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__Universal Determination of Death Act

1981: President’s Commission for the Study of Ethical Problems in
Medicine and Biomedical and Behavioral Research. Guidelines for
Determination of Death.

respiratory functions, or (2) irreversible cessation of all functions of
including the brainstem, is dead.

A determination of death must be made in accordance with accepted medical
standards

1981;
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I Stote requires that hospitais

redgious or moral

' bjections to determination of
death based on neurclogical

specialist in neuroscience of
telated field

State grants civil and criminal
immunily 10 persans involved in the|
determination of desth

M State requires that all reasonable
attemps ta restore spantaneous
circulatory or respiratory functions
be made before pronouncing death

criteria
N Stato requires a detormnaton of
bran death to bo made by a

B State considers the medical
standards of indwdual
communities for detsrmination of
death criena
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Institutional Variability

Many centers specify which providers perform brain death evaluations:
CC, Neuro, Neurosurgery, anesthesiologists, EM, trauma surgeons, etc.
- APPs can do it in some places (Alaska, Georgia)

Multiple clinical exams (71%), sometimes with different physicians
- Interval varies from 1-24 hours

Temperature requirements range from 32.2 to 36.5

Hemodynamic instability is prohibited in most centers (71%), but
definition varies
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Aden Hailu

+ Stomach Pain 4/1/15
* Underwent appendectomy
+ Persistent coma

+ May 28'": apnea test

e report

In re guardianship of Hailu: The Nevada
Supreme Court casts doubt on the
standard for brain death diagnosis

Greg Yanke', Mohamed Y. Rady® and Joseph L. Verheijde®

Abstract

American Acsdemy of Neurology® gudeines 3 3 medicil scancard for determining bra desch. The Uniform
Decerminaion of Desch Act, which has been adopred in every scxa, requires hat bran death diagnoses be made in
The

n funcions of

Athough the Nevaca Supreme Court remanded the case to the Distict Court o hear more expert evidence con-
the subjec o the case met

the crier several weelc prior Asa resit,

the e o whether

are accepted medical sandards for determining whether all brain funcion has ceased remains unresoived
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JAMA | Special Communication

Determination of Brain Death/Death by Neurologic Criteria
The World Brain Death Project
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NEURGTGEY,

Consensus Practice Guideline Issued on Determination of Brain
Death

The AAN, in collaboration with the American Academy of Pediatrics (AAP), the Child Neuroiogy
Society (CNS), and the Society of Criical Care Medicine (SCCM), has developed  consensus
practice guidelne for the determination of brain death in both children and adult. The guidelne

Greer DM et al. Neurology
2023;101:1-21.

was publisned today in the October 11, 202, oniine issue of Neuroiogy®.

This guideline updates fhe 2010 AAN adult practice guidelines and the 2011 AAPICNS/SCCM
s s e h

ovice a
comprenensive, practical way 10 evaluate patiens wilh catastrophic brain injures 10 determine f
ey meet the crteria for brain death

This guideline includes updates on the prerequisites for brain death determination, the
examination and the examiners, apnea testing and ancilary testing. Key aspects of the guidance
for clinicians to know include

+ Catastrophic, reversible brain Injury must be established before evaluation can begin
Confounding effects of metabolic abnormaliies or ntoxication must be addressed pror to
evaluation for brain deatn https w.aan.com/Guidelines/BDDNC?utm_
+ The guigance makes specific recommendations on acceplable ancilary tests for brai surce=Informz&utm_medium=Email&utm_cam
death determination when needed. Guideline&utm_c inDeath
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Major Highlights: Personnel and Prerequisites

» Recommendation 6: * Recommendation 7:

« Attending clinicians performing « Clinici t rtain that th.
BD/DNC examinations must be e e oatastron

appropriately credentialed patient has sustain_ed catastrophic,
members of the hospital staff permanent brain injury
Trainees or APPs must be directly

Clinicians performing BD/DNC
examinations should have

...and demonstrate
competency in the BD/DNC
evaluation...by such means as
completion of a supervised
BD/DNC evaluation in a clinical
environment

2 Departments of Neurology and Anesthesiology, Neurocritical Care LB MEDICINE




M Highlights: Clinical Considerati

* Recommendation 9b:
« Clinicians should
in
patients aged 24 months and older
prior to initiating BD/DNC

* Recommendation 10a:

« In patients whose core body
temperature has been <35.5°C,
clinicians should wait a minimum of

before
evaluating for BD/DNC.

ments of Neurology and Anesthesiology, Neurocriti

Recommendation 11:
* Maintain and
+ If an individual has a baseline
blood pressure that varies
significantly from their age-based

target an SBP and MAP that

approximate the known chronic
baseline for that individual patient.

W MEDICINE

Toxicology (Recommendation 12)

Ensure a toxicology (urine and blood)
screening result, if clinically indicated, is
negative.

Ensure the alcohol blood level, if
clinically indicated, is mg/dL.

Ensure drug levels for medications that
are or may be present and that suppress
CNS function, if available, are in the
therapeutic or subtherapeutic range and
not considered to contribute to the
neurologic state.

nts of Neurolog;

If levels are unavailable:

Allow at least or intoxicants
to pass and longer if there is renal or
hepatic dysfunction or if the patient is
obese or was hypothermic.

Account for age-dependent
metabolism...in infants and young
children and older patients

If the patient has received 4
the level must be or below the
lower limit of detection for that laboratory
before evaluation for BD/DNC.

WBMEDICINE

€TABLE 2. COMMON MEDICATIONS ADMINISTERED TO CRITICALLY ILL PATIENTS AND

ESTIMATED HALF-LIVES®

s lww.com/permalink/wnl/d/wnl_2023_10_03_wessels_1_sdc4.pdf W MEDICINE
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POSITION STATEMENT

ACMT Position Statement: Determining Brain Death in Adults
After Drug Overdose

Mark J. Neavyn’ - Andrew Stolbach’ - David M. Greer® - Lewis . Nelson' -
dtrey Breat* - Laura M. Tormochlen” - On behalf ofthe American

If-lives” recommendation may be insufficient in cases of drug overdose
55=0.03125 > < 3% of the drug remains
« I the case of a very large overdose, 3% may be ¢ ly relevant
+ Half-life may be prolonged
Delayed gastric emptying
X ded-release preparations
« Hypomotility/hypoperfusion of the gut
+ Hypothermia
+ For example: baclofen -t,, is 2-4 hours
« In overdose patients coma may last up to 7d

W MEDICINE

Metabolic Derangements That May Confound DNC
Evaluation

Laboratory Result
Ammonia > 75 umol/L
Blood Urea Nitrogen >75 mg/dL
Calcium (or ionized calcium) <7 mg/dL or > 11 mg/dL
Glucose < 70 mg/dL or > 300 mg/dL
Magnesium < 1.5 mg/dL or > 4 mg/dL
Potassium < 3 mmol/L or > 6 mmol/L
Sodium <130 mmol/L or > 160 mmol/L
pH <730r>75
Total T4 <3 mg/dl or > 30 mg/dL
Free T4 < 0.4 ng/dL or > 5 ng/dL

ents of Neurology and Anesthesiology, Neurocritical Care B MEDICINE

Apnea Testing T T T R T ]
iz and PEEP level to obtain PaOz > 90 mmHg: RESPIRATORY
« “Clinicians must perform at least 1 . 1
i .

apnea test.

« Several described methods:
- Apneic oxygenation
- PEEP valve
- CPAP

« Abort if sats < 85%

« Criteria for Demonstrating Apnea
from baseline

The patient i disconnected from the ventilator. The endotracheal
tube is connected to an AMBU bag proviing 8 imin of oxygen + PEEP

o provided through
g b

non-ECMO patients

winPEED R
andcapnomete

« Chronic CO, retention:
- Ancillary test if baseline CO,
is unknown

Afier the spnea test ventlation i returned to baseline setiings

lombo 5 joni, E., Avall, L
olu, A, & Citerio, G. (2015). Apne n ent in mechanically
ntilated and ECMO patients

Departments of Neurology and Anesthesiology, Neurocritical Care. W MEDICINE
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+ Recommends against routine use

« Necessary if:
« Some portions of the exam
cannot be completed
Patient retains CO, at baseline
and baseline is unknown
Metabolic derangements cannot
be adequately corrected
Cardiopulmonary instability
precluding apnea test
be used in the setting of
hypothermia or high levels of
sedating drugs

9 Departments of Neurology and Anesthesiology, Neurocritical Care W MEDICINE

Ancillary Testing: Recommendations

Recommended Not Recommended

4-vessel catheter angiography

Radionuclide perfusion scintigraphy * SSEPs/AEPs
Radionuclide angiography « CTA

TCD (adults only) « MRA

Jepartments of Neurology and Anesth eurocritical Care B MEDICINE

Primary Posterior Fossa Injury

Recommendation 40 Rationale

Patients with primary posterior fossa injury may be clinically comatose with brainstem
areflexia and apnea; however, they may retain some cortical function.e31

Recommendation Statement 40

To avoid determining BD/DNC in patients with primary posterior fossa injury and retained
supratentorial function,

before initiating the BD/DNC evaluation (Level B).

I.IBMEDICINE
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Uniform Determination of Death Act

@ Uniform Law Commission
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Neurologic Outcome Followin

g Cardiac Arrest

2 randomized trials of therapeutic hypothermia following out-of-hospital witnessed
VF arrest were published in the NEJM in February 2002.

« Mild therapeutic hypothermia to improve the neurologic outcome after cardiac arrest. The
Hypothermia after Cardiac Arrest Group. NEJM 2002; 346: 549-556.

» multicenter RCT involving centers throughout Europe
» 3500 patients evaluated, 275 randomized

Treatment of comatose survivors of out-of-hospital
Bernard et. al. NEJM 2002; 346: 557-563.

-randomized trial in Melbourne, Austr

cardiac arrest with induced hypothermia.

33 months; 77 patients randomized

W MEDICINE
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Hypothermia versus Normothermia
after Out-of-Hospital Cardiac Arrest

N Engl J
DOI: 1

™ NEW ENGLAND JOURNAL off MEDICINE

Subsequent
Studies:

« TTM Trial (2013)
+ 939 patients randomized to 33 vs. 36
« no difference in survival or CPC

+ CAPITAL CHILL (2021)
¢« 31vs.34C
« no difference in outcomes or AEs

.« TTM 2 (2021)

Hypothermia vs. Normothermia after Out-of-Hospital Cardiac Arrest

OPEN-LABEL TRIAL WITH BLIND

ED OUTCOME ASSESSMENT

Hypothermia Normothermi:
(target body temperature, 33°C) (target body tempera
T 5 L

1850 / . D
Comatose adu]rsaﬁer_),_ D /
out-of-hospital cardi

5

RR, 1.04; 95% CI, 0.94 to 1.14; P=0.37

5% 55%

RR, 1.00; 95% CI, 0.92 to 1.09

24% 17%

Hypothermia did not lead to a lower 6-m

J. Dankiewicz etal.  10.1056/NEJMoa2100591

dence eath than normothermi
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Propofol Concentrations

3 o =34°C
1 » = 37°C

3 .
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Prognosis of coma after cardiac arrest in the
era of hypothermia.
De Georgia M; Raad B

CONTINUUM: Lifelong Learning in Neurology.
18(3):515-31, 2012 Jun.
DOI: 10.1212/01.CON.0000415425.68900.c6

[T NEUR#:CRITICAL

NCS GUIDELINE

Guidelines for Neuroprognostication

®

Huang', ke
berger”, Feipe.

https://www.neurocriticalcare.org/Resource
s-Publications/Neurocritical-Care-Guidelines

WBMEDICINE

Neuroprognostication After Cardiac Arrest

NOT Reliable:

« Age, initial rhythm, time to ROSC
+ Absent corneal reflex at 72 hours
« Extensor posturing at 72 hours

Myoclonus within 48h, in the
absence of EEG correlate

0 Departments of Neurology and Anesthesiology, Neurocritical Care
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+ Electrodiagnostics:
« EEG: suppressed background or

burst suppression
9 . - >72hfrom ROSC or
+ Neuroimaging: rewarming

€ Diffusefoss of GW + SSEP: bilaterally absent N20
- >48hifomROSS - >48h from ROSC
* MRI: Diffuse diffusion restriction
- 2-7d from ROSC

Absent pupillary reflexes at 72 h

W MEDICINE
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Return of Spontaneous Crculation (ROSC) Return of Spontaneous Circulation (ROSC)
DAY 1 (<2 hours post R0SC) FOLIOWING CONAANDS AT ANY TIVET

EETS ALL REUROLOGICAL CRITERA FOR DEATHY

¥

0AY2 (2548 howrs pest-R050) PREDICTOR OF GOOD OUTCOME?

1 D i O b 27 dp e RO OR

DAY (4972 hours portR050) e ara o SO on

DAY (96120 hours post05€) e e o s o
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Pre-surgery MISTIE IlI:
* RCT of minimally invasive
neurosurgery vs. conservative
management
— - Enolmemtwthn Tzhours
« Targeted towards patients with deep
supratentorial ICH
« Surgical Arm: Stereotactic aspiration
followed by clot lysis with rt-PA

ents/downloada MIBMEDRICINE

MISTIE Ill: 506 Patients

R * Lower 12m mortal
@ o1 @ O) O ms ms (HR 067, 95% CI 045

26 i) 2am b s st

No difference in good outcome
at12m

e ) i

)

Correlation between post-op
hemorrhage volume and good
ecosmcer2is

deciary 3 Lomes ooty (50 Uppes e ity outcome
ke dlty 3 g e bty 3 s e bty

T

<o)
E] >
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Outcomes Associated with Hematoma Volume

45 60 75
EOT ICH Volume (mL)

Awad et al. Neurosurgery. 2019 Jun; 84(6): 1157-1168. W MEDICINE
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_ ENRICH: e —

Randomized, adaptive, comparative-
effectiveness design

Included patients with lobar and
anterior basal ganglia hemorrhages

« ABG arm terminated early
Improved outcomes (Uw-MRS at 180
days) in the surgical arm

Mortality: 20.0% (S) vs 23.3% (MM)
Uw-MRS: 0.458 vs 0.374;
difference = 0.084

Bayesian posterior probability of
superiority of 0.9813

37  Departments of Neurology and Anesthesiology, Neurocritical Care

ENRICH:

End Point

Enrolled patients with lobar or ABG
ICH who could be treated within 24h
* ICH volume 30-80 cc
BG arm was stopped due to futility
Demonstrated improved outcomes
(UWmRS at 6 mo) in the surgical arm
« Also shorter LOS
« Benefit restricted to lobar
hemorrhages

« NNT 8 to prevent bad outco

Surgery
Group
(N-150)

Death by 30 days — no. (%) 03

Pos

©at

operative rebleeding associated with newrologic deterioration — o, 5(3)

Change in hematoma volume — mi. ~139:3009

https://www.medscape.com/viewarticle/991805

W8 MEDICINE
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Control Group Estimatod Difforence Posterior Probabilty of
(N-150) (95% Credible Interval) Superiorty

87 (16410 -1.0) 0387

40:17.82 4791 (-53.59 10 ~42.36)
s 757) 153 (-254t0-5.2)

8/13/2024

One or more serious adverse events — no. (%) 95 (633)

Desth in the hospital afer randomization — no. (%)

70) 19 (127)

80 (U5 t0-1.8)

Surgery

Control

Score on the Modified Rankin Scale at 180 Days
0o O! D2 @3 W4 WS M6

Percentage of Patients

7LIE\AEDICINE
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1 patient (cerebellar ICH
who underwent surgery

* 12 month outcomes

* 34% improved between g
hospital discharge and
1 year.

* 13% improved by at
least 2 grades

12mmRS $2 (%)

o

12m mRS 5.4 (%)

Hemphill, Farrant, O'Neill. Neurology. 2009;73(14):1088-1094. 2009 by Lippincott Williams & Wilkins LM MEDICINE

Figure 1 Comparison of mortality rates

ICH score predicted mortality
Observed mortality of
entire cohort

Observed mortality in
maximally treated patients

2
z
2
S
2

3
ICH score

I et al. Neurology 2017 MEDICINE

N ACADEMY, OF

UROLOGY.|

From: One-Year Outcome Trajectories and Factors Associated with Functional Recovery Among Survivors of
i With Initial Severe Disability

JAMA Neurol. doi-10, 1991
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ARTICLES | VOLUME 402, ISSUE 10395, P27-40, JULY01,2023 | % Download Full Issue 2
PDF [787 KB] /Figui

The third Intensive Care Bundle with Blood Pressure Reduction in Acute
Cerebral Haemorrhage Trial (INTERACT3): an international, stepped
wedge cluster randomised controlled trial
Prof Lu Ma, MD * « Xin Hu, MD * « Lili Song, PhD * « Xiaoying Chen, PhD * « Menglu Ouyang, PhD «
Prof Laurent Billot, MRes  etal. Show all authors « Show footnotes
« Published: May 25,2023 « DOI: https://doi.org/10.1016/S0140-6736(23)00806-1 «

Intervention arm:

« Blood Pressure: SBP 130-140 w/in 1h

« Glucose: 110-140 (-DM) or 140-180 (+DM)

« Temperature: T < 37.5

« Antcoagulation: Reverse in 1h (warfarin only)

Copyright © 2012 Ami al Association. Al rights reserved LB MEDICINE

INTERACT-3: ICH Bundle

ed Rankin scale score

03 E4 @5 Wb

R 5

26-6% 5on] 170 32% | 101%  17.0%
T T T T T T
20 30 40 50 60 70 80

Percentage of patients (%)
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AR Balimcsant

INTERACT 3: Outcomes

Figare S5, Kaplan Meicrcurve of mortality over 6 months

HRI9SKCI-079(066,095)  Prolue= 001

Adverse Events

16.0% |20.1%

11
48
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Stroke

(NIRRT | originally Published 15 December 2023

Code ICH: A Call to Action

qiLi,MD, PhD @, Aleksandra Yakhkind, MD, MS, Anne W. Alexandrov, PhD, AGACNP-8C, ANVP-BC @, Andrei v. Alexandrov, MD @, craig

. Anderson, MB8S, PhD @ , Dar Dowlatshani, MD, PhD @, Jennifer A. Frontera, MD SHOW ALL .., and Stephan A. Mayer, MD

10.1161/STROKEAHA 123.04303

Stroke * Volume 55, Number 2 « b.id

A 248119

|
Code ICH
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M) Check for updates

=

PDF/EPUB
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Emergency reversal

of anticoagulation

Control SBP to 13
150 mm Hg

WBMEDICINE

American Heart Association Inc
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