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This guideline emphasizes the basic principlesahdr important aspects of recording the
electroencephalogram (EEG) for the purposes ofahéténg brain death. It serves to update what has
been learned since the first iteration of minim@chnical standards for the determination of braiatkl
(Chatrian et al., 1974; Bennett et al., 1976; Gaairl980; NINCDS, 1980; Medical Consultants, 1981;
Walker, 1981). Clinical scenarios may vary by pelcrequired by individual states or hospitalsthese
guidelines for minimal standards must be takemédontext of individual resource availability.
Consequently, this document should be considerea axpression of the optimal means of recording
and not as an absolute requirement. In particbkgause of the complexities involved in evaluatirey
pre-term infant, these guidelines do not refehtisé patients.

I ntroduction

Many hospitals have intensive care units and perfieEG studies in the setting of clinically
suspected cerebral death to confirm irreversitds tf all brain function (Wijdicks et. al. 2010for
this reason, there is continued need for guidam@eiforming these important tests.

The first (1970) edition oMinimum Technical Requirements for EEG Recording in Suspected
Cerebral Death reflected the state of the art and techniquebefdte 1960s. Substantially improved
EEG technology is now available, and many laboresdnave had decades of experience in this area.
Equally important, there is now a much larger cam@nt of qualified EEG technologists.

An initial survey in the late 1960s by the AmeridalBG Society’sad hoc Committee on EEG
Criteria for the Determination of Cerebral Deathe@ed that, of 2,650 cases of coma with presumably
“isoelectric” EEGs, only three cases with recordisgtisfying the committee’s criteria showed any
subsequent recovery of cerebral function. Thesetpatients had suffered from massive overdoses of
central nervous system depressants. Many of ghertesl “isoelectric” records in adults were, on
review, either low-voltage records or obtained vigbhniques inadequate to show low-voltage activity
such that they gave the false appearance of béatg “

Non-physiologic terms such as “electrocerebrahsig isoelectric,” “linear,” and “flat” were replad
in the 1970s with the term “electrocerebral inatfi(ECI) that appears in the Glossary of the
International Federation of Clinical Neurophysiold¢F-CN; Chatrian et al., 1974). A recent study
found that in 96.5% of patients, the EEG corrobextdhe clinical diagnosis of brain death, but B23.
of patients it did not (Fernandez-Torre et. al120-- particularly in patients with brainstem inju In
these patients, the EEG demonstrated electric&itgah patients who had a diagnosis of brain deat
on clinical grounds. A study in children (Nakagastaal. 2011) yielded different results: only 88%
patients with brain death had an EEG demonstr&@Qg There was a similar finding in neonates and
children with radionuclide brain scans; when a l&igEG was performed with a radionuclide brain
scan, up to 17% of children without apparent flawtlee scan still had cerebral activity on the EEG
(Nakagawa et. a., 2011).
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Definition

Electrocerebral inactivity is defined as the absesicnon-artifactual electrical activity over 2 uv
(peak to peak) when recording from scalp electpmales 10 or more cm apart when the recording is
performed in compliance with the standards outlineldw.

The guidelines for EEG recordings in cases of stieplecerebral death have eleven components,
each set forth with explanatory comments. The hasnciples of EEG recording still apply, and,
unless modifications are noted below, Guidelinedommendations should be followed.

1. A complete complement of scalp electrodes should be utilized.

Electrodes must be placed over all major brainsarede certain that absence of EEG activity is not
just a regional phenomenon. The use of singletodlasr dual-channel recording devices such as those
used for EEG monitoring of anesthetic levels isdfare unacceptable for the purpose of determining
ECI. Especially because the EEGs of patients supected ECI may demonstrate abnormalities other
than ECI, it is essential to use complete, rathan restricted, electrode coverage, as defined in
Guideline 1:Minimum Technical Requirements for Performing Clinical Electroencephal ography,

Section 2.3. This should include midline placemsdriz, Cz, Pz) because these electrodes are tiseful
the detection of residual low-voltage physiologitiaty and are relatively free from artifact. Ames,
recording with a full set of conventional 10-20 (@-10) scalp locations may not be feasible, for
example because of head trauma or recent surdyetiis case, electrode positions may be moved as
necessary, as long as careful documentation is mradi¢he minimal inter-electrode distances desdribe
below are attained. In this case, one option digplace the same electrodes on the contralaiei@by
an equivalent distance to allow better comparisgmte/een the two sides. The initial study should no
use less than the routine coverage standard fqratigular clinical laboratory.

The location of all electrodes placed should bd detumented.

All recording devices require an isolated ground ameference electrode to be connected to themati
The device manual should be consulted prior torckog.

2. Inter-electrode impedances should be under 10,000 Ohms but over 100 Ohms.

2.1 Unmatched electrode impedances may distort E@.EWhen one electrode has relatively high
impedance compared to the second electrode ofdinetipe amplifier becomes unbalanced and is prone
to amplify extraneous signals unduly. This mawlbes 60-Hz interference or other artifacts.

Situations characterized by low-voltage electrooegeactivity demand especially scrupulous elearod
application. In addition, electrodes with high idance even if matched may be associated with
increased noise that could obscure a low amplisigieal.

2.2 There is a marked drop off of potentials wittpedances below 100 Ohms and, of course, no
potential at 0 Ohms. This could be one possildsae for a false ECI record. A test of inter-elede
impedances, to assure that they are of adequateitondg, should be performed during the recordihg.
is essential that excess electrode paste doepraatdsfrom one electrode to another, creating atshu
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short circuit, which would also attenuate the signa

Stable, low-impedance electrodes are absolutegnéiss for all bedside (i.e., away from the
laboratory) studies.

2.3 The use of needle electrodes and “electrod€’ cdyosild be avoided.

3.  Theintegrity of the entire recording system should betested.

If, after recording with one montage at increasagbldication, an EEG suggesting ECI is found, the
integrity of the system should be tested by tougleiach electrode of the montage gently with a penci
point or cotton swab to create an artifact potéwtiethe record. This test verifies that the etz
board is connected to the recording device. Recorade with the electrode board inadvertently not
connected can sometimes resemble low-amplitude &dfiaty. The test also proves that the montage
settings match the electrode placements.

4. Montagesfor ECI interpretation should include electrode pairsat least 10 centimeters
apart.

In the International 10-20 System, the averagetantigrelectrode distances are between 6 and
6.5 cm. A recording taken with average interetmbtrdistances at ordinary sensitivity might suggest
ECI, but if it were recorded using longer interélede distances, cerebral potentials might be setre
tracing. Hence, with longitudinal or transverspdb@r montages, several double distance electrode
linkages are recommended (e.g., Fpl-C3, F3-P3, €3=@.). The use of the 10-10 System is also
acceptable, using electrodes from similar locatimms$he scalp.

Ear reference recording is almost invariably tootaminated by ECG to be useful, but a montage
including a Cz reference may be satisfactory ag &man interelectrode distance of 10 cm or more is
maintained. In one study (Bennett et al., 1948 ,dest montage included : Fp2-C4, C4-02, Fpl-G&B, C
Ol, T4-Cz (T8-Cz in the 10-10 system), Cz-T3 (Cziit the 10-10 system), with one-channel ECG and
one-channel non-cephalic recording (e.g. on theha®ccipital leads, however, are more difficolt t
attach in immobilized patients and are particuladgceptible to movement artifact induced by aréfi
respirators. A montage that includes F7-T5 (FirRthe 10/10 system), F8-T6 (F8-P8 in the 10-10
system), F3-P3, F4-P4, and Fz-Pz may thereford gidletter record.

None of the foregoing should imply that the usuabkplected laboratory montages could not be used
in addition.

5. Senditivity must beincreased to a maximum of 2 uV/mm for at least 30 minutes of the
recor ding.

5.1 This is undoubtedly the most important and the roéish overlooked specification. At a
sensitivity of 7 uvV/mm, a signal of 2 uV cannotseen because it would be less than 0.3 mm in
magnitude; on most computer monitors, a singlelpsxabout 0.25 mm. Recording at a sensitivity of
1.5 or 1 uV/mm provides an additional 50-100% iaseein sensitivity and will allow a more confident
assessment of the presence, or the absence, WV a@gnal. It is important to include appropriate
calibrations for the specific recording deviceinéd.

5.2 Adequate and appropriate calibration proceduresssential. It is good practice to calibrate
with a signal near the size or value of the EE@aighat has been recorded. Thus, for electrocalreb
inactivity, a calibration signal of 2 or 5 uV is@ppriate. A 50-uV calibration signal at a sensiyi of
2 or 1 uV/mm is useless because the monitor tnaegsoverlap. The inherent noise level of the
recording device should also be measured as iroeetb

Copyright © 2016 American Clinical Neurophysiology Society 3



5.3 Itis important to understand the calilmatiunction on the recording device being used and
particularly whether it tests the amplifiers orytite display. Nevertheless, adequate calibrataes
not exclude the possibility of shunting or an openuit at the electrodes, electrode board (jackbox
cable, or input of the recording device.

5.3 Self-limited periods of ECI of up to 20 minutes n@ocur in low-voltage records (Jorgensen,
1974), so each recording should be at least 30tesrang to be certain that intermittent low-vo#ag
cerebral activity is not missed.

6. Filter settings should be appropriate.

In order to avoid attenuation of low-voltage fasstw activity, high-frequency (low pass) filters
should not be set below 30 Hz, and low-frequenayh(pass) filters should not be set above 1Hz.

Short time constants (high values of the low f)litenuate slow potentials. In the situation
approaching ECI, there may be potentials in theathad delta ranges, so every effort should be rfade
avoid attenuation of this low frequency activityievertheless, it has been demonstrated that a low-
frequency setting of 1 Hz is adequate for the deiteation of ECI (Jorgensen, 1974; Bennett et al.,
1976). The 60-Hz notch filter can be used withtecand only after appropriate troubleshooting is
performed. If the 60 Hz filter is used, segmentEBG should also be recorded without this filter f
comparison.

7. Additional monitoring techniques should be employed when necessary to clarify therecord.

The EEG record is a composite of true brain wawtger physiologic signals, and artifacts (either
internal or external to the recording device, ahthechanical, electromagnetic, and/or electrostatic
origin). When the sensitivity is increased, sudifauts are accentuated and therefore must be
identified in order to accurately assess whether EEG activity is present. It should be emphakize
that the best insurance against many artifactstalae, low-impedance electrode system. A wide
range of artifacts is present in the patients wisiasn severe brain insults requiring special care
(Tatum et al., 2011). These are illustrated inAtias of Electroencephal ography in Coma and
Cerebral Death (Bennett et al., 1976) i@urrent Practice of Clinical Electroencephal ography
(Chatrian et al., 2003.) and tAdas of EEG in Critical Care (Hirsch et. al. 2010). Because thigas
of Electroencephal ography in Coma and Cerebral Death is now difficult to obtain, Raven Press has
kindly granted permission to use some of the figdoeind below.

7.1 Becausene rarely sees an ECI record without varying arteoahelectrocardiogram (ECG)
artifact, an ECG monitor is essential.

7.2 If respiration artifact cannot be eliminated, thigfact must be documented by specific
technologist notation on the record or be monitdrga transducer. Disconnecting the respirator
(briefly) will allow definitive identification of he artifact, if clinically appropriate. Review of
accompanying video can also be of assistance.

7.3 Frequently, an additional monitor is needed foeo#rtifacts emanating from the patient or the
local environment. The most convenient for thiggese is a pair of electrodes on the dorsum of the
hand separated by about 6-7 cm. The technoldgistld be aware of frequent sources of electrical
artifact including: electric beds, IV drips, bloaérmers, or other electrical devices. The techgisto
should place additional monitors when they helpléoify the source of artifact. For example,
intermittent movements noted in a limb should propiacement of a movement monitor to help
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differentiate movement-induced artifact from elecarebral activity.

7.4 ltis clear that some EMG contamination canigem patients with ECI recordings. If EMG
potentials are of such amplitude as to obscurértoeng, it may be necessary to reduce or eliminate
them by use of a short term neuromuscular blockijent. Because this may interfere with the
neurologic examination and cause other problemgoneuscular blockade should be performed under
the direction of an experienced physician famihgh the use of medications in critically ill paties.

7.5 Machine noise, thermal noise, and electricarirtence entering the recording system from the
jack box to the amplifiers may be checked convdiydyy placing a 10,000-Ohm resistor between
input terminal 1 (G1) and input terminal 2 (G2)oofe channel, as long as either G1 or G2 is shooted
the reference electrode.

7.6 Even with good technique, however, an EEG resmbat the increased sensitivities required
above can occasionally present diagnostic chalketmhe interpreting electroencephalographer. An
attempt must be made to determine what portioh@fécord results from noncerebral physiologic
signals, or nonphysiologic artifacts, including tiegoing noise level of the complete system in that
particular ICU, as indicated, for example, by aoréing from the hand. An estimate must then beemad
of whether or not the remaining activity exceeds/2an amplitude. When this cannot be done with
confidence, the EEG report must indicate the uag#st, and the record cannot be classified as
demonstrating ECI (see Section 10).

7.7 Continuous video recording is strongly encourageorder to help identify any artifacts in the
recording. Furthermore, recognizing the sourcthefartifact in order to “troubleshoot” and elimi@ar
camouflage it from the record requires a coordish&t@m, including trained technologists, nurses,
personnel experienced in informatics, and neurdplogists, to ensure optimal interpretation.

8. Thereshould be no EEG reactivity to intense somatosensory, auditory, or visual stimuli.

Lack of reactivity in critically ill patients is aeciated with an increase in mortality (Gilmoredtal.,
2015). In this collaborative study, there wasmsiance of stimulus-related activity in EEG recogdi
of patients with ECI (Bennett et al., 1976; NINCOS80; Walker, 1981). Any apparent EEG activity
resulting from the above stimuli or any otherswaly suctioning and other nursing procedures can be
potent stimuli) must be carefully distinguishednfrooncerebral physiologic signals and from
nonphysiologic artifacts. For example, an eleetiongram can persist in response to photic stitiula
when there is ECI. Stimulation may also be of heldocumenting the degree of reactivity in records
not demonstrating ECI.

9. Recordingsshould be performed only by a qualified technologist.

Great skill is essential in recording cases of sasgul ECI. Frequently, recordings are made under
difficult circumstances and include many possiltlerses of artifact. Elimination of most artifaahd
identification of all others, can be accomplishetiydy a qualified technologist.

Qualifications for a competent EEG technologistE@1 recordings include the requirement of
supervised instruction in the techniques of recagdin ICU settings, as well as prior successful
performance of ECI recordings under direct sup@misAdditionally, Registry in EEG Technology (R.
EEG T.) is encouraged for technologists perfornsach studies. The technologist should work under
the direction of a qualified electroencephalograpfAde American Academy of Neurology and the
ACNS, in conjunction with the American Board of i@tial Neurophysiology, have established
guidelines for physician standards of reporting euerpretation.
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10. A repeat EEG should be performed when ECI isin doubt.

In the Collaborative Study of Cerebral Death (Beheeal., 1976; NINCDS, 1980; Walker, 1981),
there were no patients who survived for more thahat period after an EEG showed ECI -- provided
that overdose of depressant drugs was excludets. fifding confirmed the results of the earlier
survey summarized in the Introduction. It is ewitjéherefore, that a single EEG showing ECl is a
highly reliable procedure for the determinatiorcoftical death. While that is likely true for term
neonates and children, an EEG can not substitut fieurologic examination in a brain death
evaluation (For other guidelines to assist physgia the determination of brain death, see the
References.)

In the event that technical or other difficultiead to an inconclusive EEG evaluation of ECI, the
entire procedure should be repeated after an mtewwesolve any uncertainty. This may be astsieor
6 hours in adult patients, but in neonates andiail the interval should be at least 24 hours.
Consideration could be given to other confirmatests if, in the opinion of the treating physicians
technical limitations are unlikely to be overcomesubsequent recordings.

11. Recording of physiological variables and medications.

EEG is subject to many errors in interpretatiame involving non-physiologic variables
(Gaspard & Hirsch, 2013). Nevertheless, physialogiriables and the effects of medication are dygual
important because low core temperature and iatnogytg/pothermia can cause reversible cerebral
inactivity (Stecker et. al. 2001). In additionethlood pressure and oxygen saturation should be
recorded, as both hypotension and hypoxemia casedass of cerebral activity. Finally, it is impamt
to record all medications the patient is takingwadl as the last time that the patient receivegl an
sedating medications such as barbiturates, beresprees, propofol, or narcotics. If the patierg had
a toxicology screen, the technologist should atsmuchent the results.
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This statement is provided as an educational service of the American Clinical Neurophysiology Society (ACNS). It is based on
an assessment of current scientific and clinical information. It is not intended to include all possible proper methods of care for
a particular problem or all legitimate criteria for choosing to use a specific procedure. Neither is it intended to exclude any
reasonable alternative methodologies. ACNS recognizes that specific patient care decisions are the prerogative of the patient
and the physician caring for the patient, based on all of the circumstances involved. The clinical context section is made
available in order to place the evidence-based guidelines into perspective with current practice habits and challenges. Formal
practice recommendations are not intended to replace clinical judgment.
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