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“Our primary purpose is
to define irreversible
coma as a new criterion
for death.”

Harvard Ad Hoc  Re port, 19 6 8
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20 23  AAN c ons e ns us  s ta te m e nt
Guidance  for s tandardize d as s e s s me nt of BD/ DNC



P re re quis ite s
1. Known me chanis m   for irre ve rs ible , 

ca ta s trophic  bra in injury

2. Appropria te  obs e rva t ion pe riod  for 
me chanis m and age

3 . Corre c tion of c onfounde rs
• Hypothe rmia

• Hypote ns ion

• Pharmacology

• Me tabolics

Known m e c ha nis m



Ta rge t  norm othe rm ia
≥3 6 °C 

If hypothe rmic  or TTM to ≤35.5°C, re warm to ≥36 °C for 
24h prior to e xam

No s pe c ific  guidance  for fe ve r

Ta rge t  norm ote ns ion
Adult: SBP ≥10 0  mmHg, MAP ≥75 mmHg

Pe dia tric : SBP and MAP ≥5 th pe rce ntile  for age

Ino t rope s  /  va s op re s s ors  if ne e de d

Adjus t  to  ind ividua lize d  pa t ie nt  norm a l ra nge  



Ne ga t ive  toxic o logy s e rum  /  urine
(if wa rra nte d )

CNS  de p re s s a nts  the ra pe ut ic  /  
s ub the ra pe ut ic

EtOH 
≤8 0  m g/ dL 

P e ntoba rb ita l 
<5  μg/ m L

≥5  ha lf-live s  o f 
known in toxic a nts

Adjus t  fo r he p a t ic / re na l 
dys func t ion

Extre m e  ove rdos e  de la ys  
c le a ra nc e

Cons ide r toxic o logy c ons ult  
if unknown inge s t ion

Corre c t  s e ve re  
a c id -ba s e , 
e le c t ro lyte , 
m e ta bo lic  
de ra nge m e nts

NH3  <75  
μmol/ L

BUN <75  
μmol/ L

Na  <16 0  
mmol/ L

p H >7.3 , 
<7.5

Ins uffic ie nt  e vide nc e  fo r s p e c ific  thre s ho lds
(20 23  AAN s ugge s te d ta rge ts )

Corre c t  g ros s  
e ndoc rine  
a bnorm a lit ie s

XXX



Ne uro log ic  Exa m

1. Com a

2. P up illa ry re fle x

3 . Corne a l re fle x

4 . Oc uloc e pha lic  re fle x

5 . Ve s t ibulo -oc ula r re fle x

6 . Cough re fle x

7. Ga g re fle x

8 . Root  /  s uc k re fle xe s



Cons ide r anc illa ry te s ting

Ne uro cons ult

Com a
Abs e nc e  o f a ny s ponta ne ous , 
pa t ie nt -in it ia te d  m ove m e nts

Abs e nce  of motor re s pons e  to 
c rania l, axia l, appe ndicula r noxious  
s timulus

Spina l re fle xe s  a re  pe rmitted

Uncle a r move me nts



P up illa ry re fle x
Affe re nt: CN2

Effe re nt: CN3

Pupillome try: not formally 
va lida te d, but cas e  s e rie s  
whe re  quantita tive  
pupillome try re ve a le d 
pupilla ry re ac tivity tha t 
traditiona l fla s hlight 
te chnique  mis s e d

No p up illa ry c ha nge  to  p e nlight



Corne a l re fle x
Affe re nt: CN5(V1)

Effe re nt: CN7

• Pre s s ure  ove r the  corne a  
with cotton-tippe d 
applica tor or s oft gauze

Contac t c o rne a  not s c le ra

No b link re fle x to  c orne a l c onta c t



Oc uloc e p ha lic  re fle x
Affe re nt: CN8

Effe re nt: CN3, 4 , 6

Hold e ye s  ope n and firmly 
rota te  he ad to e ithe r s ide  
with mode ra te  s pe e d

No e xt ra oc ula r m ove m e nt  on he a d  turn

Burke  DM. Ne urologic  c linica l a s s e s s me nt and diagnos tic  proce dure s . 

Proce e d to 
VOR

Re fle x abs e nt or 
can’t be  pe rforme d

A: Norm a l re fle x

B: Abs e nt  re fle x



Ve s t ibulo-Oc ula r re fle x
Affe re nt: CN8

Effe re nt: CN3, 4 , 6

6 0 -s e c ond  ins t illa t ion o f ic e -
c o ld  wa te r to  the  tym pa nic  
m e m bra ne  b ila te ra lly

5min be twe e n s ide s  to a llow 
prior s timulus  to s ubs ide

No e xt ra oc ula r m ove m e nt  on irriga t ion

Adapte d from: Nguye n e t a l. Re fle x Eye  Move me nts  (Doll’s  Eye s  and Ca loric  Te s ting).



Cough re fle x
Affe re nt: CN10

Effe re nt: la rynx, re s pira tory mus c le s , 
pe lvic  floor mus c le s

S t im ula te  t ra c he a  with  e ndo t ra c he a l 
tube  in-line  s uc t ion

Abs e nc e  o f c ough to  t ra c he a l s t im ula t ion

Chulay M, Se cke l MA. Suc tioning: e ndotrache a l or trache os tomy tube . 



Ga g re fle x
Affe re nt: CN9

Effe re nt: CN10 , e xte nde d 
to CN12, diaphragm, 
e me tic  re fle x

Conta c t  bo th  s ide s  o f the  
pos te rio r pha rynx

Abs e nc e  o f ga g  to  pa la ta l s t im ula t ion



Root  re fle x
(<6 m os )

Affe re nt: CN5

Effe re nt: CN7, ne ck mus c le s

S troke  e a c h c he e k

Abs e nc e  o f he a d  turn  towa rds  s t im ulus

Cle ve land Clinic . What Are  Ne wborn Re flexes ? (20 25) 

Norm a l roo t  re fle x



S uc k re fle x
(<6 m os )

Affe re nt: CN5

Effe re nt: CN5, 7, 9 , 10 , 12

P la c e  g love d  finge r in  m outh

Abs e nc e  o f s uc king  to  o ra l s t im ulus

Cle ve land Clinic . What Are  Ne wborn Re flexes ? (20 25) 

Norm a l s uc k re fle x



Ap ne a  Te s t 1. P re re quis ite s

2 . Te c hnique

3 . Ea rly d is c ont inua t ion

4 . Find ings  c ons is te nt  with  BD/ DNC

5 . ECMO

Mechanical ventilation. Wikipedia. 
https://en.wikipedia.org/wiki/Mechanical_ventilation. (July 2026).

https://en.wikipedia.org/wiki/Mechanical_ventilation


Unknown ba s e line , 
s us pe c te d  hype rc a rb ic

Anc illa ry te s t ing  
a fte r a p ne a  te s t

Apne a  Te s t  P re re q uis ite s

P a O2

>20 0  mmHg

No p a t ie nt -t rigge re d  b re a ths  on  ve nt ila to r!

P a CO2

35-45 mmHg
or Pt bas e line

or Es t. bas e line

p H

7.35-7.45

Ac id / ba s e

P re oxyge na te  
10 0 % FiO2

He m odyna m ic a lly s ta b le  (pre s s ors  /  inotrope s  ok)



Apne a  Te s t

0 MINUTES-10 MINUTES 8-10 MINUTES q2 MINUTES

Abort  if:
Sus ta ine d SpO2 <8 5%

SBP <10 0 mmHg or MAP <75mmHg

Uns table  a rrhythmia

Any s ponta ne ous  re s p ira t ion = no t  
c ons is te nt  with  BD/ DNC

ABG prio r to  
t e rm ina t ing

P re oxyge na te

10 0 % FiO2

x10  minute s

ABG

PaO2 >20 0 mmHg

PaCO2 a t goa l

pH 7.35-7.45

De a c t iva te  ve nt ila to r-de live re d  
b re a ths
4 -5 L /  10 0 % FiO2 through:

Ins uffla tion ca the te r in ETT

Re s us  bag with PEEP va lve

Ve ntila tor, CPAP mode  with 
backup ra te  dis able d

Fluid s
Ino t rope s
Va s op re s s ors
If ne e de d

ABG

PaCO2 >6 0 mmHg

∆ PaCO2 >+20

pH <7.30

ABG

PaCO2 >6 0 mmHg

∆ PaCO2 >+20

pH <7.30



No re s p ira t ions
pH < 7.3 0
P a CO2 > 6 0 m m Hg

∆ P a CO2 > +20 m m Hg

Cons is te nt with BD/ DNC



ECMO

ABG s hould approximate  PaO2, 
PaCO2 s e e n by c e re b ra l c irc ula t ion

Sampling s ite  ma tte rs !

Circuit re mova l of PaCO2 inte rfe re s  
with inte nde d ris e

De cre as e  s we e p

Introduce  CO2 into gas  ble nde r



V-V ECMO

All dis ta l limb gas e s  
approximate  ce re bra l 
c ircula tion 

No te chnique  adjus tme nts

V-A ECMO without ca rdiac  contrac tility

ABG
PaCO2 >6 0
∆ PaCO2 >20
pH <7.30

R L

ABG
PaCO2 >6 0
∆ PaCO2 >20
pH <7.30

ABG
PaCO2 >6 0
∆ PaCO2 >20
pH <7.30



V-A ECMO

Native  ca rdiac  func tion mixe s  
na tive  c ircula tion (pre -ECMO) 
and ECMO outflow blood

R L

Me a s ure  ABG from  m os t  
d is ta l lim b

Right a rm

Fe m ora l c a nnula t ion

ABG
PaCO2 >6 0
∆ PaCO2 >20
pH <7.30

ABG
PaCO2 >6 0
∆ PaCO2 >20
pH <7.30



V-A ECMO

Native  ca rdiac  func tion mixe s  
na tive  c ircula tion (pre -ECMO) 
and ECMO outflow blood

ABG
PaCO2 >6 0
∆ PaCO2 >20
pH <7.30

R LRight  up p e r c a nnula t ion

Me a s ure  ABG from  m os t  
d is ta l lim b

Le ft a rm
Le ft le g

ABG
PaCO2 >6 0
∆ PaCO2 >20
pH <7.30

ABG
PaCO2 >6 0
∆ PaCO2 >20
pH <7.30



Whe n do  we  
ne e d  a nc illa ry 
te s t ing?

Ca n’t  p e rform  full c ra nia l ne rve  e xa m

Ca n’t  c om p le te  a p ne a  te s t

S us p e c t  hyp e rc a rb ic  a t  ba s e line  but  c a n’t  
c onfirm

Ca n’t  c orre c t  m e ta bolic  de ra nge m e nts

• C-colla r, C-s pine  fus ion
• Known prior CN pa ls ie s
• Orbita l frac ture s  inte rfe ring with EOMs
• Othe r bony de fe c t pre ve nting e xam mane uve r

• Te rmina te d for ins tability, ABG thre s holds  not me t
• Cannot pre oxyge na te  to  PaO2 >20 0 mmHg
• ECMO s we e p can’t be  lowe re d to PaCO2 thre s hold

Move m e nts  during  e xa m , unc le a r if re fle x



Whe n do  we  no t  
ne e d  a nc illa ry 
te s t ing?

P re s um ing  re m a inde r o f e xa m  is  
c ons is te nt  with  BD/ DNC,

Ca n’t  pe rfo rm  oc uloc e pha lic  re fle x, but  
ve s t ibulo -oc ula r (c o ld  c a lo ric s ) is  c ons is te nt  
with  BD/ DNC

Apne a  te s t  a borte d  e a rly, but  p re -te rm ina t ion 
ABG m e t  BD/ DNC c rit e ria

Hypothe rm ia

S kull de fe c t  re lie ving  int ra c ra nia l p re s s ure

S ubs t itute  fo r o the rwis e  pe rfo rm a b le  
ne uro log ic  e xa m  m a ne uve r

• Ope n fontane lle
• De compre s s ive  he micranie c tomy
• CSF dive rs ion de vice
• Ope n s kull frac ture

S e da t ing  m e d ic a t ions



Abs e nc e  o f filling  o f 
in t ra c ra nia l ve s s e ls  is  
c ons is te nt  with  BD/ DNC

Conve nt iona l 
Angiogra p hy 
(DS A)

Radiology Ke yFas te s t Radiology Ins ight Engine , 20 16  https :/ / radiologyke y.com/ bra in-de a th-imaging/

Exte rna l ca rotid  branche s
Extrac rania l ve rte bra l portion
Extrac rania l inte rna l ca rotid  abs e nce

https://radiologykey.com/brain-death-imaging/
https://radiologykey.com/brain-death-imaging/
https://radiologykey.com/brain-death-imaging/
https://radiologykey.com/brain-death-imaging/
https://radiologykey.com/brain-death-imaging/


Ra d ionuc lide  
P e rfus ion
(S P ECT)

Rizvi T, Ba tcha la  P, Mukhe rje e  S . Bra in de a th: diagnos is  and imaging te chnique s . InSe mina rs  in Ultra s ound, CT and MRI 
20 18  Oct 1 (Vol. 39 , No. 5, pp. 515-529 ). WB Saunde rs .

A, B: abs e nce  of intrac rania l trace r uptake
C: “Light bulb” s ign of abs e nt intrac rania l, pre s e nt s ca lp trace r uptake
C (ante rior): “Hot nos e ” s ign 

Abs e nc e  o f b ra in  t ra c e r 
up ta ke  is  c ons is te nt  with  
BD/ DNC

Us e  bra in-s pe c ific  /  lipid-
s oluble  Tc9 9  age nts



Tra ns c ra nia l 
Dopp le rs
(TCDs )

Rizvi T, Ba tcha la  P, Mukhe rje e  S . Bra in de a th: diagnos is  and imaging te chnique s . InSe mina rs  in Ultra s ound, CT and MRI 
20 18  Oct 1 (Vol. 39 , No. 5, pp. 515-529 ). WB Saunde rs .

Os c illa ting flow in intrac rania l ve s s e ls

Os c illa t ing  flow is  
c ons is te nt  with  BD/ DNC

Sys tolic  s pike  of ante grade  
flow
Re trograde  flow in dias tole



Not  a pp rop ria te  fo r BD/ DNC

EEG

Doe s  not e va lua te  
bra ins te m

Sus ce ptible  to 
me tabolic  a rtifac t

CTA/ MRA

Not va lida te d

Contras t inje c tion 
va riability

Pote ntia l for fa ls e  
pos itive s

Low s e ns itivity

CT/ MR P e rfus ion

Not va lida te d

Contras t inje c tion 
va riability

Low s e ns itivity and/ or 
s pe c ific ity



Tim e  of De a th
By a nc illa ry te s t

Tim e  fina l ra d io log is t  
a t te s ta t ion  is  p ub lis he d

By a p ne a  te s t

Tim e  ABG is  re p orte d  by 
la b

    or

Tim e  p o int  o f c a re  ABG 
re s ult s



The death of an individual shall not be declared upon 
the basis of neurological criteria… when the licensed 
physician authorized to declare death, has reason to 
believe… that such a declaration would violate the 
personal religious beliefs of the individual. In these 
cases, death shall be declared… solely upon the basis 
of cardio-respiratory criteria….

NJ  Adm inis t ra t ive  Code  §  13 :3 5 -6 A.6 : Exe m pt ion  to  a c c om m oda te  pe rs ona l re lig ious  be lie fs

“
“



Every hospital must adopt policies and procedures to 
allow health care professionals, in documenting a 
patient's time of death at the hospital, to take into 
account the patient's religious beliefs concerning the 
patient's time of death.

Illino is  c om pile d  s ta tute s : Cha p te r 210  ILCS  8 5 / 6 .24

“

“



…[A] reasonably brief period of accommodation… from the time that a patient is 
declared dead by [neurological criteria]…. During this reasonably brief period of 
accommodation, a hospital is required to continue only previously ordered 
cardiopulmonary support. No other medical intervention is required.

…[A] “reasonably brief period” means an amount of time afforded to gather family or 
next of kin at the patient’s bedside.[

…[T]he hospital shall make reasonable efforts to accommodate… religious and 
cultural practices…. [

…For purposes of this section, in determining what is reasonable, a hospital shall 
consider the needs of other patients and prospective patients in urgent need of care.

Ca lifo rnia  He a lth  a nd  S a fe ty Code  §  125 4 .4

“
“



Ne uroc rit ic a l Ca re  
S oc ie ty Bra in  
De a th  Too lkit

Your de live ry can make  or bre ak your pre s e nta tion. Focus  
on the  following te chnique s .

Voic e  m odula t ion
Vary pitch, tone , and volume  to e mphas ize  ke y points . 
Paus e  s tra te gica lly as  s ile nce  builds  antic ipa tion.

Body la ngua ge
Mainta in ope n ge s ture s  and avoid c ros s ing your a rms . Move  
na tura lly. S te p forward whe n making a  s trong point.

Non-ve rba l c ue s
Look for cue s  (like  nodding and note -taking) tha t s how tha t 
your audie nce  is  e ngage d.

Add it iona l t ip s
Be  confide nt, re he ars e  a loud, and s how e nthus ias m.

ht tps :/ / www.ne uroc rit ic a lc a re .org / NCS -
Le a rning -Ce nte r/ Le a rning -
Ce nte r/ Re s ult s / De ta ils / b ra in-de a th-too lkit



Q&A



Tha nk you
S pe c ia l tha nks  to  Dr. Igor 
Ryb innik fo r his  s lide  s tyle  
guide

Orly the  c a t
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