identify patterns associated with potential long-
term neurologic injury as opposed to those associated with
transientmetabolic andpharmacologic causes. For this reason,
continuous EEG in the critical care setting is typically aug-
mentedwith video monitoring, whichmay aid the clinician in
determining if specific changes on an EEG are associated with
seizure, or if theyaresimplyartifact secondary tomovement.20

While neuroimaging is able to display damage to brain
parenchyma after an event has taken place, EEG may provide
greater insights into the functional status of the brain. Ad-
vantages toEEG include its safety and ease of placement. There
are limitations to EEG monitoring, typically due to interfer-
ence, poor resolution, incomplete contact between the pa-
tient’s scalp and the electrode, as well as interference from
other electrical devices (though this can potentially be ame-
lioratedwith the placement of additional leads for refinement
of the data).19 However, placement of intracortical electrodes
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(placedwith an EVDor through a burr hole) has been trialed at
a few centers in an effort to improve resolution and diagnostic
sensitivity.21–24While this is associated with increased risk of
placement, small studies have revealed that there is greater
rate of seizure detection and decreased interference. Further
studies have revealed that placement of intracortical electro-
des is associated with similar safety results as other invasive
modalities of monitoring.25

Multimodality monitoring guidelines recommend EEG in
patients with altered consciousness of unknown cause, acute
brain injury, convulsive status epilepticus who have not re-
turned to baseline at 60 minutes from administration of
medication, and during both therapeutic hypothermia as
well as 24hours after rewarming.2 cEEGhelpsguide treatment
for patientsplaced inapharmacologic comainaneffort totreat
increased ICP (►Fig. 1).26 cEEG monitoring in comatose pa-
tients should take place for at least 24 to 48 hours, as this
duration of monitoring captures the majority of events.27,28

EEGpatterns, such as total power andα-delta ratios, havebeen
shown to correlate with vasospasm in subarachnoid hemor-
rhage (SAH). Quantitative EEG compresses hours of EEG data
into a spectral array that occupies a single screen. This allows
for quick recognition of pattern changes.

While convulsive seizures are the classic subject of EEG
studies, nonconvulsive seizures are more common in cri-
tical illness and are one impetus for cEEG monitoring.
Altered mental status, especially in the critical care setting,
should be evaluated with EEG in an effort to rule out
nonconvulsive events. Typical causes include infections,
toxins, metabolic abnormalities, withdrawal, and structural
lesions. Undetected seizures are a source of secondary brain

injury and have been associated with increased brain edema
and mortality. While it is unclear if prognosis and recovery
can be improved by treatment of subclinical seizures, their
presence and persistence are closely tied to adverse
outcomes.

Detection of cerebral ischemia is a lesser utilized applica-
tion of cEEG. With reduction of cerebral blood flow, changes
in EEG tracings typically occur within seconds.29 Loss of high
frequencies and prominent slowing of the background EEG
rhythm may occur when CBF decreases below 25 to 30
mL·100 g�1·min�1. When CBF drops below 8 to 10 mL·100
g�1·min�1, which is low enough to cause irreversible cell
death, all EEG frequencies are suppressed.30 Early ischemic
detection with EEG analysis allows for earlier intervention.

Finally, EEG is an essential tool in titration of sedation
therapy. In refractory status epilepticus and intracranial
hypertension, EEG provides guidance to the proper dosing
ofmedications to achieve burst suppressionwithout concern
for excessive sedation.31–33 Avoidance of excessive sedation
results in a reduced risk of side effects and possible compli-
cations, such as ileus, hypotension, and immunosuppression.
Studies also indicate that the use of continuous EEG in
patients who have undergone therapeutic hypothermia
may provide insight into a patient’s prognosis earlier than
the standard 72-hour time frame postwarming.34

Transcranial Doppler

TCD monitoring has expanded from a method for detecting
vasospasm in patients with SAH to an effective and afford-
able method for evaluating cerebral blood flow, detecting

Fig. 1 Continuous electroencephalogram of patient receiving sedation for control of intracranial hypertension. A burst suppression pattern is
shown resulting from therapeutic metabolic suppression.
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vascular stenosis, evaluating collateral flow, detecting em-
bolization, and evaluating cerebral arterial patency.35,36 The
advantages of TCD are that it can be performed at the
bedside, is generally less expensive than other imaging
modalities, and can be used for evaluation of both cerebral
hemodynamics and monitoring for embolization of cerebral
vessels. TCD can be used either intermittently or continu-
ously and does not require intravascular contrast. The eva-
luation is performed using a 2-MHz ultrasound wave
produced by piezoelectric crystals that are stimulated elec-
trically.35 The vessels are not directly imaged, but are visua-
lized using the reflection of the ultrasound wave off of
erythrocytes within the vessel imaged, which is then con-
verted into an electric signal (►Fig. 2).

Training is required for use of TCD, and it is an operator-
dependent evaluation, unlike several other monitoring tech-
niques. TCD transduction is limited by the skull, and cannot
be acquired in a portion of patients due to skull thickness.35

There are four standard areas of the skull that provide
acoustic windows into the brain. These areas are the tem-
poral, orbital, suboccipital, and submandibular windows.
Each window allows for the evaluation of different vessels.
Themiddle cerebral (MCA), anterior cerebral (ACA), posterior
cerebral, and posterior communicating arteries are visible
through the transtemporal window.37 The transorbital win-
dow allows for visualization of the internal carotid artery
(ICA) and occipital artery siphons. The space between the
occipital bone and the atlas vertebrae allows for evaluation of
the vertebral and basilar arteries. The cervical ICA can be
evaluated through the submandibular window. The ICA and
ACA may be difficult to evaluate with TCD alone, though this
may be overcome with the addition of transcranial color-
coded duplex sonography.37

The two values that can be ascertained directly from
sonography are peak systolic velocity (PSV; cm/s) and end-
diastolic velocity (EDV; cm/s). PSV is the initial peak of the
waveform of each cardiac cycle. Rapid upstroke is indicative

of no severe stenotic lesion between the examined intracra-
nial artery and the heart. EDV is typically 20 to 50% of the
PSV, which indicates a low resistance intracranial arterial
pattern of flow.37

Mean flow velocity (MFV; cm/s) is derived from the
following: MFV ¼ EDV þ 1/3 (PSV � EDV). The MCA typi-
cally has the highest MFV of all major intracranial arteries.36

Flow resistance is evaluated using pulsatility index (PI;
no units), calculated as follows: PI ¼ (PSV � EDV)/MFV. A
valuemore than 1.2 represents high resistance to blood flow,
andmore than 1.6 has been correlatedwith higher ICP values
and worse outcomes.38 Finally, resistance index (RI) is an-
other value for monitoring resistance but represents flow
distal to the evaluated site. RI ¼ (PSV � EDV)/PSV. Normal
values are less than 0.75.

In TCD, evaluation of the flow velocity is essential. In-
creases and decreases in flow velocity may represent nar-
rowing of a vessel. As evaluation is limited to a specific
vascular area, flow velocity changes at the site of evaluation
may represent an occlusion proximal or distal to the site of
evaluation. Likewise, a decrease inflow velocitymay indicate
vascular narrowing proximal to the site of evaluation but, if
associated with an increased PI, may represent distal resis-
tance to blood flow.35

In conjunctionwith other approaches tomonitoring, such
as cerebral tissue oxygenation, TCD may be able to help
elucidate a vascular narrowing of impairment of flow that
could inhibit the oxygenation of the brain. The advantage of
TCD is that its ability to be performed at the bedside, which
may allow for earlier identification of ischemia that might
benefit from intervention.

In addition to dynamic evaluation of the cerebral vascu-
lature of a patient at the bedside, TCD is a supplementary test
that can be used in evaluating patients with sickle cell
disease, acute thrombotic cerebrovascular occlusion, or peri-
operative monitoring in patients at high risk for emboliza-
tion and infarction.35 TCD may also service as an ancillary
test for brain death determination. Findings exist on a
spectrum, from absence of flow to high resistance to diastolic
flow reversal. Diastolic flow of zero (or negative) is not
compatible with life, and is consistent with cerebral circu-
latory arrest; however, absence of signal could be secondary
to operator/patient factors and is not acceptable for deter-
mination of brain death.When a complete neurologic assess-
ment of brain death is not possible, TCD may provide data
supportive of the clinical determination of brain death.39

Brain Tissue Oxygen Monitoring

Impairmentofoxygendelivery tothebrain is a commonsource
of secondary brain injury. While other monitoring modalities
are able to evaluate tissue oxygenation indirectly as a result of
blood flow or metabolic changes that result from decreased
oxygenation, novel techniques for monitoring cerebral tissue
oxygenation include jugular venous saturation monitoring
(SjvO2), brain tissue oxygen tension, and near-infrared spec-
troscopy (NIRS).7 The advantage of these approaches is that
oxygenation is directly measured, though eachmonitor varies

Fig. 2 Transcranial Doppler acquisition of a right middle cerebral
artery waveform. Mean velocities and pulsatility indices are within
normal limits for this study.
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in its technique and established normative values. Direct
monitoring of brain oxygenation is recommended in patients
undergoing therapeutic hyperventilation and any patient at
risk for ischemia.2,6

SjvO2 may be used to monitor patients undergoing eva-
luation following TBI or SAH. A jugular venous catheter is
placed above the level of C1/C2 to diminish the potential of
interference by blood return through the facial vein.40 SjvO2

is a global assessment of brain oxygenation and may fail to
identify focal regions of ischemia. Low jugular venous sa-
turations may indicate decreased oxygen supply to the
brain secondary to hypoperfusion or increased metabolic
function requiring increased oxygen supply, resulting in
increased uptake of oxygen.41 Increased oxygen levels may
suggest excessive cerebral blood flowor decreasedmetabolic
demand. Typical levels range from 60 to 75%. Levels below
55% saturation are indicative of likely ischemia.40,42 Values
more than 75% may indicate hyperemia, catheter misplace-
ment, or decreased metabolic demand.43

NIRS is a noninvasive technique, capable of continuously
monitoring cerebral oxygen saturation. This technique is
limited to the cerebral cortex. NIRS is complicated by a
wide variation in baseline ranges of regional oxygen satura-
tion, aswell as possible interference from the oxygen content
of the skin, bones, and meninges, obscuring the accuracy of
the results.7,44 In addition, pathological tissue changes may
distort the results obtained usingNIRS. Patientswith TBImay
not accurately reflect true tissue oxygenation due to the
swelling associated with the trauma. Furthermore, extra-
vascular blood, subdural air following neurosurgical inter-
vention, and water between the skin and sensor may also
impede the accuracy of tissue assessment.

PbtO2 monitoring attempts to measure oxygenation
with a more regionally focused approach. PbtO2 utilizes
the diffusion of oxygen through a membrane that is re-
duced at an electrode. A reference electrode is utilized for
comparison, and the amount of oxygen is calculated as
proportional to the difference in voltage between the
reference and measurement electrodes. A temperature
probe is included, as this process is temperature depen-
dent. The temperature probe allows for correction of the
changes in voltage based on changes in temperature.7 As
the level of oxygen increases in the region, the rate of
diffusion onto and reduction by the cathode will increase.3

Unfortunately, despite the ability to monitor local oxyge-
nation, the sufficiency for cellular metabolism may remain
unclear, as increased oxygen levels may simply reflect the
inability of cells to appropriately utilize available oxygen.
Values may be altered by levels of CO2 and O2 and by the
presence of fevers, seizures, or shivering.45 Furthermore, as
PbtO2 is a regional monitoring system, it requires appro-
priate and accurate placement of a catheter to evaluate the
tissue in question (►Fig. 3).46 There are currently two
systems available for monitoring of PbtO2, Licox, and
Neurovent-PTO. While both are safe and effective, the
systems provide assessment of cerebral oxygenation using
different data output units.3 Current guidelines recom-
mend intervention at a PBtO2 of less than 20 mm Hg.2,6

Among the three brain oxygenation monitors described,
PbtO2 monitoring is the most frequently utilized due to its
ability tomonitor regions of interest. However, given the fact
that even regional monitoring may not provide complete
results, further evaluation of the metabolic substrates in a
region may provide further insight into the status of a
critically ill patient.

Microdialysis

Systemic markers of brain injury often poorly correlate with
the health of brain metabolism.47–49 For this reason, the
direct evaluation of interstitial brain metabolites may pro-
vide greater insight into the needs of the injured brain and
risks for deterioration.

Cerebral microdialysis is an assessment tool that may be
utilized to evaluate the metabolic substrates present in local
tissue in real time. This evaluation may help in the early
identification and potential prevention of secondary is-
chemic injury. In the critically ill patient, metabolic changes
may signify greater tissue destruction and increased mor-
bidity and mortality. The use of microdialysis in cerebral
tissue utilizes the placement of a microdialysis catheter into
the cerebral tissue in an area of concern (e.g., the ischemic
penumbra following an ischemic event, a region identified as
potentially ischemic or any region affected by trauma). The
catheter is composed of a semipermeable membrane that
allows diffusion of metabolic substrates from the interstitial
fluid down a gradient into the catheter, which is initially
filled only with an isotonic solution that allows for diffusion
of substrates within the area of interest of quantitative
analysis.3 The catheter is connected to a collection vial that
may be removed so that the fluid can be analyzed. Ideally,
samples can be taken at equal intervals and the fluid

Fig. 3 Noncontrast head computed tomography of patient suffering
aneurysmal subarachnoid hemorrhage. (A) The radiopaque tip of a
brain tissue oxygen catheter as well as (B) a contralaterally placed
extraventricular drain can be seen.

Seminars in Respiratory and Critical Care Medicine Vol. 38 No. 6/2017

Multimodality Monitoring Gandee, Miller 789

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



analyzed for concentrations. Substrates of particular interest
include lactate, pyruvate, glucose, glycerol, and glutamate.
Accurate assessment of the concentrations of these mole-
cules is predicated on the flow rate through the catheter
membrane and the size of the membrane, with slower flow
rates and large catheters resulting in an assay of higher
concentrations of solute.50

As the major metabolic component of cellular energy,
glucose regulation is keyed. Microdialysis monitoring may
allow for evaluation of cerebral glucose levels, which can be
helpful in evaluating the potential for recovery in a critically
ill patient. Strict glycemic control in a critically ill patient
may result in poor delivery of glucose to the brain and tissues
in need of glucose for cellular repair, as increased metabolic
substrates and products of metabolism without glucose can
be cytotoxic and exacerbate primary damage suffered with
an initial insult.50

Analysis of lactate and pyruvate concentrations may
reveal risk for neuronal injury, but caution is necessary to
monitor the ratio of lactate:pyruvate ratio, as lactate can be
increased as a component of both anaerobic metabolism as
well as normal cellular processes. As the availability of
oxygen decreases and the cellular metabolism shifts to an
anaerobic state, the level of lactate will increase as pyruvate
is utilized as a cofactor in the anaerobic portion of glycolysis.
In addition, a decrease in glucose delivery secondary to
decreased blood flow will decrease the level of available
pyruvate, and may alter the lactate:pyruvate ratio, high-
lighting the need to monitor more than just one chemical
ratio. An increased ratio of lactate:pyruvate accompanied by
a decrease in glucose may indicate the need for augmenta-
tion of cerebral perfusion or relaxation in the intensity of
systemic glycemic control. If an increase in lactate
is secondary to an increase in cellular metabolism, the ratio
of lactate to pyruvate will likely remain stable. Ideally, the
ratio of lactate:pyruvate is �20; levels above 25 are indica-
tive of impending metabolic damage.50

Glutamate concentrations are likewise difficult to inter-
pret directly because glutamate is present in the interstitial
fluid. Glutamate is a substrate of interest in patients who
have experienced SAH, ischemia, and cardiac arrest, since a
rise in glutamate levels may be indicative of an inability of
cells to take up interstitial glutamate due to cell death or poor
energy supply.50–53 Typically, glutamate is taken up by cells
in an energy-dependent manner that requires the metabo-
lism of glucose. As glutamate levels increase, neuronal
calcium channels have the potential to be opened as a direct
result of increased glutamate concentrations. Opening of
these calcium channels allows for the influx of calcium,
leading to possible damage to the cellular membrane of
the various cells of the brain. If levels of glutamate in the
dialysate are increased, this may be an early indicator that
cells are damaged and unable to properly function, or are not
receiving adequate glucose to take up interstitial glutamate.
Furthermore, glutamate is recognized as an earlier indicator
of vasospasm when compared with other substrates, and an
elevation may indicate the need to evaluate a patient for
additional signs of vasospasm to prevent further damage.54

Glycerol is another substrate of particular interest, as it is
a component of the fatty acids that make up cell membranes
that may be disrupted in a patient with neurologic damage.
Glucose typically provides sufficient energy to actively
transport calcium out of cells. If glucose levels decrease,
calcium may enter cells, which activates phospholipases to
break down fatty acids.50 An increase in glycerol concen-
tration is therefore an indication of potential breakdown of
the cell membranes and an indicator of increasing cell
damage.21

Microdialysis is of particular interest in both SAH and TBI.
In both clinical scenarios, the placement of the catheter is
keyed to the evaluation of the dialysate. The catheter may be
placed during surgery, transcutaneously, or through a cranial
bolt.50 In SAH patients, the catheter should be placed in the
tissuewith the greatest potential risk for secondary ischemic
injury (typically the region of the parent vessel). In TBI,
catheters should not be placed in tissue that lacks viability,
as analysis will not be reflective of therapeutic need or
interventions. Instead, in a focal injury, one catheter may
be placed in a region surrounding the tissue of concern, while
another may be placed in normal tissue for comparison. If a
patient has suffered diffuse TBI, the catheter should be
placed in the right frontal region.50

Additional markers that may be directly evaluated
through the use of microdialysis include reactive oxygen
species, extracellular potassium concentration (which does
not typically correlate with systemic levels of potassium),
matrix metalloproteinase-9 levels, and interleukin-6 levels,
which may function as further indicators of cellular injury,
metabolic distress, poor prognosis, and delayed ischemia,
respectively.55–57

Conclusion

The monitoring of any critically ill patient requires near-
constant evaluation and re-evaluation ofmyriad factors in an
effort to improve the patient’s prognosis. No single value or
bit of data on its own can accurately portray or predict the
condition of the critically ill patient. Multimodality monitor-
ing provides the breadth of information that best illustrates
the current state of a patient. While one test may provide a
single measure, often more questions arise from the chan-
ging state of a patient’s results. For this reason, the combina-
tion of these monitoring techniques provides a clearer
elucidation of not only the objective changes in a patient
but can provide the means to further investigate why those
changes are taking place. Used in conjunction, thesemethods
of evaluation may provide clinicians with the insight needed
to properly address the specific needs of each patient and
potentially improve outcomes.
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