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Introduction

Processed electroencephalogram (pEEG) is a noninvasive
monitoring technique that registers electrical brain activity.
The proximity of the sensor to the rostral structures of the
brain through the scalp detects the neural function of the
cerebral cortex, which is related to patient awareness, con-
sciousness, brain function, and metabolism.1–4

Changes in cerebral blood flow (CBF), intracranial hyper-
tension (ICH), cerebral hypoxia, hypoperfusion, ischemia,

and nonconvulsive status epilepticus can result in alterations
that may be observed in the pEEG independent of anesthetic
drug effects.1,5 Therefore, in certain circumstances, these
changes can help in the timely detection of pathophysiologi-
cal alterations and hemodynamic compromise as part of
multimodal monitoring.1,2

This manuscript adheres to applicable CARE guidelines.
Written consent was obtained from the patient’s relatives for
the publication of this clinical case without showing images
or personal data of the patient.

Keywords

► neuromonitoring
► processed electroen-

cephalography
► cerebral protection
► brain hypoperfusion
► safety

Abstract Processed electroencephalogram (pEEG) is a record of electrical activity of the brain. In
certain circumstances, it can reflect pathophysiological alterations and hemodynamic
compromise. A 79-year-old woman diagnosed with subarachnoid hemorrhage and
postcardiac arrest status was transferred for emergency ventriculostomy. The frontal
monitoring with pEEG (SedLine, Masimo) from baseline showed low frontal activity, left
and right spectral edge frequency (SEF) without numerical value, low activity in
bilateral density spectral array (DSA), and zero in the patient state index (PSI). After
ventricular puncture and placement of the ventriculostomy system, the pEEG showed
an increase in the frequency and amplitude of the four-channel waveform of the pEEG,
DSA, and numerical value of SEF and PSI. The use of pEEG can determine the depth of
anesthesia and perhaps detect various cerebral and systemic pathophysiological and
hemodynamic alterations; however, single monitoring may not be as predictive, so the
use of multimodal monitoring is recommended.
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Case Report

A 79-year-old woman was brought to our hospital by their
relatives with a suddenly altered level of consciousness and
11 points in Glasgow coma scale (eye response: 3; verbal
response: 4; motor response:4).

At the emergency room, the patient presents cardiorespi-
ratory arrest, and advanced cardiopulmonary resuscitation
maneuvers were started by the emergency room staff;
4minutes later, she presented return of spontaneous circu-
lation, data of severe brain injury with a scale score of
FOUR¼6 (E0, M0, B4, R2). Endotracheal intubation was
performed and intravenous (IV) infusion of propofol (30
µg/kg/min) and norepinephrine (0.08 µg/kg/min) was
started.

Computed tomography (CT) scan revealed a Fisher IV
subarachnoid hemorrhage and ICH. The American Society of
Anesthesiologists (ASA) physical status V was assigned. After
40minutes of return of spontaneous circulation, the patient
was transferred to the operating room for placement of an
external ventricular drain, with an invasive mechanical venti-
lation support, central venous access, arterial line for invasive
pressure, an infusion of IV propofol and norepinephrine.

Initial monitoring upon admission to the operating room
was heart rate (HR), respiratory rate (RR), noninvasive blood
pressure (NIBP), invasivebloodpressure (IBP), andFoleyprobe,
and a frontal sensor was placed to monitor the depth of
anesthesia with pEEG (SedLine, Masimo, 52 Discovery. Irvine,
CA, United States). Their baseline vital signs were as follows:
HR, 93 beats per minute (bpm); RR, 12 breaths per minute
(bpm); end-tidal carbon dioxide (EtCO2), 34mm Hg; periph-
eral oxygen saturation (SpO2) 98%; temperature of 36.9°C;
blood pressure, 105/56mm Hg; and mean arterial pressure
(MAP), 72mm Hg with vasopressor support.

Mechanical ventilation was started with pressure-con-
trolled ventilation volume-guaranteed mode. The ventilato-
ry parameters included 45% FiO2, 450mL tidal volume,
12 bpm RR, 18mm Hg peak inspiratory pressure, 4mm Hg
positive end-expiratory pressure, and 34mm Hg EtCO2.

The pEEG showed from its placement low basal frontal
waveform electroencephalographic activity, 98% suppres-
sion ratio, left spectral edge frequency (SEF-L) and right
spectral edge frequency (SEF-R) without numeric values,
low activity in the bilateral density spectral array (DSA),
and zero on the patient state index (PSI; ►Fig. 1).

With the aim of decreasing cerebral metabolism and
thereby intracranial pressure (ICP), the propofol infusion
was continued at the same dose and added IV lidocaine
infusion at 30 µg/kg/min. An IV bolus of 2 µg/kg fentanyl was
administrated continued by infusion of 0.039 µg/kg/min.
Norepinephrine (0.08 µg/kg/min) was continued with the
aimofmaintaining adequate cerebral and systemic perfusion
with a minimum target MAP of 85mm Hg. Anesthetic and
vasopressor infusions were maintained at the same dose
until the end of the procedure. Therefore, there were no
boluses or important variations in the dosage of these drugs.

The basal arterial blood gas test showed the following
results: hydrogen potential (pH), 7.18; partial pressure of

oxygen (PaO2), 84mm Hg; partial pressure of carbon diox-
ide (PCO2), 41mm Hg; arterial bicarbonate (HCO3), 15.3mm
Hg; base excess (BE), –12; hemoglobin (Hb), 7.8mg/dL;
hematocrit (Hct), 25%; lactate, 3.7mg/dL; and glucose,
338mg/dL.

In the pEEG trend, we can see a summary of the low brain
electrical activity during the first part of the procedure; after
approximately 5minutes after ventricular puncture and
placement of the external ventricular drainage catheter
system, an increase in brain electrical activity in the four-
channel waveform frequency was identified in the pEEG.
Between minutes 10 and 15, an increase in the trend, SEF,
DSA, and PSI were observed (►Fig. 2).

Because the patient showed 7.8mg/dL of hemoglobin and
25% of hematocrit in arterial blood gases, a globular package
(255mL) and a fresh frozen plasma (143mL) were trans-
fused. The final arterial blood gas test showed the following
results: pH, 7.25; PaO2, 122mm Hg; PCO2, 36mm Hg; HCO3,
18.3mm Hg; BE, –6; Hb, 9.6mg/dL; Hct, 28%; lactate, 2.8
mg/dL; and glucose, 196mg/dL.

After the increase and maintenance in pEEG activity, the
propofol infusionwas increased to 60 µg/kg/min. The patient
was transferred to the intensive care unit under invasive
mechanical ventilation, fentanyl 0.026 µg/kg/min, and nor-
epinephrine 0.08 µg/kg/min. The vital signs were the follow-
ing: HR, 84 bpm; blood pressure, 112/71mm Hg; MAP,
84mm Hg; RR, 12 bpm; EtCO2, 34mm Hg; Sp02, 98%; tem-
perature, 36.8°C and PSI 53. Unfortunately, the patient died
26 days after his hospital stay.

Discussion

Various authors agree that despite its diffusion and its
simplicity in its use and interpretation,2 pEEG has not

Fig. 1 Low basal frontal waveform electroencephalographic activity;
98% suppression ratio; spectral edge frequency (SEF) without numeric
value; low activity in the bilateral density spectral array (DSA), and
zero on the patient state index (PSI).
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been designated as standard monitoring by anesthesiology
societies.3,4

Brain cortical activity is modulated by anesthetic drugs,
and various exogenous and endogenous stimuli and
electroencephalogram readings are closely related to
brain metabolism. Age, temperature, hydroelectrolytic
and acid–base disorders, and hypoglycemia may be ob-
served in the alteration of electroencephalogram and
pEEG waveforms.1

Diverse studies have shown that pEEG allows the identi-
fication of intracranial hemodynamic events, such as aneu-
rysm rupture, vasospasm, neurovascular coupling, CBF
autoregulation, changes in ICP, hypoperfusion, and ische-
mia,6–9 so neuromonitoring is recommended in neurocritical
patients.10

In the event of a cardiac arrest, electroencephalogram
and pEEG activity during cardiopulmonary resuscitation
may be modified by alterations in circulation and brain
perfusion. Isoelectric electroencephalogram and/or burst
suppression may be indicative of adverse neurological out-
comes.5 The use of pEEG in neurocritical and neurosurgical
patients has great potential in the investigation of function,
blood flow, and cerebral autoregulation, as well as for a
better understanding of the physiology of consciousness
and the mechanisms of action of anesthetic drugs, with the
ultimate goal of improving postoperative outcomes and
reducing complications.

In this case report, changes in the electroencephalogram
may be possible due to possible changes secondary to the
postcardiac arrest state, subarachnoid hemorrhage, and
hypoperfusion secondary to ICH or systemic hypotension
especially due to the age and diagnosis of the patient. The
authors consider it a possibility that the increase in electro-
encephalographic activity after placement of a ventriculos-

tomy placement was due to a decrease in ICP and an
improvement in CBF. A low blood pressure may not be
sufficient to perfuse the brain and cerebrospinal fluid
(CSF) drainage could have reduced ICP, restoring perfusion,
which may be a speculation on the findings. However, the
change was highly significant and almost immediately after
placement of the CSF drain. A comparison between basal and
final optic nerve sheath measurements may have increased
the possibility of diagnosing ICH; however, this was not
performed because of the urgency of the surgical procedure.
Despite the poor prognosis of the patient on admission,
changes in pEEG proved that the patient was treated
promptly.

Conclusion

Common use of pEEG in neurocritical and neurosurgical
patients can have important advantages, such as evalua-
tion of the anesthetic depth, perhaps with the possibility
of detecting various pathophysiological and hemody-
namic cerebral and systemic alterations. Because the
changes in this patient’s pEEG could have been due to
several different factors, it is not possible to conclude
that the change was solely due to a decrease in ICP and an
improvement in CBF following ventriculostomy place-
ment. Single monitoring cannot be as predictive. Multi-
modality monitoring should be used in concordance with
clinical examination and then patient-specific inferences
should be made.
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