CHAPTER 4

Artefacts in Processed
Electroencephalography Monitoring

Tugce Sahin!

4.1. Introduction

During the intraoperative period, processed EEG (pEEG) monitors — such
as BIS, Entropy, PSI, and SEF — are widely used to evaluate the depth of
anesthesia [1]. These systems typically generate an index ranging from 0 to 100.
For example, a BIS index between 40 and 60 is generally considered appropriate
for surgical anesthesia, whereas values above 60 suggest a lighter anesthetic state
or possible patient awareness.

Processed EEG monitors calculate these indices by decomposing raw EEG
signals into various frequency bands (delta, theta, alpha, beta, etc.) and applying
complex mathematical algorithms [2]. However, a fundamental limitation of
these systems lies in their reliance on proprietary algorithms that transform
biological signals into numerical indices. Consequently, certain drug effects or
physiological conditions may appear on the monitor not as true changes in brain
activity but as artefacts or distorted signals [3].

Therefore, it is essential for anesthesiologists to recognize the most common
types of artefacts encountered during intraoperative EEG monitoring and to
distinguish them accurately within the clinical context.

This chapter summarizes the phenomenology, differential diagnosis, clinical
implications, and systematic troubleshooting strategies for anesthesia-related
artefacts in processed EEG recordings.

4.2. Classification of Artefacts
4.2.1. Physiological / Perioperative Artefacts

4.2.1.1. Muscle Activity (EMG; Frontal/Chin)

In the absence of neuromuscular blockade, electromyographic (EMG) activity
from the frontal or chin muscles is one of the most common artefacts encountered
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in processed EEG monitoring. This artefact may falsely elevate processed indices,
particularly the BIS, with values sometimes exceeding 80. In such cases, it is
essential to compare the EEG index with the clinical presentation [4].

EMG artefacts typically occur due to insufficient neuromuscular block,
surgical stimulation, intubation or extubation, or postoperative shivering. On
the EEG display, EMG activity appears as high-frequency components (>30 Hz)
resembling a “sandstorm” pattern, which may be misinterpreted as superficial
anesthesia. Frontal signal enhancement and chin muscle palpation or TOF
monitoring can help in differential diagnosis.

When neuromuscular block or analgesia is optimized, the index usually
returns rapidly to baseline. Practical measures include gentle taping to minimize
frontal muscle movement, maintaining normothermia and patient comfort, and
administering intravenous lidocaine or appropriate analgesics when necessary.

4.2.1.2. Eye Blinking and Saccadic Movements

Eye movements can also introduce artefacts into EEG recordings. When
electrodes are positioned in the frontal region, blink-related potentials often
appear as slow waves in the 2—4 Hz range and are more prominent during lighter
planes of anesthesia [5]. These slow potentials may overlap with alpha or theta
activity, leading to over- or underestimation of anesthetic depth. To minimize
such interference, the periocular area should be securely taped, and electrode
placement must remain stable; inadequate fixation or increased facial muscle
tone can amplify the artefact.

4.2.1.3. Cardiac (ECG) Artefacts

In elderly or thin patients, cardiac electrical activity may contaminate the
scalp EEG signal. This artefact appears as a low-frequency rhythmic component
and is more pronounced in monitors with limited filtering capability. It presents
as sharp, rhythmic discharges—often in a single channel—and may be mistaken
for epileptiform activity. Comparison with ECG recordings reveals phase-locked
synchrony with QRS complexes. To prevent this interference, EEG and ECG
cables should be routed separately and avoid physical overlap [5].

4.2.1.4. Respiratory, Ventilation, and Movement Artefacts

Inadequate immobilization or the presence of spontaneous breathing can
produce oscillatory artefacts in the EEG, particularly due to head motion. These
are more common in pediatric patients [3]. Mechanical ventilator cycling,
changes in head position, or contact between the face mask and electrodes can
cause slow oscillations and baseline drift in the EEG trace. Simple but effective
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preventive strategies include stabilizing the head, securing cables, and ensuring
that ventilator tubing does not touch the electrodes. Additionally, pressure
fluctuations from CPAP or ventilator systems can propagate to EEG channels
and should be considered during interpretation.

4.2.1.5. Sweating and Skin Conductance Changes

Sweating, caused by increased sympathetic activity and activation of
eccrine sweat glands, alters ionic conductivity at the electrode—skin interface.
Electrolytes in sweat (especially NaCl) increase impedance and lead to very
slow-frequency (<0.5 Hz) drifts and baseline shifts [6]. Such artefacts become
more pronounced during long surgeries, warm operating environments, or in
pediatric patients, potentially causing false increases or decreases in BIS and
similar indices.

Preventive measures include proper electrode placement, maintaining
impedance below 5 k), cleaning the skin to remove oil, and using sufficient
gel or adhesive. During prolonged procedures, electrodes should be checked
periodically, and ambient temperature should be controlled to reduce sweating.

4.2.2. Device and Environment-Related Artefacts

Device- or environment-related artefacts do not originate from the
patient’s biological activity but from external electrical or technical sources.
The operating room is filled with numerous electronic devices that can generate
electromagnetic interference (EMI), thereby degrading EEG signal quality.
Additionally, electrode placement, cable positioning, or equipment malfunction
can similarly compromise signal integrity.

4.2.2.1. Electrocautery (Monopolar/Bipolar)

The most common device-related artefact in processed EEG recordings is
produced by electrocautery use. Electrocautery units typically generate high-
frequency currents between 300 kHz and 1 MHz, used for tissue cutting or
coagulation. During activation, the EEG signal becomes obscured by broadband,
high-amplitude noise, often appearing as complete signal saturation.

Monitors such as BIS or Entropy may display erratic or meaningless
fluctuations during electrocautery use, and in some cases, the algorithm
temporarily suspends index calculation. These artefacts can lead to
misinterpretation of anesthetic depth, particularly during critical surgical
moments [7].

To minimize interference, EEG electrodes should be placed as far as possible
from cautery cables. Although newer EEG monitors feature “EMI suppression”
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algorithms, filtering cannot fully eliminate these artefacts. Therefore,
anesthesiologists should interpret processed EEG indices only between cautery
intervals, not during active use.

4.2.2.2. Warming Systems (Forced-Air Blankets)

Forced-air warming systems (e.g., Bair Hugger) are commonly used to
maintain normothermia during surgery. However, their fan motors and air
circulation can produce low-frequency oscillations and broadband noise in EEG
recordings. Over long procedures, these disturbances manifest as slow drifts,
particularly in pediatric and geriatric patients, and may cause false fluctuations
in BIS or Entropy values, mimicking changes in anesthetic depth.

Artefact prevention includes keeping EEG cables away from the heater
outlet and fan unit, securing the cables, and avoiding physical contact between
the blanket hose and the electrodes.

4.2.2.3. Infusion and Target-Controlled Infusion (TCI) Pumps

Electronic infusion and TCI pumps operate via stepper motors that generate
small, repetitive electromagnetic fields, which can induce periodic, low-
amplitude, rhythmic artefacts in EEG cables [8]. These artefacts appear as subtle
“click-like” oscillations and may cause minor fluctuations in processed EEG
indices. Placing pumps at a physical distance from EEG cables and connecting
them to a separate power circuit can significantly reduce interference.

4.2.2.4. Neuromuscular Monitors (TOF) and Nerve Stimulators

Train-of-Four (TOF) monitors and peripheral nerve stimulators deliver
brief electrical pulses to assess neuromuscular transmission. These pulses can
propagate through EEG electrodes, producing sharp, high-amplitude discharges
synchronized with stimulation. As a result, transient spikes may appear in the
EEG trace, leading to temporary BIS increases or short-term distortions in
the Entropy index. The anesthesiologist should recognize that such changes
are artefactual and occur in synchrony with TOF stimulation, not as genuine
cortical activation.

4.2.2.5. Pacemaker / ICD and Defibrillation

Pacemakers and implantable cardioverter-defibrillators (ICDs) emit regular
electrical discharges that can appear on EEG as rhythmic, spike-like potentials
synchronized with device pacing. During periods of low EEG amplitude—
such as deep anesthesia or burst suppression—these artefacts may cause false
elevations in processed indices.
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When a pacemaker is present, its rhythmic interference should always be
considered during EEG interpretation.

Defibrillation produces a brief but intense electromagnetic pulse, completely
disrupting EEG signals. This results in transient signal saturation, channel
locking, and data loss. During defibrillation, BIS or Entropy monitors may
display warnings such as “artefact” or “data loss” [7]. EEG readings immediately
after defibrillation are unreliable and should be excluded from analysis. Before
and after defibrillation, electrode safety and impedance integrity should be
verified to ensure accurate recording.

4.2.3. Electrode-Related Artefacts

One of the most frequent causes of artefacts in processed EEG systems (such
as BIS, Entropy, and PSI) is related to electrode placement and contact quality.
These artefacts often mimic physiological changes but in reality stem from signal
acquisition or transmission issues. When electrode contact is inadequate or skin
preparation is insufficient, the device cannot accurately process raw EEG data,
resulting in sudden fluctuations, dropouts, or noisy waveforms in the trace [4].

Poor or uneven electrode contact is the most common source of artefactual noise.

Improper adhesion, dried conductive gel, or elevated impedance can distort
the signal. In such cases, slow baseline drifts or intermittent spikes may appear
on the EEG screen, and processed EEG indices become unreliable — BIS values
may rise or fall erratically. To prevent this, the skin surface should be cleaned
with alcohol, low-impedance (<5 kQ) electrodes should be used, and proper
conductive gel or adhesive should be applied.

Movement of EEG cables is another frequent technical cause of artefacts.
Head position changes, surgical manipulation, or accidental cable pulling
introduce mechanical noise into the recording. This may appear as slow wave
distortions or brief “pop” artefacts, occasionally mimicking muscle activity [5].
Such artefacts often present as sudden BIS fluctuations, potentially leading to
misinterpretation of anesthetic depth. Preventive measures include securing
cables, positioning them away from the surgical field, and ensuring that electrode
connectors remain stable throughout the procedure.

Incorrect electrode placement can also significantly affect signal quality. If
the sensor slips on the scalp or is placed incorrectly (e.g., BIS electrode applied
too laterally rather than on the frontal region), unexpected EEG patterns may
appear. This results in low amplitude signals and unreliable algorithmic index
calculations. Therefore, frontal and frontopolar electrodes must always be
positioned according to manufacturer guidelines to ensure accurate monitoring

(Table 4.1).
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Table 4.1. Artefact Evaluation and Troubleshooting Algorithm in Processed EEG

Monitoring

Step

Checklist / Key Questions

1. Suspicion of Artefact

¢ Does the waveform mismatch the clinical context?
e Is the artefact limited to a single channel or present
across all channels?

2. Physiological Source
Check

* EMG activity: Is muscle relaxation adequate? Is there
shivering?

* Eye movement: Has the patient reached a lighter plane
of anesthesia or partial awakening?

* Cardiac rthythm artefact: Is it synchronized with regular

QRS complexes?

3. Device and
Environmental Check

* Are electrocautery, infusion pumps, or forced-air
warmers ~currently operating?

e Are EEG cables in contact with other electrical
equipment?

* Does the monitor display an “over-range” or interference
warning?

4. Electrode Check

¢ Is electrode contact adequate?
* Has the conductive gel dried?
* Are any cables damaged or moving?

5. Corrective Actions

» If physiological: Interpret within clinical context.

* If device-related: Adjust or reposition the equipment.

o If electrode-related: Reapply electrodes, add or replace
gel, or fix loose leads.
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