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I, Heidi Flori, M.D., hereby declare as follows:

1. I am a physician licensed in the State of California. I am board
certified in pediatrics as well as pediatric critical care medicine. I have been on
the medical staff at Children's Hospital & Research Center QOakland
(“Children’s”) since 1998 and Medical Director of the Pediatric Intensive Care
unit at Children's since 2009.

2, I have intermittently taken care of Jahi McMath’s body since her
death on December 11-12, 2013. In addition, I have discussed the case and
management in detail with my colleagues in the Pediatric Intensive Care Unit who
have been caring for Ms. McMath’s body during that time in order to be
completely apprised of events and the course of action being required of us by the
courts,

3. It has been noted by the members of the medical team that Ms,
McMath has intermittently had movements of her arms, shoulders, legs and toes.
These are the same types of movements shown on the video(s) that have been
submitted by Mrs. Winkfield for court review in the pending legal proceedings,
which videos I have reviewed. These movements have all been consistent with
"prain death-associated reflexes” and “automatisms" (automatic behavior) and do
not signal that Ms, McMath is alive. See, S.Jain and M. DeGeorgia, Brain

Death-Associated Reflexes and Automatisms, Neurocritical Care 2003, 3:122-

126, a true and correct copy of this article is attached to this declaration as Exhibit

A



4, In their review, Jain and DeGeorgia found that movements in brain
dead bodies are frequently reported in the literature (15-60% of cases) and the
reported movement included undulating (wave like) toe movements, unusual
facial movements, abnormal body posturing, respiratory-like movements,
hugging-like motion, eyelid opening, head turning, limb elevation with neck
flexion and other spinal reflexes (Brain Death-Associated Reflexes and
Automatisms, supra, 3:122-126.) It is understood that these reflexes generate from
the spinal cord and are particularly prominent because of the lack of any
modulation from the dead brain,

5. In 1995, the American Academy of N eurology established criteria
for the diagnosis of brain death and also described movements that may be
present despite brain death including “[s]pontaneous movements of limbs other
than pathologic flexion or extension response”; “[r]espiratory-like movements
(shoulder elevation and adduction, back arching, intercostal expansion without
significant tidal volumes)”; and “[d]eep tendon reflexes; superficial abdominal
reflexes; [and] triple flexion response . . . . ( See, Practice Parameters for
Determining Brain Death in Adults (Summary Statement), Neurology
1995;45:1012-1014, a true and correct copy of this article is attached to this
declaration as Exhibit B.).

6. In 2010, the American Academy of Neurology indicated that such
movements may include, but are not limited to "facial myokymia [fine facial
movements], transient bilateral finger tremor, repetitive leg movements, ocular

microtremor [eye tremors], and cyclical constriction and dilatation in light-fixed



pupils [abnormal exaggeration of the rhythmic contraction and dilation of the
pupil, independent of changes in illumination or in fixation of the eyes]." (See,
Evidence-based guideline update: Determining Brain Death in Adults: Report of
the Quality Standards Subcommittee of the American Academy of Neurology,

American Academy Neurology 2010;74:1911, 1912; a true and correct copy of

this article is attached to this declaration as Exhibit C.)

7. The medical team has seen no indications of Ms. McMath’s body
spontaneously initiating breaths. However, the medical team has reported that
ventilator "autocycling" did occur at least on one occasion and the ventilator
circuit and filter did need to be exchanged. This type of technical ventilator issue
is common in the pediatric intensive care unit. A lay observer could mistakenly
believe this showed the patient attempting to take a breath when in actuality, it is
merely a reflection of excessive humidity or deposit accumulation in ventilator
tubing or ventilator filters that then simply need to be exchanged. The American
Academy of Neurology has also commented on this ventilator phenomenon
potentially falsely impacting the evaluation of respiration in their 2010 update.
See Determining Brain Death in Adults: Report of the Quality Standards
Subcommittee of the American Academy of Neurology, supra, at p. 1912; see also
Practice Parameters for Determining Brain Death in Adults, supra, atp. 1013.
Such ventilator activity is absolutely not an indication that Ms. McMath is alive.
Her body has completely failed multiple apnea tests designed to test the body’s

ability to breathe without the ventilator,



8. . Itis important to note that the literature on movement after brain
death does not extend to observations beyond 72 hours, because brain dead
individuals are traditionally not left on a ventilator longer than this. Given the
unprecedented actions taken to date in this case, we anticipate that muscle
activity, particularly the potential for increased muscle tone, may continue over
time as well as spinal reflexes given that Ms. McMath’s body is being sustained
by the following: the mechanical ventilator; meticulous corporal care by the
nursing and respiratory teams; and continued sources of hydration, salts and
simple carbohydrates in het intravenous fluids. Despite this, the body continues to
deteriorate with gradual decrease in her blood pressure over time. Ms. McMath is
no longer alive,

I declare under the penalty of perjury under the laws of the State of
California and the United States that the foregoing is true and correct. Executed

this 2" day of January, 2014 at Oakland, California.
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Exhibit A

S. Jain and M. DeGeorgia
Brain Death-Associated Reflexes and Automatisms
(Attached)
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Brain Death-Associated Reflexes and Automatisms

Samay Joln'* and Michael DeGeorgla?

'Division of Movement Disorders, Neurologlcal Instituts, New York,NY and *Department of Neurology

and Neurosurgery, The Cleveland Clinlc Foundation, Cleveland, OH

Abstract

Background; In several instances, the diagnosis of brain death has baen questioned due to
the presence of mavements. This case report and review of the literature |llustrates the
spectrum of movements that have been encountered In brain death.

Methods: A case reportand review of the lljerature on movementa agen in brain doath was

condueted.

Results; Movements In brain death aré camman and hnve o wide range of phenamenelogy.
Gayeral movements wax and wane over time, making movements In brain death difffeult
to classify. Inaddition, varying terminology hoo been wsed (e.g., Lazorus sign, srin_nl mn,

apinal reflexes, spinal automatlsms), Although evidence points lo'd spinal orig

n farsuch

movements, thepatho ﬁhyululogy in many caseg remaing speculative, Chard cterlsticsol move-

ments in brain death
or valuntary orlgin.

ave been Identlfied that can help differentlate them from brainstem

Conclusians: Based on our review, we suggest referring 1o gtimulug-provoked moverments
as reflexes and sponlaneaus movements ag automatiams, We propose using the terma brain

deathassocinted reflexes and brafi deatl rassocinled
ments that oceur In brain denth, These terms d

automatismsas fwomaln categories for move-

o ot mply n specific pathophysiclogy, but

conslstent clinleally orlented nomenclature may be useful when reparting such phenomena,

Background
Brain death {s defined as the permanent

*Gorrespondence and
reprint requeat toi

Samay Jain
Division of Mavement growth of critical care hag contributed to the
Disardars, need foraccurateand imely diagnaslsofbrain

Neurological Institute;
710 W, 168th St,, 3rd Floor,
New York, NY 10032,
Zemarlt
sialn@neuio.mlumbln.edu

death. Occaslonally, certain movements may
ralse the passibllity of perstslent bralnstem
function, such as the spinal cord-generated
endotracheal suction-thoragle cantraction

ent an lllustrative case report and review the
literature on the spectrum of movements
abserved in the setting of brain death. To
improve clarity in reparting, we also suggest a
consistent nomenclature for these mayements.

Methods
Aretrospectivereview ofhandwriltenand
electronic recards of a patient with motor

Mumana Press
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absenceof cortigal and bralnstem function, The '

raflex that can mimic a cough reflex, We pres:,

(Neurocrit, Care 2005;3:122-126)

activity In the presence of braln death was
conducted, followed by n review of the Her-
ature, The Institutional Review Board of The
Cleveland Clinic Foundation approved thig
study. ‘

Case Report

Adleyear-ald man presented withdyspnea
and hypoxia after | week of caugh, pleurltic
chest paln, napsen, and vomiting, Pulmonary
embolism was suspected, and he was antico-

agulated with intravenous heparin. Shortly

herea fter, he developed asystole and ventrie-
ular fibrillation, He was resuscitnied after 15
minutes but again developed anystole,
Echocardiography demonsirated a large pert-
cardial effusion, and » pericardiocentesis was
{mmediately performed, Retum nf aponta-
neous cireulation accurred after 23 minutes.
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Neurological exnmination found him to be Intubated and
comatose. He had spontaneous and [requent eye opening that
was hol stimulus sensitive. Pupils were minimally reactive
bilaterally. Eyes were straight ahead with no movement with
aculo-cephalic maneuvers. Carneal and gag reflexes were
absent, althaugh he was bréathing spontaneausly above the
set ventilator rate, There wera no limb movemants to painful
gtimulatian, He had myoclonic jerks of the faceand body, with
bilateral lawer extremity adductor myaclonic movements,
Muscle streteh reflexes were present In the upper extremities
and nbsent In the lawer extremities, Babinski sign was absenl.
Abraln edbmputed toamography scan showed effacement of the
bosal clsterns consistent with early brain edema.

Later that day, the patientagain developed ventricular fib-
rillation lerminated by countershock. Echocardiography
showed a small restdual perlcardial hematoma. The next day,
the patient had fixed and dilated puplls and bilateral
papilledema, Mehad nospontaneoiis regpirationsand nabrain-

gtem reflexes, fulfilling brain death crlteria, Mator examine=

tion demanstrated triple flexion of the lower extremitles. In
the upper extremities, noxlous stimulation of the right arm
resulted I {psilateral flexlon at the ¢lbow and supination of
the arm, bringing the farearm to rest on the patient’sabdomen,
Minute flexion and exténslon movements necurred spontn-
neously In the toes, Thesemovementa persigted for 5 days after
the anoxic event. Blectroencephalography revealed electro-
cerebral silence,

Revlew of the Literature

History

Movements occurring In the setting of death have begn
noted for centuries. During the French Revolution, body move-
ments among the behesded, suchas eyulid and jaw cantractlon,
ware frequently observed, The guillotine usually cut through
the lawer part of the fourth cervical yertebra (1), Brain death
was formally defined In 1968 as the irreversible loss of cere-
bral dntd brainstem function (2), At that time, the presence of
any spontaneous or reflex movementy invalidated the diag-
nosts. Since then, several other cviterin have been publlshed
that account for braln death-associated motor activity (3),

Most of the literature on this subject Includes cuse reports or
small series, A summary of the literature is provided in Table 1.
Malor difficulty In discussing sueh movements Is the lack of
conglstent terminology or calegorization. Discussion could be
arganized in térmaof phenomenology, fimeof appearanceafter
brain death, pathophysiology. o phylogentically. We chose to
arganize aur roview by phenomenology, because this cateory
15 the least speculative and would likely be of most clinieal use,
We then briefly diseuss ime of onset and pathpphyslology.

When describing movementsinthe presenceof breathdeath,
there cnnbeIlnguistl::challengu.»:t’?.).Oncenpatlentls declared
brain dead, some have argued It s Inapproprinte ta continue
tousatheterm “patlent.” Inthe literature, termsinclude “heart-
banting cadavers” (1), “spinal man (4), and “brain dead body"
(51, In this review, we prefer thesimpletermof brain dend body.

Epildemlology

Jvan retrospectlvely reviewed 52 brain dead budies and
found muscle stretch reflexea in 35%, plnntar‘flexur responses
In 60%, plantar withdrawal in 35%, and abdaminal reflexes in

Neurocritical Care

75%(6). In the same year, Jorgensen intraduced the term “spinal
man” In reference (o such phenomens (4), In his series of 63
brain dead bodies, he found a withdrawal responsein the lawer
{Imbs In 79%, and muscle stretch refloxes in 49% of upper
extremities and 33% of lower extremities, Jorgensen flrst
described exlension and pronation of the arm in responst (o
cutaneous stimulation, seen In ane-third of brain dead bodles,

Saposnik and coworkers prospectively evalualed sgonta-
neous and reflex mavements in 38 brain dead bodies (1) through
noxious stimuli to the sternum, four limbs, and supraorbital
area; neck flexion; tactilesimulation ta the palma of hands and
soles of feat; and elevation of four Himbs. Thirty-nine pareent
of brain dead bodies had either spantaneoys or reflex move-
ments, These movements were observed mainly within the
first 24 hours after declaration of brain death and cansisted of
spantaneous jerks of the fingers, undulating toe flexion, triple
flexton, unilateral faclal myokymia, “Lazarussign,” upperlimb -
pronatlon/extension reflex, and flexor plantar response. In
another study, Désemect and coworkers found similar spinal
reflexes in 18 of 134 brain dead bodles (13.4%) (7). Saposnik
and coworkers reported movements In47outaf 107brainderd
bodies (44%) (8).

Cancl and cowarkers looked at 25 brain dead bodies dur-
Ing kidney remaoval with a mean time on the ventilator befare
nephrectomy af 31 # 6 hours (9). Abdeminal muscle cpntrace
tion was noted 1n 60% of braln dead bodles when the parietal
perltoneum was cul, Twenty-four percent had suddenchangs
in blood pressure and heart rate during the Inclston, No
response was seen to bowel manipulation,

Patterns of Motor Activity

Movements that have been studied In brain dead bodies are
numerous, What follows is not Intended to be a compreliensive
listing of all movements doeumented in brain death, Rather, pats
terns of well-documented matar activity In thie presence of brain
death are summarlzed, This summary Includes polynegmental
spinalreflexesand au tamatisms, “Lazarussign,” und wlating toe
sign (undulating toe flexion mavements), eyelid opening, res-
piratory-like movements, hend turning, pseudodecerebrale,
posturing, faclal myakymin, eyelid apening, abdominal move-
ments, upper and lower faclal movements, eyelid and lonjue
myoclonus, and spinal myoglonus.

Spittler and coworkers focused on systematically descrlb-
ing polysegmental spinal reflex patterns and polysegmental

“splnal automatism patterns i brain death (5). They catego-

rized spinal movements 03 monosegmental muscle stretch
reflexes, ollgosemental cutaneo-muscular reflexes, poly:
gsegmental spinal reflex patterns (PSRPs), polysegmentalspinal
automatism patterns (PSAPs), and “Lazarus sign.”

Spittler ef al, examined 235 patients on 278 examinations
for brain death. Interindividual pnd [ntraindividual phe-
nomenalogleal variability was nated, Thus, he authors sel put
to distinguish characteristics by which PSRPs and PEAPs can
bedifferentinted from voluntary arbrainstem-generated invol-
untary movements, They pesigned the loss of pu Ilary lght
coflex s the start of the brain death process and foss of the
cough reflex the completion of the brain death process,

Spinal mavements were abserved on 42 occasions in 27 of
the braln dend bodies. Up to flve distinet spinal reflexes were
abserved In a single bady. Thirty-ane different gpinnl reflexed

¢ Volume 3, 2005
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Brain Death _

and four dilferent spinal automatisms wered ocumented, When
discussing thelr findings, Spittler et al, stated, “The variable
glicitation mechanigms and the diffecent patterns of reflexes
and automatisms make a systematical clagsification difffeult:
A uniform registeation even of latency and duration for all
forms of reflexes 1s not feasible and in cases of automatisms is
impoasible” (5). Désemec| and coworkery described spinal
reflexes which included the Lazarus sign, flexion of the arms
with abduction of the shoulders, extenslon at the arms and
shoulders, and flexion of the armaand feet, The mast common
movement they reported was finger and toe jerk (7). Saposnik
and cawarkers found undulating toe flexion mevements to be
the mosi comman, seen in 23% of braindead bodles (8),
Spittleretal. noted wide interind Ividunl varlation, and most

pattemns werd pbserved inonly onegbody. However sallent chare

acteristics of polysynaplic splnal reflexesand automatismawere
found, which can be useful when attempting o rule out bralne
atem activity, Spinal mpvements were found 10 have stereo-
lypical ellcitation upon a trigger of limited varlation, congtant
patternof latency and duration, habiruatlon with frequent trig-
gars (refractory perlod), no habltuation with slow sequence of
friggers, similarity of reflexes and automatisms, and a mano-
tonestereotyped courseof themotar pattern, Well-documented
bratn death movement patterns are summarized in Table 1.

Timing of Movements in the Course

of Brain Death

Although most movements hre observed within the first 24
hours after the declaration of brain death, the timing can be
highly variable (hours to days). The timing of brain death {8
defined by the time a clinical brain death exam fits accepled
criterin, which may be seconds, minutes, hours, or.days after
phystological brain function has ceased, Jorgensen made the
observation that those who lost spinal reflexes and regained
them did so within 6 hours (4) This timing oceurred with the
(lexian-withdrawal respanse first, followed by the cremnaterlc
and abdominal reflexes, and then musclestretch refllgxes. The
delayed appearance of spinal reflexes was invarlably associ-
ated with severe arterial hy potension, Doyemect nated thatall
spinal reflexes were secn during the first 24 hours after brain
denthwasconflrmed and temitted by 72 hours (7). Undulating
toe flaxlon movements are more likely to be seen in the fivst
12 houra after the dlagnasis of braln death (8).

Pathophysiology _

The spinal cord Is the putative source for mavement of the
brain dead body, Varlaus mechanlsmahave been-prapom:d for
these movements, Conel and cowarkers propnsed that spinal
reflexes are presertin brain deathifthelschemiclesionfs sbove
C1-C4 (9), Within the spinal cord, nevronal netwarka exist that
serve as central generators for specific motor patterns (1),
Corticospinal and rubrospinal tracts located in thelnteral funicu-
lus contral distal portions of the limbs. Vestibulosplnal and
reticulospinal tracts madulate tone and posture, contributing
to synerglstic movement of an entire limb. Supraspinal dis-
connection of these tracts may increase their excitablllty at the
spinal level, resulting In spinal movements emerging during
brain death, Hawever, this possibliity has not been thoraughly
studied, and the precise physiology s unknown.

Neuroerftical Care

Spittler and coworkers proposed that some spinal reflexes
can be considered phyiogenetlcully “old motor patterns,”
which may be set free when the cord is uncoupled from the
“younger” Input of the brainstem and neocortex, This per-
gpective allows an orderly eategorization of same abserved
phenomena, In this schema, gpinal refluxes or automallsms
that da not have an apparent evolutionary purpose can be
understood a4 disintegration or frradiation of spinal cireuitry,
The temporal variability of the emergence of spinal reflexes
hais been explained by spinal shock that can be observed after
brain death (6).

Lazarugsign hosbeen reported to cceurspantancously, after
respirator removal, during apnea testing, in thesetting of arte:
rial hypotension, noxious stimull, or passlve neck flexion
(7,9-1¢). It has been lhou(};lu to result from hypoxic stimula-
tionof cervical spinal card newrons funclicinally isolnted from
rostral brain areas, Suppartlve of this concept was the finding
by de Prejtas and coworkers of complex spinl reflexesna sub-
sot af brain dead bodies with lower systolic blaod pressures
(10}, Mechanlcal stimulation of spinal roots, cord, o sensory
neurons also may contribute to this complex movement (15).

Hanna and Frank comment that automatic stepping i &
gpinal autamatism that accurs in animals after transaction at
the superlor colllculus level and cite evidence that supports a
spinal patterngenerator forlncomotian (16). Stepping motions
aceur in patients before braln death when brain nhibition is
released and transmission Is continued in the ventral spinal
card and brainstem motor tracts.

Shart-latency somalosensary evoked potentials have been
recorded In the presence of upper and lower extremity move
ments during brain death (8,11). During arm movements no
responses were ecarded on scalp electrodes excep! far- Meld
components. The spinal N13 campanent was preserved,
Auditary brainstem-evoked potentialg were absent for both
ears, demonstrating presefved spinal dorsal horn potentials
in the presence of movements, Further evidence for such
movements being spinal fn orlgin comes from Soposnik and
coworkers. In five brain dead bodies that had undulating toe
flexion mavements, SSEPs did nat eliclt cartical responses (8,
Urnsakl and cowarkers pogtulated that ruspirptory-ltke
movements can be spinal in origin (77).

Pacial myokymla ls a movement that has been studled by
the orblcularis oculi reflex and facial nerve stimulation, When
testad, the early and Inte gomponents of the arblcularls nculi

reflex werg found to absent bilaterally, whereas peripheral
nerve conduction wag preserved, This finding suggests factal
myokymia In brain death {s due to muscle denervation (2),

Discusslon

Our review shows that movements in brain dead bodles
are common and digplay a wide spectrum of phenomenalogy.
The terms “sutomatism” and “raflex” have been used Incon-
giatently, af times referring to the same movement, We suggest
referring to stimulus-provoked movements as reflexes and
gpontaneous movements as automatisms, Inthesetting of brain
death, we prapose uling the terms brain donth-nssecialed reflexes
and brain denth-agsocinted autonialfsms. This terminology lsclin-
fcally useful because all movementy reported in brain dead
bodles can be placed In one of these two categories.
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Furthermare, [t does not imply a particular mechanism, which
remainsspeculative inpome cases, A Ithough primarily desertp-
tive, these terma have Important imiplications, Brain death-asso-
clated reflexes are stimulus provoked movements that do not
contradict the dlagnosls af death, Such movements may armay
notbe present during life, Thus, suibsets of these rellexes Include
musele streteh reflexes, abdominal reflexes, and plantar flexion.
Likewlse, braln death-nssaciated automatisms nrespontanenus
mavements that do not contradict the dlagnosis of death,

Braln death-associated reflexes and automatisms can be
time dependent, emerging ar resolving depending on the time
elapsed from the onset of brain death. If possible, it ls impor-
tant to determine the time elapsed from declaration of brain
death to the onget of movernents, Mosl reported braln stem-
pssoclated reflexen are no longer present 72 hours after brain
deatly declaration, Certain characteristics are typlcal of mave-
ments in brain death that can help differentiate thern from
valuntary or brainstem-derived mator activity (5), Evoked
potentials may be helpful when the spinal origin of a partleular
movement is questioned (17),

The diagnosis of breath death has evolved to Incorporate
the observationsafbraln death associated reflexes and automa-
tisms. In 1995, the Amerlean Academy of Neurology estab:
lished erlteria for the diagnosis of brain death which included
certaln movements ns acceptable findings (16). These mani-
festations are occasionally seen and should not be misinter-
preted as evidence for bralnstem function:

"1, Spontangous movemenls of limbs ether than pathologl-
cal flexjon or extension response.

2. Respiratory-llke mouememu'(slwulder elevation and
sdduction, back arching, intercostal expansion without
signlificant tidal volumes). :

3. Sweating, blushing, tachycardia, i

4,  Normal bload pressure without pharmagological sup-
port or sudden increases In blood pressure.

3, Absence of diabetes Inalpidus.

" 6. Deep tendon reflexes, superficial abdominal reflexes,
triple flexton response.

7. Bablnski reflex,

Howaver, mavements In the setting of braln death still
cast doubt on the dingnosts (7}, resulting in consideration
of conflrmatory testing and pralonged treatment. Whenelin-
fcal criteria for brain denthare mel, the recognition of brain

death-assacinted movements can reduce uncertainty of

death and relfanca on confirmatary testing. Greater aware-
aexs of such motor actjvity can reduce doubl for ¢linicians
and provide an explanation for fa milies in the difficult sit-
nation of witnessing brain denth-associated movements.

Newnrocritical Care
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Practice parametcers for
determining brain death in adults

(Summary statement)

Report of the Quality Standards Subcommittee of the American Academy of Neurology

Overview. Brain death is defined as the irre-
versible loss of function of the brain, including the
brainstem, Brain death from primary neurologic
disease usually is caused by severe head injury or
aneurysmal subarachnoid hemorrhage. In medical
and surgical intensive care units, however, hy-
poxic-ischemic brain insults and fulminant hepatic
failure may result in irreversible loss of brain func-
tion. In large referral hospitals, neurologiats make
the diagnosis of brain death 25 to 80 times a year.

Justification. Brain death was gelected as a topic
for practice parameters because of the need for
standardization of the neurologic examination cri-
teria for the diagnosis of brain death, Currently,
there are differences in clinical practice in perform-
ing the apnea test and controversies over appropri-
ate confirmatory laboratory tests, This document
outlines the clinical criteria for brain death and the
procedures of testing in patients older than 18
years. . '

Description of the process. All literature per-
taining to brain death identified by MEDLINE for

the years 1976 to 1994 was reviewed. The key -

‘words “brain death” and “apnea test” (subheading,
“adult”) were used. Peer-reviewed articles with
original work were selected, Current textbooks of
neurology, medicine, pulmonology, intensive care,
and anesthesia were reviewed for opinion, On the
basis of this review and expert opinion, recommen-
dations are presented as gtandards, guidelines, or
options, The recommendations in this document are

i delines unless otherwise specified (see boxed Def-

initions at end).

L. Diagnostic criteria for clinical diagnosis of
brain death

A. Prerequisites, Brain death is the absence of

clinical brain function when the proximate

cause is known and demonstrably irreversibla.

1, Clinical or neuroimaging evidence of an

acute ONS catastrophe that is compatible
with the clinical diagnosis of brain death

2. Bxclusion of complicating medical condi-
tions that may confound clinical assessment
(no severe electrolyte, acid-base, or endo-
erine disturbance)

3. No drug intoxication or poisoning

4 Core temperature 232 °C (80 F)

B. The three cardinal findings in brain death are
coma or unresponsiveness, absence of brain-
gtem reflexes, and apnea.

1. Coma or unresponsiveness—no cerebral
motor response to pain in all extramities
(nail-bed pressure and supraorbital pres-
sure) a

9, Absence of brainstem reflexes
a, Pupils ,

(i) No response to bright light

(it) Size: midposition (4 mom) to dilated (9
mm)

b, Ocular movement

(i) No oculogephalic veflex (testing only

‘when no fracture or.instability of the
‘cervical spine {s apparent)

(ii) No doviation of the eyes to irrigation
in each ear with 60 ml of cold water
(allow 1 minute after injection and at
least 6 minutes between testing on
gachelde) ~ - .

. Facial sensation and facial motor re-

EPONSo

(i) No corneal reflex to touch with a
throat swab

(i1) No jaw reflex

(i) No grimacing to deep pressure on
nail bed, supraorbital ridge, or tem-

_ poromandibular joint
d. Pharyngeal and tracheal reflexes
(i) No response afver stimulation of the
gnst;erior pharynx with tongue blade

(1) No cough response to bronchial suc-

tioning

[ seealso page 1003 |
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3. Apnea—testing performed as follows:
a, Prerequisites
(i) Core temperature 236,56 °C or 97 °F
(ii) Systolic blood pressure 290 mm Hg
(iii) Euvolemia, Option: positive fluid bal-
ance in the previous 6 hours
(iv) Normal Pco,. Option; arterial Pco,
240 mm Hg
(v) Normal Po,. Qption: preoxygenation
to obtain arterial Po, 2200 mm Hg

b. Connect a pulse oximeter and disconnect
the ventilator, ‘ :

¢. Deliver 100% 0,, 6 U/min, into the tra-
chea. Option: place a cannula at the lavel
of the carina,

d. Look closely for respiratory movements
(abdominal or chest excursions that pro-
duce adequate tidal yolumes).

e. Measure arterial Po,, Pco,, and pH after
approximately 8 minutes and reconnect
the ventilator.

f. If respiratory movements are absent and
arterial Pco, is 260 mm Hg (option: 20
mm Hg increase in Pco, over a baseline
normal Pcoy), the apnea test result is
positive (e, it supports the diagnosis of
brain death).

g. If respiratory movements are observed, the
apnen test result is negative (ie, it does not
support the clinical diagnosia of brain
death), and the test should be repeated.

h. Connect the ventilator if, during testing,
the systolic blood pressure becomes 590
mm Hg or the pulse oximeter indicates
significant oxygen desaturation and car-
dia¢ arrhythmias are present; immedi-
ately draw an arterial blood sample and
analyze arterial blood gas. If Pco, is 260
mm Hg or Pco, increase is 220 mm Hg
over baseline normal Pcog, the apnea test
result {8 positive (it supports the clinical
diagnosis of brain death); if Pco, is <60
mm Hg or Poo; increage s <20 mm Hg
over baseline normal Pco,, the result s
indeterminate, and an adc’litional confir-
matory test can be considered,

I1. Pitfalls in the diagnosis of brain death

The following conditions may interfere with

the clinical diagnosis of brain death, so that

the diagnosis cannot be made with certainty on

clinical grounds alone, Confirmatory tests are

recommended,

A, Severe facial trauma’

B. Preexisting pupillary abnormalities

C. Toxic levels of any sedative drugs, amino-
glycosides, tricyclic antidepresgants, anti-
cholinergics, antiepileptic drugs, chemother-
apeutic agents, or neuromuscular blocking
agents :

D. Sleép apnea or severe pulmonary diseage re-
sulting in chronic retention of CO,

III. Clinical observations compatible with the

diagnosis of brain death :

These manifestations are occasionally seen and

should not be misinterpreted as evidence for

brainstem function,

A. Spontaneous movements of limbs other than
pathologic flexion or extension response

B. Respiratory-like movements (shoulder ele-
vation and adduction, back arching, inter-
costa] expansion without significant tidal-
volumes) :

C. Sweating, blushing, tachycardia

D. Normal blood pressure without pharmaco-
logic support or sudden increases in blpod
pressure

E. Absence of diabetes ingipidus . E

F. Deep tendon reflexes; superficial abdominal
reflexes; triple flexion response

G. Babinski reflex

Confirmatory laboratory tests (Options)

Brain death is a clinical diagnosis, A repeat

clinical evaluation 6 hours later is recom-

mended, but this interval is arbitrary. Aconfir-
matory test is not mandatory but is desirable
in patients in whom gpecific components of
clinical testing cannot be rellably performed or
evaluated. It should be emphasized that any of
the suggested confirmatory tests may produce
similar results in patients with catastrophic
brain damage who do not (yet) fulfill the clinis
cal eriteria of brain death. The following confir-
matory test findings are listed in the order of
the most sensitive test first. Consensus criteria

are identified by individual tests, .

A. Conventional angiography. No intracerebral
filling at the level of the carotid bifurcation
or cirele of Willis, The external carotid cir-
culation fs patent, and filling of the superior
longitudinal sinus may be delayed,

B. Electroencephalography. No electrical activ-
ity during at least 30 minutes of recording
that adheres to the minimal technical crite-
ria for BEG recording in suspected brain
death as adopted by the American Elec-
troencephalographic Society, including 16-
channel BEG instruments, -

Y

" 0. Transcranial Doppler ultrasonography

1. Ten percent of patients may not have

temporal insonation windows, Therefore,

‘the initia] absence of Doppler signals can-
not be interpreted as consistent with
brain death,

2, Small syatolic peaks in earli\; gystole with-
out diastolic flow or reverberating flow,
indicating very high vascular resistance
associated with greatly increased in-
tracranial pressure,

D.Technetium-99m hexamethylpropylene-

amineoxime brain scan, No uptake of {50

tope in brain parenchyma (“hollow gkull

phenomenon”),

May 19956 NEUROLOGY 46 1013



E. Somatosensory evoked potentials. Bilat-
aral absence of N20-P22 response with me-
dian nerye stimulation, The recordings
should adhere to the minimal technical
criteria for somatosensory evoked poten-
tial recording in suspected brain death as
adopted by the American Electroen-
cephalographic Society,

V, Medical record documentdtion (Stan-

dard) .

A. Etiology and irreversibility of condition

B. Absence of brainstem reflexes

C. Abgence of motor responge to pain

D. Absence of respiration with Pco, 260 mm Hg

. Justification for confirmatory test and re-
sult of confirmatory test

F. Repeat neurologic examination, Option: the
interval is arbitrary, but a 6-hour period is
reasonable.
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DEFINITIONS
Clagsification of evidence

Class I, Bvidence provided by one or more well-designed,
vandomized, controlled clinical trials.

Class II, Evidence provided by one or more well-de.
aigged clinical studies such as case-control and cohort
studies,

Class I1I, Evidence provided by expert opinlon, nonran-
domlzed hlstorical controls, or one or more case roports,

Strength of recommendations

gtandarde, Generally accepted principles for patlent
management that reflect & high degree of clinical cer-
tainty (ie, based on clasa 1 evidence or, when cireum-
gtances preclude randomized clinical trials, overwhelm-
ing ovidence from class IT studies that directly addresses
the question at hand or fram decision analyals that di-
rectly addreases all tho issues).

Guidelines. Recommendations for patient menagement

that may identify a particular strategy or vange of man-

agement strategies and that refloct moderate clinieal cor-

talnty (le, based on clnas 1 evidence that directly ad-

dresses the issue, decision analysis that diroctly ad:

grnasl;a the iseue, or strong consensus of clags 11T evl-
anco),

Practice options ov advisories. Strategies for patlent
menagement for which clinical cortainty is lacking (le,
based on inconclusive or conflicting evidence or opinion),

Prnctice parameters, Results, in the form of one or
more specific recommendations, from a aclentifically
based analysis of a specific olinical problam.

This statement {8 provided us an educational service
of the American Academy of Neurclogy, It s bpsed
onon paseasment of current scleatific and clinical in-
formation, It is not intended to include all possible
proper methods of care for a particular neurologic
problem or all legitimata critarin for chooning to use a
specific procedure, Neither is it intended to explude
any regsonable plternative methods, The AAN recog:
nizos that apecific deciaions on patlent care are the
Frarogatlvu of the patlent and the ghylician caring
or the patient and are based on all the clreumetances
involvad. Regardless of tho conclusiona of this state-
ment, the Quality Btandards Subgommittee of the
AAN recognizes the noed to comply with state lew,
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|Evidence-based guideline update:
Determining brain death in adults
[l Report of the Quality Standards Subcommittee of the American

Objectives To provide an update of the 1895 American Acadarmy of Neurology guldeline with regerd
to the following questions: Are there patients who fulfill the clinical criterla of braln death who recover
neurologle function? What Is an adequate observation perfod to ensure that cesgaatlon of neurologle
functlon Is permanent? Ara complex motor movements that falsely suggest retalned brain functlon
sometimes observed In brain death? What ls the comparative safaty of technlques for determining
spnea? Ara there naw ariclllery tests that aeourately |dantify patients with brain death?

Methods: A systematic literature search was conducted and included a raview. of MEDUNE and
EMBASE from January 1996 toMay 2009, Studles were limited to adults (agad 18 years and older).
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Results and recommendations: In adults, there are no published reports of recovery of neurclogic
functlon efter a dlagnoslie of brain death using the criteria raviewed In the 1995 Amarlcan Acad-
emy of Neuralogy practice parameter, Complex-spontaneous motor movements and falser
poaltive triggering of the ventilator may oceur n patients who are braln dead, There |s Insufficlent

avidence to determine the minimally acceptable observation pariod to ensure that naurologle
functlons have ceased Irreversibly. Apnelc oxygenation diffuslon to determine apnea is safe, but
there Is Insufficlent evidence to detarmine the comparative safety of technigues usad for apnes
testing. There is Insufficient avidence to datermine if newer anclllery tests accurately confirm the
cessatlon of function of the antlre brain. Neurology® 2010;74:1011-1918

e e

GLOSSARY

AAN = Amorlcan Acadomy of Naurology; Cl = confldance interval; CPAP = continuous poyltive elrway présaura; CTA=CT
anglography; HMPAO = Te gomHexamatazima; MRA = magnetlc regonance snglogrephy; PEEF ¥ positiva end-expiratory

prassura; 98EP = somatosensary evoked potantial; TCD © transcraniol Doppler; UDDA = Unifarm Dotermination of Death Al

The President’s Commission report on “guidelines
for the determination of deach™! culminated ina pro-
posal for & lepal
Determinadon of Death Act (UDDA). The ace reads
as follows: “An [ndividual who has sustained either
1) Irdeversible cessatlon of circulatory and resplra-
tory functions, or 2) irteversible cessation of all
functions of the entlre brain, including the brain
stem, is dead, A dergrmination of death must be
miade with accepted medical standards."* Most US
stase luws have adopted the UDDA, Several states
have added amendments regarding physictan qual-
ifications, confirmation by a sccond physician, or
religlous exemptlon.

Supplemental data at
www.neurology.org

Decralt, Ml Depaniment of Newrology (G.5.G) University of Kangs Me
Magsachusetts Genersl Hesplul, Boston.

definition that led to the Uniform |

The UDDA does not define “accepted medical
seandards.” The Armerican Academy of Neurology
(AAN) published a 1995 pricrice parameser o delin:
cate the medical standards for the determinacion af
brain death? The parameter emphasized the 3 clini-
cal findings necessary 1o confirm rreversible cessa:

tion of all functions of die entite braln, including the
 brain stem; coma (with a known gause), sbsence of

beajnscem reflexes, and apnea.

Despite publicacion of the pragtice paramerer,
considerable practice varfation remalns. In leading
US hospitals, varfadons were found in prerequl-
slees, the lowest aceeptable core temperature, and
the number of required examinstlons, among oth-

(from the Bivislan bf Critical Case Neurology (B [ ML), Mayo Clinie, fachester, MNj Depanment of Nevtology (ILN.Yh Henry Fard Horplial.
dies] Cener, Kansas Clryr and Deparement of Neuralogy (.M,Gh

Appendices e-1=e-d and refarences ¢ -8 are availsble on the Mewrofogy™ Web slre at wwuf-ncutolézy.oq;, )
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ers.! Addidionally, audits of charts of patients diag-
nosed with brain death show common deficiencies
in documentation.!

‘This update sought to use evidence-based meth-
ods to answer 5 questions historically related to vari-
ations in brain death determination' to promote
uniformity in diagnosis:

1, Are there patients who fulfill che clinical criteria
of brain death who recover braln function?

2. What is an adequarc obscrvarion period to ensure
tha cessation of neurologic funcilon is permanent?

3. Arc complex motor movements that falsely sug-
gest reained brain functlon sometimes obscrved
in brain death?

4, What is the comparative safery of tcchmqucs For
determining apnea?

5. Are there new ancillary tests that accurarely iden-
tify patients with brain deach?

DESCRIPTION OF THE ANALYTIC PROCESS A
literature search was conducred of MEDLINE and
EMBASE from January 1996 o May 2009. Search
terms included the MeSH term “brain death” and the
texe words “brain death," “irreversible coma," and "ap-
nea test.” Studies were limited to those involving adults
(aged 18 years and older) and those in English,

Artlcles were included ifthey concelned evidence
relevant 1o one of the questions, We excluded articles
that confirmed prior observations, review arclcles,
bloechical reviews, articles without description of a
brain deach examinatlon, articles with questionable
practices (e.g., using laboratory tests in patients
treated with sedatlve drugs), and arcicles describing
Infrequently used ancillary technology (¢.g., jugular
venous safuration).

Articles were indeperidently raced by at least 2
panel members based oni the AAN evldence classifi-
cation syseem (appendix ¢-3 on the Neurology® Web
site at wwwineurology.otg), Articles perclnent to
questions 1, 2, 4, and 5 were rated using the dlagnos-
tlc accuracy scheme, Articlés pertinent ta question 3
were rated using the screening scheme. DIfferences in
rating were resolved by discussion, 'Recommenda-
tions were linked o the strength of the evidence
(appendix e~ -4), :

ANALYS!S OF EVIDENCE The search ylelded 367
articles, and 38 met incluslon criteria, .

Arc there patients whe fulfill ‘the clinleal cricerla of
braln death who recover brain functiont Nine Class
IV scudles have been published on the recognluon of
brain-deach mimics, including fulminane Guillain-
Barré syndrome, organophasphate intoxication,
high cervical spinal card Injury, lidocaine, toxicity,
baclofen ovérdose, and delayed vecuronium clear-
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ance," 14 The description of the examinations pro-
vided in these studies indicated chac o complete brain
death cxamination was not performed in any of these
patients. We found no reports in peer-reviewed med-
ical journals of recovery of brain funcion after a de-
termination of beain deach using the AAN practlce
parameter,

Coneluslon, Tn adults, recavery of newrologic func-
tion has not been reported after che clinlcal diagnesis
of brain death has been established using the criceria
given in the 1995 AAN practice paramerer.

What Is an adequate observatlan perlod o ensure that
cessation of neurologic functlon Is permanént? Rec-
ommendations for the length of abservation periads
have varied extensively throughout che world and the
United, States,™'* There are no dewiled studies on
seria) examinations in adult pacients who have been
declared brain dead.

Conclusion, There is insufficient evidence to deter-
mine the minimally acceptable observation period o
ensure that neurologlc fiunctions have ceased Ineversibly.

Are complex motor movements that falsely suggest re-
wained braln functlon sametimes observed n brain
deatht Six Class 111 studies described spontancous
and reflex movements in patients meeting criceria for
brala death. These included single reports of faclal
myokymia, transient bilateral finger tremor, repeti-
tive leg movements, ocular microrremor, and cyclical
constriction and dilatation in light-fixed puplls 1%
One Class ITl study of 144 pacients pronounced
brain dead. found 55% (95% confidence interval
[CI] 47-- 63) of patients had retained plantar reflexes,
either flexion or “stimulation induced undulatlng toe
flexion.”? Another study documented plantar fles-
ion and flexion synergy bilaterally that persisted for
32 hours after the determination of brain death.?

Two Class 111 studics suggested that the vencilator
may sense small changes In wbing pressure and pros
vide a breach that could suggest breathing effore by
the patlent where none exises,** This phenomenon
is more common in current ventilators and In pa-
tients who have had chest cwbes placed, Changes In
transplcural pressurd from the heartbear may also
trigger the ventifatar, These studics suggest that the
determiniation of apnea can be assessed reliably only
by disconnecting the vencilator, "

Conelusion. For some patients diagnosed as brain
dead, complex, non-brain-mediated spontaneous
movements can falsely suggest retained braln Func-
tion, Additionally, ventilator autacycling may falsely
suggest patient-Initiated breathing,

What U5 the comparative safoty of technlques for deter-
mining apneat There have been 4 published studies.

on the technique of apnea tests, none of which com-
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pared | technique o another; thus, all were Class IV,
One study used preoxygenation and an apneic
oxygenarion-diffusion technique in 212 patients.X
In 16 patients (79%) apnea testing was not arcempted
due to inability to maincain a stable blood pressure
high positive end expiratary pressure requirements,
or refracrory hypoxemia despite pretest oxygenation us-
ing 100% oxygen for 10 minues. The apnea test was
aboreed in 3% of patients duc to progressive hypoten-
sion or hypoxemia after ventilator disconnection.®
One study of 20 adults exumined disconnection

of the ventilator using & T-pi¢ce and continuous pas-,

itive alrway pressure (CPAP) valve (CPAP valve of 10
cm of water and oxygen administracion at 12 Limin).
Apnea testing could be completed in all patienss with
the additional use of a CPAP valve.”

Two studies have suggested nvonitoring of the ap-
fiea tese with transcutancous carbon dioxide partial
pressure monitoring, However, comparison with
predicting Pcay rise using 4n estimaced 3 mm Hg
increase per minute has not been performed, Tt is
unclear wherher this device reduces blood gay testing
(and thus cost) during the apnea tese.™*

Conelusion, Apneic axygenation diffusion 10 deter-
mine apnea is safe, buc there is insufficient evidence
o derermine the compatative safery of techniques
used for apnea testing,

Are there new anclllary tests that acentarely Idently
patients with broin death? MRI and magnetic resonance
anglography, One Class 1 and 3 Class TV31# studies
cxamined MRI and magnetic resonance anglography
(MRA). Two Class [V case series of 19 parients
meeting dlinical and EEG criterla far brain deach
documented loss of flow voids in the cavernous por-
dion of the carotid artery with MRA, In these studles,
MRA attained a sensitivicy for brain death by clinical
and EEG criterin of 100% (95% Cl 83%-100%).
Beciuse patients not meeting clinical crlteria for
brain death were not included in chese scudies, it was
nat possible to decermine the false~-posicive rate of
MRA for brain death from these Class IV studies.

A Class [1% case-control study of 20 patients who
were clinically diagnosed as braln dead also included
10 patients who were comatose but not brain dead,
MRA revealed absent arterial flow in the intracere-
bral circulation only in patients diagnosed as brain
dead (sensicivity 100%, 95% C1 84%~100%; speci-
ficly 100%, 95% CI 72.2%-10096).% This study
Jacked the scacistical precision ta confidently state
that the false-positive rate of MRA was acceptably
low (study consistent with a false-positive rate up 1o
27.8%). ’

CT angiography. Five Class TV studies™ ™ and 1
* Class I study documented the resules of CT angiog:

raphy (CTA) in patients meeting clinical ericeria for
brain death. One case series showed intracranial
opacificarion of blood vessels in 10 of 21 padents
(48%; 95% CI 26%-69%) with iseclectric EEGs.™
In another case series, 13 of 43 partients with absent
opacification of inteacranlal blood vessels on cerebral
anglography had CTA-demonstrated intracranial
blood Now (30%; 95% CI 17%-~43%).”* A Class IV
study™ of 105 patlents found residual opacified ves-
sels on CTA in up to 56% of patients. A Class IV
study of 27 patients found CTA evidencé of opacifi-
cacion of intracranial vessels in 3 pacients,”” One case
report documented preserved flow on eranseranial
Doppler (TCD) bur no opacification of intracranial
vessels in | patient, These Class [V studies included
only patients meeting criteriy for brain deach,

One Class 111 case-control study” included pa-
tients meeting criteria for brain deach and normal
controls, CTA demanstraged no flow in 14 parients
diagnosed with brain deach (sensltivity 100%, 95%
1 78,5%-100%), CTA demonstiated cerebral flow
in all normal controls (false-posicive rate 0%, 95%
CI 09%-25,9%). This study did not include non-
brain-dead comatose patients. Thus, the false-
positive rate of CTA in patients with ldss of mast
brainstem reflexes, but whao are not brain dead, can-
not be determined,

[ dros et

Somatosensory soutlaln, Vwo Class 111 stud-
fes examined the use of nasopharyngeal electrode re-
cording of somatasensory evoked potencials (SSEPs)
to confitm brain death, ! One cohort survey of
181 comatose patients found disappearance of P14
(prcsumably gencrnrcd in the medial lemniscus and
cuneare nucleus) on nasopharyngeal electrode SSEP
recordings in all 108 patients diagnosed with brain
deatti by clinical criteria {sensicivity 100%, 95% Cl
96.6%-100%). In comatase patienes who were not
braln dead, the P14 was never absent (specificlty
100%, 959 CI 95%-1009).4 In this study it was
unclear If SSEPs were interprered without knowledge
of the padent’s brain death status, A Class (11 cohort
survey of 28 patients demonstrated similar find-
ings.®" These stucies suggest that P14 recordings us-
Ing midfrontal scalp-naso pharyngeal montage could
be a valuable confirmarory test, However, the
technique has not been used on a routine basis and
interobserver variabllity studies have not been
performed.®

Bispectral index. One Class 11 study evaluated
bispectral inclex mortitoring in 54 patlenss and noted
a gradual decline in bispectral index values to 0 in9
patients, implicating lsoelectric ERG. Bispectral in-
dex was compared with EEG in 24 patients and with
TCD in 18 patients; no discrepancics were found.?
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The rechnology is rarcly used in intensive care units
and has not been compared to flow scudies.

Conelusian, Because of a high risk of bias and inad-
equare statistical precision, there is insufficient evi-
dence to determine if any new ancillary tests
accurately identify brain deach.

RECOMMENDATIONS

1, The criteria for the derermination of brain death
given in the 1995 AAN practice paramerct have
not been lavalidated by published reports of neu-
rologlc recavery In patients who fulflll these crirer
ria {Level U), '
There Is insufficiens evidence to derermine the
minimally acceptable observation period to en-
sure that neurologic functiens have ceased lrre-
versibly (Level U),

3, Complex-spontangous motor mavements and
falsc-positive triggering of the ventilator may oc-
cur In paticnts who are brain dead (Level C).

4, There is insufficient evidence to determine the

comparative safety of rechniques used for apnea
westing (Level U),

“There is insufficient evidence to determine if
newer ancillary tests accurately confirm the cessa-
don of function of the enfire brain (Level U),

Lind

CLINICAL CONTEXT This review highlights severe
limitacions in the current cvidence base. Indeed,
there is anly 1 study that praspectively derlved crite-
ria for the determination of brain death.®

Despite the paucity of evidence, much of the
framework necessary for the development of “ac-
cepted medical swndards” for the declaration of
brain death is based on stralghtforward principles,
These principles can be derived from the definition
of brain death provided by the UDDA, To deter-
-mine “cessacion of all functions of the entire braln,
including the brain stem," physicians must derer-
mine the presence of unresponsive coma, the absence
of bralnstem refexes; and the absence of resplra-
tory drive after a €Oy challenge, To ensure that
the cessacion of brain function is “irreversible,”
physiclans must determine the cause of coma, ex-
clude mimicking medical conditions, and observe
the patient for 8 period of dme to exclude the
possibility of recovery. :

The UDDA-detived principles define the essen-
dal elements needed to derermine brain death, How-
ever, because of the deficiencies in che evidence base,
clinlclans must excrcise considerable judgment when
applying the criteria In specific clreumstances.

RECOMMENDATIONS FOR FUTURE RESEARCH
Future prospective studies of brain death derermina-
tlon are needed, Areas of future research include ex-
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amining the safery of che apnea test, seeking
alcernative methods of apnea resting, performing an
audit of adequate documentation, and studying the
competence of examiners. Details of the neurologle
examination may be subjected to an expert panel re-
view, possibly including international organizations.

PRACTICAL {NON-EVIDENCE-BASED) GUIDANCE
FOR DETERMINATION OF BRAIN DEATH Many of
the deails of the clinical neurologic examination to
determine brain death cannat be established by
evidence-based methods. The detailed brain denth
evaluation protacol tha fallows Is intended as a use-
ful tool for clinicians. It must be emphasized thac this
guidance Is opinion-based. Alternacive protocols may
be equally informative. S

The determination of brain death can be consid-
ered to consist of 4 steps.

1. The dinical evaluation (pretequisires).

" A, Establish irreversible and proximate cause of
coma, ‘ o
“The cause of coma can usually be established
by histery, examination, neuroimaging, and.
laboratory tests, ' 3
Exclude the presenge of a CNS-depressant
drug ¢ffect by history, drug sereen, caleula-
tion of clearance using 5 times the drug's .
halflife (assuming normal heparic and renal
function), ot if available, drug plasma levels
below the therapeuric rnge. Prior use of
hypathermla (c.g. after cardippulmonary
resuscitation fot cardiac arcest) may delay
drug metabolism. The legal alcahol limic for
driving (bload alcahol content 0.08%6) s &
practical threshold below which an examl-
nation to determine brain death could rea-
sonably proceed. -
There should bé no regent edminiscration or
continued presence of neuraniuscular block-
ing agents (this can be defined by the pres-
ence of a train of 4 twitches with magimal
ulnar nerve stimulatlon). .
There should be no severe electrolyte, dcld-
base, or endocrine disturbance (defined by
severe acidosis or laboratory values mackedly
devlated from the norm).

Achieve normal care temperacure,

In most paticns, a warming blanket is
needed to raise the body temperature and
malntain a normal or near-normal tempera-
ture (>36°C). After the initial equilibratian
of arcerial COy with mixed central venous
CO,, the Pacoy rises steeply, bur then more
slowly when the body metabalism ralses
Paco, To avoid delaylng an Increase in

b
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Paco,, normal or near-normal core temper-
ature is preferred during the upnea test,

C. Achieve normal systolic blood pressure.
Hypotension from loss of peripheral vascu-
far cone or hypovalemia (diabetes insipidus)
is common; vasopressors oF vasopressin re
often required. Neurologic examinarion is
usually reliable with a systolic blood pressure
=100 mm Hg,

D, Perform | neuralogle examination (suffi-
cient to pronounce brain death in most US
states).

_1f a certain period of time has passed since
the onset of the braln insult to exclude the
possibifity of recovery (in practice, usually
several hours), 1 neurologic examination
should be sufficient to pronounce brain
death. However, some US state stawutes re-
quire 2 examinations. '

Legally, all physicians are allowed to deter-
mine brain death in mosc US states. Neavol-
oplsts, NEUrosUrgeons, and Intensive care
specialists may. have spectalized expertise. Tt
seems reasonable to require thav all physi-
cinns making a determinadion of brain death
be Intimately familiar with brain death erite-
tia and have demonstrared campetence in

this complex examination, Brain death stat-

wtes in the Usilted States differ by state and
institution, Some US state or hospiral guide-
lines require the examiner to have certain
expertise, '

II. The ¢linical evaluation (neurologic assessment)
A. Coma, -
" v Patients must lack all evidence of
responsiveness. e
Fye opening Or.6ye Movement (o noxtous
stimult s nbsent, Noxlous scimuli should
not produce @ motor response arher than
spinally mediated reflexes. The clinical
differentiarion of spinal responses from
recalned motor respanses associated with
braln activity requires expertise.
B. Absence of bralnstem reflexcs.

o Absence of pupillary response to & bright
light is documented in both eyes.
Usually the pupils are flxed in a midsize or
dilated position (4-9 mm), Consericted

pupils suggest the possibiliry af drug in- -

toxicatlon, When ungertainty exlsts, a
magnifying glass should be used.

o Absence of ocular movements using ocu-
locephalic testing and oculovesdbular re-
flex testing.

Once the integrity of the cervical spine is
ensured, the head is briskly rotated hori-
zontally and vertically. There should be
no movement of the eyes relative to head
movement. The oculovestibular reflex is
tested by irfigaring each ear with ice water
(caloric testing) after the patency of the
external auditary canal js confirmed. The
head s elevated co 30 degrees. Rach cxer-
nal auditory canal is irrigated (1 car aca
time) with approximately 50 mL of ice
water, Movement of the eyes should be
absent during 1 minute of observation.

Both sides are tested, with an incerval of

several minuces,

Absence of corneal reflex.

Absent corneal reflex is demonstrated by

touching the cornea with a piece of tssuc

paper, 0 cotton swab, or squirts of watcr,

Noa eyelid movement should be scen.

e Absence of facial muscle movement fo a

naxious stimulus,
Decp pressuve on the condyles at the level
of the temporomandibular juines and
deep pressure at the suptaorbital ridge
should produce no grimacing or fucial
muscle movement,

o Absénce of the pharyngeal and tracheal
reflexes, :
The pharyngeal or gag reflex is sested afte
scimulation of the posterior pharynx with
a tongue blade or suction device, The tra-
cheal veflex is mast reliably tested by ex-
amining the cough respanse o rracheal
suctloning: The cacheter should be in-
serted into the ctrachea and advanced to
the level of the carina followed by 1 or 2
suctioning passes.

L 4

C. Apnea.

v Absence of a brearhing drive,
Absence of 2 breaching drive is tested with
a CO, challenge. Documentation of an
increase in Paco, above normal levels is
cypical practice, Tt requires prepararion
before the test.
Prerequisices: 1) normotension, 2) nor-
matheemia, 3) euvolemia, 4) eucapola
(Paco, 35-45 mm Hg), 5) absence of
hypoxia, and 6) no prior evidence of CO,
recentlon (i, chronic obstructive pul-
monary dlsease, severe obesity).
Procedure:
¢ Adjust vasopressors to @ systolic bload

pressure =100 mm Hg,
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o Preoxygenate for at least 10 minures
with 100% oxygen to a Pao, >200
mm Hg,

v Reduce veadiladion frequency to 10
brearhs per minure to eucapnia,

o Reduce positive end-expiratory pres-
sure (PEEP) to 5 cm H,O (oxygen de-
saruration with decreasing PEEP may
suggest difficulty with apnea testing),

e [Ff pulse oximeery oxygen sacuracion re-
mains >95%, obtain a bascline blood
gas (Pa0;, Paco,, pH, bicarbonase, base
CHCESS)

e Disconnect the patient from the vencilacor,

o Dreserve oxygenation (e.g. place an in-
sufflacion catheter through the endo-
tracheal tube and close to the level of
the carina and deliver 100% O, at 6
L/min).

¢ Look closely for respiratory inovements
for 8~10 minutes. Resplracion is de-
fined as abdominal or chest excursions
and may includé a brief gasp.

« Abort if systolic blood pressure de-
creases to <90 mm He,

o Abort if oxygen saturation measured by
pulse oximetry ls <85% for =30 see-
onds. Retry procedure with T-plece,

CPAP l() o<m H10| ﬂnd 100% Oz ]2

L/min. _

o If no respiracory drive is observed, re-
pear blaod gas (Pa0y, Paco, pH, bi-
carbonate, base excess) after approxifmacely
8 minutes.

o If respiratory movements are absent
and arterial Pco, is 260 mm Hg (or
20 mm Hg increase in arerial Pco,
over a baseline normal arcerial Pcoy),
the apnea test result 1s positive (l.e.
supports the clinical diagnosis of braln
death),

o If the test is inconclusive but the pa-
tene is hemadyaamically stable during
the procedure, it may be repeated for
longer pertad of dme (10-15 minutes)
after the padent is again adequately
preaxygenated.

111, Ancillary tests.
In clinical practice, EEG, cerebral angiography,
nuclear scan, TCD, CTA, and MRI/MRA. are
currently used ancillary tests in adults (see np-
pendix 1). Mast hospirals will have the logistles
in place o perform and incerpret an EEG, nu-
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clear scan, or cerebral angiogram, and these 3
rests may he considered the preferred cests. An-
cillary tests can be used when uncereainty exists
about the reliability of pares of the neurolopic
examination or when dhe apnea test cannat be
peeformed. [n some pratocols, ancillary tests are
used to shorten the duration of the abservation
period,
The interprecacion of each of these tests requires
expertise. [n adules, ancillary tests uee not needed
for the clinlcal diagnosls of brain death and can-
not replace a neurologic examination, Physicians
ordering ancillary tests should appreciate the
disparities between tests and the potential for
false-posttives (i.en the test suggests braln death,
but the patienc daes not meet clinical criteria),
Rather than ordering ancillary tests, physicians
may decide not to proceed with the declaration
of biain death if clinical findings are unreliable,
, Documentation.
The time of brain death Is documented in the
medléal records, Time of death is the time the
* urterial Pco, reached the wrget value, Tn pa-
tients with an abiorted apnea test, the time_ of
death is when the ancillary test has been offi-
clally interpreted. A checklise s filled out,
sighed, and dated {appendix 2). Federal and
state law requlres the physician to contact an
organ procurement organization following de-
rermination of brain death.**?
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APPENDIX 1
Methods of anelllary teatlng for the determination of braln death (ree
1ext for Endleatlans)

Cerebral anglography
+ The cantrase mediurn should be Infecred in che aortic arch under
bigh pressare and reach bodh anerlor and poseerior circulations.
o No Inuseerebest (lling shoufd be ducccred at the level of entry of
the cararld or venebral arery to the skulf.
o The exremal carothd dirculation shawld be parons.
+ The filling of the tupeclor fongludinal stus may be delayed,

Elestroencephalegraply

o A minimum of 8 sealp electrodes should be used.

v Inceraleetrode Impedance should by berwesn 100 and 10,000 Q.

¢ The integrity of the entlre recarding gystem should be reseed.

« The distnce beaween eléctrades should be at leass 10 ¢,

o The sensldlviry shauld be tircreased s ar lease 2 pV for 30 minutes
with Inclusion of approprinte ealibrasions, '

o The high-froquenay filter setting thoulil not be ser below 30 Hz
andl (he low-Frequénicy sertlng should not be sbove ¥ Mz

‘s Eleetr fhalpgraply should & 1 tack of renctivity 0
fitense somasossnsory or sudlovisual simull,

Tyanserantal Doppler ulmasograply
o TG b wnefil only iFa reliable signal ts found, “I'he abnormalires
shvauld Tnclude dither reverherating fow ar small syseolic peaks fn
early wreale, A finding of a complere shignce af flow may nut e
reliable owing ta inadeqinie rranatemporal windowy for In-
sanntton, There showld be blleeral insonachon @i anterlar and
posredior insanaton, The probe shouldl be placed of the semparal
hane, shove the grgomare arel and the vertebrobasitar arierive,
thirough the suboecipltal trnscranial windave
tisanatlon though the orblel windaw ean be gonsidered 1o obrain
i relluble vignal TCID may be lest reliohle in parlenes wich 2 prior
cranjoromy.
Corebral selntigraphy (technetinm Te 99m'brxnnmulm-(HMl’AO)
v The fsotope thould be Injeeted within 30 miautes after it
recanstiturion,
Antérlor and bath lteral planar [inage counts {500,000) of the
head should by abtaired ac several wlme points: immediately, be-
tween 30 and 60 minuges laer and ar 2 hours,
A carrect 1V Infection moy be confirmed with additionnl images of
¢hie liver demanscrating uprake (optional).
No radianuclide lucallzarlon in the middle cerebral amery, anterior
cercbral arterys or basilar arieey terricories of che cerebral fiemi-
spheres (hollow skull phenomenoi).
No'sracer in tupcilur sogireal sinug (minimal racer can came from
the sealp).

APPENDIX 2

Checklist for determination of brain death
Precequisites (all must be sheckad)
0 Coma, Irevorsible and couse known
0 Neurolmaglng explaing coma
7 CNS depressant deug effecs absunt (if indicated roxicalogy sereent
iFbarbicucates gives serum fevel < 10 pg/ml)
1) Nocvidence of residual paralytics (elecerical stimulaclon if paralys
les wsed). = o,
0 Absence of severe acidsbase, eleceralyte, endocdae sbnormality
19 Normothermiu or mild hypathermia {core fempereure > 36°C
0 Sysealic blond pressure % 100 mm Hg
Q No spentancous resplraclons

Examlnatian (all must be checkod)

o Puplls nenreacive 1o bright lighs

O Coneal rellex abiene

o Qeculociplialic reflex absent (teseed only 1f Creplne integriry
ensured) '

© Qculovestibular reflex absens

£ No facial movement to noxlous stimuli ac supraotblal aerve, tem-
poromandibular jaine

O Gayg retlex absent

© Cough reflex absent to smeheal aiecdoning

@ Absence of motor respanse 1o noxlous stinuli n all 4 Nimbs (spiv
nally mediared reflexes ate pecmissible)

Apnca testing {all muss bo chevhed)
0 Paclen s hemadynamleally sabile
W Vendloror d]useed o provide normncarbla (PaCay 3445 mun Hp
0 Putient preoxypenated whl 1009 FiO, for = 10 minures 16
POy = 200 mm Hy : .
W Palent well-eygenated with a P'EED of 5 em of water
O Peavlide axygen vii o weclon cathecer to die level af tlic carina or 6
i or aach Topicce with CRAR 6610 em 1H30
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