CARDIAC ARREST RHYTHMS

MULTICENTER TRIALS IN TTM

Survival to Hospital Incidence: occurring in about 70-
Discharge: Typically 2-10% ISR S :gzi_‘:;‘:r’fe‘:;a"““f particularly in-
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Cardiac Arrest Rhythms

Survival to Hospital Discharge: Incidence: Shockable rhythms are

Approximately 20-40% chockable Rvthme present in roughly 20-30% of out-of-
Erik Roman-Pognuz MD, PhD V! hospital cardiac arrests (OHCA).
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Associate Professor at University of Trieste, Italy
Research fellow at University of Pittsburgh PA, USA

Ventricular Fibrillation (VF)
Pulseless Ventricular

Tachycardia (VT)

DEEP ON BREATHING

DEFINITION

1. Lack of Breathing
* When the heart stops pumping, blood flow to the brain ceases almost immediately.
* The brainstem, which controls automatic breathing, becomes ischemic within seconds to minutes, causing breathing to stop.
+ Without oxygenated blood, the respiratory muscles (diaphragm and intercostals) cannot function, leading to cessation of
Definition: breathing.
Cardiac arrest is the sudden cessation of heart function, resulting in
the loss of blood flow to the body.
Characteristics:

2.Abnormal Gasping (Agonal Breathing)
Loss of consciousness

« Definition:Agonal breathing is an abnormal pattern of gasping or labored breaths often observed during cardiac arrest.
Absence of pulse * Why It Happens:

T . ﬁ‘ic;r;?—lc :;::)h::i I:sedl:l.gzr; by reflexes from the brainstem due to low oxygen levels (hypoxia) or high carbon dioxide levels
Distinction:

Cardiac arrest differs from a heart attack (myocardial infarction),
which is due to blocked blood flow, whereas cardiac arrest is an
electrical malfunction.

* Even when the heart stops, the brainstem may remain active for a short time, causing irregular respiratory efforts.

* This is not effective breathing and does not provide sufficient oxygenation.




Underlying Mechanism:

Disruption in the electrical system of the heart,
leading to abnormal heart rhythms.

Types of Dysfunction:

CAUSES OF CARDIAC ARREST

Shockable rhythms (ventricular fibrillation,
pulseless ventricular tachycardia)

Shockable Rhythms:

Ventricular Fibrillation (VF): Chaotic, irregular electrical activity

PATHOPHYSIOLOGY Non-shockable rhythms (asystole, pulseless
OF CARDIAC ARREST electrical activity)

Pulseless Ventricular Tachycardia (VT): Fast, ineffective
Effects on Body:

contraction rhythm

Causes: Often linked to ischemic heart disease, electrolyte
imbalances, drugs, and cardiomyopathy.

Non-Shockable Rhythms:
Asystole: Complete lack of electrical activity (“flatline")

Pulseless Electrical Activity (PEA): Electrical impulses present,
but no effective contraction

No circulation — Cellular hypoxia — Rapid cell
death, particularly in the brain and heart

Time Sensitivity:

Brain damage can occur within 4-6 minutes;
irreversible damage within 10 minutes if untreated.

Causes: Severe hypoxia, acidosis, hypovolemia, tension
pneumothorax, or trauma.

Courtesy of Jason E. Roodiger, CCT, CRAT
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5H’S AND 5T’S 5H’S AND 5T’S

5H's = 5T's

~ - i } v (] one th llansed f
Hypoxia - Insufficient oxygen levels in the blood, preventing effective tissue I. 2 ax - Collapsed lung due to trapped air
oxygenation in the chest cavity, causing pressure on the heart.

2. Tamponade (cardiac) - Fluid accumulation in the

Hypovolemia - Loss of blood or fluid volume, often from trauma or dehydration. N 3 . g " q
pericardium, compressing the heart and impeding function.

Hydrogen ions (Acidosis) - pH imbalance, often metabolic or respiratory
acidosis.

3. Toxins - Poisoning from drugs or chemicals that interfere with
heart rhythm.

Hyperkalemia / Hypokalemia - Abnormal potassium levels affecting cardiac 4. Thrombosis (pulmonary) - Pulmonary embolism blocking

function. blood flow in the lungs.

Hypothermia - Low body temperature that slows metabolic and cardiac function. 5. Thrombosis (coronary) - Myocardial infarction from blocked
coronary arteries, leading to cardiac arrest.




PROGNOSIS AND OUTCOMES

Immediate Steps: Advanced Cardiac Life Post-Resuscitation Care:
Support (ACLS):
Bystander CPR: Emphasis on chest Airway management, IV access, medication Neurological assessment, stabilization, and
compressions and rapid intervention administration (e.g. epinephrine) intensive care monitoring * Factors Influencing Prognosis:
Defibrillation: For shockable rhythms (VF/VT), Continuous monitoring and pulse checks

* Time to CPR and defibrillation

(Femly it E55 s e el Targeted temperature management post-ROSC

(Return of Spontaneous Circulation) .
* Initial rhythm (shockable rhythms have better outcomes)

* Underlying health and cause of arrest

* Neurological Outcomes:

 Rapid ROSC and temperature management critical for brain
health

TREATMENT OF CARDIAC ARREST

* Many survivors of IHCA experience favorable neurological
recovery

Assess
Hemodynamic Glucose Reversible
ACLS PROTOCOL AFTER CARDIAC ARREST Support: Control:
Causes:
5 intain Ai 5 i T i eepllil o (meay ( Maintain blood
Airway and 5'“3“;3; for Return of Spontaneous Circulation arterial pressure) >65 lucose levels Re-evaluate 5H and
* Use advanced airway if needed (endotracheal mmHg to ensure 8 5T causes to prevent
intubation). . Confirm ROSC: between 140-180
. adequate organ mg/dL. recurrence.

Provide 100% oxygen i;"jtia"y- then adjust to keep * Pulse and blood pressure present perfusion.

oxygen saturation >94%.

« Abrupt increase in end-tidal CO, (EtCO;)
Continuous waveform capnography to confirm and
monitor placement. + Spike in arterial pressure if an arterial line is in place

* Optimize Circulation: Targeted Temperature Management (TTM)

WL CONTINUOUS MONITORING AND

Maintain a core temperature between 32-36°C for 24
Adminiser IV fluids and vasopressors (¢.g. hours. > SUPPORT
norepinephrine or epinephrine) as needed.

Helps reduce brain injury risk and improve neurological
outcomes.

Monitor blood pressure; target a systolic BP 290
mHg.




A CLOSER LOOK

Performance Score (1-10)

Regional Variations

*Europe:Third leading cause of death; ongoing cross-country analysis
*United States: ~326,000 OHCA and 209,000 IHCA cases annually
*China: Incidence of sudden cardiac death at 41.8 per 100,000
*South India: Incidence at 39.7 per 100,000

Cardiac Arrest Survival Factors: Norway vs. Spain
9 9 9 ) 9

Categories

Norway
= spain

European Sudden Cardiac Arrest network: towards Prevention,

Education and New Effective Treatments (ESCAPE-NET): A major

European Horizon 2024 i ®

HamoLTan, Nikolaos Dagres, Bernd W Batiger, Petr J Schwartz @, ESCAPE NET Investgators  Author Notes
ssue2,07 Janvary 2015, Pages 56-85,

hitps/fdoiorg/10.1083/eurhearfehx7S8

GLOBAL DISPARITIES

*Survival and incidence vary by healthcare infrastructure, socioeconomic
factors, bystander CPR availability, and access to defibrillators

*Higher incidence and lower survival rates in economically deprived areas

Higher Survival Rates:

*Norway: Reports a survival rate of
approximately 25% for out-of-hospital

cardiac arrests (OHCA).

*Netherlands: Achieves a survival rate of

around 21% for OHCA.

Comparison Table: Key Factors

Category, Norway

Lower Survival Rates:

*Spain: Records a survival rate of about 6% for
OHCA.

*Italy: Exhibits a survival rate of approximately
5% for OHCA.

Spain

Bystander CPR
Rates

AED Accessibility

EMS Response
Times
Public Health

Investment

Cultural Factors

Education &
Training
Post-
Resuscitation

Care

Over 70-80% due to mandatory CPR training
i schools and public awareness programs
High AED availability in public areas with
widespread public training

Rapid (<10 min in urban areas) with advanced
paramedics

Strong govemment funding for resuscitation
programs and a national cardiac arrest
registry

High societal engagement: public confident in
responding to emergencies

CPR training integrated into school curricula

Specialized centers with advanced therapies.
(eg. TTM)

Below 25-30% due to limited training
and awareness

Limited AED deployment and fewer
trained users

Longer response times and limited
prehospital care

Limited funding, no national registry,
and weaker public health inifiatives

Hesitancy to perform CPR due to fear
of harm or legal repercussions
Inconsistent public training and lack
of structured education

Variable care quality, fewer specialized
centers



NATURAL COURSE OF NEUROLOGICAL THE CHAIN OF SURVIVAL
RECOVERY FOLLOWING CARDIAC ARREST

PATIL KD ET AL. CIRC RES. 2015 JUN 5;116(12):2041-9

American Heart Association (AHA) in the early 1990s.
It was based on the work of Mary M. Newman

Recovery of
cortical function

k;\

Brain stem
recovel

COMA

Vegetative state
Brain Dead

hours — days (— weeks) Co-Founder, President & CEO

Sudden Cardiac Arrest Foundation
Pittsburgh, Pennsylvania

HEART- LUNG RESUSCITATION __
D

L FIRST AID: OXYGENATE THE BRAIN IMMEDIATELY

Airwa,

THE PIONEERS

\ \ ’ / // Pioneering Cardiopulmonary Resuscitation (CPR)

< / In the 1950s, Safar collaborated with James Elam
N\
—

Breathe -

Circulafe -

] * mouth-to-mouth resuscitation 0 START SPONTANEOUS CIRCULATION
* combined with external chest compressions Drugs - eomeon
* the establishment of the ABCs (Airway, Breathing, Circulation SoolMiaic n
Vovion 8, Sewses 6 — NovrmmaDecms, 1950 o N e 5

This protocol became the foundation of modern CPR

‘THE USE OF

Intensive Care  sussorr venn

+ Establish paramedic emergency services.

: Fluids - 1v_suaswa
Advancements in Critical Care I " YPO T"ER" TL SuPPORT REéOV‘E’R‘Y e
| - AFTER Gauge CVALUATE AND TRCAT CAUSE OF ‘aRatsT
+ Create one of the first intensive care units in the USA 1: c‘RD,A CA RRES T Hypothermia staer winiw 30 mimures Is R acaes
i "

T
E. reaeC c wance. 15,

Benson etal The use of hypotnermia ser cardiac arrest.
Anestiesia and Anolgesis 1950;38:423428

Background




THE CURRENT CHALLENGES OF
CARDIAC ARREST

Out of hospital and Post cardiac arrest
management

ISCHAEMIA-REPERFUSION SYNDROME

Energy depletion
lon imbalance
Free radical production
Lipid peroxidation

) N . Cellular Injury
Mitochondrial dysfunction

Oxidative Stress

Edema and swelling

3rain
Ischaemia-Reperfusion

Injury (IR1) Protein and DNA damage

Neurological Effects
Cytokine release

Inflammation

Neuronal apoptosis
Impaired cognitive
function
Activation of microglia

Infiltration of immune

MILD
HYPOTHERMIA
IN OHCA PATIENTS

LEVELS OF
HYPOTHERMIA {

28 to 32° Celsius
M Od erqte 82.4 to 89.6° Fahrenheit

<28° Celsius
< 82.4° Fahrenheit

Severe

)

PursnS

POST ANOXIC BRAIN INJURY

pressure
Risk of brain herniation

Cerebral Edema
Swelling and inflammation

Brain atrophy

White matter
deterioration

Increased intracranial

Neuron and axon damage Learning difficulties

Glutamate toxicity
Calcium influx

Neurotransmitter
Imbalance

Oxidative stress

Memory impairment

Cognitive Deficits

Attention and focus issues




Evidence for TTM

Treatment of Comatose Survivors of Out-of-Hospital Cardiac
Arrest with Induced Hypothermia

Stephen & Bemard, LB B.S, Tmothy W. Gray, MB, B.5. Michael . Bust, M.B. 8.5, Bruce M. Jones, M. B5,
Viliam Sivester, M8, 55, Geoff Guteidge, M.B. 5.5, and Karen Sith, B.5¢.
N Engl J Med 2002; 346:557-563) February 21, 2002

Expert
opinion

Mild Therapeutic Hypothermia to Improve the Neurologic
Outcome after Cardiac Arrest

B AC K G RO U N D “The Hypothermia after Cardiac Arest Study Group
N EnglJ Med 2002, 346:549-556 | February 21, 2002

The NEW ENGLAND
JOURNAL of MEDICINE

Systematic Before-after
reviews Studies and case
series

ORIGINAL ARTICLE f X in 2
Treatment of Comatose Survivors of Out-of-Hospital e

. . A Mild Therapeutic Hypothermia to Improve the
Cardiac Arrest with Induced Hyp0thermla Neurologic Outcome after Cardiac Arrest
Authors: Stephen A. Bernard, M.B., B.S., Timothy W. Gray, M.B., B.S., Michael D. Buist, M.B., B.S., Bruce M. Jones, M.B.,

B.S., William Silvester, M.B., B.S., Geoff Gutteridge, M.B., B.S., and Karen Smith, B.Sc. Author Info & Affiliations

@ This article has been corrected. VIEW THE CORRECTION

Published February 21,2002 | N Engl | Med 2002;346:557-563 | DOI: 10.1056/NEJM0a003289 | VOL. 346 NO. 8 Author: The Hypot frer Cardiac Arrest Stu Author Info & Affliations
Published February 21,2002 | N Engl | Med ;346:! | DOI: 10. / 2689 | VOL. 346 NO. 8
TABLE 5. OUTCOME OF PATIENTS AT DISCHARGE 00
FROM THE HOSPITAL. \
1
. . . 754 G
Quasi-randomised, odd and even days HvporHenma  NORMOTHERMIA . . . _ ‘\L\_‘__ —
* 84 eligible patients, 77 included Outcome* (N=43) (N=34) v Less risk of bias/systematic errors! < S~
s .
° Unscheduled interim analysis after 62 patients 2z % T
i number of patients . R . R H Normothermia
*  Allrythms included . - v Patients after ventricular fibrillation 3
. Unusual outcome measure: survival to hospital discharge with Normal or minimal disability (able to care for | 15 7 25
entl J logi . be disch dtoh self, discharged directly to home) ) .
sufficiently good neurologic function to be discharged to home or to 1 icace disabiliey (discharged to a rehabil- 6 2 V' Included only 8 % of patients with ROSC
a rehabilitation facility. itation facility) —_— 1] 50 00 50 200
. cere disability. aw: 8 : 1 1
. Uneven groups (43 vs 34 patients) Severe disability, awake but completely 0 1
) ° dependent (discharged to a long-term Days
. Temperature in control group (37.1 -37.3 °C) nursing facility) NoATRisx
Severe disability, unconscious (discharged 0 1 Hypothermia 137 ™ @ "
to a long-term nursing facility) ormothemialkise) w & & &

Death 22 23



Bladder Temperature (°C)

Different cooling techniques ... too many ?

394

Normothermia (n=124)
T T T

s

7

Hypothermia (n=123)

32

1 2 3 a4 8 1‘2 16 20 24 28 32 36 40 a4 48
Hours after Restoration of Spontaneous Circulation

Markota A et al. Signa Vitae. 2022.doi:10.22514/sv.2021.227

It went viral

ILCOR Recommandations

= . F

Therapeutic hypothermia afier cardiac arrest.
An advisory statement by the Advanced Life Support Task Force of
the International Liaison Committee on Resuscitation®
Jerry P. Nolan**, Peter T. Mﬂ'l,“l:alﬁ'vul!l- 'Hoek*, Robert W. Hickey *',

ILCOR Recommendations
On the basis of the published ovidence to date, the Advanced
Life Support (ALS) Task Force of the Intermational Liaison
Committee on Resuscitation (ILCOR) made the following
recommendations in October 2002:

o Unconscious adult patients with spontancous circulation:
after out-of-hospital cardiae arrest should be cooled tol
32°C to 34°C for 12 to 24 hours when the initial chythm:
was ventricular fibrillation (VF).

 Such cooling may also be beneficial for other rhythms or
in-hospital cardiac arrest,

INDUCED HYPOTHERMIA
" TO SAVE YOUR SOUL
€ AND YOUR BODY




INCREASED RISK OF:

TARGETED .
TEMPERATURE 1 S * Infection

MANAGEMENT

* Arrhythmia

* Hemodinamic
failure

* Seizures

Temperature ('C)

* Major bleeding

T G * Delayed weaning

A Meta-Analysis
S
Earlier trials
* Possible risk of systematic errors
* Possible risk of being underpowered e T et
sCatercadacmest ST - R

* Investigated a selected group

relative risk (RR) for death was 0.84 (95% confidence interval (CI) 0.70 to 1.01) and for poor neurological
outcome 0.78 (95% C10.64 t0 0.95). For i isk of bi (9530
d for poor neurological outcome 0.92 (95% confidence interval 0.56 to 1.50). TSA indicated
ence for a benefical effect. The substantial risk of bias and concerns with directness rated




Target33°C  Target36°C  Hazard Ratio
of patients 9% CI

Hazard Ratio Testof
95% 0l interaction

Subgroup
Age

Less than or equal 10 65 years 911238 B0 113084153

Hore than 65 years

Gender

1447235 160216 101080, 128

114077, 189]
1070087, 132]

Time from cardiac arrest to ROSC
Less than o equal 0 25 min 79213 052[068, 124

Wore than 25 min

Inital hythm
Nonshockasle
Shockabie

Shock at admission
ot present

Present

Site category

Twvo largest sies
Sites except o largest
TIW-Tral

Al patients

A Death at 6 Months
Subgroup

Al patients

Sex
Male
Female

Age
<65yr
=65 yr

Time to ROSC from cardiac arrest
<25 min
25 min

Initial rhythm
Nonshockable
Shockable

Shock on admission
Not present
Present

156230 120[06,150]

8298 488 108079148
1531375 80877 108084, 134

1831402 180398 103083,128]
5270 w67 1351050,20

4008 133[087,203]
1esass  102(083,125)

25073 2suss 108[089,1.28]

Hypothermia Normothermia
no. of patients
925 925

738 729
187

421
504

419
506

259
666

665
260

08

P=082
'
—

07 15
33°C beter 36 °Coetter

Relative Risk of Death (95% CI)

1.04 (0.94-1.14)

1.03 (0.92-1.15)
110 (0.94-1.29)

099 (0.83-1.18)
1.04 (0.94-1.15)

1.09 (091-1.33)
1.02 (092-1.12)

1.04 (0.94-1.14)
1.00 (0.87-1.15)

1.07 (0.95-1.23)
101 (0.89-1.15)

Hypothermia Better Normothermia Better

— ia group  —— ia group
3 394
a -
g Normathermia 38
z Typothermia T
i
< 37 I
0 120 < 36 )
Days since Randomization H I
No. at Risk K Tl T
Normothermia 01 81 S 35
Hypothermia 6 6 E
s
T 34+
3 1
a i
33+
324
- txmo 31l — — T r
Hypothermia versus Normothermia after Out-of- 0 10 20 30 40

Hospital Cardiac Arrest Hours since Randomization

Publhed June 16,2021 | N Eng] Mod 20213842283.2354 | DO 10JGS6/NEIVoSZI0059 | YOL M NO.24

TTM1 + TTM2

oRGINAL ARTICLE f X in®

Hypothermic versus Normothermic
Temperature Control after Cardiac Arrest

Authors: Johan Holgersson, M.D., Martin Abild Stengaard Meyer, M.D., Josef Dankiewicz, M.D., Ph.D,, Gisela Lilja, OLT.
Ph.D., Susann Ullén, Ph.D,, Christian Hassager, M.D., D.M.Sc., Tobias Cronberg, M., Ph.D., |7 , and Janus Christian
Jakobsen, M.D., Ph.D. Author Info & Affilations

Published June 15,2022 | NEJM Evid 2022]111) | DO 10.1056/EVID0a2200137 | YOL.1NO. 11

Effects on survival mRS at 180 d

100

i — o -I
b
° symploms)
R [n i —
£ (Slight dsabifty)
H 0z (Modesate disabilty)
MRS (Moderaisly severe dsanifty)
(Severe dsabilly)
80 (Dead)
e Normotherma: d
T W @ W @ @ @
Days afte randomizaton
Number at isk
Nomovermaficst 73 T3 0 71 7 sor
Hpeerialioss 18 17w ma s

[ ET 0

EE] %
Perventage of Partipants

W % 1
Days after randamizaion



Severity & survival TTM & survival

Miracle2 score vs. observed outcome Observed neuro outcome by baseline risk

100-

Hypothermia improved good functional outcome

in patients who had not received bystander cardiopulmonary resuscitation

4 5 8 § High Risk Intermedate Risk
Miracle2 - Score Miracie Score Group

Survival by quarties of cooling speed in the Hypathermia group.

Fastost — Fast — Slower — Slowest

SPEED OF COOLING

RESEARCH Open Access
: . ®
Speed of cooling after cardiac arrest =

Survival probability

in relation to the intervention effect: a sub-stud:
the TTM2-trial

| MIRACLE, Risk Score
@Missed 1
(Unwitnessed Arrest)

Initial Rhythm
(Nnn—ShnckahlE]y 1
Reactivity of Pupils
®[ nnnnn tROSC) y p 1
o Age 0 - 60 years old 0
/ﬁ\ 60 - 80 years old 1

J > 80 years old 3

@® Changing Rhythm 1
(Any 2 VF/PEA/Asystole)

1

2

O LowpH(<7.20)
@Q Epinephrine Given

Seven predictor variables resulting in a final
score ranging from 0 to 10 were used in the

LGN final model and it was named MIRACLE:2

Risk of Poor Neurologic Outcome

3 - 4 = Medium Risk

WhatTTM | & TTM2 trials did show ?

* Strictly controlled TTM regiments (32 °C vs 36 °C & 33
°C vs 36.5-37.7 °C) do not give different results

* Target temperature management works
and it is necessary (with data available)

* The importance of avoiding fever in cardiac arrest



0 0 0 °
Limitationsof TTM | &TTM 2 trials Targeted temperature management s

and cardiac arrest after the TTM-2 study

Fabio Silvio Taccone", Jean-Baptiste Lascarrou’ and Markus B. Skrifvars®

+» OHCA patients (generazibility to in hospital?)

Bernard etal.[1] HACA group [2] Nielsen et al. [7] Dankiewicz et al. [5] Lascarrou etal. [4]
Design Single-Centre Multicentric Multicentric Multicentric Multicentric
. . . ) . N (HT group) 79 (43 275 (138)* 939 (473) 1861 (930) 584 (284)
L X4
%! ngh patlentS heterogenelty Age, years 67 (49-89) 50 (49-67) 64+12 64+13 67(57-76)
Male gender 58% 77% 83% 80% 65%

v shockable and non-shockable rhythms
v/ no age limit

ock on Admission NR 49% 15% 28% 56%
o STEMI on Admission NR NR 40% 41% 16%
% Very short no-flow time and a large number of bystander-initiated Lactate, mmoi. 8302149 R 67445 5944 580.2-90
. . . . . . . .. Outcome Assessment Hospital Discharge 6 months 6 months 6 months 3 months
resuscitation (implying a limited brain injury) Mortlty, 1% an 5o so% a1%
UO Assessment Scale CPC3-5 CPC3-5 CPC3-5 MRS 4-6 CPC3-5
U0, % 51 45 54 55 90
Prognostication Rules Absent Absent Present Present Present
Generalisability/Bias Low/high Low/high High/low High/low High/moderate
A Systematic Review & Meta-Analysis Sanfilippo F et al. J. Clin. Med. 2021, 10, 3943
P PICOS CRITERIA " " " " .
. Cinieat Medicine by PR Sy CA Do B s B e e, ey First Author  Locationof — p. b o ted Treatment in the Intervention Group Longest Follow Up
Population from the initially detected rhythm (shockable or not), with TTM Year Arrest i Treatment in the Control Group GNO Assessment
Revicw i performed after hospital arrival Dankiewicz 2021 Shockable 747 TTM (surface/ iv, 33 °C, 28 ctive RW (12 1 6 hs
Targeted Te ture M. ¢ after Cardiac Arrest: ankiewicz 202 N Shockable 74% M (surface/ iv, 33 °C, 28 h) + active (12h) 6-months
Aaggyeﬂeemaiix::‘ Review and lll\igf:fr:afy;; with Trial Intervention TTM with temperature range set at 32-34 °C N = 1861 OHCA Non-shockable 26%  Normothermia (<37.5 °C + surface/iv if >37.8 °C) mRS
Sequential Analysis Comparison __TTM with either actively controlled o uncontrolled normmothermia G BE) T = 4,33°C, 28 ) + active RW 8h)  6-m S
e Survival and neurological outcome at longest follow-up (primary); - OHCA e, o s
O 3 Vi 4B Lt Vs Do, i Bt Outcome(s) g ki, N =939 Non-shockable20%  TTM (any method, 36 °C, 28 h) + active RW (2h) CPC—mRS
Antonio Messin: ', Paolo Pelosi 7 and Marinella Astuto '* -
Study design Randomized controlled trial only 5 TTM (any method, 33 °C, 24 h) + active RW
ot ety g oot T T W perats mamagement Lascarmou 2019 (73;“‘5‘;% ay  Nemshockable 100% (8-16h, 36 °C, 24 h) ROder2
. = 2 TTM (any method, 37 °C, 48 h)
20050 ek, Ly Holzer 2002 OHCA Shockable 96% TTM (mattress, 32-34 °C, 24 h) + passive RW 6-months
N =136 Other 4% Normothermia (no target) CPC
R . . b
< Effects on survival & neurologic outcome Sernnd 2002 TTM (ice-packs, 33 °C, 12 h) < active RW Hospital discharge
N=77 OHCA Shockable 100% (6 h) Home/short term
= Normothermia (37 °C) rehab
o
> TTM (Temperature range of 32-34 °C) — LM (Helmet, 33 *C. briet *) + passive KW
Hachimi- Non-shockable 54% ¢ - briet ) + passi i
: idrissi 2005 OHCA Normothermia (37 °C)
> Controls: TTM (mattress, 33 °C, 24 h) + passive RW CPC
N=61 Shockable 46% ’ i
“ 2 T} T Normothermia (37 °C)
- “actively” controlled (avoiding fever)
« » A . . ) Laurent 2005 * — Shockable 74% TTM (HF + ice-packs, 32 °C, 24 h) + passive RW 6-months
- “uncontrolled” normothermia (may hesitate in hyperthermia/fever) N=2 Non-shockable 26% Normothermia + HF 8 h (37 °C) cpc
Hachimi- 5 o
O TTM (Helmet, 34 °C, brief *) + passive RW 2-weeks
idrissi 2001 OHCA Non-shockable 100% Normothermiat freatment of fevex (385C) cpC

< Serious adverse events N=30



ffects on survival

Total events 61

Test for overall effect Z= 0.92 (P = 0.36)

875 8l
Heterogeneity: Tau®= 0.01; Chi*=11.58, df= 7 (P = 0.12), F= 40%

Test for subaroup differences: Chi*=7.71, df= 1 (P = 0.005), *= 87.0%

TIM32.34°C  Controls Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Actively controlled normothermia

Dankiewicz, New Engl.J Med 2021 460 925 479 925 348% 0.96[0.88,1.05]

Lascarrou, New EnglJ Med 2019 53 284 50 297 95% 1.41[0.78,1.57]

Nielsen, New Engl. Med 2013 238 473 241 466 29.5% 0.97 [0.86,1.10)

Subtotal (95% CI) 1682 1688 73.8% 0.97[0.90, 1.04]

Total events 751 770

Heterogeneity. Tau*= 0.00; Chi*= 0,62, df=2 (P=0.73); F= 0%

Testfor overall effect Z= 0.83 (P = 0.41)

1.1.2 Passively controlled normothermia

Bemard, New Engl J Med 2002 243 1 3 41% 1.51[0.85, 2.66] o
Hachimi-idrissi, Resuscitation 2001 3 16 114 03%  263[0.31,22.46) —
Hachimi-idrissi, Resuscitation 2005 12 3 8 31 26% 1.55[0.74,3.25) =
Holzer, New Engl J Med 2002 81 137 62 138 169% 1.32[1.04,1.66) =~
Laurent, JACC 2005 7 2 9 20 23% 0.71[0.32,1.54] —
Subtotal (95% CI) 248 237 262% 1.31[1.07, 1.59] <>
Total events 124

Heterogeneity: Tau®= 0.00; Chi*= 3.24, df = 4 (P = 0.52); F= 0%

Testfor overall effect Z= 2.65 (P = 0.008)

Total (95% CI) 1930 1925 100.0% 1.06 [0.94, 1.20]

02 5 20
Higher in Controls  Higher in TTM 32-34°C

Adverse events

TIM32-34°C  TTMControls Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Dankiewicz, New Engl J Med 2021 222 927 152 921 B7.6% 1.4501.21,1.79]
Holzer, New Engl J Med 2002 49 135 44 138 21.2% 1.14[0.82,1.58] T T R
Lascarrou, New Engl J Med 2019 35 284 N 297 11.2% 1.18[0.75,1.86) 1
Total (95% CI) 1346 1356 100.0% 1.35[1.16,1.57] R
Total events 306 217
Heterogeneity: Tau*= 0.00; Chi*=1.94, df= 2 (P = 0.38); F=0% 0.5 07 15 2

Test for overall effect: Z= 3.83 (P = 0.0001)

Higherin Controls

No differences in the incidence of:

v bleeding (RR 1.10 (95%CI 0.83, 1.44))
v pneumonia (RR 1.11 (95%CI 0.96, 1.29))

Higherin 32- 34

°C

< Approaching temperature management with*“uncontrolled” normothermia may be
associated with worse outcomes and this should not be considered an option

Effects on neurologic outcome

Study or Subgroup Events _Total _Events M-H, Random, 95% C1

TIM32-34°C  TTM 36°C or SoC
Total

1.2.1 Actively controlled normothermia
Dankiewicz, New Engl J Med 2021 393 881 387 866
Lascarrou, New Engl J Med 2019 29 284 17 207
Nielsen, New EnglJ Med 2013 218 469 222 464
Subtotal (95% CI) 1634 1627
Total events 640 626
Heterogeneity: Tau?= 0.01; Ch*= 410, df= 2 (P= 0.13); F= §1%
Testfor overall effect Z=0.27 (P = 0.79)
1.2.2 Passively controlled normothermia
Bemard, New EnglJ Med 2002 7n 43 ] 34
Hachimi-idrissi, Resuscitation 2001 2 16 0 14
Hachimi-idrissi, Resuscitation 2005 8 30 3 3
Holzer, New Engl J Med 2002 75 13 54 137
Laurent, JACC 2005 7 2 9 20
Subtotal (95% CI) 247 236
Total events 13
Heterogeneity: Tau?= 0,05; Chi*= 5.46, df = 4 (P = 0.24); F= 27%
Testfor overall effect Z=1.93 (P = 0.05)

Total (95% CI) 1881 1863

Total events 701

753
Heterogeneity: Tau®= 0.03; Chi*= 17.55, df=7 (P = 0.01); F= 60%
Test for overall effect Z=1.66 (P

Test for subaroup differences: Chi*= 2.87, df=1 (P = 0.09), F= 65.1%

Risk Ratio

Weight M-H, Random, 95% CI

298%

7.9%
28.0%
65.7%

6.7%
0.4%
21%
20.2%
48%
34.3%

100.0%

1.00(0.90,1.11)
1.78(1.00,3.17)
0.97 [0.85,1.11)
1.02[0.88, 1.18]

1.84[0.97, 3.49)
4.41(0.23,84.79]
276 [0.81,9.41)
1.40[1.08,1.81)
0.71(0.32,1.54]
1.42[0.99, 2.04]

147097, 1.41]

Risk Ratio

-y

¢

0.02

01 10
Higherin Controls  Higher TTM 32-34°C
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CONCLUSIONS

In CA survivors admitted to hospital, the implementation of TTM with a
target temperature of 32 - 34 °C:

does not improve survival nor neurological outcome
it increases the risk of arrhythmias

For survival, robust evidence and no more studies are needed.

For neurological outcome current evidence is not robust enough - thus new

research is needed.

nowadays.



The STEPCARE trial

The STEPCARE trial is an international, multicenter, parallel group, noncommercial, randomized,

’ ‘\ factorial, superiority trial to include 3100 patients

- I. Continuous sedation for 36 h or minimal sedation (SEDCARE)
e 2. Fever management with or without a TTM device for 72 h (TEMPCARE)
3.A mean arterial pressure target of > 85mmHg or > 65mmHg for 36 hours (MAPCARE)

Ch— P :w """" e Follow-up will be performed at 30 days and 6 months after cardiac arrest including mortality,

functional outcome and quality of life

ORIGINAL RESEARCHARTICLE

Temperature Control After In-Hospital Cardiac
Arrest: A Randomized Clinical Trial |. Detailed cognitive outcome with focus on patients and caregivers

2. Prognostication to identify and validate early and accurate instruments and algorithm
3. Biobank with blood samples at 0, 24, 48, and 72 hours after the cardiac arrest

NEUROPROTEZIONE: Learnlng outcome
IMPLICAZIONI CLINICHE
DELLIPERTERMIA, . »
EVIDENZE SCIENTIFICHE SPERIMENTALI Definition of fever
E CLINICHE * What is normothermia?
* Mechanism of cellular damage

* Fever in injured brain
* Recommendations
* Neuro-protection after cardiac arrest

* Limitation and a sneak peek of future



What’s fever?

Carl Reinhold August Wunderlich's Study (1868) - Wunderlich's large-scale study in
the 19th century established 37°C (98.6°F) as the average normal body temperature, a
standard that has been widely referenced since. However, the study’s methodology and
tools have been re-evaluated in modern contexts.

Recent Studies - More recent studies suggest that the average body temperature might
be slightly lower than 37°C:

“Mackowiak et al. (1992): In a scudy published in JAMA, Mackowiak and colleagues found
that the average oral temperature is closer to 36.8°C (98.2°F) and varies across
individuals.

*Protsiv et al. (2020):A study in eLife analyzed historical and contemporary temperature
data and found a trend suggesting that the average human body temperature has decreased
over the last century, now closer to 36.6°C (97.9°F).

DEFINITION

upon upper limit for normal temperature with sou

values between 37.5 and 383 °C (9.5 and 100.9 °F

Collular Damage in
Temperature Extremes

What’s normothermia?

RANDOMIZED CLINICAL TRIAL)

HYPOTHERMIA VERSUS NORMOTHERMIA

adults with coma after
1861 OHCA of presumed cardiac
or unknown cause
o 00 0 0 0 0 0
64
L e

FeHOSPITAL CARDIAC ARREST

DEATH AT 6 MONTHS
NORMOTHERMIA 48%

PPOOR FUNCTIONAL OUTCOME AT 6 MONTHS
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MECHANISM OF CEREBRAL
DAMAGE

Mechanisms of Injury

Excitotoxicity: Hyperthermia promotes release of excitatory
neurotransmitters, leading to cellular damage.

Oxidative Stress: Elevated temperatures increase reactive
oxygen species, causing neuronal inj

Inflammatory Response: Hyperthermia triggers
neuroinflammation, worsening cognitive outcomes.

| HYPOTHERMIA 55%

—m 55

Reive ki oot 100,95%C,00210109

In patients with coma after
out-of-hospital cardiac arrest, targeted
(CIELETY did not lead to a lower
incidence of death by 6 months than

targeted (LITEIRETDY
T
W tscquzzato.
Cellulr effects: Local ffects:
<+ mermbrane, mitochondbia cachama
3 DNA damage haemonthage
« stimution of excotaric < nfarcton
iame + nflammatory changes
« roten denaturaton o codemn



Cellular effects of hyperthermia Neuronal death
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-
Cell Body [ Bax
ular denatu o 3 O Anti-apoptotic protein
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O Cytochrome ¢

7 Mitochondria
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Folded Protein Unfolded Protein >40 ggregates

% AD, SM, TBI
A
HT potentiates damage caused by toxic insults like hypoxia and ischaemia
Fever in injured brain TTM?2 trial fever
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Marker or secondary injury? g I
() jiormothermia
% ' l I : + ' - Hypothermia
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Should we actively treat or prevent PCF? A R : :
- : .
T 34 .
Protocols include a post cooling TH period.. i

is this improving the neurological outcome? %

Day 3 Day 4 Day 5 Day 6 Day 7
Days after Randomization



ERC-ESICM Recommendations

m ‘We recommend continuous monitoring of core temperature in patients who remain comatose
0 We recommend actively preventing fever (defined as a temperature > 37.7°C) in post-
Low cardiac arrest patients who remain comatose.

O We recommend actively preventing fever for at least 72 hours in post-cardiac arrest patients
GOOD PRACTICE who remain comatose.

\..J GOOD PRACTICE this is insufficient, by using a cooling device with a target temperature of 37.5°

O There is currently insufficient evidence to recommend for or against temperature control
GOOD PRACTICE at 32-36°C in sub-populations of cardiac arrest patients or using early cooling, and future
research may help elucidate this. We not actively i patients

with mild hypothermia after ROSC to achieve normothermia.

il We recommend not using prehospital cooling with rapid infusion of large volumes of cold IV
MODERATE fluid immediately after ROSC.

Neurocognitive
disorders

Early organ dysfunction course, cooling time and Hyperthermia impairs the executive function using
outcome in classic heatstroke the Attention Network Test

Common Neurocognitive Disorders Undirected exploration

Medial frontopolar cortex
Memory Impairment: Difficulty with short-term memory retention and recall. Mornitoring the current goal
Attention Deficits: Reduced ability to sustain attention and concentrate. for possibly redistributing

t trol
*Executive Dysfunction: Impairments in planning, organizing, and problem-solving. fg?,;‘;.;ﬁﬁ‘t’:,,:‘i’a(;‘;‘f“
*Language Difficulties: Challenges in word-finding, fluency, and comprehension.
“Emational Dysregulation: [Eoe e e g Lo e
8 3 ) BEress ; i e st e

Monitoring a few alternative tasks/.
goals for possibly re-engaging one as
replacement of the current task/goal

Goal-directed
behaviour

Nature Reviews | Neuroscience

Hyperthermia after brain damage

Michel . Todd, M. Incidence

- 70% *Hyperthermia is common post-brain
Bradiey . Hindman, M.D. ° injury, occurring in up to 50% of
o g e PERIOPERATIVE FEVER AND OUTCOME IN [ 1/3 non patients.

3 SURGICAL PATIENTS WITH ANEURYSMAL  [inf-tive

Wiliam R. Clarke, Ph.D. SUBARACHNOID HEMORRHAGE +Often arises within the first 72
hours after the injury.
Risk for Mortality

%m“ Noranber 1095 Pages 20402085 é *Hyperthermia (> 38°C) is

MRS 16V STR2 1 04 associated with a significantly
increased mortality risk.

ARTICLE

+20-30% rise in mortality in
hyperthermic brain-injured patients
versus normothermic.

Fever in Acute Stroke Worsens Prognosis
A Prospective Study

Basal ganglia Hippocampus

Thalamus

Executive functions like
planning,
decision-makingand
flexibility

Depression, anxiety, Learing and and processing
apathyand psychotic memory speed
symptoms

Cortex
Complexattention




Systemic effects
of Hyperthermia

Chronic Cerebral
Hypoperfusion

Vascular Cognitive L em——— (3 it Mato Damaga
Impairment and O
Dementia

Learning outcome

Pathophysiology of brain injury

.

2. Treatment of Bl

3. Targeted temperature management (TTM)
4. Neuroprotective agents

5. Outcomes

6. Awakening from coma

7. Neuroprognostication

= Bias in neuroprognostication
= Clinical examination
= Blood biomarkers
= Neurophysiology
= Imaging
8. Recap

bral pathophysiology and clinical neurology o
rthermia in humans

What if

outcome
is unclear?

conservative vs pessimistic

Pathophysiology of brain injury

SCHEMATIC OVERVIEW OF THE PHASES OF INJURY IN HYPOXIC ISCHEMIC ENCEPHALOPATHY
ACUTE PHASE LATENT PHASE SECONDARY PHASE TERTIARY PHASE

INsuLr Cell death & apoptotic pathways
@ [ :“:-( V\M;V g m

o 1co

v

Cytotoxic edema

ANAEROBIC METABOLISM |
HI-event 30 MINUTES 6-15 HOURS DAYS WEEKS.

e ABBREVIATIONS:

Therapeutic Window HI = HYPOXIC ISCHEMIC
O = OXYGEN

| c0: = carson oioxoe

primary injury

Brain

receives 15-20% CO
viability depends on
oxygen and glucose

CBF stop

consciousness 4- 10 s
EEG 10-30 s isoelectric




Pathophysiology of brain injury Pathophysiology of brain injury

@ ° Ca**

Energy
failure

Ca** @ Injury

Lytic enzymes ROS

Pathophysiology of Delayed Cerebral Ischemia after SAH

|_, Ischemia " Neurolnflammation
Cortical spreading "
Cellular damage Pl Perfusion Mismatch
Hemorhage - Vasospasm
88B Breakdown ... Cortical Spreading Depolarization (CSD)
Microthrombosis & Microthrombosis
& BBB Breakdown
Brain Edema
Oxidative stress

Relationship Between CBF and CPP Relationship Between CBF and CPP

«Cerebral Blood Flow (CBF) refers to the blood volume passing through 100g of brain
tissue per minute. Adequate CBF is essential to supply the brain with oxygen and nutrients. Key Points of the Relationship
«Cerebral Perfusion Pressure (CPP) is the pressure driving blood flow to the brain,
calculated as:

1.Direct Influence: CPP directly influences CBF. When CPP falls too low, CBF decreases,
risking ischemia, while high CPP may lead to hyperemia and potentially raise ICP.

2.Autoregulation:

I. Autoregulation is the brain’s ability to maintain consistent CBF despite changes Normal Patients

in CPP, usually within a CPP range of 50-150 mmHg. Cerebral
2. Outside this range, autoregulation fails, and CBF becomes linearly dependent on ey
CPP:

CPP=MAP—ICP

I.Low CPP (<50 mmHg) can cause hypoperfusion, risking ischemia.
2. High CPP (>150 mmHg) may overwhelm autoregulatory mechanisms,
increasing ICP and the risk of edema.

3.Conditions Affecting CBF and CPP:
1. Brain injury can disrupt autoregulation, making CBF highly dependent on CPP.
2. Hyperthermia, hypotension, or elevated ICP can reduce CPP, compromising Somnily;  Jomm
CBF and increasing the risk of ischemic damage.

Cerebral Perfusion Pressure




Awakening from coma

Delayed awakening after cardiac arrest: prevalence and
risk factors in the Parisian registry

Legriel, Julien Charpentier, Jean-Paul Mira, Claudio Sandroni & Alain Cariou &

Intensive Care Medicine 42, 1128-1136 (2016) | Cite this article

Late Awakening in Survivors of Postanoxic
Coma: Early Neurophysiologic Predictors and
Association With ICU and Long-Term
Neurologic Recovery

Rey, Arnaud MD'; Rossetti, Andrea O. MD? Miroz, John-Paul RN'; Eckert, Philippe MD'; Oddo, Mauro MD'

False positive rate (FPR)

Should e sert Bias in prognostication

(high accuracy)
Narrow confidence
intervals

(high precision)

Our actions
(towards others)

Our beliefs
P
2
¥ o

)
$
&
§

Self-fulfillin,
(about ourselves) Prophecy

2

>

>
\

thers' action
(towards us)

A patient’s health
outcome can
sometimes align with
the expectations and
beliefs of their care
team, influencing the
recovery process.

Neuroprognostication

Targeted temperature management and rewarming

Unconscious patient, M3 at =72h without confounders!”

YES
v

At least TWO of:

- No pupillary® and corneal reflexes at 272h

- Bilaterally absent N20 SSEP wave
- Highly malignant® EEG at >24h

« NSE >60 pg/L® at 48h and/or 72h
- Status myoclonus® <72h

- Diffuse and extensive anoxic injury on brain CT/MRI

YES NO
v v

Poor outcome likely® Observe and re-evaluate

Predictors of Neurological
Outcome After Cardiac Arrest

I. Initial Rhythm

+Shockable Rhythms (e.g. Ventricular Fibrillation or Ventricular Tachycardia): Higher
chance of favorable neurological outcomes.

*Non-shockable Rhythms (e.g., Asystole or Pulseless Electrical Activity): Associated with
poorer outcomes.

2.Time to Return of Spontaneous Circulation (ROSC)

+Shorter Duration to ROSC: Linked to better neurological recovery.

-Longer Duration (>20 minutes):Associated with higher risk of poor neurological
outcomes.

3. Duration and Quality of CPR

«Short, Effective CPR: High-quality CPR, with minimal interruptions, improves cerebral

perfusion and outcome.
+Prolonged CPR (>30 minutes): Generally indicates a poorer prognosis.



Predictors of Neurological
Outcome After Cardiac Arrest

4. Post-Cardiac Arrest Hypothermia Management

“Therapeutic Hypothermia (Targeted Temperature Management): Cooling to 32-36°C
has shown to improve neurological outcomes by reducing brain injury.

5. Neurological Examination at 72 Hours

*Pupillary Reaction: Non-reactive pupils at 72 hours post-arrest is a strong indicator of
poor outcome.

+Motor Response: Lack of motor response or absent brainstem reflexes can signal worse
outcomes.

6. Biomarkers

*Serum Neuron-Specific Enolase (NSE): Elevated levels are associated with greater
brain injury and poorer prognosis.

+S100B Protein:Another marker that, when elevated, can indicate worse neurological
‘outcomes.

7.EEG Patterns
*Early EEG after ROSC: Patterns such as burst suppression or status epilepticus are

associated with poor neurological recovery.
*Continuous and Normal EEG Patterns: More favorable for recovery.

Predictors of neurological outcome

Qut-of-hospital
Cardiac Arrest

Serum markers of brain injury can
predict good neurological outcome
after out-of-hospital cardiac arrest

123

"

Ischemia/Reperfusion

5 Suffering Neurons Release
Injury o the Brain

Blood Sampling
NSE into Bloodstream i

and Analysis

4 48 72
Hours

ppe'"®, Niklas M Carlgren’ ¥, Kaj Blennow®”,

Neurofilament light chain
on the neuron

NSE-levels increase and peak at 48-72

cut-off for reliable prediction of poor
outcome is 60 mg L-'at 48-72 h

levels <17 mg L~ predict good outcome

Neurofilament Light Chain

Predictors of neurological outcome

Predictors of neurological outcome

Iactivation of primary sensory cortex I

C3'-FZ

C3'-M1

CV6-AC
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Key SSEP Waves

1.N9 Wave (Peripheral Response)
1. Location: Brachial plexus (near the shoulder; recorded from the arm).
2. Meaning: Indicates intact peripheral nerve conduction from the stimulation site to
the brachial plexus.
3. Interpretation: Absence of the N9 wave suggests an issue with peripheral nerves.

2.N13 Wave (Cervical Response)
1. Location: Cervical spinal cord (neck region).
2. Meaning: Reflects conduction from the brachial plexus to the cervical spinal cord.
3. Interpretation:Absence or delay in N3 suggests issues within the cervical spine
or spinal cord pathways.

3.N20 Wave (Cortical Response)

1. Location: Somatosensory cortex (top of the head, recorded from the scalp).

2. Meaning:This is the most important wave in SSEP for brain assessment. It
represents the cortical response to sensory input and reflects intact sensory
conduction to the brain.

3. Interpretation:

1. Present N20 Wave: Suggests functional sensory pathways to the brain,
generally associated with a better prognosis in comatose patients.

2. Absent N20 Wave: Strongly predicts poor neurological outcome after events
like cardiac arrest, as it indicates a lack of cortical response to sensory input.
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American Clinical Neurophysiology Society’s Standardized
o e EPILEPTIFORM
romlvolage Lawrence . Hirsch, Michael WX, Fong.t Markus Letinge, Susette M. LaRoche.§ Sandor Benicky, PATTERNS
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o === Background EEG Patterns
. «Continuous EEG: Generally associated with a better prognosis if the background is
I " R continuous and reactive. - Generalized Periodic Discharges (GPDs):
w) *Di i or Burst-Suppression Patterns: Often indicate a poorer prognosis, + Prognostic Value: GPDs, especially if
e especially if they persist without improvement. combined with a suppressed or burst-
+Suppression: Background EEG with very low amplitude (<10 V) or isoelectric tracing e i
E | indicates severe brain injury and poor prognosis. indicative of widespread cortical damage
§ " } e - Status Epilepticus: ] ) ]
E bpa A Ll osecrc iy « Pattern: Continuous seizure activity or " s e\ T @
Reactivity and Responsiveness EEG patterns meeting status epilepticus . \
§ “Reactivity:The EEG’s response to external stimuli (such as noise or touch). @D ; W \W‘mmw
. ic Value: EEG that shows reactivity to stimuli is a positive prognostic * Prognostic Value: Prolonged, unresponsive s
. status epilepticus is strongly associated with com gt men -~ RSN
indicator. Non-reactive EEG suggests severe brain dysfunction and is associated with PSR A B (B o e @ et Shewy 8 @y w0 et
- poor outcomes. treatable seizures may not necessarily
o Eam predict a negative outcome.
®5) e 35 0
= Summary of Prognostic Indicators by ACNS 2021
(ki “Good Prognosis: Continuous, reactive EEG without burst suppression or epileptiform
' il wmmnmmmmuumm acuv.
(sE) o sesey *Poor Prog : Supp! |, isoelectric EEG, burst suppression without improvement, or

persistent unresponsive status epilepticus.
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PREDICTING NEUROLOGICAL
OUTCOME AFTER CARDIAC
ARREST: ROLE OF
NEUROIMAGING

ROLE OF GWR IN
PROGNOSTICATION

Restricted difusionof
the whole cortex

Patent1

Lossof Gry-white
diferentation

Key Imaging Modalities

Normal GWR: Gray matter (higher density) typically appears
CT Scan .

brighter than white matter on a CT scan.
Noestictd diffsion

Decreased GWR: After cardiac arrest, hypoxic brain injury
can cause cerebral edema, leading to a loss of distinction between
gray and white matter due to decreased gray matter density.

Cerebral Edema: Severe brain swelling and loss of gray-white
differentiation are associated with poor outcomes.

Fatent2
Early Hypodensities:Visible hypodense areas indicate significant ent
injury and a likely poor prognosis S———
aferaniston

MRI (Diffusion-Weighted Imaging - DWI)
Low GWR (<1.2) is associated with poor neurologlcal
outcomes, often indicating severe brain injury and a
likelihood of non-recovery.

Hypoxic-Ischemic Injury: Presence of diffuse restricted diffusion
areas, especially in the cortex, basal ganglia, or cerebellum, strongly
predicts poor outcomes.

Early DWI Changes: DWI is highly sensitive and specific for early
ischemic changes post-arrest, aiding in rapid assessment.

High GWR is generally more favorable, indicating less
edema and higher potential for neurological recovery.




Recap

1.

Primary (ischaemic) and secondary (reperfusion) injury occur sequentially during cardiac
arrest, resuscitation, and the acute post-resuscitation phase.

TTM is a strategy to achieve and maintain a specified body temperature, typically from
33to 37.5°C.

Difficult to define the optimal timing, dosing (temperature level) and duration of
treatment.

Neuroprognostication: clinical, electrophysiology, biomarkers and imaging

Clinical: motor response, ocular reflexes and myoclonus

Biomarkers: NSE is standard practice while NFL is most reliable biomarker but still needs
confirmation

EEG is complex and prone to subjectivity. Recently ACNS standardize the interpretation.
Still no definite consensus on the optimal timing of imaging. Generally TC as a first step
than MRI.

Predicting good neurological outcome is challenging, needs more investigation.

e Anatomy of the pupillary light reflex. What are
we assessing?

Why we do assess pupils?

Standard vs automated

Clinical use of automated pupillometry

Prognostication of patient prognosis

Pupillometry in anesthesia

Limitation and a sneak peek of future

who’s first?

Sir Robertson, Douglas Argyll

(Edimb 1837 - Gondal, India, 1909)

Pupils DO NOT constrict when exposed to
bright light. (“light reflex”)

Pupils DO constrict on a near object.
(“accommodation reflex”)



| Schematic diagram of pupillary light reflex neural pathway:

Right Left
prtca %m potntias + Left directlight reflex involves neural segments Retina ] [rem | &
- E&W:gﬁ::%;(:ﬁ“ 1,5,and 7.
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—_— —D Efferent limb for direct light reflex
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Nerve fibers within midbrain

I
Schematic diagram of pupillary light reflex neural pathway:

Right Left

Retina

f Pros easy and inexpensive
Cons qualitative, Inter examiner variabilit

& and lack of reliability

*Left consensual reflex is normal

Midbrain

*Right direct reflex is normal @ Pros standardise the intensity,
E ~ distance from the eye and

\ duration of stimulus.Displays
a quantitative and
reproducible measures.

Cons cost

Afferent limb

— 11>V Midbrain
—_— — Efferent limb for direct light reflex =N

> Efferent limb for consensual light reflex V-2 VI Pons
—_— —

Nerve fibers within midbrain V, VII=>XIl Medulla




AUTOMATED PUPILLOMETRY TECHNIQUE

Ainfrared light measure the pupil <€
baseline

—E~4— ateney After 3" a visible light delivered
£ Coiton otaon velody
[} The pupillary response recorded with
-! 2 amera
; Other parameters
Non invasive
T T T ¢ pupillogram neuromonitoring
0 2 3 e datatrending  bedside tool
Seconds

Neurolight Algiscan

DEVICES
No comparable data on available devices

Possible that Information with both devices is not the same
No comparable studies that examine accuracy

“® cubical nerve stimulator (10-60 mA)
e PRD

. e PPI

NPi index
algorithm derived
value

NPi>= 3 normal
reactivity

Neuroptics NPi

:

AUTOMATED PUPILLOMETRY
TECHNIQUE

Size (mm)

Pupillary function Pupillometry derived variable

Pupil constriction to light stimulation ~ * Size (mm)

* Asymmetry (mm)

* Constriction change to light stimulation (% PLR)

« Latency (sec)

« Constriction velocity (mm/s)

« Dilation velocity (mm/s)

* Neurologic Pupillary Index: NPi*, a computed value derived from a mathematic
algorithm including several of the above variables

« Pupillary reflex dilation: PRD (%)**

* Pupillary Pain Index: PPI**

*Calculated only by the Neuroptics® NPi-200 pupillometer; **available only on the NeuroLight-Algiscan® pupillometer.

Measured Value* Assessment

Pupil dilation to painful stimulation

<3.0 Abnormal/“Sluggish”
0 Non-Reactive, Immeasurable, or Atypical Response

_Severe TBI ICTH may cause TTH (1) ‘

CLINICAL USE OF AP
NEUROLOGICAL ASSESSMENT

cingulate

N (subfalcine)

11l oculomotor compression or distortion of midbrain ‘

central
(trans-
tentorial)

Automated Pupillometry and Detection of Clinical Transtentorial
Brain Herniation: A Case Series

Alexander Papangelou, MD; Elizabeth K. Zink, MS, RNt; Wan-Tsu W. Chang, MD#§;

Quantitative pupillometry for the o
monitoring of intracranial hypertension in
patients with severe traumatic brain injury

Fritz-Patrick Jahns', John Paul MirozZ, Mahmoud Messerer’, Roy T. Daniel, Fabio Silvio Taccone®,

In comatose with Bl deterioration of AP parameters (
may predict ICHT and suggest investigation or treatm



WHAT IS I
HYPOXIC-ISCHEMIC ENCEPHALOPATHY? CLINICAL USE OF AP Pupillary Pain CLINICAL USE OF AP
Irlljdexr};’PI

HYPOXIC ISCHEMIC ENCEPHALOPATHY

‘ NEUROLOGICAL PROGNOSTICATION p - Y MONITORING ANALGESIA
- ‘ HIBI after CA =3 4-6 27 Perioperative Medicine | August 2017

Clinical paper  Resusciaion 3 012 1223-1226 1] 1] 1 ] Pupillometry-guided Intraoperative Remifentanil
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prospective, observational, multicentre, e e

international cohort study The Relevance of Pupillometry for Evaluation
of Analgesia Before Noxious Procedures in the

Intensive Care Unit

Mauro Oddo,"? Fabio Taccone,® Stefania Galimberti,** Paola Rebora,*® \ukszevicz, Anne-Cire MD, PhD; Deres,Domitile MD; Gayat,Eienne MO, P ayen,Didiet D, PhD

¢ like s-PLR requires afferent and efferent pathways are intact
¢ inter individual variability in pupil size and reactivity
« anesthetic and opioids that affect s-PLR may alter AP (NPi unaffected)

¢ AP requires equipments and consumables, unsuitable for low resource setti

e

Original Research Article

Pupillometry via smartphone for low-
resource settings

Davide Piaggio * & =, Georgy Namm 2, Paolo Melillo b, Francesca Simonelli ®, Ernesto ladanza <,




